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DEARREADERS,
This issue of the ILEIA-Newsletter is a special on 'Integrated Nutrient Supply' . In
the introduction, 'Towards Integrated Nutrient Supply', the editors make a plea for
an approach in which organic fertilizers are not only used to feed the crop but also to
feed soil life, to keep the soil in good condition and to protect it from destructive
rainfall, wind and sun. The use of chemical fertilizers is considered as
complementary to other means of soil fertilization.
Special attention is paid to the use of legumes and other plants capable to fix
nitrogen from the air to improve soil fertility. Five articles are devoted to this
subject.
Other articles treat aspects related to rock phosphate and micro nutrients.
We hope to have demonstrated by these articles that there are enough possibilities
within the reach of small-scale farmers to maintain soil fertility and produce high
yields.
The question is whether the'appropriate criteria' are corre\tly applied by
development agencies and/or extension workers and whether the options offered by
them can be made acceptable to small-scale farmers. This point is dealt with in the
article by Andrew Millington. He focusses on the factors determining success in the
adoption of technical solutions to soil management. Part two of this article will be
published in the next issue of the IlElA-Newsletter.
Robert Chambers listed his top-five books on agriculture and rural development. We
want to continue this column and therefore invite other readers to communicate their
choice of inspiring books or articles.
We received many contributions from readers, some of them can be found on the
back page. We hope that our readers will continue sending us their practical
experiences; especially concerning the subjects of the next issues about which more
information can be found on page 23.
To develop the practical options for integrated nutrient supply much research is still
needed e.g. about how to use mineral fertilizers in combination with organic soil
management techniques.
Traditional knowledge on organic soil management techniques and on plants
suitable to improve soil fertility should be collected, processed and made available to
farmers.
For extension purposes, recommendations which are directed on integrated nutrient
supply that give the farmer the possibility to chose the management option most
adapted to his/her particular situation should be developed.

We are still looking for more practical field experiences on the introduction of the'Integrated Nutrient Supply-approach' at smallscale farmers level, specially in the
semiarid zone. Experiences with extension and analyses of economic aspects like
cost-benefit, labour input and land availability have our special interest.
CAN YOU GIVE US THE MISSING INFORMATION ?

the editors

^SUB,SCRIBE]YOW !
ATTENTION: our bank account has changed !
The new number is: RABO-bank Leusden, The Netherlands, account no 3359.44.825
The Postal account of RABO-bank Leusden is 27.81.35
Please mention the reason of the payment !

Residents in Third world countries: The publication of the ILEIANewsletter only
can be continued if sufficient funds are available. In the case that you are not able to
pay for subscription you can still receive the IlElA-Newsletter. JUST COMPLETE
THE SUBSCRIPTION FORM ! with this form we can go to a funding organization
to request the funding of your subscription.
ONLY THE READERS WHO RETURN THE SUBSCRIPTION FORM ARE
ASSURED OF RECEIVING THE ILEIA-NEWSLETTER !
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Towards
'Integrated Nutrient Supply'

From the editors

In rnany regions of the Third World the
decline of soil fertility is alarming. In our
opinion a drastic change in the approach
to nutrient supply is urgently needed to
increase the production of food for a
growing population and to sttip the rapid
increase in soil degradation and
destruction of natural ecosystems.
Nutrient supply should be seen as an
integrated part of the farming system.
In the report of the FAO, 1983, the
following definition was given: 'The
concept of Integrated Nutrient Supply is
a broad one ernbracing considerations of
the nutrient cycle between the soil, the
crop and the animal, the question of
correct nutrient balance in fertilizer use.
including trace elements, combined use
of organic manures and mineral
fertilizers, the exploitation of biological
sources of nutrient (nitrogen fixation)
and the matching of nutrient supply to
the cropping system as a whole and not
merely to the needs of the specific crop'.
Such an approach to'Integrated
Nutrient Supply', adapted to the
possibilities of the local farmers, is
urgently needed. Evidence for technical
and economical feasibility of such an
approach is becoming more and more
abundant. But more attention of
research and extension should be
directed to the development and
introduction of this approach.

Not only the plant, but also the soil

In order to keep the land productive and
to produce high yields in tropical
countries the soil as 'the mother' of plant
life must be kept in good condition. This
means that:
- The primary need is to feed the micro
life (bacteria, fungi, earthworms, etc.) in
the soil and to regulate their living
conditions. This micro life is largely
responsible for the buffering and
regulation of plant nutrition, supply of
anorganic and organic nutrients and
optimization of the water and oxygen
household in the soil.
By feeding organic matter, soil life is
producing humus, the essential substance
for a good soil structure and healthy
plant growth.
- The second need is protection of the soil
against the destructive forces of rain,
wind and sun and the regulation of the
microclimate in the soil. Organic matter
is essential to soil protection.
- The third need is to replace the
nutrients in the soil that are lost by crop
production, erosion and leaching and to
optimize the availability of all nutrients,
including trace elements, needed for crop
production. This can be done by

application of organic and/or mineral
fertlizers.
However, supply of mineral fertilizers
only never will be sufficient to sustain the
productivity of the soil.

Small scale farmers

The majority of the small scale farmers
in Third World countries are using
hardly or no mineral fertilizers (Wolf,
E., 1986). These are too expensive or too
risky to be used in their situation or are
simply not available for poor isolated
farmers.
This does not mean that they do not have
possibilities to maintain soil fertility.
There are many other possibilities within
their reach that can be used, and often
are used traditionally. These are:

I - Recycling of nutrients. Returning all
organic material produced on the farm
and not used for food, fodder, fuel or
fencing back on the field.
2 - Nutrient pumping by fallow
vegetation, especially by deep rooting
trees and shrubs. This makes it possible
to concentrate leached-out nutrients and
nutrients from mineralized rocks into the
topsoil.
3 - Biological N-fixation by symbiotic or
non-symbiotic micro-organisms in
combination with specific legumes,
grasses, Azolla, etc.
4 - Nutrient harvesting. Eroded
nutrients, sediments from inside or
outside the farm are trapped and used to
fertilize the fields (ILEIANewsletter
No 5).
5 - Addition of nutrient through external
inputs. Nutrient losses that can not be
recycled have to be replaced by nutrients
from outside the farm unit. This can be
done with all kind of organic materials as
manure, sediments, mulching materials,
wastes from food processing, etc. but
also through mineral fertilizers as NPK
fertilizers or rock phosphates.

Which type of fertilization must or can
be used does not only depend on the
condition of the soil, the kind of crop
grown, the season, the available organic
matter, etc. but will also differ from
farm to farm and will be influenced by
the socio-economic situation, price
relations and cultural habits.

Skilled farmers needed

Good management of the soil is asking a
great deal of skill of the farmer and
comprises much more than the simple
application of fertilizers as already
demonstrated above. To give a
compilation of all possible soil
management techniques goes beyond the
scope of this article. Important

information on this subject can be found
in e.g. Sanchez,1976.
During age-long experiences much skill
in organic soil management was
developed by farmers themselves.
However, through the changing
circumstances and the influence of'Green Revolution' farming, many
farmers lost these skills.

Evidence of feasibility

Results of research activities show that
by using organic soil management
techniques it is quite possible to produce
comparable yields with those produced
by mineral fertilizers. Even when soils
are poor or acid or erodibility is high,
organic soil management techniques can
be more effective than application of
mineral fertilizers.
In general, highest yiels can be obtained
when mineral fertilizers are used in
combination with green manures
(Adelhelm, 1986; Nair, 1985 and the
article 'Improved fallow' by Dieter Prinz
in this Newsletter). Seen from a national
point of view it is also more economic to
use in the first place national resources
for nutrient supply.
There can be many arguments for
individual farmers to use mineral
fertilizers. But with or without the input
of mineral fertilizers it will always be
necessary to use organic matter in one or
another way to keep the soil in good
condition to sustain its capacity to
produce crops.

I
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Improved
fallow

Dieter Prinz

Improved fallow, defined as "the
targeted use of planted species in order to
achieve one or more of the aims of
natural fallow within a shorter time or on
a smaller area", can be seen as a very
promising method to increase the
productivity of smallholder farming
systems in the tropics.
A stable production system can be built
up and an increase in area productivity
achieved by using one or several forms of
improved fallow combined. But if yields
per hectare are to be doubled, all the
elements of "Integrated Nutrient
Supply" available will have to be used.

Two main forms of fallow can be
distinguished : successive and
simultaneous fallow, and two sub-forms:
ley farming and multi-storey cropping.
Apart from grasses, legumes are the
plants chiefly involved in systems of
improved fallow.

Natural fallow

In order to develop alternative nutrient
supply methods, the background of
regeneration of soil fertility and as the
suppression of weeds through fallow
vegetation, which is a central element of
farming systems of small peasants in the
tropics, has to be understood. The aim of
fallow is:
- improving the micro-biological,

chemical and physical condition of soil
after a phase of agricultural use;

- controlling weeds, diseases and pests;
and

Increasing the productivity of smallholder farming systems.

Distinction can be made between:
l. the intensification of successive

fallow, i.e. replacing or
complementing natural fallow
vegetation by selected fallow plants
that are particularly effective; and

2. the setting up of an simultaneous
fallow, where fallow and food plants
are grown simultaneously in more or
less sharply distinguished spatial
association. The difference between
improved successive and
simultaneous fallow are shown in Fig.
l .

Simultaneous fallow

The concept of simultaneous fallow was
developed from the observation that
recycling of nutrients in the soil can be
best done by letting suitable trees and
bushes grow not at different times but at
the same time as cultivated plants. The
advantages of a successive fallow decline
swiftly after clearing.

There are basically two forms of
simultaneous fallow: one involves the
cutting back of fallow plants and the
other does not. Many variants can again
be distinguished between these two
forms, (see Fig. 2) e.g.
- alley croppirzg, in which quickly-

growing trees or bushes, usually
legumes, are planted in rows and
periodically cut down. The cut material
is applied as a mulch on the strips
between the rows of fallow; larger
branches are used as stakes and as
firewood (IITA 1984);

- integration of trees. In several
traditional agricultural system tree
legumes are growing in between the
crops. For example in Costa Rica, tree
legumes, usually Erythrina
poeppigiana, are regularly cut. The
mulch material is intended to maintain
the soil fertility of areas used for
growing coffee and other crops;

- relay follow (no cutting). For example
in Bamenda, Cameroun, bush
legumes, usually Tephrosia vogelii, are
planted between the food crops
(maize). They are sown later than the
food crops and, in the dry season the
cut green biomass is worked into the
soil (Prinz & Rauch 1985).

- live mulching, in which the rows of
food crops are planted in between a
low but dense cover crop of grasses or
legumes, like Centrosema pubescens,
Pueraria phaseoloides and Arachis
prostrata. For seeding the food crops
strips of cover crop vegetation are
killed with herbicides. Soil tillage
operations are thus reduced to zero
(no-tillage farming). (I. I.T.A., 1984).

- the regulor production of mulch
material by growing woody fallow

- supplying useful by-products such as
firewood. medicinal herbs or animal
feed.

The conditions required for successful
bush fallow are generally:
- agricultural use of the land that does

not completely exhaust the soil;
- areas of woodland in the immediate

vicinity and/or the remains of
vegetation on the cultivated area; and

- a sufficiently long fallow period
permitting complete regeneration of
the soil.

Because of the increasing shortage of
land in many parts of the tropics the
conditions set out above are no longer
available in many places. This has
resulted in a continuing reduction in
agricultural productivity in the localities
affected, in the penetration of hard
grasses which is very difficult to control
and, in extreme cases, in complete
degradation of the soil (FAO 1984, Nye
& Greenland 1960).

Improved fallow

Improved fallow, as an alternative to
natural or bush fallow, can increase soil
fertility and at the same does justice to
some extent to other functions of bush
fallow but does all within a shorter time
span as on a smaller area than in the case
with spontaneous regrowth. This opens
an opportunity to increase agricultural
productivity and to decrease the pressure
on land use.

Dolinilion

SUCCESSIVE FALLOW SIMULTANEOUS FALLOW

Fallow olants and cultivated
plants in @nsecutivs association

Fallow and cultivated plants growing at the
same time in the sam€ field

Main
obi€ctiv€s

Restoration ol soil fertility:
control of we€ds, diseas€s and
pests

Maintenanc€ of soil ferlility

Forms Period
0.5 - 3 y€ars

ln rows Distributed
ov€r th€
arga

Covering the
whole arsa of soil

Plant
spoci€s

Grasses and
hgrbacoous
l€gum€s

Bushes and tr€€s, particularly Grasses
l€gumss and other N2-bindgrs he|bacoous and

per€nnial logum€s

Procedure
I Sowing; at the ISowing; | €nd of th€ fallow I Sowing ot fallow plants

after the €nd I poriod att6r I Sowing/planting; before, at tho same
of the_fallow I buming or romoval I regular cutting bf tim€ as or after sowing
ponod I of th€ wood I tallow plants and culiivat€d plants

rtr
Mulchirg or working in ol the gre€n man€r

Fig. I: DiJferences between improved and successivefallow (Prinz, 1986)
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plants on marginal areas that are
unsuitable for agricultural crops can
also be regarded as simultaneous
fallow.

