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Abstract 
In Limpopo Province of South Africa, a trial was conducted over four seasons (one 

each year, from September 2011 to May 2015) to assess the productivity of Moringa 
oleifera ‘PKM 1’ grown with tropical legumes.  Season 1 was devoted to the establishment 
of 120-m long rows of moringa trees, with seeds spaced 1 (in-row) x 3 (between-row) m.  
Except for a 1-m wide weed-free band at the base of each moringa row, the alleys were kept 
in native grasses to minimize weeding.  Arranged in a randomized complete block design 
with five replications, treatments consisted of a no-legume control and four legumes 
[cowpea (Vigna unguiculata ‘ITD98’), jack bean (Canivalia ensiformis), lablab (Lablab 
purpureus ‘Highworth’) and pigeon pea (Cajanus cajan ‘Kranti’)] sown below the moringa 
trees during seasons 2 and 4.  During season 3, the 1-m wide weed-free strip beneath the 
moringa trees was sown to okra (Abelmoschus esculentus) and kale (Brassica oleracea).  
The moringa trees were heavily mulched with straw over the winter dry seasons, and 
pruned to a height of 1 m at each of two leaf harvests per season (2-4).  Total season-2 
(223-279 kg ha-1) and season-3 (314-466 kg ha-1) moringa powder yields were unaffected 
by season-2 legumes.  Season-4 moringa productivity, however, was lower (P < 0.0001) 
with (191-340 kg ha-1) than without (473 kg ha-1) legumes, likely due to weather 
conditions favoring legume competition with moringa.  Legumes performed better under 
moringa than the vegetables.  Results indicated that, where short-duration freezes occur, 
1 ha of this system can provide—over the course of a year—a daily supply of 5 g of moringa 
powder for each of 120-153 people by the second season.  Additionally, legumes were 
shown to contribute as much as 5 (jack bean) to 6 (lablab) t ha-1 of dry, above-ground 
biomass and 525 kg ha-1 (lablab) of dry beans.  Steps such as pruning moringa above 1 m 
are suggested to minimize adverse effects of legume competitiveness with moringa. 
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INTRODUCTION 
Moringa oleifera (referenced hereafter in this document as “moringa”), the most commonly 

cultivated of 13 species of the Moringaceae family, is a slender, soft-wooded, perennial tree native 
to sub-Himalayan parts of India (Ramachandran et al., 1980).  Readily propagated from seed or 
cuttings, it grows well in most areas of the tropics and subtropics (Morton, 1991; Palada, 1995).  
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Fuglie (2000; 2001) described multiple uses for moringa and advocated for its use in 
addressing human malnutrition.  Non-governmental organizations (e.g., Trees for Life, Church 
World Service, and ECHO Inc.) have also promoted moringa as a valuable source of nutrition for 
the tropics (Fahey, 2005).  The leaves, consumed fresh or dried and then crushed into a powder, 
are a rich source of protein, minerals, and vitamins (Amaglo et al., 2010; Fahey, 2005; Fuglie, 
2001; Gopalakrishnan et al., 2016; Nambiar and Seshadri, 2001; Thurber and Fahey, 2009; 
William et al., 2014; Yameogo et al., 2011).   

Moringa responds well to pruning (Crosby and Craker, 2007), and the leaves intercept less 
light than other agroforestry species (Immanuel and Ganapathy, 2010). Regular pruning and leaf 
harvesting, therefore, would likely result in sufficient light below the canopy to allow for 
intercropping.  Palada et al. (2008) studied the competitive effects of moringa intercropped with 
medicinal plants and culinary herbs.  They found that moringa, with its rapid growth, was 
competitive against many herbaceous plants; however, lemon grass (Cymbopogon citratus) and 
basil (Ocimum basilicum) could be grown with moringa during the early establishment phase of 
moringa.   

This research was done to further explore the feasibility of integrating other crops with 
moringa, focusing on tropical legumes grown in rotation with vegetables.  Tropical legumes 
perform well on marginal soils and provide benefits such as weed suppression and a source of 
organic mulch (Becker and Johnson, 1999; Coba de la Pena and Pueyo. 2012).  Vegetables have 
both nutritional and economic value.  With those advantages in mind, the goal of the study was to 
shed light on the potential of legumes and vegetables to augment moringa leaf production while 
maximizing the utility of the space beneath the tree canopy where various fertility inputs and 
irrigation are usually applied.  Such information is particularly relevant to larger-scale plantings 
in which moringa powder is produced for a clinic/hospital, orphanage, school, or by an individual 
farmer for a local or regional market.    

