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FOREWORD

In the tropical and subtropical areasof the world, food
grains make up the bulk of the diet for most people. Food
grains togetherwith fiber and specialty crops are also prin-
cipal cash producers. It is with these commodities that this
Guide for Field ｣ ｲ ｯ ｾ ｳ in the Tropics and Subtropics concerns
itself. The Guide eals with general situations; Tocal
applicationsare beyond the range of this moderate-size
volume, but the basic information presentedwill permit area-
by-areaadaptations.

The Guide is designedfor use by foreign assistance
personneland cooperators. It is specifically directed to
the programs of the U.S. Agency for InternationalDevelopment
(USAID) Missions, working with country governments. The text
is written in layman's languagebecauseit is not only the
specialistsin these crops who are called upon for informa-
tion about them. Questionscome also to nonspecialistsand
specialistsin other fields such as national leadersand
advisers, members of the PeaceCorps and of international
companies,missionaries, teachers,researchworkers and
students. Information on the subjectmay be found in scien-
tific literature, textbooks and other documents,but finding
a compilation of current information in ready referenceform
is rare.

This concise, up-to-dateGuide is composedof 40 chapters.
The first four are general introductory chapters,and treat
rather extensively the important subjectsof climate, soil,
cropping, and farming systemsas related to the tropics and
subtropics. The other 36 chaptersare divided as follows:
6 on cereal crops, 9 on food legumes, 6 on oil 'crops, 7 on
root or tuber crops and bananas,6 on major fiber crops and
2 on other cash crops. These chaptersdo not attempt to deal
with the factors of providing inputs such as national supplies
of fertilizer, insecticidesand fungicides.

The very important subjectsof credit and marketing are
not covered and, at the most, only brief mention is made of
the ultimate utilization of the crops. This Guide covers only
the physical and biological aspectsof productionwith the
intent of providing a sound base for the application of the
economic and social factors that are neededfor healthy
agricultural development. j}. 1 .

ｾｾＱＬｬｾ

Leon F. Hesser
Acting Director
Office of Agriculture
Bureau for Technical Assistance
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CHAPTER 1

INTRODUCTION 1/

This Field Guide is offered as a convenientaid to
achieving more efficient production of selectedcrops in
less developedcountriesof the tropics and subtropics.
It is specifically oriented toward the small farmer rather
than toward plantationagriculture. This is partly because
it is the small farmers in the aggregatethat will continue
to producemost of the foods for total consumptionin each
nation, by both rural and urban sectors. Also, the rural
populationsof thesecountries account for 50 to 90% of
the total national population, and it is imperative that
there be a significant increasein rural income, and in
the distribution of that income. Efficient production of
food crops and of crops for cash salesare a prime method
for advancing the rural economy and the quality of rural
living. This is not to belittle the goals of industrializa-
tion and other means of developingnatural resourcesfor
national advancement. Rather, rural developmentin balance
with urban growth, industrializationand commerce, appears
to be a basic requirementfor each nation's advancement.
A major method for creatingbetter opportunitiesfor the
great.numbersof small farmers and their families is by
producing crops more efficiently to meet family food needs
and to provide cash crops for meeting other family needs.

Meeting Food Needs

How important is it to developingnations that they
meet growing food needs; and what role does the small farmer
fill in total food production?

World population is growing at the rate of 2.6% yearly,
and by 1985 it is estimatedthat total population increase
will amount to 2 billion people. It is predicted that 2/3
of that increasewill occur in less developednations located
in the tropics and subtropics. It has been estimatedby
FAO that world food productionmust increaseby at least
140% by 1985 (above 1965) to avoid the specterof recurring
widespreadfamines. Obviously, in each tropical and subtro-
pical nation increasedfood productionmust equal.population
growth to prevent a worsening of the presentfood situation;
and a still larger increaseis neededto alleviate present
areasof distressin the available amounts of food, and to
producediets that are much better balancedin proteins,
minerals and vitamins. Further, substantialincreases

11 Edited by C.A.Breitenbach.Regional Rural DevelopmentOfficer.
Latin American Bureau, Agency for International Development,
Washington. D. C. 20523



- 2 -

in crop production are neededto provide surplusesthat will
permit the small farmer to enter the cash economy, to make
possiblehis acquisition of better clothing, housing, sani-
tation and medical services, educationand communications.

The outlook is not gloomy. The successeswith "Miracle"
rice emanatingfrom the InternationalRice ResearchInstitute
(IRRI) in the Philippines, and "Mexican" wheat from the
InternationalCenter for Wheat and Maize Improvement (CIMMYT)
in Mexico, clearly demonstratethat great advancesare possible.
Improved productionof these two crops in a relatively few
large nations has meant that food production has more than
kept pace with food needs in those countries, thus reversing
a long struggle. The extensionof the basic lessonslearned
with rice and wheat, to the other major food crops, and to
other crops grown in rotations for cash sales, could trans-
form the economic statusof the developingnations and the
welfare of their rural populations.

Improved Nutrition

Special attentionmust be given to the problem of pro-
tein malnutrition that is widespreadin the, tropics and sub-
tropics. Malnutrition resulting from a ､･ｦｩｾｩ･ｮ｣ｹ in total
calories is the most obvious problem in any ｾ ｧ ｩ ｯ ｮ ［ but protein
malnutrition is even more serious and more difficult to combat
than simple hunger. Protein malnutrition is most ｾ ･ ｲ ｩ ｯ ｵ ｳ
with weaned infants, pregnantwomen and nursing mothers and
younger school age children. Deprivation may affect develop-
ment of the central nervous system as well as body size,
creating generationsof a weakenedpeople.

Total protein is in even shorter supply in the tropics
and subtropics than energy foods, and much less has been
done in providing more protein foods. The outlook for real
advancesin the production of animal proteins (meat, milk,
eggs, fish) to correct current deficiencies in total protein
supply, and to keep pacewith growing populations, is not
encouraging.Much of the increasedprotein to balancehuman
diets must come from protein rich crops, including eight
major food grain legumes, (beans, peas, chickpeas, lentils,
mungbeans,pigeon peas, broad beans, cowpeas) groundnuts,
and soybeansand the oil seed crops -- cottonseed,sesame,
sunflowers, and safflower. These are tropical and subtropical
crops, and they could well serve as profitable cash crops,
as well as sourcesof dietary proteins. All of these crops
can be made much more productive than at present; they store
well and can serve as staple foods for urban people to a
much greaterextent than theynow do. Chaptersare provided
on each of these crops.
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Considerableprogresshas been made in the genetic im-
provementof the nutritional value of crops since the dis-
covery in 1964 by Purdue University scientiststhat the
opaque-2gene in maize not only materially increasesthe
content of the two amino acids, lysine and tryptophan, but
it greatly increasesthe nutritional value over that of
normal maize. Opaque-2grain for example fed to monogastric
animals results in weight gains several times that obtained
with normal maize. Today maize breeding researchersthrough-
out the world are supporting programs to develop opaque-2
hybrids or varieties as its nutritive value has been demon-
stratedto be equally superior for humans. More recently
two Ethiopian lines of sorghumwere found at Purduewhich
exhibit the same superior biological feeding value as that
of opaque-2maize. Not only are these lines high in the
nutritionally-limiting amino acid lysine but they are much
higher in protein as well as low in tannin, a factor which
has been found to be responsiblefor reducedprotein digest-
ibility in the sorghum grain. In the caseof wheat, Nebraska
University is regularly incorporating the "Atlas" gene for
increasedprotein (about 25%) into their best commercial
types. Further improvement in protein content with no pro-
portionate loss in 1ysines is eXpectedfrom new derivatives
from other genetic sourcesused as parents. Similar improve-
ments in protein content of rice varieties have been obtained
at IRRI in the Philippines as have been obtainedwith wheat.
At the University of Illinois, they have discoveredthat
the industrial soybeancan be preparedat the home or village
level, resulting in a product essentiallyequal in consistency
and acceptanceto that of the bean and at least twice as
nutritious. The developmentof a man-madecrop called triti-
cale in Mexico by an international team of scientistsat
CIMMYT from a cross of wheat with rye also offers promise
for improving the nutritional value of the resulting grain
over that obtainablefrom wheat by having higher protein
and lysine content. With barley, high lysine lines have
been isolatedby Europeanscientistsand theseare now being
employedby leading scientiststo improve the nutritional
value of commercial types allover the world.

Utilization of Natural Resources

The agriculture of every nation is basedon its land
and soil resources,its climate, and the natural vegetation
which servesas an index of agricultural productivity, as
well as on the skills of its rural people in using these
resourcesfor productionof crops and livestock. Crop pro-
duction offers great versatility that can be exploited by
choosing crop types adaptedto the various climatic regions
and soil types, and invoking those managementpracticesthat
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give the grea.testreturns for the inputs and the labor that
are applied. Crop productionmust fill an appropriaterole
in use of natural resources,in conjunctionwith animal agri-
culture, forestry, and wildlife and game. Wherever crop
productionprovides the best utilization of soil and climatic
resources,of the various alternativeuses, it should receive
the full applicationof modern scienceand technology to
make the selectedcrops as productive as feasible.TQmake
wise choices, it is desirableto know for each crop, its
nat-ul"al ｡ ､ ｡ ｾ ｡ Ｍ ･ ｮ ｳ Ｍ Ｌ .i-t-s pr-e-sentuse-s and potenti-al yielding
power, the characteristicsof the plant, and possible improved
varieties and cultural practicesto achieve greater efficiency
of production.

In each of the 36 chapterson specific ｣ ｲ ｯ ｰ ｳ ｌ ｾ ｡ ｾ ｴ ･ ｮ ｴ ｩ ｯ ｮ

is given to the conditions of climate and soil neededfor
successfulproduction of each crop and the cultural practices
that will best utilize thesenatural resources. This infor-
mation is intended to aid in evaluating the potential value
of alternativecrops to fit the conditions in specific regions,
and to guide the selectionof crop specieswith the greatest
promise. This information also should be useful in planning
crop rotations, and the choice of crops that fit a chosen
farming systemfor inclusion in each years operations. General
information on the individual crops may serve in the planning
of farming systems that more adequatelyutilize modern agri-
cultural scienceand technology.

Serving the Small Farmer

In undertaking to indicate how new technologywill im-
prove the efficiency of crop production, emphasis is placed
on the methods that are feasible for the small farmer. To
be most useful, practicesshould be labor intensive rather
than capital intensive, whenever economicallypracticable,
so as to provide greateremployment of rural populations.
The intent is to aid eachman in becomingmore productive,
by making more certain that his efforts result in higher
yields for the time applied to each crop. This objective
is wholly compatiblewith higher crop yields per hectare,
and with greaterreturns for every unit of fertilizer or
other inputs used in production.

Application of Technology to Local Farming

It is recognizedthat the generalizedtreatmentsof
crop productionoffered in each chapter, do not include much
detailed information neededfor specific regions. It is
hoped that this field guide may serve primarily as a framework,
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which may be expandedby extensionspecialistswithin each
country, to provide the detailed recommendationsfor appli-
cation of new technologyby local farmers.

Moving Products to the Consumer

Recognition should be given to the need for supplemental
effort by governmentsand businesses,to support the flow
of inputs to the growers, and to improve the entire system
of marketing, from the point of delivery of crops by the
grower, to purchaseby the ultimate consumer, or to the ex-
port centers. Increasedvolume of production and more efficient
harvestwill not by themselvesproduce benefits to either
the growers or to the national economy, unlessparallel im-
provementsare made in collecting, storing, processing,dis-
tributing, and retailing of the crops grown. The grower
should be recognizedas a cooperatorin developmentof the
national economy, and given equal recognition and protection
with processorsand marketersby the governmentas it seeks
to improve agricultural productivity and efficiency. Unless
early attention is given to the entire marketing process,
improved crop productionmay have little value to either
the individual grower or to the nation.
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CHAPTER 2

THE TROPICAL ENVIRONMENT FOR !/
CROP PRODUCTION

The need to increase ｾ ｲ ｯ ｰ ｰ ｲ ｯ ､ ｵ ｣ ｴ ｩ ｯ ｮ for growing popu-
lations, involves either expanding the land areasused for
cropping, or improving the productivity of present ｦ ｡ ｾ ｬ ｡ ｮ ､ Ｎ
Both will be necessarY,andthe successesachievedwill
dependon an understandingof what is feasiblewith present-
day technology.. .

The basic environmentalfactors that determine land
capahility are land forms, soil conditions,.and the climatic
patternof temperatureand rainfall. The native vegetation
zones are a convenientindex of the potential of regions
for specific uses, since these zonesare the product of land,
soil and climate. However, crop production is feasible in
nearly all environmentalcombinations,.either by choice of
crops that are adapted,or by modification of the present
limiting factors of the environment, such as use of ferti-
lizers to correct deficienciesin soil fertility, adapting
farming systems to conserverainfall, irrigation in dry re-
gions and seasons,adjusting the cropping seasonto the
predicted length of the "rainy" season,etc.

The presentproduction of crops has changedgreatly
from the pattern that prevailed 100 years ago, or 50, or
even 25 years ago. The changeshave been greatestin those
regions where the most agricultural researchhas been done,
and where the fruits of such researchhave been applied in
improved technology. The most obvious changeshave been
the introduction of "new" crops into various tropical regions,
such as the wider use made of bananas,potatoes,and maize,
to name but a few. However, the very recent development
of improved technology such as that createdfor "Miracle"
rice, and "Mexican" type wheats, has been a powerful stimu-
lant to all countrieswhere theseparticular innovations'
are adopted: These examplesmay become the forerunnersof
great advancesin the whole range of crops. These advances
may involve (1) a more completeunderstandingof each crop
and its adaptationto the regional environment, (2) the
essentialresearchon plant breeding, pest control, ｭ ｾ ､ ｩ ｦ ｩ ﾭ

cation of cultural practicesincluding time of planting and
use of fertilizers, and harvestingpracticesand (3) asso-
ciated programs of pricing and marketing. All of the basic
factors that producedthe "green revolution" with rice and
wheat, should be studied for other food crops and the ·asso-
ciated cash crops that fit into farming systems. This chapter
outlines the general aspectsof tropical and subtropical
1/ Edited by C.A. Breitenbach,Regional Rural DevelopmentOfficer,

Latin American Bureau, Agency for InternationalDevelopment,
Washington, D. C. 20523
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environmentsthat have direct application to crop production,
and suggestsmatters that affect individual crops.

The climates of the tropics and subtropicsare shown
in figure 1, and the duration of the arid seasonsis shown
in figure la. The basic factors that characterizethese
zones are the temperaturesresulting from their geographic
position in the tropical latitudes, or adjoining latitudes;
and the modification of temperaturescausedby land forms,
particularly altitude, since higher altitudes generally re-
duce ground temperatures,and increaserainfall in the di-
rection of air mass movement (winds).

The Climates of the Tropics and Subtropics(l) are classified
as follows (figure 1);

A. Climate of the tropics

Tropical rainy climates.
Tropical.humid summer climates.
Tropical humid summer climates, with humid
winters.
Wet-dry tropical climates.
Tropical dry climates.
Tropical dry climates, with humid winters.
Tropical semidesertand desert climates.

B. Climates of subtropical and warm temperatezones.

Dry summer - humid winter, Mediterranean
zones.
Dry summer steppe* climate, with humid winters.
Steppe* climate with short summer humidity.
Dry winter climates, with long summer humidity.
Semidesertand desertclimates.
Permanentlyhumid grasslandclimate.
Permanentlyhumid climates with hot summers.

The duration of the arid seasonsin the tropics(2) is pre-
sentedin figure la, as follows:

(1) From "SeasonalClimates of the Earth" by C. Troll and
K. H. Paffen, 1966. Pub. by Springer-Verlag.

*Note: SteppeClimates include subhumid zones (savannas)
and semiarid zones (sahelianregions).

(2) Map by David R. Harris, Pub. in American Scientist.
Mar. - April 1972.



(Discussionof figure la, "Duration of Arid

Seasons,"continueson page 12.)
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1. Humid Tropics - dry less than Ｒ ｾ months.
2. IntermediateTropics

a. Wet-dry tropics - dry Ｒ ｾ to 5 months.
b.. Tropical savannas- dry 5 to Ｗ ｾ months.

3. .Dry Tropics
a. Tropical sahe1ianand semidesertzones - dry

Ｗ ｾ to 10 mont.hs.
b. Tropical deserts- dry 10 to 12 months.

It is clear that the duration of the dry seasonis para-
mount in crop production, since plant growth takes place for
the most part in the more humid season. The growing season
may be extendedon deeper soils of superior rainfall storage
properties, to the extent that soil managementexploits this
potential.

It is useful for each developing country to identify
its location with respect to climate zones for two reasons;
(1) the climatic characteristicsand their significance to
crop production is thereby recognized, and (2) other world
regions in similar climatic zones may be sourcesof infor-
mation on improved technologyor superior varietiesof im-
portant crop species, for local use.

Land Forms

Since climatic zones are the products of land forms
and altitude, and of rainfall patternsthat are determined
by prevailing winds in season,as well as altitude, it is
useful to examine figure 2 -- the map of general land forms,
and figure 3 -- averageannual precipitation.

Landforms, figure 2, are convenientlyclassedas:

ｐ Ｑ ｡ ｩ ｮ ｾ ［ with surfacerelief less than 170 meters.
Plateaus;with substantialaltitudes, but with mo-
derately flat upland surfacesdissectedby stream
valleys..
Hill Land; with--+oca1 relief of 170 to 600 meters,
that are so dissectedthrough streamerosion (over
geologic time) that few flat uplands occur.
Mountains; more rugged than hills, and their topo-
graphic featuresare more complicatedin pattern,
usually with relief greater than 600 meters, gene-
rally steep slopes and narrow valleys.

The use of these land forms for crop production is di-
rectly related to the surfaceslopesof the individual land
areas. The plains have the greatestpercentageof land with
slopes flat enough to permit maximum absorptionand storage
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of rainfaLi in the soil profile, and the least hazardsof
soil erosion losses. The plateausare reduced in crop use-
fulness by the steeperslopesat the margins of streamvalleys.
Hill land usually has a high percentageof lands that are
too steep to cultivate for crops, except as they are terraced.
It is best occupiedpermanentlyby perennial forages and
natural grazing lands, or by forests. Mountain areasare
non-tillable except for the level lands adjoining streams
in the bottoms of the relatively narrow streamvalleys.
Much of this land is the alluvial plain, subject to periodic
flooding.

Average Annual Rainfall

The amount of total rainfall is shown in figure 3.
The dominant effect of rainfall on climate may be noted by
comparing figures 1 and 3. However, land forms have a dis-
tinct effect on rainfall, through the effect of altitude,
and by the effect of mountains in serving as obstaclesto
the movementof air masses,which are laden with moisture
when moving from water over land masses,and deprived of
moisture when moving from land massesout to the oceans.

The world map of rainfall patternsis shown in figure
3. A convenientpatternof rainfall zones is as follows:

Over 2000 mm .
1000 to 2000 mm
500 to 1000 mm
250 to 500 mm

Below 250 mm

annually
"
"
"
"

- rain forest
- humid tropics
- savannaand steppe
- semidesert
- desert

Areas with over 2000 mm of rainfall, well distributed
throughout the year are well suited to production of tropical
forest growth and to perennial crops such as rubber trees.
However, some annual crops such as rice, taro, bananasand
yams are grown successfully. The humid tropics, 1000 - 2000
mm total rainfall, have the greatestusefulnessfor crop
production. Most of the cereal grains, the food grain legumes,
the oil seed crops, the root and tuber crops, and certain
fiber crops are grown successfullyin this zone, particularly
with adjustmentsto the length of the dry season. The dry
seasonlength differs with geographiclocation, and may be
as short as two months or as long as five months.

The dry tropics - 500 to 1000 mm annual rainfall, are
generallydeficient in rains for crop production, but man
succeedsin producing the more drought tolerant crop species
by utilizing the comparativelyshort rainy season;and by
farming only the deeperpermeablesoils that can store con-
siderablerain for subsequentuse by crop plant roots. Crop
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productionmust emphasizemaximum rainfall retention for
crop use, and it is in this regard that modern technology
can contributemuch to crop production. The ｳ ｴ ･ ｰ ｾ lands
generally average500 to 750 nml,and are almost w olly oc-
cupied by low growing vegetationuseful for grazing live-
stock. Dry seasonsmay vary from 7.5 to 10 months.

Savannalands may average750 to 1250 mm of rainfall
and are occupiedby grassesand low growing shrubby growth.
Savannasare primarily grazing lands, and only selected
areasof better soils (togetherwith alluvial soils along
the streams) are successfullycropped. The dry seasonfor
savannasextends from 5 to 7 months, but the occurrence
of rains is quite variable.

Semidesertareaswith less than 500 mm rainfall con-
tain extensivetype grazing lands, not suited for cropping
except as irrigation waters becomeavailable. The occurrence
of rains is highly erratic, and there is no rainy season.

Monsoon Climates

The monsoonshave a strong influence on crop produc-
tion, becauseof the effect they have on the occurrenceof
the rainy season. They can be predictedto some extent,
even though the basic causesof monsoonare poorly under-
stood. The name "monsoon" is Arabic, and was originally
applied to the seasonalwinds of the Arabian (Persian)
sea that blow about 6 months each year from the northeast,
and six months from the southwest. The winds are causedby
differencesof annual temperaturetrends over land and ocean.
Temperaturechangesare large over land, small over oceans.
The monsoonblows from cooler to warmer regions; from sea
toward land in summer, and from land toward the sea in winter.
Atmospheric pressureis relatively high in cooler regions
and lower in warm regions, permitting air movement to take
place.

The monsoon type of air movementby seasonsoccurs
throughout the tropics, and is perhapsbetter known in the
Indian subcontinentthan elsewhere. However, monsoonwinds
blowing from oceanstoward and across land massesof Africa
and South America are important factors in producing the
rainy seasonof those tropical climates; and the reverse
flow of air massesfrom land toward the oceancausesthe
dry seasons. The periodicity of rainfall in the tropics,
is well establishedby rainfall records that are now avail-
able in virtually all developingnations.
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MediterraneanClimates are producedby a unique combina-
tion of land forms, latitude, and monsoonalwinds. Rainfall
characteristicallyoccurs in the cool months, and the summers
are relatively dry. In the Mediterraneanbasin, air masses
flowing from the Atlantic bring rains in the winter period,
thus producing a type of cropping basedon crops suited to
the cooler moist winter season.

Natural VegetationZones

NaturaL vegetationzones, figure 4, indicate the com-
posite effects of temperature,rainfall, land forms and al-
titude on vegetation. This information is useful to man,
but should not be interpretedas an index of limitation,
but rather as indicators of factors that must be modified
by modern technology, to fully exploit crop production po-
tential.

The natural vegetationzones are as follows:

Low latitude (tropical) forests

Tropical rain forest
Lighter tropical forest
Scrub and thorn forest

Middle latitude forest

Mediterraneanscrub forest (subtropical)
Coniferous forest (north temperatezones)
Broad1eafedand mixed (temperatezones)

Grasslands

Savanna(tropical)
Prairie (temperatezones)
Steppe (tropical and temperatezones)

Desert

Desert shrub and desertwaste (tropics and temperate
zone)

It may be noted that the only vegetationzones that
occur in both tropical and temperatezones are the steppes
and desert shrUb. Even in these zones, the plant species
of the tropical zones are quite different from those of the
temperatezones. The vegetationzones of the tropics are
unique, which means that the researchand technologyneeded
to utilize them to support man cannot be transferredwithout
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modification from the temperatezones to the tropics. Much
adaptiveresearchwill be needed, as well as original research
on specific problems, to fully exploit the potential of the
tropics.

Major Soil Groups

The major groups of soils of the tropics and subtropics
are shown in figure 5. The map is deficient (becauseof
its generalnature) in not showing the extent and location
of alluvial soils occurring along streamsand in deltas.
While thesesoils are much less extensivethan upland soils,
they are estimatedto be providing food and other support
for 25% of the world's population. They constitutea unique
soil type, with some limiting characteristicsof flooding
and drainage, but with high crop producing potentials.

Trotical soils are unique in some respects,because
of the c imatic conditions under which they have developed.
The effective managementof tropical soils must recognize
the propertiesof each distinctive soil group as well as
the intensity and frequency of cropping and the types of
crops grown. (See table 3-1)

Tropical soils are strongly influenced (1) by the cha-
racter of the geologic materials from which they were derived,
(2) by the soil forming processes,and (3) by the climatic
conditions that have prevailed in the recent geologic era.
At the very least, it is necessaryto distinguishbetween
soils produced (a) by in-place weatheringof parentmaterial,
(b) by placementof sedimentsthrough streamaction on flood
plains and terraces,or (c) in some regions by weathering
of volcanic materials. The effect of climate on soil forma-
tion has been profound, and the weatheringprocessis dif-
ferent for the continuouslywet climates, the tropical sa-
vannas (mixed grass and short trees and brush), the steppes
(primarily grass), and for deserts. An important variant
of the tropics are the highlands, particularly above 5000
ft. (1500 meters) elevation, where the climate is essentially
temperate,even though placed in the tropics. The seeming
endlessdiversity of tropical soils can be resolved into
reasonablepatterns,by recognizing the interrelationsof
climatic zones, particularly the factors of temperatureand
precipitation, and of major soil groups that are responsible
for native vegetationprovinces.

In the humid tropics with continuoushigh rainfall and
temperature,a typical soil formation occurs, known as laterite.
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EstimatedAreas of PotentiallyArable Soils
in the Tropics and Subtropics

(Both Cultivated & Non-Cultivated)*

Great Soil Groups of the
Tropics & Subtropics

Total
Area

Hectares,
Millions

Potentially
Arable Soils

Hectares,
Millions

1. Dark Gray & Black Clay soils 500
(inclusions of Chernozems,
Reddish chestnutsoils, &
hydromorphic soils)

2. Sierozems,Desert, and Red
Desert Soils 2,798
(inclusions of Lithosols,
Regosols, and saline soils)

3. Latosols, Red-Yellow Podzolic
Soils 3,214
(inclusions of hydromorph:lc
soils, Lithosols, and Regosols)

4. Red-Yellow Mediterranean 112
(including Terra Rossa) soils,
mostly Mountainous (including
many areasof Rendzina soils)

5. Soils of Mountains and Mountain
Valleys 2,465
(Many Lithosols)

250

14

1,382

17

15

(Reported to support 25% of
world population)

6. Alluvial Soils
(innumerableareas in ｾ ｬ ｬ parts
of the world included ｾ ｮ map
units of other Great Soil
Groups)

590 (no estimate)

(*"Potentially Arable Soils of the World and Critical Measures
for their Use", pp. 109-170, by C.E. Kellogg and A.C. Orvedal,
in "Advances in Agronomy" vol. 21. 1969, Pub. by Academic Press,
New York.)
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Laterites are leachedto great depths in such climates, and
they are characterizedby very high contentsof iron and
aluminum oxides. Under certain conditions of ground-water,
the laterites tend to becomerock-hard upon drying, as hap-
pens when the vegetativecover is removed. This hardening
of exposedlaterite makes it useful as a road building ma-
terial but very difficult to use for crop production. How-
ever, many forms of lateritic soil are quite productivewhen
well managed.Under conditions of lower rainfall, lateritic
soils may vary from the typical red color to gray, brown
or bia-cx-.- -

Most tropical soils are low in organic matter, since
much of the lush plant growth is at or above the soil sur-
face. Tropical soils generally respondwell to animal manures
and green (plant) organic matter, but organic matter is short-
lived becauseof high temperatureand moisturewhich acce-
leratescomplete decomposition. Insufficient attentionhas
been given to continuing addition of greenmanures and of
perennial forage crops as a basic requirementfor continuously
productive soils in tropical regions. In other respects,
the successfulmanagementof tropical soils may follow prin-
ciples first establishedin temperatezones. When essential
mineral elementsare deficient, they may be added as ferti-
lizers or soil amendments. The same is true for minor (trace)
elements.

When soils are impervious to rainfall, or have impeded
downward percolation, the structuremust be improved by me-
chanical treatment, or by occupationby plant types that
root deeply and thereby improve permeability. When soils
are poorly drained, manmadedrainage systemsmay be installed,
or they may be convertedto wet-land rice paddies, as has
been done in many areasof East and South Asia. For desert
soils, the treatmentis irrigation, to the extent that irri-
gation water is economicallyavailable.

The basic philosophy is that man either adjusts agri-
cultural practicesto the inherent capabilitiesof soils
as they occur, or he identifies those limiting factors that
can be alteredby applicationof modern technology, and
exploits those opportunities that are economically feasible.
The farmer may not change the climate, but he undertakes
to manage the soil for greaterproductivity, just as hema-
nageshis crops or his livestock to get greaterreturns for
his efforts. While the knowledge of tropical soil management
is still in its infancy, as comparedto temperatezone soil
management,there are many instanceswhere tropical crops
have been tripled in yield by a judicious combinationof
soil and crop management. The most important part of crop
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managementis the choice of crops and varieties of those
speciesthat are well suited to the soils and climatic con-
ditions where they are to be grown. When crops are adapted
to their growing conditions the benefits of good agronomic
practicescan greatly increasetheir yields.
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CHAPTER 3

FARMING SYSTEMS FOR THE TROPICS 1/
ANDSUBTROPICS

Subsequentchapters (5 through 40) of this Field Guide,
deal with 36 different food crops and selectedcash crops
that are suited for productionby farmers on small land
holdings. Suggestionsare made in each chapteron how to
increaseproductivity through choices of crops suited to
the environment, improved varieties, and the application
of modern technology, modified practicesand more useful
materials. However, the methods for increasingproductivity
of individual crops will most likely be rewarding if the
crops and practicesare significant parts of farming systems
that have longer range value than the current season.

Specific crops can best be utilized as componentparts
of a farming system, only if some comprehensiveplan is
being followed. The individual farmer is unlikely to act
on suggestedchangeunless it can be made clear that there
will be greaterprotectionagainst crop failures, that the
proposalsare within his capability (presentand future),
that he can expect greateryields as well as surplusesabove
family needs that can be sold for cash, and that he can ex-
pect bettermentfrom year to year.

In Chapter 1, it was noted that the continuing popula-
tion growth, averaging2.6% yearly for the tropics and sub-
tropics, makes it imperative that total food production
be steadily improved. The objective of improving rural life
requires even further ｩ ｮ ｣ ｲ ｾ ｡ ｳ ･ ｳ beyond those that merely
keep pace with population growth, and should include both
food and cash crops. For probable successin meeting national
goals, it appearsnecessaryto involve a high percentage
of the farmers on small land holdings, since they occupy
most of the available agricultural lands. There are several
lines of effort that may be invoked; and some planning at
government levels should be useful in developing farming
systems that will improve the statusof farmers and also
servenational developmentneeds.

Many soils have become exhaustedby overcropping.
Bringing in new lands into productionwill not solve the
problem. What is neededis to find a means for maintaining

1! Edited by C,A. Breitenbach, Regional Rural DevelopmentOfficer
Latin American Bureau, Agency for International Development,
Washington, D. C. 20523
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lands newly brought into production at a sustainedlevel
of production if food shortagesare to be overcome.

Continuouslyproductive farming systemsgenerally have
not yet been ach1evedfor annual crops in the tropics and
subtropics,but they appearwithin reachby more intensive
studies and the full applicationof modern technology. The
ultimate systemssurely will be adjustedto the specific
ecological zones such as continuouslywet tropics, humid
with short dry season,humid with longer dry season,and
subhumidwith prolongeddry seasons. However, there are
some general features that should be recognizedfor all sys-
tems, particularly the kind of soil being farmed, which
greatly modifies the influence of climate. Soil type may
limit the choice of crops, even though some soil deficien-
cies (fertility, drainage, etc.) may be corrected.

Shifting Farming Systems

In many humid zones, shifting farming systemsare cha-
racteristic, in which clearing and burning of native trees
and perennialgrowth is followed by a few years of cropping,
and then "resting" for an extendedperiod during which native
vegetationreoccupiesthe land. The question is how to
make such landscontintiouslyproductive, since this would
increasetotal crop land per year by several fold. Attention
must be focused on the reasonswhy the periodic reversion
of land to native vegetationrestoresits productivity.
Accumulating evidenceindicates that productivity is asso-
ciatedwith soil organic matter, and that the decaying roots
of the native,vegetationare providing nutrients to the crops
grown on such lands, unt1l this organic matter is largely
exhausted. The roots of. native vegetationalso improve the
permeability of the soil to rainfall and reduce soil erosion
losses, for as long as these decaying roots are present.
There is a possibility that the functions of the slow restora-
tion of soil productivity by native vegetation, can be dupli-
catedby man's managementof soils without removing them
from continued farming.

The first step should be to extend the years of con-
tinued crop production, by the adoption of technology for
individual crops. Such technology is outlined in the 36
chapterson the different crops. An important feature is
the addition to soil organic matter by the return of crop
residues.tothe soil, and by the use of manuresand composts
for producing crops. Adequate fertilization will certainly .
increasesubstantiallythe annual addition of crop roots
to the total soil organic matter. The addition of "trace"
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elementsneededby crops in very small amounts (manganese,
iron, copper,'zinc, boron and molybdenum) may be important
supplementsto fertilizers on some soils. Soil amendments
to reduce soluble aluminum toxicity (by lime or gypsum),
or to correct deficienciesin sulfur, calcium and magnesium,
may be necessary.

A secondstep when feasiblemay be to grow greenmanure
crops to restoresoil organic matter. Thesemay follow a
regular crop, or replacea year of crop production. The
ｧ Ｎ ｣ ･ ｾ ｮ mainire crops'may be tftilizea fOrxeeCIIilg -livestoCk,
but the greenmanure sod should be plowed under, so that
decayingroots and tops will add to fertility. Small farmers
are usually not in a position to grow greenmanure crops.
More appropriatewould be for them to producean economic
crop as recent researchhas shown that with the use ｾ ｳ ｯ ｩ ｬ
amendmentsmost soils can be maintainedin food production
returning only crop residuesto the soil.

A third step is an extensionof the secondstep, in
which perennial forages (grassesand legumes) are grown
on crop land for two or more years, to make much greater
and deeperroot occupation,more nearly equaling the roots
of native vegetationin supplying fresh organic matter.
Appropriate fertilization of these forage crops will be
neededfor rapid root growth. The forage crops may serve .
as feed for livestock components(meat and milk) of farming
systems,and thus provide both food and cash income. The
subsequentproductivity,of such lands used in forage produc-
tion, must be determinedin comparisonwith land cleared
of native vegetation. The labor of clearing and burning
would no longer be necessaryby this method; and the loss
of sulfur and nitrogen, as well as certain organic consti-
tuents in the burned top growth of native vegetation,will
not occur when forages replace ｮ ｡ ｴ ｾ ｶ ･ vegetationin long
term farming systems.

Systemsfor Regions of Limited Rainfall

Modifications of the cropping systemfor humid tropics
proposedin the foregoing paragraphsalso may be made to
adapt to less humid regions, including monsoonclimates and
savannalands. The modifications will include using the.
crop speciesbest adaptedto thesedrier climates, and using
forages in the cropping sequencethat are well adaptedto
the region. The most important changeswould be those that
make the most effective use of limited rainfall. These should
include the following:
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1. Conservingrainfall:

a. Protect againstrunoff losses.
b. Store rainfall in the soil profile.
c. Protect againstwind erosion.
d. Terrace the sloping and erosive fields.

2. More effective use of water stored in the soil:

a. Select adaptedcrop species,and use im-
proveavarieties of each crop.

b. Grow deep rooted crop speciesand superior
varieties of these.

c. Correct any deficiencies in soil fertility,
through fertilizers and soil amendments,
to foster deeperrooting and greateryields.

d. Use cultural practicesthat enhanceeffective
use of soil water -- early preparation
of the seedbed, plant early on moist soil
for prompt germination, use clean viable
seedof improved varieties, plant crops
in rows running across slopes, control
weeds, combat pestsas needed,and harvest
promptly to avoid crop lossesand deterioration.

3. Include erennia1fora
1n t e crop rotat1on:

urnes)

a. To restoreorganic matter to the soil through
roots and stubble, and to improve soil
permeability.

b. Use forages for livestock feeds.
c. Use forages betweencrop sequencesfor

reducing inoculum and abundanceof diseases,
nematodes,and insects that prey on indivi-
dual cultivated crops.

Crop Mixtures versus Single Cropping

A widespreadpractice in the tropics is to plant a
mixture of severalcrops in the same field. The apparent
reasonsare to reducepossible losses, since the hazards
that affect one crop are believednot likely to seriously
affect the others. The crops in a mixture are usually planted
in rows. Often, any vacant areas from an initial planting,
are filled by later spot planting of other crops.
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Some experimentalevidencehas been reported to support
the benefits of such mixtures in obtaining optimum yields
from a given area in a given season. Extensive investigations
in this area are being supportedat the internationalcenters
of tropical agriculture in Colombia (CIAT) and Nigeria (IITA)
with maize, beans, cowpeas, groundnutsas a base and at IRRI
in the Philippines with rice, sorghum, soybeansand maize
as the major crop varieties for intercropping.

Since each nation is faced with the necessityof increasing
total food (and cash) crop production by at least 2.6% every
year to keep pace vlith population growth, and each farmer
must improve his own productivity to provide for his family
and enhancehis living status, it will be necessaryto make
the most efficient use of land. Some changesappear inevi-
table if increasedproductivity is to be achieved. The
following factors need consideration:

a. Which method permits the most effective application
of the technology to the individual crop, such as;

Improved varieties.
Effective seedbed preparationto suit each
crop.
Time of planting adjustedto seasonand rain-
fall.
Kind and amount of fertilizer, and fertilizer
placementfor specific crops.
Method of planting suited to the species.
Planting in rows, across slopes, to reduce
rainfall runoff and erosion losses.
Weed control.
Use of rotations of individual crops to prevent
the carry-over of specific diseases,root nema-
todes, and insects. Each crop type has its
own pests.
Varying the areasplanted to key crops (food
or cash) to meet anticipatedneeds or markets
for the current season.
More knowledge and timely observationson growth
and performanceof each crop.
Conveniencein harvestingeach crop when ripe,
without damage to others.

b. What are the end results in terms of labor and
material costs of production, in yield of crops,
and in their quality?
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It appearsthat crop mixtures have more disadvantages
than advantagesin a systemof large-scalefarming where
single crops are essentialin reaping the potential benefits
of modern machinery and technology applied to crop produc-
tion. Intercropping is more adaptedto the small farmer
where farming is more intensive. Increasedresearchis
necessaryto satisfy his specific needs. It is suggested
that if a rotation of the same crops (for example, three
crop species)were raised, each crop would appearon a spe-
cific field once in three years, and specific pestswould
be decimatedwhen the host is not present. A similar situa-
tion exists for root-nematodes,soil infesting fungi and
insects, and even to certain flying insects. Also, field
sanitationis feasible, to remove, or plow under, all crop
residuesafter harvestas a means of decimatingpests that
would otherwise survive and attack the next crop. Such
sanitationis more likely to be carried out if only one crop
is grown on each field.

It is suggestedthat some time-honoredpracticesbe
questioned; such as shifting cultivation patternsand crop-
ping practicesthat do not deal effectively with the specific
limiting factors of the environment (rainfall uncertainty,
deficient soil fertility, etc.)'. They should be re-examined,
and comparedwith other practicesbasedon technology borrowed
from other regions, or developedfrom new research. Such
efforts are neededto meet the imperative demandsfor increased
and more efficient production of food and cash crops to serve
the nation, and to improve the living statusof farmers on
small land holdings. An excellent place to begin, is on
improved production of individual crops. Suggestionsfor
this are offered in Chapters5 through 40 of this Field Guide.

The subsequentchapterson individual crops should not
be construedas recommendingpiecemeal innovations in farming
practices. However, each component in a farming system should
make a satisfactoryeconomic contribution, or it is not likely
to survive. Increasesin productivity should be quite sub-
stantial to produce a sufficient incentive to adoption by
the farmer. The individual farmer must see immediate bene-
fits, and also becomeconvinced that continuedprogressis
feasible.

Two factors must be recognized; One, that substantial
yield increasesof any crop require ｴ ｾ ｳ ｩ ｭ ｵ ｬ ｴ ｡ ｮ ･ ｯ ｵ ｳ applica-
tion of all or much of the available technology (a new
variety, without the rest may do little, or fertilizer used
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without other changesis not worthwhile) 0 Two, a system
of farming that utilizes many productive componentshas a
multiplying effect on long-range farm profitabilityo

The systemof·farming developedfor each region must
be attuned to the conditions prevailing in that specific
region; systemsmay need to recogn1zebottleneckson sea-
sonal labor, patternsof land use and tenure, available
supplies and equipment for production, credit, extension
ana educacionprograms, governmentaLpoIicies and price
supports,marketing practicesand markets, and other
matterso This Field Guide does not cover those important
matters; but it does undertaketo provide information that
is widely applicable to specific crop production.
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CHAPTER 4

GENERAL PRINCIPLES OF IMPROVED CROP 1/
PRODUCTION IN THE TROPICS AND SUBTROPICS

The Keys to IncreasedYields and Net Returns Per Hectare

With the important successeson production of rice and
wheat on a worldwide basis and maize in East Africa that have
been achievedsince 1968, it is useful to identify the basic
principles that were invoked, and to utilize theseas guide-
lines for extending these accomplishmentsto other crops
and new regions not previously affected. After 10 to 20
years'of researchwith rice in the Philippines (by the In-
ternationalRice ResearchInstitute, IRRI) , with wheat in
Hexico (InternationalCenter for Wheat and Maize Research,
CIMMYT) , and with maize in Kenya and northern Tanzania
(Major CerealsProgramby USAID-U.S. Departmentof Agriculture),
each of theseorganizationshas succeededin developing highly
productive plant materials and combinationsof cultural
practicesfor greatly higher yields. These major achievements
were not only due to the great successachievedin breeding
more productive types of each crop, but also to determining
how to employ all of the componentpracticesin crop culture
to exploit fully the potential crop productivity. All of
the individual componentsmust be put to work simultaneously
to achieve greatly increasedcrop yields, at relatively low
additional costs in labor and materials. The effect has
been to greatly increasethe net returns to the grower.

The breedingof improved crop types was a key component
of these successes. These improved types of rice and wheat
were short, stiff-stalked and resistantto lodging, adapted
to the tropics and subtropics (not sensitive to length of
day), resistant to important insect pests and diseases,and
with great potential for respondingto good soil fertility.
The packageof cultural practices included effective use
of irrigation water for rice and wheat, timely planting of
superior hybrids of maize especiallybred for local conditions
to make optimum use of the "rainy season", sufficient ferti-
lizer to permit greatly increasedyields, seedingrates to
produce high enoughplant populations to fully utilize the
environmentalconditions, effective weed control, and prompt
treatmentsto control important insect pests and diseases.
Finally, the crop was harvestedpromptly to avoid deteriora-
tion in the field, and processedby appropriatedrying and
cleaning before being put in temporary farm storage.

1/ .
- Edited by.C.A. Breitenbach,Regional Rural DevelopmentOfficer,

Latin American Bureau, Agency for InternationalDevelopment)
Washington, D. C. 20523
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The significant feature was the combinationof outstanding
newly developedcrop types with all of the necessarycultural
practicesto permit full expressionof the yield potential.
The result has been to increaseyields to heights previously
consideredunattainable,but which proved highly practical
when employed by the cultivators of all sizes, large and
small, under the guidanceof leaderswho fully understood
the process.Crop yields have been increased2- to 4-fold
under reasonablyeffective management;and the values of
the increasedyields have greatly exceededthe additional
costs of seed, labor and fertilizer.

These phenomenalresults obtained through a multidisci-
plinary approachwith these three major crops point the way
to increasedefficiency in other areasand with other crops.
Substantialbenefits may be achievedat once by applying
those technologiesnow available, with the prospectof still
greateradvanceswhen the adaptive researchon crop culture,
and the plant breeding to develop superior crop types, have
been completed. The following aspectsof crop production
have been sufficiently proven to warrant wide application.

I. Choice of Suitable Crops

The crops currently being grown should be comparedwith
others that may be considered,to meet local food needs,
to exploit potential markets, to provide adaptationto local
climate and soil conditions, and to fit feasible farming
systems.Choicesmay be made betweencrops of the same type,
or betweentypes. For example, of the cereal grains, rice
is without a competitor on soils subject to flooding. For
upland soils, rice is suited only to regions of abundant
rainfall, but maize may be more productive on fertilized
fields in regions where occasionalmoisture shortagesoccur,
particularly if local soils permit deep rooting. Sorghum
should replacemaize in regions of greatermoisture deficiency
or stress; and millet (bulrush type) is more productive than
sorghumwhere rainfall and soil moisture supplies are still
more uncertain.

A choice of food grain legume may depend on climate
and soil; thus, cowpeasare better adaptedto regions of
abundantrainfall; field beansare adaptedto regions of
moderaterainfall; chickpeasand lentils are best grown in
subtropicalregions with moderaterainfall in the cool season;
and other speciesprefer other characteristicenvironments.
As examplesof starchy crop adaptations,bananasand plantains
require fairly cQnstantand ample rainfall and soil moisture,
in contrast to the toleranceshown by cassavafor periodic
moisture shortages. Also, among the oil seed crops, sunflowers
and safflower are the most drought tolerant types; groundnuts
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require a growing seasonof 4 to 5 months when moisture sup-
ply is moderateto good, but will grow well in regions with
prolongeddry periods; sesamemay be grown in a wide range
of rainfall zones from heavy to moderate, provided the ri-
pening period is relatively dry.

The ｩ ｭ ｰ ｯ ｾ ｴ ｡ ｮ ｴ factors are those that are adaptive to
the climatic and soil conditions of the region, so that higher
yields are possibleunder improved cultural practices. A
very crucial aspectof environmentaladaptationis the res-
ponse of individual varieties. There is no substitution
for actual field trials (of varieties or hybrids) ｵ ｮ ｾ ･ ｲ
farming conditions representativeof the region. A collec-
tion of improved varieties of each crop, including outstanding
varieties tested in field experimentsof severalregions,
should be evaluatedto select some promising candidates,
so that only the best will be grown in direct comparison
with improved varieties of other crop species. Tradition
or custom is not a reliable criterion for choice of a suitable
crop; there is no substitutefor actual field testing in
which modern technology is applied to the culture of each
crop. Even though the crop speciesmay prove to be reason-
ably well adapted, the potential productivity of improved
varieties or hybrids may be found to be much greater than
that of locally common strains or variety of that crop.

The individual grower is not in a position to make de-
pendablestudies on which crops are best suited to specific
regions. This type of investigationshould be the responsi-
bility of researchstations in eachmajor farming region.
When these studieshave narrowed the choices to a few alter-
nate crops, the grower should then be enlisted to make final
comparisons.The growers should have the guidanceof agri-
culturists who will advise on the appropriatecultural prac-
tices, so that the final resultswill truly representthe
productive capacity of the several.crop types.

2. Land Clearing, Preparation,and Fertilization

Land clearing and preparationvary greatly with climatic
regions, as noted in precedingchapters. The prevailing
practicesgenerally reflect accommodationsof the grower
to environmentalconditions that he has learned to accept
as the price for survival. They do not necessarilyindicate
feasible limits of productivity. Since much of the techno-
logy developedover the past two centuries in the temperate
zones must be greatly modified when applied to tropical re-
gions, there is great need for continued studies on how best
to proceedin land preparationon each of the major soil
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groups of the tropics and subtropics. A more completeunder-
standing on how to make all tropical soils continuouslypro-
ductive requires further research.

The first step is removal of all woody growth, or at
least the killing of such vegetation. In humid regions,
where the land is "fallowed" for a period of years after
cropping, the forest growth is generally cut and burned; and
the subsequentcrop is plantedaround the remaining stumps
and logs. The burnedvegetationleaves a residue of ash;
the most important componentsbeing phosphorous,potassiUm,
calcium, magnesium, and the trace elements to a lesserdegree
- copper, zinc, iron, manganese,boron and molybdenum.
Unfortunately, the burning vaporizesall of the sulfur and
nitrogen in the top growth, both of which are essentialto
plant growth. The roots of the forest growth are decomposed
largely during the first crop year, and contributemineral
nutrients to the extent that the crop plant roots penetrate
the soil profile. The fertility provided by the decomposing
roots is largely exhaustedin two to four years, which explains
why crop yields become successivelyreducedand the fields
are allowed to revert to native vegetationafter a short
period of cropping for a period of natural regeneration.

The removal of woody growth also is necessaryon sa-
vannah lands, but the amount of wood is greatly reduced.
Also, the releaseof plant nutrients from decomposingroots
is retardedby dry periods, so that the soil fertility status
does not decline as rapidly as in more humid regions.

The dark grey and black soils of the tropics and sub-
tropics are somewhathigher in native fertility than the
lighter colored soils, but there are marked variations in
such soils. Also, the alluvial soils of river systems
usually have higher fertility and, whenever theseare more
permeable, they permit deep root occupationand utilization
of soil nutrients from all profile layers.

In all soils, the use of manuresand/or fertilizers is
a prime requirementfor higher yields of crops. As in North
America and WesternEurope, the major nutrient requirements
are nitrogen, phosphateand potash. The nitrogen compounds
in commercial fertilizers move readily into soils, but the
phosphatesand potashmust be positioned in the soil where
they will be readily accessibleto crop roots, to be effec-
tive. The amounts of fertilizer, and the ratios between
nitrogen, phosphateand fertilizer, cannot be standardized,
since all fertilizers are added to make up the differences
between that derived from the soil and the total amount
required for optimum crop yields. Actual field trials on
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fertilization of specific crops are the. most reliable guide
to fertilizer requirements,and these should be planned ｡ ｮ ｾ
conductedby trained specialists. An aid in determining
fertilizer needs is laboratory testing of representative
samplesof field soil to estimatethe soils capacity to sup-
ply phosphateand potash. The results of such laboratory
tests must be calibratedin terms of field tests, and inter-
pretedby the specialistin terms of the kinds and amounts
of fertilizer that may be applied with benefits.

Many tropical soils appear to be deficient in the so-
called "trace elements" that are requiredby plants for nor-
mal growth, but the amounts neededare very small. The
alluvial soils of the lowlands and terracesof screamvalleys
are ｬ ｾ ｳ ｳ likely to be deficient in these trace elements
than upland soils. Phosphatefertilizers and animal manures
and compostsusually contain some calcium, magnesiumand
sulfur; additional crop requirementsmay have to be deter-
mined by field fertilizer trials. However, the "trace ele-
ments" which are essentialin small amounts for normal crop
production (zinc, iron, boron, copper, manganeseand molybaenum)
are not likely to be found in commercial fertilizers unless
specifically added. Animal manuresusually contain appre-
ciable quantitiesof these trace elements.

There have been field trials in a few regions of the
tropics in which the addition of a few kilos per hectare
of a mixture of trace elementsactually doubled crop yields
above the increasesfrom fertilizers alone. Since much more
researchis neededto determinewhich one or ones of the
trace elementsare deficient in particular tropical soils,
one of two methodsmay be used to eliminate these possible
limits to crop growth; (1) apply a mixture of all trace
elementsalong with fertilizer, or (2) when availablemake
maximum use of animal manuresor composts. The manuresmay
be less effective than a mixture of trace minerals, but their
use is more easily achievedby small cultivators. If animal
manuresare used as fuel, the ashes should be carefully saved
and spreaduniformly on crop land.

3. Conservation,and Soil and Water Management

Tropical and subtropicalsoils generallyare subject
to strong soil erosionwhen cropped, although the erosive-
ness varies with the different kinds of soil. Botn the im-
mediate and long-rangeeffects of erosion reduce crop pro-
ductivity. In general, the greater the slopes of the land,
the greater is the erosion hazard. Whenever rainfall occurs
faster than it permeatesthe soil, it flows down slope and
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carrieswith it greateror lesseramounts of the more fer-
ci1e top soil and exposesthe less fertile subsoil. Conti-
nued water erosionalso producesgullies and gradually
destroysuseful crop land. Such erosion is often more serious
on savannahlands and on short-grasssteppes,than in more
humid regions, becauserains come in heavy showersmuch
faster than the soil will absorb the water. Water erosion
in the dry regions, on rangelands,is a serious problem.
In general, the tillage and lack of complete ground cover,
that is typical of annual food and cash crops, predisposes
most farm lands to serious erosion damage.

Runoff of rain water has immediate adverseeffects on
crops grown in regions where "dry-periods" of one month or
longer occur. Except where water-loggingoccurs because
of inadequateinternal drainage, the objective in soil and
water managementshould be to retain and store the maximum
amount of rainfall in the soil profile for use by crop roots.
Vast areasof the tr0p,ics and subtropics, on all continents,
regularly experience 'dry" periods with little or no rainfall,
ranging from one to six or more months. The degree to which
water can be retainedand stored in the soil during rainy
periods will extend the crop growing potential of thesere-
gions. Soil managementpracticesshould be strongly oriented
toward conservationof as much rainfall as feasible for crop
use in regions having dry periods. The achievementof this
objective will depend to a great extent on the inherent soil
propertiesand soil depth, and on soil mapping to establish
crop producing capabilitiesof the major soil groups, to
provide basic information of importance to agricultural
developmentprograms. The managementpracticesshould be
designedto enhancewater conservationto compensatefor
inherent limiting soil characteristics,so far as feasible.

The least difficult of the managementpracticesare
also those that are least adequatein controlling soil ero-
sion and water losses. As the lossesbecomemore critical
to permanentagriculture, more elaborateconservationmea-
sures are required. The following practicesare feasible
on a majority of tropical soils that are subject to soil
and water erosion.

a. Crop residuesshould be left on the land to
act as a surfacemulch. All animal manures
and composts should be spreadon the land to
contribute to soil fertility and increasethe
soil's permeability to rainfall.

b. Use alternatestrip cropping across lana slopes
of different crops, rather than larger areas
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of single crops, to reducerates of runoff.
Closely planted crops should alternatewith
crops using wider spacings.
Always till land so as to provide a rough sur-
face to retard water flow and enhancepenetra-
tion of rainfall. So far as feasible, tillage
should precedeexpectedheavier rains to reduce
runoff. .
Choose deeperrooting crop types and correct
the soil fertility deficiencies to enhancecrop
growth, so as to maximize crop yields per unit
of water consumedby the crop.
Fully explore the opportunity for growth of
forage and fodder crops to support livestock
enterprises,in rotation with tilled crops.
The solid standsof most feed crops have a bene-
ficial effect on soil structure, that enhances
yields of the succeedingtilled crops. Crop
rotations generally are superior to continuous
cropping to a single crop type.
Where soil erosion and gullying are not controlled
by simpler practices,undertakea program of
soil terracing, as feasible, accomplishedbest
by field machinery and tractors, to permanently
changefield contours for more effective cropping.

4. Improved Varieties and Types of Crops

Great advanceshave beenmade in the last two decades,
in ｡ ｳ ｳ ･ ｭ ｢ ｾ ｩ ｮ ｧ rich collections of types and varieties of
each of the more important crops. These types and varieties
cover a wide range in plant and seed characteristics,length
of growth period, adaptationto climatic differences, tolerance
or resistanceto insect pests and diseases,crop quality,
and easeof harvest. From such collections, greatly improved
strains have been selectedas being more productive for spe-
cific regions than locally grown types.

The next step in crop improvement is to undertakebreed-
ing programs, to combine into a single type, the desired
characteristicsfrom two or several types. The "miracle"
rice varieties, the outstanding"Mexican" type wheats, and
the greatly superiormaize hybrids for East Africa were the
result of such breedingprograms that combined tremendous
production potential with other superior traits. Parallel
researchon cultural practices, to permit full expression
of crop yield potential, resultedin a "package" of improved
plant materialsand cultural practicesthat increasedyields
2- to 4-fold ｾ ･ ｡ ｴ ･ ｲ than had been achievedby indigenous
agriculture.
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It is now clear that such methods are applicable to
most cultivated crops, dependentonly on the coordinated
undertakingand completing the necessaryresearchand field
testing. The initial step of collecting and field testing
a broadly basedcollection of types and varieties of each
specific crop is within reach of every developingnation.
By taking full advantageof the various internationalre-
searchand training networks that are being developedfor
the major food crops parallel researchon cultural practices
best suited to the local environment, so as to capitalize
on the best adaptedtypes-orvarieties,canbe carr:ted out
in eachnation with moderatecosts, with prompt benefits
to the growers. A strong breedingprogram to carry the pro-
cess still further requires a researchprogram of several
years duration, carried out by competentplant breeders.
If a developing country lacks this capability for all im-
portant crops, an alternativechoice is to arrangewith
a researchinstitute in some other country with similar
soils and climate to acquire seed of new crop selection
and to test theseproducts of the breedingprograms of such
institutes. It should no longer be necessaryfor growers
to strugglewith low production potential of any major crop.
Every developingnation should fully exploit the modern
technology that has producedsuperior strains and/or hybrids
of each crop species.

5. SeedProductionand Distribution

The availability of clean viable seed has a high pri-
ority in all agricultural regions. However, a system for
production and distribution of seedhas the greatestsigni-
ficance in connectionwith improved crop strains and varieties
or hybrids. The individual grower cannot dependentirely
on external sourcesof seed, and he should be advisedas
to which crop types will breed true from plant generation
to plant generation, that will permit him to produce and
store his own seed. For crops that show great variability
in successivegenerations(which is true of all cross-pollinated
species), the maintenanceof identity and purity of type
requires field isolation from all other types, and appro-
priate controls to insure crossing to produce the true type,
or to limit out-crossingto that occurring within the selected
type. For crops that do not breed true without man's inter-
vention, seedproduction is a specializedenterprisethat
requires governmentregulation and inspection, to produce
seed that is guaranteedas to identity and quality.

For crop speciesthat breed true from generationto
generation(such as wheat, beans, sesame,etc.), the grower
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may produce and store his own seed successfullymaking sure
he avoids any mixing in planting, harvestingand cleaning.
This process includes elimination of off types in the field,
prompt harvestof seedat maturity, careful drying (with
protection from rain), effective cleaning to remove foreign
matter, and storing so as to remain relatively dry (below
10% moisture). Where possiblethe grower is urged to re-
plenishhis seed stocks periodically to be sure he is planting
the best seedpossible.

6. Planting Practices

Thesepractices include the best seasonfor planting,
the quantity of seed to provide full occupationof the land
for ｨ ｾ ｧ ｨ ･ ｲ yields, the method and depth of planting, and
spacing to facilitate pest control and harvest.

In general, the seasonof planting should be selected
to coincide with the beginning of a rainy season(which
is highly important in regions of limited rainfall), or
to have the crop mature in a period after rains cease.
In the caseof irrigated regions, or regions of abundant
rainfall, particularly for rice, date of planting may be
adjustedto permit multiple cropping in the courseof a
year. Prompt planting at the beginning of a rainy season
appearsto be effective to take advantageof higher natural
soil fertility levels at that time, and to escapethe insect
pestsand diseasesthat graduaLly build up after rains
begin and damagelater seedingsmore severely.

The quantity of seedplanted should be such as to
producea total population sufficient to fully utilize soil
fertility, but not so densea planting that soil moisture
supply will be exhaustedbefore the crop matures. Obviously,
the plant population that produces the greatestyield at
maturity of the crop must be adjustedto the growth charac-
teristics of the crop, the averageexpectancyof rainfall,
and the fertility and water supplying power of the soil.

Depth of planting must also be adjustedto the condi-
tions of the seedbed and expectedweather. Seedsrequire
moist soil for germination, and thus must be placed at least
1 to 2 cm below the surface. Heavy textured soils that
tend to crust as a result of rains constitutea problem.
Seedmust be planted shallow enough to break through any
crusts that develop, but deep enough to remain moist as
required for germination. Large seedstoleratedeeperplanting,
and have greatergerminationpower to force the seedling
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shoots through soil crusts. A method successfullyused
in some regions to combat soil crusts is to plant seed in
hills in excessnumbers, and to thin to the desiredstand
after full emergenceof seedlings.

Hill planting is quite compatiblewith rows spaced
to facilitate weed control, and for any treatmentneeded
for control of insect pests and diseases. Where hill spa-
cings are less than the distancebetweenrows, the rows
should run across slopes, on contour lines, to retard soil
erosion damageand runoff losses.

7. Weed Control

Except for freshly cleared land, particularly in humid
regions, weeds constitutea major threat to high crop yields.
Fields that are continuouslycropped to annual crops, usually
experiencea rapid increasein abundanceof weeds from crop
to crop. Weed competition then becomesa serious threat.
It is essentialthat all planting seedbe weed-free, but
this is often ignored.

Weeds are best attackedwhile very young, since they
are more easily killed at that stage, and later killing
does not prevent substantialreductions in crop yield by
root competition betweenweeds and crop seedlings. The
crop never fully recovers from early, heavy infestations
with weeds, even where the weeds are completely eradicated
in a few weeks.

The traditional methods of weed control are pulling
and hoeing or tillage. With a plentiful labor supply, these
methods can be effective, but only if weeds are removed
while still quite small. Later removal by thesemeans,
inevitably damagesthe root systemsof crop plants. Repair
of such root damagebecomesprogressivelyless probable
as soil moisture supply dwindles, and as fertility has been
sappedby weeds.

Many seriousweeds can be eliminated by application
of chemical herbiciaesthat kill the weeds without harm
to the crop plants. Theseherbicidesmust be selectedto
attack the specific weeds that are prevalent; and they must
be used precisely as prescribedby the manufacturerof the
herbicide. As crop culture becomesmore commercially oriented,
the use of herbicidesbecomesquite practical. A great
advantageof an appropriateherbicide is that rapid treat-
ment of extensiveareas is possible,whereashand control
by pulling or hoeing would take much time and allows weeds
to seriously curtail ultimate crop yields.
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8. Control of Insect Pestsand Diseasesof Crop Plants

While thesepestsvary widely with the type of crop
and the agricultural region, there are certain principles
that are generallyapplicable to effective control by the
individual growers.

Where strains or varieties have been bred for resis-
tance to important insect pests and diseasesthesegive
the grower a great advantage. Unfortunately, such breeding
programshave still not been undertakenfor all crops, and
some types of resistancecover only a portion of the pests
found in specific localities. To the extent that resistant
crop types are available, they should be used.

A secondprinciple is basedon the rapid multiplication
of both insect pests and diseasesas the growing season
progresses. Early planting to establishcrop plants before
the insects or the diseaseinoculum increasesin abundance,
and perhapsto permit crop ripening before excessivedamage
occurs, is generallyeffective. A relatedprinciple is
to attack these seriouspestsas soon as they appear to
prevent a build-up in abundance. The small-holderhas a
serious disadvantagein that his control measurescan only
be fully rewarding if all neighboring fields are treated
effectively. Insect pestsare highly mobile; and the ino-
culum of ､ ｩ ｾ ｾ ｾ ｳ ･ ｳ is carried from field to field by winds
and by some ｾｾｾ､ｳＮ

For diseasesthat are seed-borne,it is necessaryto
either plant disease-freeseedor to treat all seedwith
fungicide chemicals that destroy the diseaseorganism.
Home-grown seed is almost inevitably infected with some
diseases,and chemical treatmentsshould be useful if faith-
fully used as prescribedby the manufacturer.

Use of pesticides

The use of appropriateinsecticidesand fungicides
to combat insect pestsand diseaseshas beenmore highly
developedfor a few cash crops of high value, such as cotton;
and both the appropriatepesticidesand directions for using
theseare generallyavailable in important cotton-growing
regions. For most other crops, the methods and materials
for combating pestsrequire more attentionby growers and
their advisors. A first requirementis to accuratelyidentify
the pest.
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Control measuresfor serious insect pestsmust be ad-
justed to the life cycle of the specific insect, its feeding
habits and reproduction. The time and method of attack
should be planned to have direct effect on the specific
insec:t. Indiscriminate and continuing insecticide"treat-
ments may be more harmful than beneficial, as we11_las being
unnecessarilyexpensive. If an insect is ｣ ｡ ｵ ｳ ｩ ｮ ｧ ［ Ｎ ｟ ｾ Ｇ ･ ｲ ｩ ｯ ｵ ｳ

damagein one field, it is probably abundant in other fields
of the region, and a community program of treatmentshould
be organizedby local advisors. All other methods of con-
trolling specific insects should be invoked, including use
of resistantvarieties, early planting to evade heavy in-
festations, crop rotation to reduce the abundanceof vul-
nerable crops, and any suitablemethods for killing the
insect in periods betweencrops. Insecticidesshould be
used only to supplementother control measuresas a last
resort. Such plannedcontrol obviously requires a rather
full knowledge of the insect and its habits.

Preventingdiseases

Similar attitudes should prevail with respectto plant
diseases. A prime requirementis to identify the causal
agent for the disease. In addition to determining if the
agent is a fungus, bacterium, virus, or nematode, it is
essentialto determinewhich organismor type of organism
is involved. Where the causal agent has alreadybeen
identified, as with a well-known disease,the control
measuresfollow somewhat the same patternas for insect
control: (a) use resistantvarieties, if available;
(b) plant only disease-freeseed, or seed that has been
treated to kill contaminants; (c) evadeor delay infection
by early planting before the inoculum increasesin abundance;
(d) if certain insects are known vectors for transmission
of disease(viruses), direct the necessaryefforts to con-
trol of these insects; (e) growing other crops not affected
by a serious disease,to reduce rate of spreadfrom field
to field; and (f) any appropriatemeasuresfor reducing
inoculum in periods betweencrops which includes controlling
weeds as they appear in the fields and the borders.

9. Harvestingand Drying

Crops should be harvestedas soon as grain maturation
is complete, and sun-drying in the field has reducedmoisture
content to the extent possible in the local climate. The
preferredmoisture content of the crop in the field should
be less than 20%, and below·15% will simplify further drying
in storage. Seed and grain should be reduced in moisture



- 41 -

content in the field when drying conditions prevail, since
this is the simplest and cheapestmethod of reducingmois-
ture to the 10% required for safe storage. However, a com-
promise may be necessaryto protect the crop from birds,
rodents and insect depredations. Such early harvestmust
be followed by measuresto complete drying on open floors
or ventilated storage. The grain will dry more rapidly
and safely if all foreign matter is screenedout when the
crop is brought in from the field.

Grain or seed infesting insects constitutea serious
menaceto all storedgrain and seed in the tropics. The
hazard is greatestin humid climates, but major losses
occur also in dry climates. Where experienceindicates
the ｰ ｾ ｯ ｢ ｡ ｢ ｩ ｬ ｩ ｴ ｹ of heavy insect damage, guidanceshould
be sought on practical treatmentsthat will eliminate in-
sectsat the time grain or seed is placed in storage. Pre-
ventive treatmentsare more effective and far less costly
than trying to control infestationsafter they occur.

10. Primary Cleaning and Processingof Crops

The initial handling of harvestedcrops as they come
from the field has a direct relation to net returns to the
grower. The crop should be dried as rapidly as feasible
to moisture contents that will assuresafe storage,processed
for ｲ ･ ｾ ｯ ｶ ｡ ｬ ｯ ｦ all foreign matter, given screeningor sorting
to eliminate all non-salableportions (and those that will
not store safely), and given preliminary treatmentsto sup-
press storageinsect infestations.

While all of thesepracticesare feasible and necessary
for crops enteringmarket channels, the need for such pro-
cessingis probably nearly as great for growers who are
using short-termfarm storageprior to marketing, and for
all stocks held on the farm for family food supplies. From
fragmentaryreports as to severity of on-farm storagelosses,
effective methods of curtailing these losseswould contribute
very greatly to net returns achievedby growers in virtually
all developingnations. It would be sensibleto protect
the crop for full utilization after it has been produced
and harvested. Failure to do so may largely dissipatethe
benefits resulting from more efficient field production.
The technology for feasible, inexpensiveon-farm processing
and storageof grain and seed should be given increasing
attention.
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CHAPTER 5

RICE (Oryza sativa) 1/

Rice is a leading cereal crop in many countries and is
grown on all continents. It is the principal staple food in
the diet of more than half of the world's population. About
90% of the world's rice crop is grown in Asia. Outside of Asia
and adjacent islands, important rice-producingcountries in-
clude Brazil, Colombia, and Peru in South America, Egypt and
Malagasy Republic in Africa, the United Statesand Mexico in
North America, Italy and Spain in Europe, and Australia. Al-
though the United Statesproduces less than 2% of the annual
rice crop, it is the leading exporter of rice since over half
of the production is exported. Rice is an ancient food plant
of the Far East and dates back at least to 3,000 B.C.

Rice often is considereda tropical crop but it is grown
in both the temperateand tropical zones in Africa, Asia, North
America, Oceania, South America, and in the southernpart of
Europe. Rice yields generally are much higher in temperate
than in tropical zones becauseof differencesboth in climate
and in cultural practicesincluding varieties grown. However,
new high-yielding varieties and improved cultural practices
developedby International and In-Country ResearchStations
have shown that high yields also are possible in tropical zones.

The rice crop is unique in the ability of its seedto ger-
minate in water and the plants to grow on flooded soils. How-
ever, rice seedsusually will not germinate if coveredby both
soil and water. Rice may be grown as irrigated or lowland (wet-
land) rice, or as upland (rainfed) rice which is not irrigated.
The two general types of production require different cultural
methods. In developedcountrieswhere grain yields are rather
high, most rice is grown under controlled irrigation. Several
systemsof controlled or uncontrolled irrigation are used in
various countries to supply the needed'waterfor proper growth
of the rice plant.

Considerablerice is grown on upland soils but this type
of culture usually is limited to areasof relativ€ly abundant
rainfall during the growing season. In some casesthe rain
water is impoundedand in other casesit is not. Much of the
rice grown in Central and South America and in many countries
in Asia is producedunder upland conditions. Fairly satisfac-
tory yields may be producedin seasonsof uniformly high rain-
fall but dry seasonsmay bring about very low yields. In the
Philippines and elsewherein SoutheastAsia, much of the rice
is grown on terracesin mountain regions. Sometimesthe entire

1/ Edited by T.R. Johnston, ResearchAgronomist and Technical Advisor, Rice
Breeding, Southern Region, Agricultural ResearchService, U.S. Departmentof
Agriculture, in cooperationwith University of ArkansasRice Branch Experi-
ment Station, Stuttgart, Arkansas 72160

.........
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mountainsidehas been convertedinto a seriesof rice paddies.
Spillways permit the impoundedwater to flow down from one
terrace to another.

Floating rice is grown in some areas of southeastern
Asia where streamsoverflow during the growing season.
Specially adaptedvarieties are sown before the flood season.
The water rises slowly and the plants elongaterapidly as
the depth of the water increases. The rice culms are weak
but are supportedby the water. When the flood water recedes,
the plants lodge but enoughupright growth is made to hold
the panicles off the ground so grain can be produced. Such
rice must be harvestedby hand. In recent years rice breeders
in Thailand, and perhapselsewhere,have had some successin
developing floating varieties that show reducedstraw growth
and more resistanceto lodging. However, the plants have
retained the ability to elongaterapidly when the need arises.

EnvironmentalRequirements

Temperatureand Water

Rice needs relatively high temperaturesduring the entire
growing season,and hence is restrictedto tropical climates
or to warm seasonsof subtropicaland temperatezones. The
water requirementfor rice is rather high and lowland rice may
be flooded most of the growing seasonwhich may extend over a
period of 3 to 5 months. The amount of irrigation water
required is least where the subsoils are relatively impermeable
and the seasonalrainfall is high. Water of good quality is
neededfor satisfactoryrice production.

Considerablevariation exists in methods used to provide
water for irrigation. The water sourcemay range from natural
seasonalflooding of low-lying areasalong streamsto elaborate
systemsof dams, impoundments,and canals to provide complete
water control. Water may be pumped from wells or may be
obtained from streamsby means of relift pumps and use of open
ditches trend is toward developmentof well constructedand
efficient irrigation facilities that make maximum use of water
for year-roundcrop productionwhere temperaturesare suitable.
The more primitive systems that dependon natural flooding may
produce relatively low yields of rice becauseof the uncertainty
of water supply, and the difficulty of timely executionof .
cultural practices including weed control and fertilization.
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Effective irrigation implies not only an adequatelycon-
trolled supply of good quality water, but also efficient drain-
age of excesswater whenever this is required. In caseswhere
rice is direct-seededrather than transplanted,good drainage
is neededto allow the land to dry out enough for preparation
of a satisfactoryseedbed. Sometimesit is necessaryto drain
a rice field to allow the soil surface to dry and permit aera-
tion of the rice root system in early midseasonto prevent
damage from straightheaddisease. Earlier drainagemay be
neededto lessenchancesfor damage from adversesoil condi-
tions or from insects such as the rice water weevil. Flooded
rice fields usually are drained 1 or 2 weeks prior to maturity
of the rice. This is especiallynecessarywhen rice is harvested
mechanicallyor when storms cause the rice plants to lodge or
fall over severely, If it is not possible to drain fields
adequatelyat this stage, then it is very important that the
rice varietiesbeing grown possesspostharvestdormancy; other-
wise the grains on culms which have fallen into the water will
germinatewhile still on the panicle.

Soils

Lowland (wetland) rice is ｧ ｲ ｯ ｷ ｾ mostly on rather heavy
clay soils or other soils underlainwith a hardpanor impervious
subsoil. The seepageloss of water through such soils is small
and thesesoils may not be as suitable for other crops which
require deeperroot systems to produce satisfactoryyields.

Upland or rainfed rice is grown on soils of many types,
in regions of high to moderaterainfall where the soil profile
may be wet most of the time or only occasionally. Upland rice
therefore is generally far less productive than irrigated rice,
especially in low rainfall years.

