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ABSTRACT 
 
Low and declining soils are a major constraint to agricultural production and food 
security in the central highlands of Kenya. In the maize-based farming systems, 
continuous cultivation without adequate soil fertility enhancement measures has led to a 
deterioration of land quality resulting in low agricultural yields. Herbaceous legumes offer 
a low-cost soil improvement option for the low-economic and resource endowed farming 
communities with low purchasing power for the other types of farm inputs. This study 
explored the use of three legumes as sources of nitrogen for maize crop nutrition and soil 
fertility improvement. The green manure legumes (GML) were mucuna [Mucuna 
pruriens (L.) DC. Var. utilis (Wright) Bruck], crotalaria [Crotalaria ochroleuca G. Don] 
and lablab [Lablab purpureus (L) Sweet cv. Rongai]. Legume herbage production was 
dependent upon the seasonal rainfall but results of maize grain yield after mucuna, 
crotalaria and lablab residues was 2.5, 2.3 and 1.6 times, respectively, than those of the 
control (no residues applied). Similarly, maize biomass production for five cropping 
seasons showed that mucuna and crotalaria plots yielded significantly more stover than 
the control. Legume residue incorporation for three years resulted in a slight reduction 
(0.9-1.8%) in soil bulk density, a small increase in the soil total N but no change in the soil 
pH.  
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INTRODUCTION 
Most tropical soils, including sub-Saharan Africa, are formed of Kaolinitic clay minerals 
that are highly leached and have inherently poor capacity to supply growing plants with 
nutrients (Brady and Weil, 1999; Nandwa, 2003). In African farming situations, the use 
of mineral fertilizers alone cannot sustain crop yields and maintain soil fertility in the 
long-term because of the high depletion of organic matter (Smith, 1994; Smaling et al., 
1997). The most promising method of improving crop yields in smallholder farmers of 
eastern and southern Africa is by increasing inorganic fertilizers efficiency through 
addition of small amounts of high quality organic materials especially legumes (Jones et 
al., 1997; Phiri et al., 1997).  
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High quality legume leaf materials with low C: N ratio and low lignin contents may be 
used to enhance crop performance through direct nutrition contributions (Palm et al., 
1997; Giller and Wilson, 2001). Studies conducted by several researchers in different 
parts of the world including eastern and southern Africa indicated that legume leaf 
prunings can be used as a source of N to a growing maize crop.  In Kawanda Agricultural 
Research Station in eastern Uganda, Fischler et al. (1999) obtained maize grain yield 
increase of 39% in the first season of using crotalaria residues as a source of N for maize. 
In northern Honduras, the use of mucuna legume residues has been found to provide and 
sustain N requirements for the production of 2-4 Mg ha-1 maize yields.  Addition of 
mineral N fertilizer to these mucuna-maize cropping system (known as Abonera system) 
is therefore regarded as unnecessary and wasteful (Buckles et al., 1998).  
 
A screening study of herbaceous legumes with a potential for soil fertility improvement 
in the mid-altitude areas of the central highlands of Kenya was concluded by Gitari, et al. 
(2000).  Out of the 25 species screened, Mucuna pruriens (velvet bean), Crotalaria 
ochroleuca (crotalaria) and Lablab purpureus (lablab) were found to be the most suitable 
for intercropping with maize. This is because they established easily and produced 
effective nodules in the absence of any external inoculation. In resource poor farming 
communities and in fragile environments, N-fixing legumes offer a low-cost opportunity 
for increasing crop yields with reduced use of chemical fertilizers. It is envisaged that a 
system which maximizes use of natural methods of maintaining soil fertility has more 
capability for stable and sustainable crop yields in the long term. The objective of this 
study therefore, was to assess the suitability of mucuna, crotalaria and lablab leguminous 
cover crops as a source of nitrogen for maize production.    
 