 
 
MATERIALS AND METHODS 

The trial was established in September 2011 in Limpopo Province of South Africa (GPS 
coordinates: S:24°33’35.0”; E28°05’14.6”), located on a sandy (89%), acidic (pH = 5.8) soil that 
had not been recently cultivated.  Prior to the study, the land was comprised primarily of native 
grasses.  On 22 September 2011, a 1-m wide swath was rototilled down each of 11 rows spaced 
3 m apart. Each planting station, spaced 1 m apart within rows, received 1 L (0.4 kg) of composted 
chicken manure (applied on 26 Sept 2011) and three moringa ‘PKM 1’ seeds (direct-seeded on 28 
October 2011). Eight weeks after planting, each station received an additional 3 L (1.2 kg) of 
composted chicken manure and 15 ml (17 kg ha-1) of 17-9-14 (NPK) mineral fertilizer. Planting 
stations were thinned to 1 moringa tree per station on 16 February 2011, resulting in 120 trees 
per row.  The 1-m wide, rototilled strips were drip-irrigated and hand-weeded as necessary, with 
the remaining aisle space between rows mowed periodically.  A final season-1 application of 3 L 
composted chicken manure was applied around each tree on 4 April 2011.  During subsequent 
seasons, the trees were supplied with 5.3 t ha-1 chicken manure (no NPK fertilizer) three times 
each season, for a total of 16 t ha-1 each season. 

Season 1 (October 2011-May 2012) was devoted to establishing the moringa trees.  The 
treatments, established in season 2 (October 2012-May 2013) and repeated in season 4 (October 
2014-May 2015), consisted of a no-legume control and four legumes (cowpea [Vigna unguiculata 
‘ITD98’ provided by the AVRDC/ICRISAT in Niger], jack bean [Canivalia ensiformis], lablab 
[Lablab purpureus ‘Highworth’] and pigeon pea [Cajanus cajan ‘Kranti’]) sown below the moringa 
trees in a double row as shown in Figure 1.  Each treatment was replicated five times in a 
randomized complete block design.  Each replication consisted of a row of moringa trees divided 
into 24-m long plots.  Each of the five treated rows of moringa trees was bordered on either side 



 

by a row from which no data were taken.  Season 2 legumes were planted during the fourth week 
of November 2012. During season 3 (October 2013-May 2014), instead of a legume, the 1-m 
weed-free band beneath the moringa trees in each plot was sown to okra (Abelmoschus 
esculentus) and kale (Brassica oleracea) spaced 50 cm apart in double rows.  Season 4 legumes 
were planted mid October 2014.  During the winters, the moringa trees were heavily mulched 
with straw  (a mixture of Rhodes [Chloris gayana] and Smuts finger [Digitaria eriantha] grass) for 
freeze protection.  Each spring, after the danger of frost had passed, the straw was removed from 
the plots. 

 

 
 

Growing conditions were monitored with a HOBO® U30 Remote Monitoring System 
(equipped with a rain gauge and temperature sensor) and HOBO® Pendant® Temperature/Light 
data loggers (Onset Computer Corporation, 470 MacArthur Blvd., Bourne, MA 02532; Model H21-
001).  The data loggers, used during seasons 3 and 4, were buried 10 cm below the surface of the 
ground to measure soil temperature, or placed 10 cm above the ground to measure light below 
the moringa canopy.  Moringa leaves were harvested twice each season, once in 
January/February and again in April/May.  At each harvest event, main branches were cut to a 
height of 1 m, with leaves stripped off and collected from pruned branches.  Leaves were placed 
in paper bags, dried to a constant weight at 45 °C, and ground with a Wiley Laboratory Mill (Model 
4 3375-E10; Swedesboro, NJ 08085, U.S.A.).  Legume pods were harvested bi-weekly from the 
time that the first mature pods were observed until the final moringa harvest.  The pods were 
then shelled and the seed/grain weighed.  At the last moringa harvest each season, above-ground 
legume biomass was cut at ground level from a 1-m long portion of each plot prior to drying and 
weighing in a similar manner as moringa leaves.  Data were subjected to analysis of variance using 
SAS (SAS, 2013). 
 
RESULTS AND DISCUSSION 

 
Weather 

Most of the rainfall each year occurred between October and April (Table 1).  Very little 
rainfall occurred from May to August.  Rainfall amounts were mostly consistent with semi-arid 
regions of Africa where annual rainfall averages as high as 700 mm (FAO, 1989 and 2015).    