S9ils which are high in sodium, are saline, or are alka-
line, usually are not satisfactoryfor rice production. Rice
does best on soils that are slightly acid. If streamsor
other sourcesof irrigation water becomescontaminatedwith sea
(salt) water, rice plants may be damaged. Rice can tolerate
somewhathigher concentrationsof salt as the plants get larger
but high concentrationsmay kill young plants and may cause
sterility (lack of seed production) in older plants around
flowering time. The degreeof damage is partly dependenton
soil type and on the variety being grown. Certain varieties
possessmore tolerancethan others to adversesoil and water
conditions. It may be possible to grow rice satisfactorily
on problem soils that are somewhatalkaline by applying small
amounts of zinc to the soil at the start of the growing season,
Also, the application of ammonium sulfate as the sourceof early
seasonnitrogen fertilizer may greatly benefit young rice plants
growing on moderatelyalkaline soils.
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Availability of Improved Varieties

Plants of different rice varieties (cultivars) range in
height from about 60 to 180 cm. They may produce from one
to many tillers or culms dependingon such factors as plant
spacing, variety or type, soil fertility level, available
moisture, and pest and diseasecontrol. Each culm normally
bears a terminal panicle that may contain as many as 100 to
150 grains which are enclosedtightly in a pair of hulls
(or husks), the lemma and palea. At maturity the panicle
characteristicallyis fully exsertedfrom the sheathof the
uppermost leaf (also called the "boot"), but in some cases
it may be partly enclosed. Hull color may be light straw-
yellow, gold, or a shadeof red, purple, or brown. After the
hulls are removed, the kernels (brown rice) of different
varieties range from 3.5 to 8.0 mm in length, 1.7 to 3.0 mm
in width, and 1.3 to 2.3 mm in thickness. Rice cultivars
grown in the United Statesare classedas long-, medium-,
and short-grain. The averagelength of brown rice kernels
is 6.61 to 7.5 mm for long-grain, 5.51 to 6.6 mm for medium-
grain, and 5.5 mm or less for short-grain types. The average
length/width ratios are over 3, 2.1 to 3 and up to 2.1 mm,
for long-, medium-, and short-grain types, respectively.
Brown rice of certain varieties grown in other countries shows
a wider range in kernel measurements.

Most people desire rice of a specific grain type or at
least rice having certain cooking and processingcharacteristics.
Rice varieties differ greatly in quality; including cooking and
processingcharacteristics. The amylose starch content of milled
rice is closely associatedwith cooking quality. For example,
the typical long-grain varieties grown in the United Stateshave
relatively high amylose content and the milled rice cooks up dry
and flaky and kernels remain separated. Typical medium- and
short-grainvarieties have lower amylose content and the kernels
tend to stick togetherwhen cooked. Glutinous or waxy rice
(sometimescalled sweet rice) which is grown in some countries
for special uses containsvirtually no amylose. Several chemical
and physical tests are used to accuratelydeterminecooking and
processingcharacteristicsof rice varieties. Rice breederswork
very closely with cereal chemists in well developedrice research
centers to insure that new improved rice varieties have the
desiredquality characteristics.

The nutritive value of rice is very important and research
investigationswere startedover 20 years ago by Adair and co-
workers in Arkansas (U.S.A.) to breed for increasedprotein ｾ ｯ ｮ ﾭ

tent in rice varieties. Researchto improve the inherent nutri-
tional value of rice, particularly with respect to protein con-
tent and quality, has been continuedand expandedin Arkansas
and at other locations in the United States, especiallyat the
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USDA Agricultural ResearchCenter at Beltsville, MD. In
recent years, considerableemphasishas been placed onimprov-
ing the nutritional quality of rice varieties at the Inter-
national Rice ResearchInstitute in the Philippines and other
Rice ResearchCenters. To date, adaptedexperimentalvarieties
and breeding lines have been developedwhich consistentlyaver-
age two percentagepoints (20 to 25%) higher protein content
in the brown rice than the standardcu1tivars. Much research
also is being conductedon lysine and other amino acids in the
rice protein, including detailed feeding experimentsto eval-
uate the nutritional value of the improved rice varieties.

Great strides have beenmade by rice breedersin develop-
ing improved cu1tivars with much shorter and stiffer straw.
Thesevariety improvement programs are cooperativewith other
agronomists,soil and fertilizer specialists,pathologists,
physiologists, entomologists,and researchersin other related
disciplines. This insures developmentof varieties that: are
responsiveto nitrogen fertilization; have desirableplant type
including a high degreeof resistanceto lodging; have resis-
tance to production hazards such as diseases,insects, and
adversesoil conditions; and that produce relatively high and
stable field and milling yields of rice with desirablecooking
and processingcharacteristics.

During the past 15 years (sixties and early seventies),so-
called semi-dwarf or short-statured,stiff-strawed, high-yield-
ing varieties (HYV·s) that respond to high levels of nitrogen
fertilization have been developedin the coordinatedbreeding
programs in Taiwan, Japan, The InternationalRice Research
Institute in the Philippines, India, Thailand, Colombia, the
United States, and perhapselsewhere. The InternationalRice
ResearchInstitute used improved varieties from Taiwan, the
Philippines and other Asiatic countries to develop high-yield-
ing varieties and the accompanyingltpackage" of fertilization
and cultural practices that sometimesproduce as much as 8,000
to 9,000 kg/ha of paddy, in contrast to the averageof 2,000
kg/ha for most farming regions of Asia. Certain improved
varieties developedin the U.S.A. and elsewherewhich are some-
what taller than the "short-statured"types, produce equally
high grain yields under certain conditions using somewhat lower
levels of N-ferti1ization. However, theseHYV·s which are of
moderateplant height usually are more susceptibleto lodging
than are the short-staturedtypes.

It is possible that the very rapid increasein acreageof
a single improved variety of a crop such as rice could be undesir·
able. An important danger ariseswhen a large geographicarea
is planted to one specific variety. If an epidemic of a certain
diseaseoccurs to which that variety is highly susceptible,then
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damagefrom that diseasemay be devastatingover much of
that area. If, however, the large planted areas are divided
among three or four different varieties of different genetic
backgroundand which have varying responsesto major diseases
or insects, lossesto such epidemics should be much less se-
vere.

In order to get maximum grain production, it has been
found necessarynot only to adopt the improved high-yielding
varieties but also to employ the appropriateseasonof planting,
the necessarydensity of plants per hectare, adequatefertili-
zation and pest control, and prompt harvesting. Planting
high-yielding cultivars without using improved cultural practices
may be relatively useless.

In any given country or geographicarea, it is important
to grow only those varieties that are well-adaptedto the area.
Where possible, it also is important to grow varieties that
have the proper grain type and cooking characteristicsdesired
by the consumers.

Cultural Practices (Lowland Rice)

Rotations

Where and when it is economically feasible, it is desirable
to rotate rice with other crops that are adaptedto the area.
Common rotations in the United Stateswhere rice is direct-
seededand only one rice crop is grown per year, include: rice-
oats-soybeans,and sometimeslespedezawhich may be overseeded
in the oats; rice-soybeans-soybeans;2 years rice- 3 years im-
proved pasture, or other combinationsof rice and pasture,either
improved or unimproved. Pasturesfor grazing cattle are im-
proved by seedingclovers or grassesinto the rice stubble
following combine harvestingand applying fertilizer to the
pasturesas needed.

In most rice-producingareas of the United States, crops
are rotatedbecauseunder continuous cropping the soil usually
becomesdepletedin fertility and in organic matter. The re-.
sulting deteriorationof the physical condition of the soil
makes preparationof a suitable seedbedvery difficult. In
addition, the soil becomesprogressivelyinfestedwith weeds
and diseasesthat lower the yield and the quality of the rice.

At the InternationalRice ResearchInstitute in the ｐ ｨ ｩ ｬ ｩ ｾ

ppines, Bradfield conductedintensive rotation experimentswith
transplantedrice. He alternatedcrops of rice with soybeans
or grain sorghums and by using short-seasonvarieties, was able
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to produce four crops that included two high-yielding crops
of rice and two other crops in only slightly more than a 12-
month period. Rotations that may prove satisfactoryin other
countriesmay include other crops such as wheat, maize, food
legumes, groundnuts, and vegetables.

When it is necessaryto grow rice on land continous1y, it
is very important to follow all possiblemeasuresfor controlling
weeds, diseasesand insects. Working all remaining rice stubble
or ｷ ｾ ･ ､ ｧ ｾ ｵ ｷ ｴ ｨ rnto the s011 or mud fo!1owing harvest so it
will decay usually helps to control thesepests.

Land Preparation

In countrieswhere large fields are used and rice is
direct-seededfor mechanizedproduction, proper seedbedprepa-
ration is very important. Good drainageis necessaryso that
dry1and equipment such as plows or disk-plows of various types
can be used to at least partially turn under crop residuesor
incorporatethem into the soil immediately after harvest. After
the field has been left for 2 or 3 months during cold weather
to allow time for the crop residuesto decay, the land is again
worked with disk-harrows, spring-toothharrows, field culti-
vators or other similar implements to break up any clods and
destroy any vegetationpresent. Then the field is worked with
land-levellersor land-planesto fill in any low places. The
soil surface is made as level as possible to provide good
drainageand to aid in careful control of water depth when the
field is flooded. A uniform but shallow depth of flood water
(5 to 10 cm) is desirablefor best results with improved short-
staturedvarieties.

Where the crop is to be transplantedfrom seedlingbeds,
a well-preparedfield or paddy should have the following charac-
teristics: (1) mud and water should be thoroughly mixed, (2)
weeds, rice straw and stubble or other crop residueswhich
were plowed under should be thoroughly decayed, and (3) land
should be well levelled and puddled. Careful levelling is
important for uniform distribution of irrigation water in
the paddy. (Detailed instructions for production of rice
seedlingsare given in a booklet dated 1972 by The International
Rice ResearchInstitute, P.O. Box 583, Manila, Philippines, en-
titled "Tropical Rice Growers Handbook - Productionof Seedlings."
General recommendationsfor growing transplantedrice are pre-
sentedin a "Rice ProductionManual" compiled by Rice Infor-
mation CooperativeEffort - R.I.C.E. - Univ. of the Philippines
College of Agriculture in cooperationwith I.R.R.I.). The
rice fields should be kept wet and can be worked with recently
developedsmall tractors and specially developedequipmentor
with the more traditional equipment and animal power.
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Seed and Seedingor Planting

Care should be taken to use the best seed availableof
varieties that are well adaptedto the areawhere the crop
is to be grown. Important factors are genetic purity of the
variety, freedom from mixtures of other varieties and weeds,
and seedwith low moisture content and high germination.
These items should be consideredboth for direct seedingand
for seedbedproduction of seedlingsto be transplanted. Methods
of growing the seedlingsinclude: (1) ordinary wet-bed where
seedsare sown on raisedbeds with drainageditches between --
if soil is fertile, nitrogen fertilization may not be needed--
where needed, nitrogen is worked into the soil prior to seeding;
(2) dry-bed method where water is limited and raised beds are
prepareddry with canals betweenbeds -- pre-germinatedseed
is sown evenly over the bed and coveredwith fine sand; (3)
"Dapog" method (used extensively in southernLuzon, Philippines)
may be used where water is abundant -- the surfaceof the slightly
raised seedbedsis coveredwith bananaleaves, empty cement or
fertilizer bags, sheetsof plastic, or small concreteslabs --
pre-germinatedseed is sown thickly and water is splashedon the
developing seedlingstwice a day for 3 or 4 days - then the
seedlingsare flooded to a depth of 1 to 2 cm for 10 to 14 days
after which they are ready for transplantingin small clumps.
If the "dapog" method is used, often 5 to 10 seedlingsmay be
planted per hill but with other methods and older seedings,2
to 4 seedlingsper hill are sufficient.

Fields for transplantingshould be cultivated thoroughly
and carry a shallow flood so the seedlingscan easily be thrust
into the soft mud. Hills of seedlingsmay be spaced20 x 25 cm.
Closer spacing is desirablewhere improved cultural practices
are being used. Satisfactoryfield preparationfor transplanted
rice usually involves an initial flooding to soften the soil,
and repeatedcultivation (by hand, animal-draw, or power-driven
equipment) to incorporateall vegetationand prep1ant fertilizers.
Perennialweeds are thus destroyedand insect pests are greatly
reducedin numbers by the thorough soil preparation.

Rice may be direct-seededwith mechanicaldrills which dis-
tribute the seedsuniformly in shallow rows that are coveredwith
soil as part of the seedingoperation. Often a heavy metal
roller is used to make the seedbedmore firm and to help con-
servemoisture. Other methods include broadcast-seedingof dry
seedby airplanes, by hand, or by special ground equipment on
a preparedseedbedthat is dry or a preparedseedbedthat has
recently been flooded to a depth of about 10 cm. Where seed
is to be broadcastinto the water, the seedmay be pregerminated
for 24 to 36 hours immediately prior to seedingby airplane or
other means. When appropriatematerials and methods
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are available it is advisable to treat the seedwith a recom-
mended fungicide to help insure better stand establishment.

Where rice is to be direct-seeded,it is necessaryto choose
a suitable variety, and an ample supply of irrigation water
must be readily available. Suitable and effective means also
must be available for controlling weeds and insect pests.
Suggestedseedingrates for 10w-ti11eringvarieties range from
90 to 120 kg/ha of seedwhere rows are spaced15 to 25 cm
apart; for high-ti11eringvarieties, a 60 to 80 kg/ha rate
should be adequate. If the germinationpercentageof the seed
is less than 80%, then the seedingrate should be increased
proportionatelyto produce an adequatestand of plants. Re-
searchin Arkansas (cooperativeU.S. Dept. of Agr. and Arkan-
sas Agr. Exp. Sta.) showed that 150 to 300 rice seedlingsper
squaremeter was a desiredstand. However, 50 plants of barn-
yardgrassper squaremeter competing throughout the growing
season,reducedgrain yields by nearly 50%. Fairly satisfac-
tory grain yields may be obtainedwith somewhat fewer plants
if weeds are controlled and ample and timely nitrogen ferti-
lizer applicationsare made.

Fertilization

Proper balanceof the major fertilizer elements (potassium,
phosphorus,and nitrogen) is necessaryfor top production by
the new, so-called, high-yielding, rice varieties. These im-
proved varieties, especially the short-statured,stiff-strawed
or non-lodging types, usually respondwell to rather high levels
of available nitrogen. Newly clearedwoodland may be high in
native nitrogen but most of this nitrogen is utilized by the
first two or three rice crops. It then is necessaryto provide
the needednitrogen through green manure crops, which are turned
under into the soil, or by application of commerica1 fertilizers.
Ammonium sulfate and urea are the most satisfactorycommercial
nitrogenousfertilizers for application early in the growing
season. Anhydrous ammonia is fairly satisfactoryfor prep1ant
applications in lowland rice production if it is applied to
a sufficient depth (10 to 15 cm) and sealedin the soil so it
does not escapeto the atmosphere. Other forms of N-ferti1izer
such as ammoniumnitrate and liquid solutions of N may be satis-
factory sourcesfor midseasonapplications. Plants of respon-
sive rice varieties require moderatelyhigh levels of Nearly
in the growth cycle for establishmentof a good root system
and for ti11ering. The other peak period of need for N is
early in the reproductivestageof growth when the panicle starts
to develop and begins to form the grain. If N-ferti1izer is
applied late in the vegetativegrowth stage, excessivestem
growth and elongationusually follows and severeearly lodging
may result. Delaying midseasonN applicationuntil after stem
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elongationhas started, usually results in less straw growth
and reduceschancesfor severe lodging. Under lowland rice
production, proper water managementis very important to
prevent loss of nitrogen from the soil. .

Only relatively low levels of N-ferti1ization can be
toleratedby local or indigenousvarietieswhich generally
lodge badly with even moderatelevels of N. In contrast,
relatively high rates of N-ferti1izer are necessaryto boost
the yields of improved, short-statured,responsivevarieties
up to 7 to 8 metric tons (7,000 to 8,000 kilos) of grain per
hectare. However, many of these improved varietieswill pro-
duce as much grain as local varietieswhen low levels of N-
fertilizer are used on both.

When high total rates (above 100 kg/ha of actual N) of
N-ferti1izer are used on the HYV·s, it usually is advisable
to divide the total amount into three applications. Applying
40 to 50% of the total N early in the seasonand the remainder
in two equal incrementsat midseasonhelps prevent excessive
vegetativegrowth which tends to make rice plants more suscep-
tible to severaldiseases. Researchin Arkansas (U.S.A.)
showed normally grows to a moderateplant height (115 to 125
em), proper timing of the midseasonN-ferti1ization reduced
plant height by 18 em, reduced lodging from 69% to only 2%,
and increasedgrain yield from 5,700 to 7,900 kg/ha. For
best results from rather high rates of total N, the first mid-
seasonapplication should be made when the first elongating
internodeof 50% of the main stems of a given variety reaches

. a specified length. For the popular, stiff-strawed, Starbonnet
variety this length is about 12 rom whereas for other varieties
with somewhat less lodging resistance,the specified length is
about 37 rom. This usually correspondsto the time when the
developingpanicle is about 2 mm long. A few main stems are
split open with a knife to determinestageof plant development.
The secondmidseasonincrement of N-ferti1izer should be applied
about 10 days after the first midseasonapplication. On large,
direct-seededfields, thesemidseasonapplicationsare made
from airplaneswithout draining the irrigation water from the
fields.

Part, if not all, of the phosphateand potashneedsof low-
land rice may be provided by the incorporationof animal dung,
composts, greenmanures, and crop residuesof previous crops
that are incorporatedinto the soil during seedbedpreparation,
Where available and needed, applicationsof commercial potash
and phosphatefertilizers may be worked into the soil prior to
seedingor transplanting.



- 52 -

Pest Control

Control of weeds, diseases,and insect pests of rice are
necessaryto reach satisfactorylevels of production in any
type of rice culture. Planting rice in rows facilitates the
use of small weeding devices and hand applicationsof
chemicals to control important pests. All types of rice pests
tend to be more abundanton land cropped ｣ ｯ ｮ ｴ ｩ ｮ ｵ ｯ ｾ ｊ ｬ ｹ to rice
but their abundancecan be reducedsubstantiallywhen rice is
rotatedw±th other crops-, esp-e-c:tallyrow-crop-s-,nwntcnweeds
and other pestsare controlled. Weeds competewith rice plants
for nutrients, sunlight, and moisture and should be removed or
controlled early in the growing seasonto avoid severeyield
reductions. Diseaseorganisms,rodents, and insectsmay live
and multiply in crop residuesor weeds and trash at the edges
of fields. Clean cultivation will help to keep harmful insect
and rodent populations to a minimum. The growing of varieties
that are resistantto specific diseasesand insectshelps to
reduce the abundanceof thesepest organisms. Rodents and
birds sometimesdamagethe rice crop severelyand they should
be controlled insofar as possible.

Insectswhich can prove very harmful to rice production
in various parts of the world include the gall midge, several
speciesof stem borer, the green leaf hopper and brown plant
hopper which are vectors or carriers of virus diseases,the
rice water weevil, and the rice stinkbug. Partial to sometimes
almost complete control of some of thesepestsmay be provided
by using good agronomic practices, timely applicationsof suit-
able insecticides,and growing resistantvarieties, when available,

Diseaseswhich can be very damaging include blast, which
may be especiallyseverein upland rice, tungro virus and other
viruses which may be very severein some rice-growing countries,
bacterial leaf blight, and severalother seedling, foliar and
stem diseases. Effective control of thesediseasesdependson
the use of good agronomic practices, including timely but not
excessiveapplicationsof N-fertilizer, breeding for resistance
as new varieties are developed, and, in some cases, chemical
applications to control the diseaseorganismor the insect vector,

Weeds in rice fields may best be controlled by a combination
of practicesincluding thorough preparationof the soil·prior to
seedingor transplantingthe rice, timely application of suit-
able chemicals, clean cultivation of rice growing in rows, and
hand weeding. Control of weeds in other crops grown in rotation
with rice also is very important. The use of herbicides for
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weed control has greatly increasedin recent years. However,
it is very important to use suitable rates and timing of
specific herbicidesthat will kill the weed speciespresent
without severelyor permanentlydamaging the rice crop or
adjacentfields of other crops. A very recent development in
methods of controlling 'specific weed speciesis the control
of northern jointvetch (curly indigo) in rice fields by
sprayingmillions of artifica11y propagatedsporesof the
organismwhich causesan anthracnosediseaseon the weed.
The method was developedby Smith and co-workers in Arkansas
(cooperativeresearch,U.S. Dept. Agr. and ArkansasAgr.
Exp. Sta.). The diseaseorganismhas not affectednumerous
other weed and crop speciestested to date.

Weeds and insect pests and diseasesthat are serious on
rice, vary greatly from region to region. It is highly
essentialto identify a potential outbreakof important pests
as soon as possible, so that treatmentsfor their control can
be used on each pest at its most vulnerable stage.

For further information on Crop Protection, see Chapter
4 in the book -- "Tropical Agriculture" by Wrigley. (Reference
list following Chapter 40).

Upland Rice Production

Upland- rice is sometimestermed "dry-land paddy", despite
the fact that successfulnon-irrigatedrice culture is largely
confined to regions where rainfall during the growing season
is such that the soil is continuouslymoist. Rice is a heavy
user of water, and upland rice will yield well only with abundant
rainfall. Regions having periods of 4 to 6 months with 130 to
180 millimeters of well distributed rainfall each month, have
a potential for satisfactoryupland rice production. Rice
does not tolerate dessication,especiallyduring flowering, at
which time the panicles are emerging from the boot or sheath
of the flag leaf (uppermost leaf) and pollination of the florets
are taking place.

Soil type is an important factor in upland rice production
since it affects the soil's moisture holding power. Deep soils
that permit extensiveroot growth and have the texture and struc-
ture to receive and hold substantialamounts of rainfall, usually
are most productive. Rice has an advantageover other upland
cereal grains in being more tolerant of acid soils and less
sensitiveto occasionalwater-logging.

Upland rice is suited for crop rotation systemswhich
include other staple crops such as an oilseed crop, cassava,
taro, maize, sorghum, and legumes. The alternatecrops are
grown in seasonsof lesserrainfall. Upland rice is classed
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as a soil erosive type of crop on land with 5% or greater
slopes, but erosionmay be controlled by the samemeasures
as those that are effective with maize, sorghum, and millet
(See Chapter 4). The maintenanceof soil productivity may
be enhancedby a regular sequenceof a forage or fodder crop
alternatingwith the tilled crop, where such feed crops
would support a livestock enterprise. Forage crops aid in
suppressingannual weeds; they also contribute organic matter
when turned under, and the forage crop root systems tend to
improve soil structureand general soil fertility.

The fertilizer needs for upland rice must be evaluated
in terms of moisture availability as well as' inherent soil
fertility. Nitrogen is the major nutrient requirement, and
fertilizers carrying nitrogen as ammonia compoundsare pre-
ferred. Addition of phosphateand potashfertilizers may
be neededon upland soils, but amounts required are less than
for nitrogen. The amount and types of fertilizers neededto
produce high rice yields should be determinedby field research
on representativesoil types, or if such researchis lacking,
by laboratory tests on representativesamplesof field soil
to estimatephosphate,potash, and nitrogen needs. Under
generally favorable, high-moistureconditions, with high-yield-
ing varieties good cultural practices, and adequatepest con-
trol, upland rice may respondto nitrogen fertilizer rates of
40 to 80 kgjha of elementalN. When available animal manures
up to 20 metric tons per hectaremay replacepart of the
commercial fertilizer. Under upland rice production it may
be necessaryto distribute severalrather small applications
of nitrogen fertilizer during the growing seasonto obtain
satisfactorygrain yields.

The varieties best suited for upland ｲ ｩ ｾ ･ culture may not
be the same as those that are most productive on wetlands but
many of the new improved lowland varieties also outperform
indigenousvarieties under upland conditions. Less breeding
work has been done specifically on upland than on lowland
(wetland) rice but a considerablenumber of improved varieties
which produce reasonablywell on upland fields are known to
researchersin various countries. An initial, well-planned
field performancetest should be conductedto determine
adaptationand yielding ability of all available improved
varieties, as a"pre1udeto selectionof one or two superior
varieties for a specified region. In a given areavarietal
responsesmay differ greatly and choice of a variety may"pro-
found1y affect economic returns.
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Upland rice is best seededin rows for conveniencein
weed control, for treatmentof pests, and for harvest.
Spacing betweenrows may vary from 35 to 50 centimeters.
Suitable seedingrates range from 100 kgjha for 10w-ti11er-
ing varieties, to about 70 kgjha for high-ti11eringvarieties.
The more productive soils will support heavier rates than
sandy or other less productive soils.

Harvesting and Threshing

Traditional harvestingof rice has been done by hand,
and in some places each panicle was cut off separatelywith
a small knife. The use of hand sickles has increasedand,
while still laborious, permits selectiveharvestingof small
areas in fields of the older indigenousvarieties which may
ripen unevenly. With the newer varieties and improved cul-
tural methods involving thick standsof plants that ripen
more uniformly, machine harvestinghas become feasible.
Prompt harvestingof the ripened crop, followed by immediate
land preparationand planting of the next crop often makes
it possible to grow two to three crops of rice or other
desiredcrops per year on the same land, where water supply
and seasonalweather is favorable.

When the rice crop is cut with a sickle, the harvested
stalks and paniclesare spreadout to dry in the sun. After
a short period of drying the rough rice or paddy (the grain
with enclosing lemma and pa1ea) is threshed. In some areas
and under some conditions, the rice stalks are tied in bundles
and, after some drying takes place, these are placed on dry-
ing racks or in small shocks or stacks to be left for later
threshing. Better quality rice and less kernel breakage
occurs if threshing is completedwithin a few hours after
cutting.

Direct-seededrice which is mechanicallyharvestedusually
is cut at a grain moisture content between18 and 21%. The
large combineswhich generally cut a swath 3 to 4 meters wide
have powerful tractor engines to propel the big wheels of the
combines over the often muddy soil. In addition, the same or
a supplementarypower unit, operating through a seriesof drive
belts and pulleys, turns the cylinders for threshing the grain,
drives the shakersto separatethe grain from the straw, and
elevatesthe clean grain into a temporary bin on the combine.
Grain is unloaded from this bin by a power-driven, screw-type
conveyor into a larger bin on a grain cart which is then pulled
by a tractor to the edge of the field. This grain cart is
similarly emptied into a large truck which then is used to haul
the grain to a large commercial dryer. Artificial drying with-
in a few hours following harvest is neededto reduce the moisture
content to about 14% for safe storage.
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Hand harvestingrice may be threshedby driving cattle
slowly over a hard floor on which sheavesof rice have been
laid, to separatethe paddy from the stalks. A more satis-
factory practice is to beat the sheavesof the crop against
a block of wood, or a threshing ladder standing in a tub to
collect the grain. Machine threshinghas become increas-
ingly common, using a variety of machines,which have cylin-
ders or drums with projecting pegs that act as flails to beat
the paddy from the stems. Hand or foot power for these
maeh-i-ne-sis being rep1ac-ed'9y -small engines ｩ ｮ ｭ ｯ ｾ ･ ｡ ｇ ｶ Ｍ ｡ ｮ ｣ Ｍ ･ ､
rice growing regions, and new types of small threshersare
being designedand manufactured.

Winnowing to separatethe grain from chaff is predomi-
nantly done by hand when the wind is blowing, by tossing the
grain into the air so that lighter weight foreign matter is
carried beyond ｴ ｨ ｾ pile of grain. Modern threshingmachines
include adjustableair blasts to accomplishwinnowing, after
separationof straw from the grain by screening.

Drying and Storage

Freshly threshedrice may spoil rapidly when exposedto
high temperatures,high moisture content, molds, and foreign
matter. Prompt cleaning to remove all straw, chaff, joints,
and weed parts will speeddrying and lessendanger of spoil-
age and insect damage. Threshedgrains generally are sun-
dried on concreteor other hard surfaces,or in. grain dryers.
When grain is dried artificially, it must be dried slowly at
first. From an initial moisture content of 18 to 21%, the
paddy should be gradually dried down to about 13 to 14% mois-
ture. Rapid drying causeschecking or cracking of the kernels,
thus producing an excessivepercentageof broken kernels when
the rice is milled. To avoid damage from artificial drying,
the ambient air temperatureshould not exceed120 F (49 C).
Moisture can be removed from the grain by a seriesof passes
through a batch dryer or a continuous flow dryer. After the
moisture content has been reduced to about 16% moisture, and
proper facilities are available rice may be further dried
while stored in on-the-farmaeratedbins with artificial heat
added. The safety of such storageand the amount of drying
possible, dependson the temperatureand moisture content of
the outsideair being forced through the grain.

Rice can be stored satisfactorily in the hull (paddy)
after it is dried to 13 to 14% moisture, but special pre-
cautions are neededto prevent insect and rodent damage.
Higher moisture content fosters growth of molds, results in
kernel discoloration, and acceleratesany insect infestations.
Officially approved insecticidesthat are not hazardousto
the ultimate consumersshould be used to protect the grain
from stored grain insect damage.
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Milling and Processing

The modernmilling processremoves the hulls, removes
the bran.1ayer from the brown rice, and polishes the milled
kernels in successivestagesso as to produce a high pro-
portion of whole kernels. Milling the grain at 13 to 14%
moisture is preferredover higher or lower moisture contents.
Commercialmills are generally capableof producing a total
milled rice recovery equal to about 65% or more by weight
of the original paddy.

Milling yields may average45 to 60% head rice (whole
to 3/4 whole kernels), 10 to 20% broken grains, about 3%
brewers rice (small broken kernel pieces), and about 18%
rice bran. The primitive types of rice mills still widely
used on rice for home consumption, dehu11 and polish the
grain in one operation, but produce a higher percentageof
broken kernels and waste much of the bran. The by-products
of commerciallymilled rice (brewers' rice and rice bran;
etc.) have substantialmarket value, and theseproducts
make commercialmilling more attractive economically.

In some cases,particularly in Japan, much of the
rough rice (paddy) is shelled (hulls are removed) and the
resulting brown rice is storeduntil just before it is to
be consumed. Then it is milled and used as freshly milled
rice. Kernels of rice that have been freshly milled tend
to stick togethermore when cooked than do kernels of the
same type rice that has been storedafter milling. Usually
it is the short- or medium-grain type rice that is consumed
as a freshly milled product. Long-grain rice of typical
quality for consumptionin the United States (U.S.A.) usually
is stored for severalmonths as milled rice before being sold
to the consumer. The kernels of this rice preparedin boil-
ing water cook up "dry and fluffy" and individual kernels
maintain their identity even after cooking. This is in con-
trast to the short- and medium-grain types that tend to
form clumps after cooking.

People in different countries preparerice in various
ways but, in general, a certain type of rice which can be
cooked in a specific way usually is preferredby anyonegroup.

Marketing

The majority of the rice crop producedannually, in most
parts of the world, is consumedin the same areawhere grown.
Recently, additional countrieshave startedexporting rice
in years when their total production has been sufficiently
high. Usually this has necessitateddeveloping some type of
grading systemand formation of farmer cooperativesor govern-
tal agenciesfor orderly processingof the crop. This also
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requires the constructingof suitabledrying and storage
facilities and developmentof a satisfactoryand manage-
able marketing system.

In the United States (the leading rice exporting country),
a detailed systemof governmentrice grading and an exten-
sive network of commercial driers, mills and processorshas
been developed. Rice may be shipped by huge trucks or in
railroad cars to seaportsfor transportingto other countries
throughout the world. A worldwide systemof brokers handle
many of the details of buying and selling the rice. In
other countries, much of the movement of rice is under
supervisionof government representatives.

Economics of Rice Production

The main advantageof the use of improved technology and
the growing of improved, well-adaptedvarieties that are
short-statured,non-lodging, and high-yielding, is the greatly
increasedtotal yield per hectareover that of traditional rice
production. These yields may be as much as 2-to-4-fold great-
er than from traditional productionmethods and varieties.
An even more revealing estimateof advantageis the actual
total cost of productionper metric ton of milled rice. How-
ever, an additional factor of some significance to the rice
grower is the feasibility of utilizing the improved technology
to carry out multiple cropping (2 to 4 crops per year), either
with successiverice crops or growing other crops in rotation
with rice. The net effect should be that of increasingtotal
yearly farm income. In addition, production of additional
food crops can increasethe types of food available and can
result in improved nutrition for the people.

In the Philippines, the InternationalRice Research
Institute has made detailed studies, of which only a few key
data are cited here: single cropping with rice by traditional
methods producedonly 1/5 of the net returns achievedby double
cropping with improved technologyusing superiorvarieties on
irrigated fields. With rainfed rice, use of improved culture
and varieties doubled net returns to the growers. In these
studies. the sizes of the farms were large enough to fully
utilize the labor of the operatorand his family. It should
be noted ｴ ｨ ｡ ｾ yields per hectarewere increasedabout 3-fold
from use of improved culture and varieties. to producedoubled
net returns from marketablerice. These yield increaseswere
made possibleby growing varieties that were non-lodging and
resistantto major insect pests and diseasesand that respond
to heavier nitrogen fertilization. Land preparation,planting.
weed control. harvest, threshing and drying were effectively
handled. The net result was to produce a larger crop and to
preservea higher percentageof that crop for market. It is



- 59 -

obvious that in order to increasenet returns, all labor
and materialsused should produce increasesin net crop
value substantiallyabove the total costs of such labor
and materials. It is essentialthat all practicesand
materials be carefully evaluatedas to their contributions
to net crop values, and to concentrateon those that
increasefinal returns with less than proportionatecosts.
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CHAPTER 6

MAIZE 1/
(Zea mays)-

Maize As A Food Crop

Maize or corn as it is commonly referred to in many
parts of the world is widely used as a food crop in the
tropics and subtropics; it has the heaviestusagein Latin
America on a per capita consumptionbasis; but Africa follows
closely despite the expansesof drier climatic zones where
sorghuin and millet are better adaptedthan maize. Maize
productionalso assumesmajor proportions in the Asiatic
countriesof India, Indonesia,Pakistan,Philippines, Thailand,
and Turkey. Rice replacesmaize on wet lands of the tropics
and subtropics, and wheat competeswith maize as an important
cereal in many regions as an irrigated crop in the dry season.

Maize is a food crop that is rich in starchor carbo-
hydrates,averagingabout 71% on a worldwide basis, but
comparativelylow in protein (9.5%). The germ contains
nearly all of the oil and approximately 20% of the whole
kernel proteins. The germ protein is of good nutritional
quality whereas the endospermprotein is deficient in two
essentialamino acids, lysine and tryptophan. Thus, when
maize is preparedfor food, it is more nearly balancednu-
tritionally if the germ is included in the final product.
Being largely starch, maize grain is an energy food. It
should be supplementedwith protein foods, such as animal
products and grain legumes or oilseedmeals, and with other
foodstuffs to supply vitamins and minerals to produce a
balancedhuman diet.

In recent years, a mutant form of maize (opaque-2) in
which the kernels have a floury endospermhas been found
to be much higher than common maize in content of two nutri-
tionally essentialamino acids - lysine and tryptophan.
Nutritional studieswith malnourishedchildren show that
"high-lysine" maize is a much more satisfactoryfood than
commonmaize and will largely prevent the occurrenceof the
nutritional diseases- kwashiorkor and marasmus. Intensive
breedingprograms to transfer this trait to varieties for
generaluse are now under way in a number of countries, and
high lysine types are commercially available in some, as in
Brazil, Colombia, the United States,Vietnam and the U.S.S.R.

!/ Edited by Steve A. Eberhart, ResearchGeneticistand Professor,Plant Breed-
ing and Genetics, North Central Region, Agricultural ResearchService. U.S.
Departmentof Agriculture. in cooperationwith Iowa State University, Ames,
Iowa 50010 and George F. Sprague, Professor,Plant Breeding and Genetics,
Agronomy Dept., University of Illinois, Urbana, Illinois 61301.
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Maize grain enters into livestock feeding only to a
limited degreein Latin America and Africa, particularly
for pigs and poultry, and greaterusagefor this purpose
may becomefeasiblewhen total maize production increases
beyond the amountsneededfor human food. The following
discussionfocuseson maize as a food crop. It is highly
important to substantiallyincreasemaize yields and there-
by reduce costs per unit of crop. These improvementswill
permit growers to achievegreaternet returns, provided
prices are regulatedto allow growers to benefit from en-
hancedproductivity.

In the "Corn Belt" of the United States,averageyields
have been increasedabout three-fold since 1940, as a result
of the developmentof high-yielding hybrids, and such asso-
ciated cultural practicesas adequatefertilizer applications
heavier plant populations,pest control, and more efficient
harvestingmethods. WesternEurope has adoptedsimilar
breedingmethods and technology on culture, with similar
results where all effective practicesare combined.

The improvementof maize production, with attendant
reduction in costs per unit of crop and the opportunities
for improved net returns to growers, is moving into the
tropics and subtropics. Some of the researchand technology
developedfor corn production in temperatezones may be
adaptedto tropical and subtropical conditions. Other fac-
tors require adaptiveor original researchin the tropics,
and progressin conducting such researchis now under way
in a considerablenumber of countries. The following pages
undertaketo consolidatethe available information directly
applicable to tropical regions, and to indicate some research
approachesthat are neededand should producehighly useful
and usableresults.

Ecological Adaptation of Maize

Maize thrives in warm sunny climates where moisture
supply is adequateduring the growing season. The occurrence
of dry periods during the growing seasonmay adverselyaffect
the crop if soil moisture supplies are exhaustedbefore rains
recur. The most critical times in the growth period of the
crop as to moisture needs occurs during the time of tasseling
and pollination, but the period of kernel filling is also
important. Sorghum and millet toleratedry periods during
the growing seasonbetter than maize and are generallymore
productivewhere rainfall is uncertainor characteristically
limited during the cropping season. Some evasionof moisture
shortagescan be achievedby growing varietieswith shorter
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growth periods that can be planted and maturedbefore mois-
ture shortagesbecomeacut"e. Also,selectingthe deeper
soils that have greatermoisture storing capacity, and ma-
naging thesesoils to store rainfall most effectively, will
permit maize production in regions where averagerainfall
on upland soils is inadequatefor profitable maize yields.

Maize is typically adaptedto soils of high fertility
that are deep and well drained. The crop requires an abun-
dance o£ nitrogen, and liberal amounts o£ phosphatesand
potash. It prefers soils of not more than moderateacidity,
and having considerableamounts of calcium, magnesium,and
sulfur. The crop is sensitivealso to deficiencies in the
trace elements,'particularly zinc and boron. The limited
evidencefrom tropical researchsuggeststhat on some highly
weatheredupland soils, some of the trace elements- copper,
zinc, boron, molybdenum, manganese,and iron - may be in
short supply for profitable corn production.

The soil depth is important from the standpointof
moisture supply to the plant during critical growth periods.
Maize has the capability of rooting to depths of 1.0 to 1.5
meters on favorable soils. If the soil profile is at field
carrying capacity to such depths at time of tasseling,maize
will meet its moisture needs for 10 days to 2 weeks, without
additional rain. Lacking such moisture reservesin the
soil, maize yields may be severelyreducedby short-term
droughts. Maize roots cannot function or survive in water-
logged soils, and this crop is not suited to soils with
imperfect internal drainage, even though not flooded at the
surface.

Plant Characteristics

Maize is a coarse-leafedmember of the grass family.
It shows great variability betweenregional types and strains;
stalk heightsmay range from 1 to 8 meters, and stalk dia-
meter from 1.5 to 4.0 cm. The stalks are filled with pith,
which serve as the storehousefor food produced in the leaves
prior to translocationto developingkernels on the ear.
There may be several to no tillers for eachmain stalk, but
production of ears occurs mostly on the main stalk. The
stem (stalk) is jointed with one leaf borne at each node,
and a bud at the baseof each internodewithin the leaf
sheaththat clasps the stalk. One or more of thesebuds
develops into an ear shoot which bears the ovaries which
develop into kernels after pollination. Each ovary has a
long style ("silk") that protrudesbeyond the modified leaves
that form the husks of the ear, and pollen falling on the

-
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silks germinateand grow through the styles until they reach
the ovaries and causefertilization. The tasselsborne at
the top of each stalk, producepollen only, and this pollen
is blown onto the silks of neighboring plants.

Maize is a highly productive crop, largely becauseof
the abundant leaf growth, and the high level of photosynthe-
tic activity in the leaf. Not only is there a large amount
of chlorophyll bearing tissue in the leaf blade, but all
vascularbundles in the leaf are sheathedwith such tissue.
After the plant reachesfull size, the photosyntheticpro-
ducts (sugar, starch, and nitrogenouscompounds) are stored
in the leavesor stem until pollination of the ear occurs,
after which thesematerialsare transferredto the developing
kernels.

Maize Breeding

Maize is a completely "cross-pollinated"species,and
the kernels from a single ear will produceplants having
considerablevariability in plant and ear characters. Maize
pollination is facilitated by having the male flowers in
the tasseland female flowers in the lateral inflorescences
(ears), but breedingprograms to concentratedesirablehere-
ditary traits into single strains requiresman's control
of pollination and fertilization in every plant generation.

Inbred lines of maize are producedby continuous self-
fertilization (transferringpollen from the tassel to the
silks of the sameplant) accompaniedby visual selection
for vigor, diseaseand insect resistanceand such quality
traits as may be of local importance. After 3 or 4 genera-
tions of self-fertilization, the lines have become stabilized,
each line having its own distinctive appearance. These lines
are then evaluatedin hybrid combinationseither as top-crosses
(Inbred x Variety) or single crosses(Inbred A x Inbred B).
The greatmajority of each test-crosshybrids will exhibit
no marked improvementover the locally grown varieties.
A very small percentageof the test-crosseswill exhibit
sufficient merit (productivity, insect and diseaseresistance,
etc.) to justify additional testing. Finally only the very
best of thesehybrids will be recommendedfor commercial
production.

When superior hybrid types have been created, seedmust
be producedeachplant generationby excluding all foreign
pollen, and insuring that only the desiredparentsare in-
volved in each seedcrop. In the major maize growing regions
of temperatezones, hybrids betweenselectedinbred lines,
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that have proven productive, are in commercial plantings.
However, in several tropical regions, an acceleratedbreeding
program that used hybrids betweenselectedraces has produced
highly productivevarietal hybrids. Thus in Kenya, a hybrid
betweena selectedEcuadoreancollection and a specific East
African variety proved to be highly productive, and has be-
come widely grown throughout easternAfrica above 1600 meters.
Continuing plant selectionwithin each parentalvariety has
further enhancedthe productivity of the varietal hybrid.

Reasonablesuccesshas been achievedalso in producing
"synthetic" strains of maize by intercrossingseveral races
found to produce superiorvariety crossesand allowing these
to cross pollinate. Growers may save their own seedof
"synthetics" for a few years with only slight losses in
vigor except through contaminationby outcrossingto unim-
proved local strains. It should be emphasizedthat superior
syntheticsare producedonly by extensivetesting of the
races and lines to determinewhich ones may be combined to
produce the desiredresults. Then thesevarieties should
be selectedfor higher yields and better agronomic characters
by the maize breeder. These new selectionsmay be released
at periodic intervals after their merit has been demonstrated.
Under this system, a farmer might be expectedto receive
new seedof an improved type every third or fourth plant
generation.

Except for use of specially designedsyntheticvarieties
where farmer selectedseedmay be used, all planting seed
should be that producedby seedgrowing organization,meti-
culously monitored by inspectionagencies. This is needed
to insure that the production of seedhas been handled so
as to retain its identity, and that cross pollination has
followed the procedureknown to produce the hybrid vigor
of designatedcrosses. Moreover, the seed should have high
germination, and have been treated to control insects and
diseasesthat attack germinating seedsand seedlings. The
cost of good seed is but a small part of the total cost of
growing a maize crop, but it often constitutesa controlling
effect on ultimate yield.

Field testing of availablehybrids or synthetics in
important maize growing regions, to determine the most pro-
ductive types, is a service that governmentor other public
agenciesshould provide to maize growers. These tests should
be conductedwith the cultural practicesadaptedto the soil
and climatic conditions that prevail, that permit full ex-
pressionof yield potential.
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Although many superiormaize hybrids have been developed
for the United Statesand WesternEurope, virtually all of
thesehave proved unadaptedand inferior in the tropics and
subtropics. Dependencemust be placed on breedingprograms
conductedin the regions to be served.

Excellent breedingprograms are underway throughout
the tropics and subtropics. Superior breedingpopulations
have been developedand are under selectionfor even greater
superiority. These can be releasedas synthetic varieties
or used as parents for variety-crosshybrids. Thesevarieties
and hybrids have a wide range of adaptabilitywithin altitu-
dinal zones.

The nutritional superiority of high-lysine maize has
beenwell established. The substitutionof high-lysine for
normal maize would be desirablein all areaswhere maize
provides a substantialportion of the protein and caloric
intake. However, the developmentof acceptablehigh-lysine
types poses severalbreedingproblems. High-lysine maize
is typically characterizedby a floury endospermtexture
which is associatedwith a reducedkernel weight and there-
fore lower yield, and some increasein susceptibility to
ear-rotsand to damageby stored insect pests. Each of these
undesirablepropertiescould be correctedor minimized by
the developmentof high lysine types with normal or near
normal texture.

A large number of genetic factors exist which modify
the floury texture of opaque-2 in the direction of normal
texture. Unfortunately, some of thesemodifiers also reduce
the percentageof lysine and tryptophan to near normal levels.
Under such conditions, reliance in maintaining the desirable
chemical propertiesmust be basedon either co10rmetric or
amino acid analyzerverification. Considerablesuccesshas
been achievedin both Colombia and CIMMYT in developing
harder-textured,high-lysine types. Complete yield compa-
rability has not yet been achieved, but it appearsthis
should eventuallybe possible.

Maize Culture

Seed Bed Preparation

Maize is customarily planted on land that has been tilled
to incorporateany crop residueson the field, as well as
animal manures that are applied and to destroyperennialweeds.
The tillage should leave the soil surface somewhatroughened
to facilitate penetrationof rainfall and to minimize runoff
and erosion losses. Beyond theserequirements,tillage of the
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land appearsto have minimal effect on ultimate yields.
It is important to have mellow, moist soil in which to plant
seed, so as to stimulateprompt germinationand rapid esta-
blishment of seedlings.

Plantings should be made in rows for conveniencein
weed and pest control, and for harvest. Rows should run
acrossthe prevailing slope of the land, following contour
levels, to retard runoff and minimize soil erosion losses.
ｾ ｯ ｷ spacingsare generally 70 to lUO centimeters.

Fertilizer is best applied in the rows, preferably to
one side and below the level of the seed, but not in direct
contactwith it. Since many tropical soils have excessive
phosphatefixing power that converts fertilizer phosphorus
into inert, insoluble iron and/or aluminum phosphatesand
since the movementof phosphatesis negligible, broadcasting
phosphatefertilizer is generally a wasteful practice. Phos-
phate and potashfertilizer should be positioned in the soil,
below and slightly to the side of the seed. However, nitrogen
fertilizers may be broadcastwithout loss in effectiveness
since they enter the soil with the rains and remain soluble
in the soil moisture. Where other factors are not limiting,
150 kg of nitrogen (N), 50 kg of phosphate(P205), and 150
kg of potash (K20) per hectaremust be available to support
grain yields of 7 metric tons per hectare. The amount of
chemical fertilizer to be applied to each field should be
adjustedto recognizetwo factors: (1) the projectedmaize
yield that appearsattainablein the locality, and (2) the
current level of fertility in the soil as determinedby
observedresponsesin fertilizer trials and by soil tests.
Fertilizer should be supplied in amountsneededto augment
soil fertility as neededto produce desiredyields and ani-
mal dung may be substitutedfor part of the fertilizer.
With hand planting of seed, a shallow furrow should be opened,
the fertilizer should be placed first, covered about 2 cm
deep with soil, then the seeddropped and coveredwith 2
to 4 cm of soiL

Plant densitiesshould be adjustedto fully utilize
soil fertility and moisture supply, and the productive ca-
pacity of the hybrid or synthetic. Excessivedensitiespn
infertile soils or those with limited soil moisture at cri-
tical growing periodswill actually reduce final yields.
Thirty thousandplants per hectare (100 cm by 33 cm spacing)
may provide full occupationof less productive soils, where-
as a maximum of sixty thousandplants per hectare (70 cm
by 24 cm spacing) may be neededto fully utilize highly fer-
tile soils where moisture is abundant.

-
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Time of planting in regions that have wet and dry sea-
sons has proved to be very important. Early planting either
immediately before rains are expectedto begin, or promptly
after the first rains, characteristicallyproduce highest
yields. "The causesof reducedyields with delayedplanting
are complex and not fully understood. Availability of nu-
trients as affectedby soil temperature,moisture and aera-
tion is involved. The responseto nitrogen fertilizer is
much less in late planted than in early plantedmaize. Pests
can further reduceyields as they are usually more serious
on late plantings. Whatever the true reason, the advantages
of early planting are well documented,and the farmer can
easily plan his operationsto take advantageof this situation.
No specific recommendationsare made herein on treating seed
with appropriatefungicides and insecticidesbefore planting,
since such treatmentsmust follow in-country regulations.

Cultivation

The principal function of cultivation is to control
weeds. However, weeds may be suppressedby hand pulling,
hoeing or cultivating, or by applicationof appropriate
herbicides. Thesevarious methods are effective only to
the extent that weeds are killed early before they damage
the maize plants by competition for soil nutrients and for
soil moisture. Damage to the maize plant root systemfrom
weed competitionmay be halted but not correctedwhen the
weeds are killed. If removal of the weeds damagesthe root
systemof the maize plants, crop yields will be severely
affected. This is particularly true if weed removal is
accompaniedby shortageof soil moisture that preventsre-
generationof the damagedcrop root system.

Weed control by applicationof appropriateherbicides
is effective, and avoids physical damage to the crop root
system, but. the cost is substantialand each herbicidemust
be used as prescribedby the manufacturer. Different species
of weeds require the use of appropriateherbicides; sometimes
mixtures of two or three are neededto cope with all species.
A few herbiqides leave a residual toxicity in the soil that
affects other succeedingcrops. Chemical control measures
for weed control usually produce the greatestbenefitswhen
applied while weeds are still small or before germination.

Pest Control

Insects, diseases,and birds are always troublesome
and may be decisive in effects on yield. Where feasible,
the most useful control measureis the developmentand use
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of syntheticsor hybrids that are resistantto specific
pests. As mentionedearlier, prompt planting is often use-
ful in evading the most severedepredations. Growing maize
on the same land in successiveyears tends to build up da-
maging populationsof the pests. A seasonalrotation of
crops to other fields may be quite useful.

Further defensivemeasuresmay be possible, but these
must be developedto combat the specific pests that are
presentin the light of their individual characteristics.
It cannot be assumedthat the same pests attackmaize wher-
ever the crop is grown. Also, in some cases,apparently
similar pestsmay have different life histories and have
to be combatedby different means. The common diseasesin-
clude leaf blights, rusts, smut, mildew, virus and rots of
the root, stalk and ear. Thesediseasesare more serious
when humidity is high. The parasiticwitchweed can reduce
yields under certain environmentalconditions. Serious
insect pests include cutworms, wireworms, budworms (earworms),
stem borers, root worms, chinch bugs, aphids, and leaf eating
insects. Storageinsects include weevils and grain moth.

Becauseof the large interactionsbetweentime of planting,
improved varieties, fertilizers, weed control, plant densities,
and pest control, all inputs and improved cultural practices
must be adoptedsimultaneouslyfor economic increasesin maize
production.

Maturation and" Harvest

The maize grain crop is mature when the kernels reach
the "hard dough" stag"e. The time of physiologicalmaturity
is accuratelydeterminedby the developmentof the "black
layer" at the point of attachment. Translocationceases
when this black layer forms. From this stageonward, ripen-
ing consistsof moisture loss, which may be quite rapid if
the weather is dry. When fully cured, maize kernels should
have 10 to 12% moisture as the grain will store without
molding at this moisture content. If birds or other pests
causeserious field damageto ripening corn, the crop may
be harvestedat the hard dough stageand dried under protected
conditions.

Pestsof StoredGrain

The greatesthazardsto storedmaize are (1) molding
when moisture content is too high, (2) insect damage- grain
weevils, grain moth larvae, and meal worms, and (3) rodents.
Grain infesting insectsare often brought in from the field
at harvest, or they may remain in storageareasfrom season

-
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to season. Storagelossesare heavy in warm climates and
damagemay be serious in relatively short periods. Treat-
ment of the empty storageareas, and treatmentof all grain
as it enters storageirrespectiveof apparentinfestation,
is.necessaryand.relatively inexpensive. Infested empty
storageareasand empty containersmay be disinfectedwith
a weak solution of malathion, an insecticidethat is rapidly
degradedand leavesno toxic residue.

A widely used fumigant for treating grain to destroy
insects in connnercial storageis methyl bromide. This chemi-
cal should be used at the rates and in the manner prescribed
by the manufacturer. The grain should be placed in a closed
storagecontainer,andthe solution applied to the top of
the grain. The vapor from the solution is heavier than air
and settlesdownward through the grain. The vapor is toxic
to man and must be usedwith proper precautions. Another
chemical for treating stored grain is less toxic to man and
better suited to on-farm treatments. This is a mixture of
three parts by volume of ethylenedichloride and one part
carbon tetrachloride ｡ ｰ ｰ ｬ ｩ ｾ ､ as a coarsespray or sprinkled
on the surfaceof the grain. Even this mixture must be used
with caution to avoid injury to humans. It should be used
as prescribedby the manufacturer.

Although the fumes of methyl bromide and of ethylene
dichloride-carbontetrachlorideare toxic to man, there need
be no danger to the applicators if precautionsare taken
to avoid inhaling the fumes. Moreover, thesechemicals leave
no residueon the treatedgrain, and such grains are not
damagedin their value as foodstuffs.

An alternateinsecticideis malathion. Malathion is
one of the most useful insecticidesfor treatmentof grain
and seed to be protectedfrom insectsattacking grain in
storage. Emulsion sprays preparedfrom premium grade 57%
malathion emulsifiable concentrate,diluted by adding 100
cc to 4 liters of water, and applied as a mist spray uniformly
to 15 metric tons of grain, gives good protection for 2 to
3 months. It is essentialthat grain and seedbe treated
promptly as it comes from the field and enters storage.
Also, retreatmentwill usually be necessaryin 2 to 3 months
to prevent insectmultiplication, since malathion degrades
and becomesharmlessin a relatively short period.

All insecticidescan be injurious to man and animals,
unless handledcarefully. Follow the directions and heed
all precautionson the insecticide labels.
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Keep pesticidesin closed, well-labeled containersin
a dry place. Store them where they will not contaminate
food or feed, and where uninformed adults and children can-
not make improper use of them. Promptly disposeempty pesti-
cide containers;do not use them for any other purpose.

Special Storagefor Seed

Seed storagein warm humid climates is a problem for
all types of crops. However, researchhas shown that good
viability is retainedfor one year when seed is promptly
dried at harvest time to a moisture content of 8%, and main-
tained at that level or less, for the storageperiod. The
viability is retainedfor much longer periods if the dry
seedcan be stored at temperaturesof lOoe or lower. This
would be important for planting seed to be held two years
or longer.



- 73 -

CHAPTER 7

SORGHUM (Sorghum bicolor) 1/

Although sorghum grown as a food crop appearsto have
originated in EasternAfrica (Ethiopia and Sudan), it was
extensivelygrown throughoutAfrica from earliesthistorical
times and has been widely adopted in the Americas and Asia
as well as in the Mediterraneanand Near East regions. It
is the fifth most important cereal grain in the world, out-
distancedonly by rice, maize, wheat and barley. However,
it is still a relatively undevelopedcrop from the stand-
point of benefiting from modern scienceand technology. It
offers much promise of increasedproductivity in the hands
of cultivators, as presentknowledge and improved types are
more widely disseminated. The following sections deal with
the practical aspectsof production in tropical and sub-
tropical regions, and the apparentopportunitiesfor improve-
ment. The InternationalCrops ResearchInstitute for the
Semi-Arid Tropics (ICRISAT) at Hyderabad, India has included
sorghum as one of its four major crops for which it will be
primarily responsiblefor worldwide researchand training
support. The other cereal is millet.

Sorghum Grain As A Food

. Sorghum grain is primarily an energy foodstuff, since
the major food constituentis starch (70%). The crude pro-
tein content averagesabout 9%, and oil content 3.5% but
there is a great range among varieties. As a major food in
the diet, it should be supplementedwith high-protein foods,
such as animal products, food grain legumes, and oil seed
meals. Sorghumprotein is deficient in two essentialamino
acids - lysine and methionine. Although maize is somewhat
higher than sorghum grain in total nutriti.ve content, the
custom of home processingmaize in certain areasby the wet
method that loses much of the protein makes this maize less
nutritious than whole grain sorghum home-milled for food.
There are wide differences in food flavor for the various
grain types of sorghum. In general, the white seededtypes
are preferredfor food. In two Ethiopian lines of sorghum
Purdue University scientistshave discovereda high lysine
gene with Protein Efficiency Ratios (PER's) at least equal
to that of opaque-2maize.

ｾ ｉ Edited by Steve A. Eberhart, ResearchGeneticist and Professor,
Plant Breeding and Genetics, North Central Region, Agricultural
ResearchService, U.S. Departmentof Agriculture. in coopera-

, tion with Iowa State University, Ames, Iowa 50010
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Adaptation

In general, sorghums are the preferredcereal food grain
where the climate is too dry for reliable maize production.
Sorghum toleratespoorly drained soils better than maize also.
Sorghum toleratesshort droughts, even when so severeas to
blast the heads during their development,with recovery if
rains permit renewedgrowth. If the entire head is severely
damaged, the plant producesnew tillers that develop heads
with normal grain. Short droughts at other stagesare tole-
rated by temporary rolling of leaves that reduceswater loss
from the plant. However, sorghum yields are greatestwhen
no droughts occur during the growing season.

Sorghum also is adaptedto regions of limited rainfall
by virtue of its well developedroot systemwith abundant
secondaryroots that permit effective use of water held in
the soil profile. Sorghum grows well on a wide variety of
soils, from sandy to heavy textureswhere drainage is good
and naturally fertile. Sorghum also is quite tolerant of
saline and alkali soils that are widely prevalent in regions
of limited rainfall. Its adaptationto relatively dry
climates and its resistanceto some important pests that
plague maize make it an attractive food crop. Sorghum has
not yet received as much attentionby plant breedersto
develop improved types as has maize, but outstandinglypro-
ductive varieties and single-crosshybrids are now available.
Bird damage to field grain in the head can causevery serious
losses. The devastationsby certain insects on sorghum are
problems that have received some attentionbut are still
locally serious.

Sorghumsgrown for food grain have a dominant position
in all tropical and subtropical regions with limited rain-
fall. Since there are varietieswith short, medium and
longer growing seasonrequirements,the choice of varieties
that will grow and mature during shorter or longer rainy
periods permits the crop to be grown successfullyover a
very wide range of climatic conditions, from a minimum of
3 t04 months when moisture is adequate,to 6 to 8 months
with recurring rains. Sorghum is a warm weather plant, and
its culture in the subtropics is limited to the warm seasons.
Sorghum is grown at high altitudes in Uganda and Ethiopia,
but improved varieties specifically adaptedto the cooler
conditions have yet to be developed.

.........
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Plant Characteristics

Sorghum belongs to the grass family, and its plant and
seed characteristicsshow that relationship. It is a coarse
grass, with stalks of 1 meter to 5 meters in height (depend-
ing on variety); the stalks are made up of 15 to 30 joints,
with a leaf developedat each node of the stem. There may
be a few to many tillers arising from the plant base, depend-
ing on variety, favorable growth conditions, and density of
pTants stands. ｾ ｡ ｣ ｨ tiller deve10pesits own root system,
which must competewith its neighbors for moisture and soil
nutrients. All stalks produce a terminal head, which has
shorter or longer branches,with complete flowers at the
ends of the branches. Both stamens (male) and pistils
(female) are borne in the same floret. Self pollination
occurs normally (an averageof 95% with a range of 50 to
100%). Male sterility is used in the production of hybrid
seed and wind pollination gives good seed set on the female
male-sterileline. Regional races or types have come to
predominatein most sorghum growing regions as a result of
continuedmass selectionby man and natural selectionby
nature through environmentaleffects.

Types of Sorghum

From the standpointof plant type and usageof the crop,
it is convenient to recognize three main types: (1) grain
types in which the seed threshesclean of glumes, (2) sorgo
types in which seed is completely enclosedby glumes when
threshed, and (3) grassy types, as typified by the wild types.
Within this grain productiongroup there are numeroushead
and kernel differences, and Harlan has used theseto describe
five important races; Bico1or, Guinea, Caudatum, Kafir, and
Durra. The grain types in generalhave larger heads and pro-
duce more grain in proportion to the vegetativepart of the
plant, than do the sorgo types that are grown primarily for.
syrup. The sorgo types have abundantsweet juice in the
stalks, but the grain sorghum types have stalks at maturity
with either a dry or slightly sweet pith. The sorgo types
are palatablefeed for ruminant livestock, as well as being
suited for making syrup; whereas the stalks of grain sorgo
are less palatableand nutritious for livestock feed.

Seed Types

The grain types of sorghumnot only are variable in
plant charactersbut also in seeds. The seedsof individual
varietiesmay be pink, red, brownish, yellow or white. The
texture may be chalky or flinty, The seed shapemay vary
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from roundish ovoid, to flat. Head shapeand size also vary
widely. Shallu and kaoliang have loose heads (panicles),
with grain borne at ends of slenderbranches,reputed to
reducebird damage since it is more difficult for birds to
perch on the branchesand eat the grain. Unfortunately
this type of head does not contribute significantly to pro-
tection from bird damage. Shallu is a preferred type in
India, Egypt and Sudan, but kaoliang is almost exclusively
grown in China, Manchuria, Korea, Japanand Siberia.

White or yellow seedgrain types are generally pre-
ferred for food, since the pigmentation (red, pink, brown)
makes the grain slightly bitter. The pigmentationis
ｬ ｡ ｲ ｧ ･ ｾ ｹ in the outer layers of the seedcoat, and this may
be removed by a limited amount of milling. If the pigmen-
tation is in the testa, removal by milling is not practical
by current machinery. The tannin compounds in the pigments
reduceprotein digestibility.

Sorghum Improvement

In those regions of the tropics where sorghumbreeding
has been undertaken, substantialimprovementsin producti-
vity, and in plant and seed types have been achieved. Local
testing of pure seed lots of improved strains and varieties
is necessaryto evaluate the productivity and grain quality
producedby breederselsewhere.

The first step in sorghum improvement is to make com-
parative field trials of all availablevarieties and strains
that have shown promise within the region, or at other
researchstations in similar ecological regions. These
should be grown in field trials designedto give all seed
lots an equal opportunity, with cultural practicesthat per-
mit relative productivity in responseto favorable growing
conditions. The results of a single field trial are not
reliable and resultsmust be obtainedfrom several trials
under representativeenvironmentalconditions. Pure seed
must be used in each trial. When a superior variety or
strain has been identified, production of high quality seed
must be undertaken. This production should be identified
as pure seed of an improved variety or strain, by some
systemof monitoring seedproduction and certification by
an official agency. Farmers can be encouragedto produce
their own seedof the improved variety since sorghum is
normally self-pollinated. Sorghum seed is subject to rapid
loss of germinating ability unless well dried at harvest
time, and stored in a thoroughly dry condition. In general,
the exploitation of improved sorghumrequires the develop-
ment of a well regulatedseed industry, to facilitate the
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distribution of improved varieties as they become available
from breedingprograms.

Breeding populationshave been formed from a wide range
of adaptedvarietieswith the geneticmale-sterility factor
in Uganda, Nigeria, and India. These populationsare being
selectedfor diseaseand insect resistance,improved pro-
tein quality, and higher yields. Improved varieties and
hybrids can then be extractedperiodically from the improved
populations for releaseas commercial varieties. The cyto-
plasmic male sterile-geneticrestorer system is used in
production of single-crosshybrids.

The length of the growing seasonin the sorghum grow-
ing areas is usually determinedby the rainfall distribution.
Since maximum yields will not be obtainedunless the variety
has the correct maturity, the breedermust develop the
varieties to meet the maturity requirement. The rainfall
seasonand temperatures( as determinedby altitudes and
other factors) during the growing seasonmay reduce the
range of adaptationor sorghumvarieties and require varie-
ties for each ecological area or zone.

Culture of Sorghum

Sorghum should be planted in a mellow seedbed,prefer-
ably when the soil is moist to stimulate rapid germination.
The seed is small (45 to 60 per gram), and relatively
shallow planting (approximately1.5 - 2.0 cm), is desirable
to permit sprouts to push through the soil. The danger of
soil crusting to impede seedling emergenceis greaterwith
heavier soil texture, particularly when intenserains occur,
followed by rapid drying. Sorghum should be planted in rows
60 to 100 centimetersapart, and may be drilled within the
row or planted in hills 20 to 50 centimetersapart within
the row. The rate of planting should be basedon average
rainfall distribution, water holding capacity of the soil,
and moisture and light requirementsof the variety. Under
optimum growing conditions, drilling the seed in narrow
rows will produce higher yields than hill planting. Seed-
ing rates are generally 1 kg/ha in very dry areas, 2-4 kg
in more favored areasand 4-6 kg or more for irrigated
sorghumwhen moisture supply and a mellow soil permits
prompt germination. Seedlingsshould emerge in 3 to 5 days
under favorable conditions; but may take longer if soil
moisture is low, or when soils are cool (at high altitudes
or in subtropical zones).
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In a grain sorghum yielding 50-60 q/ha, the total
uptake of N, P20s, and K20 has been found to be 130-180,
50-65, and 100-130 kg/ha, respectively. As with maize
the amount of fertilizer to be applied should be deter-
mined by the attainableyield level and the level of
available nutrients in the soil. Under irrigation, or
when rainfall is reasonablyabundant, good responses
have been obtained from as much as 100 kg/ha of fertili-
zer nitrogen. Except in regions of heavy rainfall, the
nitrogen ｦ ･ ｲ ｾ ｩ ｬ ｩ ｺ ･ ｲ may be applied prior to planting.
With heavy rainfall, the nitrogen fertilizer may be
applied prior to planting. With heavy rainfall, the
possibility of severe leaching of nitrogen through the
soil increases,and it may be advantageousto apply half
of the fertilizer before planting, and the remainderby
broadcastingjust before plants produceheads. In regions
where moisture supply is occasionallya limiting factor,
lesseramounts of fertilizer are more economical; and
under some conditions, there may be no nitrogen response.
The economic rates of fertilization should be determined
by field trials.

Phosphatefertilizers should be added if the soil
is deficient in phosphorusand to prevent soil fertility
depletionunder continued cropping. Up to 50 kg per hec-
tare of phosphate(P20s) is suggestedas being economic,
but actual field trials should be conductedto establish
levels of profitable phosphateapplicationsunder local
conditions. Phosphatesare most effective when applied
below and to one side of the seed.

Sorghumshave been creditedwith being exhaustiveof
soil fertility; with succeedingcrops of other types being
reduced in yield when they follow sorghum. There is experi-
mental evidence that reductions in soil fertility follow-
ing sorghumsmay be causedby (1) a decreasein soil nitro-
gen causedby higher rates of decompositionof sorghum
stubble, stalks, and roots; this decompositionbeing tempo-
rarily acceleratedbecauseof the higher content of soluble
carbohydratesin the plant residues; and (2) the temporary
reduction in soil moisture causedby the extensiveroot
system of sorghum. The first factor is compensatedfor by
addition of nitrogen fertilizers, which nitrogen is not
lost, but becomesavailable to subsequentcrops; and the
second factor by soil managementto rechargemoisture in
the soil profile through weed control and by practicesto
reducerainfall runoff. The rewards in terms of higher
sorghum yields with effective cultural practicesmore than
offset the costs of the residual effects of growing the
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crop. The use of sufficient nitrogen fertilizer (or of
applicationsof dung, or of leguminous greenmanures) and
of rainfall conservationare necessaryintegral factors
of increasedproduction of most other crops, as well as
sorghum.

Weed Control

Witchweed

The most devastingweed affecting sorghum is witchweed.
There are two speciesStriga hermonthicaand ｾ Ｎ asiatica.
This is a parasiticalseedplant that attachesitself to
the roots of the host crop plant and makes its own growth
by absorbingmoisture and plant juices from the host roots.
The parasiteappearsabove ground 3 to 6 weeks after it
has infected the crop roots, and then developsgreen leaves,
flowers, and producesseed. Witchweed seedsabundantly,
and the seedmay remain dormant in the soil for extended
periods, up to severalyears. The infected host plants may
be reduced in growth by 50%, when heavily infested.

A control measurethat has some value is growing a
legume, cotton or other immune crop in rotation with sus-
ceptible cereal grains. The witchweed cannot parasitize
the pulses, groundnuts, soybeans,and cotton; and these
crops reduce the abundanceof the witchweed so that a grain
crop may follow. A companion, or separatetreatment, is to
treat the sorghum fields with herbicidesof the 2, 4-D or
MCPA types; however the witchweed can not be killed until
it starts to emergewhich is after it has parasitizedthe
crop. These treatmentsdo not eradicatethe witchweed,
but reduce its damage in most cases. Researchis underway
at some stations on propagatingcertain diseasesof witch-
weed and fostering various insect pests of the weed as well
as to selectvarietieswith greater tolerance. Until this
researchproducesresults, reliancemust be placed on use
of selectiveherbicides, and growing susceptiblecrops in
rotation with immune crops.

Other Weeds

Perennialweeds are best controlled by tillage in pre-
paration for planting. Annual weeds should be suppressed
by hand pulling, hoeing, or cultivating, or by application
of herbicides. Thesevarious methods are effective only
to the extent that the weeds are killed early, before they
damage the sorghumplants by competition for soil nutrients
and soil moisture. Damage to the sorghumplant roots from
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weed competitionmay be halted but not correctedwhen lar-
ger weeds are killed. If removal of the weeds damagesthe
crop root system, crop yields will be severelyaffected.
This is particularly true if weed removal is followed by
shortageof soil moisture that preventsregenerationof
the damagedcrop root system.

Weed removal by applicationof appropriateherbicides
is rapid and avoids physical damage to the crop root system;
but the cost is substantialand each herbicidemust be used
as prescribedby the manufacturer. Different speciesof
weeds require different herbicides, and some of theseherbi-
cides leave a residual toxicity in the soil that affects
other succeedingcrops. As in the caseof physical removal
of weeds, early treatmentsgenerally produce the greatest
benefits in crop yields.

Insect Pest Control

The sorghum shoot fly attacks sorghum in the early
stagesof crop growth, often when the plants are 2 to 5 cm
high. The adult fly lays eggs on the undersideof young
leaves and the developing larvae enter the funnel and move
down to feed on the meristem. The central shoots become
yellow and then die; affectedplants often compensatefor
this ｾ ｡ ｭ ｡ ｧ ･ by producing several tillers but thesemay also
be attacked. There is resistanceto shoot fly in some
varieties; this dependson the ability of the plants to
producenew and vigorous tillers which rapidly grow beyond
the stageat which they can be attacked. Early planting
is important; late planted crops are often devastedby
this pest.

Borers of many types occur; most of thesebeing the,
larvae of moths. Their control is facilitated by plant
sanitation, i.e., the removal of all crop residuesthrough
consumptionby livestock, or plowing under to kill the dor-
mant forms of the insects. Chemical control can be very
effective on some types. Predatorsand parasitesof the
severalborers are being sought, and will doubtlessbe use-
ful. The varietiesor strains of sorghum that are resistant
should be identified and used.

The sorghummidge attacks the panicle and prevents
seed from developing; at present toleranceto the midge is
being incorporatedinto commercially grown types. Chemical
control is effective but too costly to be practical except
in extreme cases. The developmentof parasitesoffers
promise and is being pursuedby researchers.
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Chinch bugs which are sap sucking insects,may be
seriouspests-ongrowing sorghumplants; but resistant
varieties and strains are now available. Another type
of sucking insects - aphids - may become quite serious
on the "head" or panicle. Resistantvarieties are
effective in controlling aphid damage.

Wireworms may severelydamageplanted seedbefore
it germinatesand emerges,but may be controlled by
seed treatmentwith aldrin or dieldrin before planting.
This is compatiblewith seed treatmentsfor diseasecon-
trol.

Control of Sorghum Diseases

There are numerousmolds (fungi) that may attack
planted seedswhen soil temperaturesare below 20oC,
particularly with sorghum types that have soft mealy
grain. Fortunately, these diseasesare least trouble-
some when prompt germinationoccurs in warm, moist soils.
Chemical treatmentof seedwith thiram before planting
is recommended,since it is effective and not poisonous.
Instructions on the container should be followed.

Fungal leaf diseasesincludes leaf spots, downy
mildew, rust, anthracnose,and blights. In most cases
there are strains or varieties that are resistantto
individual diseases;and such improved types should be
selectedthat are resistantto the diseasesthat are
locally important. It is generally found that such
diseasesare more abundanton sorghum grown in humid
climates or in rainy periods. This is one of the reasons
for selecting sorghum as a grain crop for regions of
limited rainfall, where humidity of the air is characteris-
tically low.

Red rot and charcoal rot are fungal diseasesattack-
ing the sorghum stem and root. Some varieties are much
more susceptiblethan others, and resistanttypes should
be grown. However, thesediseasestend to build up in
the soil, and crop rotation tends to reduce theseproblems.

Ergot, covered smut, loose smut, and head smut and
long smut of the headsmay causesubstantiallosses.
Fortunately, there is good resistanceamong sorghum strains
to these diseases,and resistantstrains should be grown.
Crop rotation is useful in keeping these diseasesat low
levels. Fungicidal seed treatmentgives excellent control
of covered smut.
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For further information on Crop Protection, see Chapter
4 in book on "Tropical Agriculture" by Wrigley, (Reference
list following Chapter 40).

Bird Damage ｾｮ､ Control Measures

Sorghumgrain is a preferredfood of many birds, includ-
ing the Quelea bird, sparrows, yellow weavers, bishop birds,
doves, parrots, crows, and buntings. Fortunately, the type
of bird pest varies with the regions, but collectively, bird
losseshave a profound effect on choice of a grain crop.
There is a tendency to substitutemaize for sorghum in regions
where sorghum actually is much better adaptedto the climate
and soil and producesmore grain, becausemaize is less
susceptibleto bird damageby reasonof the husks that tightly
enclose the ear.

The Quelea bird is the most damaging of all bird pests.
They feed in swarms and will rapidly strip a field when they
invade it. Presentresearchis directed toward reducing
total population of Quelea birds to a tolerable level, and
to prevent them from building up again. The areasaffected
by these scourgesare identified, and sorghum is not a pre-
ferred crop in these areas.

Elsewhere, birds are problems for which some control
is possible. The factors affecting attractivenessof the
grain are taste, size, and hardnessof grain. The plant
breedersare undertaking to develop resistanttypes. The
milling of types that are not attractive to birds to remove
the bitter outer layers may be useful. However, birds
remain as a serious deterrentto sorghum production.