The ratio between cultivated and fallow
areas in simultaneous fallow systems is
usua l ly  2 : l  to  4 :1 .

There are many other examples of
simultaneous fal low, e.g. in Indonesia
using Leucaena leucocephala in rows to
consolidate slopes. With this method
excellent protection against erosion can
be achieved if.the strips are arranged
along colour I ines.
The inclusion of trees in the cultivation
system (agro-forestry) can help to
increase soil fertility but also non-woody
plants can be used for this aim, just as a
regular change-over between arible
farming and grazing (ley farming).

Suitable plant species

Improved fallow can only be more
efficient than natural faliow if the plant
species used are more efficient (at least as
regards improving the chemical and
physical propert ies of the soi l)  than
species in the local fallow vegetation.
A good fallow plant has to have the
following characteristics :
- quick,growth to close the canopy

quickly, suppress weeds and mlnimize
eroslon;

- high biomass production; litter breaks
down without N-barrier (closer C/N

. rat io);
- N2 fixing deep rooting for pumping

leached-out nutrients or nutrients from
decomposing rocks;

- efficient absorption of nutrients:
- no accidental spread into cultivaied

areas by flying seeds and so on:
- no problems with clearing;
- supplies products that make its use

attractive (fruits, stakes, folk
medicines, feed etc.)

Legumes and other N2-fixing plants have
been particularly successful in-improvins
the N-economy of a location.
In Table I various plants are listed which
have proven to be successful.

There are still many other plants which
could be useful. Also suitable
repre,sentatives of the natural vegetation
could well be considered (Nye and
Creenland, 1966). Special attention
should be given to those plants that are
protected by the local peasants e.g.
Acioa barteri, Chlorophora excelia,
Alchonea cordifolia, Anthonotha
macrophylla and Dialum quineense and
many others from south-east Nieeria.
(Radwanski and Wickens,lg8l ind Obi
and Tuley,l973)

Also tropical grasses such as Pennisetum
purpureum, Panicum maximum or
Tripsacum fasciculatum (Syn. T. laxum)
can produce a great deal of biomass and
even accumulate phosphorus and
potassium in a relatively shorter time
than most legumes.
Substantial bacterial N-fixation (about
f00 kg. N per ha. per year) can take place
in the rhizosphere (Ayamata and Dalt.
1977\ and nitrification is inhibited.

Ileia - Mei 1987 Vol 3. No. 1

Establishing legumes

When using legumes it should be
remembered that:
- grgwltr depends on the presence of

suitable Rhizobium-strains and
inoculation therefore can be necessarv.- plant growth and organic N_binding " '
can be hindered by water stress, an
untavorable pH and /or a lack of other
nutr ients (part icularly p, Ca. Mo. Zn)
or. by Mn toxicity. Application ol
mlnerat or organic fertilizers (included
rock phosphate, lime and ashes) can be
netptul to improve the effect ivi ty of
legume establ ishment.

Experiences with improved fallow

Fxperiments with Crotalaria juncea
(zunnhemp) in southern Nigeiia resulted
after one growing season irian in"riiii-
ln the content of organic carbon in the
soi lof 1290, of avai lable phosphate of
4.3 kg/hectare and of exchangeable
potassium of 45.3 kg,zhectarelAgboola,
I 975).-These increases correspon-cted,
according to data given by th-e authoi, to
tnose ot a 4-year natural fallow.

Experiments in increasing productivitv
per unlt area have been going on since

months' fallow and after burning the
plants on the area (NCSU l9g0).
"Preliminary resulis suggest thit a one_
year kudzu fallow's soil regeneration
processes are equal to or better than a l5_
2Oyear old forest fallow's" (NCSU
1980,  p.  179) .

Crasses too can improve soil fertility
considerably e.g. Cynodon nlemfuensis.
used on impoverished soils that have
been lnder cultivation for many years,
was able to mobilize 109 kg N, Zi UgV,
f 56 kg K, 33 kg Ca and266 kg Mg p-er 

'

nectare per year and to increase the
organic matter content of the soil
considerably. (Juo and Lal,1977)

Results for Azadirachta indica (the neem
tree) are an example of the importance of
trees in (multi-year) fallow: In north_
west Nigeria, on red, acid sandy soils, A.
lnqlca rncreased the pH of the A_horizon
(015 cm) from 5.4 (natural fallow) to 6.g;
the organic carbon content rose from
0.l2Vo in the control to 0.57 s/o undeithe
tree, the concentration of exchangeable
cations from 0.39 meq,/100 g soil'in the
naturat tallow to 2.40 meq and base
saturation from 20 to 98q0 (Radwanski &
Wickens l98l). Inhibit ion of
nitrification by Neem seeds could olav
atso an important role (FAO, lggj).  

'

More interesting perhaps than the
possible changes in soiLfertility
parameters^re-sulting from planted,
successive fallow are the direct increases
in yield that it produces.

Fig. 2: Possible ways of increasing and maintaining soir fertirity in tropicar *oppingsystems:
A : Improved successive failo.w, with different kinds of bush regumes, deep-roottng,with high biomass production;
l: G^1owlng mixed cultures;'the harvest residues are worked in the soil;c : simultaneous failow with a bush teguii in-lne middte row aii rlor'rrine the soirmulch:

? : l:::r::{y.r animat grazing (for.producrion o.l.stabte manure);._^.=..?!!orrorton oJ grazing and culrivated areas by means of hedges of bushtegumes;
| = Inclusion of tree legumes in grazing and cultivated area;Source: Prinz, i986

l97l under the direction of t-he North
Carolina State University in the peruvian
area oI the Amazon on an ultisol.
Experiments with pueraria phaseoloides
(tropical kudzu) produced riutrient gaini
glls bC N, 14 kgp, 66 kg K, 5j k;6;;*
28 kg Mg, I l3 g-Cu and IAI gZnifter'l.4

lrT:lgi;,,/,( ry
,[|ffiffi4"W

uX-l ' irlr11t\'l ,,( r/ i i 
',11((it 
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Pueraria phaseoloides
Mucuna utilis
Mucuna pruriens
Centrosema pubescens
Calopogonium mucunoides
Mimosa invisa
Stylosanthes guianensis
Stylosanthes hamata
Phaseolus mungo
Phaseolus aureus
Phaseolus lunatus
Psophocarpus tetragonolobus
Canavalia ensiformis
Canavalia gladiata
Desmodium intortum
Desmodium adscendens
Desmodium hetrophyllum
Dolichos lablab
Indigofera sp.
Vigna radiata

Vigna umbellata
Vigna unguiculata
Vigna aconitifolia
Sesbania cannabina
Sesbania bispinosa
Sesbania rostrata
Sesbania sesban
Sesbania grandiflora
Crotalaria juncea
Crotalaria retusa
Crotalaria ochroleuca
Crotalaria lanceolata
Tephrosia candida
Tephrosia bracteolata
Tephrosia vogelii
Leucaena leucocephala
Gliricidia sepium
Calliandra calothyrsus
Grevillea robusta

Table l: Various plants which have proven to be succesful in improving soil fertility

In Malawi an increase in yield was
achieved with maize amounting to about
I t/hectare by having a controlled 3-year
fallow with Cajanus cajan as compared
with bush fallow Q.07 t/hectare - 3.21
t/hectare) (Kwapata 1984).
Agboola (1980) examined the influence
of Cajanus cajan, Calopogonium
mucunoides and Vigna radiata in one-
season cultivation on the yield of the
subsequent maize crops and found
increases in yield of between l0 and
3090.

In the "Projet Agro-Pastoral de
Nyabisindu" in Rwanda the different
components that maintain soil fertility
were compared with one another and it
was found that a legume fallow of l0
months using Tephrosia vogelii,
Crotalaria spp. and Cajanus cajan
increased maize yields more than four
times as compared with the control,
doubled it as compared with stable
manure (15 t,/hectare per year) and was
not significantly different from an
application of NPK with 120 kg N, 100
kg P and 100 kg per hectare (Fig.3). The
highest yield was obtained by combining
improved fallow with farmyard manure.

Leucaena leucocephala is the plant
species for which most of the
experimental results obtained in
connection with simultaneous fallow are
available. Since 1979 cultivation
experiments at the International Institute
of Tropical Agriculture (IITA) in
Ibadan, Nigeria, have shown that
permanent cultivation there is possible
with this system if Leucaena is used.
If the cut branches were removed from
the field the maize yield dropped to
about l,/3rd ofthe value obtained from
mulching. The additional supply of 80 kg
N,/hectare to the maize crop increased
the yield still further (1984: from 2.0 to
3.7 t/hectare).

Further experiments showed whether
similar yields to those obtained with
Leucaena mulch can also be achieved
when using only mineral fertilizers.
Nitrogen applications of up to 160
kglhectare were unable to raise the yield
from the maize crop to more than 2.5

t/hectare (IITA 1985). This clearly
demonstrated the positive effect of a
layer of mulch on the life and structure
of the soil.
Other kinds of legumes tried in alley
cropping systems are Cassia siamea,
Flemingia congesta and Gliricidia sepium
(IITA 1984). Sesbania rostrata was able
to increase the grain yield from wet rice
cultivation from 3 t/hectare (without
mulch) to 4.7 t/hectare (with 4 t/hectare
S. rostrata mulch) (IITA 1984).

Arrangement of fallow forms

In the peasant agriculture of the tropics it
is the rule rather than the exception to
find different stages of intensity of
agriculture in the same unit. It is
therefore possible to conceive of a system
in which the different forms of
controlled fallow exist beside each other.
This does not exclude the possibility of
parts of the area under simultaneous
fallow being at times under successive
fallow as the usually small number of
species in an improved successive fallow
and the permanent growing of cultivated
plants in the case of simultaneous fallow

may lead to gaps in efficiency as far as
the control of weeds, diseases and pests is
concerned. No single form of improved
fallow can take over all the functions of
bush fallow lasting several years. It is
therefore sometimes necessary to
combine the different forms of imoroved
fallow.

Acceptance by farmers

All forms of planted fallow absorb a
great deal of labour. But if this is more
or less than the labour involved in bush
fallow depends the local situation. Even
more important can be the moment when
this labour is needed. If this coincides
with other farm activities that can not be
delayed improved fallow is not likely to
be accepted by the farmers (Fig. 4).

If improved fallow is not associated with
a direct increase in income farmers
appear to be not interested.
For this reason it is important that
improved fallow should not only raise
the income of the farmer indirectly by
improving soil fertility but should also
do so directly, for instance by producing
by-products of economic importance.
These include firewood, stakes for
climbing plants, food, fodder, local
medicines etc.

This is an abreviation by the editors of
the article 'Increasing the productivity of
smallholder farming systems by
introduction of planted fallow' by Dieter
Prinz, published in: Plant Research and
Development Y ol 24, 1986, Institut feur
Wissenschaftliche Zusammenarbeit.
Landhausstrasse 18, D-7400 Teubingen,
West-Germany. Dieter Prinz, Institute
for Tropical and Subtropical Crop
Science, University of Goettingen,
Grisebachstr. 6, D-3400 Goettingen,
FRG.
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SOURCES OF SEEDS AND
INOCULANTS

When you are looking for SEEDS OF
LEGUMES the following addresses can
be contacted:
- Nitrogen Fixing Tree Association
(NFTA), P.O.Box 680, Waimanalo,
Hawaii 96795, USA.
For trials, the NFTA provides seeds and
technical assistance, including species
selection, free of charge.
Information needed by NFTA: (l) Main
objective (animal feed, fuelwood,
timber, green manure), (2) Transplanting
months, (3) Site elevation, (4) Annual
rainfall in mm, (5) Dry season months
(less than 50 mm), (6) Minimum and
maximum temperatures, (7) Soil
information, e.g.pH, fertility etc., (8)
Seed import requirements, (9) Species of
particular interest, (10) Type of trial
desired.
- A number of tropical seeds can be
obtained (for experimental purposes)
from the Seed and Plant Material
Exchange Department of the FAO, Via
delle Terme di Caracalla. 00100 Rome.
Italy.
- ECHO, INC.,17430 Durrance Road,
North Fort Myers, Fl 33903, USA. Small
trial packets of seeds can be requested
for by people working with small scale
farmers in the tropics, free of charge.
- SETROPA Ltd., P.O.Box 203,
Bussum. The Netherlands. Greater
quantities of seeds can be purchased with
this private company.
- Many addresses for seeds also can be
found in Tropical Legumes: Resources
for the Future. (1979) National Academy
Press, Washington, D,C., USA.
- or in the Pocket Directory of Trees and
Seeds in Kenya, written by Wayne Teel
(1984), KENGO, P.O.Box 48197,
Nairobi, Kenya.
When you are looking for
INOCULANTS FOR LEGUMES
contact:
- The NifTAL Project, Department of
Agronomy and Soil Science, University
of Hawaii, P.O. Box 0, Paia, Hawaii
96779, USA. They are providing, at no
charge, inoculant for the major tropical
legumes, including leguminous trees, to
individuals in developing countries.
(ECHO DEVELOPMENT NOTES,
Sept. 1986)

WHO KNOWS MORE ADDRESSES ?