MATERIALS AND METHODS 
 
The study area 
The study was carried out at the Embu Agricultural Staff Training College, situated 3 km 
north of Embu Town. It is located on latitude 00 30’S and longitude 370 27’E at an 
elevation of 1480 m above sea level. The average annual rainfall is 1252 mm and is 
received in two distinct rainy seasons; the long rains (mid-March to September) with an 
average rainfall of 650 mm and the short rains (mid-October to February) with an average 
of 450 mm. The soils are humic Nitisols derived from basic volcanic rocks (Jaetzold et 
al., 2006).  
 
Procedure 
The experiment was laid out and analyzed as a randomized complete block design in a 32 
factorial arrangement replicated four times. The treatments consisted of maize 
intercropped with each of the three cover legumes. The control consisted of maize 
planted without any legume. Maize (Pioneer Hybrid 3253) was planted at the onset of the 
rains and thereafter the three legumes were planted between the maize rows one or two 
days after planting maize. Mucuna and lablab were planted in hills with an intra-row 
spacing of 25 cm, two plants per hill, resulting in a density of 106,600 plants ha-1. 
Crotalaria was drilled along the rows at a seeding rate of 30 kg ha-1. The legumes seeds 
were not inoculated during planting. Both the maize and the legumes were planted with 
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triple super phosphate (TSP) fertilizer applied at 2.5 g per hill (20 kg P ha-1). All plots 
were weeded twice per season using hand tools for all the five cropping seasons. To 
control maize stalk borer, the insecticide bull dock, whose chemical name is beta-
cyfluthrin (cyano (4-fluoro-3-phenoxy-phenyl) methyl 3-(2,2-dichloethenyl)2,2-
dimethylcyclopropanecarboxyylate) was applied at 0.01 kgha-1. No major maize or 
legume disease outbreak occurred during the experimental period.  
 
The maize data collected included germination and emergence, plant height (at one 
month and after tasseling), days to 50% tasselling, stover as well as grain yield. 
Harvesting of maize was carried at maturity using the center rows for yield 
determination. The grain yield was determined after shelling the maize and the final grain 
yield was adjusted to 12.5% moisture content. Maize stover from the same harvest area 
was cut at ground level weighed and samples oven dried at 105oC for at least 48 hours or 
to constant weight, whichever was applicable, for stover dry matter yield determination. 
The legume data collected included biomass accumulation and N concentration in the 
foliage at the time maize was harvested. All data was analyzed using the SAS computer 
software (SAS, 2001) and significance considered at P<0.05). 
 
The final soil sampling was done in October 2005 and the samples were analyzed for 
total soil N and pH using the procedures outlined in (Okalebo et al., 2002). Due to the 
large number of plots and financial constraints, only two soil parameters were assessed at 
the end of the study. The measurement of potassium was not considered due to the 
abundance of this element in the local soils (Jaetzold et al., 2006) while phosphorus was left 
out because of the nutrient was supplied seasonally to the plots in each of the seasons.  
 
Sampling for soil mineral N determination  
The soil sampling was done at 4, 8 (weeks after planting) and at maize harvest time 
during the last two seasons of the study. This was during the short rains season (SR) of 
2004 and the long rains (LR) of 2005. During sampling, 8 soil samples were collected at 
a depth of 20 cm per plot using a soil auger.   The soil from all the 8 sampling points per 
plot was composited through mixing. From the composite sample, a soil sample of about 
1.0 Kg was then packed into a polythene bag for laboratory analysis. The polythene bags 
were then kept in a cooler box with ice and transported immediately to the laboratory for 
chemical extraction with 2.0 N KCl after drying and sieving. The extracts were analyzed 
for mineral N following the method described by Okalebo et al. (2002). Soil nitrogen was 
estimated in kg ha-1 using the respective bulk density determined per plot.  
 
Sampling for maize N uptake determination  
To determine N uptake by maize, six representative maize plants (representing 
approximately 4% of the total plot population) were cut at the soil surface without 
removing the roots. Sampling was carried out only in the net plot that consisted of the 
entire plot excluding the two outer rows and the first and last hills in each row. The 
sampling was done at 4 and 8 weeks after planting and at harvest during the last 2 
seasons of the study (SR 2004 and LR 2005). To minimize gap effects, care was 
exercised to ensure that two consecutive plants were not removed. At each sampling date, 
plant sub-samples were taken for dry matter and N concentration determinations. The 
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samples were rinsed with distilled water and oven dried at 600C for 48 hours or to 
constant weight, whichever was applicable, to determine dry matter. The samples were 
ground to pass through 2-mm sieve and kept in air-tight plastic bags in a cool dry place 
awaiting chemical analysis. 
 