SorghumHarvest

Sorghumgrains are fully developedwhen they reach the
"dough" stageand the black layer forms where the seed
attachesto the pedical; thereafter the ripening processcon-
sists of gradual loss of moisture. This drying proceedsmost
satisfactorily in the field, unless bird damage is a serious
risk. Varieties differ in the time to reachmaturity, from
4 to 6 months from planting date. The bird problem is most
serious during the milk, dough, and mature stagesof the
grain, and any campaign to repel birds should be concentrated
in these stages. Early harvest of heads as soon as the grain
reachesblack layer is advisablewhen bird damage threatens
to be serious.
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Completion of drying of harvestedheads should be
acceleratedby spreadingin a loose layer on a hard sur-
face for sun-drying. Moisture content should be reduced
to about 10% (from 20 - 25% when field harvested) to
avoid molding. Threshingmay occur as soon as the grain
is dry. Sorghum appearsmore susceptibleto molding than
other cereals,particularly the types with soft, chalky
grains.

Storage-

Sorghumgrain should be completely dry when placed
in storage. Initial treatment to give protectionagainst
storageinsects is universally important, since sorghum
grain seems to be quite susceptibleto insect damage.
The more serious insect pestsof stored sorghumgrain
include the rice weevil, lessergrain borer, khapra beetle,
other grain beetles, and the larvae of the grain moth.
The control of these stored-grainpests is reviewed in
more detail in the Chapter on Maize, section on "pests of
storedgrain". Malathion is effective in treating empty
storagecontainersand structures. Grain is best pro-
tected by fumigation at time of storage, repeatedif nec-
essaryduring the storageperiod.
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CHAPTER 8

MILLETS 1/

The millets are warm-weatherannual grassesor cereals
grown for their edible seeds. The more important species
are:

Major food species

1. Bulrush millet - Pennisetumtyphoides

2. Finger millet - E1eusinecoracana

Lesser food species

3. Foxtail millet - Setaria ita1ica

4. Proso millet - Panicummi1iaceum

5. Japanesemillet - Echinoch1oacrusga11i

var. frumentacea

6. Browntop millet - Panicumramosum

In general, the millets are most useful where a grain
crop is neededto capitalize on short-growingperiods. This
role is most important in the dry tropics where the period
having adequaterainfall for crop growth is short -- 3 to 5
months; or in regions of more adequaterainfall where a
short-seasongrain crop. can be grown as a secondaryplanting
following a main crop on the same land. In regions of
severely limited rainfall, millet may be the principal cereal
becauseof its flexibility in managementto avoid droughts.

The InternationalCrops ResearchInstitute for the
Semi-Arid Tropics (ICRISAT) has been establishedat Hyderabad,
India to provide worldwide researchand training support on
this crop. Of those grown primarily for food, finger millet
and pearl millet are consideredthe most important types.

1/ Edited by Steve A. Eberhart, ResearchGeneticistand Professor,
Plant Breeding and Genetics, North Central Region. Agricultural
ResearchService, U.S,.Departmentof Agriculture, in coopera-
tion with Iowa StateUniversity, Ames, Iowa 50010
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Millets as Foodstuffs

Millets are used as a meal for making flat bread and
cakes, or as paste from pounded soaked seed, or as boiled
gruel. Millets may also be used in making beer and other
alcoholic drinks. Millet grains are high in starchy com-
ponents, 55 to 65%, and thus serve as energy foods. The
protein content and quality differ greatly among types,
but they are deficient in the nutritionally essential
amino acid lysine, in common with other cerealgrains. How-
ever, the seedsare usually small, and the germ (which is
richer in protein) is not separatedfrom the rest of the
seed, so that the full dietary value is retained in food
made from the millets. The seedsof bulrush millet are
larger than the other millets.

Regional Production

Bulrush millet has the greatestuse in Africa and
India and finger millet in India, Pakistanand parts of
East and Central Africa. Total production of millets in
Asia and Africa is somewhat smaller than for sorghum,but
in some subhumid environmentsthe millets are the dominant
cereals.

Bulrush Millet

Other common names are cattail millet and pearl
millet. This millet is usually a short-seasoncrop, often
grown in rainfall zones of less than 600 mm yearly, during
the short periods when soil moisturewill sustaincrop

• growth. It does best where light showers followed by
bright sunshineprevail during the growing period. It is
somewhatdrought resistantby virtue of its well develop-
ed root system and hairy stalks and leaves. Also, it is
tolerant of rather infertile soils as well as sandy soils.
Protein is usually of good qualtty and quantity, although
a somewhathigher content of lysine would be desirable.

Description

It is an erect grassplant with strong round stalks,
2 to 3 cm thick, growing to a height of ｬ ｾ to 3 meters. The
leaves are 5 to 7 cm wide and reach lengths of I meter or
more. It has a stiff cylindrical head, 20 to 40 cm long
and 2.5 cm in diameter. The grains are borne in fasicles
with short attachmentsto the central stem of the head, with
exposedyellowish gray to whitish naked seeds. The seeds
are 3 to 4 mm long and Ｒ ｾ mm wide, the largest of any of
the millets. Bulrush millet flowers are cross pollinated
by wind, and this habit dictates the techniquesof breeding
for crop improvement.
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Bulrush Millet Improvement

Bulrush millet is normally cross pollinated, but it
can be easily selfed. The cytoplasm-male-sterility-genetic-
restorer systemhas been identified and used successfully
for single-crosshybrid production in the United States
and India. The World Collection of bulrushmillet has
been evaluatedand selectedcollections and varieties have
been used as sourcematerial to develop breedingpopula-
tions in Uganda, Nigeria, Senegaland India. These popu-
lations are in selectionprograms to improve the yields,
lodging resistanceand diseaseresistance. These popu-
lations are available for use as synthetic varieties or
as sourcesof inbred lines for hybrids.

Culture

The seedbedfor millet should be preparedin antici-
pation of prompt planting when soil moisture becomesade-
quate. Since the seed is small and must be planted shallow,
the seedbedshould be mellow. The crop respondsto com-
plete fertilizers (nitrogen, phosphatesand potash) where
soil moisture is adequate,and to liberal applicationsof
animal manures. It should not be assumedthat limited rain-
fall preventsresponseto improved fertility, but local
field tests are neededto determine the amounts of ferti-
lizer or manure that will be profitable.

The crop is usually planted by hand in hills spaced
50 cm apart, in rows 1 meter apart. Several seedsare
dropped per hill, to assureat least one plant each. When
improved cultural practicesare used, higher yield can be
obtained from drilling in narrow rows. The growing period
to maturity is 4 to 5 months for most types. The plant
density should be determinedaccording to expectedavail-
able moisture.

Weed control is quite important, since any weed growth
exhaustssoil moisture and competeswith the millet for soil
nutrients. All weeds should be removedwhile still small
in order to avoid damage to the millet root system.

When the grain is mature, the heads are cut by hand,
and when dry the grain flailed out on a threshing floor.
If bird damage threatens,the headsmay be harvestedwhen
seedsreach the hard dough stage, and drying completedby
sundrying on hard surfacesto about 10% moisture content.
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Bulrush millet may suffer severedamage in storage,
from grain infesting insects, unless specific precautions
are taken. Protectionmust begin with treatmentof empty
storagestructuresand containers,using malathion to
kill insects hiding in cracks and crevices. Grain should
be fumigated whentplacedin storage.

Downy mildew, rust and ergot sometimescausea re-
duction in ｹ ｩ ･ ｬ ､ ｾ Effort is currently underway to breed
varieties resi--stan-eto thesediseases.

Finger Millet

Other common names are ragi, birdfoot millet, coracana
millet, and African millet.

Regional Use

Although the greatestuse of this millet is made in
India and Pakistan, it is also grown in many parts of
East Africa as a short-seasongrain crop. It fills a
niche in the ecological environment somewhatdifferent
than bulrush millet. Finger millet thrives in a moist
climate but not where there are continuing heavy rains.
Also, it grows at altitudes of 2,000 to 2,500 meters,
on rocky and shallow soils where moisture supply is
abundant. The highlands of Ethiopia, Somalilandand
Sudan provide favorable conditions. On the Indian sub-
continent, it is grown extensively in the Himalayan
foothills, and also as a secondcrop on lowlands cropped
yearly to rice.

The food uses of finger millet are similar to those
describedfor bulrush millet. Protein content is generally
low. Lysine is deficient but methionine is high.

Description

Finger millet is an annual crop that grows to 1 to
1-1/3 meters in height, producing a terminal inflorescence,
containing small round brownish-redgrain. The plants
have a capacity to tiller arid branch freely. The inflores-
cence is borne on a long stem from which 4 to 6 spikes
radiate in a whorl - hence the name finger millet. The
seedsare borne 1 to a floret, in clustersof florets,
and thresh out naked at maturity.
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Finger Millet Improvement

Finger millet is a completely self-pollinatedcrop
and neither genetic or cytoplasmic sterility is available.
The World Collection includes a large number of very
diverse varieties that can be evaluatedfor improved
varieties for commercial use. Selectedvarieties have
beenmanually intercrossedat the SerereResearchStation
in Uganda to develop a breedingpopulation. New varie-
ties have been developedthat are high yielding and
resistantto lodging and a head blast disease.

Culture

Finger millet is best planted on a clean, mellow
seedbed. The crop respondsstrongly to fertilizers and/or
animal manures. Fertilizers supplying both nitrogen and
phosphateare preferred, at the ratio of 2 to 1. Care
should be exercisedin applying nitrogen as in excessit
induces lodging.

Unlike bulrush millet, finger millet is either sown
broadcastat the rate of 20 to 30 kg/ha, or in closely
spacedrows 20 to 30 cm apart at a reduced seedingrate.
In regions where the crop is planted in wider rows of 40
to 60 cm spacing, the seedingrate is reduced to 10 to 12
kg/ha. The seed is small and must be planted shallow, 1
to 2 cm deep to insure emergenceof seedlings. Germination
is 5 to 10 days, being longer in cooler weather.

Weed control may be a serious problem in finger millet.
For this reason, special attention is often given to several
successivecultivations at 7- to 10-day intervals during
seedbedpreparation, to germinateweed seedsand kill seed-
lings before the crop is planted. Becauseof the difficulty
of hand pulling or hoeing weeds in thickly planted finger
millet fields, it is probable that the use of appropriate
herbicides, such as 2, 4-D to control broad-leafedweeds,
would be practical. Tests of other herbicides to control
grassyweeds are needed; thesemust be herbicides that will
not injure the finger millet.

The principal diseasesare causedby a fungus that
causesroot rot, leaf spotting and headblast,and a grain
smut. These diseasesare most prevalentwhen the land is
cropped yearly to finger millet. To curtail a build-up of
diseaseinoculum, finger millet should not be grown on the
same land in successiveyears.
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aarvest

Finger millet matures in 3 to 5 months. The mature
plants are customarilycut close to the ground, tied into
sheavesand stackedto dry. The grain is threshedout by
beating the sheaves,or by mechanicalmeans. In the case
of irrigated finger millet, the heads do not all ripen
simultaneously. The individual headsare harvestedas
they ripen, spreadout on a drying floor for a few days
to cure, and then threshedin the usual manner. Good
grain yields under natural rainfall may reach 2,000 to
4,000 kg/ha; irrigated crops may yield somewhatmore.

Control of storageinsects in finger millet is
less of a problem than for bulrushmillet becauseof the
small seed size. The treatmentssuggestedfor bulrush
millet are applicable to finger millet.

LesserMillets

The lessermillets are of importance in certain
localities. Proso (broomcornmillet) and foxtail millet
(Italian millet) resemblebulrushmillet in their ecologi-
cal adaptationto climate and soil, and constitute "catch
crops" that will produce a grain crop in 60 to 90 days.
This makes them useful in regions of limited or uncertain
rainfall. Thesemillets may be grown in rows to permit
cultivation, or plantedbroadcast. Their utilization as
food crops resemblesbulrush millet.

Japanesemillet and browntop millet more nearly
resemblefinger millet in their climatic adaptationand
in their responsesto rather high levels of soil fertility.
Cultural practicesfor finger millet are generally appli-
cable to these two millets.
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CHAPTER 9

WHEAT !./

(Triticum aestivum - bread wheat)
(Triticum turgidum - durum wheat)

Wheat is of two major genetic groups; the durum wheats
with 14 pairs of chromosomes,and the bread wheats with
21 pairs of chromosomes. All wheats are self-pollinated,
and any natural hybridization is relatively rare. Even
with man's intervention, it is difficult to "cross" durum
and bread wheats.

Durum wheats generally have hard kernel texture. They
are used to producemacaroni and similar pastaproducts,
rather than bread. Bread wheat varietiesmay have either
hard or soft kernel texture and contain substantialamounts
of gluten (a proteinaceoussubstance)that imparts the
cellular structure to leaveneddough when it "rises" under
controlled fermentation, and it is baked into bread, rolls
and similar products. Bread wheat is the only cereal grain
that containsgluten of a quality capableof producing
leavenedbread.

These two wheat groups have had separategeographic
origins in their evolution. The durum group is believed
to have originated in the Ethiopian region and spreadfrom
there in early times to North Africa and the Mediterranean
Region. The bread wheats are believed to have originated
in the Near East in the areasnow occupiedby Syria, Turkey,
Afghanistan, Iraq and Iran. The breadwheats early spread
to the EuropeanContinent, and were introduced into other
continentsby early explorers and colonists. Durum wheat
was introduced into North America in the Great Plains area
in recent historic times, and now comprises1/16 of the USA
acreage. They are used extensively in North Africa and
the MediterraneanRegion.

Except where durum wheat is specifically mentioned
in the following discussion, the information applies to
the breadwheats and mayor may not apply to durum.

Wheat is a cool seasoncrop. The greatestworld pro-
duction occurs in the temperatezones, but becauseit is
grown at higher altitudes in the tropics and subtropics,
it occupiesan important position as a foodstuff in these

11 Edited by Louis P. Reitz, Staff Scientist (Cereals)• National Program Staff.
Agricultural ResearchService. U.S. Departmentof Agriculture. Beltsville,
Maryland 20705 and John G. Moseman, Chairman, Plant Geneticsand Germplasm
Institute. Agricultural ResearchService, U.S. Departmentof Agriculture.
Beltsville. Maryland 20705
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regions. The dwarf, stiff-strawed, high-yielding spring
wheats that are an important componentof the "Green Revo-
lution" were bred in Mexico utilizing high altitude locations
for a summer crop and low altitude locations in Northwestern
Mexico for a winter crop. They have had a great impact
on the agriculture ｾ ｦ India, Pakistan,Afghanistan, Iran,
Turkey, and Tunisia; and the lessonslearned in these coun-
tries are being applied to other regions. Wheat growing
is important in North and South Africa, at higher altitudes
in East African countries, and in Argentina and the Andean
ccuntriesof Colombia, Eolivia, Peru and Chile. The durum
wheats have not spreadmuch beyond North Africa, but the
breadwheats predominatein all wheat growing regions of
the tropics and subtropics. The breadwheats are in great
demandbecauseof the many kinds of leavenedbakery products
made from breadwheat flour, and the prompt acceptanceof
such foods wherever available.

The breadwheats include two types of growth habits -
(1) the ｾ ｲ ｩ ｮ ｧ annualsplantedat the beginning of a growing
season,tEat 00 not require exposureto low temperatures
to stimulate head formation; and (2) the winter annual
type that does require exposureto low temperatureto com-
plete the normal growth cycle. The high-yielding Mexican-
type or semi-dwarf wheat varieties are spring annual types,
and they will not survive long exposureto temperatures
severaldegreesbelow freezing that occur at higher alti-
tudes, such as those prevailing in regions extending from
Turkey to India. The spring annual types grow very well
in theseregions when planted after freezing periods have
passed. In general, these spring annual types are adapt-
able to the tropics and subtropics.

Wheat as a Foodstuff

Wheat is rich in carbohydrates(about 70%) and is
primarily an energy food. The crude protein content ranges
from 8 to 15% dependingon type and variety; it is highly
digestible, but deficient in severalnutritionally essential
amino acids, primarily lysine. In milling wheat. for flour,
the pericarp and germ are removed from the grain, and since
much of the protein and fats are in theseportions the
resulting flour has nutritional values lower than the whole
grain. However, the gluten retainedin the flour is ｳ ｵ ｦ ｾ

ficient to make bakery products of the desiredpalatability.
Intensive researchis now under way to increasethe amount
and to improve the quality of protein of wheat, to make
it more nearly a complete food.
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Description

Wheat is an annual grass that normally produces2 or
3 tillers per plant under crowded field conditions, with
a spike (head) at the top of each tiller. The stems are
jointed and hollow, with a leaf producedfrom each stem
joint. The spike averages15 to 18 spikelets, each contain-
ing 2 or 3 grains. The root system is fibrous, produced
mostly by adventitiousroots developedat the stem nodes
of each stalk or tiller just below the ground level. The
root systemmay permeatethe soil to depths of about 1
to 2 meters, if soil conditions are favorable.

Wheat is largely self-pollinated, since pollination
ｮ ｯ ｲ ｭ ｡ ｾ ｬ ｹ occurs betore the florets open. Varieties "breed
true" to type, permitting growers to save their own seed
without deteriorationin hereditaryvigor. Breeding pro-
grams to improve yields and quality of grain are being
aggressivelypursuedin many countries.

Adaptation

Wheat prefers a comparativelycool growing period with
moderaterainfall; but yields are not reducedby comparatively
high temperaturesduring the last few weeks before harvest,
provided the soil moisture supply is sufficient to meet
plant needs. Irrigation to supplementnatural rainfall
may be required to supply the necessarymoisture during
the grain formation period of about 30 days after pollina-
tion.High humidity during the vegetativeperiod favors
the developmentof diseasesof leaf, stalk and spike.
Excessivemoisture supply also tends to produce tall, weak
stalks, that are easily lodged in storms with resulting
severereduction in yields. Semictwarf Mexican-typewheats
are lodge-resistantbecauseof the short, stiff-straw, and
are nonsensitiveto day length. These characteristics
widen their ecological adaptation,and permit heavier fer-
tilization for much higher yields.

Wheat prefers loam to clay loam soils that are fairly
deep and well drained, with moderateto high soil fertility.
Deep soils have the capacity to store ample soil moisture,
which the wheat plant utilizes for sustainedgrowth even
though rains are intermittent. Sunny weather favors high
yields, so that the highestwheat yields are achievedon
deep, fertile soils in regions where there is ample sunshine.
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Fertilizers

Prior to the developmentof semidwarf wheats it was
believed that wheat would not tolerateheavy fertilization
without causing severelodging and greatly reducedyields.
Heavy applicationsof manureswere as undesirableas heavy
usageof nitrogen fertilizers. This belief was disproven
when the short, stiff-stalkedwheat varieties were bred;
thesevarieties did not lodge under higher levels of ferti-
lity. It was then possible to breed for higher capability
in yielding power, with greateramounts of fertilizers and
abundantmoisture under irrigation, and to combine these
traits with resistanceto wheat diseases. This research
lifted potential yields to as much as 4- and 5-fo1d yield
increasesover indigenouswheat production. Many tropical
and subtropicalcountries have now benefited from the intro-
duction and further improvementof this type of wheat.
However, it is abundantlyclear that improved cultural
practicesmust accompanythe use of theseproductive wheat
varieties to achieve high yields. Under practical farm
conditions, even where cultural practiceshave not been
completely controlled, national wheat yields in such coun-
tries as India and Pakistanhave increased25% following
adoption of thesewheats and the improved practicesfor
growing them on a large scale. Thesewheats are grown
primarily under irrigation (which is often faulty), but
certain improved varietiesmay also have substantialvalue
under natural rainfall where moisture conservationpractices
are followed such as has been demonstratedin Tunisia.

Breeding

Breeding programs are underway to expand the value
of semidwarf wheats by developing improved resistanceto
the diseasesand insectsprevalent in different regions,
without loss of the short, stiff-stalked trait and high
yielding power. Also improved winter wheat types are being
sought that would be more useful in North Africa and the
winter wheat regions extending from Turkey to India. In
addition, seriousresearchprograms are underway to improve
the nutritive quality of the wheat proteins.

Varieties

Wheat breeding programs, in many wheat growing regions,
have developedimproved varieties of both spring and winter
types of wheat. Many of thesehave already been proven
to be significantly superior to the wheat varietiescommonly
grown in the tropical and subtropicalwheat-growingregions.
The wide adaptationof day-length insensitivespring wheats
permits extensivesharing of the plant breedersproduct.
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Field trials of ｰ ｲ ｯ ｭ ｾ ｳ ｾ ｮ ｧ new wheat varieties should be
made in representativelocations to determinetheir imme-
diate value, and the most promising should be made avail-
able to farmers along with a "package" of cultural practices
suited to the locality. Since thesewheat types will "breed
true", improved varietiesmay be rapidly multiplied, and
growers, by avoiding mixture with common seed in harvesting
and threshing, may save their own seedwithout loss in heri-
table traits. A precautionis that improved varietiesmust
be accompaniedby effective cultural practicesto produce
increasedyields.

Culture

The wheat seedbedshould be free of weeds, well supplied
with moisture and rather compact to permit prompt germination.
The soil fertiLity should be assuredby incorporationof
animal manuresand/or fertilizers containingnitrogen and
phosphategenerally at a ratio of 2 to 1. The amountsmust
be adjustedto the inherent soil fertility, and the probable
supply of soil moisture, as determinedby local field trials.
However, it is a mistake to assumethat fertilizers are
not useful in less humid regions, since increasesin nitrogen
and phosphatemay stimulate root developmentso as to exploit
deepersoil moisture reserves. Wheat grown under natural
rainfall will benefit greatly from soil conservationand
tillage practicesthat retain rainfall in the profile rather
than permitting its loss as runoff. With limited rainfall,
water conservationhas paramount importance, and the soil
moisture statusat planting time is an important factor.

Planting of spring wheat should take place as soon
as danger of killing freezeshas passed. For winter wheat,
planting should occur at least 6 weeks before low tempera-
tures slow growth, so as to develop a substantialroot system
for the over-wintering period. Wheat is usually planted
in rows 15 to 20 cm apart, with at least one plant per 5
to 10 cm of row. Drilling of seedabout 3 to 5 cm deep
places the seed in moist soil (or soil that will stay moist
after a rain) for prompt germination. Such machine planting
is far more certain to produce a full stand of plants than
broadcasting,althoughbroadcastingis successfulwhen fre-
quent showers can be expectedafter planting. Eighty kilo-
grams of seedshould plant 1 hectarewhen drilled in rows,
and up to 120 kg of seedmay be neededfor broadcastsowings.

Weed control, after sowing, is usually not required
or practical but may be necessaryon heavily infested land.
Removal of weeds by pulling or tillage usually severely
damagesthe wheat root system; solid planting of wheat on
a weed-free seedbedis usually relied on to provide enough
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competition to reduceweed damageto the wheat crop. Weed
removal on irrigated wheat is less serious than on rainfed
crops, becausewheat will regeneratedamagedroots if mois-
ture supply is adequate,particularly at early growth stages.
Weed control by use of appropriateherbicides to combat the
important weed speciesat hand becomesa useful treatment
on heavily weed infested fields. The wheat root system is
not damagedwhen the herbicidesare properly used.

For further information on Crop Protection, see Chap-
ter4 of book on "Tropical Agrict:lture" by Wrigley. (See
Referencelist following Chapter 40.)

Harvest

The wheat crop usually ripens about 30 days after
blooming of the florets. The kernels are completely filled
when they reach the dough stage, at which time the leaves,
stalks and spikes begin to lose green color and become
golden yellow. From this stageonward, ripening consists
of gradual loss of moisture content of the kernels. When
completely air-dry, the kernels will averageabout 10 to
12% moisture, at which time they may be stored safely with-
out molding. Where bird or storm damageis threatened,the
crop may be cut and bound into sheavesas soon as it yellows,
and stackedin the field or in sheltersto complete drying.
Harvest may be done by hand with sickles, or with machines.
Combined harvestingand threshing of standinggrain by use
of machines is practical in regions where the harvestperiod
is dry, but the grain must be thoroughly dry before such
harvest.

Storage

The first requirementfor safe storageof wheat in the
tropics is to have it dried to 10% moisture or less before
placing it in storage. For higher moisture-contentwheat,
additional drying is neededto prevent spoilage. Protection
of storedgrain from storageinsects is particularly impor-
tant in the tropics and subtropics. It must begin with
treatmentof on-farm storagestructuresand containersto
destroy insectshidden in theseplaces, but initial fumi-
gation of the grain as it enters storageis equally impor-
tant. Some central storageagenciesto which farmers make
deliverieswill not accept insect infested grain, or pur-
｣ ｨ ｾ ｳ ･ it only at discount prices.

For further information on treatmentsto combat grain
storageinsects, see the Chapter on Maize, section on "pests
of stored grain".
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CHAPTER 10

BARLEY 1/
(Hordeumvulgare)

Barley is an ancient food grain of Ethiopia, North
Africa, particularly Libya and Morocco and to a lesserex-
tent Tunisia and Algeria, and the Near Easternregions.
About 75% of the world production is in the temperatezones
of North America ｾ ､ Europe where it is used as a feed for
livestock and f6r brewing beer; but it remains an important
food crop in the regions of its origin. It is also grown
as a food crop in the Andean Countries of South American,
especiallyArgentina and Peru, and in India, Turkey, Korea,
Afghanistan, Iraq, Syria, Iran, and Pakistan. It is grown
at higher altitudes of the tropics, and in irrigated areas
of desertsthat are too high in soil alkali for growing
other cereals.

Types

Barley has many forms. There are winter annuals that
require cool weather down to or below freezing during the
seedlingperiod.to stimulate heading, and String.annuals
that do not require cold exposurefor norma development.
Unlike wheat that threshesout naked kernels, barley is
IIMtst1y of the "covered" type, in which the glumes adhere
to the grain. However, the "naked" type is grown in the
Himalayas and China. Individual spike1etsmay be awned,
hooded, or awnless, and the spikes or headsmay have two
rows of kernels, or six rows.

Food Value

Barley is classedas a starchy food (65 to 68%) and
is thus an energy source. Currently grown varieties average
12 to 14% protein; however, the protein is somewhatdeficient
in the nutritionally essentialamino acids - lysine and
threonine. It should be supplementedwith protein foods
in the human diet, particularly, animal products, foodgrain
legumes, and oilseedmeals. Barley is widely acceptedas
a palatableand nutritious food crop, despite the necessity
of removing the hulls by abrasionin preparing it for food.
The grain is normally preparedfor food by boiling or parching
the whole grain, grinding for making gruels, made into flour
for baking flat breads, and used in other ways. Recent re-
searchfindings in Sweden,Denmark. and at Montana State

!/ Edited by Loui's P. Reitz, Staff Scientist (Cereals), National Program Staff,
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Institute, Agricultural ResearchService, U.S. Departmentof Agriculture,
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University indicate that it should be possible to breed im-
proved commercialvarietieswith higher quantity and quality
protein in barley.

Adaptation

Barley, with all of its forms; has a very wide ecolo-
gical adaptation. Different varieties are used to produce
crops in the cooler zones and in hot zones. However, barley
is not grown in areaswith high humidity and high temperatures.
The best yields are obtainedwhen there is a growing period
of about 4 to 5 months, in which the vegetativeperiod is
relatively cool. It needs less moisture than wheat, but
hot, dry winds after heading reduce grain yield. Shorter
seasonvarieties are used to escapedrought damagein regions
with short rainy seasons.

Winter-type barley varieties are grown in higher eleva-
tions where the cool seasontemperaturesmay fall below freezing,
and spring-typevarieties are grown in other regions with
cool periods irrespectiveof the season. In North Africa
and the Near East, spring barleys are grown wherever there
are mild winters. For the colder environments,winter hardy
varieties are available, however, none have been developed
which equal wheat or rye in toleranceto low temperatures.

Barley is best adaptedto well-drained, deep loam soils,
and respondsstrongly to high fertility. Varieties are known
which are relatively tolerant to the alkali soils which occur
widely in all regions of limited rainfall. Shorter, stiff-
strawedvarieties are preferredfor soils of higher fertility,
to avoid lodging of the stalks before harvest. Barley does
not tolerate imperfect soil drainage,nor strong soil acidity.

Description

Barley is a member of the grass family, with a fibrous
root system, several tillers per plant, each having jointed
hollow stems that carry a leaf at the stem node. The root
systemmay extend a meter into deep, permeablesoils, and
utilize soil moisture to that depth. The terminal spike
on each tiller has two or six rows of fertile florets borne.
sessileon the.axis of the spike. There is one grain per
floret, and the total number of grains per spike may vary
from 20 to 60 or more, dependingon variety and growing con-
ditions. The grains in each spikelet, dependingon variety,
may carry fertile glumes with awns, hoods or be without them,
and the glumes may range from straw colored to black. Most
barleys grown in the tropics and subtropics threshout with
kernels coveredby adherentglumes that must be removed by
abrasionin preparationfor human food. The barley kernel
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(within the glumes) may be creamy white, red, purple, blue
or black, but white types are generallypreferred. Most
commercial barleys have awns that may be either sharply barbed
or smooth. Many of the newly improved varieties have smooth
awns which are not as objectionableto handle during harvest.

Barley begins flowering 2 to 4 months after planting,
and the filling and ripening of the kernels requires about
one month. Kernels are mature when they reach the dough
stageof development,and th remainderof the ripening
processconsistsof drying. Barley is ready for harvest
and storagewhen the kernel moisture is reduced to about
12% or less.

Varieties

Several hundred improved barley varieties have been
bred for temperateregions, and a small but substantialnum-
ber have beenbred and introduced for use under tropical
and subtropical conditions. Thesevarieties differ in length
of growth period to maturity, stalk height, resistanceto
lodging, toleranceto soil alkali, responsivenessto soil
fertility and fertilizers, and toleranceor resistanceto
plant diseasesand insect pests.They should be evaluated
for performanceunder local or regional climate and soil
conditions and those that produce the highest grain yields
under good cultural practicesshould be selectedfor further
testing.

Since barley is a self-pollinatedspecies, it breeds
true to type in successivegenerations,and seedmultiplica-
tion is easily handled. Farmersmay save their own planting
seedwithout loss of hereditarytraits. They will profit
from guidanceon maintenanceof purity and production, eli-
minating foreign matter and weed seeds,and on preserving
viability.

Culture

Planting

Cultural practicesfor barley are similar to that of
wheat and oats. All weed growth should be killed in prepara-
tion of a seedbed,and manuresor fertilizer incorporated
in the rooting zone below 3 cm. The seed should be planted
by drilling to a depth of about 5 cm in rows 20 cm apart.
Wherever rains are uncertainat planting time, hand planting
in rows is acceptable,and is superior to broadcasting.
Drilling seed in moist soil insuresprompt germinationand
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seedlingestablishment. For row planting, 80 kg of seed
per hectareis sufficient; but for broadcastplantings the
seedrequirementshould be increasedto as much as 120 kg/haG
(NOTE: No recommendationsare made on treating seedbefore
planting, since ｳ ｵ ｾ ｨ treatmentsare poisonousto man when
surplus seed is eaten; and must follow in-country regulations.)

Weed Control

Barley is not cultivatedfor weed control, except on
very weedy land where undue reliancemust not be placed on
competition from barley plants to subdueweeds. Handpu11ing
of aggressiveweeds is necessaryon weedy fields, particularly
where soil moisturemay be a limiting factor in growth, since
weeds quickly exhaustmoisture supplies. Weed removal by
pulling, hoeing, or by herbicide application should be done
while weeds are small, before serious damageto barley plants
has occurred. The herbicide selectedshould be one that
experiencehas demonstratedto be effective in killing the
weed specieswithout injury to barley.

DiseaseControl

Several diseasesare known to reduce the production
of barley. Powderymildew occurs wherever barley is grown
and often causeslarge losses in production. Leaf rust is
also important, but stem rust is not as important on barley
as on wheat. In many areas,barley matures early and escapes
from infection with the rust fungi. The disease,scald,
occurs in the cooler climates. There are three smut diseases,
which infect the spikes causingyield reductions, and viruses,
which reduceplant vigor and winter survival. Leaf spotting
and leaf blotching diseasesare usually presenton barley.
The growing of resistantvarieties is the most effective
and economicalmethod for controlling barley diseases. Selec-
tions or varieties are known which are resistantto these
diseases. The use of diseasefree seed and cultural practices
that assurevigorous plant growth will reduce losses. (Noter
Fungicidesare available for reducing lossesfrom most of
the barley diseases. No recommendationsare made for using
fungicide becausesuch fungicides may be poisonousto man
and their use must follow the in-country regulations.)

Insect Control

Several insects feed on barley. The greenbugaphid
causesplants in small areas in fields to become stunted
and nonproductive. Other aphids and leafhoppersare known
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to transmit virus diseases. There are varieties resistant
to the greenbugand to most of the viruses transmittedby
insects. The Hessianfly which infests fall-planted wheat
also infests fall-planted barley. Losses from the Hessian
fly can he avoided by delaying the planting until the weather
is cooler. The cereal leaf beetleattacksbarley in many
countries in SouthernEurope, North Africa, and in a few
areas in North America. Sourcesof resistanceto this insect
have not yet been identified.

Harvest

The full yield of grain will have been achievedwhen
the kernels have reachedthe dough stage, and the crop begins
to turn from green to golden yellow. Full ripening occurs
when the grain has dried to a moisture content of about 12%.
Barley like wheat can suffer from bird damage, some varieties
being more heavily attackedthan others. Field curing is
generallypractical. Harvestmay be by hand with sickles
or by machines. Combined harvesting-threshingby machine
is quite feasiblewith dry grain, but fairly large areas
are neededto make this practice economicallydesirable,
particularly where abundanthand labor is available.

Storage

Grain harvestedwith a moisture content of more than
12% should be further dried even before being placed in lo-
cal farm storage. Spreadingthe grain in shallow beds on
a hard floor will facilitate sun drying. Before storing,
all trash and foreign matter should be removed by winnowing
or screening.

Protectionfrom storedgrain insect damage is univer-
sally neededin warm regions. Infestationsmay develop from
insectscarried in from the field, or from insectsharbored
in storagestructuresor containers. If no control measures
are invoked, heavy damagemay occur in a few weeks, and com-
plete destructionof the grain may be experiencedin a few
months. Thus, empty containersand storagestructuresshould
be treatedwith malathion before the grain is placed therein.
All grain entering storage, either on the farm or in a ware-
house, should be fumigated. Recommendationson appropriate
kinds of fumigation are given in the Chapter on Maize, section
on "pest of storedgrain".
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CHAPTER 11

FIELD BEANS !/
(Phaseolusvulgaris, and related species)

PresentProduction

The term dry beans is broadly interpretedto include
all field and kidney beansof any color, size or shape, as
well as lima beans and tepary beans (see chapters15, 17
and 19 for other kinds of beans). The latter two are closely
related to kidney or field beans. Field beansare the most
important of the "food grain legumes" (pulses) in terms of
world use, that are grown in the tropics and subtropics.
They are widely grown in Mexico, Central America and the
Caribbean,South America and Asia, and to a lesserextent
in Africa. However, they sharewith other speciesof food
grain legumes their role in cropping systemsand in human
diets. Dry field beans fill a similar position in farming
systemsas cowpeas, pigeon peas, and mungbeans,but the latter
fitting the hotter more humid soils and climatic conditions.
Beans in common with all other food grain legumes, store
well when dry, and enter into market trade channelsas staple
foodstuffs, both domestic and export. The food grain legumes
all are relatively interchangeablewith each other as food-
stuffs, subject to various local preferences.

Food Value

Beans (and other food grain legumes) are high in total
protein, 20 to 25%, and thus serve to balancehuman diets
basedon cereal grains and other starchy crops. They serve
as a substituteor as an "extender" of the scarceanimal
and fish proteins. Although the bean protein is somewhat
deficient in the sulfur containing amino acids (methionine
and cystine), the protein is rich in lysine and tryptophan
that are deficient in cereals. Beans also contain about
2% fat, and about 50% carbohydrate(energy constituent),
thus making them a nutritious foo·d.

Utilization

Some varietiesof beans··and other food grain legumes
have a reputationfor being flatulent (generategas in the
digestive system), but it is reported that this may be alle-

11
Edited by Charles A. Francis, Coordinator, Small Farm Systems
Programs, InternationalCenter for Tropical Agriculture. Cali,
Colombia



- 102 -

viated by soaking* and discarding the soak water before cook-
ing, followed by thorough cooking. Plant improvementby
breeding should succeedin developingnew varieties that
are less likely to be flatulent, and also are richer in pro-
tein and the essentialamino acids - methionine and cystine.
This may be done in conjunctionwith breeding for higher
grain yields and for resistanceto limiting diseasesand
pests.

To more fully exploit the value of beans in the agri-
cultural economy, yields of beansper hectaremust be sub-
stantially increased. To date, comparativelylittle applica-
tion has beenmade of agricultural scienceand technology
to improved bean production. However, local experiments
and field trials have indicated the feasibility of readily
increasingproductivity of the crop by 2- or 3-fo1d with
presentknowledge and materials, and that further increases
are possiblewhen researchhas been completedon breeding
improved types and testing superior cultural practicesfor
local conditions. The benefits of invoking modern science
and technologywill be to increasethe volume of the crop
being produced, and to greatly reduce the net cost of pro-
duction per kilo. By so doing, it will be feasible to rapidly
improve the quality of rural diets, and to produce a salable
cash crop for which there is market demand, both for domestic
and export trade. The following review indicatespromising
methods of increasingproduction.

Adaptation

Climate

Field beansare annuals that belong to the legume family.
In common with other legumes, they are capableof satisfying
a major part of their nitrogen needs through fixation of ni-
trogen from soil air by means of root nodules containing spe-
cific forms of bacteria (Rhizobium spp.). Thus, beansare
essentiallyindependentof both soil nitrogen and fertilizer
nitrogen. However, when grown as a very short-seasoncrop,
the addition of some nitrogen fertilizer or the growing of
the crop on fertile soil is an assetfor rapid growth and
higher yields. The residual effect of growing beans on land
is to improve fertility for succeedingcrops.

There are significant differencesbetweenbeanvarieties
in their toleranceof heat and drought. Thus, tepary beans

* Soaking is more effective in water containing about %gram of
soda per liter of water; soaking for severalhours.
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(Phaseolusactitifolius)have the reputationof producing a
crop in 60 to 90 days in hot, dry climates, providing soil
moisture is adequatefor that short growing and ripening
period. Other tropical varietiesmay require as much as 120
to 150 days to mature, and thesediffer in toleranceto heat.
There are varietal'differencesalso in reaction to air humid-
ity, but in general beansare most productive in regions with
lower humidity, largely becauseof diseasesand insect pests
that attack leaves and stems of beans in humid regions. Beans
ｾ ｲ ･ ｭ ｯ ｳ ｾ successfulin areaswhere ｲ ｡ ｩ ｮ ｦ ｡ ｾ ｩ ｳ light during
the latter part of the ｧ ｲ ｯ ｷ ｾ ｮ ｧ season. (Other legumes thrive
when air humidity is too high for higher bean yields.)

Soil

Beans are grown most successfullyon soils of medium
texture (loams), that are well drained. Where occurrence
of rains is uncertain, soils should be 60 to 100 cm deep,
so that roots may draw on thesesoil moisture reserves. Short-
er seasonvarieties have shorter root systems. Beans are
grown quite successfullyas irrigated crops, with yields sub-
stantially higher than most beans grown with natural rainfall.
Beans are not heavily dependenton nitrogen in soils, but
they have comparativelyhigher requirementsfor phosphate
and other major minerals (potassium, calcium, magnesium,and
sulfur) than the cereals, since their ultimate composition
is higher in such elements. It is believed that the need
for essential"trace" elements (manganese,iron, copper, zinc,
boron and molybdenum), neededin rather small amounts, has
generallybeen overlooked. It should be noted that the rela-
tively high mineral contentsof beans are an important contri-
bution to the nutritive value of beans, as well as being
indicative of fertilizer needs for higher yields. Fertilization
to augment the soils capacity to supply these elementsis
important in bean culture (see section on fertilizers). Since
all food grain legumes are somewhatdeficient in sulfur-containing
amino acids, attention to the sulfate supply in soils and
fertilizers is indicated•..
Description

Dry beans, including all forms of CODmlon or "kidney"
beans, lima beans, and tepary beans,may be bushy or trailing
in growth habit. In general, the bush types are preferred
for commercial production, since they are largely determinate
in growth and most of the crop ripens at one time, thus facili-
tating mechanicalharvesting. The plant has a well branched
root system. The bush-plant type has a strongly developed
central stem and branches,bearing trifoliate leaves. Leaves
and stems are somewhathairy. Flowers are small, and vary
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in color from white to bluish. The flowers are self-pollinated,
and hence the seedgenerallybreeds true to type. Pollinated
flowers produce pods, straight to sickle shaped, 10 to 15
cm long, containing 5 to 20 seeds. Mature dry beansof dif-
ferent varietiesmay range in color from white to pink, red,
speckled, and brown to b,lue-black. They also vary greatly
in size, ranging from 20,000 to 60,000 seedsper kilogram.
Some vegetablevarieties of beans are grown for their edible
pods and immature beans; thesehave non-fibrous pods. All
dry beanvarietiesmay be harvestedprematurely, for cooking
and eating as shell beans. Climbing beanvarieties are longer
season,but are preferredby small farmers for their associated
planting systems,particularly with maize.

Improved Varieties

The best descriptionof the ideal beanvariety has not
yet been determined. Obviously the structureof a variety
to satisfy the needs for mechanized｡ ｧ ｲ ｩ ｣ ｾ ｬ ｴ ｵ ｲ ･ would not be
the same as for a bean that would be grown in associationwith
another crop such as maize. In either case, desirableplant
traits for improved field beanvarieties would include erect-
ness so that pods are held above the ground, with grain ripen-
ing uniformly, and in which the beansdo not shatterout of
the pods when mature. These traits are compatiblewithadapta-
tion to specific climatic and soil conditions, high productive
yield potential under favorable conditions, and resistanceor
toleranceto locally important diseasesand insect pests. The
shape, size and color of seed ｡ ｲ ｾ heritable, and may be com-
bined with other desired ｴ ｲ ｡ ｩ ｴ ｳ ｾ

A considerablenumber of researchinstitutions, particu-
larly in Latin America, North America and Europe, have made
extensivecollection of bean types and strains; and these
collections should be drawn upon to conduct local or regional
field tests in the tropics and subtropics, to identify any
selectionsthat give superior performance. The world collec-
tion is being assembledat the InternationalTropical Agri-
cultural Center (CIAT), Cali, Colombia. Since beans generally
"breed-true", there is no difficulty in rapid multiplication
of the outstandingselections. Also, farmers may grow their
own seedwithout loss of hereditary traits; although guidance
will be neededon maintaining identity and producingviable,
disease-freeseed.

Plant breedersshould be encouragedto hybridize pro-
mising parental stocks, each of which have desired traits, to
combine such traits into individual strains. Such programs
have been highly successfulin developednations of temperate
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zones, and should serve as guides for similar progressin
the many tropical regions where beansare adapted. Two cha-
racteristicsin addition to yields that require more attention
than they have receivedare: (1) the improvement in protein
content and sulfur-containingamino acids (methionine and
cystine) when grown in soils of higher sulfate content, and
(2) differencesbetweenvarieties in easeof cooking and
tendencyto flatulence as foods. Black and red seededvarie-
ties have been observedto be distinctly better adaptedto
the more humid semitropics than white seededtypes, being
generallymore vigorous and disease-free. Recent testsmade
on isogenic lines of black and white types from Costa Rica
show the black seededones containing appreciablequantities
of tannin. The presenceof tannin would also explain the
distinctly lower nutritional value of the black-seededvarieties.

Culture

Fertilization

Beans respondstrongly to adequatesuppliesof mineral
nutrients. Application of an'ima1 dung in generousamounts
producesfavorable crop responses,particularly when applied
in shallow furrows that are then partially closed and the
seedplanted above the manuredbands. Broadcastingdung on
top of the preparedseedbedis a less efficient method, since
much of the benefit is not realizedunless dung is incorpo-
rated in the soil. Dung is highly variable in composition,
and any standardizationof the amounts required to increase
yields is difficult to achieve.

Commercial fertilizers are usually evaluatedfor crops
in terms of their nitrogen, phosphorus,and potassiumcontents,
with emphasison nitrogen. While this is appropriatefor
cerealsand other non-legumes,the phosphorusand potassium
contentsare most important for beans. Supplying phosphate
in a usable form is uncertainon many tropical soils because
of the soil's capacity for promptly converting the fertilizer
phosphateinto insoluble forms, which are unavailableto crop
plant roots. The most effective method devised to date is
to place the phosphate(and potash) in bands in shallow fur-
rows, cover lightly, and then place seed above thesebands.

The best method for determiningphosphateand/or potash
needs is by field trials with various amounts and kinds of
fertilizer. Without such trials, it is useful to make labora-
tory tests on representativesoil samples, to determine the
apparentsoil fertility. The fertilizer then is selectedto
correct the soil deficienciesto meet crop needs. Wherever
ordinary superphosphateis applied, the amounts of sulfur,
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calcium, and magnesiumcarried in the superphosphatewill be
sufficient to meet bean requirementsfor these elements.
However, if concentratedsuperphosphateis used to supply
phosphate,this does not contain sulfate, and will not cor-
rect soil sulfur deficiencies, if present.

On highly weatheredtropical and subtropical soils,
there is a strong probability that one or more of the essen-
tial "trace" elementsmay be so low as to seriouslyaffect
yields. These elementsare manganese,iron, copper, zinc,
boron, and molybdenum. The deficienciesare less likely to
be found where animal manuresare applied to crop lands,
since manures contain some of these elements. On soils where
application of fertilizers does not produce increasedcrop
yields, it is likely that trace element deficienciesconsti-
tute the limiting factor. Detailed studies are then needed
to identify the element required, and the amounts to be added
to the soil.

It should be clear that the use of fertilizers and of
trace element compoundsshould be basedon evidence that the
inherent nutrient supplying power of the soil will not satisfy
crop plant needs for higher yields. The amounts of each ele-
ment that are neededmust be determinedby field tests, but
preliminary guides may be provided by the results of trials
conductedin other regions that are similar in soil and climate.

Seed Bed Preparation

Manures and/or fertilizers should be incorporatedin the
soil during seed bed preparation. Beans should be planted
on a mellow but firm seed bed, free from clods and coarse
trash. Germinating bean seed elongatesthe young stem and
lifts the cotyledons (seed leaves) through the covering soil
layer. Strong soil crusting may prevent the cotyledons from
emerging. To minimize this hazard, beans should be planted
shallowly in moist soil to facilitate prompt germination.

Planting

Beans may be broadcast,drilled in close rows, or planted
in rows to permit cultivation. They may be grown in monocu1-
ture in a rotation with other crops or in associationwith
them. Cultivated rows, 50 to 60 cm apart require 40 to 50
kg of seed per hectare, dependingon seed size. Drill planting
in rows 15 to 25 cm apart is used where weeds are not serious
competitorsof beans, and 90 to 100 kg of seed are planted
per hectareby this method. Broadcastingis not an efficient
method of planting, and this type of culture does not favor
weed control. (NOTE: No recommendationsare made on treating
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seedbefore planting, since such treatmentsare poisonous
to man when surplus seed is eaten; and must follow the in-
country regulations.)

Weed Control

Planting.in rows 50-60 cm apart, at seedingrates to
provide at least one growing plant per 10 cm of row, permits
weed control by early hoeing or cultivating. Any damage
ｾ ｯ the root systemby tillage methods or weed competition
will seYiously retard ｰ ｬ ｡ ｮ ｾ grOwl.h and yields. Weeds.shuuld
be killed while very small, before they compete strongly
with the bean plants. In broadcastor closely drilled plant-
ings, the use of specific herbicides selectedto kill the
kinds of weeds presentwithout harming the beans is an effec-
tive way of combatingweeds.

Diseases

Beans may be attackedby a number of serious diseases,
including bacterialblights, leaf spots, leaf rust, leaf
mosaics, root rots and nematodes. High air humidity accen-
tuatesmost of thesediseases;and, thus, bean production
is most likely to be profitable in regions that are generally
lower in humidity. Planting disease-freeseed reducescertain
bacterialblights, leaf spots, and mosaics. However: where
available principal reliance should be placed on growing
resistantvarieties. Good field sanitationis also essential;
beans should not be grown on the same land in successive
years, and all crop residuesshould either be fed to live-
stock, or incorporatedin the soil to reduce the danger of
carryover of the diseaseinoculum.

Insect Pests

Beans are attackedby various insects, including bean
weevils (seedborne), bean beetlesthat feed on leaves, leaf
hoppers, and aphids and such insectsas the white fly that
transmitsviruses. Bean weevils are controlled by fumigating
seedbefore planting, and by field sanitation. Outbreaks
of plant infesting beetlesand larvae may be treatedby dusting
with pyrethrum, malathion, or other appropriateinsecticides.
Weed growths bordering the fields and insects on the weeds
should be eliminatedbefore the bean crop is seeded. This
prevents initial infection by insectswhich transmit viruses
from border plants. (see footnote)

Foodnote: For further information on Crop Protection, see
Chapter 4 in book on "Tropical Agriculture" by Wrigley,
(Referencelist following Chapter 40).
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Harvest

It is important to grow varieties that are upright,
so that pods do not touch the ground, and varieties in which
the pods do not dehiscewhen ripe, since ripe seed that shat-
ters out of pods is largely 10sto These traits are heritable
and may be combinedwith high yielding potential. The beans
are fully mature when the pods lose color, but subsequent
drying to 10% moisture content is completedfaster while
on the standingplants. If harvestedearlier, additional
drying on drying floors in sunshineis necessaryto reduce
moisture on the low level that will preventmolding in storage.
Threshingmay be done by hand flailing or by a threshersuited
for wheat or sorghum, adjustedto avoid undue cracking of
the beans.

Storage

Well-dried beans should store safely, if protectedfrom
rains or other moisture. The greatesthazard is that of
storedgrain insects,which may causeseveredamage in a
short time in warm weather. All empty storagestructures
and containersshould be treatedwith malathion before being
filled with the new crop. The new crop should be fumigated
as it goes into storage, and the fumigation repeatedwhenever
there is evidenceof new insect infestation. See the section
on control of storedgrain insects in the Chapter on Maize,
for further information.
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CHAPTER 12

COWPEAS 1.1
(Vigna unguiculata)

(Synonymswith varietal connotations:V. sinensis,
y. cy1indrica, V. catjang, and y. sesquipedalis)

The cowpea, sometimesknown also as southernpea, is a
warm-season,annual, herbaceouslegume. There are at least
four easily recognizedplant types -- erect, semi-erect,
prostrate(trailing), and climbing -- and although differences
are mostly genetic, reduced light contributes to vinyness.
Plants are fairly leafy with smooth, dull to shiny trifoliate
leaves. The growth habit ranges from indeterminateto fairly
determinate,but the plant typically continues to blossom
and produce seed for an extendedperiod. The non-viny type
tends to be more determinatein blooming habit than viny
types; and there are improved varieties that blossom over a
short period, so that ripened pods may be harvestedat one
time. With viny (trailing) types, the plant is still ｢ Ｑ Ｐ ｾ ｾ ｩ ｮ ｧ

when the first pods are ripe, and repeatedharvestare neces-
sary to keep pace with ripening pods.

The cowpea flowers are solid white, white with purple
mark.ings or solid purple in short racemes. Most cu1tivars
producemedium (20 cm) to very long (50 cm or more) peduncles
on which multiple racemesare borne. A good variety may pro-
duce two to three pods per peduncle, but often four or more
pods may be carried on a single peduncle. The presenceof
such long flowering stalks is one of the most obvious distin-
guishing featuresof cowpeas in comparisonwith other species.
This characteristicfacilitates both hand and mechanicalhar-
vest. The open display of flowers above the foliage combined
with the presenceof floral nectariesalso contributes to
visits by pollinating insects.

The pods are smooth, 15 to 25 cm long, cylindrical and
somewhatcurved. They are usually yellow when dry, but some
varieties have purple or brown coloration. The seedsare bean
shapedbut are shorter in comparisonwith width, and varietal
colors may vary from solid buff, clay, white, maroon, purplish
or nearly black to variously spotted, speckled, or marbled.
Some varieties characteristicallyhave a darker colored spot
on the hilum (seedattachment),often called an "eye." With
this range in varietal colors, it is feasible to selectvari-
eties so as to produce seedof the ｴ ｹ ｰ ｾ readily acceptedin
markets available to the producer.Varietal seedsize also

11
- Edited by K.O. Rachie, Leader, Grain Legume ImprovementProgram,

International Institute of Tropical Agriculture. Ibadan, Nigeria
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ranges from 3,500 to 9,500 per kilo; desiredsize and color
of seedmay be combined by the plant breederwith the desired
growth habit and yielding ability. Since the cowpea is self-
pollinated, growers may save their own seedwithout loss of
hereditary traits.

Adaptation

Cowpeasare a warm-weatherannual crop. Comparedto the
bean (Phaseolusｶ ｵ ｬ ｾ ｡ ｲ ｩ ｳ Ｉ cowpeasbeing drought resistantwill
tolerate lower rain all and humidity during the later growth
stagesof pod formation and filling when grown on soils of
some depth that supply moisture. The two crops fill about the
same role in farming systems; and the choice should be based
on relative adaptationand total grain yields. Phaseolusbeans
are seldom grown below 1000 meters in hot, irregular rainfall
zones in tropical Africa.

Cowpeasare adaptedto a wide range of soils, from sandy
to heavy loams, fertile to less fertile soils, including soils
that are quite acid. This does not mean that the crop prefers
infertile or acid soils, but that it toleratessuch soils under
conditions of adequaterainfall. The crop is not adaptedto
soils with poor drainage. ---

ProductionAreas

This crop speciesis native to Africa, and the greatestuse
of the crop is in Africa, although it is also grown extensively
in Latin America and southeastAsia. Nigeria, Niger, Upper
Volta, Uganda, and Senegalgrow cowpeas for market, but they are
widely grown as a subsistencecrop for home use in nearly all
African countries south of the Sahara. It is the predominant
food grain legume in African regions of moderateto abundant
rainfall. Cowpeasalso have achievedsome prominencein the
Far East. There is ample evidencein the Americas that cowpeas
of adaptedvarieties are more productive than phaseolusbeans
in regions of Central and South America at lower elevations
where temperaturesand less equably distributed rainfall pre-
vail. Cowpeasare best adaptedin Africa to the subhumidto
semiarid regions (250 to 1000 mm rainfall). They are much more
tolerant of high temperaturesand extendeddrought periods than
phaseolusbeans, which are largely confined to higher elevations.

The countries reporting yields per hectareexhibit great
differences in productivity. Some country yields were two to
three-fold greater than the averagefor all African countries,
and there was a three-fold difference betweenthe high and low
yielding countriesof Asia. From the researchresults on cow-
peas, improved cultural practicesmay produce four-fold increases
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in yield on the same varieties. Even greater increaseswere
obtained through judicious insect control. Average yields of
one ton or more per hectareshould be attainablewith adapted
varieties where rainfall is moderate to abundant, In general,
this food grain legume has been neglectedwith respect to the
applicationof ｾ ｣ ｩ ･ ｮ ｣ ･ and technology, including both breeding
and testing programs to develop improved varieties as well as
studieson methods of culture to maximize yields.

Two varieties, asparagusbean (V. unguicul-atavar. sesqui-
pedalis) and catjang (V. unguiculatavar. cyclindrica), are
grown primarily in South Asia, but are believed to have poten-
tial wherever cowpeasare adapted.

Cowpeasas a Food

Mature, dry cowpea seed (grain) averages23 to 25 percent
total protein, 57 percentcarbohydrates,1.3 percent fat and
3.5 percentminerals. Cowpeasconstitutean easily digested
and nutritious food. Although the protein is somewhatdefi-
cient in the essentialamino acids methionine and cystine, as
comparedto animal proteins, it is comparativelyrich in lysine
and tryptophan that are characteristicallydeficient in all
cereal grains. Cowpeas, therefore, constitutea valuable food-
stuff to supplementcerealswhich have adequatemethionine and
cystine, and other starchy foods in the human diet. They may
be used as "extenders"of animal proteins, which are easily
preparedfor food in home cooking. There seems to be much less
of a problem with flatulency than with phaseolusbeans, and
hard seed coats are generallyabsent. Green cowpeas are widely
used as a vegetable. A very important use in many parts of
Africa is the tender green leaves as a pot herb (spinach).

Varieties

There are a wealth of varieties in various collections
which have beenmade by researchagencies,but many of these
have not been field tested in tropical climates suited to cow-
peas. In addition to plant type, testing is neededto identify
yield capacityunder favorable systemsof culture, and the rela-
tive resistanceor toleranceof varieties to the diseasesand
insect pests of different areas. Marked differenceshave been
observedin a few locations, but significant researchhas·been
limited. Some of the testing in Nigeria, the United States,
and PuertoRico may have direct application to the tropics and
subtropicson other continents. Varietal testing should be
carried out with cultural practicesknown to favor increased
yields. rITA in Ibadan, Nigeria is now the center for world-
wide collection and testing of germplasm.
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Fertilization

Being a legume, cowpeas do not need nitrogen fertilizers.
Although the requirementsfor phosphateand potash, as well as
calcium, magnesiumand sulfur are relatively high, natural or
residual nutrients are frequently adequate. Most tests in the
lowland tropics have not shown responsesto P or K. This may
be expectedto changeas yield levels are raised and when the
crop is grown on more depletedsoils. Strong responsesto the
sulfur have been shown on some savannahsoils. Therefore, the
responsesthat have been credited to ordinary superphosphate
may have been in fact due to sulfur (concentratedsuperphosphate
contains no sulfur). .

The requirementsfor "trace elements (manganese,iron,
copper, zinc, boron, and molybdenum) are not well worked out
for cowpeas; and the probabledeficienciesoccuring in various
soils of the tropics are very poorly defined at present. It
is virtually certain that "trace" element deficienciesconsti-
tute limiting factors for cowpea production in certain local-
ities. A preliminary identification of thesemay be made by
noting conditions under which mineral fertilizers appear to
give limited response,and where applicationsof dung are
clearly beneficial. ｔ ｨ ･ ｾ ｩ ｳ then the researchproblem of
determiningwhich trace e1ement(s)may be in short supply, and
devising practical ways of correcting the deficiency. This
is a common problem with all cropping in the tropics, and a
direct researchattack should have wide benefits.

Seed Bed Preparation

The seedbed for cowpeas should be firm, free of clods and
coarsetrash, and moist at the time of planting. Fertilizers,
if required, are best applied in bands below the seed row, so
as to avoid undue interactionwith soil that tends to convert
phosphatesto unavailableforms. It is recommendedthat place-
ment of the mineral fertilizers, and/or dung, be made in the
bottom of shallow furrows. The fertilizer is then covered
with an additional 2 or 3 cm of soil. Mineral fertilizer "bands"
should be placed a little to one side of the seed row to avoid
burning of new roots.

Plantings should be made in moist soil, to foster prompt
germination. Soil crusting producedby rains and subsequent
drying may causepoor seedlingemergenceand thin standsof
plants. Broadcastplanting is not recommended. Row planting
permits more effective placementof fertilizer and facilitates
weed control and crop harvest. Spacing of rows should be ad-
justed to the robustnessof the variety, from 60 to 100 cm
apart. Seed should be spacedin the row to produce one plant
per 5 to 12 cm for erect forms 30 to 60 kg Of- seedplanting
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one hectare; for spreadingtypes spacingsbetweenplants in
the row should be 20 to 30 cm or at rates of about 10 to 15
kilos per_hectare. On fields being planted to cowpeas for the
first time,particu1ar1yin regions where the crop is not common,
seed should be inoculatedwith a fresh culture of cowpea bac-
teria to insure desirabledevelopmentof root nodules. Inocu-
lation should be made just before planting.

Weed Control

Weeds, if present,will greatly reduceyields and should
be removedwhile still small, before competitionwith the crop
has become serious. Efforts should be made to reduce or pre-
vent damage to the cowpea root system, whether by pulling weeds,
hoeing, or tillage. Weed control by treatmentwith selective
herbicidesselectedto kill the weed speciespresentwithout
injury to the crop may become a practicalmethod if and when a
satisfactoryweedicide is found reliable, particularly when
prompt removal pf weeds by other means is impossible. Weed
control is much less of a problem than it would be if nitrogen
fertilizer were used.

Plant Diseases

Cowpeasare generally considerednot as subject to epidemics
of diseasesas many other food grain legumes although in Africa,
where the cowpea originated, the plants are much fuore susceptible
to diseasesthan any of the other grain legumes grown. The
most important diseasesare wilts and rootknot diseases(soil
borne) that afflict the crop, as well as leaf spots, mildews,
viruses, and rusts. The control measuresthat are most effec-
tive are: (1) the use of clean seedof varieties that have re-
sistanceto the diseasesthat are locally prevalent, and (2)
field sanitation. Sanitation includes removal of all top growth
after the crop is harvested(preferably as feed for livestock),
and avoiding planting cowpeas on the same land in successive
years. Both methods, especially the latter, greatly reduce the
amount of inoculum presentwhen cowpeasare next grown on the
field.

Insect Pests

The weevils that infest seedmay seriously reduceplant
stands. As a preventive, seed should be dustedwith malathion
or other suitable insecticide immediately after harvest. In
tropical Africa aldrin is commonly recommended. If insectsare
are suspectedto be in the seedat planting time, it should be
fumigated to kill weevils and larvae that feed on growing
plants. Field sanitationalso is useful in preventingbuild-up
of damaging insect pests. Serious outbreaksof insectsshould
be treatedpromptly with insecticidesthat are appropriateto
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the species. Malathion is a general purposedust, but others
may be more effective dependingon the speciesto be controlled.

Harvesting and Threshing

The more upright, half-bush growth habit greatly facilitates
harvest of ripe pods. This plant form also tends to produce
most of its blossomswithin a short period, so that most of the
ripe pods can be harvestedin a single picking. While this
situation favors commercial type picking, the trailing growth
habit and the continuedproduction of pods over longer period
of time may produce substantiallygreater total yields. Where
the supply of hand labor is not a limiting factor, the trailing
plant type and extendedperiod of harvestmay be advantageous.
However, the pods harvestedfrom such plants will be variable
in moisture content of the seeds, and final sundrying on drying
floors is a prime requirement. ｾ ｦ ｵ ｡ ｴ ･ ｶ ･ ｲ the method of harvest,
the grain must be reduced in moisture content to 10 percent for
safe storage. Higher moisture induces rapid molding in warm
weather and quickly makes seed for planting nonviable.

Thoroughly dry pods are easily threshedby hand flailing
or machine threshing. There should be no splitting of seed
to producehigh quality grain.

Control of StorageInsects

Cowpeasare susceptibleto serious damageby storagein-
sectsof several types. Some infestationsby weevils that
have occurred in the field will carryover into storageunless
promptly treated. Drying of seed and threshing should not be
delayed, so that fumigation of newly harvestedgrain stops
possible insect damage. Empty storagestructuresand containers
should be treatedwith malathion or equally effective insecti-
cides to destroy insect pestsharboredtherein. The new crop
should be fumigated as it enters storage, and the fumigation
repeatedwhen there is any evidenceof reinfestation. (For
further details on fumigation, see the chapteron Maize, section
on control of storageinsects.)
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CHAPTER 13

CHICKPEAS 1/
(Cicer arietinum)

Other Common Names: garbanzo, gram,
benga1gram

Distribution

Chickpeasare grown widely as a cool seasonannual in
a broad belt through the Mediterraneanregion to the sub-
tropical and tropical regions of the Near East and Asia,
and at higher elevationsof the true tropics on other con-
tinents. In terms of land areasoccupiedby the crop, India
and Pakistanare the greatestusers, but other important
countries include Burma, Iran, Turkey, Spain, Portugal,
Morocco, Ethiopia, Tanzania, Mexico and Chile. The crop
has receivedrelatively little attention in terms of applied
scienceand technology, despite its very wide use as a pre-
ferred food in both rural and urban regions. Average yielps
reported in crop statisticsare low, but recent research
results in Iran and India show that 3 to 4 fold yield increases
are feasible by the applicationof better cultural practices,
and planting of higher yielding types.

Food Status

Chickpeasaverage20% protein, 4.0 to 4.5% fat, 55%
carbohydrateand 2.5 to 3.0% mineral content. In common
with other legumes, it is somewhatdeficient in the amino
acids methionine and cystine; but it is a useful supplement
to cerealsand other starchy foods that are rich in methionine
and cystine, but deficient in lysine and tryptophan in which
chickpeasare rich. The chickpea is rated as being highly
digestible, particularly the white or cream colored seed
types; and its relatively high content of carbohydrates,
fats and minerals make it a useful food in human diets.
It is particularly desirablein diets that are low in animal
proteins, that commonly occur in the tropics and subtropics.
It, however, causesflatulence, which may become serious
in children. .

Chickpeasare widely sold in urban food markets through-
out the tropics and subtropics, and thus constitutean ex-
cellent cash crop for both domestic and export trade. It
is used both as a greenvegetableas well as dry pulse or

11 Edited by J .s. Kanwar and K..B. Singh, InternationalCrops
ResearchInstitute for the Semi-Arid Tropics, Hyderabad
500016. A.P.. India
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dha1. When well-dried, the grain is not perishableand may
oe-nand1edas a staple foodstuff.

Utilization

From the standpointof human food, chickpeasare
generally interchangeablewith the other food grain legumes,
although there are distinct local or regional preferences
for different speciesand seed types. It is common to find
several speciesof food grain legumesoffered for sale, in
proximity to each other at many food markets. From a cropping
point of view, chickpeasare somewhat interchangeablewith
the other cool seasonannuals - lentils, field peas and broad
beans. Chickpeasalso may be grown as the principal crop
in regions where there is a short seasonthat has enough
rainfall to grow only one crop. The crop appearsto be
widely regardedas a subsistencefood crop; and when a fa-
vorable seasonproducesa surplus, the excessis marketed.
With the advent of higher yielding varieties and improved
culture to make productionmore dependable,chickpeasas
a staple food crop for marketing may be expectedto increase
in popularity.

Adaptation

Climate

Chickpeasare adaptedto cool to moderatetemperatures
during growth, but tolerate considerableheat during the
fruiting and ripening period. In India and Pakistanwhich
have about 85% area of the world under the crop, it is pri-
marily grown on conservedmoisture in winter. They respond
to moderaterainfall, but are adverselyaffected by heavy
rainfall in warm seasonsbecauseof plant diseasesand in-
sect pests. Crop culture is adjustedto theseclimatic con-
ditions by planting at the onset of winter rains in the
Mediterraneanregion and the Near East, and at the onset
of the monsoonrains in winter or early spring in other Asian
countries. At higher elevationsin the true tropics, the
crop is plantedwhen 'rains' begin; which is the cooler sea-
son of the year. Under irrigation, chickpeasare planted
at the beginning of the cool season. Where rainfall distri-
bution permits double cropping, chickpeasfollow the principal
warm seasoncrop - maize, rice, sorghum, etc. Quite often
it is grown as a relay crop and planted in standing crop
of cotton. Chickpeaswill complete growth and ripening in
4 to 5 months.
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Soils

Chickpeasare grown on a wide variety of soils, but
the crop does not toleratewet soils or soil salinity. Very
heavy soils may causeproblems in emergenceof seedlings.
The crop has a high requirementfor mineral nutrients, but
does not neednitrogen fertilizers, except in a small amount
as a starter. It derives its nitrogen from root nodules
producedby chickpea strains of nodule bacteria. On land
that has not grown chickpeaspreviously, it is essential
to inoculate the seedwith fresh cultures of chickpearoot
nodule bacteria. No further inoculation should be necessary
for subsequentcrops.

Fertilization of chickpeasgenerally has beenneglected,
but the crop is known to have high requirementsfor phosphate,
potash (on some soils), calcium, magnesium,and sulfur, or-
dinary superphosphate,supplementedwith potash, will supply
all of these, if applied in appropriatemanner (see section
on fertilization). By analogy with other legumes, it is
expectedto have specific requirementsfor the "trace" ele-
ments, particularly, zinc, to support high yields; and the
deficienciesof certain soils in supplying these elements
remains to be explored. The statisticson averageyields
do not reveal the probableyield potential under favorable
cultural practices.

Description

The chickpea is an erect annual, 45 to 60 cm in height.
The plant is well-branched,with pinnate leaves having 10
to 20 leaflets. The flowers are borne singly on short stalks,
white or tinted in color. Seedsare borne in short pubescent
pods, Ｒ Ｍ Ｒ ｾ cm long and 1 cm wide, 1 or 2 seedsper pod.
Seedsare large, ｾ to 1 cm across,wrinkled with a point
at one end; and varietiesmay have black, red, white, green
or pinkish seeds. In regional types, small black seeded
types seem to be associatedwith earlinessand tolerance
to adversesoil and climate conditions; but the white seeded
types appear to be higher yielding under favorable growing
conditions. However, genetic studies indicate that plant
and seedtraits are inherited somewhat independently,so
that various combinationsof heritable traits are possible.
Germination of seed is hypogeal, meaning that the cotyledons
(seed leaves) remain in the soil and the growing sprout pushes
through the soil to emergence. Soils that crust badly may
interfere with seedling emergence.

The chickpeahas a tap root, rather well-branched.
It permeatessoils to some depth, permitting sustainedgrowth
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without appreciablerainfall, where significant storageof
moisture in the soil profile has occurredduring the period
of rains. On shallow soils, such toleranceof drought is
not possible.

Varieties

Extensivecollections of regional types and "land races"
have been made in India, Iran, Pakistanand some other coun-
tries where chickpeasare an ancient food crop. These types
have been the sourceof many selections,varying greatly
in plant and seedcharacters,in productivity, tolerance
or resistanceto plant diseasesand to the insect pestsof
the crop. A significant assemblyof thesepromising selec-
tions is available in the countries listed above, and also
at the U.S. Departmentof Agriculture experimentstation
in Puerto Rico. The InternationalCrops ResearchInstitute
for the Semi-Arid Tropics at Hyderabad (India), is a world
center of researchfor chickpeas,where large collections
are available.

Improved varieties have been chosen from this collec-
tion for specifl.c regions in India, Iran and Pakistan; and
multiplication and distribution of seed is underway. Other
selectionsmay be better suited to differing ecological con-
ditions. Active breedingprograms to combine resistance
to prevalentplant diseasesand insect pests,with higher
productivity and desiredseedqualities, are underway in
a few countries. The evaluationof existing selectionsand
the breeding to develop improved adaptationto specific re-
gions appearsmost promising. However, such improvement
programs are useful only to the extent that they are combined
with cultural practicesthat permit expressionof productive
potentials.

Culture

Fertilization

Chickpeasdo not require nitrogen fertilizers when na-
turally or artificially inoculatedwith chickpearoot nodule
bacteria. However, the crop does have substantialrequire-
ments for mineral. nutrient elements, and virtually all tro-
pical and subtropical soils are not naturally well supplied
with theseelements.Fertilizers and soil amendmentsshould
be used to correct soil deficiencies. Effective use may
be made of animal dung as a substitutefor fertilizers, or
as a supplement. For this crop, the dung's value is that
of supplying minerals,.rather than nitrogen. It's role in
providing "trace elements"may be decisive, althoughmore
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experimentalevidenceis neededto explain the precisereasons
for benefits from dung. The "trace elements" are manganese,
iron, zinc, boron, copper, and molybdenum. However, dung is
also establishedas a source of readily available phosphorus.

The use of ordinary superphosphatefertilizer will auto-
matically supply calcium, magnesium,and sulfur as well as
phosphorus;but concentratedsuperphosphatecarries no sulfur.
Ordinary superphosphateis preferredfor legumes. Potashis
likely to be deficient in regions of moderaterainfall.

The need for mineral fertilizers and supplementsis best
determinedby well-designedfield trials. Where such results
are not available, the use of laboratory testson representa-
tive soil samples from specific fields should provide useful
guides to fertilizer needs. Laboratory indications should be
confirmed by field trials.

General recommendationsshould provide phosphateand
potashapplicationsat the ratio of 2 parts phosphateto
1 part potash; the fertilizer placed in shallow furrows at
the rate of 50 to 100 kg/hectare; the furrow partially filled
with soil, on which seed is then placed and coveredwith
2 to 3 cm of soil. However, where wilt is common and moisture
is limited, deep planting at 10-12 cm is recommended. In such
cases,side placementwould be desirable. Dung may be applied
with the fertilizer, or alone when fertilizer is not avail-
able. The dung may serve as a practical, but limited, source
of the trace elements. Specific recommendationson the need
for trace elementsmust be basedon field experiments. Such
researchmay be highly productive; some experimentshave shown
a doubling of yields where trace element deficiencieshave
been recognizedand treatedappropriately.

Broadcastapplicationof fertilizers is not recommended;
furrow placementprovides nutrients to seedlingswhen they
have the greatestneed, and largely bypassesthe inactivation
of phosphatefertilizers by interactionwith the soil.

Seed Bed Preparationand Planting

Chickpeasshould be planted on seedbeds that are free
of large clods and trash, rather firm but not fine. It should
be moist to considerabledepths. All perennialand annual
weeds should be killed or removed by weeding.

Planting time should be adjustedto the season;planting
at the beginning of the cooler growing period, when moisture
is expectedto be adequate,is highly essential.
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Row planting is recommended;broadcastplantings are
wasteful of seed and do not permit effective placementof
fertilizers. Row plantings also facilitate weed control,
pest control treatments,and harvest. Row spacingsshould
be adjustedto the plant size of the varieties, 30 to 100
cm apart. Seedingrates should provide one plant per 10
to 30 cm of row, the closer spacing used when soil moisture
supplies are expectedto be reasonablyadequate. The amounts
of seedwill range from 50 to 100 kg/hectaredependingon
the seed size of the variety. Planting seed should have high
viability; above 80% germination. (NOTE: No recommendations
are made on treating seedbefore planting, since such treat-
ments are poisonous to man when surplus seed is eaten; and
must follow the in-country regulations.)

Weed Control

Chickpeasare not strongly competitivewith weeds, and
weed control is necessary. Weeds should be killed while
quite small to eliminate competitionwith the crop. Weeds
should be removed by minimum damage to the chickpearoot
system, whether by pulling, hoeing or other tillage. Gene-
rally one weeding after 45 days of emergenceis enough to
keep the weeds under control. For weed control by herbicides,
there are specific herbicidesthat kill weeds without injury
to chickpeas; thesemay be best used when prompt control
is neededand labor is not immediately available.

DiseaseControl

Chickpeasmay be attackedby a variety of leaf and stem
diseasesand wilts. These are most serious in periods of
continuing rains and high humidity, particularly at higher
temperatures. In general, the best means of coping with
theseare: (1) to plant resistantstrains or varieties of
the crop, (2) practice crop rotation so that the land is
not cropped to chickpeasin successiveyears, (3) use disease
free seedsfrom the localities where the diseasedoes not
occur, and (4) destroy diseaseddebris either by burning
or burying underground. Breeding programs to develop strains
that have greaterdiseaseresistanceis the most promising
attack for future progress.