Minimum air temperatures frequently fell below freezing during early morning hours.  
Minimum temperatures were lowest during year 3, the only year with freeze events persisting 
into September.  Highest maximum and mean temperatures occurred during the months of 
October to April.  The coldest and warmest periods coincided with the winter (dry) and primary 
growing (rainy) seasons, respectively, of each year.   

 
 
Figure 1.  Diagram illustrating the spacing of moringa and legumes (grown in seasons 2 and 

4) or vegetables (grown in season 3) within 10-m of weed-free row space.  



 

Soil temperatures, measured during the winter of year 3, stayed above 0°C (Figure 2).  At a 
soil depth of 10 cm, temperatures were several degrees higher beneath the mulched moringa 
trees than in the non-mulched interspace between moringa rows.   Periods of freezing winter air 
temperatures explained the dieback each winter of moringa growth above the straw mulch.  
Subsequent regrowth of moringa shoots from the base of the trees each spring was accounted for 
by above-freezing soil temperatures made warmer by the mulch.             

 

 
 

Table 1. Monthly rainfall and air temperature (temp) each year.  Minimum (min), maximum (max) temperatures 
indicate the lowest and highest values, respectively, reached each month. 

 Year 1 
(Oct 2011-Sept 12) 

Year 2  
(Oct 2012-Sept 13) 

Year 3  
(Oct 2013-Sept 14) 

Year 4 ( 
Oct 2014-Apr 2015) 

Month 
Rainfall 
(mm) 

Temp (°C) Rainfall 
(mm) 

Temp (°C) Rainfall 
(mm) 

Temp (°C) Rainfall 
(mm) 

Temp (°C) 
Min  Max  Min  Max  Min  Max  Min  Max  

October 125   6 38   75 10 33   71   1 36   26   6 36 
November   56   7 36   59   8 36   66   8 36 130 10 32 
December 163 11 33 106 13 33 127 13 34 186 12 35 
January   67 13 35 110 11 37 160 13 34   58 13 34 
February   21 10 34   45 12 35   57 12 33 112 11 35 
March 116   9 35   32   9 34 226 12 32   64   9 34 
April     1   4 31   70   5 31   20   2 30   18   7 30 
May     0 -2 32     0   0 29     3   0 30 --- --- --- 
June     1 -5 28     0 -4 28     0 -7 28 --- --- --- 
July     0 -4 27     0 -3 27     0 -6 26 --- --- --- 
August      0 -5 32     0 -1 22     0 -4 30 --- --- --- 
September   41     4 31     0  8 32     0 -1 34 --- --- --- 
Total: 590   496   728   594  

 
Figure 2. Minimum air and soil temperatures between 13 August and 15 September 2014.                      

Each data point is an average weekly value from a data logger.  Soil temperature     
was measured with the data logger buried 10 cm below the soil surface. 



 

Moringa leaf powder production 
First-harvest data are shown only for the main effects of legume and season, as legume 

and season did not interact in their influence on moringa powder yield (Table 2).  Among the 
four legumes, pigeon pea resulted in the most moringa powder. None of the legumes reduced 
moringa yield below that with the no-legume control. With respect to season, powder yields—
averaged across legume treatments—were lowest and similar during seasons 2 and 4; 
production was highest during season 3. 

 
Table 2.  Main effects of legume and season on Moringa oleifera leaf powder yield. 
Legume Harvest 1 Harvest 2 Total Harvest 
   None  242 ab 121 a 363 a 
   Cowpea   194 b    80 b  274 b 
   Jack bean 207 b    72 b  280 b 
   Lablab  206 b      41 cf  248 b 
   Pigeon pea 291 a    70 b  361 a 
   P valueZ 0.0053 <0.0001 0.0006 
Season    
   2 196 b 53 b 249 b 
   3 274 a 96 a 370 a 
   4 215 b 82 a 297 b 
   P value Z 0.0015 <0.0001 <0.0001 
Legume X season (P value Z)  0.1085 <0.0001 Y 0.0082 Y 
ZWithin each column, main and interacting effects of legume and season are significant at P ≤ 0.05.  
Means followed by the same letter are statistically similar according to Waller-Duncan’s Multiple 
Range Test.     
YSee Tables 3 and 4 for details of the interaction of legume and season on second- and total-harvest 
yields of moringa powder.   