RESULTS AND DISCUSSION 
 
Maize grain and Stover yields 
The maize yields from the Green Manure Legume (GML) residue plots of mucuna and 
crotalaria (Table 2) were significantly higher (P≤0.05) differed than those of control 
plots. However maize yield from lablab and control treatments plots were not statistically 
different. Increased maize grain yield due to application of GM residues generated in situ 
is an indication that decomposing legume residues are a feasible source of N for growth 
of maize. Increased maize grain yields due to the use of mucuna or crotalaria legume 
residues as a source of N have been reported in central Kenya (Mucheru, 2003; Mureithi 
et al., 2005) as well as other parts of eastern Africa (Kullay et al., 1998; Fischler et al., 
1999). Elsewhere, Carsky et al. (2001) and Ibewiro et al. (2000) also observed 
significantly higher maize yields after application of mucuna residues in the derived 
savanna of West Africa. In the present study, the poor performance of lablab as a source 
of N for the maize crop was attributed to the low quantities of biomass (<1.0 Mg ha-1) 
and hence N release that was realized (Table 1) In areas where this legume produced 
adequate biomass, high maize grain yield due to N provision from decomposing lablab 
residues has been reported (Ibewiro et al., 2000; Wortman et al., 2000; Nyambati, 2002). 
This phenomenon where lablab consistently recorded low biomass yields could partly be 
due to the prevailing soil conditions. Low N status in the experimental field appear to 
have caused yellowing of lablab seedlings due to a root rot condition similar to that of 
common beans (Phaseolus vulgaris) (Ampofo, 1993). In north-western Kenya, Nyambati 
(2003) also recorded low biomass yields in farmers’ fields that were characterized by 
impoverished soils but the reverse was true at the on-station site where the soil was 
relatively fertile. The results of maize grain yield obtained after application of each of the 
three GM residues, suggests that the efficiency of N released by these GML residues is 
comparable to that of the inorganic N sources. 
 
The results of the maize stover yield as influenced by N from legume residues are 
presented in Tables 3. The trend of maize stover yields was as similar to that of the grain 
yields. Results of the overall mean for the five seasons showed that mucuna and 
crotalaria plots yielded significantly (P≤0.05) more stover than the control. The 
performance of plots applied with lablab residue was comparable to that of the control 
(Table 3) which was attributed to the low lablab biomass hence N content that was 
released for maize crop nutrition. Similar results on the benefits rendered by 
incorporation of similar GML residues on maize biomass yield has been reported in 
eastern Africa (Wortman et al., 2000; Nyambati, 2002; Mureithi et al.,, 2005).   
 
Maize flowering and plant height 
The results of days to 50 per cent flowering (tasseling and silking) of maize showed that 
N availability to maize plants had an effect on time to flowering (Table 4). Maize in 
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mucuna and crotalaria residue treated plots flowered 1-3 days earlier than those in the 
control plot.  
 
The results of maize plant height, taken at 4 weeks after planting (WAP) and at harvest, 
are presented in Table 4. In plots with GML, assessment carried out at the 4 WAP periods 
indicated that maize plant height in mucuna or crotalaria treatments was significantly 
taller than those of the control plots. This observation was true for each of the five 
cropping seasons. For example, the five seasons’ average maize height for the 4 WAP 
assessments in mucuna plots indicated that maize height in the residue plots were 14 cm 
or 25% taller than those of the control while those of the lablab plots were 6 cm or 11% 
taller than those of the control. In lablab plots, the GML residue treated plots were 
significantly taller than those of the control only during LR 2003, SR 2003 and LR 2005 
seasons. The ability of the GML residues to influence maize plant height early in the 
season is an indication that the decomposing residues availed N to the maize seedlings 
within the initial first or second week after germination. Similar results were obtained by 
Mucheru (2003), in Chuka Division of Central Kenya, who recorded increased maize 
plant height compared to the control in the 4 and 8 week assessments in treatments where 
crotalaria or mucuna residues were applied. Similarly, in the forest-savanna region of 
Ghana, Boateng (1997) also reported a 27 per cent increase in maize plant height 
(assessed 7 WAP) in treatments where legume residue was incorporated as compared to 
those of the control.  
 