Insect Pest Control

The most damaging insect pestsvary with the region.
They may include seedmaggots, leaf miners, thrips, bollworms,
weevils, pod borers and mites. In general, such pestsare
favored by higher humidity at warm temperatures. There are
no general treatments; the treatmentmust be adjustedto
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the specific insect pest that is damaging. General purpose
insecticidesuseful in pest control are available and should
be usedwhen pests threatento becomeserious. There are
specific pesticideswhich control the pod borer.

Fortunately, there are distinct varietal and strain
differencesin resistanceto particular pests. Theseavail-
able resistantstrains should be usedwhere possibleand
breedingprograms undertakento combine resistancewith other
desired traits as a long time improvementprogram.

For further information on Crop Protection, see Chapter
4 in book on "Tropical Agriculture" by Wrigley. (Reference
list following Chapter 40.)

Harvest

It is essentialthat the seedbe dried to about 10%
moisture for safe storagewithout molding. Unless there
is danger of lossesby shatteringof seed from pods, plants
should stand in the field until seed is well dried. Such
sun drying is highly effective. If earlier harvest is needed,
subsequentsun drying on hard surfacesshould occur promptly.

Threshing is accomplishedby hand flailing, taking care
not to crack or split the seeds. Machine threshing is quite
feasible, if adjustedto avoid seed cracking and splitting.
If seedmoisture has not been reducedto 10% at threshing
time, further sun drying in thin layers on hard surfaces
is required to avoid molding in storage.

StorageInsect Pest Control

Losses from insects infesting stored seed and grain are
invariably seriousunless suitable treatmentsare applied.
All empty storagestructuresand containersshould be treated
with malathion or equally effective insecticidesbefore the
new crop is placed in storage, to kill all insects therein.
The new crop must be fumigated before being put in·storage
to kill insectsalreadypresent; and again fumigated when-
ever there is any evidenceof reinfestation. For further
details of fumigation, see the Chapter on Maize, section on
storageinsect pest control.
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CHAPTER 14

LENTILS 1/
(Lens culinaris)

Geographicalｄ ｾ ｳ ｴ ｲ ｩ ｢ ｵ ｴ ｩ ｯ ｮ

Lentils are an ancient food crop, widely grown as a
cool seasonannual in the Mediterraneanregion, through the
Near East and subtropicalAsian countries. It is also im-
portant in higher altitude tropics in other continents.
Countrieswith the greatestproduction in 1971 include India,
754,000 ha, Pakistan, 140,000 ha, Turkey, 103,000 ha, Syria,
129,000 ha, Iran, 55,000 ha, Ethiopia, 180,000 ha, Russia,
60,000 ha, Egypt, 20,000 ha, Morocco, 35,000 ha, Algeria,
23,000 ha, Jordan, 22,000 ha, and the U.S.A., 27,000 hag
There are great differences in averageyields per hectare
betweencountries, as much as 4-fo1d differences, the highest
yields being reportedby Egypt with 1,930 kg/ha and the lowest
of the countries listed above being India and Morocco with
averagesof 470 and 390 kg/ha, respectively. The yields
are 3 to 4 times as high as the national averages. These
reports suggestthat this ancient crop has great undeveloped
potential, which has remained latent through neglect. Lentils
have receivedbut little researchattention even in developed
countries; and there have been scant efforts to apply modern
scienceand technology to improved lentil production in less
developedcountries. The crop has remained important despite
such neglect, becauseof its popularity as a foodstuff, and
the specialniche it holds in farming systems.

Food Values

Lentils are a high-protein foodstuff, that substitutes
for animal proteins in the tropics and subtropics where
human diets are generallydeficient in proteins. Lentils
average24 to 25% protein, 60% carbohydrates,1.0% fat and
3.0% mineral matter. The protein is somewhatdeficient in
two amino acids - methionine and cystine, but is well sup-
plied with lysine and tryptophan. Lentils are an excellent
supplementto the cereal grains that are characteristically
low in lysine and tryptophan, but higher in methionine and
cystine. Since lentils are rich in carbohydrates,and are
easily cooked and quite digestible, they constitutea nutri-
tious foodstuff. Lentils may develop hard seed coats depend-
ing on variety and environment in which grown. The hard

11 Edited by F.J. Muehlbauer, ResearchGeneticist, Western Region, Agricultural
ResearchService. U.S. Departmentof Agriculture. in cooperationwith Wash-
ington State University, Pullman, Washington 99163 and JamesM. Schalk,
ResearchEntomologist, VegetableLaboratory, NortheasternRegion. Agricul-
tural ResearchCenter, Beltsville, Maryland 20705
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seedcoats are responsiblefor increasedcooking time as
is the casewith the bean, for example.

Lentils are interchangeablewith other food grain le-
gumes as a high-protein foodstuff, despitestrong local or
personalpreferencesfor individual types and kinds of food
grain legumes. In urban food markets, it is customary to
see several food grain legumesoffered for sale side by side,
such as lentils, chickpeas,beans, peas, cowpeas,mungbeans,
and broadbeans. Although lentils have specific attractiveness
as a food, they must competewith other speciesin terms
of unit costs, and such costs are reflections of relative
production efficiencies. Improvementsin crop yields are
neededto expand the usefulnessof the crop.

Utilization

In commonwith other food grain legumes, lentils have
a reputationfor improving soil fertility of land on which
they are grown. This is becauseof the residual higher ni-
trogen content of the soil, contributedby the nodulated
root system. In a general sense, lentils may be used inter-
changeablywith the other cool-season,food grain legumes -
chickpeas,peas, and broadbeans- in farm cropping systems.
The choice among these is influenced largely. by relative
yields, and net returns to the grower. As a group, these
food grain legumes are generally accordeda minor role in
cropping systemsbecauseother crops have beenmore productive
and yield greaternet returns. The applicationof science
and technology to lentils (and other food grain legumes)
should raise yields, as shown by some.fieldexperimentsin
India, Iran, and Pakistan. The increasedyields, resulting
from improved varieties and cultural practices, should be .
valued in terms of market prices to determinegross and net
returns for the crop. Lentils have the potential for becoming
a major crop, as well as a crop that fits a convenientplace
in a cropping system, as a cool-seasonshort-seasonannual
grown in conjunctionwith a warm-seasonprincipal crop.

Adaptation

Climate

Lentils are well adaptedto cooler temperatures,and
the short growth period of the crop permits fitting them
into cropping systemsto utilize cool, moist seasons,between
other warm-seasonmajor crops. The crop is grown as a winter
annual in the Mediterraneanregion where it is planted soon
after fall rains begin, and ripens during the following spring.
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This general relationship extends across the Near East through
Iran into Pakistanand India. Although planting is timed.
to precedethe onset of rains, the crop usually ripens before
high temperaturesoccur. In the tropics, lentils are grown
at higher. elevations,where there is a cooler seasonat the
time of seasonalrainfall. Ethiopia and East African high-
lands, northernMexico, and the Andean countries provide
theseconditions. Lentils do not tolerateheat and drought,
and yields are severelydepressedwhen theseoccur during
the growing season.

Soils

Lentils prefer soils of moderatedepth, generally good
fertility, well-drained, and free of salinity. The crop
grows on a wide range of soil textures, when carefully ma-
naged. It respondsto use of mineral fertilizers, but not
to nitrogen fertilizers. The effective methodsof using
fertilizers are not well understood; the broadcastingof
fertilizers either before or after planting produceslittle
benefit. As with most legume crops, improved cultural prac-
tices will producemore favorable growth conditions for
lentils and subsequentlyincreasedyield of grain.

Description

Although there are substantialvariations betweenva-
rieties, the lentil is a short-season,erect, bushy, annual,
herbaceousplant, that grows 25 to 75 cm tall. The stem
is branchedwith pinnate leaves, having 4 to 7 pairs of
leaflets, the leaf ending in a short tendril. The single
or double flowers are borne on short stalks, and may be white,
lilac, or pale blue. The pods are short, with 1 or 2 seeds.
Seed coats of different strains and varietiesmay be green,
reddish-greenor brown in color. The seedsare typically
lens shaped; the larger types are greater than 7 mm in dia-
meter, while the smaller seededtypes may be as small as
2 mm in diameter, and varying from 13,000 to approximately
50,000 seedsper kilo. The growing seasonfor individual
strainsmay vary from 70 days to 110 days, from planting
to maturity.

Lentils have a branchedtap root system, that penetrates
3/4 to Ｑ ｾ meters into the soil. Under favorable conditions,
the roots are well nodulated; the nodules being produced
by lentil-type specific bacteriathat fix nitrogen in forms
utilized directly by the lentil plant. If the crop has not
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previously been grown on individual fields, the seed should
be inoculatedwith fresh culturesof lentil root nodule
bacteria, just before planting.

Varieties

Extensivecollections of local and regional types of
lentils (several thousands)have beenmade throughout the
major lentil growing regions of the Mediterranean,the Near
East, Asia, and Ethiopia. Seed of these, as well as of the
improved selections,are available in the researchinstitu-
tions in Iran and India, and at the U.S. Departmentof Agri-
culture Plant Introduction Station at Pullman, Washington,
USA. Certain selectionshave also beenmade available to
researchinstitutions in a number of countries.

To date, the selectionsmade seem to have regional
adaptation,rather than being generallymore productive in
all ecological zones. The superior performanceof selections
dependson climatic and soil adaptation,and resistanceto
specific diseasesand insect pests. However, length of
growing season,growth habit and size, seed characteristics,
and non-shatteringtraits are universally expressed.

Since lentils are self-pollinated, the seed from indi-
vidual strainsbreed true. Therefore, the increaseof ge-
netically pure seed is easy to achieve. The specifically
desired traits from different selectionsmay be combined
by controlled hybridization. The hybrid populationsare
grown at least five generations,when the bulk hybrid breeding
method is used, plants are then selectedfor desiredcombi-
nations of traits. When the pedigreebreedingmethod is
used, selectionof plants begins as early as the F2 genera-
tion and continuesin subsequentgenerationsuntil uniformity
is achieved. Since plant breeding is time consuming, full
use should be made of promising selectionsmade in other
regions having similar ecological conditions.

Culture

Fertilization

There is very limited realization that lentils respond
strongly to mineral fertilizers. The soils of the tropics
and subtropics are characteristicallyrather deficient in
mineral nutrients, but responsesto fertilizers carrying
thesemay be vitiated by failure to apply them in a manner
that ensurestheir availability to the crop. Lentils respond
to phosphatefertilizers rather strongly, to potashon cer-
tain soils only, and almost never to nitrogen fertilizers.
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The phosphateshould be placed in bands about 5 cm below
the seed, so that the seedlingroots will have ready access
to it, but allowing only limited contact betweenphosphate
and soil which causesconversionto unavailableforms.

Lentils also have substantialrequirementsfor calcium,
magnesiumand sulfur. When ordinary superphosphateis used
as a fertilizer, theseother elementsare provided in ade-
quate amounts as well as phosphate. However, when concen-
trated superphosphateis used, it suppliesphosphatelargely,
and is deficient in sulfur which must be supplied by other
means.

Dung has been a traditional fertilizer, and it has va-
lues beyond those of chemical fertilizers. The phosphate
containedis highly available, and dung carries other min-
erals as well. Broadcastingdung is a less effective use
than placing it in shallow furrows below the seed. Opening
a shallow furrow, spreadingthe dung, and covering it with
5-10 cm of soil, then placing the seed, and covering it with
2-3 cm of soil, will permit maximum benefits from dung.
Superphosphatemay be spreadwith the dung.

There is fragmentaryevidencethat "trace" element de-
ficiencies occur on many tropical and subtropical soils.
The elementsare manganese,iron, copper, zinc, boron, and
molybdenum. The specific deficienciesdoubtlessvary with
soil type, and researchis needed.toidentify the deficient
e1ement(s)in any region, so that appropriatetreatments
can be made. For the present, the use of dung is recommended
as a natural product carrying small amounts of the trace
elementsin an available form. In some limited tests, rather
pronouncedyield increaseshave been producedby adding "trace"
elementsas well as fertilizers.

SeedBed Preparation

The seedbed should be free of large clods, trash and
growing weeds, relatively firm, and moist to the expected
depth of the root system.

Planting

Broadcastplanting is normally not recommended. Row
planting permits proper placementof fertilizer, and it fa-
cilitates weed control and applicationof any insecticides
needed. Rows may be spaced60 cm apart, with seedingrates
to produce 1 plant per 10 cm of row or less, using closer
spacingsfor smaller varieties. Since the germination is
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hypogea1 (the cotyledonsrema1n1ngin the soil, and only
the growing sprout pushing to the surface), soil crusting
will be a detriment to a full stand of plants. Planting
should be made in moist soil to foster prompt germination.
Hard seedmay be responsiblefor poor germinationand emer-
genc"eo Seed should be treatedbefore planting to kill any
maggots or weevils in the seed.

No specific recommendationsare made for treating seed
before planting since such treatmentsmust follow in-country
regulations.

Weed Control

Lentils are not strongly competitivewith weeds, and
failure to control weeds will seriously reduceyields. Weeds
should be killed while still small, before serious damage
has been done to the crop. Care should be taken not to in-
jure the crop root system, whether weed control is by pulling,
hoeing, or use of herbicides.

It is important that sowing seedbe free of Vicia species;
especiallyV. sativa var. ｰ Ｑ ｡ ｴ ｾ ｳ ｰ ･ ｲ ｭ ｡ which is nearly identical
in plant ana seedcharacterist1csas common lentils and is
somewhata problem in some lentil growing areas.

DiseaseControl

Diseasesof lentil are often an important factor limiting
yields and reducing seedquality. Severaldiseasescaused
by fungi, bacteria,viruses, and nematodesaffect the seeds,
pods, foliage and roots of lentils. Little researchhas "
been done on the pathogenscausing thesediseasesor on their
control by use of resistantvarieties, chemical methods or
cultural practices.

Lentil varieties resistantto some diseases,e.g. root
rot, rust and viruses, have been developedin a few countries,
like India and Iran. However, lentil varieties resistant
to diseasesin one country or region may not be resistant
to these same diseasesin other areasdue to differences
in the microorganismscausing the diseases,weather conditions,
soil and other factors. This emphasizesthe importanceof
developing disease-resistantlentils in the regions where
particular diseasesare prevalentand of importance. It
is also important to plant seedsthat are free of diseases,
since some lentil pathogensare carried by seed. Lentils
should not be grown repeatedlyon the same land since some
of the soil-borne diseaseswhich affect ｴ ｾ ｩ ｳ crop survive
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for severalyears in the soil. With repeatedcropping, these
pathogensoften multiply to levels which cause large crop
losses.

No recommendationsare made for treating seedbefore
planting since seed treatmentsmust follow in-country regu-
lations. Seed treatment is neverthelessvery important for
the control of pathogenicfungi and bacteriaon the seed
surfaceand in the soil. Treated seed should never be used
for livestock or human food.

Harvest

The ripening processshould be allowed to continue in
the field until the grain is fully dry. The moisture con-
tent should not exceed10% for safe storageof the seed
without molding. This stageof dryness is more easily
achievedin the field than elsewhere. If earlier harvest
is made to avoid shatteringlossesof grain, final sun-drying
should be carried out on hard surfacesso that grain can
be easily salvaged.

Threshing

Threshingmay be done by hand flailing or by machines.
Machine threshing is quite feasible, if proper adjustments
are made to avoid splitting or cracking the seeds. All
trash and foreign matter should be removed before placing
the grain in storage.

StorageInsect Pest Control

Protectionagainst storageinsect damagerequires imme-
diate treatmentafter threshing. Empty storagestructures
and containersshould be treatedwith malathion or other
effective insecticidesto kill all insectsharboredin them.
However, the grain must not be treatedwith poisonousinsect-
icides. Instead, the lentil crop should be fumigated with
appropriatefumigants when placed in storage, and treated
again wheneverany signs of reinfestationoccur. For further
details, see the Chapter on Maize, section on control of
storageinsect pests.
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CHAPTER 15 .

BROADBEANS -.JJ
(Vicia faba) -11

Other Common Names: !.I horsebean,windsor bean,
field bean, fava (or faba)
bean, tick (or tic) bean,
dhal, mazagan, fool (Arabic).

Description

The broadbeanis a hardy, erect, simple-stemmed
annual without tendrils, ranging from 30 to 190 cm in
height and with one or more basal branches. It is very
leafy with each leaf having from 1 to 3 pairs of smooth
leaflets. The flowers, 2 to 6 in number, are borne in
the leafaxils and are usually dull white in color with
purplish lines on the standard,and dark patcheson the
wing petals. The pods are large and thick ranging from
4 to 30 cm in length and generallywith 2 to 6 seedsper
pod. A great variation occurs in seed size, with a range
of 1,100 to 6,500 seedsper kilo, and the color may be
light buff, brown, green, purplish or black.

The plant has a tap root systemwith many lateral
branches,but has only moderatesoil occupationconsider-
ing the robust nature of the top growth.

GeographicalDistribution

Broadbeansare a cool-seasonfood grain legume, grown
in the winter period in subtropicalregions and at high
elevations in the tropics. In temperateregions they may
be either winter or spring planted dependingon the variety.

1/ Edited by G. C. Hawtin, The Arid Lands Agricultural
DevelopmentProgram (ALAn), Beirut, Lebanon; D. A. Bond;
Plant Breeding Institute, Maris Lane, Trumpington, Cam-
bridge CB2 2LQ, England; and Ali E. Kambal and M. O. Khidir,
Faculty of Agriculture, Khartoum University, Shambat, Sudan.

II Vicia faba is frequently divided into ｳ ｵ ｢ ｳ ｰ ｾ ｣ ｩ ･ ｳ with
some common names being limited to a particular subspecies.
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Countrieswith the greatestproduction include Egypt,
Ethiopia, Morocco, Tunisia, Turkey, Brazil, Ecuador, Peru
and Mexico. Production is substantialalso in Italy,
Spain, the PeoplesRepublic of China and the United Kingdom.

National yield averagesrange from 330 to over 2,000
kg per hectareand large variations occur within indivi-
dual countries. Undoubtedly, part of this wide range is
due to the suitability of the climate for the speciesbut
much may be credited to differences in the applicationof
available scienceand technology to the culture of the
crop. The results from many field experimentsindicate
that yields may be increasedseveral fold by growing
improved strainswith suitable cultural practices. Broad-
beans, however, have receivedfar less researchattention
in the tropics than have the cereal grains, but with the
current growing interest in grain legumes this situation
may soon be remedied.

Food Value

The broadbeanis a very valuable sourceof plant pro-
tein and is of considerableimportance in the diets of many
people in the tropics and subtropics, where it supplements
or "extends" the often limited supplies of animal protein.
Broadbeansaverage25% protein, 58% carbohydrates,1.5 to
2.0% fats and about 3% minerals. The protein is somewhat
deficient in the two essentialamino acids - methionine
and cystine but it is relatively rich in lysine which is
characteristicallydeficient in cereal grains. Since
cerealsare well suppliedwith methionine and cystine, a
combinationof cereal foods with broadbeansor comparable
food grain legumes, provides a more desirableamino acid
balancein the diet than can be attainedwith cerealsalone.
Since broadbeansare also rich in carbohydrates:easily
cooked, and high in digestibility, they warrant an impor-
tant role in agriculture in those regions in which the
crop is adapted. In addition, broadbeansare rich in the
minerals calcium and phosphorus,and are generallyhigher
in vitamin content than the cereals,which add to their
value in human diets.

Although many of the toxic substancesfound in other
Vicia species, (e.g. the cyanogenicglycoside, vicianin)
are either absent, or presentin only very small concen-
trations in broadbeans,low levels of certain tripsin
inhibitors have been identified. It has been found that
in general animal feeds should not containmore than 30
percentof the bean.
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Broadbeansare known to cause favism or V1C1sm, a
diseasecharacterizedby hemolytic anemia, in certain
individuals in countries surrounding the Mediterranean.
Susceptibility is believed to be of genetic origin.

Utilization

Broadbeansare grown both as green shell beansand
as dry beans for human consumption. The dry beansmay
also be used for ﾣ ･ ･ ､ ｩ ｾ t-o animals inclttd.ing Ｍ ｲ ｴ ｭ ｴ Ｚ ｩ Ｚ Ｍ ｮ ｡ ｮ ｴ Ｚ ｾ Ｌ

pigs, poultry and even fish. The whole plant is some-
times made into silage, but it is rarely used as a hay
or straw since on drying the stems and leaves tend to
becomerather hard.

The broadbeanis regardedas a soil improving crop,
primarily becauseof the increasedresidual nitrogen
content of the soil left by this legume. The roots of
the broadbean,in common with most legumes, produce a
large number of nodules if they are inoculatedwith the
right strain of Rhizobium root nodule bacteria. The
plant not only receivesall of the nitrogen compounds
neededfor growth from thesenodules, but also large
amounts of unusednitrogen compoundsmay be left in the
soil. If the bean tops are not removed, their addition
to the soil also contributesnitrogen and organic mater.
The improved soil fertility following a crop of broad-
beanswill often reduce the need for nitrogen fertilizer
in the succeedingcrop.

Broadbeanshave generallynot been accordeda role
as a major crop in farming systems, due in part to low
and unstableyields in comparisonwith the cereals. It
is now evident that yields may be greatly increasedby
the applicationof existing knowledge and this should
enhanceboth the gross and net returns from the crop.
The dry grain holds a strong position in food markets
generally, and if higher yields and net returns are
achieved, it can be expectedthat an increasingly impor-
tant part will be played by this crop in the future.

The following discussionsdeal with enhancedpro-
duction requirements.

Adaptation

Climate

Broadbeansare sensitiveto high temperatures,parti-
cularly at a blooming time, which causedropping of
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blossomsand failure to set seed. High temperaturescan
also induce severediseaseproblems. The crop thrives
in the cool weather typical of winter and spring months
in the subtropics, and respondsto moderaterainfall (or
irrigation). It grows well at higher elevations in the
true tropics, if planted at the beginning of the cooler
seasonwhen the rains arrive. The crop of beans should
be well developedbefore moisture supply is exhausted,
but drier weather is favorable during the final stages
of seed developmentand ripening. Successfulbroadbean
production requires careful adjustmentof culture to
climatic conditions.

Soils

The crop prefers soils of moderate to good fertility,
well drained, and medium in texture. It is moderately
salt resistant,which is a desirabletrait in most regions
of limited rainfall. A high percentageof tropical soils
are deficient in mineral elementsbut the responsesof
broadbeanswhen such deficienciesare correctedhas been
poorly explored. By analogywith other legumes, however,
it is expectedthat there is a good potential to be exploited.

Varieties

Collections of regional types, races, and named varie-
ties have been made by several researchinstitutions, in-
cluding Karaj College in Iran. These collections together
with certain selectionsmade within them are grown by the
U.S. Departmentof Agriculture at Puerto Rico. Research
stations in Europe and Canadahave collections of types
and varieties adaptedto those countries. Although the
limited collectionsmade to date show great diversity in
plant and seed characteristicsas well as yield and adapta-
tion, the full potential of the speciesis believed to be
much greater than revealedby the presentcollections.

Field evaluationsof these collections have shown as
much as a 4-fold increasein grain yield of certain types
as comparedwith others from the same region under compar-
able cultural practices. The higher yielding lines averaged
4,000 kg/ha in some tests, comparedto an averageyield of
1,000 kg/ha and it is apparentthat yield potentialshave
not yet been fully exploited. Some part of the great differ-
ences in yield may be attributed to varietal differences in
resistanceto plant diseases.
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Culture

Rotation

Broadbeansshould not follow any kind of beans in
rotation but fit well both following and precedinga
cereal grain crop. Such a rotation would help to control
nematodesand diseases,facilitate weed control and pro-
vide a sourceof nitrogen for the cereal crop.

Fertilization

Nitrogen fertilizers are not generally required for
broadbeanproduction; however, applicationsof from 10 to
30 kg per hectareof nitrogen are sometimesapplied as
"nitrogen starters". Broadbeanshave been shown to be
responsiveto phosphatefertilizers when effectively
positioned in the soil, even though there is little res-
ponsewhen such fertilizers are broadcastor mixed with
the surface soil. The most effective method of supplying
phosphateis in bands placed below and about 7 cm to the
side of the row before planting. Animal manuresmay be
similarly placed. An effective procedureis to place
fertilizer and/or dung in a shallow furrow, cover with
5 cm of soil, place seed, and then cover with 3 to 5 cm
of soil. This placementof phosphateavoids the inter-
action with soil that rendersphosphateunavailable, and
insures prompt accessto phosphateby the developing root
system. Potashis rarely deficient in soils of regions
with limited rainfall and on soils that have not had a
long history of cropping, but if neededit may be applied
with the phosphate.

The value of manure seems to be related to the high
availability of the phosphateit contains, but other real
benefits have not been well explored. Since some tropical
and subtropical soils have been shown to be deficient in
"trace" elements (manganese,iron, zinc, copper, boron, and
molybdenum), and animal manures carry small amounts of these
in a readily available form, the responsesfrom manuremay
be attributed in part to correctionof trace elementdefic-
iencies.

Fertilizer needs should be determinedby well designed
field trials. In the absenceof such trials, the applica-
tion of superphosphateat rates of 50 to 100 kg/ha of PZ05
may be used. If potash is deficient, this may be applied
at rates to deliver Z5 to 50 kg/ha of KZO. Trials in
temperateregions on soils that have been farmed for many
years suggestthe possibleneed for potassium.
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Seed Bed Preparation

Land should be preparedfor planting by killing all
weeds present, removal or turning under all coarsetrash,
and breaking up of any coarseclods. Fertilizer should
be positionedbelow the seedbefore planting.

Planting

Broadcastplanting is not recommended. The crop
should be planted in rows 75 to 100 em apart and seeded
to provide one plant per 15 to 25 em of row. The closer
spacing is preferredfor varieties with small growth
habits. Such spacingwill require 70 to 100 kg/ha, depend-
ing on varietal seed size. Depth of planting should be
such as to place seed in moist soil, but no deeper than 5
em to avoid poor emergenceshould soil crusts develop as
a result of heavy rains followed by rapid drying. If
simazin pre-emergencespray is to be used, the seed should
be covered to a depth of 7 em.

Planting seed should be treated to control insects
when put in storageand again before planting if weevils
are suspectedto be within the seed. It is probable that
weevils within the seedbulk but not inside the grain will
be Sitona spp. and those in holes within the grain will be
the beetle Bruchus. Suitable seed should have 80% or
greaterviability. Treating the seedwith a protectant
before planting should be carefully limited to that seed
which is to be planted immediately since such treatments
are poisonousto man if the seed is eaten. The in-country
regulationsmust, or course be followed.

Weed Control

Weed control is necessaryfor higher yields. Early
weed removal is important, to remove weeds before they
damage the crop's root systemby competition. If pulling,
hoeing or ocher tillage cannot be completed in timely
fashion, herbicidesmay be used to kill weeds without
disturbing the broadbeanroot system. Good weed control
has been obtainedby the use of simazine as a pre-emergence
spray. If this chemical is used, the seed should be covered
with at least 7 em of soil and this should not be disturbed
after spraying.

In many regions the parasiticweed broomrape (Orobanche
spp.) can causevery extensivedamageand in some countries,
e.g., Egypt, it constitutesa factor of major importance in
limiting yield. At present, no completely effective herbi-
cides have been found, although certain trials have indicated



- 135 -

that the chemical t1eptamlt may give a useful measureof
control. On land which is very badly infested it may be
necessaryto stop broadbeanproduction for severalyears.

DiseaseControl

There are a number of fungal diseaseswhich may cause
extensivedamage to crops of broadbeansin tropical and
subtropical regions. These diseasesinclude chocolate
spot (Botrttis fabae and Botr1tis cinerea) broadbeanrust
(Uromyces abae), leafspot, a so known as blight or anthrac-
nose, (Ascochytafabae),powdery mildew (Erysiphe ｅ ｑ Ｑ ｾ ｧ ｏ ｮ ｩ Ｉ Ｌ
and the root rots (Fusarium spp. and Rhizoctonia spp•.

The most important control measuresare: (1) plant-
ing varietieswhich are resistantto the diseasescommonly
presentin the regions, (2) field sanitationand (3) using
suitable agronomic practices. Field sanitationconsists
of such things as crop rotation, so that broadbeansare
not grown on the same land in successiveyears and removal
of all crop residuesafter grain harvest. Thesemeasures
reduce the diseaseinoculum presentwhen the next crop of
broadbeansis grown. Agronomic practiceswhich are ｩ ｭ ｰ ｯ ｲ ｾ

tant in diseasecontrol include the use of wide rows to
help prevent diseasespread, a date of planting which
minimizes infection and developmentof the disease,and the
maintainanceof suitable soil moisture levels through the
use of irrigation and drainage. Chemical control has been
shown to be effective in several cases,e.g., chocolate
spot can be controlled by the use of benomyl or dithane
M.45 and leaf spot can be effectively controlled by seed
treatments.

In addition to the fungal diseases,the broadbeanis
susceptibleto a number of viruses including broadbean
mosaic virus (BBMV) , bean yellow mosaic virus (BYMV) , pea
leaf roll virus (PLRV) and alfalfa mosaic virus (AMV).
Little resistanceto theseviruses has been found, and the
best control is achieved through spraying or agronomic
practicesto reduce the aphid vector populations.

Insect Pest Control

Broadbeansmay be attackedby various insects that
can cause serious damage. These include aphids, thrips,
weevils, and cutworms. If possiblevarieties should be
planted that are resistantto important local insects.
Crop rotation is an asset,but it may be necessaryto
combat infestationsby applicationof insecticides. Sitoma
is often presentand can be controlled with BRC, but dam-
age rarely warrants it. Aphis fabae can be devastating
and must be controlled by systemic sprays or they can be
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quickly knocked down with demeton-S-methyl(not dimethoate
becauseof danger to bees). Slow,but persistantcontrol
ean also be obtainedwith menazonand preventativeand
persistentcontrol can be obtainedwith granulesof disul-
foton or phorate. All insecticidesshould be applied
according to manufacturer'srecommendations. Timing is
important and should be applied if possiblewhen appli-
cation machinerywill do a minimum of damage to the crop.

In any spray program bees should be protectedand if
none are present they should be introduced, especially in
open type landscapeswhere there are few nesting places
for bumble bees. Apart from their help in tripping the
flower petals, the bees can causeup to 30 or 40% out-
crossingwhich helps maintain a degreeof heterozygosity
in the population. Although some varieties, especially
the small seededones are more autofertile than others,
the chancesof a good seed crop are better with pollinating
insectspresent, and a crop that is partly cross-fertilized
should provide better yields in the next generationthan
one that is completely self-fertilized.

For further information on Crop Protection, see
Chapter 4 in book on "Tropical Agriculture", by Wrigley
(Referencelist following Chapter 40).

Harvest

The beansare fully formed when the pods begin to
turn color, but seedsshould dry down to about 10% moisture
for safe storage. Field drying on the standing plant is
the most effective method, unless the variety tends to
lose seed by shatteringas the pods dry out. Most varie-
ties, however, should be harvestedwhile some pods are
black and some are still green and allowed to ripen after
cutting.

Threshing

Broadbeanseedsare large,andthreshingpractices
should be adjustedto avoid cracking or splitting of the
beans. Hand flailing is common but broadbeanscan be
combined direct provided the crop is ripe and dry, concaves
are set wide (according to seed size), drum speed is slow
(about 650 r.p.m.) and with full airflow, fast forward
speedsand proper size sieves.
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Control of Storage Insects

In common with other legume seeds,broadbeansmay
suffer severeand rapid damage in storageunless immediate
treatment is given. The danger of infEstations from insects
harboredby empty storagestructuresor containersmay be
avoided by treating thesewith malathion or other suitable
insecticides. The grain should be fumigated at the time
it enters storage to kill insects carried from the field.
In the event of later infestations,additional fumigation
may be needed.
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CHAPTER 16

MUNGBEANS !/

Ｈ ｖ ｩ ｾ ｮ ｡ radiata)
(Formerly, Phaseous aureus and ｾ Ｎ ｲ ｡ ､ ｩ ｡ ｴ ｡ Ｉ

Other Common Names: green gram, golden gram
moong, mongo,mung

Distribution and Utilization

Mungbeansare grown widely in the southernhalf of
Asia, including India, Burma, Thailand and the Philippines.
They are grown to a lesserextent in many parts of Africa
and in the tropical Americas. They are grown in Oklahoma
in the U.S.A. Mungbeansare grown widely as human food
(dry beans and sprouts), but also may be used for green
manure (soil improvement), and as forage for livestock.
They are frequently grown as a secondarycrop in rotation
with rice, or cotton, or wheat, or corn.

Mungbeansare high in protein--24%--andare useful
in human diets to supplementcereal grains and other starchy
foods. The protein is somewhatdeficient in two amino acids
--methionine and cystine--butwell suppliedwith lysine and
tryptophan in which cerealsare deficient. Cereals are
higher in methionine and cystine, so that the two classes
of crops are supplementaryin terms of balancing the dietary
amino acid content. Mungbeansare used as a supplementfor
scarceanimal proteins in the tropics and subtropics.
Mungbeansaveragehigh in carbohydrates(58%) making them
a nutritious foodstuff. They are easily digestedand re-
puted to be low in flatulence. They are well suppliedwith
calcium and phosphorus,as well as with vitamins, adding to
their importance in human diets.

Adaptation

Mungbeansare best adaptedto warm climates. The crop
is often grown with limited rainfall, by utilizing residual
moisture in the soil profile after an irrigated crop (rice,
cotton), or as a main crop in a region with a short rainy
season. When grown in a prolonged rainy season, the vege-
tative growth tends to be excessive, the plants may be broken
over by heavy winds or rainstorms, and seedsmay germinate
or mold in the pods. Mungbeansare responsiveto changesin

!! Edited by J.M. Poehlman, Professorof Agronomy, Department
of Agronomy, College of Agriculture, University of Missouri,
Columbia, Missouri 65201
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length of the daylight period. They flov-ler quickly when
grown in the short days and higher temperaturesof the
tropics but flowering may be delayed in long photoperiods
at high latitudes. Varieties differ in their photoperiod
response.

Mungbeansare adaptedto fairly deep and fertile soils.
Soil depth is important from the standpointof the moisture
that may be stored in the soil profile. Soil fertility
does not include ｴ ｨ ･ ｮ ｩ ｴ ｲ ｯ ｾ ･ ｮ Ｍ ｳ ｵ ｰ ｰ ｬ ｹ ｩ ｮ ｧ power of the soil,
since the mungbeanis a legume, capableof supplying its
nitrogen needs independentlyof soil or fertilizer nitrogen
when suppliedwith proper cultures of Rhizobium. Mungbeans
have a high requirementfor mineral nutrients (phosphorus,
potassium,calcium, magnesium, and sulfur), and higher
yields are producedon soils capableof meeting the crop's
requirements.

Description

The mungbeanis a member of the legume family. It is
a warm-seasonannual, with different varieties growing 30
to 60 cm tall, with an erect but spreadinghabit of growth..
It has trifoliate leaves resembling those of cowpeas, except
they are prominently hairy. Yellow flowers are borne in
clusterson pedunclesof variable length; pods are neatly
cylindrical, 4 to 10 cm long, hairy to smooth, carrying 8
to 12 seedsper pod. Seedsare roundish to squareon the
ends, and generally are smaller than most food grain legumes
--20,000 to 25,000 per kilo. Seed colors of types and va-
rieties are usually green but may be brown to golden.
Germination is epigealwith cotyledonsand shoot pushing
through the seedbed.

The mungbeanhas a tap root, comparativelywell-branched
and extensive, thus permitting exploitation of soil moisture
to considerabledepths. The drought resistantreputationof
the crop is partially justified by reasonof the well developed
root system, and partially by certainvarietieshaving short
life periods (as short as 45 days) which permits them to ma-
ture before soil moisture is exhausted.

Varieties

A large collection of types and varieties are maintained
by the United StatesDepartmentof Agriculture at the Regional
Plant Introduction Station, Experiment, Georgia. Most of these
came from the Indian subcontinentbut collections have recently
been added from Korea,Thai1and,the Philippines, and other
sources. The varieties and types in current collections show
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a wide range in plant types and growth habit, in resistance
to diseaseand insect pests, as well as in yielding poten-
tial. Plant height of different varieties varies from 30
to 60 cm, and life period from 50 to 120 days dependingupon
thephotoperiodsand temperatureswhere they are grown.
A very wide range in yields of the different strains growing
at the same location in the same seasonmay be obtainedwith
maximum yields of 2500 to 2800 kg/ha having been reported
under the most favorable environmentalconditions.

Mungbeansare self-pollinated, and selectionswill
breed true except for occasionalmutations or natural hy-
brids. Very little purposeful breedingresearchon mung-
beanshas been carried out in many of the countrieswhere
the crop is currently grown. Breeding programs are now in
progressat Karaj, Iran; at Ludhiana (Punjab), Delhi, and
other locations in India; at Los Banos, Philippines; and
Stillwater, Oklahoma, U.S.A. An extensivebreedingpro-
gram is being initiated at the Asian VegetableResearch
and DevelopmentCenter, Tainan, Taiwan (Republic of China).

The First InternationalMungbeanNursery was developed
in 1972. The nursery is coordinatedby the University of
Missouri, Columbia, Missouri, U.S.A., in cooperationwith
USAID. Evaluation of the genetic potential of the mung-
beans, studies on the photoperiodsensitivity in relation
to varietal adaptation,and researchon other problems
are also in progressat the University of Missouri.

Multiplication and distribution of improved varieties
should be easily accomplished,and growers may save their
own seedwithout loss of heritable traits.

Culture

Fertilization

Being a legume, mungbeansdo not generallyneed nitro-
gen fertilizers. Their nitrogen needs are met by nitrogen
fixation in the plant root nodules, which provide the plant
with all of the necessarynitrogen. In areaswhere mung-
beanshave been grown for long periods, nitrogen fixing
bacteriamay be present in the soil already, making arti-
ficial inoculation of the soil unnecessary. In new areas,
where the crop has not been grown before, the seed should
be inoculatedbefore planting with a suitable culture of
the Rhizobium organism.

The mungbeancrop has a relatively high requirement
for mineral nutrients. The significant feature is that of
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proper placementof mineral fertilizers so that the nutrients
are actually available to crop roots and are not inactivated
by interactionwith the soil. This is achievedby positioning
the fertilizer in the soil, in bands placedbelow the seedo
Broadcastingmineral fertilizers and mixing these through
the whole soil mass are unlikely to be beneficial becauseof
reactionof the phosphatewith soils to form insoluble and
inert compounds.

A practicalmethod for positioning mineral fertilizers
is to open a shallow furrow, spreadthe fertilizer as a
band in the furrow, cover with about 5 cm of soil, place
seed thereon, and cover seedwith 2 to 3 cm of additional
soil. If ordinary superphosphateis used, this will carry
calcium, magnesium, and sulfur as well as phosphoruso
However, if concentratedsuperphosphateis used, it will
contain little sulfur, and this elementmust be provided
by other means. Some soils also are deficient in potassium,
and if this be so, it is desirableto add a mixture of
superphosphateand potasho If field trials have not been
made to determinefertilizer needs, it is suggestedthat
phosphatefertilizer be added to supply about 50 kg/ha of
PZ05, plus potashfertilizer to supply 25 kg/ha of K20.
The pH should be around neutral.

There is limited but strongly suggestiveevidencethat
many tropical and subtropical soils also are deficient in
the "trace" elements;manganese,iron, copper, zinc, boron,
and molybdenum. Until the specific deficienciesof soil
areasare more definitely known, it may be useful to adopt
the practiceof spreadinganimal manures, jointly with
phosphatefertilizer, as a sourceof trace elements. The
trace element content of dung is small but it may be suf-
ficient to permit responsesof the crop to mineral ferti-
lizers. The amount of dung required to make a band place-
ment with the superphosphateis quite modest, and that is
an efficient use of limited supplies of dung.

Seed Bed Preparation

Where feasible, the seedbed for mungbeansshould
have all plant growth killed, trash removed or covered, and
large clods broken up. The goal also is to provide a seed
bed that is moist to considerabledepth, using those prac-
tices that will avoid rainfall runoff, and foster moisture
storagein the soil profile.
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Planting

Row planting is recommended,in rows about 50 cm apart.
Seed should be placed to produce one plant every 4 to 5 cm
of row. Since seedsare small, they must not be planted too
deeply, to avoid impedanceof seedling emergencethat may
occur with soil crusting. Planting in warm, moist soil will
hastengerminationand seedling development. (NOTE: No
recommendationsare made on treating seedbefore planting,
since such treatmentsare poisonous to man if surplus seed
is eaten. ｓ ･ ｾ ､ treatmentmust follow in-country regulations.)

Weed Control

Mungbeansare not strongly competitivewith weeds, and
thereforeweed control is important. Weeds should be removed
while still small, to avoid injury to the mungbeanroot
system. Weed control by pulling, hoeing, or tillage may be
damaging, and will reduce yields if not done early. Pre-
emergenceherbicides, such as chlorambenand trifluralin,
may be used to control small seededbroadleafand grass-
type weeds. Spot applicationof herbicidesmay be used to
kill weeds where they have reachedsuch a size that pulling
or tillage could be harmful. Care must be taken not to get
the herbicide on the mungbeanplant. Strict adherenceto
the directions for application of a specific herbicide should
be followed as well as the in-country regulations.

DiseaseControl

The diseasesof mungbeanmost common are the viral
diseases,mildew, and Cercosporaleaf spot. Information
on their prevalenceand control is scanty. Most widespread
viral diseaseappearsto be the mungbeanleaf crinkle virus.
It may be identified by rolling or puckering of the leaf,
dwarfing of plants, abortion of flowers, and reduction in
pod number and size. Vectors and host range are not well
known. In Pakistan, India and other areas, the bean yellow
mosaic virus is a serious disease. It is reported to be
spreadby a speciesof whitefly, Bemisia tabaci. Cercospora
leaf spot producesa brown spot on the leaf, often with a
small lighter colored spot in the center. Mildew produces
a white mycelial growth which covers the leaf surface.

Definitive control measuresfor mungbeandiseasesare
not available. In India, bean yellow mosaic virus damage
may be reducedby planting in seasonswhen the vector popu-
lation is low. Diseasedamagemay be minimized by practicing
field sanitationto reduce the amount of inoculum that may
infect the crop. Field sanitationincludes rotation of
crops so that mungbeansare not grown on the same field in
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successiveyears, and removal of crop residuesafter harvest.
The latter make good forage for livestock. Varieties differ
in resistanceto thesediseasesand thesemay ultimately
provide the best diseasecontrol. Currently, recommendations
for diseaseresistantvarieties of mungbeansare not available.
Oftentimes, local varieties and local practicesmay have
evolved which will avoid serious losses from diseases.

Insect Pest Control

As with diseases,information on the insects that in-
jure the mungbeanplant and the control of these insects
is not well known. Some insect pests known to be harmful
to mungbeansare the bean shoot fly, plant hoppers, pod
worms, aphids, leaf rollers, blister beetles,stinkbugs,
and seedweevils. In the SoutheastAsia area, the bean
shoot fly appearsto be the most damaging insect. The eggs
are laid on seedlingplants at or near ground level and the
larvae bores down through the stem, pupating in the root.
This feeding habit kills the seedlingplant. Standsmay
be reducedby as much as 80 to 90 percentby this insect
pest.

Control measuresinclude (1) field sanitation, (2) use
of insecticides, (3) planting during months when the insect
population is lowest, and (4) in caseof the bean shoot
fly, planting at an excessiverate and thinning to a nor-
mal stand after the damagehas occurred. Field sanitation
operatesto reduce the number of insectsat the beginning
of the growing season. The grower should remove all crop
residuesas soon as the mungbeancrop has been harvested
and should practice crop rotation. Despite preventive
measuressome insectsmay increaseto become a menace.
These should be attackedpromptly with appropriateinsecti-
cides effective on the speciesat hand. Early treatment
will prevent the insect from becoming an economically
destructivepest. Systemic insecticides,such as dimethy-
late, or furadon, applied at the time of planting, are
helpful in controlling the bean shoot fly. Recommendations
for insect resistantvarieties are not available, although,
as with diseases,locally productive varietiesmay possess
some resistanceto the local insects, and local practices
may have emergedwhich reduce injury to the crop.

For further information on ｃ ｲ ｯ ｾ Protection, see Chap-
ter 4 in book "Tropical Agriculture by Wrigley, (Reference
list following chapter 40).
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Harvest

In most tropical countries, mungbeansare harvested
by hand picking. The mungbeansare generallypicked in
two flushes since the flowering is indeterminateand the
pods may set and ripen over a period of severalweeks.
In the irrigated tropics, flowering may be terminatedand
the plants brought to maturity by withholding irrigation.
After picking, the pods should be allowed to ripen and
dry in the sun until the moisture content drops to about
10 percento This is necessaryfor safe storagewithout
molding. Some varieties tend to shatter if left in the
field after ripening, or the seedsmay germinatein the
pod during prolongedrainy periods. In the UoS.A., the
mungbeansare harvestedwith a combine-thresher.

Threshing

Mungbeansthresheasily; hand flailing is effective,
but machine threshing is practical if suitable threshers
are availableand proper adjustmentsof the machine are
made to avoid splitting or cracking the seeds.

StorageInsect Pest Control

All seedsand grain require treatment in warm climates
to protect against serious insect damageand losses. All
empty storagestructuresand containersshould be treated
with malathion or another equally effective insecticide
before filling to destroy insects they may harbor. However,
the beans should be fumigated before placementin storage
to kill insectsbrought in from the field. The storedbeans
should be inspectedperiodically to detect any subsequent
infestations,and treatedpromptly if they occur. For
further details on fumigation, see the Chapter on Maize,
sectionon storageinsect pest controL In hot dry seasons,
the threshedseedsmay be spreadout in the sun to reduce
the insect infestations.
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URDBEANS

(Vigna mungo)

Other Common Names: black gram, mash,
urd, urid

Urdbeansare closely related to mungbeansand are
similar to mungbeansin plant characteristics,cultivation,
and utilization. Flowers are normally deeperyellow than
mungbeans. ｓ ･ ･ ､ ｾ of urdbeansare usually smaller than seeds
of mungbeansand normally black in color with a raised, white
concavehilum. The pods are shorter and more hairy and are
held erect as opposedto the drooping habit of the pods of
mungbeans. Cultivation practices, in general, do not differ
from those of mungbeans. Productionof urdbeanis not as
extensiveas for the mungbean. Specific varieties have
been developedand are cultivated in India and other coun-
tries. As with mungbeansinformation on diseaseand insect
pests and measuresto control them is scarce.
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CHAPTER 17

PIGEON PEA !.I
(Cajanus cajan)

Other Common Names: Congo bean, Angola pea,
red gram, yellow dha1,
a1berga, tur, arhar.

GeographicDistribution

Pigeon peas are grown widely in the tropics and sub-
tropics, where they are harvestedas grain, or as a green
vegetable,and as fodder to feed livestock. The reported
principal world production occurs in India and Burma in South
Asia, Uganda and Malawi in Africa, and the Dominican Republic,
Venezuelaand Puerto Rico in Latin America. India produces
nearly 91 per cent of the world's entire production of pigeon
peas. Average grain yields per country range from a low
of 310 kg/ha for Burma, to 1130 kg/ha in Puerto Rico. The
world averageis 670 kg/hag However, yields of 3000 to 4000
kg/ha have been reported from specific fields in various
regions.

The crop is handled in many ways in various regions;
as long season(7-9 months) and medium duration crops of
5-6 months duration as warm seasonannuals. It is grown
alone, or intercroppedwith sorghum, maize, groundnut, millet
or cotton; grown as a short-lived perennialwith successive
hand-pickings,beginning at about 5 months; or as a terminal
crop for 3 to 4 years before the land is returned to produc-
tion of annual crops.

When grown as a perennial, the tops are cut back to
about 30 cm after the first crop of pods is harvested,and
secondgrowth is made for another crop of pods and grain.
However, yields decline steadily after the first crop, and
are usually not economic. The best use of pigeon peas is
to produce a single first crop.

Pigeonpeas are grown widely as a subsistencefood
crop, and they enter domestic and export marketsmostly in
the countries listed above. The crop appearsto have a
unique place in agriculturebecauseof its drought resistance,
and its value as a cash crop when production exceedsfamily
food needs.

11 Edited by J.5. Kanwar and K.B. Singh, InternationalCrops
ResearchInstitute for the Semi-Arid Tropics, Hyderabad
500016, A.P., India
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PigeonPeasas a Foodstuff

The compositionof pigeon peas is similar to the other
food grain legumes; protein 22%, carbohydrate60%, fats
1.5%, mineral matter 3.5%. The contentsof calcium, phos-
phorus and iron are high, as well as the content of vitamins
(except for ascorbicacid). Pigeon peas constitutea high-
protein food, which serves to balancethe extensiveuse of
cerealsand starchy foods in human diets in the tropics and
subtropics. In comparisonwith animal products and fish,
pigeon peas are deficient in two amino acids - methionine
and cystine, but much higher in these than the cereal grains
and starchy crops. In subsistencediets, pigeon peas (and
other food grain legumes) are considered"extenders"of
animal proteins.

When pigeon peas are harvestedgreen (before ripening)
as a foodstuff, they are easily cooked and have high digest-
ibility. The dry pea may have a hard seed coat and is slower
to cook than many other food grain legumes, but this appears
to be a varietal trait, that may be associatedwith weather
conditions during ripening. With the tremendousrange of
types (5000 accessionsin recent collections) available for
testing, it is probable that many rapidly cooking types will
be found.

Adaptation

Climate

Pigeon peas are short-lived perennials,often grown
as warm seasonannuals, that have wide adaptability and grow
especiallywell in subhumid regions and regions with long
dry seasons. Its drought tolerant trait is best expressed,
however, where the soil permits deep and extensiverooting.
As a species,pigeon peas bloom and produce seedsin the
seasonwhen day length is shortening; such changesin day
length being more noticeablein the subtropicswith higher
latitudes. However, some varieties are known to be insen-
sitive to day lengths, and theseare more useful in all tro-
pical farming systems. The photosensitivevarieties should
be planted about 5 months before day lengths fall below 12
hours per day, to produce a crop of peas in 6 months from
planting. Otherwise, the crop remains vegetativeuntil shorter
days occur. The crop is sensitive to frost (higher altitudes
of subtropics).
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Soil

Pigeon peas appear to be adaptedto a wide range of
soils, preferring soils that are well suited to growth of
maize, sQrghum and millet •. Wet soils are unsuited, but the
crop toleratessome alkali and salinity, frequently found
in regions of limited rainfalL Among the food grain legumes,
it appearsto have a greatercapacity to meet its mineral
requirementson less fertile soils than other species.

Description

The pigeon pea may be describeaas a much-branchedshrub,
a short-lived perennial that may be grown as an annual, that
grows 2 to 4 meters tall, dependingon variety. The entire
plant is pubescent,the leaves each have 3 long leaflets,

·and the flowers are borne in racemesin 1eafaxilso Flower
color may be yellow or yellow redo The pods are 5 to 8 cm
long, with 4 to 7 seedsper pod. There are about 18,000
seedsper kilo. The seedsare round, with one edge flattened,
about ｾ cm across, usually brown, with a white spot at the
attachmentto the pod.

This crop is largely self-pollinated,but 5 to 20% na-
tural crossing in the field has been reportedo As a result,
there is considerablevariability in plant type and other
charac;teristicsin most seed lots. Seed production handled
so as to maintain variety or strain pur1ty requires careful
roguing of all "off-types" in the seed fields and isolation
from other fields. Improved strains in the hands of farmers
are likely to lose their identity rapidly if more than one
variety is grown in a locality. There is some advantage
possiblewith the variability usually present in unse1ected
seed lots, since it permits continuing selectionto produce
strains that appear to have greaterproductivity under local
conditions0

Varieties

There are many namedvarieties grown in the tropics
and subtropics. They fall in two main divisions or groups:
(1) the early yellow-flowered group, and (2) the later bi-
color (yellow, brown, red, purple) group. However, the
earlinessor latenessmay be associatedwith almost any other
combinationof plant size, flower color, seedcolor and pro-
ductivity. Becauseof the appreciableamount of natural
cross pollination, new combinationsof traits are easily
producedby selectionof desirabletypes, following by growth
in isolatedfields and removal of all unwantedplants before
blooming. For selectionof high-yielding ability, pest re-
sistanceand desiredgrain characteristics,a portion of



- 149 -

the seedof selectedplants can be field tested, and the
seedof the better performersmay then be planted in seed
multiplication fields. Continued selectionfor several
plant generations,of segregatinghybrid plant populations,
is necessaryto "fix" the heritability so that the strain
will breed true.

At least 5000 accessionsof pigeon peaswere originally
collected and grown at the Indian Agricultural Research
Institute, covering a very wide range of types, varieties
and selections. Such a collection offers opportunity to
identify strainswith specific ecological traits, desirable
plant and seedcharacteristics,and yielding potential.
If establishedvarieties do not fulfill local needs, the
great collection of accessionsoffers a fertile ground for
searchesto be made by growing many of these in field trials.
The InternationalCrops ResearchInstitute for the Semi-Arid
Tropics, Hyderabad, is the world centre for researchon pi-
geon peas and it has most of the world germplasmcollection.

Yielding capability in pigeon peas is usually associated
with adaptationto local climate and soils, and resistance
to pests. It appearsfeasible to increasepresentaverage
yields by at least 3-fold, by growing adaptedstrains, and
by following cultural practicessuited to pigeon peas.

Culture

Fertilization

The pigeon pea has a reputationfor being adaptedto
a wide range of soil conditions, as well as being drought
tolerant. The wide soil adaptationhas led to the belief
that it can derive the necessaryplant nutrients from com-
paratively less available forms of nutrients in the soil,
in contrast to many other crop·s. However, it is probable
that the unusually deep and extensiveroot systems that the
pigeon pea developsduring its growth period gives the crop
accessto minerals not reachedby lesserroot systems,but
it also respondsto fertilizers.

Being a legume, pigeon peas are not dependenton soil
or fertilizer to meet its rather high nitrogen requirements.
The crop has a high content of phosphorus,potassium,cal-
cium, magnesiumand sulfur. Undoubtedly, the augmentation
of natural soil fertility with rational fertilization will
enhanceyielding ability, particularly for crops produced
in 5 t06 months. Field trials of responsesto fertilizers
should include their placementin bands below the seed to
minimize inactivation by reactionwith the soil, and to give
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growing plants early and continuing supplies of the mineral
fertilizers during the growing season. Field trials are
the most reliable guide as to fertilizer treatmentsthat
will enhanceyields. If such results are not available it
is recommendedthat initial trials apply ordinary superphos-
phate at a r.ate to supply 50 kg of P205 per hectare, and
potashfertilizer to supply 25 kg of K20 per hectare. Or-
dinary superphosphatealso carries calcium, magnesium, and
sulfur in sufficient amounts. However, if concentrated
superphosphateis used, it does not contain sulfur and this
must be suppliedby other means on many soil types.

A practical method of positioning fertilizer to meet
crop needs is to open a shallow furrow, spread the fertilizer,
then cover it with soil to a depth of 5 to 8 cm, place the
seed thereon, and cover it with about 3 cm of soiL Mixing
mineral fertilizer through the soil mass, or broadcasting
it', very often will show no benefits becauseof prompt trans-
formations into insoluble forms that are less available to
plant roots.

There is a strong prqbabi1ity that many tropical and
subtropical soils are deficient in the micronutrients that
are neededby legumes in very small amounts. These elements
are manganese,iron, copper, zinc, boron, and molybdenum.
Until field researchis done to identify those micronutrients
that may be short in supply (and prevent responseto other
fertilizers), animal manuremay be used to provide small
amounts of the trace elements. Where specific micronutrient
deficiency is known, the salt containing the nutrient may
be drilled along with the fertilizer. Dung may be spread
with the superphosphate,where this is being applied by hand.
If the dung is to be applied separately,it may be placed
in the bottom of the plowed furrow, under the intendedposi-
tion of the plant row. Banded applicationof dung will maxi-
mize nutritional benefits and conservethe limited supplies
usually available.

SeedBed Preparation

For interp1antingwith maize, sorghum, or millet, pre-
paration for planting pigeon peas need only to be altered
to include proper positioning of fertilizer and/or dung under
the plant row. All growing weeds should be killed, trash
removed or turned under and large clods broken up. In drier
climates, soil moisture conservationpracticesshould be
followed to store as much rainfall as feasible in the soil
profile before planting.

Interp1antingof shorter seasoncereals like pearl millet,
sorghum, cotton with longer seasonpigeon peasmay produce
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greater total yields than either crops grown alone, because
of more completeutilization of soil moisture. However,
where greater total yields, or crop values, are not achieved
by interplanting, single cropping to pigeon peas is recom-
mendedusing varieties that will ripen a crop in 5 to 6 months.

Planting

Single cropping with pigeon peas should provide planting
in rows 50 to 100 cm apart, with seed spacedto provide 1
plant per 20 to 30 cm ot row, tor tull use of the soil.
This will require 15 to 25 kg of seedper hectare, depending
on seedsize of the variety planted. Seed should be planted
in moist soil, at depth of 3 to 5 cm to permit prompt emer-
gence. Deeper planting is undesirable,particularly on soils
that tend to form crusts after rainfall. (NOTE: No recom-
mendationsare made on treating seedbefore-pranting,since
such treatmentsare poisonousto man if s.urplus seed is eaten;
and must follow the in-country regulations.)

Weed Control

Pigeon peas have a reputationfor competing strongly
with weeds, but this is true only with full stands,after
the pigeon peas reach a height of about 1 meter. In early
growth stages,weeds provide serious competition and retard
developmentof the crop. Therefore, weed control is essen-
tial to higher yields under all conditions, particularly
with limited rainfall. Weeds should be killed while still
small to conservemoisture and nutrients, and to minimize
physical damageto pigeon pea root systemsfrom weed pulling
or tillage.

DiseaseControl

Pigeon peas are attackedby a number of rootrots, and
leaf and stem diseases. The two major preventivemeasures
that are effective in controlling such diseasesare: (1)
planting of only diseaseresistantstrains or varieties,
and (2) practicing field sanitation. Field sanitationin-
cludes growing pigeon peas in rotation with other crops,
so that pigeon peas are never grown on the same fields in
successiveyears. Also, remove the entire top growth after
grain harvestby feeding to livestock, or plowing under.
Thesemethodswill greatly reduce the amount of diseaseino-
culum presentwhen the following crop of pigeon peas is planted.
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Insect Control

In common with other legumes, pigeon peas may ｳｵｦｦｾｲ
severeinsect pest attacks. Theseoccurrencesmay be mini-
mized in.severity by (1) planting resistantstrains or va-
rieties, and (2) practicing field sanitation. After the
crop is harvested,remove and feed all top growth to live-
stock; or cut it down and turn it under for soil improvement.
Thesemeasureswill greatly reduce insect populationsat
planting time, particuLarly if neighboringgrowers can be
induced to take similar action.

Pod borer is a very serious pest which affects the crop
badly. When serious infestationsoccur, they should be treated
promptly with effective insecticides. Prompt treatmentat
the s·tart of infestation is most effective. (See footnote.)

Harvest

Pigeon peas, being essentiallyperennials,do not flower,
seed and ripen in a rapid sequence. However, some varieties
and strains approachthe desirablegoal of single cropping.
Usually, more than one picking of ripe pods is needed. Since
the crop is harvestedby successivepickings, it is necessary
that they be carefully dried on a hard floor (to save shattered
seed). Drying should continue until the grain drops to about
10% mqisture, so that it can be storedwithout molding.
Early harvestwill reduce the tendencyfor hard seedcoats
that sometimesmake cooking difficult.

Threshing

Well-dried pods may be threshedreadily, by hand flailing,
or by machine threshingwith adjustmentsto avoid splitting
or cracking the seed.

ProtectionagainstStorageInsects

Insect damagemay be severeunless protectivemeasures
are invoked at the ｴ ｾ ･ of storage. All empty structures
and containersshould be treatedwith malathion or other

footnote: For further information on Crop Protection, see
Chapter 4 in book on "Tropical Agriculture" by
Wrigley, (Referencelist following Chapter 40).
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effective insecticidesto kill insectsharbored therein,
before being filled with grain. As the crop enters storage,
it should be fumigated to kill all insectsbrought in from
the field. Periodic inspectionsthereaftershould be made
to detectany subsequentinfestations,and fumigations made
as needed. For further details, see the Chapter on Maize,
sectionon storageinsect pest control.
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CHAPTER 18

FIELD PEAS Ｈｉｮ｣Ｑｵ､ｩｮｾｇ｡ｲ､･ｮ Peas
and Edible Podde. TypeS)

(Pisum sativum

GeographicalDistribution

Peasare characteristicallygrown as a cool-season
annual. They are best suited to the winter period of the
subtropics, and to the higher altitudes in the tropics.
They are planted at the beginning of the rainy seasonin
the tropics, which is comparativelycool. The crop probably
originated in Ethiopia, from which it spreadin prehistoric
times to the Mediterraneanregion, and thence to Asia, and
to the temperatezones throughout the world.

Production in the tropics and subtropics is most exten-
sive in India and Burma, in Ethiopia, the countriesbordering
on Lake Victoria in East Africa, the Congo and Morocco,
and in Colombia, Ecuador and Peru in South America. Average
grain yields for thesecountriesranges from 920 kgjha in
the highlands of Ethiopia and Peru to 400 kgjha in some other
countries. However, the crop has a yield potential under
favorable climate and culture at least 3- to 4-fo1d higher
than the averageyields reported. Outside of the temperate
zone countries, the crop has receivedvery little attention
on breeding improved varieties.

Utilization

In the Mediterraneanregion, and the regions extending
across the Near East to Mainland China, the crop is typically
grown in the winters. Since peaswill tolerate light frosts,
they are suited to higher elevations in the subtropics, and
are used as a winter crop in farming systems. Where rain-
fall is limited to the cool period, peas may constitutea
major crop. They also are grown successfullyunder irriga-
tion. in cool seasons.

PeasAs A Food

Dried peas constitutea major foodstuff in the markets
of the tropics and subtropics; sold either as whole dry peas
or split peas. The averagecomposition is similar to that
of other food grain legumes - protein 25%, carbohydrate

!/ Edited by F.J. Muehlbauer, ResearchGeneticist, Western Region, Agricultural
ResearchService, U.S. Departmentof Agriculture, in cooperationwith Wash-
ington State University, Pullman, Washington 99163 and JamesM. Schalk,
ResearchEntomologist. Vegetable Laboratory, NortheasternRegion, Agricul-
tural ResearchCenter, Beltsville, Maryland 20705
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59-60%, fat 1.0%, and minerals 3 to 3.5%. It is a high
protein food; but in contrast to animal proteins, it is
somewhatdeficient in two amino acids - methionine and cy-
stine. Peasare a valuable supplementto cerealsand other
starchy foods in the human diet, becauseof their high con-
tent of lysine and tryptophan in which cerealsare deficient.
Peasmay be used as an "extender" of animal proteins that
are usually in short supply in diets of people in the tropics
and subtropics. Peasalso are rich in calcium, phosphorus
and iron, and in vitamins, except for ascorbic acid or vita-
min C which can be ｯ ｢ ｴ ｡ ｾ ｮ ･ ､ by germinating the seed. Peas
are not only widely acceptedas a nutritious foodstuff, but
they constitutehigh-value cash crops for the growers who
producemore than is neededfor family subsistence.

Adaptation

Climate

Peasare best adaptedto cool climates with moderate
rainfall. They will survive light frosts without injury.
Peasare grown in the winter period of subtropical zones,
or in the cooler seasonof the true tropics which begins
with the onset of the rainy season. However, the crop is
most important at higher elevations in the true tropics,
as shown by production in the Andean countries of South
America, in East Africa, and in the Republic of Congo. Peas
may producewell in seasonswith limited rainfall, if the
soil profile is moist. In such locations, the crop produces
grain largely on this storedmoisture.

Soil

Peasprefer soils that are not strongly acid, and that
are moderatelyto well suppliedwith calcium. Soils derived
from limestoneare well-suited for peas. The crop is not
well-suited to highly leachedsoils normally found in high
rainfall areasof the tropics and subtropics. Although peas
are not consideredto be a deep rooted crop, they are not.
tolerant of shallow soils, nor those that are poorly drained.

Since the crop is rich in minerals, peas have high
requirementsfor the major mineral nutrients - ｰｨｯｳｰｨｯｲｾｳＬ
potassium, calcium, magnesiumand sulfur. Thesenutrients
are usually not naturally presentin adequateamounts in
many soils, and must be provided as fertilizers in the amounts
neededto compensatefor soil deficiencies. The problems
of supplyingmineral fertilizers in forms that peas can utilize
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are less difficult on soils describedabove, than on highly
leachedsoils in high rainfall areas.

Description

Garden and canning peas are merely types within the
speciesknown as field peas. Peas belong to the legume
family, and the nodulatedroots supply nitrogen in forms
suited to the plant, independentlyof soil nitrogen or ni-
trogen fertilizers. The pea is an annual, with climbing
or half-bushgrowth habit, reachingheights of 1 to 2 meters
(dependingon variety), the entire plant being glabrous
with a whitish bloom on all plant parts. There is little
or no branching and full occupationof the land is dependent
on density of planting. The leaves are pinnate, with several
pairs of leaflets and a terminal-branchedtendril. The
flowers are large, butterfly-like, and may be white, pink
or purple. The field pea seed is round and smooth; but the
garden types are usually wrinkled, resulting from the presence
of sugars as stored food (versus starch in round peas),
which shrinks upon drying. Seed coat color of varieties
range from green to yellow, to brown; while the cotyledons
are either green or yellow. Split peas, from which the
seedcoat has been removed, are thus either yellow or green.
Seedpods are inflated and contain 2 to 10 seeds,depending
on the variety. Seed germination is hypogea1, i.e., the
｣ ｯ ｴ ｹ Ｑ ｾ ､ ｯ ｮ ｳ remain in the soil, and only the sprout is pushed
through covering soil.

Whole seedof some varieties, and occasionallyin all
varieties, may be resistantto water absorptionon cooking;
this is causedby hard seed coats, and is eliminatedwhen
processedas split peas for food.

Peasof the P. sativum type tend to branchvery little,
however, the crop-roots fairly deeply on suitable soils.
When thickly planted the roots fully occupy the soil profile
but this occupationis not completewith thin standsof
plants. This root system trait must be recognizedin deve-
loping improved cultural practices.

Varieties

The flowers of peas are normally self-pollinated. When
natural crossing is suspected,it is in conjunctionwith
an infestationof thrips or other insects causing cross polli-
nation. There are many regional types and strains of peas
in collectionsmade in the tropical and subtropical countries.
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The Indian Agricultural ResearchInstitute has severalhun-
dred of these. Most of the named varieties have been pro-
duced by plant breedersin Europe and North America. Some
of these temperatezone varieties have been found useful
in the tropics and subtropics,but this is fortuitous since
evaluationand selectionhas been basedon conditions per-
taining to temperateregions. Diligent searchesand collec-
tions of seed samples from all of the important pea-growing
countriesof the tropics and subtropics would doubtlesslead
to identification of types or selectionswith favorable adapta-
tion to particular climatic and soil conditions, resistance
to pests, high-yielding ability, and desirableplant and
seed characteristics.

Local evaluationof available types and varieties should
be undertaken,using the cultural practicesdesignedto in-
creaseyields. Continuing evaluationof new collections
should be made to find still better types, as well as hybrid-
ization of desirableparent stocks to producenew combinations.

Multiplication and distribution of pure seedof improved
varieties should be simple, requiring only that off-types
be rogued out of seed fields. Farmersmay save their own
seedwithout serious danger of losing hereditarytraits.
Confirmation of identity of a specific strain is neededto
avoid adulterationby physical mixing of seed through care-
less handling.

Culture

Fertilization

Being a legume, peas do not respond to nitrogen ferti-
lizers, where the roots are well-nodulatedwith nitrogen-
fixing bacteria. However, peas have a high content of other
mineral elements,and any soil deficiencies in theseelements
must be correctedby appropriatefertilization to produce
high yields. The major mineral elementsrequired are phos-
phorus, potassium, calcium, magnesium, and sulfur. When
ordinary superphosphateis used as a source of phosphorus,
the neededamounts of calcium, magnesium,and sulfur are
supplied automatically in the superphosphate. But when con-
centratedsuperphosphateis used, sulfur is not provided,
and must be suppliedby other means.

Phosphatefertilizers must be properly positioned, just
below the seed, to remain in available form for plant use.
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Placing superphosphatein bands m1n1m1zesinactivation.
A practical method of positioning superphosphateis to open
a shallow furrow, spreadthe fertilizer, then cover with
5 to 8 cm of soil, place seed thereon, and cover seedwith
another 3 to 5 cm of soil.

Where field trials using proper placementof fertilizer
have not been conductedto determineamounts needed, it is
suggestedthat fertilizer initially be applied at a rate
to deliver about 50 kg/ha of P20S• In potashdeficient
soils to balancethe phosphate,potashfertilizer may be
used at the rate of 25 kg/ha of K20. Even larger amounts
may be required on some soils.

There is a strong probability that many tropical and
subtropicalsoils also are deficient in one or more of the
"trace" elementsthat are neededin only small amounts.
Theseare manganese,iron, copper, zinc, boron, and molyb-
denum. Until such time as specific deficiencies in trace
elementsare identified for specific kinds of soils, it
may be useful to apply animal manures that usually contain
small amountsof theseelements. To conservelimited supplies
of dung and obtain maximum results, it is suggestedthat
the dung be added in the bottom of shallow furrows along
with superphosphate. If this proves impractical, the dung
may be placed in the bottom of a furrow during plowing, as
nearly below the intended crop row as may be possible.
Severedeficienciesof any trace elementmay prevent responses
to superphosphateand potashthat would otherwisegreatly
enhanceyields.

SeedBed Preparation

The seedbed should be free of growing weeds, all trash
removed or plowed under, and large clods broken up. The
field should have been handled to conserverainfall by re-
ducing runoff and storing moisture in the soil profile.
If preparationprecedesthe occurrenceof rains, the surface
soil should be left rather rough to facilitate rapid pene-
tration of rains when they occur, and retard runoff.

Planting

Since neither the tops nor the roots of peas are we11-
branched, full occupationof the land dependson sufficient
density of seedingto fully utilize the soil and sunshine.
Rows should be spacedas close as feasible for handling
the crop, about 60 cm apart, and sufficient seedused to
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produce a plant every 5 cm in the row. Dependingon seed
size for the variety, such density of planting will require
80 to 100 kg/ha of seed for small seededvarieties, up to
140 or 160 kg/ha for larger seededtypes.

Seed should be treatedbefore planting if a good stand
is to be achieved. Seedviability should be 80% or higher
and planted no deeper than 5 cm to facilitate emergenceof
sprouts, particularly in soils that tend to crust under
successiverains and drying periods.

Weed Control

The types of weeds that are troublesomein peas are
similar cool-seasonannualsand some cool-seasonperennials.
Weed competitionmay seriously reduce yields, although band
placementof fertilizers and dung, and the withholding of
all nitrogen fertilizers, avoids undue stimulation of weeds
betweenrows of peas. Weeds should be killed while still
young, before there is significant competitionwith peas
for moisture and nutrients. If pulling or hoeing of weeds
cannot be done at early growth stages, it may be necessary
to use a selectiveherbicide that will kill the weed ｳ ｰ ･ ｣ ｩ ｾ ｳ

presentwithout injury to the peas. Since peas do not have
robust root systemsat best, any damagefrom pulling or
hoeing weeds will reducegrain yields.

DiseaseControl

Numerous diseasescausedby bacteria, fungi, viruses,
and nematodesaffect the leaves, stems, pods, seeds, and
roots of peas grown in the tropics and subtropics, resulting
in reducedyields and seedof an inferior quality. Pea
pathogensare transmittedby various means, including wind,
insects, drainagewater, plant refuse, and seed.

Planting peas year after year on the same land that
has a history of soil-borne diseasescan lead to increased
multiplication of some of thesepathogensin the soil, and
unless crop rotation is practiced, preferably in association
with deep plowing of the crop refuse remaining on the soil
surface, yields may be reducedwith each successivepea
crop until the cultivation of peas on this land will no .
longer be profitable. Control of some soil-borne pea diseases,
such as Fusariumwilt and root rot, that survive for many
years in the soil is only feasible by growing resistantpea
varieties. Wherever peas are grown, it is a very important
practice to plant seedswhich are disease-freesince some
pea pathogensare carried on the seed.
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Most researchon control of pea diseasesby plant re-
sistance,chemicals, and cultural practiceshas been done
in the temperateregions. Although some of these control
measurescan be used successfullyin the tropics and subtro-
pics, ｭ ｵ ｾ ｨ of the researchon control of pea diseasesin
theseareaswill have to be done locally.

No recommendationsare made for treating the seedprior
to planting since seed treatmentsmust follow in-country
regulations. Seed treatment is very important for the con-
trol of pathogenson the seed surfaceand in the soil. At
times, the only way to insure a good standof pea seedlings
is to treat the seedswith some chemical. However, treated
seed should never be used for human food or livestock.

Insect Pest Control

The grower may invoke two preventivemeasuresagainst
insect pests that are inexpensive,and one protectivemea-
sure after infestationsoccur. The preventivemeasuresare:
(1) plant varieties that are resistantand (2) practice
field sanitation. Until now little improvementwork has
been done in selectingvarieties resistantto insect pests,
although this means of control is very promising for the
control of some pests. Timing may be more important than
early treatmentfor the control of certain insects. The
leaf weevil, for instance, if treatedtoo early may require
a second treatment.The samemay be true of the pea weevil.
Aphids must be treatedearly to prevent virus infections.

Field sanitationshould also include avoidanceof growing
peas near crops and weeds that could supply insectsor diseases
to the pulse crops. In Iran, for example; pea leaf roll
virus causesyield loss in pulse crops, particularly when
crops are grown near an important reservoir host like alfalfa.
This virus is carried from alfalfa to pulses by aphids.

When infestationsof injurious insectsdevelop, it may
be necessaryto move promptly to apply insecticideseffec-
tive on the specific insect before damageis serious. Early
treatmentwhen control becomesnecessaryis highly essential.
(see footnote)

Footnote: For further information on Crop Protection, see
Chapter 4 in book on "Tropical Agriculture", by Wrigley,
(Referencelist following Chapter 40).
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Harvest

In drier regions, peasmay be left in the field to com-
plete drying of the seedbefore harvest. Moisture content
should fall to about 10% to permit safe storagewithout dan-
ger of molding. Harvest should be prompt after the grain
is dry to prevent deteriorationof peas intended for seed.