Marjolein Hanegraaf

In traditional farming syslems in the
tropics the efficiency of using external
inputs is very important since the
financial means of the farmer are low.
The Rhizobia/legume symbiosis is an
appropriate source of nitrogen in this
type of farming.
In this contribution the optimum
management of legumes as part of a
multiple cropping system is discussed in
three phases: establishment of the
symbiosis, nitrogen content of the
legume, and transfer of the fixed
nitrogen to other crops.

The Rhizobia,/legume symbiosis

Atmospheric nitrogen can be converted
to ammonia by Rhizobium bacteria,
living in the nodules on the roots of
leguminous plants. The legume absorbs
the fixed N from the nodules to produce
protein, vitamins and other nitrogenous
compounds. With decomposition of the
legume the N incorporated is returned to
the soil in a form readily available to
other plants.
Most, but not all, legumes contribute to
the nitrogen status of the soil.
Nodulation is general in the
Mimosoideae and Papillionoideae, but
only 3090 of Caesalpinioideae species
bear nodules. Cassia species, commonly
found in the tropics, do not develop
nodules and thus do not fix any nitrogen.
Most research concerning the symbiosis
has been focused on the establishment
phase of the legume and the selection of
a compatible Rhizobium strain.
Agricultural practices have been
developed, e.g. inoculation, liming,
pelleting etc.

Nitrogen transfer
from legumes

Efficiency of the symbiosis

Without available nitrogen from the soil
legumes grow vigorously only if they
have functioning nodules to fulfil their
nitrogen requirements. So they depend
on environmental conditions for their
own growth as well as on those for the
Rhizobia. Aluminium toxicity and/or
excessive acidity, for example, may
negatively affect the Rhizobium
population and consequently the growth
of the legume. The existence of symbiosis
is not proved by the presence and
number of the nodules. but can be seen
by cutting the nodules across: effective
nodules contain red leghaemoglobin.
Fixation of N is stimulated by a high
C/N ratio of the plant and the absence of
nitrogen in combined form, as from
fertilizer. Elements such as Phosphate,
Molybdenum and Calcium also
posit ively inf luence the f ixat ion.

The amount of N taken up by legumes
varies from 80 - 250 kgN,/ha for
monocropped cowpea, beans and
groundnut. In N-deficient soils more
than 8090 may be derived from symbiotic
fixation. Tropical pasture legumes
produce similar amounts of N under
cutting or short grazing. As the grass
usually takes up most of the available
soil N, the proportion of fixed N in the
legume is probably 80 - 9090. Most of the
N in legumes is transported to the
aboveground parts as the plant reaches
maturity. The amount in the leaves is
usually greater than in the stems, the
ratio varying with the species. Most of
the Nitrogen is stored in the seed.
Harvesting the legume, especially the
seed, dramatically diminishes the effect
of the fixation on the nitrosen level of
the soi l .
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Uptake of N by Rhodes grass from unground
Iegume residues mixed with soil in pots

Turnover of nitrogen

The most important routes for the
turnover of N from legumes to the soil
are: 1. release of N from droppings of
grazing animals, 2. decomposition of
aerial parts of the plant, and 3. the decay
of root and nodule tissues. It is generally
considered that, at the high temperatures
in the tropics, signilicant excretion of N
by the roots does not take place.

Release of N during decomposition is
governed by the chemical composition of
the plant parts. Placement of residues on
the soil instead of burying them results
generally in slower decomposition
because of drying. In figure I is shown
the uptake of N by Rhodes grass, grown
in soil mixed with legume residues. Most
differences between residues can be
attributed to their N content. Residues
containing less than l 590 N do not
mineralize any of this on the short term.
The exceptionally low availability of N
from Desmodium intorhem leaves is
thought to be caused by the presence of
tannin-like substances in this species.

Regardless of the initial composition of
the residues, it has been shown that after
a few weeks the rate of mineralization is
quite slow. N in residues not mineralized
during the first season becomes available
at less than 590 per year. The
mineralization rate is also influenced by
the amount of the residues added to the
soil: large addition decompose more
slowly than small ones. Whether legumes
should be grown in monocrop or
intercropping systems, depends partly on
the rainfall conditions. Where rainfall is
limiting, a beneficial effect of legumes is
more likely in moncrop rotations than
when crops are grown together.

In humid regions with risk of leaching,
fast decomposing legumes in
intercropping systems may release
nitrogen when it is most needed by the
main crop.

Marjolein Hanegraaf, Poortstraat l7a,
9716 JH Groningen, The Netherlands.
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Kurniatun Hairiah
Meine van Noordwijk

In the humid tropics, the leaching of
nitrogen and other nutrients to the
subsoil may occur throughout the
growing season. Mixed cropping systems
of shallow and deep rooted crops can
therefore be advantageous. On acid soils
maize may develop only shallow root
systems; combination with deep-rooted
cassava gives a better nutrient utilization
than a monoculture.

To recover leached nutrients from the
subsoil, deep-rooted cover crops in the
crop rotation may be helpful.
Leguminous food crops such as cowpea
are shallow rooted. The ideal cover crop
should form a rapid cover to protect the
topsoil, produce much biomass, give a
good weed control, form a deep root
system and show a good nodulation.

In practice these requirements can
seldom, if ever, be met by one species.
Some experience with various cover
crops is presently being obtained in
Lampung, S. Sumatra, where Imperata
cylindrica forms the major weed
problem. Research is being conducted
within the framework of a joint research
roject on nitrogen utilization between
our institutes, sponsored by EEC and
Dutch directorates of developmental
cooperation. Remarks on the general
performance of six cover crops is
presented in the table; the root system is
shown in the accompanying figure.
Comparable results for S.E. Nigeria
have been reported previously (see
reference).

Species with creeping stems and fast
initial development, as illustrated by
Mucuna and to a lesser degree
Calopogonium, give good initial weed

Cover crops

control. The erect Crotalaria species do
not directly cover the soil but may shade
out Imperata in the longer run. Mucuna
and Calopogonium show a shallow root
system, Crotalaria roots go deeper. The
other species develop too slow to control
all weeds initially, but may be interesting
because of a deep root development
(Centrosema) or good nodulation
(Pueraria). Yield effects ofcover crops
on a subsequent maize crop are currently
being investigated.

I

Root development of cover crops as
observed from pinboard samples 8
months after sowing (Mucuna at 5
months).

Reference
Kurniatun Hairiah and Meine van Noordwijk,
1986, Root studies on a tropical ultisol in
relation to nitrogen manrgement. Inst. for
Soil Fertility, P.O. Box 30003, 9750 RA
Haren NL., report 7-86

on acid soils
Experiences in the humid tropics

Table I . Observations on cover crop development in Lampung, S. Sumatra, sown in January after the start of the rains; form; c : creeping, e :
e r e c t ;  i n i t i a l g r o w t h : + + = f a s t , + : g o o d , 0 : s l o w ;  I m p e r a t a c o n t r o l + + : g o o d , + = l i m i t e d a n d O : p o o r i  r : I m p e r a t a r e g e n e . " a t i n g .

Species form Root system and nodulationcrop
duration

initial
growth

Imperata
a t 4

control
8 months
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Mucuna utilis
Calopogonium

mucunoides
Crotalatia juncea
C. anagyroides
Centrosema pubescens
Pueraria javanica

T

T

0
+

f T

+
+
+
0
0

c 5 months

perennial
8 months
perennial
perennial
perennial

T T

+ +

+ (r)

0
+ +
f f

+
+

shallow, many nodules

rather shallow, few nod
deep branch root, few nod
deep tap root, few nod
deep branch roots, few nod
shallow rhizomes, deep branch
roots, nodules in subsoil too
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Oromar Bertol
Osmar Wagner

The authors, advisors of EMATER in
Brazil, designed a handy versatile
machine to overcome e.g. the problems
with incorporating organic material into
the soil.

The knife roller is a simple and relative
cheap piece of equipment that can be
made on the farm. It is already widely
used in country districts of Brazil. The
reason that the knife roller is so popular
is that it solves many problems of
cultivating the soil:
- ploughing, planting and harrowing are

made easier and stubble is buried with
this knife roller. so that these
husbandry operations can proceed
without obstruction or blockages.

- burning fields becomes unnecessary
because the stubble can rot down when
it is buried.

- erosion is overcome. as the stubble is
not burnt but remains on the ground;
therefore, it binds the soil so that it
cannot be washed away by the rain.

- the soil moisture is retained longer.
The plant residues on the ground
prevent evaporation, so that water is
available for the crops during long dry
periods.

- the plant residues serve as fertilizer.
(Artificial) fertilizer is expensive;
therefore, why not use what nature has
to offer? The main benefit of growing
crops is for the harvest and the rest
should be returned to the soil by the
farmer as manure. This is work for the
knife roller.

- the growth of weeds is restricted since
the plant residues on the ground can
prevent weed seeds from germinating.

- the quality of the soil humus is
improved which, in turn, improves the
reaction between fertilizers and the
soil.

- soil organism are encouraged due to
the more favorable soil climate and
protection from direct rays of the sun.

- construction of this machine is cheap
and simple.

CONSTRUCTION OFTHE
KNIFEROLLER

The roller consists of a tree trunk, one
metre long with a diameter of 60-65 cm.
The wood must be in good condition so
that it does not split or break up.

or chopping roller

The knives are made of strips of
hardened steel, e.g. the leaf springs of an
old motorcar. Their measurements are:
length = onemetre;width:  14cm.

A knife roller

The knives must be fixed 6 to 7 cm deep
into the wooden roller, at a distance of
22-25 cm apart around its circumference.

The axle comprises two 40 cm lengths of
steel shaft, 2 cm in diameter. These
shafts must be driven at least 20 cm deep
into each end of the wooden roller.

The frame consists of four sawn timbers
joined together to form a rectangle and
strengthened by V-shaped flat steel bars,
at the front, to which is attached the
harness of a draught animal.

Dimensions:
two sawn timbers 1.5 metres x l0 cm x I I
cm.
two sawn timbers 1.3 metres x l0 cm x I I
cm.
two flat steel bars 1.2 metres x 5 cm x 5
cm.
six bolts l2 cm long with nuts and
washers.
We suggest to make the front-side
heavier than the back-side. Thus the
front-side will serve as a brake when the
draught animal stops.

Assembly
l Saw pieces from the ends of the

timber in order to form the corner
ioints of the frame.

l 0 Ileia - Mei 1987 Yol3. No. 1

2 . Drill holes centrally in the ends of the
tree trunk - about 20 cm deeo and
slightly smaller in diameter than the
axle. Drive a steel shaft into each end
with a heavy hammer.

Make six saw cuts along the length of
the tree trunk, about 6-7 cm deep and
spaced equally around its
circumference. Hammer one steel
knife into each ofthese slots. The
knives are fastened by metal hoops.

Drill holes through the sides of the
wooden frame as bearings for the
ends of the axle.

Fit wooden blocks on the ends of the
axle between the roller and the frame
to prevent them rubbing together.

J .

4.

5 .

6. Join the flat steel bars into a V-shape
with the pointed ends forwards; then,
bolt them on to the front of the
wooden frame.



7. Attach the harness to the pointed end
of the V-bars so that the roller can be
pulled by an ox or a horse.

Transporting
Two small wheels are fitted on top of the
side timbers of the wooden frame (see
diagram). These wheels can be used to
transport the roller on hard roads, when
the frame is turned upside down.Another
sawn timber can be attached in order to
increase manoeuvrabi l i ty.

Oromar J. Bertol
Osmar Wagner
EMATER advisors
Praca Duque de
Caxias no. 5- I I
CEP 84100 Ponta
Grossa, Parana,
Brazil.