 
Second- and total-season moringa yields were influenced by interacting effects of 

legume treatment with season.  Second-harvest moringa yield varied with legume in seasons 
2 and 4 but not 3 (Table 3).  In seasons 2 and 4, second-harvest powder production was lower 
with than without legumes.  Total-harvest moringa yields were not influenced by legumes 
until the final season, at which time moringa production was lower with legumes in 
comparison to that with no legume.  Second- and total-harvest moringa yield reductions were 
most severe with lablab and jack bean. 
 

Table 3.  Interaction of legume and season on total Moringa oleifera leaf powder yield, showing 
the simple effects of legume for each season. 

 Leaf powder (kg ha-1) 
 Second harvest Total harvest 
Legume Season 2 Season 3 Season 4 Season 2 Season 3 Season  4 
None 90 a 103 171 a 255 360 473 a 
Cowpea   63 b   74 104 b 235 314   274 bc 
Jack bean 55 b 103   59 c 253 379   206 cd 
Lablab    9 c   93   21 d 223 329  191 d 
Pigeon pea 49 b 108     54 cd 279 466  340 b 
   P valueZ 0.0007 0.3150 <0.0001 0.8725 0.0596 <0.0001 
ZWithin each column (season), the effect of legume on leaf powder yield is significant at P ≤ 0.05.  Means 
followed by the same letter are statistically similar according to Waller-Duncan’s Multiple Range Test.  
No mean separation was done for non-significant effects.    



 

With no legume, second- and total-harvest moringa production was highest in season 
4; total-harvest yield increased each season (Table 4).  With legumes, second- and total-
harvest moringa yields remained constant (cowpea) or fluctuated (jack bean, lablab and 
pigeon pea) over time; yields with jack bean, lablab and pigeon pea were higher in season 3 
(when only okra and kale were intercropped with moringa) than in seasons 2 and 4.       

 
 

Table 4.  Interaction of legume and season on total-season Moringa oleifera leaf powder yield, 
showing the simple effects of season for each legume.  

 Second-harvest leaf powder (kg ha-1) 
Season No legume Cowpea Jack bean Lablab Pigeon pea 

2   90 b 63   55 b  9 b   49 b 
3 103 b 74 103 a 93 a 108 a 
4 171 a 104    59 b 21 b   54 b 

P valueZ <0.0001 0.0554 0.0148 <0.0001 0.0021 
      
 Total-season leaf powder (kg ha-1) 
Season No legume Cowpea Jack bean Lablab Pigeon pea 

2 255 c 235 253 b 223 b 279 c 
3 360 b 314 379 a 329 a 466 a 
4 473 a 274 206 b 191 b 340 b 

  P valueZ 0.0008 0.3597 0.0070 0.0351 0.0037 
Z Within each column (legume), the effect of season on leaf powder yield is significant at P ≤ 0.05.  Means 
followed by the same letter are statistically similar according to Waller-Duncan’s Multiple Range Test.  
No mean separation was done for non-significant effects.       

 
Second-harvest moringa yield reductions with legumes in seasons 2 and 4 (Table 3) 

suggest that the pruning of moringa trees (to a height of 1 m) at the first leaf harvest increased 
their susceptibility to legume competition between harvests 1 and 2.  Reduction of total-
harvest moringa yield in season 4 but not 2 may have been due in part to minimum air 
temperatures that were lower during the winter following season 3 than those in previous 
winters (Table 1).  Although total-harvest moringa yields increased over time in the absence 
of legumes (Table 4), the more severe freeze events just prior to season 4 (Table 1) may have 
reduced the ability of the moringa trees to compete with legumes in season 4.   

 
Legume plant biomass  

The effect of legume species on end-of-season, dry, above-ground legume plant biomass 
(Table 5) varied with season.  In season 2, the highest (6.4 t ha-1) and least (0.8 t ha-1) amount 
of biomass was obtained with lablab and cowpea, respectively.  At that time, the growth of 
pigeon pea surpassed that of cowpea.  In season 4, jack bean and lablab produced similar 
amounts of biomass that exceeded those with cowpea and pigeon pea.  Season 4 cowpea and 
pigeon pea biomass levels were similar.  Cowpea biomass remained similar from season 2 to 
4. Jack bean produced substantially more biomass in season 4 (4.8 t ha-1) than 2 (1.2 t ha-1), 
while that of lablab and pigeon pea declined from season 2 to 4.   

 
 
 
 
 



 

Table 5.  Interaction of season and legume on legume biomass, showing the simple effects of 
legume for each season and those of season for each legume.   