Threshing

Threshingmay be done by hand flailing, or by traditional
threshingmachinesadjustedto prevent splitting or cracking
seed.

ProtectionAgainst StorageInsects

Insect damage to stored grain usually begins in the
field, and may spreadrapidly in storage. Such lossesmay
be prevented. All storagestructuresand containersshould
be treatedwith malathion or other effective insecticides
before being filled. However, poisonous insecticidesmust
not be applied to the peas. Fumigation leavesno residual
protection. Residualprotection is possiblewith 1% mala-
thion dust applied to stored seeds. Becauseof the low
mammalian toxicity of malathion, its use for stored seed
protection in developingnations is encouragedas there
would be little chanceof its harming humans or livestock.

The pea crop should be fumigated before going into
storage, to kill weevils, maggots and other pestsbrought
from the field. The stored crop should be inspectedperiod-
ically, and fumigated again when new infestationsare detected.
For further details on fumigation, see the Chapter on Maize,
section on control of storageinsects.
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CHAPTER 19

SECONDARY FOOD ｌｅｇｌｾｓ 1/

All the foodgrain legumes, in this chapter are edible,
and constitute important crops in certain regions. In general,
they are not as widely grown as the major foodgrain legumes
discussedin previous chapters,but they have particular value
in being rich in proteins and, thus, somewherein the world,
having important nutritional value as extendersof animal pro-
teins (meats, milk, eggs, and fish) that are scarceand costly.

The crops in this chapterhave been separatedby Dr. K.O.
Rachie 1/ on the basis of their rainfall requirements. He
cautions, however, that in making such fine distinction in
requirements,considerableoverlapping in regions is certain
to occur. Much of the information given in the chapter is
from Dr. Rachie.

In the pages that follow, the various crops will be
discussedin this order:

Botanical Names Common Names

Semiarid regions (less than 500-600 rom annual rainfall):

Cyamopsis ｴ ･ ｴ ｲ ｡ ｾ ｯ ｮ ｯ ｬ ｯ ｢ ｵ ｳ
(f.. psorallodes

Kerstingiella geocarpa

cluster bean, guar

Kersting's groundnut

Phaseolusacutifolius var. latifolius tepary bean

ｾ acontifolia
(Phaseolusacontifolia)

Voandzeia subterranea

Lathyrus sativus

moth bean or mat bean

bambaragroundnut or
Madagascarnut

grass pea, vetchling,
khessari, chickling
vetch, sweet pea

Semiarid to subhumid regions (600-900 mm annual rainfall):

Lablab niger
(Dolichos lablab)

)J Edited by K. O. Rachie, Leader, Grain Legume Improvement
Program, International Institute of Tropical Agriculture,
Ibadan, Nigeria

hyacinth bean, lablab,
bonavist



- 163 -

Macrot*loma unif10rum
(Dolie os biflorus)

Parkia spp.

horse gram

African locust bean

Subhumid regions (900-1200rom annual rainfall):

adzuki bean

rice bean

jack bean or horse bean

sword bean

Canava1iaensiformis

£. gladiata

Vigna angu1aris

ｴ ｾ ｧ ｮ ｡ umbe11ata
_. calcaratus,Phaseo1usca1caratus)

Humid and very humid regions (above 1200 rom annual rainfall):

Mucuna pruriens var. uti1is

Mucuna sloanet

velvet bean

horse-eyebean

Pachyrrhizuserosus
Ｈ ｾ Ｎ tuberosus,Dolichos bu1bosis)

Mexican yam bean,
potato bean or manioc
bean

Phaseo1us1unatus lima bean

Psophocarpustetragono10bus

Sphenosty1isstenocarpa

Winter annuals or cool weather legumes:

Lathyrus sativus

winged bean

African yam bean

grass pea, vetch1ing,
khessari, or chickling
vetch

Lupinus a1bus white lupine, sweet
lupine

Lupinus angustifo1ius "sweet" strain of blue
lupine

Lupinus 1utens

Vicia spp.

"sweet" strain of
yellow lupine

vetch (various kinds)
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Plant diseasesusceptibilityand losses from insects for
many of these speciesare classifiedas being very low. In
many cases, this could quickly changewith an increasein or
concentrationof areas seededto the crop. Average yields
per ｨ ･ ｣ ｴ ｡ ｾ ･ can be expectedunder normal growing conditions
in areaswhere the crop is regularly grown. Averageswill
vary betweenand within .countriesand areas, and maximum
yields may be exceeded,but they should not be used in esti-
mating expectedyields, especially in areasnew to the crop.

Semiarid Regions with Less than 500 to 600 mm Annual Rainfall

CYfimoEsis tetragonolobus,cluster bean, guar, is a bushy,
robust er aceousannual that grows in 90 to 120 days in the
tropics and subtropics, especiallyIndia. It does well on
alluvial/sandysoils and likes high temperatures. Yields of
dry seed average400 to 600 kg/ha and go as high as 1,600 kg.
The green pods are used as a vegetable. The crop is also
grown for greenmanure, as a fodder crop, and as an industrial
crop for the mucilage extractedfrom the seed. Its suscepti-
bility to pests and diseaseshas been low, especially in drier
climates.

Kerstingiella geocarpa,Kersting's groundnut, is a small
annual with undergroundfruiting that grows in Africa. It is
similar to bambaragroundnut in size, growth habit, duration
of growth, soil and climate preferences/tolerances,and its
low susceptibility to pests and diseases;but it is a much less
important crop than bambaragroundnut. It grows well on dry,
poor, sandy soils and requireshigh temperatureand snnshine.
Dry seed yields averageabout 500 kg/ha. Both the unripe and
mature seedare used as pluse.

Phaseolusacutifolius var. latifolius, tepary bean, is an
annual originating in northwesternMexico and southwesternU.S.A.,
it matures in 60 to 90 days and is also grown to a limited ex-
tent in India and Burma. It is suberect,herbaceous,bushy or
recumbent, 25 cm high. It does well on dry soils and does not
toleratewaterlogging. It has medium susceptibility to pests
and diseasesand producesa maximum 1,500 kg/ha of dry seed.
Used for pulse, it averages400 to 700 kg/ha. As a forage it
produces5 to 10 tons of dry hay.

Vigna acontifolia, moth bean or mat bean, is an annual that
grows to maturity in 65 to 90 days in India and Burma. It is a
slender, creeping, hairy, herbaceousplant 10-30 cm high. It is
planted on light sandy soils near the end of the rainy season
and grows mainly on storedmoisture. It is also grown as a hot-
seasoncrop under irrigation, and is often planted in mixtures
with sorghum, millet, lablab, and pigeon pea. It produces
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as much as 1,600 kg/ha of dry seedaveraging300 to 400 kg.
These tiny seedsare very rich in protein and thus are an
excellent supplementfor diets composedlargely of cereals.
Also, the green pods are eatenas a vegetableand the crop
is sometimesused for hay and green forage.

Voandzeia subterranea,bambaragroundnut or Madagascarnut,
is a small, bunchy, annual herb with erect long-stalked, tri-
foliate leaves. It matures in 90 to 150 days, forming its fruits
underground. It is found widely in Africa, especially in the
semiarid to subhumid southernfringes of the Sahara, in eastern
Africa from Sudan to Rhodesia, and in the Malagasy Republic.
It has a preference-tolerancefor dry, poor soils and high tem-
peratures,and has very low pest and diseasesusceptibility.
Cultural requirementsare quite similar to those for groundnuts,
but it is much more drought tolerant. Maximum yields of dry
seedare about 2,600 kg/ha and averageabout 750 kg. Unripe
seedsare eatenfresh; ripe seedsare used as pulse. It is high
in protein, but unlike ordinary groundnuts, contains very little
oil. It is the most important pulse in Africa after cowpeas
and ordinary groundnuts, an industrial crop.

Semiarid to Subhumid Regions (600-900 rom Annual Rainfall)

Lablab niyer, hyacinth bean, lablab, bonavist, is a short-
term perennia that is frequently grown as an annual in 75 to
300 days in South Asia, Latin America, and Africa. It has
many forms and varieties -- some twining (climbing), some bush
forms. It requires good drainage, but toleratespoor soils and
low fertility. It is moderatelyresistantto pests and diseases.
Average production of dry seed is 400 to 500 kg/ha with yields
reportedas high as 1,150 kg/ha. Young pods and green beans
are used as vegetablesand dry seeds, for pulse and feed for
livestock. It is also used for forage and greenmanure.

Macrottloma uniflorum, horse gram, is a low slender, semi-
erect, her aceousannual that matures in 120 to 180 days, reaching
a height of 20 to 30 cm. It is grown extensively in southern
India, but also in Malaysia, West Africa, and the West Indies.
It toleratesvery poor soil (but not alkaline soils) and has
only moderatesusceptibility to pests and diseases. Its average
yield of dry seed is 200 to 300 kg/ha, but producesas much as
1200 kg/ha. Culture is similar to mungbeans. Dry seedsare
used as pulse and animal feed. It is also grown for green manure
and for fodder.

Parkia spp., African locust bean, is a perennial tree that
grows 10-30 meters in height on a wide range of alluvial soils.
It has had very little susceptibilityto pests and diseases.
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Dry seedproduction averagesabout 350-500 kg/ha. The dry
seedsare fermentedas flavoring. The fruit pulp is also
cooked.

SubhumidRegions (900-1200 rom annual rainfall)

Canava1iaensiformis,jackbean or horse bean, is a bushy,
erect perennial that grows to a height of 1 to 2 meters in
180 to 300 days. It has widespreaddistribution in lowland
tropics around the world. It is deep-rooted,and drought resis-
tant, but also toleratesshadeand some waterlogging. Dry
seedyields average800 to 1,000 kg/ha with yields as high as
4,600 kg. Cultural practicesare similar to those for cowpeas.
Both the green pods and seedsas well as the ripe seeds (less
frequently) are eaten; however, after severe temperaturechanges
during ,the growing season,either the green beans or the ripe
seedsare sometimestoxic. (Apparent toxin is HCN.) It is grown
for forage and cover, and ureaseand lectin are extractedfor
medicinal purposes. C. gladiata, sword bean is a closely re-
lated speciesbut it Is a large climber. It occurs extensively
in the humid tropics of Africa and Asia.

Vigna angu1aris, adzuki bean, is a bushy, erect annual of
Chineseorgin used for food in Asia and in other subtropical
regions. The plants are 30 to 75 cm tall, dependingon variety.
There are very many varieties, differing widely in plant size,
seed color, and other characteristics. Is adaptationand cul-
ture are similar to those of the soybean, but unlike the soybean,
it is low in oil content. It is useful as a protein supplement
in diets.

ｖ ｩ ｾ ｮ ｡ umbe11ata,rice bean or red bean, is a short-term
perenn1althat grows as an annual and matures in 60-90 days in
Asia. Its type of growth ranges from erect to suberectto twining,
with stems as much as 300 cm long, but usually reaching a height
of only a third.of a meter. It grows on light to heavy soils
after or before rice. It is reputed to be susceptibleto root
knot nematodeswhich may account for its growth on soils peri-
odically flooded for rice, thus controlling nematodes. Cul-
tural practicesare similar to mungbeans,with averageyield
of dry seed 200-300 kg/ha and attaining yields as high as 1,200.
The dry seedsare rich in protein and are used as pulse; the
green seedsand pods are eatenasavegetableand the crop is
also grown for greenmanure and for fodder.

Note: Phaseo1usvulgaris, phaseo1usbeans, field beans
(dry beans and stringbeansin the USA) and Glycine max, soybeans,
are in this rainfall grouping.
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Humid and Very Humid Regions (Above 1200 rom annual rainfall)

Mucuna pruriens var. uti1is, velvet bean, is a perennial,
herbaceousclimber 3 to 8 meters in length that matures in
240 to 300 days in Africa. It requireshigh temperaturesand
a humid climate but will grow on poor, sandy loams. It has
had very low susceptibility to pests and diseases. Dry seed
yields average700 to 1,000 kg/ha. The seedsare sometimes
used a-s pulse, ancl the crop is also grown for greenmanure,
cover, and forage.

Mucuna sloanet, horseyebean, is a perennial, herbaceous
climber, 3 to 10 meters in length, that fruits in 240 to 360
days. It requireshigh temperaturesand humidity and a we11-
drained soil. It has had very low susceptibility to pests
and diseases. Ripe seedsare sometimesused as a pulse in
thickening soups in easternNigeria.

Pachyrrhizuserosus, Mexican yam bean,potatobean or manioc
bean, is a climber that grows to 2 to 5 meters in length and
producesgood-sizedtubers in less than a year. It is a peren-
nial through its tuber, but the stems and leaves are annuals.
It is native to the American tropics, but is grown widely in
tropical countrieson all continents. The crop is usually pro-
pagatedby pieces of mature tubers, but can be grown from seeds
planted about 30 cm apart in rows spaced90-100 cm. Vines
should be supportedon poles. It needswell-tilled, sandy 10ams
and a humid climate. It has had very low susceptibility to
pests and diseasesand is one of the most vigorous growers and
pod producersamong the tropical legumes in high rainfall areas.
Tubers are eatenraw or cooked, the green pods are sometimes
eatenas a vegetable. The ripe seedsare reputed to be toxic
to man and animals.

Phaseo1us1unatus, lima bean, is a perennial twining
climber, but there are also bush types. It requires 100 to
270 days to grow and is of major importance in the African
lowland tropics as well as many other tropical areaswhere it
needs a moist climate and well-drained, aeratedsoils. Its
susceptibility to diseasehas been very low. Dry seedproduc-
tion averages500 to 600 kg/ha with yields as high as 2,800 kg.
It is eatenmainly as dry beansas pulse, but the green beans,
young pods, and leaves are also eatenas a vegetable. Note:
The dry seedsmay be toxic (HeN).

ｾ ｨ ｯ ｣ ｡ ｲ ｰ ｵ ｳ tetragonolobus,wingedbean, is a twining, gla-
brous,erbaceousperennialplant that grows to fruiting in 180
to 270 days in tropical Asia, Papua, and New Guinea. It needs
a humid climate and loamy soils. Its susceptibility to pests
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and diseaseshas been very low. Yields of dry seedaverage
400-500 kg/ha, but run as high as 2,500. Fresh green pods,
leaves, and tubers are used as vegetables,the dry seedsas
pulse. It is also grown for greenmanure and forage.

Sphenosty1isstenocarpa,African yam bean, is a twining,
climbing, or procumbent, herbaceousperennialof 3 to 6 meters
that grows to seedproduction in 150 to 300 days, in lowland
tropics of Africa where it is an important crop. It needs a
humid climate and well-drained loam soils. Its susceptibility
to pests and diseaseshas been low. Yields of dry seedaverages
300 to 500 kg/ha and range up to 1,200 kg. Tubers are eaten
fresh or cooked; dry seedsare eatenas pulse.

Winter, or Cool Weather Legumes Grown for Food

Lathyrus sativus, grass pea, vetch1ing, khessarior
chickling vetch, requires a subtropicalor temperate,not a
tropical climate. It is grown at higher elevationsduring a
cool seasonin India, the Near East, and North Africa. The
plant grows erect or nearly so, about 75 cm tall although some
forms are procumbent. The stems and leaves somewhatresemble
field peas. It is grown primarily becauseof its ability to
produce a modest crop despite limited rainfall during the
growing period. Cultural practicesresemblethose for lentils
and ｣ ｾ ｩ ｣ ｫ ｰ ･ ｡ ｳ Ｎ The seedsare rich in protein, but many vari-
eties contain toxic alkaloids in the seed that cause dangerous
systemic disorders in man. Its culture for food must be rigor-
ously limited to nontoxic strains.

Lupinus albus, white lupine or sweet 1upine,is an annual
with stems 40 to 120 cm long (dependingon variety)with 5 to
7 leaflets per leaf and white flowers and seeds. It is grown
in cooler seasons(higher altitudes in the tropics) in much the
s'amemanner as field peas. The crop prefers soils of moderate
fertility and is most productive when the "rainy" seasonis
fairly cool.

ｾ Ｎ augustifo1ius,"sweet"strain of blue lupin, and L ..
1uteus, "sweet" strain of yellow lupine, are related speCl.es
in which strains have been developedthat are "sweet", i.e.,
they have relatively low toxic alkaloid content. A process
for essentiallyeliminating the remaining alkaloid has been
worked out in Chile. These speciesappear superior to L. a1bus
on sandy, moderatelyacid soils of low fertility. They-are
small-seededtypes.

The bitter lupines, with an alkaloid content of 0.35 to
3.0% have been consumedfor centuriesby the Inaian population
of the Andes in Colombia, Ecuador, Peru and Chile. Information
available indicates that lupines are also consumedin Italy and
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Iran.

The so called "sweet lupines" with an alkaloid content of
only 0.001 to 0.02% are a new developmentand their seedsare
now being extensively investigatedas a raw material for high
protein foods. Even with the alkaloid content low, it is con-
sideredby the Chileans that its complete removal is essential
as it may be a potential health hazard. Sweet lupine seedsre-
tain also a slight bitter taste.

Experimentshave been conductedin Chile which have re-
sulted in a processedproduct with much the same characteristics
as was developedfor the soybeanby the University of Illinois.
The grain is first adequatelydried, then dehu11edand leached
with warm water for a certain period, at the pH which corresponds
to the iso1ectricpoint of the protein. Subsequentlyit is
shreddedand dried; and, if necessary,finally ground in an
Alpine mill.

Vicia spp., vetchesof various kinds, althoughprimarily a
forage and cover crop, are grown for food in some areas. For
example, Turkey producesvetch seed and exports some of it to
Japanfor use as a food legume.
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CHAPTER 20

GROUNDNUTS 1/
(Arachis hypogaea)

Other Common Names: peanuts,goober pea,
pistache de terre,
earthnuts

The groundnut is both a food grain legume and an oil seed
crop. It is widely grown in the tropics and subtropics
for direct use as food, for the oil, and for the high pro-
tein meal producedafter oil extraction.

GeographicalDistribution

Groundnutsare believed to have originated in the upper
Plata basin in what is now easternBolivia and to have spread
rapidly throughout the tropics and temperatezones following
the colonizationof the Americas. Groundnutsare grown
widely as a crop of major importancein the following coun-
tries of the tropics and subtropics: in Asia - India, China,
Burma, Indonesia, and Thailand; in ａ ｦ ｲ ｩ ｣ ｡ ｾ ｩ ｧ ･ ｲ ｩ ｡ Ｌ Senegal,
Sudan, Zaire, Niger, Uganda, Upper Volta"Cameroon,Malawi,
Chad, and Mali; in South America - Brazil, Argentina, and
Paraguay; in Central America and the Caribbean- Dominican
Republic and Mexicoj in North America - the United States.
The yields per hectaremay be used as an indicator of the
degreeto which improved technology is being applied. In
contrast to the North American productionunder a relatively
high level of technology that producesaverageyields of
2300 kg/ha, and top yields above 3000 kg/ha, Asiatic yields
generallyare less than 1000 kg/ha, African yields about
2/3 of Asiatic yields, and South American and Caribbean
yields about equal to Asiatic yields. There appear to be
substantialopportunities to make effective use of known
technology in the tropics and subtropicsj but there is doubt-
less much researchthat should be undertakento adapt research
results from other areas to the ecological conditions in
each groundnut producing country.

Utilization

Groundnutsconstitutea major crop for subsistence
food; as a high-protein crop to balancediets high in cereals
and starchy foods, supplementinganimal proteins; as an oil

1/ Edited by Ray O. Hammons, ResearchGeneticist and Technical Advisor (Peanut
Breeding), SouthernRegion, Agricultural ResearchService, U.S. Dept. of
Agriculture, in cooperationwith University of Georgia Coastal Plain Station,
Tifton, Georgia 31794 and B.E. Caldwell, Staff Scientist (oil Seeds), National
Program Staff, Agricultural ResearchService, U.S. Dept. of Agriculture,
BeltsVille, Maryland 20705
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crop for home use in cooking, lighting, and as a food con-
stituent; and as a cash crop for domesticmarkets and foreign
trade. The principal importing countries are most of Western
Europe, Japan, Hong Kong, Singapore,Malaysia, Venezuela,
and Algeria. The crop is marketedas unshellednuts, oil,
or meal.

The crop is usually grown in rotation with maize, sor-
ghum, and millet, and as an interplantedcrop in various
row crops. The vine residues,after the pods are removed,
are excellent protein feed for horsesand for ruminant live-
stock. The crop may be grown with little or no mechanization,
with partial mechanization,or as a completelymechanized
crop. With moderateattention to control of spoilage damage,
groundnutsstore well; they may be processedfor oil and
meal, or roastedwith primitive home facilities; or processed
with advancedtechnology.

As an edible oil crop, groundnutscompetewith sesame,
sunflowers, and soybeans;but each has somewhatdifferent
ecological adaptations.

GroundnutsAs A Foodstuff

Whole groundnuts, and groundnutmeal producedby expressing
the oil, are rich in protein, minerals and vitamins. The
oil is a satisfactorycooking oil, useful also for home
lighting, as a raw material for making margarine, and directly
as an essentialfood. The whole groundnuts (without shells)
average26% protein, 43% oil, 24% carbohydrates,and 2.7%
minerals. They are rich in calcium, phosphorusand iron.
They constitutean excellent sourceof the vitamins thiamine,
riboflavin, and niacin, but not of vitamin A or ascorbic
acid. The meal is much richer than the whole groundnut in
protein, minerals and vitamins.

The groundnut protein resemblesmost other plant pro.teins
in being somewhatdeficient in the two amino acids essential
for human diets, namely, methionine and cystine, in comparison
with animal proteins. However, groundnutprotein serves
as an excellent supplementto cereal grains and starchy crops
that are low in lysine and tryptophan, in which groundnuts
are rich. Cerealsand starchy crops are comparativelyqigh
in methionine and cystine. Using animal protein as the
standardcompleteprotein for human diets, groundnutsserve
as an "extender" of the scarceand expensiveanimal proteins.
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Adaptation

Groundnutsdo not tolerate low temperatures. They need
a warm climate, with moderaterainfall or irrigation during
the growing season,and prefer hot, dry weather during seed
ripening. The crop is not adaptedto regions of continuing
heavy rainfall; since the difficulty of curing the crop with-
out molding of the seedsis prohibitive in humid regions.
The bambarragroundnut is grown in humid regions.

Early varietieswill mature in 90 to 100 days, and
other varieties require as much as 140 days. This compara-
tively short growing period may permit production of a second
crop (following a cereal) on the land in the same year.

Soil type and condition is highly important for ground-
nut production. Savannalands and similar ecological zones
are preferred, but within such zones, well-drained, sandy
loams are best. Since the ripe crop of pods is borne under
the soil surfaceand must be dug out, a friable soil is highly
advantageous. Also, such soils favor rapid maturationof
the pods and minimize mold damage.

Groundnutsare reputed to grow well on soils low in
fertility, but this is true only when they follow another
crop that has beenwell fertilized (cotton, maize, sorghum,
etc.)., The groundnut apparentlyutilizes rather well the
residualmineral fertilizers left from the precedingcrops.

Description

The groundnut is a legume; it is not a nut in the tech-
nical sense,but is a type of pea. It is a warm season,
annual, herbaceousplant, that producesa central upright
stem with few to numerousbranchesthat range in habit from
nearly erect to prostrate. There are two main botanical
types: (1) the Spanish-Valenciatype in which the plant
is generally erect, matures early, has pods clusteredabout
the baseof the plant and the seedspossesslittle fresh
dormancy; and (2) the Virginia type in which plants are spread·
ing (runner) to upright (bunch), in habit, mature later,
have pods dispersedalong the secondaryand tertiary branches,
and the seedpossessappreciablefresh dormancy.

The plant has a well developedtaproot with numerous
lateral branches. The root system is well nodulated, and
the plant is, therefore, not dependenton soil nitrogen nor
on fertilizers to meet its high nitrogen requirements.
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The plant has pinnately compound leaveswith two pairs
of leaflets. Flowers are borne in the leafaxils, above
ground, singly or in clustersof about three. The flowers
are self-pollinated. After pollination, the ovary stalk
"peg" elongatesrapidly and pushes the fertilized ovary into
the soil, where it develops into a pod. The pods may have
1 to 3 (or more seeds) each, dependingon variety and growing
conditions. The pod developsonly under the soil surface,
and thus, it is ｾ ｵ ｩ ｴ ･ important that the soil be sufficiently
friable for the 'pegs" to penetrateeasily.

The seed is a straight embryo, with a thin papery seed
coat, which assumesvarious colors at maturity (depending
on the variety). The seed coat is not grown fast to the
seedand is easily slipped off after roasting or cooking.
Seed dormancy is characteristicof some varieties, this
period extending for weeks or months when left in the soil;
but the "rest" period is broken by exposureto temperatures
above 370 C for a few weeks. Seed size varies with variety,
from 2000 to 3000 seedsper kilo. Under proper storage
conditions (low humidity, and seedwell dried), the seed
(in the pod) retains its viability for 3 or more years.

Varieties

There is a limited amount of cross-pollinationof ground-
nuts under field conditions, and the progeny of thesenatural
hybrids provide a rich sourceof variability for making selec-
tions. Another--andrarer--form of variant, the mutant, may
also occur. Thus, there are a great many types and varieties
found in all groundnutproducing regions. After the initial
ｾ ･ ｷ plant generations,the variants resulting from natural
crossinggenerallybreed true, so that the subsequentselections
can be maintainedwithout hereditarychanges,provided that
off-types are removed in all seed producing fields. The
dominant varieties and types of any regions show a strong
tendencytoward adaptationto local climatic and soil conditions,
which has made them more productive. There is a continuing
opportunity to select strains that'are capableof responding
to improved cultural practices, that are more resistantto
specific pests, and have preferredgrowth habits and seed
characteristics.

Evaluationof varieties and strains introduced from
other regions with similar climatic conditions is likely
to provide rapid benefits, if field trials are conducted
under cultural conditions favorable to high yields, with
all strains given equal treatment. In addition to total
yields, and growth characteristicsthat favor easeof produc-
tion and harvest, selectionshould emphasizemarket acceptability.
Since the strains or selectionsgenerallybreed true, there
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is no difficulty in maintaining the identity and genetic
purity of superior selections. Growers may save their own
seedwithout loss of hereditarytraits, with limited guidance
on removal of off-types, and with precautionsagainstphysical
mixing of different strains.

Culture

Rotations

Groundnuts should be grown in rotations with other crops,
such as maize, millet, sorghum, and cotton; and there is
some evidencethat periodic growth of a forage grass or le-
gume for livestock feed, enhancessubsequentyields of ground-
nuts in tropical and subtropicalregions.

Fertilizers

Groundnuts do not respond to nitrogen fertilizers when
the crop is grown on land naturally inoculatedwith root-
nodule bacteria, or when seedhas been inoculatedbefore
planting on new lands. The crop is believed tb be capable
of growing on soils of low fertility, but this is true to
only a limited extent, when groundnutsfollow other crops
in the rotation that have been fertilized with mineral fer-
tilizers. Groundnutsappear to be capableof using residual
fertilizers in the soil. Since the plants and seedof ground-
nuts are quite high in mineral elements, the supply of these
in the soil must be high to support high yields. The major
elementsrequired are phosphate,potash, calcium, magnesium,
and sulfur. For all of these, it is essentialthat they be
available for ready absorptionby the root system. However,
there is an additional requirementfor calcium; this element
must be presentin the surface soil into which the pegs are
inserted, to foster developmentof seeds. For the bunch-types
of plants, additions of calcium may be made on 15 cm strips
on both sides of the plant row. For runner-typeplants,
the entire surfacesoil should be treated. Finely ground
limestoneor gypsum (calcium sulfate) at rates to supply
the equivalentof 100 kg/ha of CaO will usually suffice,
although field trials should be made for more precisemeasures
of the amounts required to maximize yields.

Positioning of mineral fertilizers in the soil is recom-
mended, sincemany tropical and subtropical soils react prompt-
ly with phosphatefertilizers to render them unavailable
to plants. Placing the fertilizer in bands, under the planted
seed, greatly reducesthe undesirableinactivation that would
occur if the fertilizer were broadcastor mixed with the
soil mass. A practical method is to open a shallow furrow,
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place the phosphate(and potash if needed) in a band in the
bottom, cover with 5 to 8 cm of soil, place the seed thereon,
and cover the seedwith about 5 cm of soil. Field trials
should determine the amount of fertilizer needed; but, if
thesehave not beenmade, it is suggestedthat superphosphate
be spreadto provide 50 kg/ha of P205. Potashmay be added
at a rate to supply 25 kg/ha of K20 along with the superphosphate.

It should be noted that ordinary superphosphatecontains
calcium, magnesium,and sulfur, sufficient to meet plant
needswhen this fertilizer is used. However, concentrated
superphosphatedoes not contain sulfur; this must be provided
from other sources.

On many strongly weatheredsoils of the tropics and
subtropics, evidenceis being found of seriousdeficiencies
in "trace" elementsneededin small amounts; and correction
of thesedeficienciesis required to permit responsesto
the traditional mineral fertilizers. One or more of the
following elementsmay be deficient; manganese,iron, copper,
zinc, boron, and molybdenum. Until the necessaryresearch
has been done on major soil groups to determine specific
deficiencies in trace elements, it may be practical to ｭ ｡ ｫ ｾ

applicationsof animal manureswhich usually contain small-
amounts of trace elements in a readily available form. It
is suggestedthat dung be spreadwith superphosphate,in
furrows, as describedabove. If this is not practical, the
dung may be placed in the bottom of furrows during plowing,
under the proposedlocation of the row.

Seed Bed Preparation

The seedbed should be mellow and friable, all living
weeds killed, and trash removed. Fields should be managed
to conserverainfall by reducing runoff and storing rain
in the soil profile.

Planting

Row planting is highly recommended;it is necessary
for proper placementof fertilizer, for weed control, and
efficient harvest. Planting should be done as soon as rains
begin, to foster rapid germinationof seed. Either ｳ ｨ ･ ｾ ｬ ･ ､

or unshelledseedmay be used, but if unshelledseedis planted,
the pods must be broken into two or more pieces to give prompt
germination. Spacingof rows and distancebetweenplants
in that row must be adjustedto variety and probablerainfall.
Smaller varietiesmay be planted in rows 60 to 70 cm apart,
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and larger varieties in 90 to 100 cm rows. Spacing of plants
may range from 10 to 20 cm in the row. From 20 to 40 kgjha
of shelled seed (or double these amounts of unshelledseed)
will suffice to plant one hectare. (NOTE: No recommendations
are made on treating seedbefore planting, since such treat-
ments are poisonousto man if surplus seed is eaten; and
must follow in-country r,egulations.)

Weed Control

Groundnutsare not strongly competitivewith weeds,
and infestationsseriously reduce yields, particularly in
drier regions. Weeds not only exhaustsoil moisture but
also depletenutrient supplies. Early removal of weeds reduces
competitionwith developinggroundnuts, and minimizes physical
damage to the root systemsof groundnuts. Pulling, hoeing,
or tillage after blooming of groundnutsbegins, interferes
with "pegging" of the plant, and pod formation. If weeds
are still presentat blooming or later, it may be advisable
to use a selectiveherbicide that will not injure the ground-
nuts, to avoid serious loss in yields. Groundnutsare reputed
to be resistantto witchweed that attacks cereal grains.

DiseaseControl

Principal reliance should be placed on two preventive
measuresfor control of plant diseases: (1) plant those
varieties or strains that exhibit greater toleranceor resis-
tance to locally prevalentdiseases,and (2) practice field
sanitation. Such sanitationincludes use of crop rotation
so that groundnutsare not grown on the same land in successive
years, and removal of all plant refuse promptly after harvest.
Thesepracticesgreatly reduce the amount of inoculum that
might infect new plantings.

The occurrenceand spreadof diseasesis directly re-
lated to rains and air humidity. Regions and seasonswith
frequent rains and high air humidity are not favorable for
groundnut production.

Qualitative genetic resistanceto most of the diseases
known to attack the groundnut is in its infancy compared
to the advancesmade with the cereals for example. However,
progressis being made. Genetic resistanceto rosette is
known and has been incorporatedinto commercialvarieties.
Resistanceto rust is known and the geneticmechanismis
under study. Genetic resistanceto the most important di-
sease,leafspot, is yet to be conclusively demonstratedin
Arachis hypogeae,but occurs in certainwild Arachis species.
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Insect Control

Preventivemeasuresare important for protectionagainst
insects. Insecticidesare not recommendedsince they may
leave toxic residuesin the seed, and the vines from treated
plants are unsafe for feeding livestock. The preventive
measuresinclude: (1) planting varieties that are relatively
resistantor tolerant to locally damaging insects, and (2)
field sanitation. Rotation of crops so that groundnuts
are not grown on the same land in successiveyears, and prompt
removal of vines and trash after harvest, will greatly reduce
abundanceof harmful insects. Quantitativegenetic resistance
to certain insects (e.g. Diabrotica undecimpunctatahowardi,
the SouthernCorn Rootworm) has been reported in one u.s.
genotype. (see footnote on Crop Protection)

Harvest

Harvesting is a crucial aspectof groundnut production./
The crop is ripe when the seedsare full grown with seed .
coat (skins) showing natural color of the variety, and the
inside of the shell has begun to color. Groundnuts shrink
badly when harvestedtoo early. Since the crop of pods is
below ground level, they must be lifted out without removing
the pods from the vine. This is more easily done on sandy
loams in friable condition. The main root must be broken,
and the entire vine with attachedpods lifted, either by
hand tools or machines.The lifted plants may be cured in
a windrow, with pods not exposeddirectly to the sun; except
in more humid regions or seasons,they may be shocks or small
stacks around poles to minimize contactwith the soil. Curing
continuesuntil moisture content of the seedsfalls to 10%
or less.

Groundnut curing is particularly important, since it
has been found that ra3id curing is very essentialto mini-
mize the hazardof mol ing, that producesa toxin (aflatoxin)
that makes the crop unsafe for use as food for man, or feed
for livestock. The crop rarely suffers any significant molding
until lifted out of the ground on well drained soils. Prompt
and thorough drying of lifted plants preventsmolding of
the seeds. The presenceof molding makes the crop unmarketable,
and unsafe for home consumptionas food. Windrows or small
piles of the vines and pods must be turned over promptly,
if rains occur during the curing stage.

Footnote: For further information on Crop Protection, see
Chapter 4 in book on "Tropical Agriculture" by Wrigley (Re-
ference list following Chapter 40).
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Pods are removed easily from the vines when dried to
the stage that the slenderattachmentsare brittle. This
may be done by hand or by machines. If there is any doubt
that the seedsare sufficiently dry for safe storage, they
should be placed in shallow layers on drying floors, and
turned frequently, until thoroughly cured. Molding at this
stageis just as seriousas molding during the field curing.

Storageand Processing

Groundnutsstore safely when moisture content of the
nuts is brought down to about 10%, and the relative humidity
of the storageroom is about 60%. If there is evidenceof
any storageinsect infestations, the crop should be fumigated
promptly (See Chapter on Maize, section on storageinsect
control, for further details). Do not treat with poisonous
insecticides.

The most common method of preparinggroundnutsfor human
consumptionis dry roastinguntil the nuts develop a light
brown color. For oil extraction, the nuts are shelled, cleaned,
and crushedinto a pulp to open the oil cells as much as
possible. For commercial oil extraction, the pulp goes to
a cooker where the material is heatedto about 1100C (2350F)
in a humid atmospherefor 90 minutes. The oil is most com-
monly extractedby the hydraulic press plate method under
a pressureof about 1900 kilos (4000 lbs). A less sophis-
ticated home-processingmethod is cold pressingof the roasted
peanuts,but the oil yield is necessarilymuch lower. In
commercial extraction, a metric ton of unshelled (roasted)
nuts may produce 265 kg of oil, 410 kg of meal, and 325 kg
of shells.
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CHAPTER 21

SOYBEANS .-1/
(Glycine max), (formerly Soja max)

Other Common Names: soya, soja

The soybeanis an ancient crop in the Orient, where
it has long been used directly for food as a green vege-
table, in a wide variety of fermented food productsmade
from mature beans, and as the edible sprouts of germinating
beans. In addition, oil is pressedout of the mature beans
for foods and cooking, and the resulting meal is used as a
food. These uses appear to have originated in China and
subsequentlyspread to neighboring countries. The soybean
did not receive much attentionoutside of China and the
Far East until recent time and is still a minor crop in
most of Latin America (except for Brazil), in Africa, and
the Middle East.

In the United States, soybeangrain did not begin to
achievemajor importanceuntil the 1940's, when averageacre
yields of soybeansfollowing heavily fertilized maize in the
rotation began to climb from previous levels of 15 to 20
bushelsper acre to the presentaverageof about 35 bushels
per acre (2100 kg/ha). The soybeanwas first grown as an
industrial crop for extractionof oil (a high value product).
The residual meal from modern oil extractionprocessesproved
to be nutritious, high-protein feed for all classesof live-
stock. With some further refinement, soybeanmeal also began
to enter human foodstuffs in the mid 1960's, and has increased
in importanceas a supplementaryprotein food. The meal is
presentlyconsideredeven more valuable than the oil, as a
total product. Improved varieties and better cultural prac-
tices accompaniedthe growing of the soybeanon soils of
high fertility. Soybeansbegan to be exported from the U.S.
extensivelyduring the 1960's, reachingmore than 14 million
tons in 1973. The estimatedexportationfigure for 1974 is
expectedto be somewhat less than 1973.

This phenomenalgrowth of soybeansin the United States,
has attractedinterest in other parts of the world where
environmentalconditions are similar, especially in southern
Brazil and similar zones with responsivesoils. The crop
is originally adaptedto temperatezones, being considerably
influenced by length of day (hours of sunlight). The shift

1/
- Edited by Earl R. Leng, ProfessorPlant Breeding and Genetics,

T. Hymowitz Assoc. Prof. Plant Geneticsand O.K. Whigham,
Asst. Prof. Agronomy, Dept. of Agronomy, University of Illinois,
Champaign, Illinois 61801
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from long days to shorter days stimulatesthe onset of blooming
and seed set. However, in many strains the vegetativeand
reproductivephasesproceedessentiallynormally under tropical
day1engths.

The generaluse of.soybeansas food in China and the
Far East, has led to efforts to use soybeansoutside of
those regions as a home cooked food in the samemanner as
peas, beans and other pulses (Chapters11-19). The direct
use of soybeans,as food (without fermenting, sprouting,
or extractingoil) has involved certain problems. There
are some factors in raw whole soybeansthat inhibit or re-
tard protein digestion. Other componentscauseflatulence
when consumedby man, althoughnot as much as the usual
dry beans. The practiceoften used to preparekidney beans,
by soaking severalhours in mildly alkaline water (5 gm
of baking soda per liter of water), discarding the soak
water, and then boiling for 30 minutes in fresh alkaline
water as before to convert whole soybeansinto an acceptable
foodstuff. There is no barrier to full digestibility of
soybeanmeal producedby toasting following the extraction
of oil, or to that of boiled whole soybeans. The high tem-
peraturedenaturesthe inhibitors of digestion and also
reducesthe tendencyto produce flatulence.

As an industrial crop, the soybeancompeteswith other
oil seed crops (groundnuts, sesame,sunflower, etc.) in
yields and in crop value per hectare. As a protein food,
the soybeanalso competesfavorably with other food grain
legumesand groundnuts. In the United States, soybeans
and groundnutseach are capableof producing up to 3,000
kg/hectareunder appropriatecultural practices. The choice
of one of these in the U.S. dependson soil type, actual
comparativeyields, etc. Groundnutsdo much better on sandy
soils than on heavy soils. The reverseis true of soybeans.
Yield trials of well adaptedvarietiesof soybeansin direct
comparisonwith other food grain legumes or oil seed crops
should determinethe profitability of growing soybeansin
specific locations of the tropics.

Utilization

Soybeansgrown as a greenvegetablemake an excellent
foodstuff in immature stagesof development, in the same
manner as shelledgreen beans,peas, cowpeas, broadbeans,
etc. The potential inhibitors to digestionare no problem
at immature stagesof soybeandevelopment.
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The oil has many food uses, and also is a versatile
oil with numeroususes in industry. These include the making
of glycerine, insecticides,ink, rubber substitutes,paints
and soap.

Soybeansas a foodstuff

The averagecompositionsof whole soybeansand of the
meal that is residual from oil extraction, are as follows:

Whole soybeans
Soybeanmeal*

Protein

39%
44%

Oil

18%
0.5%

Carbohydrate

25%
33%

Ash

(*produced by the solvent extractionprocess)

Soybeanmeal is an excellenthigh-protein food. As
a protein food, it is much higher than the grain legumes,
44% versus 20 to 25%, so that it servesas a useful supple-
ment to the protein-poor cereal grains. The meal is rich in
minerals, particularly calcium, phosphorusand iron, and
also has good to excellent content of the vitamins thiamin,
riboflavin, and niacin. In common with other leguminous
crops, the protein is somewhatdeficient in 2 of the essen-
tial amino acids -- methionine and cystine; theseare usually
sufficient, however, in cerealgrains. It may be also used
as an "extender" of the well-balancedanimal proteins (meat,
milk, eggs, fish).

Soybeanoil is used for cooking, for making margarine,
saladoil, and in baked goods. Soybeanflour (made from
the meal) may be mixed with wheat flour (up to 20%) to pro-
duce a wide variety of baked goods, candies, ice cream,
and pastries, that are much higher in protein than products
made with cereal flours alone.

Adaptation

The climate requirementsfor soybeansare about the
same as those for maize. There is need for moderatemois-
ture supplies to facilitate germination and early plant
development,but the crop will withstand short periods of
drought after the plants.. are well established. In general,
combinationsof high temperaturesand low rainfall are un-
favorable, in terms of grain, and oil yields and oil quality.
A wet seasonis not unfavorable, provided the soil does
not becomewater-logged.The period of germinationmay be
critical; soil temperaturesshould be above 150 C, and soil
should be moist as planting time. Growing temperatures
between20 and 25 C appear to be optimum.
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Soybeansgrow on nearly all well drained soils, but
are especiallyproductive on fertile loams. They are not
as sensitive to acid soils as many other legumes. They
have one highly essentialrequirement-- the seedmust be
inoculatedwith fresh (viable) soybeannodule bacteria to
meet the high nitrogen requirementsof the plant. No other
strain of nodule bacteriawill inoculate soybeanplants;
and fresh inoculation at planting time is a prime require-
ment, unless the field has recently produceda successful
soybeancrop -- in which case the soil is naturally inocu-
lated.

Description

The soybeanis an annual summer legume, is usually
erect, bushy and rather leafy. Varieties range in height
from 45 to 120 cm, with growth periods of 75 to 150 days.
Most varieties have a well defined main stem that branches
from the lower nodes when the plants have sufficient space.
Many varieties of soybeanshave a determinategrowth habit --
that is, the plants reach a definite size, produce flowers
and seed, and die. The first two leaves are unifoliate
and the later leaves are trifoliate with a variety of leaf-
let shapesand sizes. As maturity approaches,the leaflets
begin to turn yellow; they usually drop off before the pods
mature. The entire plant is coveredwith fine tawny or
gray colored pubescence.

Small purple or white flowers are borne on short stalks
arising at nodes of the stems. The pods are small, straight
or slightly curved, and range in color from light straw
through shadesof gray and brown to nearly black. Pods
contain 1 to 4 seeds, that are round to elliptical in shape.
The most popular commercial varieties have straw yellow
seeds,but seedsof varietiesmay be greenish-yellow,green,
brown, or black. The seed coats of light colored varieties
may be mottled with brown or black, and this mottling is
both hereditaryand the result of environment, but does
not normally affect grain quality.

Soybeansare normally self-pollinated, becausepolli-
nation occurs before the flower opens. A small amount of
cross-pollinationrarely occurs, producing off types in
the succeedingcrop.

Varieties

There are at least 100 establishedvarieties of soy-
beans grown in commercial fields in temperatezone countries.
These range in growth period from 75 to 150 days, and have
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mostly been chosenfor their adaptationto the sequence
of long days for vegetativegrowth, and shorter days for
blooming and seedproductiono There are types suitable
for growing in the tropics or subtropics,but breedingpro-
grams doubtlesswill be neededto develop better adaptation
in theseo In particular, some of the varieties adapted
to the Corn Belt and southernstatesof theUoSoAo are also
suited to the subtropicsand tropics.

Varieties difIel:: widely in all plant and seedcharac-
ters. The most important traits sought are high yield poten-
tial, resistanceto locally prevalentdiseasesand insect
pests, and the nonshatteringofripe podso Collections of
soybeanvarieties are maintainedby the UoSo Departmentof
Agriculture, and thesemay be supplementedby varieties from
other regions, for field evaluation in the region where the
crop is desired. Such field evaluation should be made using
the cultural practicesfavoring high yields of soybeans,
and giving all strains equal opportunity. This procedure
should identify strains that will be useful in their present
form, and also should indicate which strains could be used
as parentsfor a full fledged breedingprogramo

Culture

Fertilization

Soybeansdo not usually need supplementalnitrogen
fertilizer, since the crop is a legume and meets its require-
ments for nitrogen through root ｮ ｯ ､ ｵ Ｑ ･ ｳ ｾ However, the crop
is unique in that only the soybeanstrain of nodule bacteria
will producenodules, whereasmany other legumes are not
specific as to strainsof bacteria.

Soybeanshave rather high requirementsfor mineral
nutrients, especiallyphosphorus,calcium, magnesium,and
sulfur. If ordinary superphosphateis used as fertilizer,
it will supply all of theseo However, if concen'Cra'Ced
superphosphateis used, it contains little or no sulfur,
which must be suppliedby other means to meet deficiencies
in the soil. Soybeansyield well on soils of high ferti-
lity, particularly when following heavily fertilized ｭ ｡ ｾ ｺ ･
or sorghum.

The best indices of fertilizer needs are actual field
trials on specific soi1so Since the majority of tropical
and subtropical soils are deficient·in minerals for the
soybeancrop. it is suggestedthat ordinary superphosphate
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be applied at rates to deliver 100 kg/ha of PZ05• A cri-
tical point in applying theseminerals is proper placement
so they will not interact with the soil to become inert,
and so they will be promptly available to the root system
of the young plants.

Theseobjectives can be achievedby placing the ferti-
lizer in bands below the seed. A practicalmethod is to
open a shallow furrow, spreadthe fertilizer, cover with
5-8 cm of soil, drop the seed thereon, and cover with 3-5
cm of soil. Such placementmay also be made by machines
that spreadfertilizer and also drop seed, for large scale
commercial plantings. Machine planting is no more effective
than.hand planting done properly.

There is considerableevidence that crop yields, parti-
cularly of legume crops, suffer from deficienciesof "trace"
elementswhen grown on tropical and subtropical soils.
Those elementsare manganese,iron, copper, zinc, boron,
and molybdenum, and a deficiency in one or more of these
may prevent any responseto fertilizers. Until necessary
researchhas been done to identify the deficient elements
for each soil group, it is suggestedthat field trials be
made on the value of animal manure added to the mineral
fertilizers. Dung usually contains small amounts of the
trace elementsin available forms. The dung may be spread
in furrow bottoms along with phosphate;or it may be placed
in the bottom of a plow furrow, approximatelybeneaththe
intendedplant row. Furrow placementconservesthe supply
of dung that is usually in short supply.

Seed Bed Preparation

The seedbed should be preparedas for maize. All
living weeds should be killed, trash removed or plowed under,
and larger clods broken up. Soybeansshould be planted
in mellow, moist soil to foster rapid germination. Soil
crusting, resulting from heavy showers followed by rapid
drying in sun, may impede plant emergenceand produce thin
and irregular stands. When planted in warm moist soil,
germinationoccurs in 3 days, before crusts are likely to
harden.

Planting

Soybeansmay be grown in closely spacedrows without
cultivation or in rows spacedto permit cultivation. Row
planting is preferredwhere weeds constitutea problem.•
From 60 to 70 kilos of seedwill plant 1 hectarewhen rows
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are spaced60 to 90 cm apart. Seed should be planted rather
shallow, 3-5 cm deep, in moist soil. The goal is to have
plants spacedabout 5 cm apart in the rows.

They may be grown in rotation with cereal grains, wherever
witchweed (Striga spp.) is a serious pest, since this parasite
does not attack soybeans(or other legumes); the abundance
of witchweed is greatly reduced in the following crop.
The soybeanis a warm seasonannual, and there are shorter
or longer growing seasonvarieties that may be used to adjust
to the "rainy season"betweendry periods of the tropics,
or to the warm seasonin the subtropics. (NOTE: No recommenda-
tions are made on treating seedbefore planting, since chemical
treatmentsare poisonous to man if surplus seed is eaten,
and must follow the in-country regulations.)

Weed Control

Soybeansdo not compete strongly with weeds in early
growth stages,and weeds should be removed before they stunt
the soybeanplants. Early weed removal, before the root
systemsbecomecompetitive, is essential. Pulling or hoeing,
or cultivation should be done early while weeds are small
and easily killed.

If weed removal becomes impractical becauseof the
damagethat would be done to the soybeanroot syst€ms, it
may be desirableto use a selectiveherbicide that kills
the weeds without injuring the soybeans. The herbicide
chosenshould be one that is effective on the weed species
in the field.

DiseaseControl

There are two preventivemeasuresthat are effective
for diseasecontrol on soybeans: (1) plant a variety or
strain that is resistantto the prevalentdiseases,and
(2) practice field sanitation. Field sanitationconsists
of measuresthat reduce the amount of diseaseinoculum that
will be presentwhen the crop begins to grow. It includes
crop rotation, so that soybeanswill not be grown on the
same field in successiveseasons,and prompt removal or
plowing under of all crop residuesafter the soybeansare
harvested.In general, it has not been found necessaryto
apply fungicides to the growing crop to control diseases.'
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Insect PestControl

As with diseasecontrol, there are two effective pre-
ventive measures: (1) plant varieties or strains resistant
to prevalent insect pests, and (2) remove all crop residues
promptly after harves't. The residuesmay be fed to live-
stock or plowed under. Thesepracticesdecimate the insect
pest population, and reduce the number available to attack
the new crop. It is possible that insect pestsmay become
serious in spite of preventivemeasures. In such cases,
the applicationof an insecticideshould be made as soon
as serious damageseems likely; early treatment is more
effective than delayed treatment. The insecticidechosen
should be one that is toxic to the specific insect pest.
(see footnote on Crop Protection)

Harvest

Soybeansshould be allowed to stand in the field until
the seed is dried down to 10% moisture or lower. Drying
proceedsrapidly in sunny weather after leaves have fallen.
Such field drying requires that the variety being grown
be a nonshatteringtype. The crop may be harvestedby hand
or by machine.

Threshingmay be done by hand flailing, or by a threshing
machine adjustedso that the seed is not crackedor split.
If the grain is not completely dry when threshed, it should
be spreadin thin layers on a drying floor, and turned period-
ically until completely dried so that molding will not occur
in storage.

Storage

Insectscauselittle or no trouble if moisture is low
enough for satisfactorystorageand storagefacilities are
weather tight. Soybeansneed to be sufficiently dry (10%
or lower) when placed in storageand maintainedthat way
in order to retain viability from one growing seasonto
the next.

Footnote: For further information on Crop Protection, see
Chapter 4 in book on "Tropical Agriculture" by Wrigley,
(Referencelist following Chapter 40).
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CHAPTER 22

SESAME 1/
(Sesamumindicum)

Other Common Names: sim-sim, bene, benne,
sesamo,ajonjoli

GeographicDistribution

Sesameis a very ancient food crop, grown largely in
tropical and subtropical regions. It may be grown and har-
vested successfullywithout any mechanization;it has a
wide variety of uses; and there are well-developeddomestic
and internationalmarkets for the seed. The major producers
(in addition to China) are India, Burma, Pakistan,Turkey,
and Thailand in Asia; Egypt, Ethiopia, Sudan, and Uganda
in Africa; Venezuela, Colombia, Mexico, and Nicaragua in
the Americas. The highest averageyields reported for ｴ ｲ ｑ ｾ

pical countries are 1180 kg/ha for Egypt (under irrigation),
950 kg/hafor Saudi Arabia (irrigated), 830 kg/ha for Mexico,
and 690 kg/ha for Colombia. These yields fall short of
2000 kg/ha reported for field production in the southern
statesof USA (grown with natural rainfall), indicating
great potential from the application of modern technology
to the culture of the crop. The developmentof non-shattering
seed types, now under way, will doubtlessincreasethe popu-
larity of the crop, and stimulatemuch new researchon improved
varieties and cultural practices.

Utilization

Sesameseed is a major import throughout the world.
It moves in substantialquantity to nearly all European
countries. In Asia, the major importing countries are China,
Japan, Hong Kong, Israel, Malaysia, Saudi Arabia, and Taiwan.
In Africa, U.A.R. (Egypt) is a major importer. Unlike other
oil seed crops, virtually all of the sesamecrop is marketed
as seed; there are no statisticson sesameoil or cake in
foreign trade.

Sesameas a Food

The whole seedof sesameis used for food, after removal
of the thin coat (hull) by abrasion; and the seedmeal (after
oil extraction) is a high protein food. The averagecomposi-
tion of the whole seed and of the meal after oil extraction

11 Edited by D.M. Yermanos, ProfessorAgronomy, Dept. of Plant
Sciences,College of Biological and Agricultural Sciences
University of California, Riverside, California 92502



The protein of sesamediffers from that of all food
grain legumes and oilseeds (including groundnutsand soybeans)
in that it is well suppliedwith the essentialamino-acids
-- methionine and cystine, but is deficient in lysine.
Sesameprotein can supplementfood grain legumes in human
diets; and it servesas an "extender" of the well-balanced
but s·carceanimal proteins (meat, milk, eggs, fish). Sesame
is an important food supplementfor diets that are high in
cereals,bananas,and other starchy foods.

Sesameisa major oil seed crop for the tropics and
subtropics. The oil is used extensively for cooking, for
direct use as a food in dressingsof various sorts, and for
lighting. It can be used for the production of margarine.

Sesamemeal, producedby oil extraction of dehulled
seed, is a very rich source of protein. Both the entire
seed ｾ ｮ ､ the meal are high in calcium, phosphorusand iron.
Both seed and meal are well suppliedwith the vitamins thia-
min, riboflavin, ana niacin.

Sesamecake, producedby extraction of oil without
removal of the seed coat, is an excellent high-protein feed
for poultry, swine, and ruminants.

Adaptation

Sesameis grown as a summer crop in subtropical regions,
and in any seasonwith adequaterainfall in the tropics.
It thrives in warm weather, and toleratesconsiderabledry
weather after the plants are well established. It is adapted
to regions of moderateto abundantrainfall, but not to regions
of heavy rainfall (rain forest conditions). Savannahzones
are best suited for sesame,with production adjustedto the
seasonswhen rainfall is adequatefor crop growth.

Sesameis adaptedto a wide range of soils, but prefers
fertile, loamy soils. The crop will grow in regions of limited
rainfall, on deep soils that: store rainfall within the soil
profile. The crop respondsto complete fertilizers, since the
seedhas a high content of the elementssupplied by fertilizers.
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Sesameis accomodatedin farming systems in various
ways. There are short seasonand longer seasonvarieties
that permit use as a major crop, or as a secondarycrop to
supplementa major crop. It is labor-intensivein growing
the crop, but harvest is very easy (except for precautions
to avoid losing seedby shattering), and processingfor home
use is simple. Sesameseed and its products have wide ac-
ceptancein tropical countries.

Description

Sesameis an annual, erect herbaceousplant; varieties
range from 40 to 200 cm in height. The stems are square-
sided, longitudinally furrowed, and denselyhairy. The
leaves are borne on short stalks (petioles), and vary in
shapefrom lanceolateto ovate-oblong, 3 to 17 cm long, and
1 to 6 cm wi.de. The flowers (3 cm long) are borne in axils
of leaves, singly or in two's or three's. The flower shape
is bell-like, with ruffled edgesof the corolla; the color
is pink or whitish, with purple or yellow blotches. The
seedpod (capsule) is 2- or 4-celled, borne erect, oblong
in shape, about 1 cm in diameter and 2 to 2.5 cm long.
During the flowering period, the lower buds on the stem blos-
som first, and blooming proceedsupward to the top of the
plant over a period of severaldays. The ripe pods dehisce
by splitting at the tip; and all of the ripe seedmay be
easily shakenout by merely inverting the plant stalk. This
pod characteristicmakes hand-harvestingnecessaryto avoid
seed losses, and has preventedmechanizedseedproduction.
The developmentof non-shatteringtypes that are mechanically
threshedwill greatly increasethe versatility of this oil crop.

The seedsof different varieties are creamy white, dark-
red, brown, or nearly black. The light colored seedsare
preferred in world trade. The seed coat is relatively thin,
and easily removed by abrasionfor direct use of the whole
seed as a food, and for extractionof oil and production
of meal as a high-protein food supplement.

Varieties
,

There are a great many varieties, types, and mixed lots
of sesameseedavailable from the countrieswhere the crop
is important. The USA has made a limited collection of im-
proved varieties, and of new types, particularly the non-
shatteringtypes, that should be useful in any country's
searchfor more productive strains of sesame. Venezuela
has maintaineda breedingprogram for sesame,for some years.
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Collections from India and from the Far East would doubtless
contain other types worthy of field evaluation.

Since sesameis self-pollinated, any selectionstend
to "breed true", so that seed increaseand distribution
should be easily handled. Natural hybrids producedocca-
sionally by cross-pollinationby insects do occur, and the
progeny of such hybrids shows considerablevariability for
severalplant generationsbefore selectionsthen breed-true.
These hybrids should be removed from seed fields, to main-
tain genetic purity of the variety being increased. How-
ever, thesenatural hybrids as well as hybrids intentionally
producedby cross breedingmay be useful in developing new
varieties of sesame.

Field evaluationof types and varieties and of unselected
mixed lots to determine their yielding ability, seed and plant
characteristics,and resistanceto diseasesand insects should
be carried out. In theseyield tests, appropriatecultural
practicesshould be followed to make possiblea thorough
evaluationof the full productivity potential of the crop.
There is little merit in ｴ ｾ ｳ ｴ ｩ ｮ ｧ at inadequatelevels of
cultural management.

Varieties should be chosen that may be planted and grown
during the seasonwhen rainfall will produce a satisfactory
crop. Adaptation to the rainfall pattern, and probable
supplies of water stored in the soil profile, are essential
to successwith sesame.

Cultural Practices

Fertilizers

Since sesameis not a legume, its fertilization differs
sharply from that suited to legumes (food grain legumes,
groundnutsandsoybeans). Nitrogen fertilizers are highly
important as a means of supplementingnative soil fertility
to meet the crop's requirementfor higher yields. The opti-
mum amount of nitrogen fertilizer should be determinedby
field trials. For the initial trials, it is suggestedthat
the equivalentof 50 kg/ha of N be supplied. It may be
broadcastbefore or immediately after planting, to be carried
into the soil with subsequentrainfall. .

The problem with mineral fertilizers is somewhatmore
complex, since these fertilizers should be placed in bands
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below the rows, to m1n1m1ze interactionwith the soil that
would make the phosphatesinert. Tropical and subtropical
soils very often have great "fixing" power for phosphates,
so that broadcastingor mixing such fertilizer through the
soil mass producesscantplant benefits. A practical method
for achieving effective fertilizer placementis to open a
shallow furrow, spreadphosphate(and potash) fertilizer
in the furrow bottom, cover with S to 8 cm of soil, plant
the seed thereon, and cover seedwith about 2 cm of soil.
Initial tests to measurea responseto mineral fertilizers
may well proviae-5Okglha ofPZOS, and 25kg/haof K20.
The optimum amountsmay be determinedby using larger incre-
ments, until crop responseceasesto increas'e.

In supplying phosphate,it should be noted that ordinary
superphosphatecontains the essentialelements- calcium,
magnesium, and sulfur. However, if concentratedsuperphos-
phate or ammonium phosphateis used, sulfur is not present
and must be suppliedby other means.

An additional soil fertility factor to be considered
in the tropics and subtropics is the supply of "trace" ele-
ments that must be met to permit normal responsesto ferti-
lizers. These trace elementsare manganese,iron, copper,
zinc, boron, and molybdenum. Until such time as field tests
have identified the deficient elementsin particular soil
groups, it may be useful to make applicationsof animal
manures, that usually carry small amounts of these elements
in available form. Animal dung may be spreadwith the.phos-
phate in a planting furrow, or it may be spreadseparately
in a plowed furrow approximatelyunder the intended crop
row. This method of using dung conservessupplies that are
usually ｬ ｩ ｭ ｩ ｴ ･ ､ ｾ

Seed Bed Preparation

Since sesameseed is small, it should be planted rather
shallowly on a firm but mellow seedbed. All living weeds
should be killed, and trash removed or plowed under. Since
the crop is usually grown in regions of limited rainfall,
land preparationshould run across the slopes to aid in
retentionof rainfall, and to minimize runoff.

Planting

Planting of sesameshould be made in moist soil, about
2 cm deep, to foster rapid germination. This is particularly
important on soils that are likely to becomecrustedas a
result of heavy showers followed by sun drying. Rows should



- 192 -

be spacedabout 75 cm apart, and seedplanted at rates to
insure one plant every 6 to 12 cm of row. Where seedling
emergencemay be hamperedby heavy soil, the seedingrate
should be increased,and the desiredstand of plants achieved
by thinning after emergence. Five kilos of seed should plant
one hectare.

Weed Control

The principal need for tilling sesameis for weed con-
trol. Sesameis not easily smotheredby weeds, but their
presencewill reduceyields becauseof competition for soil
moisture and nutrients. Weeds should be removed while still
small to avoid competitionwith sesameroot systems. Pulling,
hoeing, or cultivation when weeds are larger reducesyields.
If other methods of weed control cannot be done on a timely
basis, it may be necessaryto use a selectiveherbicide that
will kill the weeds presentwithout damage to the sesame.

(NOTE: No recommendationsare made on treating seedsbefore
planting, since such treatmentsare poisonousto man if
surplus seed is eaten; and must follow the in-country regu-
lations. Extreme care should be exercisedin the use of
chemical herbicidesand insecticides. Applications of such
chemicals late in the growing seasonmay causechemical re-
sidues to appear in the seedmaking in commercially unaccept-
able.)

DiseaseControl

Frequentrains and high relative humidity may produce
diseaseoutbreakson sesame. In climates of moderateto
limited rainfall, diseaseprevention is feasible by two
practices: (1) growing strains or varieties that are resis-
tant to locally prevalentdiseases,and (2) field sanitation.
Field sanitationshould include crop rotation so that sesame
is not grown on the same field in successiveseasons,and
also the removal of all crop residuesafter harvest. These
practicesgreatly reduce the diseasehazards,and disease
control should not be important in drier climates suitable
for sesame.

Insect Pest Control

Prompt planting at the very beginning of the rains after
a dry period, will evademany or most of the insect problems.
There are two other preventivemeasuresthat should be invoked:
(1) plant strains or varieties that have resistanceto the
prevalent insect pests, and (2) remove all residuesimmediately
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after harvest. These practices, combinedwith early planting,
will reduce insect damage. However, whenever specific insects
multiply to the point of serious injury, an insecticide that
is toxic to the speciesshould be applied. Prompt treatment
is most likely to be effective. In general, sesameis not
seriously damagedby insect pests.

Harvest and Threshing

Varieties differ in length of growth period, from 85 to
150 days. Harvest should be made promptly, as soon as the
first pods (capsules)begin to burst, to avoid seed loss.
The plants should be cut off at ground level (or pulled),
tied in bunchesor sheaves,and stackedupright in shocks to
complete drying. When all of the pods in the shock have
burst open at the tips, the sheavesare carefully inverted
over a canvas or threshing floor, and the seedsfallout
without flailing. The crop is cleanedby screeningand
winnowing of the seed. If grain combines are available,
threshing can be done with them by going from shock to shock.

With seedmoisture content at 10% or lower, there should
be no molding in storage.

StorageInsect Pest Control

Stored grains and seedsare always subject to insect
damagein the tropics unless properly treated. All empty
storagestructuresand containersshould be treatedwith
malathion or other effective insecticidebefore being filled,
to kill insectsharbored in them. The seed should be fumi-
gated as it enters storage, to kill insectsbrought in from
the field. Further fumigations should be made, if subsequent
insect infestationsoccur. For further discussionon fumi-
gation, see the Chapter on Maize, section on storageinsect
pest control.

Footnote: For further information on Crop Protection, see
Chapter 4 in book on "Tropical Agriculture" by Wrigley,
(Referencelist following Chapter 40).
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CHAPTER 23

SUNFLOWERS !.1
(Helianthus annuus)

GeographicDistribution

Sunflowers are a relatively new crop to most areas
of the world, although they have been grown as a major source
of oil in the EasternEuropeancountries for severaldecades.
Sunflowers, like maize, are a native plant speciesto the
North American continent and are presumedto have evolved
in the southwesternUnited Statesor on the plateausof Mexico.
Sunflowerswere introduced in Europe in the 18th Century
and later to the Soviet Union. Scientistsin the Soviet
Union realized the adaptionof sunflowers to their particular
ecological conditions and pursuedan energeticand most suc-
cessful program of varietal improvement.

At presentsunflowersconstitute the secondmost impor-
tant oilseed crop (following soybeans) in world production.
World production is much greater in temperatezone countries
than in the tropics. Temperatezone production is greatest
in Argentina, Bulgaria, Romania, Yugoslavia, U.S.S.R., and
Uruguay where production of sunflowers in the tropics and
subtropics is in Ethiopia, Morocco, Tanzaniaand Turkey where
they are usually grown as a major crop in rotation with maize,
sorghumand millet, and in competitionwith such crops as
groundnuts,and the food grain legumes. Sunflowers are about
as tolerant of heat and drought as sorghum and millet. Sun-
flowers are apparentlywell adaptedto all tropical and sub-
tropical savannaregions; being responsiveto sunny weather,
intermittent rainfall, moderateto low relative-humidity,
and a wide range of soil conditions. Improved varieties
have been developedfor the temperatezone countriesbut
few varietieshave been developedspecifically for tropical
agriculture. In all areasof production the crop is utilized
both for direct consumptionas food, and for oil and oilseed
cake that enters trade in competitionwith the products of
other edible oilseed crops. Sunflower seedyields range
from over 2000 kg/ha in Yugoslavia to as low as 350 kg in
some tropical countries. It is probable that yield potentials
in tropical countrieswill more nearly equal those in temperate
zoneswhen comparabletechnology, and adaptedvarieties are
developed.

II Edited by D.E. Zimmer, Leader, Oilseed Research,North Central Region, Agri-
cultural ResearchService. U.S. Departmentof Agriculture, in cooperation
with North Dakota State University, Fargo, North Dakota 58102 and B.E. Caldwell,
Staff Scientist (Oil Seeds), National Program Staff, Agricultural Research
Service, U.S. Departmentof Agriculture, Beltsville, Maryland 20705
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Sunflowers can be utilized effectively for subsistence,
or as a cash-crop. They may contribute to domesticmarket
demands, or serve as an export crop (seed, oil and cake).
Europeancountries import about 85% of the crop that enters
world trade channels,and Asian countries about 15%. Sun-
flower oil isa semi-drying oil (like soybeanoil) and may
be used either as an edible oil or as an industrial oil.

Sunflower Seed as A Food

Sunflower se-edsare eatenas' s-alte-dwholese-e-d-s, and
as roastednut meats (dehulled). The crop may be processed
for oil extractionby using seedwith or without hulls.
The cake containinghulls is excellent feed for ruminant
livestock; and the cake and meal producedby processingde-
hulled seed is an excellent protein food in human diets.
Commercial processingof a metric ton of seed for oil yields
roughly about 400 kilos of oil, 350 kilos of meal, and 200
kilos of hulls per metric ton. The averagecompositionsof
the whole seed, dehulled seed and of sunflower meal are as
follows:

Protein Oil carboh¥cdrate
(%) m (0)

Whole seed (with hulls)
Naked kernels
Meal (from dehulled seed)

20
24
50

46
55
4

25
12
36

Mineral
Matter

(%)

4
4
8

Sunflower protein is superior to most vegetableproteins
and equal to soybeanprotein in terms of digestibility and
comparablein biological value. Sunflower protein is more
nearly balancedin essentialamino acids than most other
vegetableproteins. While being slightly deficient in lysine,
the net dietary value of sunflower protein is 93% as high
as the standardegg protein used by nutritionists. Soybean
protein rates 62% and ground nut protein 69%.

The sunflower seed and meal are high in calcium, phos-
phorus and iron that are essentialin human diets. The con-
tents of the vitamins-thiamine,riboflavin, and niacin are
also quite high.

The ,oil is used for cooking, fuel in oil lamps, and
for manufactureof margarineand food dressings.

Classesof Sunflowers

There are two distinct classesof cultivated sunflowers,
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an oilseed class and a confectioneryor garden class. Va-
rieties in the oilseed class are characterizedby smaller
and darker seedsof higher oil content and lower hull con-
tent than the varieties in the confectioneryor garden class.
The hull of the confectioneryvarieties is heavier and does
not adhereas tightly to the kernel, thus allowing for easy
decortification. In the westernworld, varieties in the
oilseed class are used exclusively for oil extraction, whereas
the confectioneryvarieties are used primarily for salting
or as a sourceof nut meats for roasting.

Adaptation

Sunflowers are best adaptedto savannahclimates, and
may be damagedby diseaseswhen grown in high rainfall areas.
The crop is well suited to tropical zones, since it is not
particularly sensitive to changesin day length; the sequence
of vegetativegrowth, fruiting and ripening proceedsin nor-
mal sequencein all latitudes. It thrives in the entire
range of climates suited to maize, sorghum, and millet.
When sunflower plants are well-establishedthey tolerate
a considerableamount of drought and heat, with prompt re-
covery when rains occur. Sunflowers have considerablymore
frost tolerancethan maize, sorghum, and millet, especially
in the seedling stages. Consequently,sunflowers can be
grown in climates where occasionallow temperaturesseriously
damagemaize, sorghum and millet.

Sunflowers grow on a wide range of soils, but prefer
rather deep soils with good water storagecapacity. They
are believed to be tolerant of soils low in fertility; and
are somewhat tolerant of saline and alkali soils that are
more common in drier regions. Since sunflower seed is high
in protein and minerals, it is logical that high yields require
substantialamounts of fertilizer to correct soil deficiencies.

Description

Sunflowers belong to the genus He1ianthuswhich is com-
posedof nearly 70 speciesof both annual and perennialhabit.
Of the annual speciesonly cultivated sunflowers, H. annuus
have played an important role in agricultural production.
Neverthelessseveralof the other speciesmay serve as va-
luable germp1asmsourcesfor improving the cultivated types.
Cultivated sunflowers are for the most part single headed,
producing heads (discs) of aggregatedfertile flowers, bor-
dered by sterile ray flowers that are lemon yellow to orange
in color. The plant is a stout, erect annual, with most
varieties ranging from 1.5 to 3 meters in height. The stems
are rough and hairy. The plant has rather large pointed
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leavesborne on short petioles, rough and hairy overall.
The discs (heads) may vary from 10 to 30 cm in diameter
dependingupon the variety and the plant population. Flowers
are almost completely cross-pollinatedby insectsbut under
favorably environmentalconditions considerablese1fing may
occur. The seed is technically an achene, consistingof
an embryo entirely encasedin a fairly tough pericarp.

Sunflowers have a tap root systemwhich is well branched
and extends laterally for severalmeters and makes good use
of availablemoisture in the upper soil profile. However,
they do not penetrateand remove water as deep from the soil
as many other tap rooted crops.

The plant takes the name "sunflower" from the bending
of the stem (nutation) so that head and leaf positions follow
the sun during the daylight hours, facing east in morning,
the zenith at midday, and west in the evening. This following
of the sun partially ceasesafter pollination when the heads
remain oriented towards the east. Advantage can be taken
of this movementwhen the crop is to be hand harvested,by
planting rows north and south, so that harvestof heads is
facilitated by cutting the overhangingheads on the east
side of every row.

Varieties

Since sunflowers are highly cross-pollinated,there
is much variability within most varieties. Selectionsfor
specific traits - height, length of growing period, disease
resistance,seed color and size, stem branchingand head
size, etc. -have producedvarieties that are relatively dis-
tinct. Until rather recently, the developmentof oilseed
varietieswas concentratedin the U.S.S.R. and Southeastern
Europeancountrieswhere significant progresswas made to-
wards the developmentof high-oil high yielding varieties.
Breeding programs aimed at developingboth superior oilseed
and confectioneryvarieties are now also in progressin Ar-
gentina, Canadaand USA.

The recent discovery of cytoplasmicmale sterility and
fertility restorationin sunflowers has paved the way for
the efficient production of first generationhybrids much
like that of hybrid maize and sorghum. The United States
have pioneeredthe developmentof hybrids sunflowers via
this route and severalhybrid varieties are now available
in the U.S. that offer greateruniformity, higher oil, higher
yield, and greaterdiseaseresistancethan the previous open-
pollinatedvarieties.
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The Soviet varieties, including Peredovik, Sputnik,
Smena, Armavirsky, Krasnodarets,Armaveric, VNllMk 8931,
which make up the bulk of the presentworld wide acreage
are producedby open pollination, but with continuing se-
lection to maintain type and yielding ability. Unlike the
hybrid varieties the older open-pollinatedvarietieshave
a wider ecological adaptationand perform better under widely
diverse conditions than do hybrid varieties. The variability
existing in sunflowers, however, suggeststhat hybrids can
be developedand regionalizedto fit most any specific eco-
logical condition.

Countries that wish to grow sunflowers as an important
crop should assembleseedof as many open-pollinatedand
hybrid varieties as possiblefor field testing under condi-
tions representativeof the areawhere the crop is to be
grown. All varieties should be testedand grown with cul-
tural practicesdesignedto producehigh yields.

Culture

Fertilization

Fertilizer requirementsof sunflowers are generally
similar to those of maize and sorghum. Nitrogen is a first
requirement, followed by phosphate. Potashis a requirement
in regions of moderateto good rainfall, but may not be
required in drier zones. A preliminary evaluationof re-
sponsesto nitrogen fertilizer should begin with the equiva-
lent of 100 kg of N per hectare. Nitrogen fertilizers may
be broadcast,or applied with the mineral fertilizers.
Subsequenttests should use nitrogen fertilizers in graduate
higher amounts to determineoptimum amounts.