Originally this article was published in
the magazine Plantio direto. Plantio
direto
EMBRAPA/Fundacas ABC
C.P. 892, Ponta Grossa PR, Brazil.

The english translation is copied from
Vraagbaak Vol. l3 No. 4.
Vraagbaak - Agromisa
P.O.Box 4 l
6700 AA Wageningen
The Netherlands
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Sunnhemp

Experiences in TanzaniaGerold Rupper

Although Gaby Stoll has mentioned
Crotalaria juncea (Sunnhemp) in her
book 'Natural Crop Protection on Local
Farm resources in the Tropics and
Subtropics', it does not seem that the full
efficiency of Sunnhemp has been
recognised. This is even the fact in
Tanzania where this plant has been
cultivated on a large scale in the Ruvuma
Region and less in practical other
regions. Professors and lecturers ofthe
Sokoine University of Agriculture,
Morogoro, only became aware of the
potentialities of Sunnhemp when a four
day workshop was held at Peramiho, the
centre of Sunnhemp cultivation and the
seat ofa Sunnhemp Seed Bank, in
October 1986.

In ILEIA Newsletter nr. 6, November
1986, the editors formulated the
statement "IPM has to be made more
practical for small farmers too". This is
exactly the origin of Sunnhemp
Cultivation in Tanzania. It was felt that
the small farmers, in this case weak
farmers suffering from the effects of
leprosy, needed a help to control weed
and other pests in their crops.
Sunnhemp when planted as single crop
keeps the weed in the fields down to a
reasonable level for about three years. In
the lirst year after planting Sunnhemp it
often happened that no weeding at all is
needed in the maize fields. In the second
and third year one weeding is needed
instead of two or three. When Sunnhemp
has been planted in rice fields before
planting rice, one weeding only is
required on a moderate level. When
planted as intercrop, it is usually done at
the time of the first weeding and the
application of chemical fertilizers.
No second weeding is required, as
Sunnhemp will suppress weeds
completely.

The second point made by the editors
was:
"The relationship between pest
incidence, soil fertility and soil organic
matter content is also of crucial
importance."
When Sunnhemp was introduced by the
small farmers the relationship between
the three factors was fully grasped, and it
is difficult to say which had priority;
perhaps soil fertility. The first effect
noticed by the farmers after applying
Sunnhemp is always the strong initial
growth of the crops: generally only half
the amount of fertilizer is needed the first
year. In the beginning Sunnhemp was
tried out in sandy soils as some people
thought that it would prefer that type of
soil.
This shows that the farmers recognised
from the beginning that Sunnhemp
increases the soil organic matter content.

Crotalaria juncea

Our small farmers sometimes carry dried
stems to a neighboring field in order to
lncrease organlc matter.

"Pesticides derived from natural
resources should be preferred to most
chemicals, although it is unwise to
believe that natural pesticides do no
harm to the environment".
I am conscious that I should not have
underlined this statement, as I would like
to say the opposite in regard to
Sunnhemp.
Sunnhemp attracts certain insects:
insects infesting vegetables, like cabbage
etc., citro trees, coffee trees, flowers (like
Winka), etc. Those insects sometimes
nearly destroy the Sunnhemp plants, but
they usually recover again, even
developing a sturdier growth.
The insects do not move back to the crop
plants as long as Sunnhempflowers are
available.
A recent report from Utengule Tea and
Coffee Estates Ltd., Mbeya (Tanzania),
says that all insects moved from their 20
ha. medical flower-beds to the sunnhemp
beds placed among the flower-beds. On
the other hand it has not yet been
discovered that Sunnhemp has any
negative effect on either crops or
animals, except that Sunnhemp seed
must not be stored in a room where
human beings are working, especially
when fresh air cannot easily enter.

Concerning Striga spp, I want to
mention that a missionary at Urambo,
near Tabora, is distributing Sunnhemp
to farmers in their fight against this
dangerous weed with such a success that
he has ordered one ton of sunnhemp for
a second time. Certainly he would not
have spent 25,0N T anzania Shillings
twice, if he had not seen good results.

l l
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Sunnhemp solves the problem of fallow
periods.
If  intercropping with Sunnhemp is
practiced there is no need to leave fields
fallow. If single stand plantings is used,
the soil fertility is renewed after one
period: the colour ofthe soi l  changes, the
soi l  is very soft,  requir ing l i t t le t i l lage.
The difference is so distinct that school
children have been called their teacher to
draw his attention to this fact. It was
even found out by an old woman that
Sunnhemp turned under after two
months has a clear effect on the growing
of maize.

Sunnhemp shows that it is still possible
that the local farmers can influence
agricultural policies. Although the initial

experiments were made on a mechanised
farm, the small farmers took the
initiative and pushed Sunnhemp
cultivation. The Ministry of Agriculture
of Tanzania has been informed and the
President of the Republic is taking a
great interest in the matter. But the
official policy is still the Fertilizer
Programme of the FAO. The Seedbank
is trying to persuade FAO to incorporate
the cultivation of Sunnhemp into their
programme because this combination of
Sunnhemp and chemical fertilizers seems
to be the best present solution of the
problems besetting agriculture in the
tropics.

It should be added that the cultivation of
Sunnhemp presupposes intelligent
farmers. It does not work miracles and

Sunnhemp, tells Gerold Rupper, acts quickly against the bad effects of applying
sulphote-of-amonia oyer a number of years. Ai soon as a fietd does not iiow risults
from artificial fertilizers, Sunnhemp should be plonted. Pictures taken by Caspar
Haspels from slide-serie: 'Organic Farming in Tanzania'.

does not exclude other means or
methods, l ike rotat ion of crops. For a
few kinds of weed even herbit ides have
to be applied. We use often as an
illustration the work of a doctor: he is
there with his medicines for the sick, not
for the healthy. Chemical fert i l izers and
herbicides are only for cases where
natural means, l ike SunnhemD. have
fai led to work.

Saving up of foreign currency, and
assuring agro-inputs.
The story of Nicaragua is repeated in all
African countries: Lack of foreien
currency and lack of transport, dr lack of
money to pay the high cost of transport.
In the Ruvuma Region of Tanzaniathe
farmers have solved this problem this
year by arranging their own transport
from their villages to the seedbank for
sel l ing their Sunnhemp seed and for
ferrying home fertilizer. Formerly they
would have depended on outside help.

Farmers are told again and again: If you
have no chemical fertilizer in your house
when the planting season starts, plant
Sunnhemp between your food crops in
all your fields. If fertilizer arrives later.
you have st i l l  a chance to make use of i t .
If it fails to arrive, use Sunnhemp as
green manure and you will still get a
crop, moderate-perhaps, but sufficient
for your family.

Fr. Gerold Rupper, O.S.B.
Sunnhemp Seed Bank
Box l ,  Peramiho
Tanzania

I am not interested in Sunnhemp, says Mrs. Mwenda. I don't have enough fields for
food crops. Besides, Sunnhemp means a lot ofextra work and I hoye to do
everything alone. Perhaps if my children are older I will plant Sunnhemp.

t 2
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Coen Reijntjes

During recent years an impressive
number of phosphate rock discoveries in
Africa as well in Latin America and Asia
have been registered. As transformation
of the phosphate rock into
superphosphate is often not possible the
question can be raised whether fine
grounded phosphate rock can be used for
agricultural production.
Recently interesting research in this field
has been executed by researchers of The
Netherlands, Niger and India,
Let us see what ii published by them.

Farmers opinion

Although there is a clear long-term effect
of alkaline rock phosphate (Rp)
cgmparable to that of superphosphate
(SSP) farmers are not eager to invest
money in fertilizers if a s[ort-term effect
is not obtained in the form of a yield
increase in the f irst crop. This is one of
the raisons why RP st i l l  is not yet widely
used by farmers in the tropics.

Different reaction to RP

Practical agronomists found that plants
differ in their ability to use native ioil
phosphate or RP and that low acidity of
the soil improves the uptake of
phosphates (P) from RP by plants.
The differences in the ability of plants to
withdraw P from the slightli soluble Rp
can be declared by several theories:
I - excretion by roots or bacteria of
organic acids, which differs per plant
specie, can bring about acidification of
the root zone which improves the

Malian field workers apply phosphate
fertilizer. Reseorch by the International
Fertilizer Center.

t
L

How-to-use
Rock Phosphate

solubi l i ty of RP;
2 - extensiveness and density of root
systems and their mycorrhizae show wide
variations among plant species and has a
positive correlation with P uptake;
3 - the ability to withdraw Ca from
calcium phosphate (important
component of RP) differs per plant
specles.
4 - the non-equivalent uptake of nutrient
cations and anions by plants causes
changes in the pH values of the root
zone. Excess uptake ofcations over
anions will result in root zone
acidification and will promote the
solubi l i ty of RP.

Acid - Neutral soils

Research by Flach et al,  1987 and De
Swart and van Diest, 1987 showed that
legumes like Vigna unguiculata and
Pueraria javanica act in conformity with
the last theory. Precondition for
biological nitrogen fixation and good
development of legumes is a sufficient
supply of soluble P. . In acid soils the
solubility of RP proved to be sufficient
to start the cyclic interaction between RP
dissolving and biological nitrogen
fixation in legumes.
In neutral soils, however, a small
quantity of triple superphosphate proved
necessary to start this process.

Millets - Mais

Not only legumes can utilize RP
effectively also finger millet (Eleusine
coracana) and pearl millet (Pennisetum
typhoides) proved to give good responses
to application of RP.
Millets absorb comparatively large
quantities of Ca. This could declare their
capacity to dissolve RP.
Maize however, proved to absorb low
quantities of Ca and shows little response
to RP.

Partial Acidulated Rock Phosphate

Bationo et al, 1986, proved that
fertilization of pearl millet with partially
(5090) acidulated rock phosphate (PA50)
or with single superphosphate (SSP)
gives comparable yields when 30 kglha
of P2O5 are used. With RP pearl millet
produced only 26 9o of the yield obtained
with ssP.
Economically PA50 and RP proved to be
competitive with SSP when the prize of
PA50 and RP is 75 vlo and,25 s/o
respectively of the prize of SSP. Whether
the use of PA50 and RP economicallv
will be interesting for farmers depends
on the national prize policy for
agricultural products and mineral
fertilizers. In anyway acidulation will

make the use of rock phosphate more
attractive for farmers as clearer yield
increases wil l  be obtained in the i i rst croo
grown after fertilization.

Composting

If only RP is available, farmers can
acidulate it by composting it together
with manure or other organic materials.
Mishra and Bangar, 1986 found that
compost enriched with RP (17.3 kg
P2O5/ha) was comparable to SSP in
crop response (Cajanus cajan) and p
uptake in soils having a pH between 7
and 8. Even SSP proved to give the best
results when used as P-enriched
compost.
Similar positive results are obtained in
Senegal (Pieri ,  1985).
Though there are differences in solubility
and P content between rock phosphates
of different origins it can be concluded
that if used in the right way and if
available for a competitive prize, rock
phosphate certainly can be interesting for
farmers specially when it is used to
fertilize legumes.

I
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Ravi Sharma

Is the green revolution killing the goose
that lays the golden egg? Is it draining
the very soil where the high-yielding
varieties are planted? It would seem so.
Scientists are discovering to their dismay
that intensive cropping is removing the
crucial micronutrient elements - zinc.
iron, copper, manganese, magnesium,
molybdenum, boron - which form only
one per cent of the weight of a plant but
control various aspects of a plant's
processes. Zinc helps the plant use
nitrogen and phosphorus, iron is
responsible for the synthesis and
maintenance of chlorophyll and so on.
For instance. Ludhiana district of
Punjab records the highest yields of
many crop but it also records the most
alarming deficiency of micronutrients.

Apart from using major fertilizers like
nitrogen, potassium and phosphorus
(N,P and K), many farmers in Punjab
are using zinc as fertilizer to cope with
the growing depletion of zinc and
reduced yields. Every crop removes both
micronutrients and macronutrients from
the soil. But farmers tend to put back
only N,P and K. In fact, most farmers
add only nitrogen, as other fertilizers are
too expensive. A study at the Ranchi
Agricultural College in 197 5-7 6 reported
that the use of 100 kg,/hectare of NPK
(in the ratio of 5O:25:25) led to depletion
of zinc by 629 gm per hectare and copper
by 433 gm per hectare.