 Dry, above-ground biomass (kg ha-1) 
Legume Season 2 Season 4 P valueZ 
   Cowpea     762 d 1047 b  0.5723 
   Jack bean 1180 c 4753 a <0.0001 
   Lablab  6380 a 3961 a <0.0001 
   Pigeon pea 2860 b 1588 b  0.0165 
      P valueY <0.0001 <0.0001  
ZWithin each row (legume), the effect of season on legume biomass is significant at P ≤ 0.05. 
YWithin each column (season), the effect of legume species on legume biomass is significant if P ≤ 0.05.  
Means followed by the same letter are statistically similar according to Waller-Duncan’s Multiple Range 
Test. 

 
Higher lablab biomass at the end of season 2 than 4 was due in part to a trimming of the 

lablab vines at the first moringa harvest in season 4.  This was done based on a season 2 
observation that lablab vines climbed the moringa trees after the first moringa leaf harvest, 
substantially lowering second-harvest moringa production in comparison to the other 
legumes (Table 3).  Despite the season 4 trimming, removing 195 kg ha-1 of dry lablab 
biomass, the 4.0 t ha-1 of lablab biomass at the end of season 4 was statistically similar to the 
4.8 t ha-1 of biomass produced by jack bean (Table 5).  As jack bean and lablab produced the 
most biomass, it was not surprising that they were the legumes that competed the most 
strongly with moringa in season 4 (Table 3). Lablab has also been shown to compete with Zea 
mays (Maluleke et al., 2005) and Manihot esculenta (Chikoye et al., 2001).   

Greater legume interference with moringa in season 4 than 2 may have been related to 
early-season legume growth.  Visual observations at the first moringa harvest showed that 
legume canopies were taller in season 4 (close to the 1 m moringa pruning height) than 2 
(approximately 0.5 m tall).   Slower early-season legume growth in season 2 than 4 was likely 
due to less November and December rainfall in season 2 than 4 (Table 1).  Increased season-
4 legume competition with moringa (Table 3), therefore, was apparently an effect of rapid 
early-season legume growth that year, coupled with air temperatures that dropped furthest 
below freezing during the preceding winter. 

Moringa yield reductions by legumes appeared to be due to competition for light, 
particularly after the first leaf harvest when the height of the moringa trees was shortened to 
1 m by the pruning at that time.  Nutrient concentrations in moringa leaves and soil (data not 
shown) were not indicative of competition for nutrients.  Similarly, soil moisture was 
probably not limiting to moringa growth, as the trees were watered via drip irrigation and the 
moringa roots may have been deeper than those of the legumes.  

The growth of legumes impacted soil temperatures as illustrated in Figure 3.  At a depth 
of 10 cm beneath the moringa trees, maximum soil temperatures peaked in February (17-18 
weeks after legume planting), reaching as high as 38 °C in plots with no legume.  Over the 
same period, maximum soil temperatures under a lablab canopy were over 10 degrees cooler, 
reaching only 25 °C.  The soil cooling effect of a legume canopy could have implications on the 
ability of microbial populations to cycle nutrients.  Wang et al. (2014), for instance, found that 
the conversion of ammonium to nitrate was lower with a soil temperature of 35 °C than 25 
°C. 



 

 
In addition to moderating soil temperature, the coverage of the ground by legume vines 

could reduce weeding requirements (not monitored in this study). Additionally, the 
substantial amount of biomass generated from the tropical legumes grown in this study could 
be kept on the ground as mulch or used for animal fodder. 

 
Legume grain yield 

Grain weights during seasons 2 and 4 were higher with jack bean than the other 
legumes (Table 6).  Jack bean seeds are larger than those of the other legumes grown in this 
study, and jack bean responded well to the manure and irrigation supplied under the moringa 
trees (as indicated by biomass data shown in Table 4).  Lablab and cowpea produced similar 
grain yields in season 2; however, lablab yield exceeded that of cowpea in season 4 (Table 6).  
Pigeon pea yielded less grain than the other three legumes in both seasons.  Pigeon pea pods 
appeared more susceptible to damage from pod-boring insects than those of the other 
legumes.   

 
Table 6.  Interaction of season and legume on dry bean yields, showing the simple effects of 
legume for each level of season and those of season for each level of legume.   
 Bean yield (kg ha-1) 
Legume Season 2 Season 4 P valueZ 
   Cowpea   360 b   212 c 0.0728 
   Jack bean 634 a 1466 a <0.0001 
   Lablab  316 b   525 b 0.0135 
   Pigeon pea    34 c        1 d 0.6806 
      P valueY <0.0001 <0.0001  
ZWithin each row, the effect of season on bean yield is significant at P ≤ 0.05. 
YWithin each column, the effect of legume crop on bean yield is significant at P ≤ 0.05.  Means followed 
by the same letter are statistically similar according to Waller-Duncan’s Multiple Range Test. 