Phosphateand potashfertilizers should not be broad-
cast, but applied in bands placedbelow the seed. Mixing
phosphatesthrough the soil mass often produceslittle benefit
on tropical and subtropical soils, becausethese soils promptly
interact with the phosphateto make it inert. Positioning
the phosphatein bands under the seed largely prevents the
undesirableinteraction, and insures a nutrient supply to
the plant,from early germinationonward. A practical method
of banding phosphates(and potash) is to open a shallow
furrow, place the fertilizer in the bottom, cover with 5
to 8 cm of soil, place the seed thereon, and cover with
2 to 4 cm of soil. Such placementmay also be done by ma-
chines at planting time. For perliminary evaluationof
mineral fertilizer needs, it is suggestedthat the equivalent
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of 50 kg/ha of P20S and 25 kg/ha of K20 be spread. Subse-
quent trials -shoulu be made with increasingamounts until
the optimum rate is determined. Sunflowers have a reputa-
tion for being able to feed 'on soil minerals not readily
available to other crops, so conclusionsas to fertilizer
needs for maize and sorghumare not directly applicable
to sunflowers.

There is no specific evidenceas to "trace" element
deficienciesaffecting sunflower yields, but this possibi-
lity warrants ｡ ｴ ｴ ｾ ｾ ｲ Ｑ ｯ ｮ since failure to get responsesto
fertilizers may be controlled solely by trace element de-
ficiency. The trace elementsare manganese,iron, copper,
zinc, boron, and molybedenum. Until such time as experiments
have identified the specific deficiencieson major soil
groups, it is suggestedthat animal manuresbe used as a
source. Most manurescarry these elements in small amounts
in forms available to plants. A practical approachwould
be to spreaddung in the furrow with the phosphate,or to
spreadit in the bottom of a plowed furrow during seedbed
preparation,approximatelyunder the proposedlocation of
the plant row. This method conservessuppliesof dung that
are usually in short supply.

In supplying phosphate,it should be noted that ordi-
nary superphosphatealso contains enough calcium, manganese,
and sulfur to satisfy most crop needs. However, concentrated
superphosphateand ammoniumphosphatedo not contain sulfur,
and this must be provided separatelyif needed.

Seed Bed Preparation

Sunflowers require seedbedpreparationsimilar to that
for maize. All growing weeds should be killed, trash and
crop residuesremoved or turned under, and larger clods
broken up. The soil should be moist and reasonablymellow
to ensureprompt germination.

Planting

In regions with a limited rainy season,planting should
be done immediately before or as soon as rains begin, to
fully utilize the rainfall and to evade possible insect
damage.Varieties should be selectedthat will fully uti-
lize the rainy season,but mature after the dry season
begins. Varieties of severalmaturity classesare avail-
able to choose from. Seed should be planted 5 to 8 cm deep,
in rows 50 to 100 cm apart, at rates to produce one plant
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every 20 to 30 cm in the row. Wider or narrower spacings
may be made to adjust to rainfall expectancy,wider spacing
in area of low rainfall and narrower spacing in areasof
high rainfall. Three to six kilos (dependingon seed size)
of sound·seedshould plant one hectare. (NOTE: Recommendations
on chemical treatmentsfor seedare not made here, because
such chemicalsmay be toxic to man if surplus seed is eaten,
and the treatmentsmust comply with country regulations.)

Weed Control

Weed control is important in production of higher
yields of sunflowers, particularly in regions of limited
rainfall, since weeds use moisture and nutrients that .would
otherwisebe utilized by the sunflower. Weeds should be
removed while still small, to minimize competitionwith the
crop, and to avoid unnecessarydamage to the sunflower
root system. If prompt removal is not feasible, it may
be desirableto use a selectiveherbicide that will kill
the speciesof weeds presentwithout injury to the sun-
flowers. Several selectiveherbicidesare available, some
applied before planting and incorporatedby cultivation
and some applied on the soil surface immediately after
planting.

Insect Pest Control

The depredationsof insects can not be predictedfor
wide areas, but certain preventivepracticesare generally
effective. (1) Plantings should be made promptly at the
beginning of the rainy seasonto minimize insect damage.
(2) Selectvarieties that have shown resistanceto insect
damage in field trials within the region. (3) Practice
field sanitationby removing plant debris soon after har-
vest and destroy volunteer seedlings.

When serious insect infestationsare noted, control
measuresshould be promptly applied to prevent rapid in-
creasein numbers of insects. The insecticidechosen should
be toxic to the specific insect, and used as prescribedon
the insecticidecontainer. (See footnote on Crop Protection)

Footnote: For further information on Crop Protection, see
Chapter 4 in book on "Tropical Agriculture" by Wrigley,
(Referencelist following Chapter 40).
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DiseaseControl

Sunflowers are particularly vulnerable to attack by
severaldiseaseproducing organisms. Diseasesfrequently
are more severein areaswhere sunflowers are intensively
cultivated. Normally, diseasesare not limiting factors
to successfulsunflower cultivation the first few years
of production. A major factor in diseaseattacks on sun-
flowers is that for the most part, diseasesare aggravated
by abundantrainfall and high humidity. The crop is not
well adaptedto regions where theseconditions prevail.
Diseasecontrol need not be difficult in drier regions if
sound pest managementpracticesare followed. To minimize
lossesfrom diseasesthe following practicesshould be
followed. (1) Plant only high quality diseasefree seed.
(2) Avoid planting sunflower in rotation with other agri-
cultural crops that are susceptibleto charcoal rot, verti-
cillium wilt, and white mold. (3) Avoid planting sunflowers
on poorly drained soils that are subject to waterlogging.
(4) Use a crop rotation such that sunflowers are grown on
the same field only once every 4 years. (5) Remove crop
residueas soon after harvestas possible. (6) Destroy
volunteer plants soon after they emerge. (7) Plant disease
resistantvarieties if available.

Bird Damage

Ripening sunflowersmay suffer from bird damage. If
the seedsare filled, prompt harvest is a possibleremedy.
However, prematureharvestmust be accompaniedby special
drying precautionsto bring moisture content of seeddown
to about 10% to reduce danger of molding in storage. Bird
depradationcan be minimized by avoiding planting sunflower
near nesting, roosting, or watering sites. Bird damage
is frequently more severein small plantings than larger
ones.

Harvest and Storage

Sunflowers are mature when the backs of the headsare
yellow and the outer bracts turn brown. Seed curing may
take place on the standing stalk, if bird damage is not
imminent; but harvestmust occur before the headsbegin
to drop on the ground. If harvest is requiredbefore seed
is completely dry, the headsmust be placed in thin layers
on open drying floors with occasionalturning when moisture
is reduced. Large headedvarieties are frequently cut by
hand; but both larger headedor smaller headedtypes may
be harvestedby field combines.
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The dried headsmay be threshedby hand, by abrasion
on a rough or slatted threshingboard, or by a threshing
machine. All chaff and foreign matter should be winnowed
out at threshing time to avoid molding and to eliminate
contaminatingexternal insects.

StorageInsect Pest Control

Depradationsof storageinsects are inevitable in warm
climates, unless suitable precautionsare taken, similar
to those employed for protection of other grains and seeds.
All empty storagestructuresand containersshould be treated
before being filled, with malathion or other appropriate
insecticide. The incoming grain should be fumigated to
kill all insectsbrought in from the field. Careful in-
spectionsshould be made of the grain during storagefor
evidenceof new infestationsand additional fumigation given
as needed. For further details on fumigation, see the
Chapter on Maize, section on storageinsect pest control.
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CHAPTER 24

SAFFLOWER !.I
(Carthamustinctorius)

GeographicDistribution

Safflower is an ancient food and edible oil crop, grown
primarily i-n Asiatic, Mediterranean,and North Amer-ican coun-
tries where the climate is semiarido It is a member of the
Compositeaefamily of plants, distantly related to the sun-
flower, but different in many respectso World production
data are fragmentary.

In North America, the USA, Canadaand Mexico have sharply
increasedtotal production in recent decades,and production
now totals 400,000metric tons per yearo The Old World tra-
ditional producersof safflower totaled only 250,000metric
tons, with India, Turkey and Spain leading. However, the
productionof safflower as a subsistencecrop throughout
the dry regions of the Mediterranean,Asia and Africa does
not enter into statisticalreporting. Only when family or
village production is fortunate enough to exceed local needs
does the surplus enter into trade channels. This type of
productionusually does not attract the attentionof leaders
in agricultural development, so that culture of safflower
has not benefitedfrom modern scienceand technology in the
Old World regions. However, safflower production in North
America has now demonstratedthat farm productionmay easily
reach levels of 2800 kg per hectarewith improved varieties
and suitablecultural practices. Safflower appearsto have
substantialundevelopedpotential as a cash crop.

Utilization

Safflower is used for food and as a sourceof edible
oil. Safflower is grown as a short-seasoncrop in regions
with short rainy seasons,using varieties capableof completing
growth and maturationbefore soil moisture is exhausted.
It is also planted following a major crop, to utilize rela-
tively short periods when moisture supply may be' adequate.
The potential productivity of safflower on irrigated lands
in the southwesternUnited Stateshas been evaluated; and
it appearsto be at least equal to wheat and barley in net
value of the crop per hectare.

1/ Edited by C.A. Thomas, ResearchPlant Pathologist,Applied Plant Pathology
Laboratory, Agricultural ResearchService, U.S. Dept. of Agriculture,
Beltsville. Maryland 20705 and B.E. Caldwell, Staff Scientist (Oil Seeds).
National Program Staff, Agricultural ResearchService, U.S. Dept. of
Agriculture, Beltsville, Maryland 20705
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Safflower seed averages40 to 55% hulls, with smaller
hull percentageson seedproducedwith improved varieties
under favorablemoisture conditions. The oil may be extracted
from whole seed, or from dehulled seedo Oil content ranges
from 22 to 42%. The meal derived from the naked kernels
(dehulled seed) averages42% protein; and the cake produced
by extractionof oil from the unhulled seed averages21%
protein.

The oil is a significant product of safflower; it is
used for cooking, as a foodstuff, for making food dressings,
and for lighting. It is processedto make margarine, and
for nearly all other uses to which sunflower oil is put.

The cake producedby pressingoil from unhulled seed
is an' excellent feedstuff for ruminant livestock and for
horses,mules and asses;and the meal from naked seed is
an excellent high-protein foodstuff for man.

Safflower as a Foodstuff

Safflower seedmay be roastedwhole for eating out of
hand, or the seedmay be roastedafter dehulling. The naked
meatsmay be home-processedin many ways for direct consump-
tion as food, and the oil content gives them a high caloric
value. Roastednuts may be processedfor oil, which yield
meal hpving a total protein content of 42%. Safflower pro-
tein is somewhatdeficient in the essentialamino acids -
methionine and cystineo Safflower meal (and the whole naked
meats) constitutea useful "extender" of animal proteins
(meat, milk, eggs, fish) wherever the animal proteins are
in short supply. Safflower seedwill supplementhuman diets
that are high in cereal grains; and the oil meets dietary
needsas well as being used for home lighting.

Adaptation

In general, safflower is best adaptedto semiarid re-
gions where it is grown in the short seasonswhen rainfall
is likely to be adequatefor crop production, and in irri-
gated fields in such regions. Safflower suffers severely
from diseasesin humid regions. However, it grows well in.
regions of monsoonclimates, as a crop planted at the waning
of the rainy season,that makes its growth on stored soil
moisture, and matures in the following dry period. The
best yields are made when the weather is warm and low in
humidity during the blooming period, but with adequatesoil
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moisture still present. Dependingon the variety, the average
growth period ranges from 3 to 5 months.

The crop prefers soils of averageto good fertility.
However, soil depth and soil water storageappearto be more
important than soil fertility in the climatic region where
safflower is grown successfully. When moisture is not li-
miting, safflower usually respondsto fertilization, parti-
cularly nitrogen and phosphorous.

Description

Safflower is a member of the Compositeaefamily of
plants. It is an annual, erect herbaceousplant that grows
30 to 90 cm tall, dependingon the variety. The stems are
pithy, branchedtoward the top, with flower heads at the
end of each branch. The globular heads are thistle-like,
ｬ ｾ to 4 cm in diameter, with white, yellow, orange or red
florets. The leaves and the bracts below the flowers have
short spines. The safflower seedresemblesa small sunflower
seed, and is smooth, 4-angled, white or cream colored.

The root system is a strongly developedtap root with
branches,that makes effective occupationof the soil pro-
file to depths of about a meter on permeabledeep soils,
that are moist to that depth.

Varieties

There are many strains and varieties of safflower grown
in the Mediterranean,Asian and African regions. The breeding
of improved varieties in North America has been basedon
theseOld World strains, but important improvementshave
beenmade. Improved varietiesare now availablewith higher
yielding ability and oil content, varying plant height and
length of growing periods, and diseaseresistance. Field
trials should be made of available improved varieties for
each region where the crop is to be grown, to identify those
that are best adaptedto the conditions at hand. Safflower
flowers are cross-pollinatedby bees; and the purity of a
strain or variety must be maintainedby growing seed fields
in isolation from other varieties, and removal of off-type
plants. The occurrenceof unusual plants in field plantings
has been used as a meansof finding promising strains that
are worthy of seedmultiplication and testing. However,
a seriousplant improvementprogram should begin with a field
evaluationof all available types from other safflower growing
regions, and the use of the superior types for a breeding
program. Some spinelessbreeding lines are available.
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Culture

Safflower does not compete strongly with weeds, and
the crop is usually planted in rows to facilitate weed con-
trol. The ｳ ｾ ･ ､ bed should be mellow and firm, preparedso
that planting may be made promptly when soil moisture is
favorable.

Fertilizers

Where soil moisture is adequate,from rainfall or irri-
gation, the use of fertilizers carrying nitrogen and phos-
phorous should substantiallyincreaseyields. The amounts
of fertilizer must be determinedby field trials; but initial
trials may begin by supplying 50 kg of nitrogen (N) and 50
kg of phosphate(P205) per hectare.

Since the phosphatemay be inactivatedif mixed through
the soil mass, it is recommendedthat the fertilizer be placed
in bands below the seed. For hand planting, band placement
of fertilizer may be done by making a shallow furrow, spreading
the fertilizer, covering with 3 to 5 cm of soil, dropping
the seed thereon, and covering the seedwith 2 to 3. cm of
additional soil. In relatively dry climates, the nitrogen
fertilizer will not be leachedaway, so that both nitrogen
and phosphatefertilizers may be applied together in the
band. There is not likely to be a shortageof potashin
soils of subhumid and other low-rainfall areas.

With some soil types found in dry climates, there may
be a deficiency in one or more of the essential"trace" ele-
ments that are essentialfor plant growt-h. These elements
are iron, manganese,copper, zinc, boron, and molybdenum.
Researchis neededto determineif any of these elements
are deficient, on any of the soil groups of a region. How-
ever, a simple field test may give an indication as to whether
the problem exists. It is suggestedthat animal manure be
added in the furrow with band placementof ferti1izer,since
manureusually carries a limited amount of trace elements
in a form available to plants. If the manure addition pro-
duces strongerplant growth than fertilizer applied alone,
there is a strong probability that the soil is deficient
in one or more trace elements.

Planting

The crop may be seededin rows 70 to 90 cm apart, at
a seedingrate to produceat least one plant every 10 to
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15 cm of row., This requires about 20 kg of seedper hectare.
Plant populationsshould be adjustedto provide somewhat
greaterspacing for larger varieties.

Weed Control

Weeds should be removed before they become large enough
to competewith safflower plants for moisturenutrients.
(-See sunflowers)

Pest Control

Safflower usually is relatively free of diseasesin
dry climates, and the use of diseaseresistanttypes may
provide all the protectionneeded. Insect pestsmay become
a problem in some situations. Insect attacks should be halted
promptly whenever they threatento be serious, by application
of an insecticideknown to be effective on the particular
insect. (See footnote on Crop Protection).

Harvest

The crop is ready to harvestwhen the seedsare hard and
dry. Usually the crop suffers little or not at all from
lodging, from seed shattering,or bird damage. Thus, the
crop may be allowed to stand in the field until the grain
is dry enough to storewithout danger of molding. Moisture
content of the seed should be lower than 10% for safe storage.
Threshing is handledmuch as for barley or wheat, except
that the spinesmake hand threshingquite troublesome. Spine-
less types are being bred to eliminate this difficulty.

Storage

Safflower seed should have less than 10% moisture con-
tent for safe storage;which is a level easily achievedin
the drier climatic regions where the crop is best grown.
Protectionfrom storageinsect damagerequirespositive ac-
tion. All empty storagestructuresand containersshould
be treatedwith malathion or some equally effective insecticide
to destroy insects that are usually present,before being

Footnote: For further information on Crop Protection, see
Chapter 4 in book on "Tropical Agriculture" by Wrigley,
(Referencelist following Chapter 40.)
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filled with grain. The seed should be fumigated as it enters
storage, to kill insectsbrought in from the field. Periodic
inspectionsshould be made during storageand the seed again
fumigateq whenever infestationsoccur. For more information
on fumigation, see the section on storageinsect control,
in the Chapter on Maize..
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CHAPTER 25

CASTOR J:./
(Ricinus communis)

Other Common Names: castorbean,castor bean,
castors

Castor is not a true bean; it belongs to the Euphorbia-
ceae family of plants. It is not a food crapo Neither
the raw seednor the oil pressedfrom it is edible. The
oil is edible after it has been detoxified by heat, ioeo,
castoroil is taken internally as a medicine. Castor is
included in this Guide becauseit is a useful cash crop in
field rotationswhere the primary emphasisis on food cropso

GeographicDistribution

Castor is believed to be a native of East Africa, but
the wild forms also occur in the Indian subcontinento At
the presenttime, commercial production is distributed as
follows:

Region Area Major Countries
(hectares)

Asia 473,000 India, Pakistan,Thailand

South America 277,000 Brazil, Paraguay,Ecuador

USSR 200,000 SouthernSubhumid regions

Mainland China 180,000 Subhumid regions

Africa 96,000 Ethiopia, Sudan

North America 36,000 USA, Mexico, Haiti

Europe 25,000 Roumania

The major cashmarkets for castor and castor oil are
WesternEurope, Japan, and North Americ"a. Total imports
by countries in theseregions amount to about $70 million
(US) annually. Producersin the tropics and subtropics
appear to be economicallycompetitivewith those of the
temperatezones, even though the benefits of improved tech-
nology have not been exploited in the tropics and subtropics.

11 R.E. Stafford, ResearchLeader, Agricultural ResearchService, U.S. Dept.
of Agriculture, in cooperationwith Texas A&M ｕｮｩｶ･ｲｳｩｴｾ Agricultural
Researchand Extension Center, Vernon, Texas 76384 and B.E. Caldwell, Staff
Scientist (Oil Seeds) National Program Staff. Agricultural ResearchService,
U.S. Dept, of Agriculture, Beltsville, Maryland 20705
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Utilization

The castor crop is grown primarily for its oil contento
A processhas been developedby the U.S. castor industry
in which the pomaceor meal is detoxified and used as live-
stock feed. Feeding trials have shown that castormeal
comparesfavorably with other commonly used protein supple-
ments. The oil is a non-drying type that is readily modified
by chemical treatment. It has a constantviscosity at high
temperaturesand thus is useful as a lubricant for machinery
under those conditions. Modified castor oil is used in paints
and varnishesto increaseits quick drying properties. Castor
oil and its derivatives also are used in hydraulic fluids,
plastics, asphalt tile, certain explosives, electrical insu-
lation, cosmetics,biodegradabledetergents,nylon and other
synthetic fibers, urethane,and as a purgative for man and
animals0

The practicesof exporting whole castor from producing
countries should be replacedby extractionof the castor
oil in the regions where the crop is grown and the cake that
is residual from extractionof oil from the seed is used
as an organic fertilizer. The oil is more economically trans-
ported than the seed, and 'the cake yields very little cash
return. However, the cake (castor pomace) is an important
agent for conditioning fertilizers, and it is also a useful
sourceof "trace" elements in regions where there is a de-
ficiency of these in the soils. Granulatedcastor pomace
may be used directly as a fertilizer, or mixed with commer-
cial ferti1izer:s.

Castor pomace ｡ ｶ ･ ｲ ｡ ｾ ･ ｳ '5.4% nitrogen, 1 0 8% phosphate
(PZ05),1.0% potash (KZO), and 0.75% lime oxides (CaO + MgO).
The nitrogen is presentin a slowly availableorganic form
that is particularly useful in tropical soi1so The phosphate
appearsto be substantiallyhigher in effectivenessas a
fertilizer than the same amount of phosphorusin chemical
fertilizers.

An approximatevalue may be placed on castor pomace,
by calculation from themarket prices of whole seedand of
the Ｐ ｾ Ｑ Ｎ With an averageoil content of 45%, and with the
seedpriced at $160 per metric ton and the oil priced at
$290 per metric ton, the pomace should have a value of $40
per metric ton. Very little net return is now received for
the pomacewhen growers ship whole seed. The true value
for castor pomace should be determinedby the field perfor-
mance of the pomaceas a fertilizer for crops, in comparison
with resultsobtainedfrom chemical fertilizers alone or
when processedfor use as a livestock feed.
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Adaptation

Castor grows over a wide range of climatic conditions,
but it prefers drier climates. In humid regions, the plants
are affectedby molds that destroy the flower clustersand
thus reduce yields. In monsoonwet-dry climates, the crop
is planted toward the end of the rainy season,and produces
a crop largely on moisture stored in the soil. In general,
castor produceswell in subhumid to moderatelyhumid regions.
and under irrigation in arid regions.

Castor prefers a well-drained soil, preferably loam
in texture, but grows well on many other deep soils. It
respondsreasonablywell to improved soil fertility but is
less dependenton fertilizers than many other crops. Yields
are more dependenton soil moisture content than on other
soil properties. It is tolerant of mildly saline or alkali
soils.

Description

Castor is actually a short-lived perennial in the tro-
pics and subtropics; but in most commercial production it
is handled as an annual crop. Specific varieties grow 2
to 4 meters tall, but the shorter dwarf-internodetypes are
preferredbecauseof the greatereasein harvesting. The
leaves are large. 10 to 30 cmwide. and may vary in color
in different varieties from green to purplish or reddish.
The greenish-yellowflowers have no petals, and are borne
in clusters (a raceme). Blooming is indeterminate,and new
clustersand ripe seedoccur on the same plant. Varieties
have been developedin which blooming is concentratedin
a short period, so that ripe seedcan all be harvestedin
a single or few pickings. Pistillate flowers (seedforming)
are borne in the upper part of each raceme, and staminate
flowers (producing pollen) in the lower part.

The plant is largely cross-pollinated,but natural
selectionhas produceddifferent types in the various regions
where the crop is grown. The seedsare borne in capsules
of 1 to 3 seedseach, and the capsulesmay be spiny or smooth.
Wild forms of castor forcibly eject the seedsat.maturity,
but most cultivated types retain the seed for an extended
period, and shatteringlossesare small. The obovoid shape<;i
seed somewhatresemblesa bean, and may be mottled, striped,
or a solid color.

The castorplant has a strongly branchedtap root, that
deeply penetratesthe soil. The extensiveroot system is
partly responsiblefor the plants toleranceof drought.
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Varieties

Improved varieties have been developedin several coun-
tries to increaseseedyields and to establishuniform plant
characteristicsthat facilitate production and harvest such
as short plant height and the non-shatteringhabit. Commer-
cial varietieswith these traits have been producedin the
United States. It is probable that much additional improve-
ment could be made in the productivity of the crop in all
tropical and subtropicalregions, by field evaluationof
the wide range of improved varieties alreadyavailable, and
choosing those best suited to local conditions. Further im-
provementcould be made by identifying desired traits in
plants found in local fields of the crop, and by using these
in a well plannedbreedingprogram. Resistanceto important
､ ｩ ｳ ･ ｾ ｳ ･ ｳ and insect pests, as well as in yielding ability,
are heritable traits, and thesecharacteristicsmay be strength-
ened by appropriatebreedingmethods.

At one time it was believed that smooth capsulesmight
have an advantage,especially in harvesting,but this was
later discountedwhen modern mechanicalharvesterswere de-
veloped. At the presenttime, there are no commercial U.S.
varieties being grown which have smooth capsules,nor any
breedingwork in this direction. However, breeding lines
with smooth capsulecharacteristicsare available to breeders
ｩ ｮ ｴ ･ ｲ ｾ ｳ ｴ ･ ､ in incorporating this characteristicinto their
improved varieties.

Great differencesare reported in averageyields of
castor in various countries, ranging from 260 to 1250 kg
per hectare. There are several factors responsiblefor such
differences, such as natural adaptationto climate and soil,
use of improved varieties, and application of modern techno-
logy (fertilizers, pest control, etc.) and all of theseare
partially or wholly under the control of man. Yields of
2500 kg per hectareappear to be feasible, and would greatly
enhancenet cash returns per hectare. Varietal improvement
must be accompaniedby effective cultural practicesto achieve
such returns.

Culture

Fertilization

Although castor toleratessoils of relatively low ferti-
lity, the use of fertilizers is recommendedto increaseyields
and make the best use of rainfall. Field experimentsto
measureresponsesof castor to fertilizers, are generally
absent; but the responsesof other crops (maize, sorghum,
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millet) may be used as an index. Responsesshould be expected
from effective use of nitrogen and phosphateson most soils
in regions where castormay be grown as a cropo

The placementof fertilizer in bands below the seed
is recommendedto insure that the young plant gains access
to the fertilizer promptly, and to minimize the inactivation
of the phosphateby soil contact, which is an important un-
desirabletrait of many tropical soi160 Mixing fertilizer
with the soil mass is far less useful than band placement.
A practicalmethod is to open a furrow, place the fertilizer
in a band in the bottom, cover with 5 to 8 cm of soil, place
the seed thereon, and cover the seedwith about 5 cm of soil.
If field trials have not beenmade locally to determinean
effective amount of fertilizer to use, it is suggestedthat
the equivalentof 100 kg of nitrogen, and 50 kg of phosphate
(P205) be applied per hectare. In humid regions, potash
(K20) may be addedat 25 kg per hectare. .

It should be noted that ordinary superphosphatecontains
enough calcium, magnesiumand sulfur to meet the crop needs
when this fertilizer is used. However,concentratedsuper-
phosphatecarries little or no sulfur, and this elementmust
be provided separatelyif they are deficient in the soil.

On strongly weatheredsoils of the tropics and subtropics,
evidenceis being found of seriousdeficienciesin "trace"
elementsneededin small amounts by crops. Correctionof
any such deficienciesis required to permit responsesto
the traditional mineral fertilizers. One or more of the
following elementsmay be deficient: manganese,iron, copper,
zinc, boron, and molybdenum. Until the necessaryresearch
has been done on major soil groups to determinespecific
deficiencies in trace elements, it may be practical to make
applicationsof animal manureswhich usually contain small
amounts of trace elementsin readily available form. It
is suggestedthat dung be spreadwith the fertilizer in fur-
rows, as describedabove. An alternatemethod would be to
place dung in the bottom of a furrow during plowing, under
the intended location of the crop row.

Seed Bed Preparation

The seedbed should be mellow and friable; all living
weeds killed, and trash removed or plowed under. The fields
should be managedto conserverainfall by reducing runoff
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and storing rain in the soil profi1e.*

Pest Control

Little has been done on diseasecontrol on castor since
diseaseshave not been serious in drier climateswith low
air ｨ ｵ ｭ ｩ ､ ｩ ｴ ｹ ｾ A mold diseaseoften destroys flower clusters
in humid regions.

The insect problemsmay become important locally. The
specific insect should be identified, and a suitablegeneral
purposeinsecticideapplied promptly to stop the damageand
prevent a build-up in numbers.

Harvest

Harvest should begin as soon as seed in the capsules
is dry, and continuedas additional seed clusters ripen.
A satisfactoryharvestingmethod is to hand strip all of
the capsulesfrom each fully ripe seedcluster, and collect
thesein a cotton picking bag. Strong gloves are recommended
to protect the pickers hands, since penetrationof spines .
into the skin will causeprolonged inflammation.

The capsulesshould be dried further, in shallow piles
exposedto the sun, until moisture content of the seed falls
below 10%. When dry, the seed is threshedby hand flailing,
or by specialhulling machines. The chaff should be removed
by winnowing. Field machinesare now available for combined
harvestand threshing as a single operation.

Stored Grain Insect Control

If the seed is not processedpromptly for oil extraction,
precautionsshould be taken to prevent rapid insect damage
in storage. For details on such protection, see the section
on storedgrain insect control in the chapteron Maize.
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CHAPTER 26

BANANAS 1/
(DessertBananasand Plantains)

(Musa spp.)

The term "banana" encompassesa wide range of seedless
varieties plus many wild seededspecies. The former are
generallypropagatedvegetativelyby suckers,while the lat-
ter are l'ropagatedboth vegetativelyand by seed. All seed-
less varieties, except the plantains, when ripe, can be eaten
as fresh fruit, and when green they can be utilized for
cooking. The main distinction betweena dessertbananaand
a cooking bananais the type and amount of starchgranules
in the particular variety. For example, the dessertvariety,
Gros Michel, has small ｳ ｴ ｡ ｾ ｣ ｨ grains, and when ripe, has
a low percentageof starch; the FrenchPlantain, on the other
hand, ,has large starchgranules, and when ripe, contains
a high percentageof starch.

There are approximatelythirty speciesand subspecies
of bananas,and many hundredsof varieties have been identi-
fied to date. Differences in the characteristicsof edible
bananavarieties are due to their evolutionary origin. Only
two Musa speciesform the progenitorsof the presentrange
of eOIDIe varieties. Musaacuminataand its subspecies
provided factors for sterility, pulp developmentwithout
fertilization (parthenocarpy),a sweet sugary taste, and
susceptibility to drought and low temperatures. Musa ba1bi-
siana provided large starchgrains, general starcEIness,
drought and chill resistance,and in general, a greaterre-
sistanceto diseases. Due to a meiotic (sexual division)
freakishnessof these two species, the natural hybrids that
developedwere either trip10ids (having three sets of chromo-
somes) or pentap10ids(having five sets of chromosomes).
The latter had too cumbersomea chromosomalcomplementto .
survive in nature. Hence, the majority of edible varieties,
whether a direct descendentof M. acuminataor the result
of a natural cross betweena suospeciesof M. acuminataand
M. ba1bisiana,are trip1oids. That is, they have three sets
of chromosomenumbers, which in the caseof bananas,is three
sets of eleven chromosomeseach. The evolutionary distinction
betweena dessertbananaand a plantain is that in a banana,
all three sets of eleven chromosomesoriginated from!:!,. acumi-
nata while in the caseof the plantains, two sets of chromosomescame from the M. acuminataparent and the third set came from
the M. balbisianaparent. In botanical terms, the dessert

11 Edited by N.G. Vakili, Plant Pathologist,Agricultural Research
Service, U.S. Departmentof Agriculture, FederalExperiment
Station, Mayaguez, Puerto Rico 00708
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bananais considereda natural inbred variety, while the
plantain is a natural hybrid variety.

The tropical mainland of SoutheastAsia and the many
large islands of the area form the main geographiccenter
of the origin of edible bananas.For example, the oriRina1
name of the famous Gros Michel bananaof commerceis 'Pisang
Ambon", or "bananaof Ambon", which is one of the islands
of Indonesia. Also, the Fusariumwilt-resistant and high
yielding bananawhich now covers thousandsof acres in trop-
ical America, the variety, Valery, is "Choui ya cui", which
had its origin in the lowlands of southernVietnam in the
Mekong Delta. The hybrids came from further west, most like-
ly centeredaround Burma and Bangladesh. This is because
M. ba1bisianaoriginated in the Indian subcontinent,and
the areawhere the two speciesintermingledwas the center
of the hybrid types.

Bananaplants vary in size. In the Cavendishgroup
(dessertbananassimilar to each other except in height),
the Extra Dwarf Cavendishgrows like a giant leaf lettuce
on the ground; Giant Cavendishhas a height of about two
meters, and the trunk of the Giant Lacatanreachesa height
of four meters. Among wild species, the differencesare
much greater. For example, M. rosea, a flowering banana,
has a total height of only one meter and a trunk diameter
of 5 to 8 cm, while M. ingens reachesa height of 10 meters
and has a trunk diameter of 50 to 80 cm.

Food Value and Uses

The edible portion of the bananais about 75% water,
1.2% protein, 0 0 2% fat, 23% carbohydrateand 0.8% ash. It
is also relatively well suppliedwith calcium, phosphorus
and iron, and with the principal vitamins. It is essentially
an energy food, and should be supplementedwith other food-
stuffs that provide protein and fats to provide a balanced
human diet. The carbohydratespresentin ripe sweet bananas
are highly digestible, and are reported to be well tolerated
by people suffering from various intestinal disorders.

In various samplesof commercially harvestedbananas,
the green harvestedbananahas less than 2% sugars and about
20% starch; but the starch is gradually convertedto sugars
during the ripening processso that the fully ripe banana
has about 19% sugars, and less than 2% starch.

In the tropics a bananaplant servesmany purposes.
The trunk is often choppedup and fed to pigs, or in a tree
nursery the trunk sheathsare doubled over and used as p1ant-
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ing containers. The xylem strandsare twisted together and
used as ropes. A bananaleaf can be cut up and made into
small pots for transplantinggarden seedlings,serve as a
wrapping inside of which food is cooked, and can even be
used as an umbrella in caseof a suddenrain. The green
fruit can be fermented into vinegar and the ripe fruit into
rum. The starchy pulp of the green fruit can be dried and
made into flour or the ripe fruit can be mashedinto a baby-
food puree, or cut into chips and dried as figs. There are
dozens of different ways that bananasand plantainsare mashed,
cooked, chipped and fried. The male bud of a number_of hybrid
varieties is used as cabbage. Man, at whatever stage in
his development,makes good use of bananas. In New Guinea,
the aboriginal nomads eat the sweet pulp of the wild species
and use the seedsas beads. In Central America, 12,000 hectare
blocks of a single variety are cultivated under the most
modern and mechanizedform of managementand the product is
graded for strict quality-controlledmarkets.

Cultivation of Bananas

Essentially the same cultural practicesare required
for both bananasand plantains. In the recommendationsthat
follow, the differencesbetweenthe two types are indicated
as deemedappropriate.

Climatic and Soil Considerations

Temperature- Mild freezesmay kill the top growth back
to the ground in some regions, but the rhizome if not damaged
will send additional shoots up again. This occurs sometimes
in the highlands of the tropics and subtropics. Under such
conditions, to product fruit within the frost free periods,
the planting rhizomes must receive special treatment. All
of the eyes are removed except one so that most of the growth
from the entire undergroundparts go to this one shoot which
develops a larger stalk and ripens earlier than it otherwise
would. Such practice should be used only under special con-
ditions and then it may not be economical..

The averageoptimum daily temperaturefor the growth
of bananasis about 270C, the averageminimum, 210 C, and
the averagemaximum, 29.5gC. The abao1uteminimum and maxi-
mum temperaturesare 15.6 C and 37.8 C, respectively. Expo-
sure to temperaturesbelow and above theseabsolute tempera-
tures slows down growth and damagesthe fruit.

Moisture - The optimum amount of moisture required for
uniform growth is about 1320 mm of rain per year, or still
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better, a uniform distribution of 2.5 cm per week. However,
seldom, if ever, does such uniform precipitation occur in
any tropical region. In some regions,mostof the precipita-
tion will occur betweenthe months of May to November, with
Decemberand April receiving the minimum requirementsof
approximately1.3 cm per week. The months of January,
February, and March may be dry, and the bananaplants would
not receive enoughmoisture. For uniform growth, and hence,
a good yield, bananaplantationsshould be irrigated during
thesemonths. If, however, irrigation requirementsapproach
five months out of the year, the cost of maintaining uniform
growth becomesexcessive,and indicates the need of either
a change in variety or a change in crop.

Wind - Banana leaves are 1arge,soft,and easily torn
by strong winds which seriously reduceproductivity. If
natural wind-protectedareasdo not exist, it is highly im-
portant to provide windbreaks for the plantings. The large
growing bamboosmake excellentwindbreaks, while Leucaena
9lauca can be effectively used around small gardens.The
ｾ ､ ･ ｡ ｬ location is a protectedvalley as can be noted by ob-
serving growth of local veKetation and the amount of leaf
damage in the area.

The majority of bananavarieties can toleratewinds
of up to 40 kilometers per hour. Winds between40 to 55
kilometers per hour causea moderateamount of damage, but
winds above 55 kilometers per hour are disasterousand cause
"blow-downs", in which a large portion of a plantation can
be ruined.

Soil - Bananasrequire exacting soil texture, moisture
and aeration, even though one seesbananasgrowing on beach
sand or heavy clay soil. There is no use to attempt to grow
bananason a profitable commercial basis in soils which lack
fertility or are deficient in physical structure. Since
bananasare extremely shallow rooted, a deep alluvial soil
is necessary. The type of soil best suited for bananaculti-
vation consistsof a sandy to silty-clay loam texture. Good
drainageis as necessaryas a uniform source of moisture.

The root systemof the bananaplant forms a semispherica1
zone centeringaround the rhizome (the undergroundstem).
The radius of this semisphereand its depth dependson the
bananavariety, the type of soil, and the drainagein the
field. For example, the root radius of Dwarf Cavendishmay
reach"2.7 to3.1 meters, while that of a Lacatanmay reach
4.3 to 5.5 meters. However, if the soil is heavy clay, the
radius of theseroot systemswill greatly diminish. Also,
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if the water level remains 60 cm beloW' the surface, the roots
will not extend downward more than this depth, even though
the soil may be sandy-loam.

ｇ ･ ｯ ｧ ｲ ｡ ｾ ｨ ｩ ｣ Areas - The optimum areas in the world for
bananacult1vation are located in a belt of land straddling
15 degreesnorth and south of the equator. From 15 to 23
degreesnorth or south, bananasoccasionallymay suffer chills
which not only damagethe hanging fruit, but also slow down
the uniform growth of the plants, which causesan increase
in the interval betweenharvests. Between 23 and 30 degrees
north or south, bananasbecomea seasonalcrop, with three
to five harvestsduring the warm months and none during the
cold months.

Cold and Droufht Tolerance - Since elevation in tropical
regions greatly af ectstemperatures,bananasbeing sensitive
to chill should not be grown over elevationsof 1,000 meters
as a general rule. Then only the subtropicalDwarf Cavendish,
sometimescalled ChineseDwarf. Many of the plantainsknown
largely by their local names such as French Plantain, and
Horn Plantainhave much greater toleranceto both drought
and chill and all plantainshave considerabletoleranceto
drought. In the mountains of South East Asia, such varieties
as Lady Finger and Morang Datu are sometimescultivated up
to 3,000 meters elevation. In general, it is wise to use
only the dessertbananasof the short staturevarieties at
the higher elevations. All sizes of dessertbananascan
grow easily between the equator and l50N and S., but between
15 to 230 N and S., it is better to choosevarietieswith
intermediatestature, such as Giant Cavendish, Bout Rond,
Vimama, etc. Beyond 230 N. and S., it is best to cultivate
Dwarf Cavendish.

The only known exception to the above is the giant wild
speciesM. inBens which is encounteredat elevationsof 1,500
to about 2,44 meters on Mount Cyclope in northern New Guinea.
The seedlingsof this speciesfail to grow under hot tropical
lowland conditions.

Planting Methods

The edible bananavarieties do not produce seeds. lhe
､ ｡ ｲ ｫ ｾ small specks in the central portion of the bananafruit
are the abortedovaries which, even when pollinated, fail
to develop into seeds. Hence, bananasare propagatedvegeta-
tively by means of transplantingrhizomes, or seed-pieces
or "sword suckers" 50 to 60 cm tall which bear only long
narrow leaves.
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Size of Suckersvr SeedPieces - It is important to
selectuniform seedpieces. The best size for transplanting
is known as a 'maiden head' sucker which is from 1 to 1%
meters tall and from a plant which has not yet borne fruit,
and the seedpiece weighs 2 to '2.5 kilograms. Ifa farmer
plants a field of 2.5 kg maiden heads, he can expect first
fruiting of a crop in about eight months after planting date.
If "sword" suckers, those with vary narrow leaves, 0.5 kilo-
grams in weight, or corm pieces (undergroundpart supporting
old trunk which has fruited) containing one eye are planted,
a much longer time is neededto producemarketablefruit.
If seed-piecesof· different sizes are planted, the planning
for uniform cropping becomesdisrupted.

ｲ ｲ ･ ｾ ｡ ｲ ｡ ｴ ｩ ｯ ｮ of SeedtieCes for Transplanting- After
a seed-p1eceis dug up, a 1 soil, roots and trasn should
be completely removed. If purplish or reddishnematodele-
sions are detectedon the roots, these should be paredoff
along with any dark' and reddish tissue, until the seedpiece
is clean and white leaving a few buds. Damage from nematodes
may be reducedby dipping the planting material in a nemato-
cide. The "cabbage" or top growth should be cut back to
about 10 cm from the growing tip of the rhizome. The common
practice among small farmers is to retain the trunk of the
transplant,although it servesno useful purposeexcept as
a marker. There are no roots to furnish nutrition or water
for the trunk. The trunk shrinks and the new leaf grows
slowly. Also, the weight of the trunk makes shipment and
transportationdifficult and expensive.

The Planting Hole - The transplantinghole should be
large. (75 cm square) and about 15 to 20 cm deeper than the
height of the rhizome with its cabbage. Place about 10 grams
of complete formulation of an N-P-K (nitrogen-phosphorus-
potassium) fertilizer, plus a few grams of a granular nema-
tocide in the bottom of the hole. It is also desirable,
particularly on less fertile soil to cover seedwith a heavy
applicationof compost and soil. A good thick layer of mulch
greatly enhancesrecovery and continuedgrowth of the seed
piece. The soil around the seedpiece should be well com-
pressedand irrigated. The best time for planting rainfed
bananasis the beginning of the rains, althoughwith a con-
tinuous supply of ground water any time of the year would
be satisfactory.

PlantingDistance

The planting distancebetweenhills dependsprimarily
on the size or the height of the variety cultivated. Also,
the type of soil, the amount of fertilizers applied, and
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the ｰ ｲ ｵ ｾ ｩ ｮ ｧ practicesdetermine the proper planting distance
for a ｧｾｶ･ｮ variety. The variety Dwarf Cavendish (1 to 1.25
meters tall) can be planted in rows at a distanceof one
meter within the rows and two meters betweenthe rows. The
variety Giant Cavendish (2 to 2025 meters tall) can be planted
in '2.5 x '2.5 meter squares,while the variety Lacatan (about
4 meters tall) should be planted in '3.5 x '3.5 meter ｳ ｱ ｵ ｡ ｲ ･ ｳ ｾ

The deeper the soil, the closer can be the planting distance
for a variety, as long as excessiveshading does not occuro

Fertilization
Bananasneed fertile conditions and abundanceof soil

moisture for best growth and production. The type of develop-
ment the plant makes in the first 3 or 4 months determine
the weight of the bunch and number of hands.

The N-P-K formulation to be used dependson the type
of soil. Since commercial plantationsare usually located
on excellent alluvial soils, usually very little P or K are
required. The main nutrient requirementis nitrogen, which
is generally applied in the form of ureao

The amount of fertilizer used dependson the number
of mats per hectare; about 600 kilograms of nitrogen per
hectareper year is an appropriateestimatefor a deep alluvial
soil. If there are 1,000 mats per hectare, then eachmat
receives 600 grams of nitrogen per year.

Fertilizer should be applied in a circular band around
the mat. After planting a seed-pieceand up to three months
after emergence,the band should have a radius of 50 cmo

The radius should be enlargedas the plant matures. The
radius of the fertilizer placementaround mature mats should
be between1 to 105 meters.

On the average,a plantation should be fertilized about
every sixth ｷ ･ ｾ ｫ Ｎ During the rainy season,this interval
could be reducedto five or even four weeks, and during the
dry seasonmight be increasedto sevenor eight weeks. If
fertilizer is applied on the six-week cycle, then eachmat
will receive about nine 70-gram applicationsof nitrogen
per year.

Growth Pattern

After a rhizome is planted, roots grow out, anchoring .
the plant in the soi10 Leaves begin to grow from the central
nodes on the rhizome, and finally emerge from the soil. '
The leaves consist of leaf sheathswhich form the trunk of
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the bananaplant, and the leaf bladeswhich are connected
to the sheathby the leaf stem or petiole.

. Dependingon the variety, a bananaplant developsbe-
tween 30 to 60 leavesbefore fruiting. Some of these leaves
have already developedon the sucker before it is cutoff
to becomea new plant. If a variety produces45 leaves before
shooting (emergenceof the fruit bunch), and the maiden head
suckerswere cut at the 15th leaf stage, then the new trans-
plants would produce the additional 30 leaves before shooting.

The bananafruit forms on the upper nodes of the true
stem, which pushesup the length of the trunk until it emerges
at the top. At this stage, a plant has "shot" its fruit 0

The individual bananafruit is called a "finger", and the
two rows of fingers, locatedat each node on the stem, are
called a "hand". The whole stem, with its many hands, is
referred to as a "bunch".

A "button" is located in the middle of each rhizome
node, and is coveredby the leaf sheath. When the leaf dies,
and the leaf sheathrots aTjlay, the "button" grows out of
the side of the rhizome, pushes through the soil, and emerges
as a sucker. Each sucker can develop into a plant, which
will fruit only once, and then dies.

Pruning

Pruning is the processof cutting suckers, or followers,
at ground level, where they emerge from the mother plant.
The main reasonfor pruning is to arrangefor the uniform
harvestof a plantation throughout the year. As indicated
before, when a field is planted to bananas,the p1anti11a
crop (from new transplants)yields all at the same time.
This fruit must be sold or discarded,according to market
fluctuations. If one follower (sucker) was allowed to grow
on eachpanti11amat, then about three months later there
would again be another crop ready for the first ratoon, or
sucker harvest. This would result in flooding the market
at one time and not having a crop ready for shipmentwhen
market demandsare high. To prevent this, a pruning method
was developedthat is basedon uniform productivity per area
per year. After the p1anti11acrop, the suckerswhich have
appearedon the mother plant are pruned from all but the
number of plants which are slated for harves·t. In this way,
there is a constantyear-roundpruning and harvesting. For
example, considera hectareof land with 1,000 bananamats,
if the variety plantedproduces1.5 bunchesper mat per year,
the total yield would be 1,500lbunchesper year. If it is
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decided that the harvestinginterval should be every 10 days,
there would be 36 harvests,or cuttings, during the year.
At eachof these 36 harvests,approximately42 buncheswould
be cut, and the farmer would not have an over-supplyat any
time during the year.

Another reasonfor pruning is to prevent "walking" of
the mats (spreadingof the mat wider and wider) and the for-
mation of holes and crowded areasin the field. Furthermore,
young suckerstake away nutrients from the mother plant which
is setting fruit. In the above example, the pruner allows
40 to 42 suckersof the same age to develop in scatteredlo-
cations in the hectare. Pruning is done usually at 10 to 14
day intervals. A practicedpruner maintains the mat within
a one-metersquareof its original planting and retainsuni-
form shading and cultivation in the field.

Preventionof Doubling or Falling Over

There are two main reasonsfor the falling over of ba-
nana plants during low velocity winds. These are: (1) high
water table, and (2) root and rhizome injury. In poorly
drained soils, rhizomes grow out of the soil and only Ｑ ｡ ｴ ･ ｾ ｡ Ｑ

shallow roots support the plant. At times, even without the
slight pressureof a low velocity wind, the plant falls over.
Nematodes,such as Radopholussimi1is and Pratrlenchuscoffeae,
at times completely destroy the root system. he rhizome keeps
growing out of the soil and sending roots down into the soil.
A light wind usually topples thesenematode-infestedplants.
The bananaroot borer (Cosmopolitessordidus) can tunnel
through the rhizome. When large numbers of theseborers in-
fest a plantation, their damageto the rhizomes causestoppling
of the plants.

The doubling of the stems occurs during moderatewinds
of 15 to 30 kilometers per hour. To prevent this loss, plants
are either proppedor made steadywith guys. In propping,
two bamboo poles support the leaning stem, while in guying,
the neck of one plant is tied by a rope to the baseof the
other. Guying is the most effective method of supporting
bananaplants.

Generally the shorter a variety and the thicker its.
trunk, the greater is its resistanceto doubling by winds.
Also, the cooking varieties, due to the greater tensile
strengthof the parentalM. ba1bisiana,are more resistant
to doubling than the dessertvarieties.
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Time to Harvest

Bananavarietiesvary greatly in their rate of growth.
Generally, the diploid varieties grow much faster than tri-
ploid varieties. For example, within a year a mat of the
Lady Finger (a diploid) variety may produce 2% bunchescom-
pared to 1% bunchesof the triploid variety Giant Cavendish.
Also, the shortera variety, the faster is the rate of its
growth. A Dwarf Cavendishproduces two· bunchesper mat per
year while a Lacatanproducesonly one. Also, the inbred
dessertvarieties originating from M. acuminatahave a faster
rate of growth than the hybrids from M.acuminataand M. .
ba1bisiana. For example, it takes a Lacatanelevenmonths
to produce a bunch, while it may require 13 to 14 months
for French Plantain. -In the p1anti11acrop, the size of
the seed-piecedeterminesthe earlinessof the harvestas
indicatedpreviously.

The duration between the emergenceof a bunch (shooting)
and its harvest is an important factor in the marketability
of the product. This duration dependson the variety and
seasonaltemperatures. After the bunch emerges, folds down,
and all hands are exposed, it requires 60 to 70 days before
the fruit is ready for harvest. For.1oca1markets, the bunch
should be harvestedas soon as the fruits are full or round.
For more distant markets, they should be harvestedearlier
when more angular. The bunchesare cut and sold whole, or
the hands are separated,graded and packedbefore sale.

Bagging of Fruit

The main reasonthe fruit is baggedbefore harvest is
to grow an attractivefruit. Bagging preventspeel scratches
by birds and bats, sun scalding, fungal infections which
result in specklesand blotches on the fruit, and infestation
by insects. In the latitudeswhich have cool winter nights,
bagging preventschilling of the fruit.

A fruit bag consistsof a polyethylenetube lined with
a layer of brown heavy crepe paper. The plastic is perfo-
rated at intervals with 10 mm holes. This is done to prevent
excessive"sweating" in the bag.

A bunch is baggedas soon as it bends at its neck.
The upper part of the bag is tied to the neck of the bunch.
The lower end of the bag is left open. Bags are removed
when the bunchesare harvested.
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Weed Control

Weed control is necessarybefore a plantation is esta-
blished. An old plantationusually shadesout the weeds.
Weed control is also required on the bordersof plantations,
around the irrigation canals and drainageditches, and plan-
tation roadways. Application of recommendedherbicides is
the most efficient method of controlling weeds. If the land
is properly preparedbefore planting, if the correct spacing
is adopted, and if mulching is practiced, weed control should
require little effort. Cultivation, if required, should
always be shallow in order to minimize damageto the roots.

Insect Control

Bananasare attackedby a wide range of insect pests
which include root borers, red rust thrips, weevil, scales,
bag worms, Chalcid wasps, peel-feedingcaterpillars and many
other insectsas well as nematodes. In order to control
thesepests a completeprogram of pesticideapplication is
needed. In large plantations,pesticidesare applied by
fixed-winged airplanes. Any relaxationof digilence against
pestsmay result in a substandardproduct.

DiseaseControl

Plantainsand a number of dessertvarieties such as
those in the Cavendishgroup are resistantto Fusariumwilt
or Panamadiseas·e. Cultivation of thesevarieties reduces
preoccupationwith remediesfor this important disease.
From a worldwide point of view, Sigatoka leaf spot is the
most important and the costliest diseaseof bananas. In
the American tropics, bacterialwilt or Moko diseaseis one
of the most important diseases,while in the Pacific region,
Bunchy Top diseasemay causeextensivedamage. A number
of fruit-blemishing diseasescausereduction in fruit quality.

Profit in BananaProduction

Throughout the tropical world, if growing conditions
are right, bananasare a good cash crop. With the rapid
rate of populationgrowth in the tropics, there is a greater
demandfor local consumptionof this commodity.

For example, a small farmer in Vietnam with one hectare
of land near a city, can grow about 1,000 mats of bananas,
which will yield approximately800 bunches, selling for be-
tween $5.00 to $10.00 each, yielding a gross annual return
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of $5,0000 Similarly, a farmer in Puerto Rico with one cuerda
(approximately1 hectare) of land may grow about 1,700 mats
of plantains, and since he allows two or three plants per
mat, he harvestsat least 2,000 bunchesand sells them at
$"2 0SOper bunch. For an 18-month period, his earningsare
$5,0000 . An intermediatecommercial plantationmay consist
of 500 hectares. If planted to Valery, it may contain 1,200
mats per hectare. If eachmat produces 60 kilograms of fruit
per year, the total yield will be 36,000,000kilograms of
fruit per yearo Assuming the bananasto be worth 10 cents
per kilogram at the plantation'sboxing station, the annual
gross earningswould be $3,600,0000

As the above examples indicate, bananacultivation can
be a remunerativeagricultural business. Of course, antici-
pation of market demandsplays an important part in the whole
endeavor. In large-scalecommercial plantations,not only
a great deal of technical know-how and sophisticatedagri-
cultural machinery are needed,but also, packaging, shipping,
ripening, and distribution have to be consideredo
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CHAPTER 27

TARO AND YAUTIA 1/
(Members of AraceaeFamily of Plants)

A. TARO - Colocasiaesculenta(sometimescalled c. antiquorum.)
Other Common Names: dasheen,malanga, tania, tanier,

elephant-ear,tanyah, coco-yam,
ｴ ｬ ｩ ｬ ｬ ｾ ｬ gabi

B. YAUTIA - Xanthosomasagittifolium, X. violascens, ｾ Ｎ
hrasilianse,X.· atroVir'ens-

Other Common Names: belembs, calalu, eddoe, habarala,
malanga, tanier, tannia, coco-yam
of West Africa

These two crop plants are quite distinct botanically,
but they are quite ｳ ｾ ｩ ｬ ｡ ｲ in generalappearance,and in
their culture and use. Both are herbaceousperennial tuber
crops with large handsomeleaves (elephanteared), and are
widely cultivated for food in virtually all tropical regions.

A convenient identifying characteristicis the manner
in which the petiole (leaf stem) is joined to the leaf blade.
In yautia, the petiole is attachedto the very edge of the
leaf at the junction of the two basal lobes of the leaf.
In taro, the petiole is attachedwithin the leaf outline
(i.e., on the undersideof the blade).

In both plants, the edible portion is the starchy tuber
('a corm), but in yautia only the laterally borne corms (cor-
mels) are edible; while in taro, both the central corm (fleshy
undergroundstem) and the cormels are used for food. Also,
the leaves and stems of some varieties of both taro and yautia
are used for food. Taro leaves are sometimesused in stews.
The mature central corms of taro vary in weight from about
250 to 3000 grams or more, dependingon the variety. At
maturity, the cormels of both yautia and taro vary from
85 to 450 grams or more•. The corms of all types (both species)
usually are 2 to 4 times longer than wide, and apout as big
as a medium sized potato. They can be cooked like the potato,
boiled, baked or fried, or used in soups.

Some kinds of taro and yautia are grown for the tender
leaves and shoots that are cooked and eaten like greens.
Some varieties of taro do not have strongly acrid leaves

1JEditedby Donald L. P1ucknett, Chief Soil and Water Section,
Office of Agriculture, Technical AssistanceBureau, Agency for
InternationalDevelopment, Washington, D.C. 20523
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and tubers, but all others must be cooked to destroy the
acridity. The acridity is due to the presenceof needle-like
crystals (raphides) of calcium oxalate.

Food Value

Taro and yautia are' rich in carbohydrates(starch) and
quite low in protein (2 to 3% of fresh weight). They are
comparableto the white potato in generalnutritive value.
The protein is somewhatdeficient in the essentialamino
acid lysine resemblingmost cereals in this respect. These
corms are richer in calcium, phosphorusand iron than the
potato, and about equal in vitamin content. Being low in
fats and protein, these crops, while quite palatable,are
primarily energy foods and must be balancedwith proteins
and fats to meet human dietary requirements. The edible
leaves and petioles are substantiallyhigher than the corms
in protein, fats, and minerals, but less than half as rich
in carbohydrates. Thus, the leaves and petioles (occasionally
eaten) are more nearly balancedfor human nutrition than are
the corms.

Description

Taro

A member of the Araceae family of plants, taro grows
to a height of 1 meter or more under favorable conditions.
The stems (corms) are short and thick. Leaf blades hang
nearly to the ground, petioles are long and stout. Taro has
6 to 20 or more large sphericalundergroundcorms, which are
an important foodstuff. Some varieties are grown mainly for
the large main corm, while in other varieties the sucker corms
(cormels) are also eaten. Dasheentypes have a larger number
of cormels. The blanchedshoots from the tubers may be uti-
lized as a "winter" vegetable.

Yautia

Several speciesof a plant genus closely related to taro
are termed Yautia. The lateral corms resemblethose of taro.
It is probable that three speciesare used in the samemanner
as food crops. They are strongly growing herbaceousplants
with broad leaves, with a coarsestalk, and-main corms which
are usually not eaten. One species- X. saiittifolium, has
an above ground trunk; two other species ｾ Ｎ atrovirens and
X. violaceum, are without above ground trunKs. The X. brasi-
Iiense speciesis probably identical with X. sagittiFolium.
All speciesbear abundant lateral corms that are edible.



- 229 -

Varieties

There are a very large number of varieties of both crops,
and thesediffer widely in yielding ability, adaptationto
soils and climate, plant characteristics,size of corms, pa-
latability and starch content. Results of limited variety
tests are available,in Hawaii, Puerto Rico, and at research
stations in the CarIbbeanand the Far Easto In undertaking
an improvementprogram, a collection of the superior varieties
from many tropical regions should be field testedunder local
conditions to determinetheir performanceand the quality
of the tubers as well as cleanedup of any diseasessuch as
viruses that may be transmittedvegetatively. This should
be followed by determining responsesto fertilization, and
spacingof rows and plants.

Adaptationand Culture

Taro and yautia producebest at low to medium elevations
in moist regions of the tropics and the frost-free subtropics.
Low land bordering rivers and streamsthat is too moist for
sweet potato and yam production is well-suited to taro and
yautia, though some varieties are adaptedalso to drier groundo

Some varietiesof taro can be grown in flooded fields, like
rice. Good soil drainageis necessaryfor yautiao In dry
regions, they do well under irrigation, but are not a priority
crop where water is a limiting factor. These crops tolerate
a wide variety of soils, provided moisture is adequate. Corm
yields have been reported that range from a low of 3 up to
30 or more metric tons per hectare; the differencesbeing
due in part to the variety and in part to the suitability
of soil and cultureo

For ｰ ｬ ｡ ｮ ｴ ｩ ｮ ｧ ｾ the tip sectionof the corm plus 20 to
30 cm of the lower petiolesmay be used, although corms, corm
pieces, cormels, or any part of the rhizome systemhaving
buds may be used. The corms or pieces of the rhizome are
set at a depth of 7 to 12 cm and covered lightly with soil;
the crowns are set slightly deeper than they grew previously
becausethe corm tip forms the baseof the new corm. They
are usually planted in rows about 1 meter apart, and spaced
50 to 60 cm in the row, using denserplantings in more fertile,
well-wateredsoils. From 20 to 25 thousandpropagationpieces
are neededto plant a hectare. The best planting time is
the cool seasonof the year, although plantingsmay be made
at any seasonif moisture is adequate.
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Fertilization

Taro and yautia are most productive in well-manuredor
liberally fertilized soi1so It is probable that nitrogen
fertilizers will stimulatevegetativegrowth, and that potash
fertilizers will be neededfor good corm development. Phos-
phate fertilizers will foster strong root developmenton
soils deficient in phosphorus,and these fertilizers should
be placednear the propagationpiece and slightly below, so
that the growing root systemwill have early and continuing
accessto the nutrientso

The time required to mature a crop of corms dependson
the variety. Some varietiesare reported to produce a crop
in three months, but many varieties require ten months or
longer0 Corms can be harvestedindividually as they mature,
leaving the smaller ones to enlargebefore the plant is re-
moved, or the entire plant can be pulled by hand when the
soil is moist and most of the corms have maturedo

Pestsand Diseases

Taro and yautia are comparativelydiseaseand pest free.
The most severeleaf diseasein taro is taro blight, caused
by Phytoththoracolocasiae. If uncontrolled, this disease
can defo iate the plants. There are lethal viruses of taro
in the British Solomon Islands in the Pacific. White grubs
and wireworms can damagecorms but generally do not limit
production. During very dry weather, aphids and red spider
mites sometimesappear in large numbers on foliage, but do
not damagethe plants severelyo In the Pacific Islands, taro
is sometimesseverely injured by the taro leafhopper. Root-
knot nematodeinfestationswill stunt the plants and reduce
yields. In .the field, corm rots can be causedby Pythium
species. Storagerots can occur when corms are stored in
damp places.
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CHAPTER 28

CASSAVA 1/
(Manihot esculenta)

Other Common Names: Manioc, yuca, tapioca,
mandioca, guacamote.

GeographicDistribution

It is believed to be native of tropical America, and
was introducedby Portugueseexplorersof the 17th century
into other tropical regions of the world.

The FAO reportedproduction in 1969 amountedto 33
million metric tons in South America, 31 million in Africa,
and 21 million in Asia, and 1/2 million tons in Central
America and the Caribbean. Cassavais grown in all tropical
countries for its starchy roots, as a subsistencecrop, for
local commerce, and as an industrial crop in many countries.

Food Value and Utilization

Cassavais a starchy food, valuable as an energy source.
The tubers averageabout 33% carbohydrate(twice as high
as the potato, becauseof lower moisture content) but only
about 1% protein and 0.3% fat. In addition to being very
low in vitamins and pro.tein, the protein is somewhatdefi-
cient in the essentialamino acids, methionine and trypto-
phan. Cassavais relatively high in calcium, phosphorous,
and iron. The young leaves of the "sweet" varieties are
edible, and are a much better sourceof minerals and vita-
mins than the tubers. Also, the leaves are considerably
higher in protein and lower in carbohydratethan the tubers.
The leaves averagefrom 3.7 to 10.7 percent protein on
a fresh weight basis and 21 to 36 percenton a dry weight
basis. Of the essentialamino acids, only methionine is
deficient. Lysine levels are quite good (5.6 to 8 percent).

There is continuousvariation betweenthe sweet and
the. bitter types. The bitter types contain a higher percent-
age of poisonoushydrocyanic acid in the roots than the
sweet types. The sweet types are grown mainly for boiling
and eating as vegetables. The cyanide is releasedwhen
the tubers are grated and the juice is drained off, for making
flOUT. The cyanide also is eliminatedby thorough boiling
or by roasting of the roots.

1/
- Edited by Eduardo Alvarez-Luna. Director, Plant Sciences,

InternationalCenter of Tropical Agriculture, Cali. Colombia
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When the grated roots are washed the eluent contains
starchwhich separatesout on standing. While the starch
is still moist, it is pressedthrough fine mesh screensonto
a hot ceramic plate to form commercial tapioca; or it is
dried to form the flour used in many bakery products. Ta-
pioca and starchare exported from a number of countries
on all continents, dominatedby Brazil, Thailand and Indonesia.

Adaptation

Cassavais relatively drought resistant,and is a par-
ticularly useful crop in all regions with alternatingdry
and rainy seasons. It makes good growth when moisture supply
is adequate,and becomesvirtually dormant but stays alive
in drier periods. Since the plant is essentiallya perennial,
it can be allowed to stand indefinitely as a crop, and the
tubers harvestedwheneverneeded. However, it may be grown
as an annual, producing a crop of tubers within 9 to 12 months
after planting when moisture is adequatefor sustainedgrowth.

Cassavarequires a warm climate, but is grown extensively
in subtropicalregions that are frost-free, as well as in
the true tropics. In tropical highlands, it is rarely grown
above altitudes of 1500 meters.

Soil requirementsare not very stringent, but better
yields are producedon deepersoils. It does not endure
imperfect soil drainage, and thus is not suited as an alter-
nate crop on lowland rice fields. Although cassavahas a
reputationfor adaptationto soils of widely varying soil
fertility, higher yields are obtainedonly on more fertile
soils. In contrast to customaryyields of 3 to 5 metric
tons per hectareon subsistencefields, yields of 30 or more
tons have been producedon friable, deep, fertile soils.
Fields that have been continous1ycropped should be ferti-
lized for improved cassavaproduction. The reportedresponses
to greenmanure crops (Crota1ariaspecies) indicates a need
for nitrogen. Favorableresponsesto bandedapplication
of phosphateand potash fertilizers should be similar to
those reportedfor other tuberous crops. A basic problem
for subsistencefarmers, is to gain accessto credit or other
assistancethat will make it possible to implement the tech-
nology for improved production.

Description

Cassavais a shrubby perennial that grows 2 to 3 meters
tall, with erect, clean stems, and palmately divided leaves
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on long stalks. It produces large, elongated, fleshy, tu-
berous roots that are rich in starch. The size of the roots
dependson age and growth conditions, often reaching lengths
of 40 cm and weights of 5 or more kg. The roots tend to
becomemore fibrous after 12 to 14 months of age, and, hence,
the crop is usually harvestedwhile still fleshy. Propoga-
tion is by cuttings obtained from the stems of plants that
are at least 10 months old and 2.5 to 3.5 cm thick. After
stems are harvested,they are stored for a short while in
a protecteddry place until planting time. Cuttings of some
25 cm in length are taken from the lower part of the stem
after discarding the basal 20 cm, and the upper stem having
less than 2.5 cm diameter.

The cuttings produce roots from the nodes below ground
level after planting, and new shoots from the uppermostbuds
at the stem nodes. The root system is well-branched,and
occupies the soil deeply. After a few months, certain roots
near the stalk basebecome swollen with starchdeposition,
and thesecontinue to grow in periods when moisture is ade-
quate. They continue to grow indefinitely, and may be left
in the soil without deteriorationuntil harvestbecomescon-
venient; although they become increasinglymore fibrous 12
to 14 months after original planting.

Varieties

Many varieties of cassavahave been reported, such as
Sao Pedro Preto with high starch content, Bogor -- a "sweet"
type grown in Indonesia,Ambon believed to have a higher
protein content. The variety Llanera in Colombia is reputed
to be substantiallyhigher in protein content and to be su-
perior in yields. Other namedvarieties are found in all
cassavagrowing regions. Cassavawill normally produce seed
on plants developedbeyond the vegetativestage; and breeders
of this speciesuse sexual reproductionfor the development
of new strainswith desiredcharacteristics. However, the
generalmethod for propagationof establishedvarieties is
by planting stem sections that reproducevegetatively. Ve-
getative reproductionis effective in multiplying somatic
mutations as theseare found, and this may be an important
sourceof new types. In any event, there are numerousva-
rieties or strains of cassavafound in all regions where
the crop is grown.

There is ample variability within collections of cas-
sava strains to permit selectionof strains that excel in
such traits as environmentaladaptation,higher starch con-
tent or higher protein content of tubers, lower content of
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hydrocyanic acid, as well as specific plant and root charac-
teristics. Vegetativepropagationof desirablestrainsmakes
possible the rapid multiplication of any strain for field
production. The principal limitation is the avoidanceof
virus infected plants that show abnormal chlorophyll produc-
tion by ｭ ｯ ｴ ｴ ｾ ･ ､ or streakedleaves or deficient green color;
since the virus is transmittedby vegetativereproduction.
Field evaluationof all available strains of cassavaand
selectionof thosewith superior traits is a rapid method
of improving cassavaproductivity.

Culture

Fertilization

As noted earlier, cassavawill produce a limited crop
of tuberousroots in a period of 12 months, without ferti-
lizers, on a wide range of soils. However, the crop does
respond to fertile soils and effective use of fertilizers.

Nitrogen fertilizers should be applied periodically
every 3 months during actual growth, at 20 kg of N per hec-
tare, to produce sustainedeffects on cassava. Phosphate
and potashfertilizers are most effectively applied in bands
before planting in furrows below the intendedrows of cassava.
Such banding will minimize the interactionof the fertilizer
with the soil mass, that is particularly likely to convert
the phosphateinto a form that is not accessibleto the cas-
sava. If no field trials have beenmade locally on amounts
of fertilizers for cassava,it is suggestedthat initial
tests be made with the equivalentof 50 kg of phosphate(P205)
and 25 kg of potash (K20).

Seed Bed Preparation

The seedbed should be well tilled for planting the
stem cuttings (about 25 cm long). These are placed in rows
1 to 1 1/4 meters apart, with cuttings about 1 meter apart
in the row. The cuttings are insertedabout 2/3 of their
length into the seedbed so that at least the lowest node
is well below the soil surface. Planting is best done at
the beginning of the rainy season,and rooting and shoot
developmentthen occurs rather promptly. Any failure of
cuttings can be noted in about 3 weeks, and fresh cuttings
planted to replace those that failed.

Weed Control

Except for a low-growing, leguminous, greenmanure crop
that may be grown in cassavafields, all weedy growth should



- 235 -

be prevented.Weeds compete for moisture and soil nutrients,
and thus reduce cassavayields. Pulling, hoeing or machine
tillage is most effective in weed control if carried out
when weeds are small, before they create serious competition.
Weeding should continue until the cassavaplants are large
enough to shade the ground.

DiseaseControl

Virus and bacterial disease,largely causedby planting
infected cuttings are important diseasesof cassava. Also
Phy11osticta,Cercospora,Taphrina and Oidium are important
diseasesof this crop.

Virus may be very seriousbut they usually spreadslowly,
and can largely be controlled by planting only ｶ ｩ ｾ ｵ ｳ Ｍ ｦ ｲ ･ ･

(normal appearing) stem cuttings. All virus infected plant
material with discoloredor distorted leaves should be re-
moved from fields and destroyedby burning.

Insect Pests

Cassavasuffers the attack of several insects, such
as thrips, hornworm, shoot fly and the spider mites. In
the event of a significant infestation, prompt application
of a specific purposeinsecticideshould be applied.

Harvest

The tuberousroots may be harvestedwithin 9 to 12 months
after planting, dependingon availability of rainfall and
the variety grown. In harvesting, the roots are slowly drawn
from the soil by pulling on the stems, or with the help of
a strong stake used like a lever tied to the stalk near its
base. Since the plants remain alive, and the tuberousroots
do not have a determinatematuration stage, harvestmay be
scheduledat a convenient time. For subsistence,the roots
may be harvestedintermittently over a long period, the prin-
cipal limitation being that fiber content of the roots becomes
increasinglyhigher after about 12 months from date of planting.
The optimum stageof growth for harvest to produce the greatest
yield must be determinedby field trials in each region,
for individual varieties.
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CHAPTER 29

YAMS !/
(Dioscoreaspp.)

The most widely grown speciesof yam, in order of impor-
tance in the tropics and subtropics, and a few of their
characteristics,are listed below:

1. White Guinea Yam (Dioscorearotundata) - Tropical
Africa, usually thorny stem, twisting right, 8
months growing season, large cylindrical tubers.

2. GreaterAsian Yam (Dioscoreaalata) - Southeast
Asia, now worldwide, winged stem, twisting right,
10 months growing season, large variable tubers.

3. Yellow Guinea Yam (Dioscoreaca¥enensis)- Tropical
Africa, thorny stem, twisting r1ght, 10-11 months
growing season, large variable tubers.

4. LesserAsian Yam (Dioscoreaesculenta) - Principally
ｔ ｾ ｯ ｰ ｩ ｣ ｡ ｬ Asia, round spiny stem, twists left, 11
months growing season,small or large clustered
tubers•

.5. Potato Yam (Dioscoreabulbifera) - Throughout
tropics, smooth stem, twisting left, aerial and
sometimesundergroundtubers.

6. Cush-CushYam (Dioscoreatrifida) - Caribbeanregion,
stem winged, twisting left, 11 months growing
season,small clusteredtubers.

The true yams are unrelatedto other crop speciessome-
times called yams, notably the sweet potato, and the coco-
yams, which are actually taros and tanniers-.

Yams provide a staple foodstuff for millions of people
in many tropical and some subtropicalcountries, and are
secondaryfoods for many millions more. Their large scale
cultivation as food crops occurs in three main areasof the
world - West Africa, South East Asia (including parts of
China, Japanand Oceania), and locally in the Caribbeanand
in tropical Latin America.

"Edible yams are field crops, which although basically
perennial, are treatedas annual plants. They are harvested
every season- sometimesmore than once in a season,and
replantedevery year. They are essentiallycrops of the

l/Edited by Franklin W. Martin, Location Leader, Agricultural
ResearchService, U.S. Departmentof Agriculture, Federal
Experiment Station, ｍ ｡ ｹ ｡ ｧ ｵ ｾ ｺ Ｌ Puerto Rico 00708
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humid, semihumid, or semiarid tropics, for although they are
adaptedto climates in which the dry or rainless seasonis
long, they require substantialamounts of water during their
growing seasonin order to develop their tubers. They are
but little adaptedto modern techniquesof mechanicalagri-
culture, and are essentiallycrops of peasantfarmers, who
cultivate entirely by manual methods. Such peasantfarmers
individually cultivate small acreages,and very substantial
proportions of their crops are consumedby themselves,or by
their families or neighbors. The yam thus belongs primarily
to subsistence,rather than to commercial agriculture."*

Food Value of Yams

*Quotation from "Yams" by D. G. Coursey. See list of "Selected
References"following Chapter 40 of this Publication.

There is evidence, however, that the yam need not play
only this limited role. Selectedvarieties grown on a plan':'
tation scalewith the aid of machinesand minimum vine support
can yield economicallyattractiveamounts of raw material
for food, feed, or industrial purposes.
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during rainy season. The choices of speciesand varieties
must be adjustedto the probable length of seasonswhen rain-
fall is sufficiently abundantto support vegetativegrowth.
Most varieties are adaptedto rainy seasonsduring long days
and to dry seasonsduring the short days of the year.

Except for D. Q£2ositaand D. ｾ｡ｰｯｮｩ｣｡Ｌ the edible yams
prefer temperatures-above250 C forigh productivity. Ex-
cessivelyhigh temperaturesmay be harmful, however, especially
if moisture is a limiting factor.