Trying to restore the deficiency of one
micronutrient by adding it in a
chemically pure form can lead to another
micronutrient deficiency. In Kanganwal
village of Ludhiana district, where
farmers use zinc as fertilizer. zinc
deficiency has been replaced by iron and
manganese deficiency. In another five
villages, copper deficiency has taken
over. One study of wheat crop in
Ludhiana shows that next to zinc.
deficiencies of copper and manganese are
likely to arrest crop yields. Zinc
deficiency is the most widespread of all
micronutrient deficiencies. Over half of
8706 soil samples from Punjab were
found to be lacking in zinc. Its deficiency
can depress yields by 0. l6 to 3.9 tonnes
per hectare of rice, 0.01 to 1.98 tonnes
per hectare of wheat and 0.06 to 3.4
tonnes per hectare of maize. The results
of about 3,000 field experiments in
different states show average responses
of cereals, millet, pulses and oilseed
crops ranging from 1.0 to 6.7 quintals
per hectare to varying levels of zinc.
Another 14,000 field experiments
conducted from 1967 to 1977 have shown
striking increases in the yields of wheat,
maize, rice and millet with zinc
application in 75 out of 82 districts.
Significant increases in grain yields of

Micro-nutrient drain

crops were observed in more than half of
the experiments.

Next to zinc, iron deficiency is the most
serious impediment to production. It has
been reported from
Punjab,Haryana,Andhra Pradesh, Uttar
Pradesh, Bihar, Gujarat and Tamil
Nadu, and is emerging as a limiting
factor in rice production in the new rice-
wheat rotation that has been evolved in
the non-traditional rice growing areas of
Punjab. Iron deficiency has also been
observed in groundnut, sugarcane,
perennial multicut fodders,peaches and
ornamental plants in many areas in
Punjab. I t  is prevalent in 52 per cent of
the samples of arid brown soils.

One solution being advocated by soil
scientists worldwide is to recharge the
soil by continuously adding the deficient
nutrients in chemical form. such as
nitrogen. But not every farmer can
afford micronutrients and the
application ofzinc, for instance, has to
be carefully done to avoid a toxic build-
up. As much as 80-90 per cent of the
applied zinc gets converted to forms
which are not available to the
plant.Easier solutions lead back to
traditional farming systems and
increased use of organic manures and
multiple cropping with legumes.

According to a Punjab Agricultural
Upiversity experiment in India, poultry
manure, farmyard manure and piggery
manure were found affective for meeting
(zinc)requirements of a maize-wheat
rotation. Similarly, some leguminous
crops like cluster bean and green manure
put the nutrients back into the soil. There
are other cultural practices such as

Manure and sand is collected on Gloria Landfarm, Pondicherry, India and applied
to the crop during irrigation. Thus the soil nutrient balance and the soil struciire of
this black-cotton soil is improved. Pictures by Allrik Copijn.I
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prolonged submerge of the field which
can be used for tackling iron and
manganese deficiency. Unfortunately
little attention is paid to such methods.

Micronutrient deficiency affects the
quality of food and, in turn, human and
animal health. Consumption of zinc
deficient foodgrains by human beings
can lead to retarded growth and sexual
development, defective wound healing
and carbohydrate intolerance, according
to research done by the Post Graduate
Insti tute of Medical Sciences in
Chandigarh. Zinc values were found to
be low in diabetic and diabetic ulcer
patients. Livestock, too, suffer. Most
forage samples from the two Green
Revolution states of India have been
found to contain less than 20 parts per
mil l ion of zinc. which can lead to a
disease called parakeratosis or retarded
growth, bone and joint disorders in catt le
grazing on such fodder.

Studies conducted in Punjab reveal that
the quali ty of wheat,maize, and r ice
improve after zinc appl icat ion, which
leads to an appreciable increase in energy
values, crude protein and carbohydrates.

In a country with extensive malnutrition
neither can we allow crop yields to go
down, nor can we al low our agricultural
base to be undermined. The problem of
micronutrient deficiency will have to be
resolved.
It is however not too late to act.

This alarming article was published in
"the State of India's Environment 1984-
l985,the Second Cit izens Report".
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Soil conservation
and shifting cultivators (1)

Andrew Millington

Soil conservation for shifting cultivation
at first sight seems redundant. Shifting
cultivation is, by design, an integrated
soil management system in which the
impacts of a short period of cultivation
are offset by a long period of soil
recovery under fallow conditions. For
the soil conservationist there should be
nothing to worry about - the topsoil lost
during cultivation being replaced by 15
to 20 years of soil build-up.

Soil management problems do come to
the fore however when the fallow land is
wanted for cultivation. A result of
population demand. Then the balance
belween degradation and recovery
breaks down and soil erosion and other
types of degradation become a problem.
What then can be done in short-fallow
shifting cultivation systems to ameliorate
the effects of erosion?

Evidence from Sierra Leone suggests
there are possible solutions. Solutions
which fit both the technical requirements
of tropical soils and the socio-economic
aspects of the local production systems.
Both of these areas are important in
conservation planning. The first part of
this article examines the political
economy of soil conservation in shifting
cultivation systems (land, capital and
labour) and the second part looks at'Access to instutions' and the specific
stralegies adopted by Sierra Leonean
farmers.

Over the past two decades soil
management research in African farming
systems has been dominated by soil
erosion by water. The adoption of
technical solutions that have been
suggested to overcome erosion problems
in third-world farming systems have been
developed under capital-intensive,
mechanized, commercial farming
systems in N. America and Australia.

The introduction of soil management
techniques developed under these
systems is frought with the typical
problems found in inappropriate
technology transfer. Even though there
are strong environmental parallels
between semi-arid areas in Australia and
the USA and those in Africa, the
majority of African farming systems are
significantly different. This is
particularly true of shifting cultivation.

Are then soil conservation management
strategies developed outside African
agricultural systems the answer? Clearly
the answer in most cases is that they
cannot be because they were not
formulated within the constraints of
African farming systems. The solutions
of on-farm soil management problems

must therefore lie in the identification
and adoptation of indigenous
management strategies or, the transfer of
technical solutions from other Lesser
Developed Countries (LDC's).

The reasons for the lack of success in the
adoption of many technical solutions for
soil management are influenced by a
multitude of factors: but four seem
particularly infl uential.

l. Land availability and tenure
2. Capital and Labour
3. Access to institutions
4. Indigenous knowledge systems.

Coversely these factors are the same
factors around which successful
indigenous soil management strategies
revolve.

1. Land

Land availability and farm size

Farm size is an important factor in
determining whether soil management
techniques can be adopted. An

I

immediate land-take is associated with
all conservation measures (Table l) and
even though the long-termeffect may be
increased productivity on the remaining
land. in the short term overall farm
productivity declines. Consequently
larger farms and,/or farms with a land
surplus are able to more easily accept
land-consuming conservation measures
than small farms. Not only do soil
conservation measures require land to be
taken out of production but topsoil
quantity can also be decreased by the
attendent earthworks.

As population pressure increases, and
more land is required, there is evidence
that farmers begin to reclaim back this
lost land to the detriment of effective soil
conservation. For instance in Swaziland
grass strips, introduced by the colonial
administration, are now being ploughed
out as the rural population increases.

Land tenure

Land tenure is an important factor
affecting the on-farm formulation and
adoption of soil and water management

Table I . Land-takes associated with commonly found soil conservation techniques in
Africa.

Conservation
technique

Land take per ha.
Area (m') Proportion

Bench terracing +
Grass strips *
Contour bunding/
Stick & Stone $

bunding
Broad based banks &
Contour cultivation "
Conservation tillage

75 - s25
t67
9 l
22.2

7 .5 - 52.5
16.7
9 . 1
2 .2

0
0
0

0
0
0

Key:
+

$
&

$ccording_to FAO (1976)guidelines for slopes ranging from 5_35g0
Based on field data from Swaziland, assuming :m ivia-e ,t.ip, 

- -

Based on field data from Machakos District 
-

Based on field data from Sierra Leone (Millington, l9g2)
Based on data from Greentree (1982) and assrined-grazing use
Based on field data from Malawi

Table 2. Terracing costs in 2nd IRDP, JAMAICA

Terrace type Cost per acre in 1980 (J$) Cost increase since 1977 (90)

Machine-built
Hand-built
Orchard terraces

I 100
2800
l 130

45.7
t24.2
88.9

I
I
L
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J$ = 0.29-English pounds (l980rates)
Source: Blustain (1980)
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systems. Unfortunately so far in soil
management, most of the research has
concerned American farming systems.
The applicability of these results is
limited but the underlying motivation in
adopting soil management techniques
vary under different types of land tenure
because of the varying distance between
land ownership and the on-farm
decision-making process, differences in
conservation attitudes and ethics.
variation in farm economics, farm size
variations and different length planning
horizons.

There has not been the same level of
research on the effects of land tenure on
soil conservation in Africa, although
Hudson (1983) cites problems of short-
term cultivation rights, sharecropping
tenacies and absentee landlords. Some
comparisons can, however, be made with
other LDC's. In Jamaica foi instance
capital-intensive soil conservation
techniques (terracing, ditches and cement
waterways) adopted by the second
Integrated Rural Developrnent Project
were found to be inappropriate to farms
under insecure tenure systems (rented
leased and squatter farms) in the project
area (PA) (Blustain, 1980). Under the
IRDP scheme construction of
conservation measures were subsidised
and supervised by the governmenr only
when approved by the owner. On the
farms under insecure tenure systems
(about 2090 of the PA) this was difficult
and furthermore the short-term planning
horizonz and profit maximisation
motives mean that many tenants did not
try to obtain permission.
Consequently only 2Vo of insecure tenure
farms adopted conservation and the
problem of the low uptake was
exacerbated because many of these farms
were on the most marginal land.

2. Capital and Labour

The majority of well-known soil
conservation measures developed outside
the third world are capital-intensive.
Capital expenditure occuring in two
maln ways:

l. Reliance on machinery for the initial
construction and possibly for long-term
maintenance.

2. Long-term recurrent expenditure on
machinery and herbicides for instance.

As the costs often involve foreign
exchange expenditure these costs are high
and continually rising in LDC's
(see table 2)
In developed countries much of the
debate on conservation funding concerns
whether the state or the farmers should
pay. Their meagre capital reserves
preclude peasant farmers from adopting
capitalintensive soil management
systems. What is needed is a soil
management system that is the
equivalent of the low yielding but reliable
crop variety.

Not all conservation costs are up-front
capital outlays or long-term maintenance
costs. There remains the assumption that
soil conservation is economicallv

beneficial. if correct, the up-front and
maintenance costs will be offset by
increased production, but if not,
additional costs will accrue. It has been
shown that soil consevation on American
maize farms (assuming American farm-
gate costs and a mechanized cropping) is
rarely of direct economic benefit and
consequently the farmer sacrifices
income through lost productivity. In
Africa, Turner (1982) has suggested that
the economic advantages of soil
conservation are no incentive to Lesotho
farmers when a monthly wage from
South African mines exceeds the value of
annual crop production and Stocking
(1985) has shown that soil conservation is
unprofitable on commercial farms in
central Zambia. Only if the offsite
benefits are included has soil
conservation a long-term and short-term
economic benelit and then only to
society as a whole.

Given the lower profit margins and high
capital-intensive conservation
development costs on African farms
shifitng the burden of conservation costs
from the government to the farmer is
impossible. If capitalintensive techniques
are introduced then the only scenario is
that the state will have to pay the up-
front and possibly the maintenance
costs. Farmers with surplus capital may
be able to invest in capital-intensive
conservation (Blaut, et al., 1985) but it is
unlikely they could bear both
construction and maintenance costs.
The economic justification of
conservation to the farmer is that the
short-term loss in production (Fig lA)
due to yield suppression (by land take
and decreased land quality) (P0-Pc) will
be balanced by increased long-term
income (B) from the niaintenance of
production at a higher level (Pc) than
under a system with no conservation
measures and declining soil productivity
(Pl-P2). Therefore, the initial
requirement for investment in
conservation is the capital outlay and the
ability to cover the income loss, A. Even
if risk capital is available for the time
period (T0-Ti) to cover the loss of the
income, the capital outlay needs to be
discounted over the planning horizon of
the farm and some allowance for annual
maintenance needs to be made. The short
planning periods of shifting cultivators
means that in purely economic terms
capital-intensive soil conservation will
always be uneconomic.
Solutions to the capital outlay problem
abound in the Third world either bv

government subsidy (Turner, 1982),
government loans (Blustain, 1980) or
both (Government of Rajastan, l97l)
but the loss of the income due to yield
suppression and maintenance costs are
usually neglected. All however involve
outside intervention and are rarely
successful.

Farmers with large amounts of risk
capital and surplus land may be able to
adopt certain types of conservation
management schemes. For instance self-
financed agroforestry approaches to soil
conservation are a possibility, they
currently operate in Lilongwe Plain in
Malawi.