A comparison of the performance of maize height among different GM residue sources 
showed that lablab performed poorer than mucuna or crotalaria though the latter tended 
to have dark green leaves than the others. This observation was more pronounced during 
the SR 2003 season when plots with crotalaria residues attained significantly taller maize 
plants than those with mucuna or lablab residues. Edmeades and Lafitte (1993) stated that 
increased maize plant height is related to the final grain yield because the stem of maize 
can serve as a reservoir of labile non-structural carbohydrates which are mobilized as 
sugars and translocated to the filling grains during post flowering period. The stem 
reserves also maintain the rate of grain filling against longer-term effects of persistent 
post-flowering stress such as drought. In the current study, this phenomenon was 
observed during the drier seasons of LR and SR 2004 when the comparatively shorter 
maize plants in the control and lablab plots seemed to produce no maize cobs.    
 
Nitrogen mineralization 
The mineral N content in the 0-20 cm soil depth ranged from 40 to 128 kg ha-1 for both SR 
2004 and LR 2005 cropping seasons (Tables 5). The ratio of NH4

+-N and NO3
--N contents 

of the mineralized N was almost equal but there were large fluctuations from one sampling 
period to another. There were slight differences in the mineralization patterns during the two 
seasons. In SR season of 2004, peak N mineralization was observed between 4 and 8 WAP 
and declined until harvest (19 WAP). In the LR 2005 season, highest mineral-N content was 
registered at 4 WAP sampling and declined up to the 8 WAP before picking up again until 
harvest (23 WAP). These results are consistent with those of other scientists (Mugendi et al., 
2000, Mucheru, 2003) who reported peak mineral N levels in decomposing legume residues 
at 4 WAP sampling date. Likewise in north western Kenya (where maize grows for 27 



 6

weeks), Nyambati (2002) also observed peak N-mineralization at 4 WAP and towards the 
end of the season with lowest N content occurring 10 WAP after incorporating mucuna and 
lablab residues. In the present study, treatments where legume residues were applied 
mineralized greater amounts of N than the control although the differences were not 
significant. Throughout the period from 4 WAP to harvest, there were no differences among 
the treatments in soil mineral N at any sampling date. There was a tendency for crotalaria 
residues to exhibit higher contents of NH4

+-N and NO3
--N when compared with mucuna, 

lablab or the control treatments, particularly during the more moist LR 2005 cropping 
season (Table 5).  
 
Nitrogen uptake by maize 
The results of N uptake by maize for the SR 2004 and LR 2005 cropping seasons are 
presented in Tables 6. The nitrogen uptake by maize following mucuna or crotalaria 
GML treatments were significantly higher than those of lablab or control in both seasons 
except during the third sampling of SR 2004 and 4 WAP in LR 2005 (Table 6). 
Application of mucuna or crotalaria resulted in significantly (P level?) higher N uptake 
compared to the control. Nyambati (2002) obtained similar results in the sub-humid 
highlands of north-western Kenya after incorporating mucuna and lablab residues. The 
author attributed the enhanced N uptake in GML treated plots to N mineralization from 
the residues. Also, Mucheru (2003), while working in Central Kenya, reported higher N 
concentration in mucuna, crotalaria and mineral N treatments compared to those of the 
unfertilized control.  
 