The tuberous characteristicof yams is an adaptation
to prolongeddry seasons. When moisture becomesdeficient,
the plant tops die and the plant becomesdormant, but sur-
vives by means of the tubers. Thus, the yams are capable
of growing in the highest rainfall areas, as well as in re-
gions of lesserand lessermoisture supplies, down to zones
with as little as 600 mm per year if rains come in a single
seasonof 3 to 4 months. However, yams are most productive
in zones having rainy seasonsof 6 to 9 months duration.
Yams can withstand short periods of dry weather during the
growing season,becauseof the reservesof water in their
tubers, but such shortagesof moisture reduce yields.

Yams require a deep, well-drained fertile soil for
satisfactoryyields of tubers. The root systemsare compara-
tively weak and cannot extract water from extensivevolumes
of soil, particularly in compact soils. The crop requires
good soil drainage; otherwiserotting of tubers occurs.

Description

Edible yam speciesare herbaceoustwining plants, with
or without prickles, often with winged or angled stems, and
large oval, parallel-nervedleaves. They produce large under-
ground edible tubers often with hair-like or prickly rootlets.
The tubers are starchy, and may vary greatly in size and
shapeamong the various speciesand varieties. Under favorable
conditions, the plants bloom but most speciesrarely produce
seed. In general, the crop is propagatedby planting smaller
tubers or pieces of larger tubers. Plant breedersmay create
new varieties of some speciesby growing plants from seed
after hybridization.

Varieties

It is possible that some of the great numbers of yam
varietieswere the result of somatic ｭ ｵ ｴ ｡ ｴ ｩ ｯ ｮ ｾ Ｌ and that
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the occurrenceof such mutations is continuing. Much improve-
ment in yields and quality of tubers may be achievedby ac-
quiring collections of varieties, and subjecting these to
local field trials to determinethe ones best suited to the
region. When plants are virused, clonal selectionis valuable
for cleaning up the stock. Agricultural researchstationsof
the region should be consultedas to the varieties that have
performedwell, and the sourceof planting materials. Im-
proved varieties are available through the FederalExperiment
Station, Mayaguez, Puerto Rico.

Culture

Fertilizers

The responseto use of animal manuresand commercial fer-
tilizers varies with climate and farming system, but general
responsesmay be summarizedas follows: Animal manuresand
compostshave producedsubstantiallyincreasedyields when
added to the soil so that sets and tubers do not come into
direct contactwith theseorganic materials, which may cause
decay. Nitrogen fertilizers are stimulating but must be
applied in 2 or 3 separateapplications to provide a conti-
nuing supply of nitrogen during the growing season. A single
application of an equivalent amount of dung or compostwill
suffice for the season.

Phosphatefertilizers have producedvariable results,
probably becauseof ineffective methods of application,.
Phosphatesmust be applied in bands, nearby but below new
plant sets to insure availablephosphateas needed. Mixing
phosphatethrough the soil mass of many tropical soils re-
sults in "reversion" of most of the phosphateto inert forms,
unavailableto plants. Surfaceapplicationsof phosphates
are relatively uselessbecausephosphatesdo not enter the
soil with rainfall as do nitrogen fertilizers.

Potashfertilizers are useful only when accompaniedby
nitrogen and by phosphatesapplied so as to be effective.

Where reliance is placedwholly or in part on commercial
fertilizers rather than copious use of manuresor composts,
it is suggestedthat applicationsof fertilizer to deliver
the equivalentof 50 kg per hectareeach of ｮ ｩ ｴ ｲ ｯ ｾ ･ ｮ (N)
and of phosphate(P205) and 25 kg of potash (K20) be applied
prior to planting and be supplementedby 25 kg per hectare
of nitrogen (N) at intervals 3 months after planting.
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Planting

The traditional method of planting yams is on raised
mounds or ridges, and best results are obtained if planting
holes are dug in the preparedridge, and filled with compost
or well-decayedanimal manure. A 5 cm layer of soil should
cover the organic fertilizer to avoid direct contactwith
planting sets, which may causerotting.

Small tubers may be planted entire, but larger ones
are normally cut into piecesof about 200 gm each. A gene-
ral purposefungicide may be dusted on cut surfacesof tubers
to prevent rottingo Normally both small tubers and tuber
piecesare plantednear the time when natural sprouting
occurs. Occasionallythe tuber pieces are encouragedto
sprout before planting themo Sprouting is facilitated by
covering the cut pieceswith dried grass or a moist sand
and keeping them in a cool place until the shoots develop.
The seedpieces are planted 50 to 100 cm apart on ridges
or mounds at depths of about 5 to 10 cm. Early planting,
just before or at the beginning of the rains, is most likely
to produce the highest yield. Capping at the time of planting
is sometimespracticed to protect the tuber from being damaged
by excessiveheating during dry weather. Capping consists
of placing a handful of dry grass directly above the top of
the tuber followed by a further covering of .5 to 10 cm of soil.

The vines of all yams are trailing, and must be supported
to permit healthy developmentand satisfactorytuber yields.
Poles or stout bamboo tops should be fixed in the ground
along the rows for support of the vines, or 3 poles may be
arrangedaround eachplant in tripod fashion. Many stalking
variations can be tried, but optimum height is only about
2 meters.

Weed Control

Weed control is essentialfor effective production of
yams. Since yams germinate irregularly, weed control is
most important at the beginning of the season. Later heavy
vine growth tends to shadeout weeds and reduce subsequent
operationscost. Weeds are removed by pulling in ｾ ｨ ･ close
proximity of individual yam plants, and hoeing betweenplants.

Plant Diseases

Plant diseasesare usually not important problems in
yam production. In the event of outbreaksof foliar spots,
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prompt applicationof a generalpurposefungicide is recom-
mended.

Insect Pests

Insect pests have been reportedas being serious enemies
of yams. Undergroundwhite grubs and wireworms have occa-
sionally causedlocal damage. Selectionof seed free from
insect damageis essential. Crop rotation such that yams
or other root and tuber crops are not grown on the same land
in successiveseasons,is a reliable preventivemeasurethat
avoids buildup in numbers of undergroundpests.

Harvest

The crop is ready for harvestingafter the leaves begin
to dry and vines die down to the ground at the end of the
rainy season. The tubers may be left in the ground and used
as required, provided they can be protectedfrom vermin and
other enemies. Also, they may be lifted and stored in a
cool shed with good aeration. The tubers are sometimesstored
under dry earth or sand to prevent loss of moisture and
shriveling.
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CHAPTER 30

SWEET POTATOES !.I
(Ipomoeabatatas)

Description

Sweet potato (Ipomoea batatas) is a member of the Con-
volvulacae family. It is perennialbut is grown as an annual
crop in most farming systems. Its growth is lateral, pro-
ducing long trailing, rooting stems. The leavesmay be
ovate, heartshaped,lobed or notched according to variety.
The flowers are funnel shapedand the seedssmooth coated
and angular. The sweet potato blooms and sets seed abundant-
ly in the tropics, thus permitting controlled breeding for
plant improvement. The tuberous roots begin to develop
within three weeks after slips are planted.

GeographicDistribution

The origin of the sweet potato is unknown, but specu-
lation places it in the tropics of the Americas, from which
it may have spreadto Asia and Africa in post-Columbustimes.

Since world statisticson sweet potato production are
coupledwith the completely unrelatedyam (Dioscoreaspp.)
it is not possiblewith any certainty to identify the pre-
dominant sweet potato growing areas. It is clear, however,
that sweet potato is a major food crop in many tropical areas
of both the Old and New World. Its food potential is great
as yields range from 3 to 15 metric tons per hectare.

Varieties

Plant breedersin the tropics have developedimproved
sweet potato varieties from true seed from crossesof a wide
range of types having desiredcharacteristics. However,
many of the cultivatedvarieties grown in the tropics appear
to have risen from somatic mutations, which are produced
spontaneouslyfrom crops grown by vegetativepropagation.
Thesemutationsvary widely in environmentaladaptation,
yield, size and flavor of the root, thus providing a range
of choice for the local grower.

!!Edited by S.K. Hahn, Leader, Root, Tuber and Vegetable Improve-
ment Program, International Institute of Tropical Agriculture.
tbadan, Nigeria
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Adaptation

Sweet potato thrives only in warm climates and prolonged
exposureto temperaturesbelow 100 C is damaging. It has
a dormant period, which may range from a few weeks to several
months and does not sprout until the air temperatureis
15-190 C. It is only moderatelydrought resistantbut a good
yield can be producedin from 3 to 7 months, given adequate
ｾ ｮ ､ evenly spreadrainfall (minimum 900 rom). Short periods
of drought-aretoleratedhut. thesehave anad'lerse.effect
on yield. High humidity is undesirableas it fosters the
proliferation of the leaf and stem diseasesto which sweet
potato is prone. Sweet potatoestoleratewide range of soils,
although a sandy loam is preferred. Heavier soils may be
used but should be well tilled and ridged to provide good
drainage. Planting on beds or ridges also makes harvesting
much easier. Care should be taken in applying fertilizers,
especiallynitrogen, as this stimulates top growth at the
expenseof the root. However, in areaswith poor soil the
use of compostsand manuresmay be advantageous. Sweet potato
thrives on borders and ridges in irrigated regions, although
receiving no direct irrigation. Supplementaryirrigation
producesgood yields in areasof inadequaterainfall.

Utilization

Sweet potato tuberousroots are used for food in a
variety of ways and the leaves are frequently used as a
vegetable. The tuberousroot requires no special processing
for cooking and is both nutritious and palatable. They
store reasonablywell for some weeks or months after harvest
if cured at temperaturesof between25-270 C for 10 days
to two weeks. Large quantitiesare canned in industrial
areas,or are sun dried or dehydrated. It is also a source
of commercial starchand is used as livestock feed.

Food Value

Water 60-70%

Protein 1.6-2.0%

Carbohydrate
(starch& sugar) 25-30% /

Fat 0.7%

Ash 1.0%
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A sweet potato which has a dry consistancywhen cooked
is in general, in some countries, preferred to the wet sweeter
type.

The-calcium, phosphorusand iron content of sweet pota-
toes is similar to that in white potatoesexceedingthem
in content of the vitamins thiamine, riboflavin, niacin and
ascorbicacid. The yellow fleshed types popular in the Americas
are especiallyrich in vitamin A.

Planting Material

The most common method of planting sweet potato is by
producing rooted sprouts or "slips". To produce these, the
tuberousroots should be planted horizontally and shallow
in nurserybeds of sando When the sprouts producedby this
method have grown about 40 cm long, they should be cut at
about 30 cm to obtain slips for planting outo Slips can
be obtained from the nurserybed several times at intervals
of a few weeks and the processis aided by an application
of nitrogen to the nursery bed.

This procedureis not used in the tropics, where 30
cm cuttings from the field crop can be planted direct, after
being kept in the shade, and well watered, for two to three
days. It should be noted that the terminal cutting always
producesthe highestyield, followed by the secondcutting,
and so on.

Planting

Fields are best preparedby producing ridges, I m apart
and the slips set on theseridges at 30 cm spacing in the
dry seasonand 40-50 cm spacing in the wet seasono Slips
should be cut from the nursery bed, as previously described,
or from the field if the crop is being grown in the tropics.

In more temperateregions, the slips should be planted
at the beginning of the rainy season,but in the tropics
sweet potatoescan be grown twice a year, a crop being pro-
duced both in the moderatelydry and in the wet season.
For dry seasongrowing, it should be plantedat least a month
before the end of rainy seasonto have good establishment.

In general sweet potato should not be grown on land
that has produceda root crop the previous season. However,
continuouscropping is possible if there is no serious disease,
insect and nematodeattacko The use of manuresand composts
is generallynot required, except in areaswith poor sandy,
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clay, or depletedsoils. Connnercial fertilizers may be
used with advantageand should be high in potashand only
moderatelyhigh in phosphate.

Fertilizer ratios should be adjustedto the soil con-
ditions at hand, but if field trials with fertilizers have
not been conductedon sweet potato it is suggestedthat an
initial trial be made with 25 kg of nitrogen (N), 50 kg
of phosphorus(P205) and 50 kg of potashper hectare. The
mixed fertilizer is best placed in bands a few centimeters
below the planting level. No additional fertilizer is needed
as additional nitrogen stimulatesaerial growth at the ex-
penseof the root, nor does broadcastphosphateand pot sium
benefit the root.

Weed Control

Since sweet potato vines have a prostratehabit, regular
weeding before completeground cover is obtained is essential
and it is suggestedthat this should be done one to three
times.

DiseaseControl

Sweet potato is subject to a variety of virus and fungal
diseasesbut thesemay be minimized by good crop management.
It is important to practisecrop rotation, plant only the
varieties known to have resistanceto locally important di-
seasesand to ｲ ･ ｭ ｯ ｶ ｾ completely all crop refuse after harvest.
This refuse can be used for animal feed, or for composting,
but if the diseasesituation is severeany residue should
be burnt.

In seasonsof high rainfall and humidity diseasesspread
rapidly, but the preventativemeasurescited above should
afford some measureof control. If no control appearspossible
and the crop is badly attacked, it is suggestedthat no further
effort be made to grow sweet potato and that some other tuberous
crop, better adaptedto local climatic conditions, be grown
in future.

Insect Pest Control

The worst insect pest of sweet potato in the tropics
is the weevil, which attacksall parts of the plant: roots,
stems and leaves. The preventativemeasuressuggestedfor
diseasecontrol are equally effective for control of insects.
If, in spite of thesemeasures,insect attack appearsto
be heavy, broad spectruminsecticidesapprovedby the govern-
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ment should be applied as directedo Outbreaksshould be
attackedpromptly to avoid a build-up in the insect popula-
tiono Particularly serious pests should be sent to the appro-
priate authority for identification with a requestfor a
specific treatment0

Harvest and Storage

Sweet potatoesmay be left in the ground for several
months during the dry seasonbut it is undesirableto do
so where the soil insect population is higho If harvested
during the rainy season,sweet potatoesshould be stored
in a well ventilatedroomo It should be noted that sweet
potatoesin storageare readily attackedby the weevil and
can causeextremely high yield losseso It is thereforees-
sential that the crop should be chemically treatedwith an
insecticidedust before storage.When harvestingsweet potatoes,
care should be taken to avoid cuts and bruises and skinning
as this will increasethe danger of fungal attack. Such
injuries will heal to some extent if the roots are stored
in ventilatedcontainers,at temperaturesof 25-270 C for
10 to 14 days. ｔ ｨ ･ ｲ ･ ｡ ｦ ｴ ･ ｾ storageshould be moderatelydry
to avoid spreadof storagediseases.

Some varieties store much better than others, with less
shrinkageand reducedlossesfrom storagerots and weevil
attack. Such varieties should be field tested locally for
yield potential and resistanceto diseaseand insect. Many
superiorvarieties have been developedin recent years, and
full use should be made of these advances.
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CHAPTER 31

POTATOES 1/
(Solanum spp)

Common Names: papa, batata, pomme de terre

GeographicDistribution

Potatoesare grown on a worldwIde basis, and rank as
the fourth most important food crop in the world. The crop
is thought to have originated in the Andean highlands of
Bolivia and Peru. Although today potato production is
greatestin the temperatezones, the potato has a definite
role in food production for the tropics and subtropics,
particularly at elevationsabove 1000 meters in the tropics,
and during the cool (winter) seasonof the subtropics. Lo-
cally in the tropics, potatoesgroduce tubers in seasons
with mean.temperaturesbelow 24 C. Little or no tuberiza-
tion occurs above 270 C with temperatezone ｶ ｡ ｲ ｩ ･ ｴ ｩ ｾ Ｌ but
varieties bred for the tropics have much wider temperature
tolerances.

The tropical and subtropical countrieswith the great-
est volume of production are:

Central America and Carribean: Costa Rica, Cuba,
Dominican Republic, Guatemala,Panama

South America: Bolivia, Colombia, Peru, Venezuela
Asia: Cyprus, Korea, India, Indonesia, Pakistan,
--Turkey
Africa: Algeria, Ethiopia, Kenya, Morocco, Tunisia,

United Arab Republic

Many other countriesproduce substantialamounts of
potatoesin localities or regions with favorable climate
conditions for seasonalproduction.

Food Value

The averagecompositionof the potato tuber is 75 to
78% water, 1.8 to 2.0% protein, 17 to 20% carbohydrates.
(starch), 1.2% fibre, 1.0% ash, and less than 1% fat. It
is low in calcium but fairly high in phosphorus. Of the
vitamins, it has a substantialcontent of ascorbicacid.
It was widely used to control scurvy by seamenin the 15th
to the 19th centuries.

Nutritionally, the potato is perhapsthe most balanced
of the major food crops in that it provides calories and

ｾ ｉ Edited by Richard L. Sawyer, Roger Rowe and Orville Page,
InternationalPotato Center, La Molina, Lima, Peru
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nitrogen in proportion to adult human requirements. Potato
proteins are somewhatdeficient in the amino acids -' methio-
nine and cystine. However, potatoesrank next to soybeans
and are superior to the cereals in total protein production
per hectare.

Utilization

Potatoeshave a high degreeof acceptanceas food in
all countrieswhere the crop is grown. They may be cooked
in many ways -- boiled, steamed,baked or roasted, and fried,
as well as being a satisfactorycomponent in stews, soups,
and in mixtures with meats and other vegetables. Despite
their high moisture content, they store reasonablywell and
may Qe handled in commerceas a staple foodstuff.

Where production of potatoesexceedsthe demandfor
food, they may be processedfor starch, or made into alcohol,
but these industriesare now concentratedmostly in developed
countries.

Adaptation

Potatoesof the varieties bred in WesternEurope and
North America, are essentiallya long-day, ｣ ｯ ｯ ｬ Ｍ ｷ ･ ｡ ｴ ｾ ･ ｲ crop.
The wide acceptanceof potatoesas a food in the tropics
has directed attention to varieties that tolerate a short-
day tropical environment. Breeding programs appear to be
developingvarieties that will widen the climatic adaptation
of the crop. However, the varieties now grown, many intro-
duced from North America and Europe, are best suited to ele-
vations above 1500 meterswhere temperaturespermit vigorous
growth. Somewhat lower elevationsare acceptablein the
cooler seasonsof the year when mean temperaturesdrop to
240 C. In the subtropics, the crop is grown in the cool sea-
son, to take advantageof cooler weather. Most potato va-
rieties will withstand light frosts.

Potatoesrequire a continuing supply of rainfall, pre-
ferably not less than 900 rom during the growing seasonfor
that crop. Yields of tubers are drastically reducedby pro-
longed dry weather.

Potatoesmay be grown successfullyon a wide range of
soil conditions, but sticky heavy soils interfere with dig-
ging. Well drained soils are desirable. Either fertile
soils or liberal fertilization is essentialfor abundant
yields. In Europe and North America, yields of 20 tons per
hectareare commonplace,whereasaverageyields in tropical
regions are about one-half as great. Where two potato crops
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can be grown per year in the tropics, the total yield per
hectareabout equals production from one crop in the temper-
ate zone.

Description

The potato belongs to the Solanaceaefamily of plants.
It is an annual with stout erect stems 30 to 90 cm long.
Each of the slightly hairy leaves is usually 30 cm or longer,
comprisedof one terminal leaflet, and two to four pairs
of additional lateral leaflets. Flowers are borne in clus-
ters of 5 to 8, with whitish or colored petals. The plant
producesa fruit that may be yellowish or greenish, usually
containingmany seeds. Practical propagationis exclusively
by tubers, borne on undergroundstems or stolons. The tuber
is a swollen, modified stem with lateral spirally arranged
"eyes"; each eye is potentially capableof producing a new
plant. An eye has a number of buds, protectedby scales.

The interior of the tuber is well packedwith starch
when fully grown, and this starch and other nutrients are
moved to the eyes when sprouting and growth occurs. The
size and vigor of the plant producedfrom cut pieces of the
tuber is determinedby the amount of reservefoods translo-
cated to the eye. Seedpieces should be at least 40 grams
for strong plant growth and higher yields of tubers.

The tubers are coveredwith a corky skin that greutly
retardsmoisture loss. Skin color may be cream colored,
brown, pink, red or purple, this being a varietal character-
istic. Tuber size may vary greatly, from 30 grams to 400
grams, dependingon variety and growth conditions. When
a potato tuber is cut and left in a suitable environment,
the cut surface forms a corky layer in a few days, which
inhibits decay and excessivemoisture loss. Tubers exposed
to sunlight for a day or more turn greenishin color and
produce a bitter substancein the surface layer that is some-
what toxic to man. Most of the toxic substanceis discarded
with the peelings. Potatoesfor food should be protected
from sun exposure, to avoid becoming bitter and toxic.

Varieties

Some varieties have been producedby selecting somatic
mutations occurring spontaneouslyin field plantings. How-
ever, nearly all improved varieties are the result of hybrid-
ization and selection. Seedlingsgrown from true seedare
observedfor desirablecharacteristicswhen allowed to grow
full size to produce commercial tuber crops. Hybridization
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betweenSolanum tuberosumvarieties has played a major role
in potato improvement. Thesebreeding programs have largely
been carried out in temperateregions, and much progress
has beenmade in developing diseaseresistance,yielding
ability, cooking quality, tuber storagepropertiesand other
desired traits. Many of these improved varieties have proved
useful in the tropics and are widely used. However, breeding
involving inter-crossingof compatible Solanum speciesand
varietieshas been initiated in the tropics in cooperation
with potato researchstations in temperatezones, and potato
varieties specially adaptedto a range of tropical conditions
have been developed. Growers are advised to consult research
stations in climates similar to their own to gain information
on the most productivevarieties available, as well as on
improved cultural practices.

Becauseof the difficulty of producing seed tubers that
are free of the various debilitating virus diseasesin warm
regions, the importation of planting seed from cooler climates
or high elevations is widely practicedand highly desirable.
Such seed should not only be true to variety name, but it
should carry some warranty as to freedom from virus diseases.
Seed growers should be counseledto produce seed tubers of
Ithe tested, superior varieties, adaptedto regions of intended
production.

Culture

Fertilizers

Fertilizers will almost always be required for accept-
able tuber yields of potatoes. Since a crop of tubers is
producedin 120 days or more in the tropics, fertilization
should be adjustedto a slower growing long-seasoncrop. .
Potatoesrespond to animal manuresand compostsas well as
to commercial fertilizers, when effectively used. In the
event local field trials have not been made to determine
the amounts and kinds of fertilizers that will produce the
greatestyields, it is recommendedthat field trials be made
with the equivalentof 500 to 800 kgjha of fertilizer, con-
taining about 10% nitrogen (N), 10% phosphate(P205) and
8% potash (K20). To be most effective, the ferti11zer should
be placed in bands somewhatbelow the seedpieces. This
largely prevents inactivation of phosphatesby interaction
with the soil, and insures that the fertilizer will be prompt-
lyavailable to the young plant as well as to the growing
crop.

A practicalmethod of application is to open a furrow
at the intended location of the row about 18 cm deep, then
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place ｦ ･ ｲ ｴ ｩ ｬ ｾ ｺ ･ ｲ in the bottom, cover with 5 to 8 cm of soil,
the seedpiecesplaced thereon, and coveredwith 8 to 10
cm of soil. If animal manure or compost is available in
quantity, it may replaceup to ｯ ｮ ･ ｾ ｨ ｡ ｬ ｦ of the fertilizer.
Note that there must be a layer of soil between the seed
pieces and manures to avoid seed piece rotting; and that
a soil layer is required betweenthe seed pieces and commer-
cialfertilizer to eliminate the hazardof chemical "burning"
in the event of dry weather. Growers should be advised that
the: broadcastingof fertilizers and manures is an inefficient
method of improving soil fertility for all root and tuber
crops.

Planting Material

Plantingsof virus-free seed should be made with vari-
eties proven to be well adaptedto local conditions. In
general, locally grown seed tubers are far less productive
than certified seed since the local tubers may be heavily
contaminatedwith viruses.

Seed tubers may be cut to sizes of 40 to 60 grams each
or whole tubers of this size may be used, making certain
that each piece contains at least one eye. The cut surfaces
may be dusted lightly with fresh dry wood ashes, flowers
of sulfur, or a generalpurposefungicide to inhibit disease.
Seedpieces should be allowed to stand in a shaded,Yenti-
lated place for several days before planting, to permit de-
velopment of a cork layer on the cut surfaces.

Potatoesare not strongly competitivewith weeds. Prompt
removal of weeds by pulling, hoeing or tillage is essential
to avoid competitionwith the potato plant for nutrients
and moisture. Tardy weed control is seriousbecauseof the
interferencewith tuber formation and development.
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DiseaseControl

The most important aspectof diseasecontrol is to fully
exploit preventivemeasures. These should include the plant-
ing of varieties known to have resistanceto locally important
diseaseso Virus-free planting stock is highly essential,
since there are no other effective treatmentsfor these dis-
orders. Planting is normally at a seasonto make the best
use of cooler weather and available rainfall. Crop rotation,
so that potatoeswill never be planted on the same field
in successiveseasons,is a useful preventivemeasure. Plant-
ing clean seed tubers that have no seed-bornediseases,such
as scab, rhizoctonia, or ring rot is imperative.

Late blight is a leaf and tuber diseasethat may strike
during periods of high air humidity when days are warm and
nights are cool. Varieties are now available that are tole-
rant to this di.seaseo Spraying with appropriatefungicides
is effective, if the foliage is coveredby weekly applications,
but this requires a degreeof mechanizationas well as guidance
in methods of procedurethat are feasible only for the more
competentgrowerso

Pest Control

A variety of potato beetles, flea beetles, aphids and
nematodesmay attack potato plants. Control of these should
first of all include the preventivemeasureslisted for plant
diseases,particularly crop rotation. A close watch should
be maintainedfor any pest that may causeserious damage,
and outbreaksshould be met by applicationof a general pur-
pose, broad spectrumpesticide, pending identification of
the pest that will permit more specific control measures.

Harvest and Storage

Harvest of the mature tubers should be made on a dry
day, as soon as three-quartersof the crop leaves have turned
brown. Prompt harvestwill reduce the possible damageby
soil infesting insects that attack tubers. The tubers should
be stored temporarily in a shaded, dry, well ventilatedplace
for seven to ten days to allow time for the skin to become
well suberized,and for any cuts or bruises from digging
to heal. Thereafter, they may be storedmost satisfactorily
in a well-aerated,cool, dry place until sold or converted
into foodo
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CHAPTER 32

ONIONS 1./
(Allium cepa)

Other Common Names: cebolla, lunu,
bulb onion, oignons

This field guide includes only the bulb onion, and is
restrictedto the types that will form bulbs in the short
days of the tropics and subtropics. Onion bulb formation
is promoted by long days and warm temperatures. For this
reason,many varietiesadaptedto higher latitudeswill
not form bulbs under tropical conditions. Numerous so
called "short day" varieties exist that can be grown suc-
cessfully near the equatorwhere daylengthsare only slightly
in excessof 12 hours. Apparently, the higher temperatures
compensate,in part, for the short length of day.

The onion is probably native of Asia, in the Middle
East region. Today, it is widely grown in Mexico, Brazil,
Colombia, Ecuador, and Peru; in Iraq, Lebanon, Syria, Turkey,
India, Pakistan, Thailand, and Ghana. In all of these coun-
tries, the crop is grown for dry bulbs, which are marketed
as a staple foodstuff. World production totaled 10 million
metric tons in 1968, of which about one-third was grown
in tropical and subtropical regions.

Food Value

The edible onion bulb averages85 to 87% moisture,
1.4% protein, 10% total carbohydrates,0.2% fat, and about
·0.6% ash. It is rich in calcium and moderatelysupplied
with phosphateand iron. It is classedas an energy food,
becausethe calories are supplied largely from carbohydrates
(mostly sugars), but is valued most for flavoring.

Onions are edible either raw or cooked in any manner.
All parts of the plant contain the pungent principle that
makes onions desirableas seasoningherb-so The pungent
principle is due to volatile sulfur compounds. Varieties
that store the best ｡ ｲ ｾ usually greater in pungencyand
stronger in flavor. Mild varieties of onions do not store
as well as pungentvarieties.

1/
- Edited by Edwin B. Oyer, S. Shanmugasundaram,and Robert F.

Chandler, Asian VegetableResearchand DevelopmentCenter.
Shanhua,Taiwan, 741 Taiwan, Republic of China
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Adaptation

Onions thrive best in the tropics at the higher ele-
vations and in rather dry districts. The climatic controls
of growth operatethrough a combination o.f temperatureand
length of day, acting on the physiological stagesof develop-
ment that lead to bulb development,but not requisite to
flowering and seedproduction. Essentially, the onion is
a biennial; but only the vegetativeportion of the growth
cycle is used to producebulbs. Onion varieties adapted
to the tropics will bulb at a13 hour day or less, but va-
rieties adaptedto the subtropics require somewhatlonger
day lengths for bulbing. Onions grow well over a wide range
of temperatures. However, when exposedto prolongedperiods
of cool temperatures(below 550 F, l30 C) some of the varieties
adaptedto the tropics and subtropics will produce seed
stalks (bolt).

Onions are grown successfullyon nearly all types of
soils, but respond to mellow soil structureand relatively
high fertility. The crop is sensitiveto high soil acidity,
probably becauseof toxic soluble aluminum in acid soils.
It is likely that varieties differ in their toleranceof
soluble aluminum, but researchon this matter has not been
reported. Young seedlingsare susceptibleto salt injury
so direct seedingon saline soils should be avoided. The
crop will survive periods of deficient soil moisture, but
yields are sharply depressedif deficienciesare extended.

Description

The onion belongs to the Amaryllidaceaefamily of plants.
The true stem is a short structureat the base of the plant
from which hollow leaveswith distinct sheathand blade
portions grow. The cylinder of leaf sheathsbetween the
bulb and hollow leaf blades is called the neck. The bulb
which is the food storageorgan, consistsof fleshy leaf
sheaths,scaleleavesfrom which the blade portion does
not elongateand the true stem. When subjectedto prolonged
periods of cool weather, the growing point is transformed
from a vegetativeto a reproductivestructurewhich elon-
gates. This structure,which is a hollow inflorescence
axis is the scapeor seedstalk. The flowering umbel is
borne at its apex.

Onion bulbs vary in size, shapeand color depending
on the variety. It is harvestedby man for food and fla-
voring, thus halting the normal growth cycle.
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Varieties

Varieties adaptedto the tropics must be resistant
to local diseases,and have good size and yielding capacity,
long storageproperties,arid the pungencyor flavor desired
of the onion. Some varieties found to meet most of these
requirementsare: Texas Early Grano, Louisiana Red Creole,
L 36, Eclipse, White Creole, White Grano,Ear1yHarvest,
Texas Hybrid 28, Granex, Tropic Ace and Awakia. The Ber-
muda(mi1d) type onion will not store well for more than
a few weeks, but Yellow Bermuaaan-rrExcel 9-86 are among
the best of these.

Culture

Fertilizers

Onions are responsiveto manuresand commercial ferti-
lizers. The manures should be plowed under during seed
bed preparation, in the amounts available, up to 20 metric
tons per hectare. Manure has growth producing properties
that appear to supplementcommercial fertilizers. Ferti-
lizer applicationsshould be at least 50 kg per hectare
of nitrogen (N) and potash (K20) , and 100 kg of phosphate
(P205) drilled in bands below the intended crop row. Phos-
phate applied broadcastoften has little value, even though
neededby the crop. becausemany tropical soils have exceed-
ingly high fixation propertiesfor phosphate. Band place-
ment avoids such loss. Band placementof nitrogen ana po-
tash is effective also, so that all fertilizer nutrients
can be app1ieatogether.

Propagation

Onions may either be seededdirectly in the field;
or startedin special seedbeds,and transplantedwhen seed-
lings are large enough to handle efficiently. Seeding
directly in the field requiresmuch more seed (4 to 5 kg
per hectarein rows 40 cm apart), and there must be subse-
quent thinning to leave only one plant per 5 - 8 cm of
row. If seedbedsare used, three kilograms of seed sown
on one-tenthhectarewill provide enough seedlingsto plant
one hectare. Despite the hand labor of transplantingthis
method gives greaterassuranceof a satisfactorycrop for
market purposes.

Planting

Planting, or transplanting, should be scheduledto
produce strongly growing plants with leaves about 30 cm
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tall by the time the longest day1engthis reachedwhen pos-
sible. If the monsoon seasoncoincideswith this period,
it is better to utilize the longest day1engthsof the dry
seasonto produce the crop. Rows are usually spacedabout
40 cm apart, with one plant per 5 to 8 cm of row. If the
requisitedates of planting or transplantingdo not coin-
cide with adequatenatural rainfall, supplementalirrigation
is highly desirable.

Machine planters for direct seedingand transplanting
seedlingsare available for commercialproduction of onions
but theseoperationscan be carried out successfullyby
careful hand labor.

Weed Control

Weed control is highly essentialfor successfulonion
production, since the tops do not shadeweed seedlingsand
provide competition. Hand weeding should begin as soon
as weeds appear, and be repeatedas frequently as necessary
to maintain clean fields. Chemical weed control is very
effective for most types of weeds. Ch10ro-IPC is the most
useful herbicide, and it is usually applied in three sprays;
before seedlingscome up (or just before transplanting),
again when plants are tall enough to permit "directed"
sprayingwithout wetting the onion plants, and finally,
just before the tops begin to fall over, after bu1bing has
reachedthe maximum. The difficulty with this chemical
is that it leaves a toxic residue in the soil that may ad-
versely affect growth of the next crop of another species
grown on that land.

Diseases

Onions may be attackedby various diseases. Onion
smut attacksvery young seedlings,but does not affect
healthy transplants. Pe11etingthe seedwith tersanor
arasanfungicide applied with a sticker at the rate of one
kilo per kilo of seedgives good control. Downy mildew
affects growing plants in cool wet weather, and rarely af-
fects tropical onions. Pink root is causedby a soil borne
organism that is most serious in hot weatherat bu1bing
time. Some varietiesare more resistant;but crop rotation
so that onions are never grown on the same land more than
one seasonin three is a useful preventivemeasure. Neck
rot infects plants in the field but is unnoticeduntil rot-
ting occurs in storage. The fungus usually attacks through
bruisesor wounds in the bulbs causedby rough handling
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during harvest. Thorough field curing after harvest, sort-
ing out the thick necked onions that are susceptible,and
clean-up to remove all diseasedbulbs, are effective con-
trol measures.

Purple blotch sometimescausesappreciableloss as
a bulb rot. The first symptomsof the diseaseare small,
whitish sunken lesionswith purple centers. The bulbs de-
cay due to attack by the fungus at harvest time. No satis-
factory control measureis available. The practicesrecom-
mendedfor neck rot are advised for this diseasealso.
The Red Creole variety is much more resistantthan either
Grano or Bermuda.

Insect Pests

Onion thrips are most likely to be destructivein hot
dry periods. These tiny, yellowish sucking insectsattack
the onion leaves, giving them a blanchedappearance. Rote-
none dusts, or malathion sprays are effective if applied
as soon as thrips are detected,and repeatedat weekly in-
tervals.

Onion maggots are the larvae of a small fly resembling
a housefly, but smaller. Eggs are laid near the plant base,
and the small maggot about 1 cm long, feeds on the plants
and burrows into the bulbs. Dieldrin or aldrin may be
applied to seedat planting, or to the soil after trans-
planting, as a dust or spray, to protect against this insect
pest.

Harvest

Onion bulb harvest should begin after the top-s have
begun to break over but before the foliage has dried down
completely. The onions are pulled by hand and placed in
windrows so that the tops partly cover the bulbs and prevent
sunscald. They are left in the windrow until tops are
fully dry; the tops are then cut off, and bulbs put in
cratesor open mesh bags to complete curing. They may be
left in the open or placed in open sheds for curing. Good
ventilation through crates,.bags, or bins is essential.
Early in the curing process, the bulbs should be sorted to
remove thosewith thick necks (which will not store and
should be consumedpromptly), damagedor decayedbulbs,
and all trash and dirt.
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Storage

Well cured onions will store without serious deterio-
ration for many weeks or months; but good ventilation, low
humidity, and cool temperatureswill prolong the desired
dormancy of the bulbs. The more pungent varieties of onions
storemuch better than mild varieties.

SeedProduction

Onion bulbs that have been stored for severalweeks or
months, may be set in the field when rainfall permits growth,
to produce seed. The bulbs will root, produce flower stalks,
and bloom and set seed rather abundantly, but only when
mean daily temperaturesduring storageare below 150 C.
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CHAPTER 33

COTTON, FOR LINT AND SEED ｾＯ
(Gossypiumspp)

Cotton is the most widely grown and used plant fiber
in the world. I'Ea-l-sa producesseed that is used for its
oil, both for food and industrial uses, and a residual pro-
duct, cottonseedmeal, that is high in protein.

Cotton belongs to the Mallow family of plants. The
commercial varieties have been developedover a long period,
by selectionand crossbreedingof four distinct botanical
species:

Upland cotton - Gossypiumhirsutum
American- Egyptian cotton - Gossypiumbarbadense
Asiatic cottons - Gossypiumarboreum, and Gossypium

herbaceum

These speciesvary considerablyin length of fiber and
fiber strengthand fineness, as well as in plant and boll
characteristics. The improved varieties now widely used are
those with the type and quality of fiber ( lint) desired in
world markets, even though much of the production is retained
in some countries of origin for domestic use. Breeding
cotton for higher yields and quality of fiber continues to be
a major objective in many cotton growing countries, even
though substantialimprovementshave been made in recent
decades.

Cotton is usually grown as a warm-seasonannual, although
it is possible to grow a secondcrop on regrowth from the
stubble after the first growth is harvested. This is termed
the "ratoon" crop, and is never as productive as the first
growth.

The plants of commercially important varieties are per-
ennial species grown as annuals reachingheights of 60 to
160 em dependingon variety and climate, and each plant has
amain stem from which several to many branchesarise. These
branchesmay be reproductive, producing one or more flowers
at successivenodes or Vegetativebrancheswhich may in turn
produce reproductivebranches. The flowers are arrangedon
alternatesides of the fruiting branch, and there are three
relatively large bracts ( modified leaves ) at the base

11
- Edited by Billy M. Waddle, Staff Scientist (Cotton), National

Program Staff, Agricultural ResearchService, U.S. Department
of Agriculture, Beltsville, Maryland 20705
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of each flower, which encloseit in the bud stage. Flower
colors may range from white to yellow and change to purple
a day or two after opening of the blossom.

The fruit is known as a boll, and it developsafter
pollination of the blossom into an obovoid, 3- to 5-celled
capsule, 4 to 5 cm long. The boll splits open at maturity,
exposing the seedscoveredwith lint hairs (fibers) that
may be 1.75 to 3.75 cm long (dependingon variety and spe-
cies) when combed out from the seed. Depending on the va-
riety, flowering begins 8 to 11 weeks after planting, and
each individual boll will mature in 6 to 8 weeks after bloom-
ing. The storm-proofvarietiesused where machine stripping
is availablehave twisted carpels (burrs) with the fibers
strongly attachedto the carpel walls so the seedsand lint
do not fallout and are retainedin the openedboll. Ripening
and opening of the bolls on each plant usually occurs over
an extendedperiod. However, retentionof the locks in the
openedbolls makes it possible to harvest the crop in one
machine stripping operation.

The individual cotton fibers are slender, single-cell
hairs growing out from certain epidermal cells of the cotton-
seedcoat. These individual fibers lengthenfor about 20
to 25 days, and the cell wall thickens for a similar period,
before the boll opens. Unfavorable growing conditions (li-
mited soil moisture, inadequatefertility, leaf diseases,
and insects, etc.) results in fiber of inferior quality.
Normally, there are 27 to 45 lint-bearing seedsper boll.
The seedcoats are tough and leathery, dark brown to black,
and at maturity the seedcoat (hull) constitutes25 to 30
percentof the total seedweight. The oil content of the
kernels, or meats, ranges from 32 to 38 percent, being higher
when there is adequatesoil moisture during growth of the
bolls.

ProducingAreas

Cotton is grown in all warm regions of the world where
there is a frost-free period of at least 180 days and mean
temperaturesabove 250C for 150 days. Thus, cotton produc-
tion occurs in the tropical and subtropicalregions and the
warmer parts of the temperatezones.

Production in Europe is concentratedin Greeceand
Spain; in Latin America, it is in Mexico, Brazil, Colombia,
Peru, Nicaragua, Guatemala,and Salvador. In Asia, the prin-
cipal countriesare India, USSR, PeoplesRepublic of China,
Pakistan,Turkey, Syria and Iran; and in Africa, the major
producersare United Arab Republic, Uganda, Sudan, Tanzania,
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Nigeria, and Mozambique. In many other countries, cotton
is a major crop in the national agricultural economy, and
can be grown successfullyin economic competitionwith other
regions. For world markets, the significant factor is the
cost of productionper kilo of lint cotton; this cost should
be significantly below the current world price to provide
a net return to the producer. An additional consideration
is to have sufficient cotton production concentratedin each
locality to justify operationof the necessarycotton gins,
and special supplies for growers. Access to the results
of researchon cotton production technology, including im-
proved varieties, also is important.

Yields of cotton per hectarediffer widely between
countries, ranging from 80 to 1150 kg of lint per hectare
with a world averageof 350 kg/ha in 1973. Since cost per
kg of lint production declines substantiallyas yields per
hectareincrease, there are much greaternet returns from
higher crop yields. The effective use of modern technology
to increaseyields and reduce costs per kilo of crop is
open to all nations, irrespectiveof size.

Utilization of the Crop

Cotton lint (fiber) makes up about one-third of the
total weight of seedcotton, and seedmakes up about two-
thirds. However, the lint on each hectarehas a market
value about four times as great as the accompanyingseed.
Thus, the seed is considereda byproduct, even though it
is an important component. In view of the keen competition
in world markets for cotton lint, full use should be made
of the cottonseedand its products to make the total cotton
crop more profitable. Cottonseedpro·tein offers one of the
worlds best sourcesof vegetableprotein for the human diet.

Over one-half of the cotton lint crop is used for cloth-
ing and householdtextiles. The remainder is used in industry,
mostly for bags, belts, twine, and tires. The short lint
is utilized in carpets,batting, wadding, and low-grade
yarns, as well as for stuffing material for pads, and cush1,"Ons.
The fuzz on the seed (linters) is used for making rayon and
other celluloseproducts.

Cottonseedis processedto produce cottonseedoil, with
hulls and fuzz (linters) as byproducts. Cottonseedis made
up of hulls (30 percent), kernels or meats (seedwithout
hulls) (60 percent), fuzz (5 percent), and waste or trash
(5 percent). One metric ton of cottonseed(with hulls) yields
about 200 kg of oil (with efficient extractionmethods) and
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800 kg of cake. When hulls are removed before extraction
(which is necessaryfor production of meal for human food),
one metric ton of naked (meats) seed should yield 330 kg
of oil and 670 kg of cake. Inefficient oil extractionby
hydraulic pressesmay produce as little as 265 kg of oil,
leaving about 65 kg in the cake. Since the oil has a market
value 3% times as great per kg as the cake, failure to ex-
tract all of the oil is a loss to the producer, and a bonus
to the importer of poorly processedcake.

CottonseedCake as a Feed

Cottonseedcake and meal constitutea high-protein feed
for ruminant (cattle, sheep, goats) livestock. They are
somewhat toxic for poultry and swine unless treated to eli-
minate the toxin-gossypol. Whole cottonseed(including hulls),
when oil is extracted,averagesabout 28 percentprotein.
Extractedmeats produce cake averaging about 43 percent
protein.

Europeancountries are the major world importers of
cottonseedcake, where it is used for livestock feed for
productionof meat and milk. Since less-developedcountries
are seriously deficient in all proteins for human diets,
it would seem logical that much of the cottonseedmeal and
cake should be retainedfor use in the producing countries.
The export of high-value oil might well be expandedby effi-
cient processingto extract all of the oil, and retaining
the cottonseedcake for feeding local ruminant livestock.

. CottonseedMeal as a Food

Cottonseedand meatsmust be processedto eliminate
the toxic ingredient gossypol. The product is a highly nu-
tritious protein. Cottonseedmeal is now used as a protein
supplementin human diets,particularlywhere animal proteins
meat, milk, eggs, fish -- are in short supply or too expen-
sive for connnonuse. Cottonseedprotein is somewhatdeficient
in the sulfur containing amino acids methionine and cystine
that are essentialfor human nutrition. Hence, this protein
is consideredan extenderof animal proteins rather than
a substitute. The seriousWidespreaddeficiency in protein
for human diets in virtually all less-developedcountries
warrants the retention and processingfor food of all cotton-
seedproducedin eachnation. This will require expensive
investmentsin new seedprocessingmachinery.
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CottonseedOil

Cottonseedoil is classedas a semi-drying oil. It
is extensivelyused for making margarine, as a cooking oil,
and in food dressingsand sauces. It is also suited for
home illumination where electricity is not available. West-
ern Europe is a major world market for cottonseedoil, and
in 1969 the averagemarket price was $268 per metric ton.

Improved Varieties

Breeding programs to develop improved varieties have
been actively pursuedfor several decadesby all of the ma-
jor cotton growing countries, or by regional groups where
there is cooperationbetweencountries. The characteristics
that have received the most attention are: adaptationto
regional environmentalconditions, yield and quality of lint,
resistanceto insect pestsand diseases,and harvesting traits
such as retentionof the locks' in openedbolls. Comparatively
little attentionhas been directed to any of the seed charac-
teristics, although efforts are being made to producevarieties
that have a low content of gossypol in the seed.

In view of the values of cottonseedoil and of the cake,
and the importanceof cottonseedmeal as a protein supplement
for human diets, cotton producersshould make separateeva-
luations of lint and seed in selecting improved varieties.
This is a proper function of officials who provide guidance
to cotton growers.

The conceptof a one-varietycommunity plan for each
cotton growing region has becomewidely acceptedin the last
30 years. Under this plan, a single superiorvariety is
grown in a community so as to maintain a uniformly good qua-
lity of planting seedand fiber in the local market and to
avoid mixtures with inferior kinds. When a newly proved
variety has been determinedto be superior, it should replace
the older variety completely in one season.

Mechanical de-1inting of seed is frequently done at
cottonseedcrushingmills, to prepare ｳ ･ ｾ ､ for planting.
In one-varietycommunities, this facilitates distribution
of approvedseedand makes planting easier.

Adaptation

Mean temperaturesof 2SoC or above during the growing
seasonare essentialfor cotton to grow and mature satisfac-
torily, and extra-long staple (lint fiber) Egyptian varieties



- 264 -

require substantiallylonger warm seasons. The shorter sea-
son varietiesof upland types of cotton require 5 months
for growing and maturation, and most other types, 6 months
or longer. ｃ ｯ ｴ ｴ ｯ ｾ also requires fairly abundantsoil mois-
ture, particularly from blooming onward, and abundantsun-
shine. A fairly uniform supply of moisture (rainfall or
irrigation) during the fruiting period is necessaryto pro-
duce lint of good length and tensile strength; 90 cm of
well-distributedwater during the production seasonis a
good averagerequirementfor most soil types, and sandy soils
requiremore.

Cotton is grown successfullyover a wide range of soil
textures, from sandy to heavy clay soils and from moderately
acid ·to alkaline soils. Becauseof the heavy use of water
by cotton, soils that have good moisture-holdingcapacity
and favor deep rooting of the crop are the more productive
cotton soils. A shortageof soil moisture from blooming
onward often results in dropping of young bolls and stunting
of the remainder,with reduction in both yields and lint
quality.

Ideally, cotton prefers occasionalrains to replenish
soil moisture, accompaniedby an abundanceof sunshine.
Much cotton is grown in irrigated areas,where sunshineis
plentiful and water can be supplied as needed. Water require-
ments for cotton are heavier than for most other crops, and
this water consumptionis particularly high in regions of
low air humidity and high temperatures.

Fertilizers

Much of the world's cotton is grown with moderateto
heavy applicationsof fertilizer. The crop has substantial
requirementsfor all three of the major nutrient elements -
nitrogen, phosphate,and potash. All of the phosphateand
potashand at least one-third of the necessarynitrogen should
be provided at planting time. The remaining nitrogen may
be applied 2 or 3 months later. Application of nitrogen
too late in the seasoncan result in excessivevegetative
growth and delayedmaturity which can createharvestproblems
if rainy seasonsfollow.

Fertilizers are most efficiently used to satisfy nutrient
requirementsof plants by placementin bands below the seed.
Mixing complete fertilizers through the soil mass or by broad-
casting on the surface, followed by tillage, nearly always
results in much inactivation of the phosphatebefore the
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plant can use ito This loss is preventedby band placement.
A practical method for band placementof fertilizer is to
open a shallow furrow, spreadthe fertilizer in the furrow,
cover with about 5 cm of soil, place the seed thereon, and
cover with about 3 cm of soiL Such placementof fertilizer
also may be made by machineplanters.

It should be noted that fertilizers containing ordinary
superphosphatealso carry substantialamounts of calcium,
magnesium,and sulfur. However, concentratedsuperphosphate
contains little or no sulfur, and this elementmust be pro-
vided from other sourcesif it is deficient in the soil.

Field trials are neededin eachmajor cotton growing
region to determinethe amounts and kinds of fertilizer to
produce the most profitable crops. If such trials have not
beenmade, it is suggestedthat the initial testing for fer-
tilizer responsesupply about 500 kg per hectareof a ferti-
lizer containing 5% nitrogen (N), 10% phosphate Ｈ ｐ Ｒ ｾ Ｉ and
5% potash (K20) (equals 25 kg N, 50 kg P205 and 25 Kg K20).
An additionaL 25 kg of N ｳｨｾｬ､ be applied as a side dressibg
to the growing crop when it 1S 2 to 3 months old.

In many strongly weatheredtropical and subtropical
soils, plant growth is restrictedby deficiencies in one
or more of the "trace" elements- manganese,iron, copper,
zinc, boron, and molybdenum. Correction of thesedeficien-
cies may greatly increaseresponseto fertilizers. Such
trace elementsare required in very small amounts. Until
the necessaryresearchhas been done on major soil groups
to determinespecific deficienciesin trace elements, it
may be practical to make applicationsof animal manures
or compostswhich usually contain small amounts of the trace
elementsin available form. It is suggestedthat the dung
or compost be spreadwith fertilizer in furrows, as described
above. An alternatemethod would be to place the dung or
compost in the bottom of a furrow during plowing, under the
intended location of the crop row.

SeedbedPreparation

All trash or crop residuesshould be removed or turned
under in seedbedpreparation. The seedbedshould be firm
and mellow. Cotton is plantedon ridges or beds in more
humid regions, but level or furrow planting is customary
in regions of moderaterainfall.
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Planting

Cotton seed is planted 3 to 5 cm deep, in rows 100 cm
apart, with plant spacingsof no more than about 30 cm in
the row. This requires about 30 kg of seedper hectare.
Single plant hills are now consideredto be less desirable
than formerly. De1inted seed is preferredbecauseof more
rapid germination. Seed treatment to control seedand seed-
ling diseasesis usually desirable; such treatmentsshould
be locally recommendedto insure protection and to comply
with country regulationson use of poisonousmaterials.

Wherever soil erosion and rainfall runoff lossesare
important, on sloping lands, rows should run on the contours
or across the slones to impede runoff.

Weed Control

Cotton is very intolerant of competitionwith weeds
for water and nutrients. Weedsshould be removedwhile still
small to provide weed control without damage to the cotton
root system. Continuedhoeing, pulling, or cultivation for
weed control should extenduntil near maturity.

DiseaseControl .

Cotton in all growing regions benefits from two disease
preventionmeasures: (1) planting disease-resistantvarie-
ties, and (2) field sanitation. Sanitation includes crop
rotation so that cotton is not planted on the same field
in successiveseasons;and prompt removal or turning under
of all crop residuesafter crop harvest. Thesemeasures
reduce the amount of inoculum present that would causedi-
seasesto develop.

Insect ｐ ｾ ｾ ｴ Control

Boll weevil (in North America), boll worm, and other
insects that feed on leaves and bolls tend to becomemore
seriouswith intensive cotton culture. Field sanitation
is a prime requirementfor reducing insect pests; the same
measuresrecommendedfor preventionof plant diseasesare
useful in insect control. It is usually necessaryto sup-
plement preventivemeasureswith applicationsof pesticides
to combat specific insects as they appear. The treatments
must be adjustedto the specific insects; and therefore,
the local recommendationsshould be followed.
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Harvest

The best quality cotton is picked promptly when ripe,
to avoid straining and rotting from exposureto rain. In
regions where the harvest seasonis dry, picking practices
should be adjustedto harvest ripe bolls before they drop
on the groundo Prompt picking preservesthe quality of both
the fiber and the seed. The most serioushazardsare damage
hy rain, boll rots, and losses from dropping on the ground.
ｌ ｯ ｾ ｳ ･ ｳ in quality reduce crop value, even if the quantity
appearsunaffected. The crop should be ginned as soon as
feasible to preservethe lint in bales.

Cotton seed should be processedfor oil extraction soon
after ginning, to halt any deteriorationfrom rotting or
insect infestations. The seedsaved for planting should
be treatedto control storageinsect pests, in the same man-
ner as other seedsor grains.
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CHAPTER 34

JUTE Y
(Corchorus capsularISand C. olitorius)

Two botanical speciesof jute are grown for commercial
producti<?n -- Gorchorus ca2su1arisand.£. olitorius. ｔ ｨ ｾ
most eas11yrecognizabled1fferencebetweenthe two spec1es
is the seedpods. In C. ｾ ｳ ｵ Ｑ ｡ ｲ ｩ ｳ Ｌ white jute, the pods
are globular, round, and r1bed. In C. olitorius, tossa
and daisee, they are slender, quill-lIke cylinders, ribbed,
and otherwisesmooth. C. olitorius tends to be finer, strong-
er with more luster, but differences in fiber of the two
speciesis influencedmore by the growing, retting, and strip-
ping than by species.

These two speciesof Corchorus are herbaceousannuals,
with stems reaching a height of 1\ to 4% meters, 1 to 2 cm
in diameternear the base, with branchesonly near the top
when closely spacedfor fiber production. The plants have
alternate,oblong leaves, serratedat the edgeswith the
two lower points prolonged into sharp teeth. The fiber is
producedin the inner bark of the stems.

Productionand Use

Jute is a well-known and widely used fiber, with the
same common name in all West Europeanlanguages. It has
other common names in areaswhere it is grown. Production
is centeredlargely in Bangladesh,India, and the Peoples
Republic of China. Less important producersare Nepal, Burma,
Brazil, Peru, and Thailand. The fiber is usedmainly for
bags, carpetbacking, bale wrapping, twine, and ropes, but
has many other uses. Total commercial production in 1971
was 2.2 million metric tons.

Jute is in direct competitionwith other natural fibers
such as kenaf, and especiallywith synthetic fibers, as well
as with bulk handling of commodities. In recent years, poly-
propylene fabric has made heavy inroads into uses of jute
for carpet backing and bags.

The main features that make jute secondonly to cotton
among natural fibers are its long, readily spun fibers, the
flexibility of this soft fiber and products as comparedto
hard fibers, its suitability as a packagingand carpet base
material, and its relatively low cost.

u .
- Edited by Elton G. Nelson, Consultant (Fibers), Office of

Agriculture, Technical Assist?nceBureau, Agency for Inter-
national Development,Washington, D.C. 20523
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Culture

Jute thrives only in fertile soil where temperatures
are high and rainfall is 20 cmor more each month of the
growing season. Rainfall may be supplementedwith irriga-
tion. It requires about 5 months during the long-day part
of the year to produceplants satisfactoryfor fiber.

.£. capsu1arisendures inundation, commonly experienced
1n the delta lands of the Ganges and Bramaputrarivers.
This annual flooding leaves an enriching layer of sediment.
However, if flooded too long, adventitiousroots form on
the stems, making the cleaning of the fiber more difficult.
C. olitorius is grown only in higher areasnot subject to
r1ooding, and requiresmanure or fertilizers to provide nu-
trients necessaryfor good yields. Supplementalirrigation
may also be necessary.

Fields where jute is to be grown should be well tilled
before planting, whi'ch usually occurs from March to June
in Bangladeshand India. Seed is usually broadcastby hand
at rates of about 13 kglha for the larger seededwhite jute
and about 9 kglha for tossa. Lower rates can be used if
planted in rows. Seedsare small and should be coveredno
more than 1 cm. The seedlingsare thinned and the fields
are weededafter the plants becomewell establishedand pre-
ferably before they reach a height of 30 em. Equidistant
spacingof about one plant per 250 squarecentiments,or
35 plants per squaremeter is recommendedunder ideal growing
conditions. On less productive lands, a somewhat thinner
standmay be left. By planting in rows with a hand-pushed
drill and weeding with a hand-pushedwhee1hoe, seedrates
can be halved and labor costs for sowing and weeding, which
require some 42% of all labor from plowing to drying the
fiber, can be reducedup to 60%.

Harvesting

As the first flowers begin to fade, the plants should
be cut near the ground, tied in bundles (then or later) and
left in the field for 2 or 3 days until the leaves can be
shakenoff to supply organic matter for subsequentcrops.
If the plants are allowed to grow after the flowers fade,
the fiber deteriorates.

Seed is producedin a part of the field left unharvested
for fiber or on a separateplanting. Fiber is seldom saved
from plants that have been used for seedproduction. The
area to be saved for seed should be about 1/20 the area to
be planted for fiber and seed the following year.
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Processingfor Fiber

The stalks of jute are retted in a streamor pool of
water, in preparationfor separatingthe marketablefiber
from other stem parts. In Bangladeshand India, the retting
water temper,aturein August and Septemberis ideal for rapid
bacterial action on the submergedstalks. Under such favor-
able conditions, the retting takes 10 to 15 days, but longer
if stems are fine and the water cool. After retting, the
stalks are moved to shallow water for stripping fiber from
the woody part of the stem. This is usually done by hand,
a few stems at a time and the fiber washed in the stream
or pool where it is retted. It is then hung on poles for
air drying.

The yield of processedand dried fibers may range from
1.0 to 1.8 metric tons per hectare, dependingon growing
conditions; the dry fiber is about 5% by weight of the freshly
harvestedstalks. Percentagevaries, dependingon maturity
(moisture content) and variety.

In Bangladeshand India, the fiber is first sorted into
three or four grades from each locality, loosely baled (kutcha
bales), and moved either to local mills or to baling centers
for preparing for export. Here, a few inches of the coarse
butt ends are cut off, the fiber is carefully sorted, and
baled into high-density (pucca) bales for export.

Commercial jute fiber contains about 60 to 65% cellulose
(lower than flax, ramie or cotton), and a considerableamount
of lignin (woody substance),which makes such jute fiber
less durable. Despite this, jute is still used in greater
quantity than any other natural fiber except cotton.

Diseases

Jute is subject to severeattacksby a number of root
and stem pathogens,principally fungi. Root-knot nematodes
are also a serious problem in some areas. The principal
control methods available are preventive in nature. Crop
rotations in which jute alternateson the land with other
crops not subject to the same diseaseare very effective
where feasible. The use of disease-resistantvarieties also
is a very important control measure.

Field sanitationalso is important in reduction of ino-
culum for new diseaseattacks. All crop residuesshould
either be turned under or compostedsoon after -harvest, par-
ticularly where diseasehas been present. Where land is
used to produce a subsequentcrop in the same year, the crop
chosenshould of coursebe one that is not susceptibleto
jute disease·s.
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Insect Pests

Jute is susceptibleto a number of insect pests. The
most damaging in major jute growing areasare the jute semi-
looper (Anomis abalifera) and yellow mite (Hemitarsonemus
latus). In other areas,thosethat attack kenaf may also
be a problem. These include a striped, long-hornedbeetle
that may spreadfrom certain weeds to the jute crop, several
apeciesof cutworms and army worms that feed on leaves, and
aphids (sucking Ｚ ｩ Ｎ ｮ ｳ ･ ｟ ｣ ｾ ｳ Ｉ Ｎ

The preventivemeasuresfor diseasecontrol will also
be effective in reducing the numbers of the pests that attack
jute. For outbreaksof thesepests (except cutworms) appli-
cation of a general-purpose,broad spectruminsecticidedust
such as malathion is effective. Where large areas of the
crop are affected, growers may profitably considergroup
action for aerial dusting, which is much less expensiveon
a per-hectarebasis than ground level, hand or machine ap-
plication.

For cutworms and other soil-inhabiting pests, a persis-
tent pesticidesuch as toxaphenemay be applied at planting
time at the rate of 1 to 1.5 kg per hectareof technical
grademateriaL

Chronically destructivepests should be positively iden-
tified as to species,and treatmentsapplied that are designed
to combat that particular pest. Returns from a jute fiber
crop may not be adequateto support an extensiveinsecticide
program. However, in some areasit may be found that seed
can be producedonly with such dusting or spraying.
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CHAPTER 35

KENAF 1/
(Hibiscus cannabinusand H. sabdariffa)

Kenaf (pronouncedken af) originally referred to Hibis-
cus cannabinusonly, but in-recent years has also included
ｾ ｳ ｡ ｢ ､ ｡ ｲ ｩ ｦ ｦ ｡ (fiber types frequently called H. sabdariffa
var. altissima). These speciesare also known as mesta,
Bimlipatam jute or Bimli, roselle (especiallyfor the shorter
branchedtypes with edible calyx), Siameseor Thai jute,
Java jute, teal, gambo, stokroos, papoula-de-sao-francisco,
and by many other local names.

The plants are single stemmed, one to four meters high
when mature, with slender stems (8 to 25 mm at the base)
that seldom branchwhen closely planted for fiber production.
Different varieties range in stem color from green to red
and purple. Both specieshave yellow or cream-coloredflowers
with scarlet or reddish-purplethroats. Types with consi-
derably different flower colors have been found in both species.

H. cannabinusleavesmay be either simple or palmate
and are borne alternatelyon the stem. Basal leavesare
always simple. The seed capsulesa're cylindrical and pube-.
scent, bearing 18 to 20 seedsper capsule. The seedsare
grey in color and kidney shaped, and range 35 to 40 seeds
per gram.

H. sabdariffahas slightly more yellowish-coloredflowers
than H. cannabinusand the flowers are smaller. The leaves
of alI types are palmate and deeply lobed (except basal leaves
which are simple) and borne alternatelyon the stem. The
seedsare dark brown in color and averageabout 60 per gram.

Uses

As a textile fiber, kenaf is frequently usedwith or
in place of jute in the manufactureof bag fabric, twine,
and carpet yarn; in countrieswhere the cost of labor is
low, kenaf has other domestic and handicraftuses. Spinners
claim it cannot be spun to as fine numbers as jute; and even
though it often has a better appearance,it brings a slightly
lower price in the market.

As a pulp fiber, kenaf has recently gainedwidespread
attention. Its annual production per acre is higher than

1/
- Edited by Elton G. Nelson, Consultant (Fibers), Office of

Agriculture. TechnicalAssistanceBureau, Agency for Inter-
national Development. Washington. D.C. 20523
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wood pulp, but problems, especiallyroot knot nematodes,
have delayedwidespreadacceptance. Productsproduced from
kenaf, ranging from writing paper to cardboard,meet esta-
blished quality standards.

Production

Kenaf is grown extensively in India, Thailand and the
PeoplesRepublic of China, and to a lesserextent in the
USSR, Brazil, Bangladeshand Egypt. In addition, there is
small production in each of severalother countries of the
Far East, South Asia, Africa, and Latin America. The Food
and Agriculture Organizationof the U. N. reports some 1.1
million metric tons of kenaf and allied fibers produced in
1971-72 versus 2.2 million metric tons of jute. Thailand
and Bangladeshexport raw fiber; most of the other kenaf
is manufacturedin the country where produced.

Adaptation

Kenaf is best suited to tropical and subtropical cli-
mates. It does not do well where night temperaturesare
below l8oC. H. sabdariffarequires a more tropical climate
and is more drought resistantthan H. cannabinus. Both have
a much wider adaptationto soil and-climatic conditions than
jute. However, areas to be consideredfor kenaf should have
rainfall of at least 100 rom per month during the growing
period, with warm, uniform temperatures. Kenaf can be grown
successfullyunder irrigation; water requirementsfor kenaf
and cotton are similar.

Although kenaf has much less rigid soil and climatic
requirementsthan jute, it respondsactively to favorable
conditions such as good soil, warm climate, plentiful water,
and fertilizers. The amount of fertilizer should be adjusted
to compensatefor lack of fertility in the soil and should
preferablybe placed in bands below the depth of the seed
in the row. If fertilizer requirementshave not been esta-
blished for kenaf, quantities and proportions of N, P, and
K used for other crops can be adapted. Since growing the
crop is not the most expensivepart of producing the fiber,
returns per unit of cost should be carefully worked out before
general recommendationsare made for high rates of application.
However, it should be kept in mind that 50 metric tons per
hectarecrop of green plants removes the following nutrients:
N - 175 kg, P205 - 30 kg, K20 - 85 kg.
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Varieties

Some of the better known varieties of H. cannabinus
that require 100 to 125 days from planting to flowering
during long days are Everglades41 and 71, Cuba 108, and
others developedwhere kenaf is being produced. Varieties
maturing some 20 to 30 days later include Cuba 2032 and se-
veral Guatemalaselections. Most of the better known normal
(100-125 days) maturity varieties are highly photoperiod
sensitive, and will grow to usableheights only during long
days in areasmore than about 10 degreesfrom the Equator.
Some of the later maturity varieties are less photoperiod
sensitive, and are especiallyuseful in greatly extending
the growing and harvestingseasonand in enabling production
in areaswhere rainfall occurs only during short days. H.
sabdariffagenerallymatures later than most of the Ho canna-
binus varieties.

Diseases

The most serious ､ ｩ ｳ ｾ ｡ ｳ ･ ｳ attacking kenaf are largely
fungal in nature, most of which are seedborne or soil borne.
Control measuresfor the most part may consist of initial
selectionof disease-resistantvarieties, seed treatment
with organic or mercurial fungicides, and early harvest of
affected areas.

The most serious diseaseof H. cannabinusis caused
by Co11etotrichumhibisci. The dIseaseis frequently called
anthracnoseor tip blight. Fortunatelymost of the varieties
in use today were selectedfor resistanceto the then-existing
strains of C. hibisci. However, a new and virulent strain
of the organismwas recently reported in Kenya where some
of the normally resistantstrainswere attacked. H. sabdariffa
varieties are generally less susceptibleto C. hibTsci than
H. cannabinus. -

Nematodes

The most seriouspest of H. cannabinusis the root knot
nematodeMe1oidogyne incognita-acrita. There are no varie-
ties resistantto thesenematodesand the damage to the crop
can be serious. Planting on new land or on land that has
had a crop not attackedby root knot nematodesappearsto
be the best method of control. Attacks on H. sabdariffa
are much less serious and many varieties, especially those
from Indonesia, are highly resistant.
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Insects

Kenaf has severalmajor insect pests. Among them is
the small, black flea beetle of the family Crysomelidea
found in SoutheastAsia, New Guinea, and Africa. It attacks
leaves and stems of_maturekenaf, and is controlled by DDT
which also controls a secondarypest -- the leaf hopper of
the family Cicadellidae.

. The Europeancorn borer, Pyranstanubilalis, has heavily
damagedkenafplantingsin Taiwan. Control has been effected
by planting corn around the kenaf as a trap crop.

The cotton stainer larva, Dysdercus suturellus, often
attacks the immature seed capsulesof kenafafter the adult
lays eggs on the capsule. The adult may be controlledwith
weekly sprayingsof dieldrin, equivalent to 0.5 kg of 100%
active ingredient per hectareas required.

In Iran, the major pest attacking seed capsulesis the
larva of the spiny bollworm, Earias insulana, which may be
controlled by spraying two or three times at weekly inter-
vals with sevin at the rate of 2 kg per ha.

Aphis gossypii, the cotton aphid, sometimesattacks
young kenaf and may be controlled by spraying with malathion
at the rate of 2 kg per hectare.

Kenaf for fiber will not support an extensive ｳ ｰ ｲ ｾ ｹ

program for either diseasesor pests. But spraying is more
likely to be advisablefor a seed crop which is usually on
a much smaller acreagethan a crop for fiber.

Culture

A well-preparedseedbedfor kenaf as with other crops
is desirable. Kenaf can be broadcastor planted in drill
rows. Seedingrates vary from 10 to 18 kg per hectarefor
H. sabdariffaand from 15 to 25 kg for H. cannabinus. The
rower rates are recommendedfor less fertile soils and for
plantings for row harvesters. Recommendationsfor row spac-
ings vary from 20 cm to 45 cm for production of spinnable
fiber. Row spacingsas wide as 90 cm have been used for
paper production trials, but firm recommendationshave not
yet been established.

On a moist, well-preparedseedbed,kenaf germinates
quickly and will shadeor crowd out most weeds. However,
land that is known to be badly contaminatedwith weeds
should not be planted to kenaf.
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Harvesting

Harvesting should begin soon after flowering starts.
Plantswill continue to grow after flowering starts, but
quality goes down and processingbecomesmore difficult.
H. sabdariffais frequently harvestedbefore flowering even
though lower yields are obtained. Reasonsfor such early
harvestsare to enable the planting of a succeedingcrop,
or to allow the crop to be retted before the water is gone.
Seedand fiber are not obtainedfrom the same plants.

Plants should be cut near the surfaceof the soil.
In many parts of the world, they are harvestedwith a hand
sickle or macheteand tied into bundles. A mower can be
used" but then the stalks must be gatheredand tied by hand.
Tractor-drawnbinders have been developedthat cut and tie
the stems in one operation.

Preparationfor Retting

In many parts of the world where labor costs are low,
the fiber of kenaf is removed from the stems by retting
and hand stripping as has been practicedwith jute for more
than a century. If the crop is to be retted on the stems,
the bundles or the loose stems before tying are left in the
field until the leaves dry so that they can be shakenoff
and left on the soil as a sourceof organic matter. Occa-
sionally, the bark containing the fiber is strippedoff into
ribbons by hand and then retted either green or after it
has been dried and stored. Hand stripping of unretted stems
is usually done, however, only when mechanicalribboning
facilities are not available or in the caseof a extreme
shortageof water.

Mechanizedribboning prior to retting is becoming in-
creasinglypopular, especially in countries recently start-
ing to producekenaf. Ribboning is done with a machine that
has a rapidly revolving cylinder about 50 cm in diameter
and 50 cm long with some half dozen beaterblades running
the length of it. As the stems are fed endways, they are
held back by hand or by gripping rollers while the beaters
knock out the wood and leave the ribbons. In the simpler
machines, a few stems are fed in by hand about half way then
withdrawn, and the other end is ribboned and removed. The"
ribboning operation is greatly expeditedby a machine that
takes a much larger bunch of stems all the way through and
deposits the fiber at the other end.
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Retting and Washing

The ribbons are then tied into bundles. The bundles
of stems, or ribbons, are submergedin river, pool, or tank
water and held under the surfacefor 7 to 30 days, depending
on the temperatureof the water, the age of the plants, and
the number of retting organisms (bacteria) in the water.
After the fiber is jerked off the stems by hand or a handful
of retted ribbons are separatedfrom the larger bundle, the
fiber is washedby swishing it back and forth on the surface
of the water; it is rung out and hung up to dry. Machines
for mechanicalwashing operationshave been developed,but
most of the fiber is washedby hand.

Decorticationor Defibering, Drying and Baling

A process, similar to mechanicalribboning is used for
cleaning the fiber sufficiently for spinning without retting.
In this operation, machinesmust be set with close clearances
so that the scraping action is greatly increased. The re-
sulting decorticatedfiber is coarserand the lossesare
much greater than with retting. The processhas been used
commercially, but is not now being used extensively.

After the fiber is dried, it is sorted according to
grades -- which differ from country to country -- and baled
for shipment to factories or the export market.

Harvesting and handling methods for kenaf to be pulped
have not been established. It has been successfullyhar-
vestedby an ensilageharvesterthat cuts one row at a time,
chops it into short lengths, and deposits the choppedmaterial
in a wagon following the harvester. Other methods are being
considered.

Seed Production

Seed is not obtained from a plant harvestedfor fiber.
Some farmers simply leave in the field about 5 percentof
their fiber crop to be harvestedlater for seed. Others
plant kenaf for seedproduction; this should be planted late
in summer in order to prevent excessivestalk growth before
the days are short enough to induce flowering if the crop
is to be harvestedby combine. A rate of about 10 to 12 kg
per ha for ｾ Ｎ cannabinusand 8 to 10 kg per ha for H. sab-
dariffa is recommended. If seed is scarceas when a new
variety is to be increased,planting about 1 seedper square
meter will provide much larger rates of increase. Under good
field conditions, yields of 500 kg/ha may be expected,al-
though under ideal conditions, higher yields have been re-
ported.
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Seed should be harvestedwhen severalof the lower
seed capsuleshave dried out, even though the plant may
still be flowering. In the usual hand-harvestingproce-
dure, the plant is cut off just below the lowest seed-
bearing capsule, tied loosely into bundles, and shocked
to dry out for some two weeks before threshing. Many of
the green capsulesripen during this drying period. With
small production and very bad weather, the seed tops may
have to be dried under cover.

Kenaf tops may be easily threshedwith a combine.
However, in many parts of the world they are threshedby
beating the dried bundles with sticks and winnowing. In
any case, the seedneeds to be thoroughly dried some two
weeks in the sun or by artificial heat before sacking and
storing. Even when well dried before storage, germination
falls rapidly in hot, humid climates.

Insects can quickly ruin kenaf seed. Therefore, seed
needs to be treatedby an insecticidesuch as malathion or
DDT before it is stored in a cool, dry place free from rats
or other rodents.

For further information, see Dempsey, J. M., Ref. No.6.
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CHAPTER 36

RAMIE !/

(Boehmerianivea)

Ramie, Boehmerianivea, is a stinglessmember of the
nettle fami1y,Urticacea. Ramie fiber, also known as rhea
fiber, is ｰ ｲ ｯ ､ ｵ ｾ ､ from the inner bark of the stems; crude
ramie fiber (ribbons containing the fiber) has long been
known as China grass and thus a well known product made from
ramie is called grass linen.

Production and Use

In the Orient, ramie was a principal plant fiber before
the introduction of cotton in 1300. It is still used in
large quantities in China, where the growing and manufactur-
ing are believed to be mainly a cottage industry type opera-
tion. Many efforts made during the current century to intro-
duce ramie into tropical and subtropical regions have not
been very successful. By 1969, production had reached7,OnO
metric tons in Brazil, 3,000 tons in the Philippines, 3,500
tons in Japan, 1,500 tons in South Korea, and 600 tons in
Taiwan.

Ramie stems are slender, 8 to 16 rom at the base; they
may attain a height of 2 to Ｒ ｾ meters in 45 to 60 days' in
ideal growing conditions. The leaves are alternate,broad-
ovate, coarsely toothed, with long petioles. The leaves are
green on the top side with a felty-white undersurface. The
flowers are small, greenishwhite, in clusters, and highly
cross-pollinated. The seedsare dark brown, very small,
ovate and are produced in very large numbers.'