For the farmers without surplus land and
capital the solutions for soil management
might lie in labour substitution and the
adoption of labourintensive techniques.
Labour substitution in conservation
management assumes that surplus labour
is available. Comparative costing
between labour and machinery can be
argued, but more fundamental is the
assumption that labour-intensive
techniques can replace capitalintensive
ones because of a labour surplus. Usually
however because of the labour drain to
towns or to external paid employment
there is a total or a seasonal labour
shortage and consequently the problem
of organising the mass labour for
conservation work arises. For
community conservation works this has
been achieved by 'food-for-work'
programs (Turner, 1982) or village
mobilisation (in e.g. Egypt, Ethiopia,
Kenya and Tanzania). For the individual
farmer the problem is more acute. A
further questionable assumption with
surplus labour for soil management is
that most of the work can be carried out
in the dry season when labour is not used
for crop production. In most, if not all,
rural societies this period is used for
house building, village maintenance and
social obligations; and in shifting
cultivation systems itwould be impossible
to construct new, or maintain old,
conservation infrastructure until bush
has been cleared and burnt immediately
prior to the crop production cycle.

TO BE CONTINUED.
Andrew Millington, Dept. of
Geography, University of Reading,
Whiteknights, Reading RG6 2AB,
England.
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Fig I. Productivity-income relationships after soil conservation measures adopted
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Phil O'Keefe

Rural poverty is the essential cause of
environmental degradation in sub-
Saharan Africa. For the people living in
the rural areas, low income is a maior
problem. In general, the price paidto
these rural producers for their crops is
artificially low. This low price srructure
serves as a subsidy for urban dwellers
encouraging urban migration and
discouraging rural production. Estimates
of the size of this urban subsidy indicate
that, in Africa south of the Sahara farm
prices would have to double to provide
realistic incentives to farmers.

As a consequence of these financial
constraints, rural families actively seek
employment opportunities outside of the
rural areas. Employment opportunities
are the greatest for the young and adult
males. South Africa for example serves
as an employment opportunity for
Swaziland, Mozambique, Lesotho,
Botswana and Angola. The history of
colonial and post colonial economic
development is a history of distorted
urban development paralleled by the
history of the establishment and
maintenance of labour reserves in rural
areas.

In urban employment, however, wages
are low. This low level of wages reflects
the competition for urban employment
not least because of the successful use of
rural areas as labour reserves. But low
wages mean that there is little cash to
send back to the rural areas. Low wages
also mean that the urban migrant can not
afford to return frequently to his rural
home.

Cycles of poverty
The environmental consequences
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This separation of male and female
family members, into urban and rural
households respectively, is more than a
social problem. The absence of male
family members substantially increases
the labour burden of women. The
women are stuck in a rural context.
where the income is sti l l  low and addition
where the household-farm labour force is
depleted. This is the classic Catch 22 of
development - without labour migration
there is no chance of generating
additional income for the family but,
with labour migration there is no
guarantee of employment. Migration,
however, depletes the family farm labour
resources,

The depletion of family farm labour
resources takes several forms. Males are
permanently absent, but women are
absent from their own fields because. at
the very point when they are needed on
their own fields, they are forced to seek
paid employment on other agricultural
land to supplement family income. At
the very point when the women need to

work on their own farms they have to
seek outside wage employment.
The impact of this secod vicious circle of
labour pressure is a series of direct
environmental impacts. Firstly, the
absence of women from their own farms
means that they do not plant their own
crops on time - as a consequence they do
not capture the positive health. The
crops experience drought but the cause is
a drought of labour not water.
But there is a second cycle, more serious.
If there is insufficient labour to plant,
then there is certainly insufficient labour
to maintain farming landscapes. There is
no labour to maintain the quality of the
soil. The decline in soil management is
the decline of agricultural potential - the
decline of any development hope.
Migration causes soil erosion ?
Urbanization causes a decline in
agricultural potential ? Think about it.

Phil O'Keefe. E.T.C. Foundation. P.O.
Box 64, 3830A8 Leusden.
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The science behind rotational bush
fallow agriculture system (hum)
Ramakrishan. P.S.
1984, In: Proc. Indian Acad. Sci.  (Plant
Sci.),  Vol 93, No. 3, pp. 379400. School
of Envir.  Sci,  Jawaharlal Nehru Univ.
New Dehli  I  l0 067, India.

Rotational bush lallow agriculture
variously termed as shifting cultivation,
slash and burn agriculture are commonly
known in India as jhum is a traditional
agricultural system of the humid tropics
and is extensively practiced by the tribes
of north-eastern hill region. There is a
renewed interest in this agricultural
system as it has so much to offer in terms
of concepts and ideas to modern
agricultural organization. The science
behind jhum is based on intuitive
experience of the farmer based on long
tradition. This paper looks at the science
behind jhum with particular emphasis on
the ecological and economic significance
of mixed cropping, recycling of resources
within the system and between jhum and
animal husbandry, the non-weed
concept, weed potential under different
cycles of jhum, and nutrient cycling. The
distortions brought about by the
shortening of the jhum cycle to 4-5 yr is
considered. Alternate strategies for
development with jhum as the focal
point, with suitable modifications but
without the present-day distortions, have
been considered.

O manejo ecologico do solo
Primavesi. A.
1980, 528 pp, Portugese, ISBN 85-213-
0004-2. Livraria Nobel S.A., Rua Maria
Antonia 108, C.P. 2373,CEP 0l222Sao
Paulo, BRASIL.

The book gives a very detailed and clear
insight in many biotic and abiotic factors
that influence positively and negatively
the soil in general and the arable land
specifically. A very clear ecological
approach of most of the agricultural
practices, their benefits and drawbacks is
given in this mostly practical book. It
covers among other subjects ecological
soil management, biological soil-
structure, micro-biology of the soil,
effects of mulching, burning, tillage and
an insight into the characteristics of
special soil types. (Allrik Copijn).

Nitrogen management in farming
systems in humid and subhumid tropics.
Kang, B.T. and Heide, J. van der
1985,362 pp., Proceedings of
Symposium held at IITA, Nigeria. Joint
publication IITA and Institute for Soil
Fert i l i ty (I .B.),  P.O. Box 30003, 9750
RA Haren (Gr.), The Netherlands.

The book presents scientific papers with
data on the dynamics of soil nitrogen,
nitrogen cycling in different forest
ecologies, nitrogen sources and crop

responses and nitrogen management in
different farming systems. Soil fertility
will depend more on the level of 'young'

soil organic matter, formed through
decomposition of crop residues during
the previous 25 years, than on 'total' soil
organic matter. Therefore, the greater
and faster the loss in soil fertility when
the supply of fresh organic material is
neglected.
Continuous application of N fertilizers,
such as urea. results in acidification of
the soils. This process should be
minimized by reducing N fertilizer use,
practicing intercropping or alley
cropping with legumes, and applying
lime if possible.

Contribution to theory and realization of
permanent land use systems in the humid
savannah of Togo.
Egger, K.E. and Blezinger, G.
Botanisches Inst.. Universitat
Heidelberg, Germany F.R.
1986, April, Quarterly Journal of
International Agriculture, p. I l2-130,
(special issue on agriculture and
environment).

Projects of rural development have to
improve smallholders' income. An
analysis of the problem network shows
that this depends on different factors:
international and national economy,
price system, infrastructure, production.
Production-oriented projects in the
humid savanna have to initiate the
change from extensive to intensive and
permanent cultivation on a sustainable
basis. Under the condition of low
external input, intensification can be
achieved by better consideration of
ecological factors. This includes
intensive green manuring replacing the
traditional fallow periods.
In the Central Region of Togo the
leguminous plants Crotalaria retusa,
Mucuna utilis. Canavalia ensiformis and
Cajanys cajan have been selected by a
screening programme as most suitable.
They have been integrated in a rotational
cycle of 4 years. This allows permanent
cultivation. Authors' summarv.

Conservation farming,
Systems, techniques and tools, for small
farmers in the humid tropics.
Ray Wijewardene and Parakrama
Waidyanatha. Department of
Agriculture, Peradeniya, Sri-Lanka
Obtainable from: The Commonwealth
Secretariat, Marlborough House, Pall
Mall ,  London, SW I, England.

Through conserving the natural
resources of the soil, its surface and sub-
soil fertility, the water it receives from
rainfall, and the natural recycling of
forest vegetation, Conservation Farming
aims to provide an essentially low-input
but productive and self-sustaining system
of farming.
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This manual is a guide for Conservation
Farming practitioners; for the farmer -
trainer; for extension workers and others
wishing to try for themselves these
methods and techniques. The authors
have, therefore, commenced with a
review of the tropical farming
background and of the basic concepts
which led to the development of the
systems of Conservation Farming.
The techniques and associated tools are
then described in greater detail in
subsequent chapters.

An inexpensive cultural system using ash
for cultivation of soybean on acid clay
soils
Tran Phuoc Duong and Cao Ngoc Diep
Biological Nitrogen Research Center,
Univ. of Can tho, Hau giang. The
socialist Republic of Vietnam. Plant and
Soil  96, 22s-237 (1986).

Several cultural techniques were tested
for establishment of nitrogen fixing
soybeans on heavy-clay, acid sulfate
soils. Soybean seeds were dropped into
holes and covered with either (i)
Rhizobium inoculant, molybdenum (0,5
kg/ha) and ash from burned rice husks
or (ii) Rhizobium inoculant,
molybdenum and local soil instead of the
ash. Additional treatments evaluated
were the use or absence of tillage and the
presence or absence of a rice straw mulch
(5 t/ha). Soybean plants treated with ash
had the highest number of nodules per
plant. The combination of mulching and
ash treatments produced the highest
soybean grain yields. Without ash all
treatments produced low grain yields.
Tillage had no effect. Authors'
summary.

The political economy of soil erosion in
developing countries
Piers Blaikie
Longman Development Studies, 1985.
p. 188, ISBN 0-582-30089-4.

This book is the first to use the tools of
social analysis to consider why most soil
conservation programmes in developing
countries do not succeed. Most of the
origins and ideological assumptions
behind these policies date back to the
colonial period and as such are
unpopular with bureaucrats at all levels,
as well as farmers and pastoralists. This
book constitutes a whole new approach
which embraces the entire ranse of
political economic relations oithe Iand-
users themselves, both with each other
and with the state. It discusses peoples
strategies in the face of the conservation
policies, and therefore why they are .
unpopular. The range ofanalysis covers
far more than soil erosion alone: it takes
into account land tenure, rents, prices of
agricultural inputs and outputs, and
relations of production in agriculture
and the flow of surpluses in any social
system, all of which can bring about soil
erosion. Authors' summary.
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INDIGENOUS
AGRICULTURAL
REVOLUTION
Ecology and food production in West
Africa,
Paul Richards, 1985, 192 pp.,
bibliography pp 173-188, ISBN (UK) 0-
09161320-5, Hutchinson & Co. 17 -21
Conway Str., London WIP 6JD, U.K.

ILEIA strongly recommends Paul
Richards' book. It gives a very practical
but also theoretically very important
contribution to the discussion of the role
of indigenous agricultural knowledge
and its relation with agricultural
development, agricultural extension and
research. On the basis ofa thoroueh
analysis of some West African casis he
argues that intellectuals, development
agencies and governments have all
pursued environmental management
problems at too high a level of
abstraction and generalization.

Many development problems are in fact
localized and specific, and require local,
ecologically particular responses.
Development workers should seek
situation-specific programmes and
should rely much more than at present
on existing local skills and initiatives.
Evidence suggests that smallholder
environmental management is dynamic
and innovative, and not merely adaptive.
This is not to argue that "peasant
agriculture" needs no inputs or
assistance from the formai research
sector, but to point out that a thorough
ecological understanding of the aims and
methods of small scale producers is
necessary if inputs from scientific
research and the development agencies
are to complement and augment local
trends and interests. On the basis of an
analysis of practices of soil conservation
and fertility management in shifting
cultivation systems and of intercropping
practices, estuarine cultivation. flood-
plain and valley bottom cultivation and
run-off agriculture in wet agriculture he
argues that small scale farmers have
already laid some of the foundations for
an indigenous agricultural revolution.
They have developed systems which may
be viewed as a resource, a wealth of
ecological experience and expertise.

West African food-crop producers are
inventive, but development agencies
rarely harness this inventiveness because
they misunderstand the nature of both
the agriculture and the politics of
communities where food production is a
major interest.
Past failure to support indigenous
initiatives in these areas has had
profound consequences for the present
food production crisis in the region.
Agricultural research efforts must be a
partnership between "formal" science
on the one hand and " communitv
ecological knowledge" on the oth-er.