Soil chemical characteristics 
Table 7 presents the results of total N and pH (0-20 cm soil depth) sampled in the various 
treatments at end of the experiment in October 2005. The results of the two soil chemical 
properties assessed showed that they were modestly affected by the incorporation of the 
three GML residues over the 3 year period. Total N levels in the crotalaria residue treated 
plots showed significantly higher levels than lablab or control treatments (Table 7). The 
findings of this study concurred with those of Waswa (2004) who observed a significant 
increase in total N, compared to the control, in plots where leguminous tree residues were 
incorporated into similar soils of a site located in a farm next to the current study site. In the 
slightly more acidic soils within Central Kenya, Mucheru (2003) also observed more total N 
in mucuna or crotalaria incorporated plots compared to the control plot although there was a 
slight decline over the two year period. Similarly, Njunie (2002) did not detect any change 
in soil pH after incorporating lablab and clitoria residues over a two year period in a sandy 
loam soil in the coastal lowlands of Kenya.  
 
 
 
CONCLUSIONS 
The results of this work indicate that of relay-cropped Mucuna, crotalaria and lablab 
(raised in situ) is able to make adequate N contribution to the succeeding maize crop 
despite the large seasonal variations in legume biomass generation. On average, mucuna 
or crotalaria produced about 2.0-4.5 Mg ha-1 of legume herbage contributing 30-80 kg N 
ha-1 while lablab biomass was low (<1.0 Mg ha-1). These seasonal legume herbage 
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quantities had some implication on maize responses for the individual cropping seasons. 
The effect of legume residue incorporation on maize growth was evident throughout the 
entire growth cycle of the maize crop. Plots with none or low quantities of legume 
residues where no mineral N was supplemented gave low grain and Stover yields 
indicating the effectiveness of these residues as a source of N.  Averaged across the five 
cropping seasons, plots with legume residues alone (no mineral N) produced 2.5, 2.3 and 
1.6 times more grain than the un-amended control for mucuna, crotalaria and lablab, 
respectively.  
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Table 1: Legume biomass applied (and their corresponding amount of N) in various treatments for different cropping seasons in 
Embu, Kenya. 
 

  CROPPING SEASON 
Treatment LR 2003 SR 2003 LR 2004 SR 2004 LR 2005 
 Biomass 

(Mg ha-1) 
N 

(kg ha-1) 
Biomass 
(Mg ha-1) 

N 
(kg ha-1) 

Biomass 
(Mg ha-1)

N 
(kg ha-1) 

Biomass 
(Mg ha-1) 

N 
(kg ha-1) 

Biomass 
(Mg ha-1) 

N 
(kg ha-1) 

Mucuna 2.46 45 3.07 52 4.28 98 2.45 44 1.93 38 
Crotalaria 1.05 40 3.04 70 0.43 5 1.30 48 1.09 24 
Lablab 0.54 29 0.42 7 0.12 3 0.08 2 0.28 6 

 
 
LR = LongRains; SR = ShortRains 
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Table 2: Effect of three green manure legumes on maize grain yield for different cropping 
seasons in Embu, Kenya 
 

Maize grain yield (Mg ha-1) Legume 
species LR 2003 SR 2003 LR 2004 SR 2004 LR 2005 MEAN 
Mucuna 3.09a 2.70b 1.42 2.63a 1.94a     2.49a 
Crotalaria 1.94b 3.47a 1.21 2.09b 1.97a  2.31a 
Lablab 2.69ab 1.75c 1.14 1.44c 1.34b 1.91b 
Control 1.17c 0.76d 0.73 0.66d 0.91 0.91c 
CV (%) 61 37 58 50 57 31 
LSD0.05 0.78 0.47 NS 0.49 0.50 0.34 
 
 
Table 3: Effect of three green manure legumes on stover yield of maize at different cropping 
seasons in Embu, Kenya 
 

Stover yield (Mg ha-1) Legume 
species LR 2003 SR 2003 LR 2004 SR 2004 LR 2005 MEAN 
Mucuna 2.89ab 4.67a 5.87a 7.03a 3.43a 4.88a 
Crotalaria 2.80b 5.83b 4.99b 7.67a 3.35ab 5.04a 
Lablab 3.25a 4.04c 5.57ab 6.14b 2.90ab 4.51b 
Control 1.65c 3.07d 3.97c 5.28c 2.52b 3.30c 
CV (%) 28 16 19 17 49 13 
LSD0.05 0.43 0.41 0.71 0.66 0.86 0.34 
 
Table 4: Effect of three green manure legumes on Days to 50% flowering of maize for 

different cropping seasons in Embu, Kenya.  
  