 

 
Figure 3.  Maximum soil temperature in season 4, at a soil depth of 10 cm, with no legume (), 

cowpea (), or lablab ().  Each data point is the average of two values. 



 

Jack bean and lablab grain yields increased significantly from season 2 to 4, indicating 
that the trimming of lablab vines in season 4 did not adversely affect lablab seed production.  
As confirmed by Ogedegbe et al. (2012), lablab vines are able to produce seed after cutting 
back the vines earlier in the season.   
 
Vegetable yields 

Season-3 production of fresh okra pods and kale leaves were unaffected by season-2 
legume treatments, and yields were very low (Table 7).  The sum of okra and kale weights 
was less than 100 kg ha-1 with all season-2 legumes.   

 
Table 7.  Main effect of season-2 legumes on the fresh weight of okra pods and kale leaves 

produced in season 3.   
 Vegetable yield (kg ha-1) 

Legume Okra pods Kale leaves Total  weight 
   None 19 7 27 
   Cowpea   44 16 60 
   Jack bean 26 8 34 
   Lablab  25 7 32 
   Pigeon pea 32 9 41 
   P valueZ 0.5857 0.7571 0.5379 
ZWithin each column, the main effect of legume on vegetable yield is non-significant at P > 0.05.   

 
The vegetables were shaded by moringa over much of the first 9 weeks of their growth, 

until the first moringa harvest and pruning event (Figure 4).  From week 2 to 6, with loggers 
placed near the ground, the intensity of light (≈34,000-52,000 lumens m-2) measured where 
the vegetables were grown (50 cm from the base of the trees) was 7%-46% less than that 
(≈47,000-63,000 lumens m-2) in the middle of the alleys (150 cm from the base of the trees). 
Between the moringa rows, 150 cm into the alleys, light levels close to the ground decreased 
sharply from about 63,000 lumens m-2 in week 6 to 33,500 lumens m-2 in week 8, likely due 
to the growth and widening of the moringa tree canopy.       

In addition to shade from the moringa, okra and kale were constrained by hail, insect 
damage and grazing by small antelopes.  Overall, they were less resilient than the tropical 
legumes to shading and pest pressure.  Results suggested that vegetables grown under 
moringa would benefit from fencing and a higher level of management.  Sanni et al. (2015) 
found that okra responded well to poultry manure, with best yields obtained between 20 and 
25 t ha-1 of manure. 

Okra and kale also appeared less competitive with moringa than the legumes, as 
indicated by second- and total-harvest moringa yields (Table 4) that were generally higher in 
season 3 than in seasons 2 and 4.  Similarly, Palada et al. (2008) found that alley cropping with 
moringa reduced the growth of eggplants and slower-growing medicinal herbs such as thyme 
(Thymus vulgaris) and sage (Salvia officinalis).  

 



 

 
Figure 4. Mean light intensity in season 3, with data loggers placed 10 cm above the ground at 

a distance of 0 (), 50 (), and 150 cm () from a moringa tree row.  Each data 
point is the average of three values. 

 
 
CONCLUSIONS 

Besides shedding light on the tolerance of moringa to areas with cool dry-season 
temperatures, this study confirmed the feasibility of augmenting the productivity of moringa 
hedgerows with intercropped tropical legumes.  This was demonstrated by the finding that, 
even with the dieback of most above-ground moringa growth each winter, first- and total-
harvest yields of moringa powder were unaffected by high biomass-producing legumes (jack 
bean and lablab) during the first season after the moringa trees were established.  With 250 
kg of moringa powder, shown to be obtainable as early as the second season after seeding 
moringa, 1 ha of the hedgerow system used in this study would provide a daily supply of 5 g 
of leaf powder for each of 136 people over the course of a year.  Cowpea, jack bean and lablab 
performed better than okra and kale and supplied significant amounts of plant biomass and 
grain for animal or human consumption.   

Results also showed that, when intercropping moringa with tropical legumes, growers 
should allow for factors that favor the growth of legumes over moringa.  Future research could 
focus on optimizing the planting time of legumes into moringa hedgerows, as well as the 
density and pruning height of the moringa trees.  Delaying the planting time of legumes, 
increasing the density of moringa trees, and raising the moringa pruning height would likely 
reduce the potential for legumes to compete with moringa.   
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