Research should therefore be location-
specific and comprehensive. Extension
workers and researchers could carry out
on-farm experimentation. This method,
which is basically a top-down research
model that tries to secure interest, help
and feedback from the farmers has an
inherent contradiction: The farmers'
enthusiastic involvement is sought, but in
a context in which the scientist is still
clearly in charge. Experiments within the
experiment as a result of farmers ideas
are not welcome.

Richards points out that farmers
themselves have considerable research
capacities. He substantiates this on the
basis of two cases; One case on the way
farmers know, select and experiment
with rice varieties in Sierra Leone. and
one case where farmers in Southern
Nigeria had knowledge on the life cycle
of the variegated grasshopper to an
extent that they were able to anticipate
some (but not all) pest control
recommendations that were developed
by a research team.

Since farmers carry out experiments,
extension workers need to be trained to
observe, value, record and evaluate
informal sector innovation. They might
then assist in the more rapid diffusion of
such innovations, either by incorporating
them into their own repertoire of
recommendations, or by creating
opportunities for farmeri to exchange
ideas directly. This could be done by
organizing local field days and farmer
workshops or any other method of
"sideways extension".
Richards propagates the participatory
research approach, where the problem
definition and perhaps most of the
research itself is undertaken by
appropriate user groups. The role ofthe
scientist is that of a consultant: to
collaborate rather than to direct.
Successful participatory research
depends on two key factors:
l. the existence of strong local
organizations capable of formulating
problems and of carrying out part of the
research and development activities.
2. Contact between
scientists,/consultants and user groups on
a regular and continuing basis, which
implies decentralized research activities
and a willingness by the researcher to live
and work under village conditions.

The book concludes by an annotated
checklist designed to assist agricultural
extension workers assess local skills and
research and development priorities and
open up possibilities for "sideways
extension" and participatory research.

Although the book was written on the
basis of West African experiences, it is
also recommended for persons interested
in agricultural development in other
parts of the world.

(Bertus Haverkort)

SELF EVALUATION
Ideas for Participatory Evaluation of
Rural Community Development
Projecls. A World Neighbors
Publication, 1986,43 pp. Price: US$ 5,-,
rsBN 0-942716-05-1.

World Neighors has published an
interesting and practical "how to do it"
handbook on programme self-
evaluation.
The booklet's basic purpose is to help
those involved in running rural
community development projects to
learn how to do more effective and
appropriate evaluation themselves. This
should lead to evaluations becoming a
natural, built-in process in a project
which provides timely, relevant
information to those who need to make
decisions which affect that project. And
it aspires to the ideal that all those
participating in a community project will
play an active part in the self-evaluation
and decision making process.
The manual deals with basic questions
such as: Why evaluate, evaluation for
whom and by whom, levels of evaluation
and elaborates on practical questions as:
when, what and how to evaluate and how
to use the outcome of the evaluation.
The manual as well as other audio-visual
materials that could be used to support
development activities can be ordered at:
World Neighbors Development
Communications, 5l l6 North Portland
Ave., Oklahoma City, 73 I l2 USA.

(Bertus Haverkort)

r

CASSAVA IN SHIFTING
CULTIVATION
A systems approach to agricultural
technology development in Africa.
Louise O. Fresco, 1986,240 pp.
Royal Tropical Institute, Publications
Department, Mauritskade 63, 1092 AD
Amsterdam, The Netherlands. ISBN 90-
6832-01 3-0
Although aggregated data for Africa
show a declining food availability per
head, these do not adequately reflect the
diversity in performances between crops
and regions.
This volume presents a case study from
the Kwango-Kwilu region in Central
Zaire. ln this area, cassava production
has increased considerably in the last
thirty years and has kept pace with or
even surpassed population growth,
despite socio-economic and agronomic
disincentives. The author reviews the
evolution of cassava production in the
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region, and its agronomic effects.
Cassava, cultivated as a key component
of a shifting cultivation system, allows
great flexibility in cultural practices. The
expansion of cassava onto marginal
soils, the increased presence of cassava in
crop rotations and associations, and the
reliance on female labour explain much
of the production growth. At the same
time, however, cassava yields have
declined and the shifting cultivation
system is rapidly breaking down. Past
and present research efforts on cassava
are discussed with a view to determinine
strategies for agricultural technology 

-

development. The relevance of this study
lies in its detailed analysis of changes in
shifting cultivation as well in its method
ofanalysis. It draws upon ecological
system analysis and, to a lesser extent, on
farming systems research, and presents a
systems framework that allows the
integration of technical and
socioeconomic aspects of crop
production which has wide application.

LET THERE BE FOREST
Krochmal. A. and C.
1986, 96 pp., illustr., ISBN 90-220-0906-
8, price dfl. 26,50 PUDOC publication,
P.O. Box 4, 6700 AA Wageningen, The
Netherlands. The purpose of this book is
to acquaint policy makers, development
planners and students with the many
important functions of tree plantations
and the pressing need to incrreases the
rate of tree planting. The subjects are
treated in a popular and educative
manner, to stimulate the reader to
support efforts to reafforest our globe.
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THE GREEN
REVOLUTION REVISITED:
Critiques and Alternatives
Edited by Bernhard Glaeser, 1987,214
pp., Allen & Unwin, Price: 23,- English
Pounds.

LEARNING FROM CHINA?
Development and environment in Third
World countries. Edited by Bernard
Glaeser, 1987,290 pp., Allen & Unwin,
Price: 30,- English Pounds.
Orders: International Institute for
Environment and Society, Potsdamer
Str. 58, D-1000 Berlin 30, West
Germany.

LA FECONDITE DU SOL
Hans Peter Rusch, 1968,314 pp., Le
Courier du I-ivre, 2l Rue de Seine, Paris,
France. Price: Dfl. 47,75. Translated in
1986 by Claude Aubert from German:'Bodenfruchtbarkeit: Eine Studie
biologischen Denken'.

JARDINS ET VERGES
D'AFRIQUE
Hugues Dupriez and Phillippe de Leener,
1987, 360 pp.,740 figures and photos (!),
ISBN 2-87105-005-8, Terres et Vie, Rue
Laurent Delvaux, l3 B-1400 Nivelles,
BELGIUM. (Recommended !)

THE NATURAL WAY OF
FARMING: The Theory and
Practice of Green Philosophy
Masanobu Fukuoka, 1985, 280 pp.,
ISBN 0-87040 -613 -2, Japan Publications
Trading Co., l-2-1, Sarugaku-cho,
Chiyoda-ku, Tokyo l0l, Japan.
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TOP
My top five books for interest and
importance on agriculture and
development in the South are:

Paul Richards Indigenous Agricultural
Revolution: Ecology and food
production in West Africa, Hutchinson,
London 1985. An outstanding statement
about farmers' knowledge and
capabilities which I would put top of any
reading list on agriculture and
development. An'instant classic'.

Ester Boserup The Conditions of
Agricultural Growth: the economics of
agrarian change under population
pressure, George Allen and Unwin,
London 1965.
An elegant thesis about causes and
sequences of change in small farming
agriculture.

Richard R. Harwood Small Farm
Development: understanding and
improving farming systems in the humid
tropics, Westview Press, Boulder,
Colorado. 1979.
The best account I know of small farm
development, with an impressive range
of insights clearly presented.

Roland Bunch Two Ears of Corn: a
guide to people-centred agricultural
improvement, World Neighbors, 5 I l6
North Portland, Oklahoma City,
Oklahoma 73112, 1982 (second edition
1985).
A source of commensense, tested.
practical advice.

Amartya Sen Poverty and Famines: an
essay on entitlement and deprivation,
Clarendon Press. Oxford 1981.
A brilliant book which has profoundly
influenced the way professionals now see
deprivation and famine.

Two other publications, which are not
books. did not received the attention
they deserve. Both seem to me significant
contributions to understanding and
practice. The first is John Hatch's The
Corn Farmers of Motupe: a study of
tradiditional farming practices in
Northern Coastal Peru. Land Tenure
Center Monographs No. l, Land Tenure
Center, 1525 Observatory Drive,
University of Wisconsin-Madison,
Madison, Wisconsin 53706, which
recounts how he abandoned
conventional PhD thesis research and
instead asked farmers to teach him to
perform all the operations involved in
growing maize, and what he learnt in
consequence. The second is Robert
Rhoader The Art of the Informal
Agricultural Survey, Social Science
Department Training Document 1982-l,
International Potato Center, Aptdo
5969, Lima, Peru 1982, a succinct and
sensible guide to learning from small
farmers.

ROBERTCHAMBERS
29 January 1987 f
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.BOTH ENDS':
Environment and
Development Service for
NGOs

In one of the former ILEIA Newsletters
an announcement was placed on the
project "Women, Environment and
Sustainable Development" from the
Netherlands IUCN Committee. Apart
from information exchange and the
collection of documentation on this
issue, one of the main outputs will be the
book "Women and Environment: an
alliance for the future". This book will
be published in the middle of 1987 by
IUCN and Cambridge University Press.
The publication will be announced in this
ILEIA Newsletter and some cases will be
presented then.

In 1985 a report on "Environmental
NGOs in Developing Countries",
compiled by Harry van der Wulp, rvas
published by the Netherlands Ministry of
Environmental Affairs.
As a follow-up to the recommendations
in this report and the "Women,
Environment and Sustainable
Development" project the Netherlands
IUCN Committee has now started the
project "both ENDS" (Environment
and Development Service for NGOs).
Objective of the project is to supply a
service for NGOs working in the
environmental field in the Third World.

Main activities of "both ENDS" are:
a. A question/answer service.

Environmental NGOs in developing
countries can request for specific
(technical, scientific, legislative, etc.)
information. ENDS will pass this
request to the most appropriate
institution in the Netherlands or 

'

Europe and conduct the answering in
order to guarantee a proper reply.

b. Assistance in finding potential donors
and support in fundraising for certain
environmental projects submitted by
NGOs in developing countries.

c. Promotion of North-South and
South-South cooperation between
environmental organizations and the
promotion of the participation of
local environmental NGOs in
Netherlands' development assistance
projects and programmes.

The role and position of women will get
special attention in "both ENDS".

Those of you who would like to make use
of "both ENDS" , or who would like to
supply any relevant information should
contafi:
both ENDS, Neth. IUCN Committee,
Irene Dankelman, Damrak 28-30, l0l2
LJ Amsterdam.
(te|.020-261732 / 230823; telex 78090)

COURSE ON ECOLOGICAL
AGRICULTURE FOR
AFRICANS

June 29 - July 24,1987

Within its Agriculture, Man and Ecology
programme the E.T.C. Foundation
organizes a training course for African
agriculture extension workers on
Ecological Agriculture in Developing
Countries.
The focuss of this four-week course is
three fold:
- Learning about techniques and

methods of ecological agriculture;
- Adaptation of general techniques and

methods to specific agroecological
conditions;

- Incorporation of an ecological
approach in the participants work
sltuatlon.

The course will be conducted from June
29th - .Iuly 24th, 1987, at an ecological
farm training centre in the Netherlands.

For further information please contact:
E.T.C. Foundation, Erik van der Werf.
AME Programme, P.O. Box 64, 3830
AB Leusden, The Netherlands. Telex
79380 ETC NL.

ORGANIC FARMING
DEMONSTRATION
PROJECT

From Klaus Prinz of the Village
Extension Service (VES) in Thailand,
ILEIA got a very interesting report on
the results of the "Organic Farming
Demonstration Project" in the period
1985/1986.
In order to make the reader acquainted
with this interesting project some
quotations will follow:

"In order to point out the importance of
organic farming methods, it was
attempted to present them as
components in agricultural production
cycles. Thus the demonstrations were
arranged under aspects of multiple
cropping systems in upland farming.
By tradition, Thai upland farmers are
not unfamiliar with this form of
agriculture and organic cultivation
methods; a new and better understanding

of these methods and their functions
assists the farmer to consider their
practice as acceptable alternatives in
their land-use and crop-cultivation
management."
'Botanical Weed Control'
"In this section legumes are utilized as
cover crops, for the main purpose to
suppress weed growth on re-used fallow
and in orchards. In order to make
botanical weed control more attractive,
we so far have used black bean (Vigna
unguiculata) only; this plant is able to
smother weeds like Imperata, and also
may produce a marketable grain
harvest." "Grasses are slashed in
August,/September and spread over the
ground as mulch, into which black bean
was planted. Where the mulch was thick
enough to prevent Imperata from re-
emerging too soon, the legume vines
were able to provide an effective cover. "
"A valuable contribution in this sector
came from a woman-farmer. who
experimented with an other viny legume,
rice bean (Vigna umbellata), to meliorate
an Imperata invested field. Farmers and
other visitors were impressed that the
vine had smothered Imperata completely
wltnln one season.