Days to 50% flowering Legume 
species LR 2003 SR 2003 LR 2004 SR 2004 LR 2005 MEAN 
Mucuna 70c 70b 66b 73c 76b 72b 
Crotalaria 72b 68b 66b 73c 76b 71c 
Lablab 70b 69b 65b 75b 78a 72b 
Control 75a 74a 77a 77a 80a 75a 
CV (%) 1.6 2.6 1.9 3 4.4 1.6 
LSD0.05 0.69 1.1 0.9 1.4 1.9 0.7 
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Table 5: Effect of three green manure legumes on plant height of maize (taken at 4 weeks after emergence and at harvest) for different 
cropping seasons in Embu, Kenya.  
 

Maize plant height (cm) 
LR 2003 SR 2003 LR 2004 SR 2004 LR 2005 Mean Legume 

species 4 week Harvest 4 week Harvest 4 week Harvest 4 week Harvest 4 week Harvest 4 week Harvest 
Mucuna 72a 156a 80b 162b 80a 131a 63a 134a 80a 165a 75b 152a 
Crotalaria 70a 147a 89a 183a 80a 127a 63a 133a 80a 152ab 77a 150a 
Lablab 69a 156a 72c 151c 79a 134a 57b 115b 74b 141b 71c 142b 
Control 54b 108b 56d 123d 64b 95b 46c 100c 62c 118c 56d 109c 
CV (%) 7 13 6 9 6 12 8 16 9.2 22.6 3.5 9.3 
LSD0.05 2.8 10.7 2.7 8.2 2.3 11.5 2.5 11.2 3.9 18.0 1.4 7.4 
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Table 6: Amount of mineralized nitrogen in the soil after incorporating different green 
manure legume residues at Embu, Kenya 

Period after planting 
4 weeks 8 weeks At harvest Rate of mineral N 

(kg ha-1) applied SR 2004 LR 2005 SR 2004 LR 2005 SR 2004 LR 2005 
 ----------------------------------------kg ha-1---------------------------------- 
Mucuna 97 100 109 56 76 112 
Crotalaria 94 115 100 63 83 120 
Lablab 89 88 100 52 77 92b 
Control 88 73 108 40 68 72 
SE 3.39 5.06 4.58 5.70 3.08 7.68 
Effects ------------------------------P values-------------------------------------- 

Legume  0.226 0.002 0.290 0.363 0.282 0.033 
 
 
Table 7: Nitrogen taken up by maize after incorporating different green manure legume 
residues at Embu, Kenya 

Period after planting 
4 weeks 8 weeks At harvest 

Rate of mineral 
N (kg ha-1) 
applied SR 2004 LR 2005 SR 2004 LR 2005 SR 2004 LR 2005 

 --------------------------------------kg ha-1------------------------------------ 
Mucuna 27 19 170 113 127 134 
Crotalaria 26 18 161 142 133 179 
Lablab 17 16 130 99 115 110 
Control 6 7 94 46 90 92 
SE 2.6 1.4 9.5 8.5 7.6 11.5 
Effects ------------------------------P values-------------------------------------- 

Legume  0.002 0.082 0.003 <0.001 0.153 <0.001 
 
 
Table 8: Soil chemical properties (0 – 20 cm depth) as influenced by different green 
manure legumes applied under different levels of mineral N supplementation at Embu, 
Kenya. 

Nutrient analyzed Rate of mineral N 
(kg N ha-1) applied Nitrogen (%) pH (water) pH (cacl2) 
Mucuna 0.35 5.7 4.8 
Crotalaria 0.36 5.6 4.8 
Lablab 0.34 5.6 4.7 
Control 0.32 5.5 4.6 
SE 0.009 0.033 0.032 
Effects               --------------------------------P values------------------------------

Legume  0.173 0.898 0.677 
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