Ramie fiber is the strongestof all plant fibers, has
a silky luster, is a yellowish-creamcolor (pure white when
bleached),and can rapidly take up and give off moisture.
It has low elasticity and high resistanceto shrinkage, abra-
sion, and decay. It is suitable for householdand apparel
fabrics and for many specializeduses. When blendedwith
wool in amounts as small as 25 percent, stretchand shrink
of wool are largely controlled and wear is greatly improved.
A blend of 35 percentpolyester fiber producesa fabric that
is comfortable in hot weather and has excellent creaseresis-
tance. Ramie fiber has been used successfullyfor suits,shirts,
underwear, householdlinens, ropes, twines,threads,sai1cloth,
impregnatedcanvas, and a considerablevariety of industrial

11 Edited by Elton G. Nelson, Consultant (Fibers), Office of
Agriculture, Technical AssistanceBureau, Agency for Inter-
national Development, Washington. D.C. 20523
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products such as belting, upholsteringwire rope centers,
insulation for cables, firehose and for packing, especially
the packing for propeller shaft stern bearing in ships.
Currently, its more important uses are for shirts and suits
(both alone and in blends) and for packing. Ramie leaves
and tops·are palatableto livestock and are high in protein.

Varieties

Many varieties of ramie are known to oriental growers,
and a few are widely used becauseof the yield and quality
of fiber, resistanceto pests, and easeof harvestand
processing:some of the better known varieties are Murakami,
Miyazaki 112, Saikeiseishin,and Hakuri. Field testing of
varieties is a highly desirabletype of researchfor improv-
ing production in an establishedarea and for new areas.

Adaptation

Although ramie is a tropical plant, it is sufficiently
tolerant of cooler (not cold) weather to be adaptedto the
subtropicsas well. Ramie production should be located in
regions of fairly high rainfall, although supplemental
irrigation may sometimesbe very helpful, especially in ex-
tending the growing season.

Ramie prefers a deep, well-drained soil, not excessively
acid and abundantlysuppliedwith soil nutrients. Since
each cutting of stems (2 to 6 per year) often amounts to 40
metric tons per hectareof greenmaterial, the drain on soil
nutrients is very high. To avoid curtailment of growth, heavy
fertilization is necessary. Deep alluvial soils have an
advantagein high native fertility, but even these soils will
be depletedby continued cropping unless adequatelyfertilized,
Fields of ramie may remain productive for 10 years or more
from the initial planting if adequatelyfertilized.

Culture

Ramie, a perennial, is propagatedby stem cuttings, layer-
ing, division of parent root stalks or rhizome cutting 10 to
15 cm long, Rhizome cutting is the preferredmethod. The
field to be planted should be plowed 15-20 cm deep, and an
initial applicationof complete fertilizer (400 kg/ha of a
10-10-16 analysis) placed in a band under the intendedposition
of the row. The phosphatecomponentof the fertilizer is
particularly important, since this nutrient is not effectively
applied as a surface treatment, and the initial supply must
sustainthe plants over a period of years. Surfaceapplications
of fertilizers fairly high in nitrogen and potash should be
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made after each cutting of stems is harvestedto maintain
productivity.

Suckers are planted in rows 100 to 120 cm apart, with
individual plants spaced30 to 60 cm apart. Closer plant-
ings will give a quicker stand. Tillage is required only
to the extent of controlling weeds until a stand is estab-
lished. The first crop of stems is produced some 9 to 10
months after planting, and successivecrops are harvested
in 45 to 90 days thereafterin the true tropics where rain-
fall is not limiting. Slower growth occurs during shorter
days, even near the Equator. In the subtropicswhere a
cool seasonretards growth, or in the wet-dry tropics,
there may be only two or three harvestsyearly. Usually,
the stems from which fiber is taken are relatively herbac-
eous and unlignified when harvested.

Diseases

Ramie is remarkably free from diseasebut the white
fungus disease,Rosellina nectatries,has occasionally
causedseveredamage to plantings in Japanand South Vietnam.
It attacksundergroundand symptoms, often delayed, are
plant wilt and yellow leaves. In new plantings some control
has been obtainedby soaking three hours in a 1:1000 solu-
tion of mercuric chloride just before planting. Leaf spots
and stem lesions appear to be of minor importance, doubt-
less curtailed by periodic harveststhat eliminate suscep-
tible tissues. There are a number of diseaseorganisms
other than the above, but none are reported to be of epidemic
proportions.

Insect Pests

The most serious and widespreadpest of ramie is the
leaf roller, (Pilicorsis ramentalis). The developing larvae,
whitish-greenin color, up to 10 mm in length, feed and
pupate in the leaves that they have causedto roll up. Heavy
infestationshave causedcomplete defoliation and cessation
of growth. Good control has been obtainedby use of 12 kg
per ha of 5 percent impregnatedDDT dust.

Other insect pests that are present in ramie fields
seldom have been reported to be sufficiently serious to invoke
control campaigns. This fortunate situation may not con-
tinue where ramie is grown more extensively.
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Harvesting

Most ramie is harvestedby hand and much of it (in China)
is still strippedby hand with blunt knives. Small, hand-fed
decorticatingmachinesare being used more extensively. They
have many advantagesover the large stationaryraspadoror
primitive hand methods. The small machines are convenient,
small investment is required, and they are more adaptableto
small-holderoperations. The large decorticator, or raspador,
used for sisal and abaca is more efficient for a plantation
operation, but it would need 800 to 1,200 adjacenthectares
to keep the machines operating.

Yields of dry ribbons from field harvestamount to about
5 percent or less of the green stem weight, and the completely
processedfiber (degummed) is about one half to two thirds of
the dry ribbon weight, dependingon the quality of the ribbons.

Processing

Unlike most other bast fibers, the fiber of ramie is not
separatedfrom other plant componentsby rettings, but by
decortication, drying and degumming. Usually, the fiber
strands -- called China grass -- producedby decorticating
machines are dried and sorted into grades. After a prelimi-
nary softening, the fibers are degummedby cooking them in
an alkaline buffered solution. This may be done in a pressure
tank, or in an "open kettle" for a much longer time. The
degummedfibers are washedwith soft water and neutralized
with weak acid. The most efficient method has been to degum
(in pressuretank) the fiber cut to short (7.5 cm) lengths.
In open kettle degumming the fiber is frequently handled in
long hanks. It is obvious that degumming requires a factory-
type operation, and that the availability of such an operation
is indispensableto successfulramie culture. Decortication
can be done with small machines in the field, but chemical
degumming requires a centralizedoperation.

For additional information see Dempsey, J. M., Ref. No.6.
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CHAPTER 37

ABACA, MANILA HEMP !.I
(Musatextilis)

Abaca or Manila hemp (M. textilis) is a large perennial
herbaceousplant, resembling the banana,often reaching
6 meters at maturity. The stalk or pseudostemis actually
made up of overlapping large leaf sheaths. The blades of
exposedleaves are oblong and entire, tending to split trans-
versely with age under wind stresses. Mature leaf blades
are 100 to 200 cm long by 20 to 30 cm wide; the petiole
is 50 to 70 cm long. The true stem, borne underground, is
a rhizome with many buds (eyes) that produce tillers (shoots,
suckers), appearingintermittently around the base of esta-
blished plants. The inflorescenceis a short drooping spike.
The inedible fruit is 5 to 10 cm long, three-angled,curved,
and seedy.

Productionand Use

Abaca is a leading hard fiber crop used for marine
cordagechiefly becauseit is one of the few natural fibers
known which will withstand prolongedexposureto salt water.
However, it has declined in world production since the mid-
1950's as a result of strong competition from synthetic
fibers. World production averaged128,000metric tons in
1951-55, but had dropped to 76,600 by 1972.

In 1972, the Philippines produced73,000 metric tond
of abacafiber (96 percentof the world total). Ecuador
is the only other country that producesmore than 2,000 metric
tons. Perhapsmore important than volume of ｰ ｲ ｯ ､ ｵ ｣ ｾ ｾ ｯ ｮ is
the fact that in the early 1960's, some 3 million smallholders
were engagedin the crop's cultivation. It forms a leading
cash crop for small diversified farms, rather than being
a plantation industry. However, the crop is equally adapt-
able to small-farm and large-scaleplantations.

The abacafiber is producedfrom the pseudostemof the
plant, yielding 1.5 to 4 percent dry fiber in the fresh stem.
The fiber as preparedfor market is composedof strands2
meters or greater in length. It is very strong, light, and
tends to be coarseand stiff; its principal use is for ropes
and for pulp for mimeographmats, air filters, tea bags,
and sausagecasings. Its use for pulp is .increasingwhile
its cordageuses are decreasingas a result of manmadefiber's
popularity.

!/ Edited by Elton G. Nelson, Consultant (Fibers), Office of
Agriculture, Technical AssistanceBureau, Agency for Inter-
national Development,Washington, D.C. 20523
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Varieties

There are many varieties of abaca, but only a few are
grown extensively. Three are best known - Tangongon, Bungu-
1anon, and Maguindanao. Abaca belongs to a group of Musa
specieswith 10 as the basic number of chromosomes,in con-
trast to 11 chromosomes,for true banana. None of the 11
chromosomespeciesapproachabacain tensile strengthof
fiber.

Adaptation

Abaca requires a hot, continuouslymoist climate. It
is most successfulin tropical lowlands with an annual mean
temperatureof about 27oC, a mean annual rainfall of at least
2,500 mm, and no dry season. The most important abacaregions
of the Philippines averageabout 3,000 mm of rain per year.
Like the banana, abacagrows best at elevationsbelow 500
meters, but is plantedat elevationsup to 1,000 meters.

Abaca requires deep, heavy soil that is well drained
and fertile. It grows best on soils of volcanic or alluvial
origin, but does well also on loams with these characteristics.
Good drainageis essential,but both the surfacesoil and
subsoil must have structure to ensuregood retentionof mois-
ture. The plants are shallow rooted, and the crop is com-
ｰＱ･ｴ･ｾｹ dependenton the fertility of the upper 60 cm of
soil. For higher production, manure and fertilizers (par-
ticularly phosphates)are incorporatedin the soil before
new plants are started; and periodic topdressingsof manure
and of nitrogen and potash fertilizers are made to compensate
for the heavy drain on nutrients made by harvestsof the
tremendousvolume of leaf stalks removed for fiber production.

Culture

New plantings of abacaare made either with suckers
taken from establishedplants or piecesor "bits" of the
rhizome on mature plant's0 The planting "bits"are cleaned
by cutting off roots, and should be treatedto kill insect
pests and certain diseaseorganisms, then immediately planted
in holes previously prepared. The spacing of new plants
varies with soil types and fertility, but is generally Ｒ ｾ

to Ｔ ｾ meters apart in each direction. Fields require weeding
or cultivation until heavy shadeof the abacaleaves prevent
weed growth.

The first cutting of full-grown leaf stalks may be made
Ｑｾ to 2 years after planting. At this time, the mat consists
of 10 to 30 stalks in various stagesof development. Abaca
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stalks are ready to harvest a little before the flower bud
appears-- that is, with the emergenceof the "flag" leaf.
Later, as these leafstalkscontinue to grow on each plant
or mat, harvest of mature stalks may be made at about 4-
month intervals. On fertile, well-maintainedsoils, abaca
fields may remain productive for 10 to 15 years. Without
periodic fertilization, yields diminish rapidly.

Yields of processedfiber range from 300 to more than
1,000 kg per hectareannually. Exceptional yields of more
than 3,000 kg/ha have been reported. Since the fiber saved
makes up only 1.5 to 2.0 percent of the fresh weight of the
harvestedstalks, (with hand or spindle stripping), it is
obvious that enormous quantitiesof greenmatter are removed,
with the nutrients taken up from the soil.

Chapter 26, Bananasand Plantains, has additional in-
formation on culture, diseasesand pests of Musa spp.

Diseases

The three most serious diseasesof abacaare bunchy
top, mosaic, and vascularwilt. Bunchy top is a virus
spreadby the bananaaphid (Pentalonianigronervosa)and by
P. caladii. Mosaic diseaseis also a virus and is spread
by four different speciesof aphids (Aphis gossypii, ｾ Ｎ
maidis, Rho1alosiphumnyrnphaceae,and R. prunifoliae).
Vascular wi t disease(Fusarium cubense) is causedby the
organism that causedthe Panamadiseaseof bananas,but
goes only to certain bananavarieties. The Tangongonvariety
of abaca is resistant. Other diseasesoccur on abaca, but
generally have not causedwidespreaddamage.

Virus diseaseshave been controlled by cutting and re-
moving the infected plants as soon as symptoms occur, and
by using planting material only from healthy plants.

Vascular wilt which lives indefinitely in the soil can
be carried in runoff water or by soil being moved about in
the field on machinesor on the feet of men. It is therefore
extremely difficult to control except by resistantvarieties.
It can be partially controlled by destroying diseasedplants,
if only a few are noted, and by planting only on soil where
abacaor bananashave not been planted.

Pests

For soil-infesting insects, and those attacking below
the soil surface, applicationsof toxapheneor dieldrin may
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give partial to satisfactorycontrol. However, the occur-
rence of such insectswill be reducedby making new plantings
on land that has not grown abacaor bananafor at least two
years. If soil-infesting insectsare suspected,an applica-
tion of toxapheneat the rate of 1.5 kg of technical grade
toxapheneper hectare,worked into the soil, is usually ef-
fective.

Processing

The small farmer usually processesthe stalks into fi-
ber by separatingthe outer layers of each leaf sheathinto
strips, called tuxies, 5 to 8 cm wide. The inner part of
the leaf sheathis discardedin the field. These tuxies
are pulled by hand, one end at a time, through a simplified
stripper consistingof a finely serrated(or smooth) knife
blade againsta block of wood. A similar operationcalled
"spindle stripping" is done by wrapping the end of the tuxie
around a rapidly turning spindle to help pull it under the
knife. The other end is then cleanedin a similar manner.
As the tuxies are pulled through, the blade being pressed
against the block by a spring pole, the nonfibrous pulp is
scrapedaway in one pass under the blade.

The fibers are roughly sorted into four or five differ-
ent color groups, from dark to light, as they are stripped.
Fibers from the outside leaf sheathsare brownish in color,
those near the outside are light-brownish yellow and become
progressivelylighter in color, finer, and weaker toward
the inner part of the pseudostem. After drying in the sun,
the fiber is moved to a warehouse,sorted into grades, and
baled for marketing.

Some 5 gradesof hand- and spindle-strippedabacafiber
are recognizedin the Philippines, each with a subdivision
for Davao (spindle stripped) and all other (hand stripped).
In addition, four gradesof deco (decorticated),plantation
processedfiber are recognized.

Although most former abacaplantationsare now producing
other crops, they are potentially important in abacaproduc-
tion. On plantations,fiber is usually cleanedwith machines
called raspidorsor decorticators. In this method of clean-
ing, stems are cut into sectionsabout 180 cm long, split
into four pieces or crushed, and fed sidewise into the machine.
(More information on decortingmachines is given in sections
on Ramie and on sisal.) Most of theseplantationsuse apron
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conveyor driers and brushingmachines that further cleaned
and softenedthe fiber after dryingo Yields of dry fiber
usually run about 4 percentof the fresh stem weight, much
higher than with hand- or spindle-stripping.

The deco+ticatorshave very high capacity, but each
decorticatorrequires some 800 to 1,200 adjacenthectares
for efficient use of equipmento

For further information, seeRo Ho Kirby, Ref. No o 12
and B. B. Robinson, Ref. No. 200
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CHAPTER 38

SISAL, HENEQUEN AND RELATED HARD FIBERS !./

Sisal and Henequen

Sisal (Agave sisalana)and henequen(A. fourcroydes)
are similar in general appearanceand use.-Sisal is a ro-
bust, almost trunklessherb which has a total height of 1
to 3 meters during the growth stagesprior to ultimate
blooming at 6 to 8 years of age. The leaves are borne in
a broad basal rosette. Each leaf is thick, succulentand
smooth, sessile, dark to bright green, 100 - 200 cm long,
and 10 to 15 cm wide. The hardenedleaf margins are smooth,
or occasionallyhave minute spines, and each leaf has a
terminal spike 1 to 3 cm long. When ,the plant blooms, the
central inflorescencespike, connnonly termed the Ilpol e",
elongatesrapidly at the rate of 20 - 30 cm per day, reaching
a height of 3 to 6 meters. The flowers are numerous, 4 to
6 cm acrosswith a funnel-shapedcorolla, but rarely produce
seed. Instead, aerial buds in the inflorescenceproduce
numerousvegetativebulbils that are complete young plants
which can be removed and planted. Principal producing areas
for sisal are in Brazil and Africa.

Henequendiffers from sisal in that its leaves are grey
green and have marginal spines. Also, henequenhas slower
growth than sisal and a life cycle of 15 to 20 years. Its
production is essentiallylimited to Mexico, in the states
of Yucatan and Campeche,and in Cuba and El Salvador. The
fiber is similar to sisal in appearancebut slightly lighter
in color and somewhatweaker.

Productionand Use

World production of fiber (including tow) from the two
species, sisal and henequen,averaged780,000metric tons
per year from 1966 through 1972. Major producersin 1972
were Brazil, Tanzania, Mexico, Angola, and Kenya. Other
countries producing more than 10,000 tons were Malagasy
Republic, Mozambique, Venezuela,Haiti, and Cuba. Mexican
and Cuban production is henequenonly.

The hard fiber of sisal and henequenis long, bold,
creamy white, and strong. It is also coarseand thus not
suited for useswhere fineness and texture are important.
The fiber is used extensively to make agricultural and par-
celling twines and ropes in addition to sacking (for local

11 Edited by Elton G. Nelson, Consultant (Fibers), Office of
Agriculture, Technical AssistanceBureau, Agency for Inter-
national Development,Washington, D.C. 20523
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use), carpets, and upholsterypaddingo More than half of
all sisal and henequenis used for harvest twineo

The use of sisal and henequenfor tying twines for lum-
ber, newspapers,heavy spareparts for machinery, etco , is
widespread,but theseuses have diminished somewhatwith
the advent of plastic twine and other tying and bundling
materials. The use of sisal fiber for upholsterypadding
likewise has diminished as the result of synthetic products
serving the samepurposes,but have held their place better
than some cordageproductso

Sisal and henequenfiber is composedof78% of a complex
substancetermed lignocellulose (cellulose and £entosans),
8% lignin, 2% waxes, and 12% other (including 1% ash)0 These
percentagesare approximateand will vary from sample to
sample.

Prices

Prices for sisal (and henequenwhich usually brings
about 80% of the sisal price) have fluctuatedwidely during
the past 25 year:s. During periods of scarcity, such as in
1951 during the Korean War and again in 1973, prices reached
levels at which the product lost ground to synthetics. During
the late 1960's and early 1970's on the other hand, prices
were so low that many fields were not replanted. At those
low prices, only the most efficient producer could make a
profit.

The future price of the fiber will depend largely on
the price and availability of polypropylene (or possibly
another synthetic fiber). With such a high percentageof
the fiber going into twine -- a product for which adequate
strengthis about the only requirement-- buyers are likely
to use the twine that sells at the lowest price per unit
of us"e. '

Adaptation

Sisal and henequenare, of course, both hot weather
crops. Sisal thrives where rainfall is only moderateor
the wet-dry seasonalsequenceis pronounced. The plants
are drought resistant. However, well-distributedrainfall,
with only moderateair humidity, and a short dry seasonfa-
vor continuous leaf growth that permits frequent harvests
with higher quality fiber.

Henequenis even more tolerant of drought and does not
do as well as sisal in high rainfall areas.
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The plants thrive in shallow, rocky soils that are not
acid. They are more productive on fertile soils, since the
repeatedremoval of leaves causesa severedrain on soil
nutrients, particularly those supplied by commercial ferti-
lizers -- nitrogen, phosphate,and potash. Since a single
planting should flourish for 6 to 8 years in most cases (much
longer with henequen),fertility must be sustainedfor a
like period. High soil fertility and adequaterainfall tend
to reduce the percentageof fiber in the leaves, but the
increasein numbers of leavesharvestedper year and their
size more than compensatesfor lower percentageof usable
fiber in the leaf. The total number of leaves producedduring
the life of the plant is not greatly affectedby fertility
and rate of growth. Fertile soils, of course, produce larger
leaves.

Culture

Land is generally fitted for planting by removal of
all existing vegetation, and sometimesby clean fallowing
for a year to kill all weeds and volunteer growth of native
vegetation.

Henequenis frequently planted on rocky land where only
the brush and trees are removedbefore planting.

Planting material is either bulbils or basal suckers.
Suckers can be dug and planted directly, and bulbils must
be grown in a nursery for a year or so before being set in
the field. Generally, plants grown from bulbils produce
more fiber than plants from suckers. The nursery soil should
be fertile and well drained. Supplementalirrigation of
the nurserymay be required during the dry seasonto insure
developmentof strong plants.

Fields for commercial plantings should be fertilized
as neededto supplementnative fertility under the rainfall
conditions expected. Nitrogen and potashmay be replenished
during the lifetime growth of a crop by sidedressingsat
the onset of rains; but phosphatesmust be almost wholly
provided by a single applicationbefore planting. Although
the amount of planting fertilizer must be determinedby field
trials, it is suggestedthat a basic application consist
of 500 kg per hectareof a 10-10-10 analysis fertilizer.
This fertilizer should be bandedand placed below the intended
row, with 5 to 8 cm of soil betweenthe band and the root
depth of the transplants. In the absenceof specialmachine
fertilizer distribution for placementof fertilizer bands,
a practicalmethod would be to (1) open a shallow furrow
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(30 cm deep), (2) place fertilizer band in the bottom, (3)
cover with 5 to 8 cm of soil, (4) set plants and pull in
soil from the sides of the furrow to completely cover plant
roots. This will more nearly insure adequatenutrition and
strong growth of the transp1ant·s. In more humid areas lime
is frequently requiredo

Planting

A widely used planting pattern is a se.riesof double
rows '0 0 8 to 1 meter apart, with a 3.5 - 4 ｭ･ｴｾｲ avenuebe-
tween eachpair to allow future accessfor harvest and haul-
ing leaves. Plants are spaced'0.8 to 1 meter apart in the
rows, dependingon soil fertility and climatic conditions.

A greenmanure crop is sometimesgrown betweenrows
of young plantings, to be incorporatedinto the soil at a
later date if the land is not too rocky to ｾ ｬ ｬ ｯ ｷ the green
manure to be turned ｵ ｮ ､ ･ ｾ Ｎ This is impractical also in a-
reas where there is insufficient rainfall to meet both the
needsof the young fiber crop and the greenmanure. However,
a greenmanure crop may offer some desirablecompetition
with annual weeds.

Diseases

Sisal and henequenhave fewer problems with diseases
than most crops doo Diseasesymptoms are often causedby
nutrient ､ ･ ｦ ｩ ｣ ｩ ･ ｮ ｣ ｩ ｾ ｳ Ｎ In higher rainfall areasparticularly,
plants are subject to leaf spotso Other diseasesare bole
rot and zebra disease,but neither has been reportedas epi-
demico

Insect Pests

One of the few insect pests that attack sisal is the
bole weevil, which produces two kinds of damage-- puncture
feeding on soft tissuesof the leavesby the adult and feed-
ing by the larvae on the young unfurled leaves in the growing
spike. The latter is more serious. Aldrin and dieldrin
insecticidesthat are persistentin the soil have generally
given adequatecontrol, whether applied as spraY.or dust.
However, the weevil is not widespread,and only the younger
plants appear to be seriously damaged.

Harvesting

When plantings are grown on fertile soil without severe
or prolongeddrought, the first harvestof the basal leaves
may be made about 2 or 3 years after planting sisal and four
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to six years after planting henequen. Less vigorous stands
should be deferredfor a longer period. Cutting may begin
as soon as plants are large enough to save about 20 to 25
crown leaves on each plant after harves't. Cuttings may be
repeated·at6, 9, or 12 months; in each caseallowing about
20 to 25 leavesuncut for further plant growth. A useful
guide is to save all leaves that are growing out of the top
of the bole forming the crown, and harvest the leaves at
an angle of about 80 degreesor more from vertic1e. Over-
cutting seriously reducesyields.

The cut leaves are tied in bundles and transportedto
the factory center for ､ ･ ｣ ｯ ｲ ｴ ｩ ｣ ｡ ｴ ｩ ｾ Ｎ Decorticationshould
be completedwithin 24 hours after cutting to avoid deteri-
oration of the fiber.

Decortication, Washing, Drying

The most commonmethod of separatingthe fiber from
the leaf is by means of a raspadordecorticator. This ma-
chine is basically comprisedof a small, covered, rotary
drum equippedwith 8 to 12 blunt blades and an adjustable
breastplate. Decorticationis accomplishedby a man who
hand-feedssingle leaves halfway into the machine between
the rotating drum and breastplatewhile grasping one end
of the leaf. The leaf is then withdrawn from the unit and
reversedto clean the secondhalf while the feeder holds
the cleanedfiber portion. Such a decorticatorwill produce
135 to 180 kg of fiber per day when fresh leaves are provided
and the waste is taken away by others. Thesemachinesnor-
mally work in the field near where the sisal is grown.

A central plant decorticatoris also used extensively.
Its cleaning principle is the same as describedabove, but
it is much larger and requires large amounts of water flowing
over the fiber as it is decorticated. The water lubricates
the rapid decorticationaction and carries away the waste
material from the machine. The leaves are fed in a layer
that is gripped betweenlink belts or ropes that hold them
while they pass through the first unit of the decorticator.
The cleanedfiber is then transferredto anotherbelt that
carries the leaves through a secondunit that cleans the
other end of the leaves. The capacity of one of these large
decorticatorsis about 300 to 600 kg of dried fiber per hour.

The fiber is usually sun-driedon poles or galvanized
wires. After drying, the fiber is sometimesbeatenslightly
(brushed) with a machine to soften, separate,and further
clean the fiber stran4s.
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Each country grades its fiber according to its own
standardsby length, color, and cleanliness. The fiber is
then tightly baled for shipment.

An increasing·portionof the fiber is being manu-
factured in the country where it is produced. Mexico, for
example, exports essentiallyno spinnablefiber, but exports
twine and rope.

RelatedHard Fibers

Cantala (Agave cantala) is similar in structure to
sisal, but the plants rarely produce flower stalks. They
bear many basal suckers, which are the principal means of
propagatingthe plant. Cantala is shorter lived than
sisal, but this is influenced by soil fertility and climate.
The crop is grown mainly in the Philippines, but also in
Java, Malaysia, and India. Cantalafiber is not as strong
as henequen.

Mauritius hemp (Furcraeagigantea) also resemblessisal,
but its leaves are bluish green, narrower and considerably
longer; also, they are slightly concaveon the upper surface,
and ending in a correaceousterminal tip only about 3 rom
long. There are morphological differencesin the flowers.
Seed is rarely produced, and propagationis by means of bul-
bils that are produced in abundance. The crop is grown mainly
in Costa Rica, where it is called cabuya, and in Mauritius,
The fiber is weaker than henequen.

Salvador henequen(Agave latonae) is quite similar to
henequenand some botanistssay it is the same ｳ ｰ ･ ｣ ｾ ･ ｳ Ｎ

The leaves are bluish, glaucouswith marginal prickles,
It is propagatedby suckers, and is grown principally in
El Salvador.

For further information, see G. W. Lock, Ref. No. 14.
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CHAPTER 39

PYRETHRUM 1/

(Chrysanthemumcinerariaefolium
and C. coccineum)

GeographicDistribution

The principle use of pyrethrum is as an insecticide.
This use appearsto have originated in the transcaucasus
region of Iran, Turkey and USSR around 1800 A.D., as a flea
and louse powder (Persianinsect powder). The publication
in 1850 of the hitherto secretnature of this insecticide
resulted in worldwide interest in productionof pyrethrum.
Dalmatia, on the Adriatic coast of (presentday) Yugoslavia,
was a principal supplier up to about 1920, when Japanbecame
the leading producer. The industry began to flourish in
the highlands of Kenya about 1932; and that country became
a principal supplier around 1940. Pyrethrumis currently
producedat higher altitudes in tropical regions -- East
Africa, Zaire, Brazil, and the tropical Andean countries,
as well as in the original transcaucasusregion and in
Yugoslavia. Efforts made to establishcentersof production
in the U.S. (Colorado, California) were successfulas far
as productionwas concerned,but the harvestof flowers has
not been satisfactorilymechanized. Commercial production
will doubtlesscontinue to be concentratedin regions with
abundanthand labor that is required for harvestof flowers
at the stagewhen their pyrethrin content is highest.
Pyrethrum is most successfulin sections that are free from
frosts during the growing season,and not subjectedto se-
vere cold during the dormant period.

Uses

The active insecticidal ingredientsof pyrethrum are
found in greatestconcentrationin two speciesof the genus
Chr*santhemum-- c. cinerariaefoliumand C. coccineum;
alt ough presentrn other species. The-fully opened flower
heads contain the majority of the active constituents;the
stems having only 1/10 as much. The developing seeds (achenes)
carry about 90% of the total in the flower head. The active
constituentsare ¥yrethrins, made up of mixtures of four
chemically identi ied compounds-- pyrethrin I, pyrethrin
II, cinerin I, and cinerin II. The pyrethrins are highly
unstablein the presenceof light, moisture and air. Ground
flowers or dusts decomposemore rapidly than whole dried
flowers. There are differences in pyrethrin content of

11
- Edited by Quentin Jones, Staff Scientist (Plant Introduction

and Narcotics), National ProgramStaff, Agricultural Research
Service, U.S. Departmentof Agriculture. Beltsville, Maryland 20705
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dried flowers, due to the strain or variety, to the region
where grown, to the cultural practicesused, and to the
harvestingand drying procedures. Selectedstrains in
Kenya are reported to yield 3% pyrethrin in dried flowers,
but the averageis about 1.3%. Commercial Japaneseflowers
average1.0%,andDalmatian flowers 0.7%.

Pyrethrins are extractedfrom the dried flowers by
suitable chemical solvents, and purified to produce the
concentratesused in sprays and dusts. These concentrates
are combinedwith synergistsor activators, using ratios
of 5 to 20 parts of synergist to 1 part of the pyrethrin
toxicant. The activators enhancethe insecticidal activity
by 3 to 5 times against flies, and 100 times against the
louse, while retaining their harmlessnessto all mammals,
including man. The activators tend to stabilize the pyre-
thrins against the action of light and air, so that longer
residual action is obtainedfrom the insecticides.

Pyrethrumproducts are commonly applied as oil - or
water-basedsprays, or as dusts containing appropriateclay
or talc carriers. Pyrethrum is used for four major purposes;
(1) as householdinsecticidesbecauseof their rapid para-
lytic activity against flies, mosquitos, cockroaches,lice,
bed bugs, etc., and their very low toxicity to man and other
mammals, (2) as livestock or· cattle sprays to protect against
biting flies, (3) as sprays for mills, warehouses,grain
in storage, etc., as protectionagainst storedproducts
insects, and (4) as dusts and sprays on vegetablesand fruits.
Their very low mammalian toxicity makes them useful for
application to these food crops to control insects, shortly
before harvest. The principal limitations in uses of py-
rethrum insecticidesare their relatively high cost, their
rapid deteriorationafter application, and the difficulty
of keeping the stored concentratesfor more than one season.

The continuedusefulness,of pyrethrum in competition
with the wide range of synthetic insecticides,its relatively
high value as a cash crop where suitable climatic conditions
prevail, and the importanceof adequatehand labor for har- .
vest and drying, give this cash crop significance in farming
systemsfor small land holders in developing tropical and
subtropical regions.
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or sparingly forked stems, 30 to 60 cm tall, each stem bear-
ing heads about 4 cm across. The ray flowers are white in
C. cinerariaefolium, and white, pink or red in C. coccineum.
The former is believed to be Dalmatian in origin, and the
latter speciesis attributed to the transcaucasusregion.
The flower type is similar to the horticultural form termed
"painted daisy" or "ox-eye daisy". The flower head is
radiate, having tubular flowers on the central disc and
ray flowers at the margin of the head. The flowers are
predominantlycross-pollinated;each floret producing a
single seed (achene),resemblinga small sunflower seed.
The pyrethrins are concentratedprimarily in the developing
achenesof the young flower heads and are reported to have
the greatestcontentwhen the disc florets are one-half
to th!ee-quartersopen.

Adaptation

The commercial pyrethrum speciesare_adaptedto regions
of moderaterainfall. In the tropics, pyrethrum is grown
most successfullyat altitudes above 1000 meters. The crop
toleratesdry seasonsafter flower harvest; but well dis-
tributed rainfall is beneficial during the three to four
months precedingharvest. Even light frosts during the
growing seasonare distinctly harmful, and temperatures
below freezing during the dormant period will kill the plants.

Pyrethrum is best suited to well drained loamy soils,
moderatelyfertile, without excessiveacidity or alkalinity.
Weed control is necessaryfor economic yields.

Culture

Pyrethrumplants are startedin specially prepared
beds and transplantedas 10-12 cm seedlings. Beds should
be located in an areanot previously cropped to pyrethrum,
where water is available for hand sprinkling if necessary,
and the soil thoroughly tilled and fertilized with a complete
chemical fertilizer at the rate of 500 grams per square
meter. To avoid the hazard of soil-borne diseases,the area
selectedshould be one not previously cropped to any crop.
Well developed,viable seed is planted at a rate to produce
a rather thick standof plants, covered lightly with soil;
and the planted bed then mulched thinly with dried grass
or straw. The beds should be moistenedby sprinkling if
rainfall is deficient, to foster prompt germinationand
strong seedling growth. About 300 grams of seed should
plant 30 squaremeters of seedbed,and provide 15,000 to
30,000 plants for field planting.
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Field Planting

Fields of pyrethrum do not produce blossoms the season
of planting, dependingon climatic conditions; but thereafter
should produceannual harvestsof flower heads for several
years. All creeping grassesand broad1eafedplants should
be destroyedin preparationfor planting. .

A complete fertilizer should be placed in bands beneath
the intendedrows, deep enough so the root systemof the
transplantswill be separatedfrom the fertilizer by abouc
5 cm. A practical procedureis to open a shallow furrow,
place the fertilizer in a band at the bottom, cover with
5 cm of soil, set the plants, and pull soil from the side
of the furrow to cover the transplantroots. The amount
and compositionof the fertilizer should be adjustedto
the soil fertility present. If local field tests have not
beenmade, it is suggestedthat 500 kg per hectareof a
fertilizer carrying about 5% nitrogen, 10% phosphate(P20S)
and 5% potash (K20) be applied prior to planting. Sidearessings
of nitrogen and potash should be made after each harvest
is made. The longevity of the planting may be extendedby
subsequentfertilization, but all of the phosphateshould
be applied before planting to be most effective.

Plants should be set in the field when seedlingsare
10 to 12 cm tall, spaced20 to 30 cm in the rows, with rows
about 50 cm apart to facilitate weed control and blossom
harvest. Wider spacing in the row may be desirableif
moisture is likely to be deficient. Transplantingshould
be scheduledwhen rainfall is most likely to be abundant.
Weed control is highly essentialduring the first season
of growth.

Severaldiseaseshave been reported, which require
setting of replacementsannually to fill empty spacesin
the field. Some breedingwork has been done to develop
diseaseresistantstrains of pyrethrum, particularly in
Kenya, and diseaseresistantstrains should be used to the
extent available. Diseaseattacks should be treatedwith
a general purposefungicide if they threatento become epi-
demic. Identification of the causal organism is necessary
to plan more specific control programs. Pyrethrum should
be planted on land not recently occupiedby that crop, as
a means of reducing potential inoculum.

The only insect pests reportedon pyrethrum are aphids
and red spiders. The presenceof toxin in the flowers should
not be assumedto mean that insectswill not feed on stems,
leaves and roots. Insect injuries should be noted, and the
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specific insect identified so as to guide control measures.

Harvest

In regions where cool weather (winter) induces a dor-
mant period,. the seedlingsare set in the field in spring
or early summer, and they do not bloom until the following
summer. In tropical climates where a dry seasoninduces
plant dormancy, plants set in the field during a rainy sea-
son, will bloom following the onset of the next seasonof
rains. Annual crops of blossoms should occur thereafterfor
severalyears.

The flowers are ready for gatheringwhen one-half to
three-quartersof the florets across the disc-like head are
opened; since the pyrethrin content is highest at that stage.
A daily harvestper personmay equal 40 kilos, equal to 10
kilos of dried flowers•. Stripping "scoops" have been devised
to acceleratethe gatheringof flowers, but any stems and
trash reduce the quality of the harvest. This is not a
serious loss in quality, if the pyrethrins are to be extracted
by solvents. The flowers ｾ ｵ ｳ ｴ be dried soon after picking,
on trays in the sun, or on floors of large drying sheds or
in artificial driers.

Yields of dried flowers at levels of 700 to 800 kg
per hectareare consideredsatisfactory, even though in
vigorously growing fields the yields may be much higher.
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CHAPTER 40

TOBACCO 1:./
(Nicotianatabacum)

Tobacco originated in the Americas, and soon spread
around the world after the discovery of the New World.
Nicotianatabacumwas the speciescultivated by the Indians
from ｙ ｵ ｣ ｡ ｴ ｡ ｮ ［ ］ ｍ ･ ｸ ｩ ｣ ｯ Ｍ Ｍ ｡ ｮ ､ Ｍ ｾ ｨ ｷ ｡ ｲ ､ Ｎ -Another species,Nico-
tiana rustica was grown by the Indians in Northern MexICC>
and northward. The first species,N. tabacum, was promptly
introduced into Europe -- through Spain, France and Great
Britain, but commercial production on a grand scalewas
first developedin the British colonies along the Atlantic
seaboard. At present,N. rustica is grown mostly in countries
where the climate is too cold for N. tabacum, but it is also
grown for the productionof insectIcidalmaterials, because
of its higher nicotine content.

Tobacco has been a major cash crop from the early 1600's
and continues to this day, throughout the world. In tropical
and subtropicalcountries-alone, it is a major crop in six'-
Central American countries, five South American countries,
15 Asiatic countries, and nine African countries. Although
grown in large plantationsin many regions for commerceand
export, it is also grown very commonly on lesserareasby
small farmers. It is probable that one-third of the total
production in tropical regions is sold locally or consUmed
by the growers and does not enter in statistical reporting
of tobacco production. It is feasible for small growers to
grow high yields of acceptablequality tobacco, even though
producing on a small scale.

Uses

The importanceof tobacco in agriculture is its value
as a cash crop, available to the small farmer as well as to
plantations. It has a high labor requirement,which is in
abundantsupply in tropical rural regions; the technology
is within the capacity of small growers; it can be fitted
into a wide range of cropping systemsand environmentalcon-
ditions; there is generally a ready market for the crop; and
it does not deterioraterapidly when adequatelycured' and
stored. Quality actually improves the first 2 to 3 years
in storageand leaf will keep satisfactorily for 5 to 10
years dependingupon leaf type and storageconditions.

11
- Edited by E. L. Moore, Staff Scientist (Tobacco), National

ProgramStaff, Agricultural ResearchService, U.S. Department
of Agriculture, Beltsville, Maryland 20705.
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Although tobacco has no dietary nutritional value to
the ultimate users, it has retainedits popularity over two
hundred and fifty years and shows no signs of being discarded.
Fashionsin its use have changedbetween snuff, pipe tobacco,
cigars, chewing tobacco and cigarettes;and there are health
hazardsfrom cigarettesmoking; but total consumptionof
tobacco by virtually every country continueswithout signs
of reduction. The pleasuresof tobacco defy measurement
but they are of such a naturethat tobacco often carries
a priority to the user, including low income people with
inadequatefood, that is but little lower than food itself.

The export trade in tobacco attractsmany developing
nations; but production to meet domestic demandsand thus
save.on the foreign exchangerequired for tobacco imports,
concernsnearly all tropical and subtropicalnations.

Adaptation

Tobacco is grown from 600 north latitude to 400 south
latitude, wherever there is a frost-free period of 100 to
120 days. Optimum growing temperaturesare between 200 to
300C, but it toleratestemperaturesup to 35C. Tobacco
thrives in both tropical and temperateclimates. The crop
is best adaptedto regions of moderaterainfall, 500 to 1000
mm, well distributed through the growing seasonof 4 to 5
months. Lower rainfall during the seasonof ripening and
harvest is actually beneficial, but low air humidity after
harvesthampers the final stageof curing in which the har-
vested leaf is made pliable for handling without breakage.
Tobacco is not suited for regions experiencingstrong winds,
since the plant leaves are easily damagedby winds.

Tobacco is rather sensitive to soil conditions. Soils
should be well drained, only moderatelyfertile, neither
strongly acid nor strongly alkaline, and capableof inten-
sive clean culture without serious soil erosion. However,
different types of tobaccomake effective use of a wide range
of soils. Thus, cigar tobacco is grown on rich loam soils
with no adverseeffects on quality; whereasflue-cured (bright)
types are best grown on sandy 10arns; and air-cured (brown)
burley tobacco grows best on silt loam soils derived from
limestone. Tobacco is grown in rotations with other crops
that suit the type of tobacco being grown. Collectively,
all tobaccoscover a wide range of soil conditions; but for
a specific tobacco type, the requirementsare rather exacting
to produceboth high yields and quality.
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Varieties

The tobaccoplant is self-pollinated, and strains or
varieties breed true to type except for occasionaloutcrossing9

New strains and plant forms have been producedby plant breeders
using artificial hybridization -- to improve yields, resistance
to pests,modified plant characteristics,curing properties,
and quality of leaf. There are many strains and varieties
of every tobacco type. While there are real marketing advan-
tages to growing a single variety or similar varietiesof
a given market type in each tobacco growing region, there
is need also to continually field-test improved varieties
producedby breedersat researchstations. Those strains
that are definitely proven to be superior should have the
seedmultiplied and made available to all growers9 To main-
tain the purity of improved types, seedproduction should
be closely supervisedby trained personnelto maintain the
characteristicsof the new strain.

Culture

The generalpractice is to produce tobacco seedlings
in specially preparedplant beds, and transplantthese to
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the field when they reach suitable size. The seedsare ex-
ceedingly small, and special care is neededto produce strong,
disease-freeseedlings.

Seed Beds

Seed beds are located on soil not previously cropped
to tobacco, or the surfacesoil is sterilized by wood fires
burned over the entire bed. Also, seedbeds may be steri-
lized with steamor methyl bromide gas under pressureat
air temperaturesof 100e or above. The soil is fertilized
with %kg of a fertilizer per squaremeter, analysing 12%
nitrogen (N), 6% phosphate(PZOS), and 6% potash (KZO) , well
worked into the soil. Also, rotted farm manure or compost
free of weed seedsmay be used exclusively with good results.
About 30 grams (Z tablespoons)of seed is then mixed with
sifted ashesto provide a greatervolume to handle, and dis-
tributed evenly over ZOO squaremeters. This should produce
an averageof Z plants per square cm of bed. This area
should provide enough seedlingsto plant one hectare. The
seedsare pressedinto the surface soil with a plank, and
covered thinly with fine ､ ｾ ｩ ･ ､ grass or straw. The seed
bed must be kept moist, by using a fine mist spray to avoid
making a soil crust or to causewashing seedaround. Regular
watering is neededto develop strong seedlings,but over-
watering may induce diseaseoutbreaks.

Planting

Fertilizer

Fields are preparedfor transplantingby tillage to pro-
duce a mellow seedbed, and placementof fertilizer below
the intendedrow. The fertilizer type and amount must be ad-
justed to the kind of tobacco being grown as well as the soil
being used. Flue-cured (bright) tobacco fertilizer should
be low in nitrogen, but high in phosphateand potash. Ex-
cessivenitrogen fertilizer producesa strong flavor and an
undesirabledark green leaf that cures with dark colors. For
other types of tobacco (air-cured, fire-cured, cigar filler,
and cigar wrapper) the fertilizer should be more evenly ba-
lanced as to nutrients, such as a S% N, 10% PZOS and 10% K20.
The amount of fertilizer will vary with soil conditions ana
the crop rotation in which tobacco is grown, from 400 to 1000
kg per hectare. The high phosphatecontent is neededto
stimulate root development,and high potashfor leaf quality
and "burning" properties. Animal manures (preferablerotted)
and compost are useful as supplementsto fertilizers on soils
of lesser fertility. The chloride of potashshould be avoided
in fertilizers becauseof the ill effects of chlorine on burn
and quality.
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Both manuresand fertilizer are most effectively used
where applied in bands below the intendedrow. A practical
method is to open furrows about 20 cm deep, place manure
and fertilizer in the bottom, cover with about 5 to 8 cm
of soil, place the transplantsand pull in soil from the
side of the furrow to cover the plant roots. Proper place-
ment producesfar greaterbenefits than broadcastingmanure
and fertilizer and incorporating it by tillage.

Transplanting

Seedlingsare ready for transplantingfrom the seed
bed to the field when the plants have 4 to 6 leaves, and
are about 15 cm in height. They should be removed from the
bed carefully to avoid injury to roots, and set promptly
in the row when soil is moist. A small amount of water·(200
cc) per plant at transplantingtime will add greatly to sur-
vival if soil moisture is inadequateduring planting. When
seedlingsare transplantedto the field, they are quite hardy.
Tobacco is usually planted in rows 50 cm to 1 meter apart,
using the wider spacing in sandier soils and regions of less
depend.ablerainfall. Plant spacingwi thin the row may vary
from 30 to 60 cm, being adjustedto varietal size and soil
fertility. .

Weed Control

Weeds reduceyields greatly, damage the quality of the
cured leaf, and reducemarket price per kilo of cured tobacco.
They may be controlled effectively by cultural practices.
To be most effective in protecting the tobacco crop, weeds
should be removedwhile still small by repeatedcultivations
during the growing season. Remainingweeds may be removed
by hand hoeing. Soil loosenedby cultivation aids water
penetrationand formation of a low ridge reduceschanceof
drowning during excessiverains. Where labor is scarceweeds
may be controlled also with commercial herbicides such as
enide or tillam. However, this method has just begun to be
acceptedin areaswhere tobacco culture is well established
and intensive.

Diseases

Tobacco yield and quality can be affectedby diseases
causedby fungi, bacteria, viruses, nematodes,air pollutants,
and improper nutrition. Before control measurescan be recom-
mended, the pathogenmust be identified. Laboratory identifi-
cation is the best method, but symtomatologyis also important
and in some casescan be sufficient for reasonablycertain
identification.
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Among fungal root diseasesblack shank is one of the
most destructive. In warm weather the fungus invades through
the roots causing suddenwilting and blackening of the lower
part of the stalk. If the stem is split or sliced longitu-
dinally through the diseasedshank, the pith is usually found
to be brown to black and separatedinto discs. In contrast
to black shank, black root rot is favored by cooler tempera-
tures. Both diseasescan occur in the plant bed, but are
more common in the field. Black root rot is indicatedby
blackeningof the roots in a manner such that young roots
are entirely blackenedand rotted through and older roots
have large, rough, black lesions. Fusariumwilt is caused
by a soil-borne fungus that affects the vascularor conducting
elementsof the stem often causinga distinctive one-sided
､ ｷ ｡ ｲ ｾ ｩ ｮ ｧ Ｌ yellowing, and wilting. Another soil-borne fungus
causesseedling damping-off, attacking the plants near the
soil line and causing a brown soft-rot that girdles the base
of the stem. With this last diseasethe roots may remain
white or decay only after considerabletime.

Root knot, a warmer climate diseasecausedby nematodes,
is characterizedby swollen, spherical, or irregularly shaped
galls anywhere throughout the root system that vary from
about 1 rom up to a few cm in size. They can be so close
togetheras to appearas a single, irregularly swollen, elon-
gatedgall.

Bacterial or Granville wilt is favored by warm, wet
weather, first becoming noticeablewith the wilting of one
or a few leaves during the afternoon. The wilting worsens
with time and the leaves become light green to yellow and
more wilted. Eventually all the leaves die, but they usually
continue to hang to the stalk. The vascular tissue and pith
usually are found to be brown when the stem is cut. If a
stem section containing vascular tissue is placed in water,
fine milky-white strandsof bacteriawill be seen coming
out of the diseasedarea.

Wildfire is a bacterial leaf diseaseof plant bed and
field plants that is favored by wet weather and driving rains.
It is characterizedby pale, yellowish, circular spots 3
to 6 mm in diameter that develop a reddish-brown, dead center
and a distinctive yellow halo ultimately reaching 25 mm or
more in diameter.

Blue mold is the most important fungal leaf disease
in cooler weatherwhile brown spot and frogeye are more im-
portant in warmer,weather. All are favored by abundantat-
mosphericmoisture. Blue mold occurs on seedlingsor field
plants causing some twisting or cupping of leaves, circular
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yellow spots that become dead and brown on the upper surface,
and the diagnosticbluish, downy mold on the lower surfaces.
Infection by the brown spot fungus is actually favored by
moderatetemperatures. The typical brown spot lesion on
field plants has a roughly circular,brown, dead centerwith
concentric rings surroundedby a halo of yellow tissue.
The lesions are usually 0 •5-4· cm in diameter. The halo is
not always presentand is less well defined than the wildfire
halo. Frogeye leaf spots are usually 2-15 mm in diameter,
are usually more common in the field than in the plant bed,
and can resemblebrown spot lesions, but more typically have
a white or gray, thin, dead central area surroundedby a
darker border. Tiny black spots of fungal sporulationare
often noticeablein the centersof these lesions. The frog-
eye fungus also causesgreen spot on cured leaves. Anthracnose
can occur in the field but is probably more common in plant
beds during or after wet weather. The lesions are small,
up to 3 rom in diameter, at first water-soakedand then drying
out to a papery thin, white spot, sometimeswith a darker
border. Powderymildew or white mold is favored by moderate
temperaturesand does not require high humidity. It is cha-
racterizedby white-gray, powdery, felt-like patchesthat
often result in brown, dead lesions.

Tobacco is susceptibleto numerousvirus diseaseswhich
causeleaf symptoms that usually are partially described
by the names of the disease. Mosaic, the most common virus
disease,causesa mottled patternof light and dark green
areas that is most conspicuouson the younger leaves. Among
the more important of the other virus diseasesare etch,
veinbanding, leaf curl, and ringspot.

Atmospheric ozone, sulfur dioxide, and nitrogen dioxide
can causesevereleaf injury on tobacco in industrial areas
or where nearby gasoline-burningautomobile traffic is heavy.
The most common symptoms are small white flecks or spots
of dead tissue. The symptoms of nutritional disorderswill
not be coveredhere as they mostly resemblethose on other
plants.

Tobacco diseasesare controlled wholly or in part by
certain cultural practices,resistantvarieties, and chemical
means. Productionof disease-freeseedlingsin sterilized
plant bed soils, promptly plowing down stalks and other debris
after harvest, and use of rotations involving tobacco only
once in 3-5 years are all very important. Wildfire in plant
beds can be controlled by sprays of certain copper compounds
and streptomycin. Blue mold and anthracnosein plant beds
can be controlled by dusts or sprays containing zineb, maneb,
or ferbam. Tobacco in rotation should follow such crops
as maize, small grains, sorghum, or millet. Ground nuts
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should be avoided in such rotations, as should such tobacco
relatives as tomatoes,potatoes,and peppers. Black root
rot becomesvery limited when soil pH is kept below 5.6.
Certainmultipurposechemicalsassist in control of the root
diseases,especiallywhen used in conjunctionwith resistant
varieties.

Tobacco varieties have been releasedin recent years
that are resistantto one or more of the following diseases:
black shank, black root rot, Fusariumwilt, root knot, bac-
terial wilt, wildfire, blue mold, powdery mildew, and tobacco
mosaic viruses. However, varieties resistantto many of
thesediseasesare available only for certain types of tobacco.

Insects

The major tobacco insect pestsvary considerablythrough-
out the world and damagemay range from slight injury to
complete devastationof the crop if remedial measuresare
not taken. In addition, the insect complex in the seedbeds
will usually vary from that found in the field. However,
with poor sanitationin ｴ ｨ ｾ seedbedsome of thesepests,
particularly flea ｢ ･ ･ ｴ Ｑ ･ ｳ Ｈ ｾ ｩ ｴ ｲ ｩ ｸ spp.), aphids, and the
potato tuber moth (GnorimosChemaopercu11e1a)may be trans-
ported to the field, aggravatingcontrol problems.

Among the Lepidopteransseveral speciesof He1iothis
attack tobacco. H. ｡ｲｭｩｾ･ｲ｡ is listed for most of the tobacco-
growing areas in the wor d; however, H. virescens, the tobacco
budworm, is the primary speciesin the United States. These
dull colored moths have a wingspreadof 28 rom and are active
primarily at night laying their eggs on the tobacco leaves.
The newly hatchedlarvae migrate to the vegetativebud where
they feed for 6 or 7 days. As the plant develops, the tiny
holes made by the larvae greatly enlarge, giving the plant
a raggedappearancebut the apparentloss is deceptivesince
actual loss in weight of the cured leaf is minimal. However,
in a severeinfestation the bud may be destroyedmaking it
necessaryto rely on a sucker to replace the original vegeta-
tive bud. Generally, treatment is not justified unless 10%
or more of the plants are infested. When the larvae are
feeding in the bud .they are protectedfrom the insecticide,
making control difficult. Best control is obtainedby mixing
the insecticidewith a bait of coarselyground cornmeal and
dropping a small pinch of it onto the bud. The larvae leave
the bud to feed on the bait and are killed. Budworms can
be controlledwith Bacillus thuringiensis, trichlorfon, car-
baryl, endosu1fan,methomyl, or monocrotophos.
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For many<yearsthe tobacco hornworm, Manduca sexta,
has been a major pest on tobacco in the United Statesbecause
of its voracious appetiteand ability to destroy entire fields
of tobacco. This large moth is gray with 6 large orange
spots on either side of its abdomenand has a wingspan of
10 cc. It is also nocturnal in habit and concentratesits
eggs on the upper one-third of the plant. The larvae have
a prominent horn projecting upward from their distal end
and when full g!own reach a length of 10 cm. Treatment is
justitied when 10% or ｭ ｯ ｲ ｾ of I..he plants have worms 2.5 cm
long or longer.

The samematerials listed for He1iothis are effective
againsthornworms and should be concentratedeither as a
dust or spray on the upper 1/3 of the plant. They can also
be controlled by handpicking. Another species,Manduca quiR
quemacu1ata,the tomato hornworm, is similar in appearance

and habits to the tobacco hornworm but is generallymore
abundant in cooler climates such as in Canada. Both species
are found only in North and South America.

Prodenia1itura is a noctuid of the Old World, found
primarily in the Middle East, India, and Australia. The
moths are dull brown in color and the female lays her eggs
in massesof 100 or more, covering them with scalesfrom
her body. The larvae are voracious feeders and in certain
areashave shown resistanceto several commonly used insecti-
cides. However, Bacillus thuringiensis is still 1isteq as
being effective.

Various cutworms can be serious pests due to their ha-
bit of cutting the stems of young plants near the soil sur-
face causing its death. The adults are about the size of
Heliothis moths and have speckledgray wings. Trichlorfon
mixed with wheat bran and scatteredover the field before
transplantingshould give effective control.

Another Lepidopterousinsect attacking tobacco in cer-
tain areas is the potato tuberworm, Gnorimoschemaopercullela.
The small larvae feed within the leaf, the mid-rib or in
the stem. Azinphosmethu1,endosu1fan,or carbaryl can be
used as a spray or dust.

Among the Co1eopteransare severalEpitrix spp. or flea
beetlesthat may be found in North and South America. Adults
are only 1.6 mm long and jump when disturbed. They rasp
out tiny holes in the leaf and the larvae burrow in roots
and stems of small plants. Newly set plants can be badly
stuntedor killed by a few insects; later in the seasonlarge
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numbersmay build up to decreaseyields. As a preventive
treatment, disulfoton, a systemic insecticide, can be worked
into the seedbedat transplantingtime to assureavailability
of healthy transplants. If the preventive treatment is not
used, parathioncan be applied as a dust or spray. In the
field, additional materials that can be used as a spray include
azinphosmethyl,methomyl,andmonocrotophos.

Among the Hemipteransare the green peach aphid, Myzus
ｾ･ｲｳｩ｣｡･Ｎ In Rhodesia, this aphid transmits important virus
iseasesknown as Rosetteand Bushy Top. Even where disease

transmissionis not involved the aphid can causedamagewhen
heavy populationsbuild up. Heavy feeding on the plant
juices causesprematureripening; depositsof cast skins
and honeydewalso reduce the quality of the leaf. Disulfoton
as applied in the seedbedfor flea beetle control will also
control the aphid. In the field, parathion, malathion,
monocrotophos,or endosulfancan be applied as a spray or
dust.

The white fly, Bemisia tabaci, also a Hemipteran, is
common in Africa and the Far East. These small insects build
up in large numbers on the undersideof the leaf and cause
damagesimilar to that of the green peachaphid. They are
associatedwith transmissionof a diseasecausing leaf curl.
Malathion or parathionmay be used for control.

Among the Thysanopteransis an important pest, Thrips
tabaci, which causesserious damage in near-easternand south-
easternEuropeanareas. It not only sucks plant juices causing
silvery patcheson the leaf but is responsiblefor spreading
SpottedWilt virus. It can be controlled with endosulfan,
parathion, and methomyl.

If it is necessaryto store cured tobacco any length
of time it may become infestedwith the cigarettebeetle,
Lasiodermaserricorne, or the tobaccomoth, Ephestiaelutella.
If infestationsare light it may be feasible to sort and
destroy the infested tobacco. Heavy infestationsof both
insects can be controlled by fumigation under an airtight
plastic sheetwith methyl bromide. If the storagefacilities
are reasonablyairtight, reinfestationcan be preventedby
hanging dichlorvos resin strips, I per 28.3 cubic meters
of space.

Parathion, azinphosmethyl,endosulfan,methomyl, mono-
crotophos, disulfoton, and methyl bromide are extremely toxic
and should be used only by or under the supervisionof people
who will read and follow the precautionson the label. Certain
insecticidesshould not be used becauseof resulting excessive
residues. These include DDT, TDE, arsenicals,toxaphene,
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benzenehexachloride, lindane, aldrin, dieldrin, heptachlor,
strobane,chlordane, or endrin. If theseare used on adja-
cent crops, care should be taken to avoid drift onto the
tobacco field. Tobacco should not be grown in rotation
with any crop on which benzenehexachlorideis used since
residuesin the soil may produce off-flavor.

Insecticidesshould be used only as neededto avoid
(1) unnecessaryexpense; (2) hazards to the applicator and
other workers; (3) residueson the cured leaf; (4) kill of
beneficial insects; and (5) contaminationof the ･ ｮ ｶ ｩ ｲ ｯ ｾ ｭ ･ ｮ ｴ Ｎ

If treatmentis necessaryduring harvest, the material should
be applied immediately after priming, rather than before,
to reduce exposureof the workers.

When only Lepidopterousinsectsare involved the use
of B. thuringiensis is highly desirablesince it is essen-
tiaT1y harmless to man and beneficial insects. In certain
areasbeneficial insects, if not suppressedby insecticides,
will give adequatecontrol of many of the pest species.

Several cultural practicescan aid greatly in tobacco
insect controL These include destructionof any crop re-
sidue immediately after harvest to destroy food for succeeding
generations,turning up the roots and later discing the soil.
Thesepracticeswill also help control bacterial diseases
and nematodes. Buildings in which tobacco is handled or
stored temporarily should be kept free of any refusewhen
not in use to avoid the buildup of insects that attack cured
tobacco. Tobacco should not be storednear feed, grain,
seed, or other materials that might be infested. Alternate
insect hosts near the seedbedor tobacco field should be
avoided as far as possible to prevent buildup and movement
of pests into the seedbedor tobacco field. Maintaining
an intact seedbedcover will aid greatly in limiting infes-
tations. Productionof insect-freeseedlingswill prevent
transportof pests to the field at transplantingtime.

Topping the Growing Crop

Removal of the flower stalks is essentialto production
of marketabletobacco. This is done by breaking off the tops
of the plants at about the third leaf below the flower head.
This forces the plant to retain all plant substancein the
leaves, rather than using it for flowering and seedproduction.
Topping results in larger, thicker, and darker leaves that
mature earlier and more uniformly. Topping should occur when
about half the plants show flower heads, leaving 15 to 20
leaves on each plant.
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Harvesting

Harvesting is done by one of two methods. by harvesting
individual leaves as they mature, or by cutting the entire
stalk with leaves attached. In the first method, the bottom
4 to 6 leavesare harvestedsoon after seedheads appear
and the remaining leaves at weekly intervals over the follow-
ing 4 to 6 weeks when yellow patchesbegin to appearon the
leaves. This individual leaf harvest is sometimescalled
"priming", since each leaf is harvestedwhen prime, or fully
ripe. The leaves are strung on sticks (laths) 1 to Ｑ ｾ meters
long, by passinga" string through each leaf baseor by looping
around the baseof 2 to 5 leaves, and attaching a string
of leaves to the 2 ends of the stick. A stick holds 60 or
more leaves. These sticks are convenientlyhandled in curing
shedsor barns.

In the secondmethod, the plants are cut off, and a
stick is thrust through the plant base, so that 6 to 8 stalks
occupy a stick. These are transportedto the curing shed
or barn. and hung (with plants upside down) with spacing
to facilitate good ventilation.

Curing

The curing procedureis highly important to production
of marketabletobacco. Some of the same processesthat take
place during ripening continue during the early curing stages,
but are hastenedas the leaf is dehydrated. Initially. there
is rapid destructionof ch10rophy1 and changesin the leaf
compoundsassociatedwith respiration. Leaf lamina and stem
are dried during the final stages. The objective is to pro-
duce a dried product that can be stored, handled, and marketed.
The procedurevaries with type of tobacco being produced.
However. a period of "ordering" with low temperaturesand
high humidity followed so that the final moisture content
of the leaf is restoredto 20 to 25% by weight. This is the
moisture content neededto make the leaves pliable for sorting
and handling. and to foster desirablefermentation in bales
or casks for the extendedstorageperiod that usually precedes
ultimate manufactureof tobacco into the products sold to
the consumer.

Air Curing

Air curing is widely practiced in the tropics. Such
tobacco is equivalent to burley tobacco of temperatezone
areas. but may be termed light or dark dependingupon whether
green or burley varieties are grown. Air curing is carried
out in specially built barns or sheds, that may be kept
closed at night and well ventilated in the daytime. No heat
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is used except during the extendedperiods of wet weather,
when wood fir"es are made on earthenfloors. The sticks of
leavesare suspendedat several successivetiers, spaced
to give good ventilation within the shed. Cigar tobaccos
are either stalk-cut or primed, and are-air cured in a simi-
lar manner to other dark types.

In tropical regions with long periods of dry, sunshiny
weather at the harvest season,sun-curing is practiced.
However, the quality of such tobacco is var-iable, it is not
as marketableas other types, particularly for cigarettes.
Sun-curedtobacco is generally consumedlocally.

Flue-Curing for Bright Tobacco

This method is used to hastenthe early curing stages,
and then to complete the drying rapidly while the leaves
still have a light yellow color. The crop for such curing
should be grown with limited nitrogen fertilization to pro-
duce a light green colored leaf. To speedup the drying
and killing stagesof curing, a furnace is used to produce
heat, and each furnace is equippedwith a sheet-ironpipe
extendedthrough the barn to distribute the heat more uni-
formly. Careful control of temperatureand humidity is a-
chieved by continuousmonitoring on an hour to hour basis.
Flue-curedbright tobacco, low in nicotine is the predominant
type used in blends for cigarettes.

Fire-Curing

This curing method allows the tobacco to yellow and
wilt in the curing barn or shed without heat for three to
five days, then to start slow wood fires onoearthenfloor
as necessaryto maintain temperaturesof 35 C to complese
yellowing, after which temperaturesare increasedto 50 C
until the leaves are dry. The smoke from the open wood fires
in the barn imparts a characteristicodor and taste to the
tobacco that is in most demand for pipe smoking. Nicotine
content is about the same as dark air-cured tobacco, much
higher than in flue-cured tobacco.

Marketing

Tobacco is marketedon the basis of specific qualities
of the leaf, and the color is only one factor. Thus some
dark tobaccosare low in nicotine content, and others are
high in nicotine. Flue-curedcigarette tobaccosare usually
a light lemon-yellow color, and they are relatively low in
nicotine, but air-cured cigarette tobacco is a light brown,
quite acceptablein blends with flue-cured types. Color,
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texture of leaf and aroma are importa.nt characteristicso
Uniformity greatly affects grade and priceo In general,
presentday preferencesof tobacco users have produced the
highest prices for cigar wrapper, followed by the flue-cured
and light air-cured typeso

Tobacco is sometimespreparedfor the initial marketing
of the growers crop by packing in casesor bundles (or bales)
weighing 15 to 30 kilos. Other markets accept tobacco leaf
wrapped temporarily in burlap. This tobaccomust be moist
enough to be pliable and thus avoid serious lossesfrom break-
ageo However, it is too moist for long term storageand
export. After purchase,it is often sweatedor fermented
in bulk piles to complete processesbegun during curing.
Fermentationis induced by natural slow-acting chemical
changesthat tend to increasetemperaturesto 350 to 40°C,
and result in lossesof 5 to 10% in dry matter, and reduction
in starch, sugar, nicotine and certain organic acids, and
the developmentof a pleasingaroma. Fermentationmay last
for a year or more, before final manufactureinto the end
product0
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CONVERSION FACTOR

Metric System

0.394 inch, in
1 inch, in
1 foot, ft
3.28 feet, ft
1.094 yards, yd
1 yard, yd (36 in)
0.621 mile, mi
1 mile, mi

0.155 square ｩ ｮ ｣ ｾ in2
1 square inch, in2

10.76 square feet, ft 2
1 square foot, ft2
1.196 squareyards, yd2
1 squareyard, yd2
2.471 acres, acre
1 acre (43,560 ft 2)
0.3861 squaremile, mi 2
1 squaremile, mi2
1 mi2 (640 acres)

LENGTH

=
=
=
=
=
=
=

AREA

=

=
=

=
=
=
=
=

VOLUME

1 centimeter, cm
2.54 centimeters,cm
0.305 meter, m
1 meter, 1!1.
1 meter, m
0.914 meter, TIl

1 kilometer, km
1.61 kilometers, km

1 squarecentimeter, cm2
6.45 squarecentimeters,cm2
1 squaremeter, m2
0.093 squaremete2, m2
1 squaremeter, m
0.836 squaremeter, m2
1 hectare, ha
0.405 hectare,ha
1 squarekilometer, km2

2.590 squarekilometers, km2
259 hectares,ha

0.061 cubic ｩ ｮ ｣ ｨ ｾ in3
1 cubic inch, in J

1.057 quarts, qt (liquid)
0.908 quart, qt (dry)
1 quart, qt (liquid)
1 British imperial quart
2.838 bushels, bu
1 bushel, bu
3.532 cubic feet, ft3
1 cubic foot, ft3
0.973 acre-inch
1 acre-inch

=
=
=
=
=
=
=

=
=
=
=

1 cubic centimeter, cm3
16.387 cubic centimeters,cm3

1 liter, 1
1 liter, 1
0.946 liter, 1
1. 136 liters, 1
1 hectoliter, h1
0.352 hectoliter, h1
1 hectoliter, h1
0.2832 hectoliter, h1

100 cubic meters, m3
102.8 cubic meters, m3
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Metric System

0.0353 ounce, oz
1 ounce, oz
2.204 pounds, lb
1 pound, lb

220.46 pounds, lb
1 pound, lb
2204.6 pounds, lb
1.102 short tons

(of 2000 lb)
1 short ton (2000 lb)
0.984 long ton

(of 2240 lb)
1 long ton (2240 lb)

MASS
=
=
=
=

=

=
=

=
=

=
=

1 gram, g
28.349 grams, g
1 kilogram, kg
0.454 kilogram, kg

or 453.6 grams, g
1 quintal, q
0.00454 quintal, q
1 metric ton

1 metric ton
0.907 metric ton

1 metric ton
1.016 metric tons

YIELD or RATE

0.892 pounds/acre
1 pound/acre
0.892 hundred weight

(100 lb)/acre
1 hundred weight

(of 100 lb)/acre
bu/acre x lb/bu x 0.01121
0.446 short ton/acre
1 short ton

(2000 lb)/acre

=
=

=

=
=
=

=

1 kilogram/hectare
1.121 kilograms/hectare

1 quintal (metric)/hectare

1.121 metric quintals/hectare
quintals per hectare, q/ha
1 metric ton/hectare

2.242 metric tons/hectare

Fahrenheit, F

TEMPERATURE

Celsius or centigrade,C

degreesF

degrees,F-32 x 5/9
oor .55556 (F-32)

o F
ＳＲｾｆ (Freezing)
70 Fo98.6 F (Body temperature)
212°F (Boiling)

=

=
=
=
=
=
=

degreesC x 9/5 + 320

or 1.8C + 32
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cowpeas. . .
crop choice. .
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African locust bean
African yam bean.,
Agave canta1a
Agave fourcroydes
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Allium cepa . .
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horsebean.. .129, 163
horse-eyebean. 163
horse gram. . 163
hyacinth bean .. 162
insect control (see also

individual crops) 39
.Ipomoeabatatas 242
jack bean 163
Japanesemillet . 84
Java jute. . 272
jute. 268
kenaf. ... . 272
Kerstingie11ageocarpa. 162
Kersting's groundnut.. 162
khessari. . ..162, 163
lablab" 162
Lab1ab niger. . . 162
land clearing, preparation

(see also individual crops)31
land forms. . 12
Lathyrus sativus. .162, 163
lesserAsian yam. 236
lentils 122
Lens cu1inaris. 122
lima beans. . 163
lint (cotton) 259
1unu. . . 253
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and "sweet" . .. 163
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Macroty10ma unif10rum 163
Madagascarnut. 162
maize. . . 62
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170
162
146
109
170
84

39

31
84

2
163
294
13

279
146
279
42

163
47
59
53

209
272
203

· 162

36
187
187
187
84
23

272
187

· 288
17

PAGE
162

· 138
163
163
138
101
146
170
154
215
247
247
163
242

. . 236
(see also

Phaseolusacontifolia
Phaseolusaureus...
Phaseoluscalcaratus.
PhaseolusIUnatus
Phaseolusradiata .
Phaseolusvulgaris.
pigeon pea. '.
pistache de terre
Pisum sativum
plantains
pomme de terre.
potatoes.
potato bean
potato, sweet
potato yam.
preparationof land

individual crops)
proso millet. .
protein (see also individual

crops).
Psophocarpustetragonolobus
pyrethrum . .
rainfall.
ramie .
red gram.
rhea (fiber).
rice
rice bean
rice, lowland
rice, references.
rice, upland.
Ricinus communis.
roselle
safflower .. ..
secondaryfood legumes. .
seed production and distri-

bution (see also individual
crops). .

sesame..
sesamo. . .
Sesamumindicum
Setaria i talica. .
shifting farming systems.
Siamesejute.
sim-sim
sisal . . .
soil groups

PAGE
227
231
231
283
231
163
145
162
293
129
272
163
84

138
162

utilis,
163
138
138
215
283

3

malanga. .
mandioca. .
Manihot esculenta
Manila hemp.. .
manioc (cassava).
manioc bean
mash..
mat bean.
Mauritius hemp.
mazagan
mesta (or meshta)
Mexican-yam bean.
millets. .
mongo, moong.
moth bean .
Mucuna pruriens var

M. sloanet.
mung..
mungbean.
Musa spp.
Musa textilis . .
natural resources
Nicotiana tabacum (and ｾ Ｎ

rustica). . . . 299
nut, Madagascar 162
nutrition (see also

individual crops)
oignons. .
onions. .
Oryza sativa. .
Pachyrrhizuserosus,

P. tuberosus. .
Panicummiliaceum,

P. ramosum. . ..
papa. .
papoula-de-sao-francisco.
Parkia spp.. . ..
peas, field or garden

or edible podded.
pea, goober .. ..
pea, grass and sweet.
pea, pigeon or Angola
pea, southern. ..
peanuts . . . .. .
Pennisetumtyphoides..
pesticideuse (see also

individual crops) . .
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38
90

236
163
129
163

163
109
109
145
138
109
109
163

. 109
and

111
162

33

Page
Vigna spp. (con't)

V. calcaratus
V. catjang.. .
ｾＮ cylindrica . .
ｾＮ mungo. . . . .
V. radiata... ".
ｾＮ sesquipedalis.
V. sinensis ...
V. umbellata. . .
V. unguiculata. . . .

var. sisguipedatis
var. ｣ ｹ ｬ ｾ ｮ ､ ｲ ｩ ｣ ｡

Voandzeia ｳ ｵ ｢ ｴ ･ ｲ ｲ ｡ ｮ ･ ｡ ･ ｾ '.
water management....
weed control (see also

individual crops)
wheat . . . . . .
white Guinea yam.
white lupine. . ..
windsor bean. . . .
winged bean . . . . . .
Xanthosomasaeittifolium

X. atrovirens, X. brasili-
anse, X. violascens 227

ｙ ｡ ｾ Ｎ --: . . 236
yautia. . . . 227
yellow dhal . 146
yellow Guinea yam 236
yellow lupine 163
yields. . 29
yuca. . . 231
Zea mays. . . 62

35
15

163
163
162
163
129
163

162
163

41
194
163
242
163

22
227
227
231
227
272

4
162
272
129
299

5

90
146
145
145
Ｑ ｌ ｾ Ｕ

.162,

Page
management. 33

179
179
2LI-7

73
73

179
179
163
272

soil and water
soja .
Soja max .
Solanum spp. .
sorghum.....
Sorghum bicolor.
soya ....
soybeans.. . .
Sphenostylisstenocarpa.
stokross . . . . . . . .
storage (see also indivi-

dual crops).
sunflowers .
sweet lupine . .
sweet potato . .
sword bean ...
systems, farming
talla. . . . . .
tania, tanier or tannyah
tapioca..
taro .
teal .
technology .
tepary bean.
Thai jute.. .
tick (or tic) bean
tobacco. . . . . .
transportingof crops.
Triticun aestivumand

I. turgidum.
tur .
urd .
urdbeans .
urid .
varieties (see also

individual crops).
vegetationzones . .
velvet bean. . . . .
vetch (various kinds).
vetch, chickling
vetchling. .
Vicia faba . . .
Vicia spp. . . .
Vigna spp.

V. acontifolia
V. angularis