McKean Rehabilitation Institute
Village Extension Service (VES)
P.O.Box 53
Chiang-Mai, 50000
Thailand

CROP RESIDUES AND
FERTILITY

In the magazine Spore, the following
announcement was made:
A research programme sponsored by the
International Union of Biological
Sciences (IUBS) and UNESCO is
investigating how organic matter in
tropical soils breaks down. This
knowledge is of vital importance to
farmers who have little besides dung and
crop residues with which to fertilize their
soils.
Following two recent workshops, a
precise experimental package has been
drawn up. It will be used to test the ways
in which fertility of tropical soils could
be enhanced through managing these
biological processes. The package will be
tried in I I international centres
throughout the tropics.
Woody or fibrous materials tend to
decompose slower than some leafy
materials. By using different crop
residues and manipulating the ways the
residues are added to the ground, the
release of nutrients and plant demands
can be synchronised. Ways can also be
found to stabilise the organic matter
content of the soil.

For further information contact:
Dr. Jonathan Anderson
University of Exeter
Exeter EX4 QJ
England. f
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The moon and agriculture

Hans Carlier

The moon has always exercised a magical
attraction on us. The moon, which sets
enormous masses of water in motion and
so causes ebb and flood in the sea. It is
also common knowledge that the
menstrual cycle in woman keeps pace
with the lunar cycle. Above all other
planets, the moon is the most
apprehensible and most farmers
throughout the world take the moon into
account in their work, consciously or
unconsciously.

The moon indeed became less magical
when man want for a walk on it. But the
moon's influence on the earth was not
diminished. The moon tugs at all the
fluids on earth and in so doing exercises a
strong influence on man, animal and
plant.
Just what is the moon's influence on
agriculture?
During my stay in the Andes Mountains
of Ecuador we did some research into the
subject. The knowledge of 25 farmers
and their wives was collected and
processed into a calendar for the district.
This publication, so illustrative of
farmers' wisdom, did not merely
stimulate the population to discuss the
value oftheir culture. but also students
and development workers paid more
attention to this form of farming science.

In Ecuador it is the general custom not to
till the soil, plant seed, weed and not to
harvest crops at the time of the New
Moon and seven days thereafter.
Experience teaches that this period
stimulates maize, potatoes, beans, and
even wheat and other cereals to a growth
spurt. Despite this spurt the plant hardly
comes to the point of forming fruit or
tuber.

Furthermore, the plants remain weak
and in consequence sensitive to diseases
and pests. The plants are easily blown
down by a moderate wind. The farmers
claim that tilling the soil at New Moon
increases attack from larvae. And if the
harvest is gathered at the New Moon it is
liable to be attacked from storage pests.
Furthermore, potatoes and fruit do not
keep well.

The same is true of bananas. The advice
of Ecuadorian farmers is, never plant at
New Moon. For in spite of the growth
spurt you get only small fruit and the tree
soon deteriorates.
The New Moon period is used to treat
animals with vermicides because the
parasites are most active at that time.
Sheep are sheared during the first
quarter. The new fleece grows quickly at
that time and becomes long and sturdy.
If one shears when the moon is n€w or
full one may count on a great deal of
trouble with springy, curly wool that
grows only slowly. Trees, according to
the farmers in the Andes, must never be
felled at the New Moon, or the wood will
be infested with woodworm. This holds
true for bamboos and lianas, used in the
area for roofing houseS. Finally, to
obtain straight trunks that do not readily
fall, they advised planting trees in the
period between 7 days after the New
Moon and before Full Moon.

There is enough here to make one think.
A people dependent on nature for
survival has gained experience of the
forces of nature in the course of time.
The more I talk with practical people
about their centuries'old traditions. the
more I become aware of the enormous
distance between science and practice.

Under pressure of modernisation, such
peasant wisdom has practically
disappeared in Europe and is hardly to
be found in books. Fortunately there are
still many places on earth where we can
consult the Iocal people when we are
iooking for 'low external-input'
ecological alternatives.

Appeal

Who can help us, ILEIA Newsletter
readers, with information on the
influence of the moon on agriculture?
References to literature with the address
of the publisher are also very welcome.
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INDIGENOUS
KNOWLEDGE EXCHANGE

In next issues of the ILEIA Newsletter
we will give attention to Indigenous
Agricultural Knowledge in order to
establish an exchange possibility for
those working in this field.
It is not only relevant for farmers and
extension workers, but it also wants to
serve as a source of inspiration for
scientists and researchers. WE INVITE
ALL ILEIA NEWSLETTER
READERS TO SHARE THEIR
INFORMATION. Themes to be treated
in Next Newsletters (see page 23) have
our special interest.
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Interview
a farmer!

Understanding traditional agriculture starts with understanding the farmer. We are
interested in receiving contributions from you, in which a farmer is interviewed and
consulted about his,/her practices which are going to be dealt with in one of the
future issues of the ILEIA Newsletter.
START NOW with discovering the SCIENCE OF PEASANT FARMERS and
communicate them to others via the ILEIA Newsletter !!
Contributions should not exceed 1500 words and have at least 2 clear illustrations,/
photo's OR: by means of a picture story: 500 words and at least eight (8) inspiring
black/white photo's. Future themes: Diversification, Micro-climate management,
Animal husbandry.

"READERS WRITE

TEACHING
r.P.M.
Dear Sir.
I write to congratulate you on the efforts
of ILEIA to spread new findings to small
scale farmers, especially in the field of
Pest Control. The control ofthe various
pests affecting crops is a major problem
for those concerned with crop
production.
I really liked the content of the article on
Traditional Agriculture and Integrated
Pest Management. On my school farm,
where the variegated grasshopper
destroyed all the one hectare cassava
planted, a crop rotation method was
adopted the following year. To my
surprise most of the grasshoppers died
when plantain followed the cassava in
the rotation.
If such knowledge of pest control could
reach all small scale farmers it would
prevent them from using poisonous
insecticides.
In Ghana almost all the small scale
farmers are illiterates who do not know
the hazards of applying chemicals on
their crops, let alone the correct mixture
of these chemicals. Most of the time the
person applying the chemicals is not
protected in any way. He only places the
spraying machine on his back (at times
on the bare back) without any protection
ofthe nose and eyes. This contributes to
pollution and its side effects. So I have
started impressing upon the Agricultural
Students in my school the use of organic
materials in farming through their
experimental plots of land.
This is why I find the recent ILEIA
Newsletter very important and
educating. I have placed my copy in the
school library for others to read.
I.P.M. we need more of such stuff.

Thanks for your efforts,
Comfort K. Acheampong

Juaben Secondary School,
P.O.  Box l0

Juaben-Ashanti,
Ghana

ILEIA Newsletter No. 8:
DIVERSIFIED BIOMASS
PRODUCTION
Contributions to ILEIA before May 30,
1987.
Publication July, 1987.

Small farmers mostly strive after a
diversified production of different crops,
animals, trees, shrubs, straw and in a
certain way also weeds. The needs of the
family, the demand of the market, site-
specific qualities ofthe fields, risk
minimization (climate, pests, market),
spreading of labour input and
productivity are important reasons for

diversification.
Stable eco-systems show a high degree of
diversification; this means that in order
to keep agricultural production
sustainable a diversified production of
biomass is necessary.
Articles should deal with: intercropping,
research by farmers, woody biomass
production, traditional knowledge on
seed production and local varieties, weed
management, allelopathy, economic
aspects.

ILEIA Newsletter No. 9:
MICRO-CLIMATE MANAGEMENT

Contributions to ILEIA before August
30, 1987.
Publication October. 1987
Keywords: traditional management
systems, mulching, minimum tillage,
shelterbelts, eco-designing.

ILEIA Newsletter No. l0:
ANIMALHUSBANDRY
Contributions to ILEIA before October
30, 1987.
Publication December. 1987.
Keywords: Integration with agriculture,
zero-grazing, production of fodder.
aspects of breeding and selection, animal
health care by traditional methods.
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READERS WRITE
Ecological soil
management
Dear editor,

I t  is a pleasure to me to help you in your
work in Africa and Asia. Actually my
book about ecological management of
plagues and diseases in crops will be
published. I  bel ieve, in this book you wil l
find our entire experience wrth soil
management in the tropics of South
America. We are convinced, that there is
no possibi l i ty to f ight agains( symproms.
We have to remove the reason of these
symptoms.

The basic question is: what do plants
need to produce well? Plants produce i f
nutrients are available, which they may
absorb and metabolize. For the
metabolism the plants need oxygen and

enzymes.
- Well ,  oxygen can reach the plant roots
i f  there  are  macro-pores  in  the  topso i l
that are formed by water stable crumbs.
And these crumbs are formed essentially
by bacteria and fungi feeding on organic
matter, but also by l i t t le soi l  animals. For
this reason organic matter is needed on
the soi l  surface for the protection of this
surface against sun and raindrop energy.
- Enzymes depend on micronutr ients and
their balance with macronutr ients.
All soil management activities have to be
d i rec ted  ro  sa t is fy  these two po in ts .

I work especially with small farmers and'assentados',  people who received
recently land from the land-reform. I too
am a small  farmer.

Al l  work we do is oriented by a global
ecological view and condensed in 5
points:
l .  Form macro-pores in the topsoi l  ( this

requires the biggest quantity of
organlc matter);

2. Protect the porous soil surface against
raindrop-energy (mulch, close

planting, plant associat ions) ;
3 .  D ivers i l y  so i l  l i fe  ( ro ta r ion ,  g reen

manure, interplanting);
4. Protect the field against wind;
5. Equil ibrate plant nutr i t ion (give the

micronutr ients missing).

All techniques we use are orientated by
these points. And results are
surprisingly. Land recovers, crops
increase, diseases diminish, biological
quality increases, cattle breads faster and
their health is betrer. Farming systems
are less susceptible to cl imatic
fluctuations.

My books about soi l-  and grassland
management can be ordered from my
publisher (see page 18 of this ILEIA-
Newsletter).  They are only in portuguese
and spanish. Could you use them?

Sincerely yours,

Ana Primavesi, Caixa Postal 36,
18 .730 I ta i lSP,  Bras i l

I

Recycling
Dear editor,

I would like to draw the attention of the
ILEIA Newsletter readers to the
following: a schematic plan to get
maximum amount of organic manure.

Generally small farmers throw away
agricultural wastes and their animals
remain half fed. If agricultural wastes
are mixed with diluted animal dung or
slurry of biogas plants, five times the
quantity of organic manure may be
obtained. This programme is being tried
at Pushu Palak , Vikas Sansthan,

ILEIA
P.0. Box 64
3830 AB Leusden
The Netherlands

Kashipur (Nainital) U.P., India for
demonstration purposes as shown in the
orawlng.
In this way we can get, on dry matter
base, five times the quantity of organic
manure than with animal dune alone.

From:  J .C.  Gupta
Editor: Pashu Palak Monthly

Kashipur 2447 13 U.P., India.
Secretary: Pashu Palak Vikas Sansthan

Kashipur (Nainital) U.p.,
India.

Slurry of biogas-plant
ash of paddy husk -
slurry of biogas-plant-
paddy husk
slurry of biogas-plant -
agric. waste material,_
e.g. paddy straw

ILEIA was established in 1982 by the E.T.C. Foundation, Consulrants for
Development Programmes.

The general aim of ILEIA is to provide development intermedia with relevant
information on low external-input agriculture, on practical methods and scientific
backgrounds as well as on strategies to introduce low external-input methods in
agricultural development.
Low external-input agriculture means to us: agricultural systems which make
optimal use of locally available natural and human resources (such as: climate,
landscape, soil, water, vegetation, local crops and animals, labour, local skills and
knowledge) and which are economically feasible, ecologically sound, culturally
adapted and socially just. The use of external inputs such as mineral fertilizers,
pesticides, tractors, hybrid seeds, is not excluded but has to meet the above-
mentioned criteria of sustainabilitv.

ILEIA is realizing this aim by:
* Documentalion. A data-base on low external-input agriculture is being compiled.
* Information Seruices:
- Question and Answer-service; on request information will be given on
documentation on special subjects or organizations and projects in a special country
or persons who are active in a special field.
- Permanent Documentation and Information-services to govefnmental and Non-
governmental organizations and projects.
+ Quarterly publication of the ILEIA Newsletter.

Diluted dung
ash of paddy husk
Diluted dung with
animal urine
paddy husk
di luted animal dung
agnc. waste material,
e.g. paddy straw
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