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ABSTRACT 
 
Aims: The study evaluated the contributions of cover crops and no-till to the expression of crop 
maize yield. 
Study Design: To test this, experiments were conducted for two consecutive years in a 
randomised complete block design  arranged in a split plot with four replications  
Place and Duration of Study:  Busiu in Mbale district, Uganda between September 2009 and April 
2011. 
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Methodology: Each experiment consisted of two no-till practices; herbicide no-till and slash no-till, 
four cover crops; mucuna (Mucuna pruriens L. DC.), lablab (Lablab purpureus), crotalaria 
(Crotalaria paulina), canavalia (Canavalia ensiformis) and one weedy fallow (control). No-till 
practices were allotted to the main plots while cover crops and weedy fallow to split plots. Data on 
cover-crop biomass, nutrient content, maize gain, cob and stover yields were recorded and 
analyzed to test for significant differences. 
Results: The results showed significant differences in biomass, N, P and K among no-till practices. 
Biomass, N, P and K recorded in herbicide no-till were high compared to slash no-till. Canavalia 
and crotalaria produced higher biomass compared with the weedy fallow, mucuna and lablab. 
Nitrogen levels in all cover crops evaluated were significantly higher than that from weedy fallow. In 
relation to maize yield, herbicide no-till increased maize grain yield by 2.6 Mgha-1 compared to 
slash no-till. All cover crops increased maize yield compared with the weedy fallow. The average 
increment in maize yield due to cover crops ranged from 1.1-1.5 Mgha-1. The most beneficial 
combination was between canavalia and crotalaria with herbicide no-till which gave higher maize 
yield when compared with a combination of   the same two cover crops with slash no-till. 
Conclusion: The increase in maize yield noted in our findings indicated the potential of canavalia, 
crotalaria and herbicide no-till to improve maize production in Eastern Uganda.  
 

 
Keywords: Herbicide; slash; tillage; legumes biomass; maize. 
  

1. INTRODUCTION 
 
Decline in soil fertility is recognized as one of the 
major causes of decreasing crop productivity in 
Uganda. This decline is mainly attributed to 
continuous crop cultivation, a practice which 
excludes the use of bush fallows that replenish 
the nutrient capital and help sustain crop 
production [1].  
 
Continuous cultivation unaccompanied by 
external nutrient inputs has also contributed to 
the decline in soil-nutrient capital [2]. Typically, 
nutrients are removed from the soil through 
harvested crop materials, burning of plant 
residues, soil erosion and nutrient leaching. The 
net effect is that nutrient losses far exceed 
nutrient inputs from natural processes such as 
deposition and biological nitrogen (N) fixation.  
As a result, negative nutrient balances of N, P 
and K of -60, -7, and -60 kg

-1
 ha

-1
 year

-1
, 

respectively, have been reported under annual 
cropping in Eastern Uganda [3].   
 
To reverse the effects of negative nutrient 
balances in Eastern Uganda, mulching using 
crop waste and animal manure was adopted [4].  
However, even with these interventions, farmers 
are unable to compensate for the lost nutrients 
because of low quantities of animal manure 
used, but also because of competing demands 
on crop residues for fuel and fodder [5]. 
Furthermore, the use of inorganic fertilizers to 
replace lost plant nutrients is constrained by their 
prohibitive costs [6]. 
 

Legume cover crops have the capacity to fix N, 
thereby replenishing nitrogen stocks in the soil 
[7]. Nitrogen recapitalisation through biological 
nitrogen fixation remains a primary source of N in 
small-holder cropping systems in Uganda [8].  
However, if cover crop residues are left on the 
soil surface after killing them, cover crop benefits 
will be increased, providing soil and water 
conservation, improved soil structure, increased 
biological activity, and greater organic matter 
content near the soil surface. No-till allows 
farmers to plant seeds at any depth with minimal 
disturbance to the soil [9]. This protects the soil 
structure, reduces soil erosion and conserves 
soil moisture and plant nutrients [10]. Thus cover 
crops and no-till can complement each other and 
provide a mechanism for sustaining yields in 
annual cropping systems. This study was 
conducted to evaluate the contributions of 
legume cover crops in no-tillage management 
with two different types of weed control–slashing 
or herbicide in eastern Uganda. The specific 
objectives included; 1) to determine the nutrient 
content and biomass of cover crops and; 2) 
assess the effect of cover crops and different 
weed control methods in a no-tillage system.  
 

2. MATERIALS AND METHODS  
 

2.1 Site and Treatments  
 
This study was conducted on-farm in Busiu, 
Mbale district, Uganda (1º 15’N, 34º 00’E; 1168 
masl) from 2009-2011. The experimental fields 
had previously been used for cultivating, maize, 
groundnut and beans for five years. The soil at 
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the four farmers’ field was ferralsols with a clay 
loam texture, containing an average of 0.14% 
total N, 5.6 mg kg-1 P, 0.36 cmol kg-1 K, 39% 
clay, 20% silt and 41% sand, with a pH of 6.4 
[11]. The experiment comprised of two main 
treatments (herbicide application and slashing), 
four cover crops treatments (Mucuna pruriens 
(L.) DC), Lablab purpureus, Canavalia ensiformis 
and Crotalaria paulina) and a weedy fallow 
treatment as sub-plots in a randomized complete 
block split-plot design with each of the four 
farmer’s field as a replicate.   
 
One month prior to the establishment of the 
experiment, weeds (dominantly Cyperus 
rotundus, Amaranthus spp, Epimedium 
sagittatum and Oxalis latifolia) within the 
experimental fields were killed by applying 
glyphosate herbicide at a rate of 1 L ha

-1
 or 

slashed using a hand slasher. At the on-set of 
the second season rains in September 2009, 
cover crop seeds were planted at a spacing of 75 
cm x 60 cm with 3 seeds per hole. One week 
after emergence, seedlings were thinned to one 
plant per hole and weeds controlled by hand 
pulling in both herbicide-applied and slashed 
plots.   
 
2.2 Cover-crop Biomass and Nutrient 

Content 
 
Sixteen weeks after planting (January 2010), the 
total biomass of cover crops and weeds was 
determined using a 0.25 m2 wooden quadrat. 
The quadrant was randomly thrown four times in 
each experimental unit and cover-crop plants 
within the quadrat were cut at ground level 
leaving the vines that lay beyond the quadrant 
edge. A few weeds that lay beneath the cover 
crop in quadrant were carefully sorted out and 
discarded. The same quadrat method was 
randomly thrown in weedy fallow (control) and 
weeds within the quadrant were also cut. The cut 
cover crop and weed materials were oven-dried 
at 65ºC for 48 h and weighed for biomass 
determination. A sample of 0.3 g was taken from 
ground leaves and analyzed for total N, P and K. 
Total N was determined by digestion in hot 
concentrated sulphuric acid and the Kjeldahl 
technique [12], P by bray-1 method and K by 
flame photometry [13]. Five days after taking the 
biomass data, cover crops and weeds were killed 
either by herbicide application using the same 
rates mentioned earlier or slashed using a hand 
slasher. The cut materials and those killed by the 
herbicide were left in situ for two months to 
decompose.  

At the on-set of first season rains in April 2010, 
maize (Zea mays L.), variety Longe hybrid 6 was 
planted in weed-free fields at 75 cm x 30 cm in 
rows at a rate of 4 seeds per hole. One week 
after emergence, maize seedlings were thinned 
to 2 plants per hole. Three weeks after planting, 
weeds that had emerged in maize fields were 
controlled either by careful slashing between 
rows using a slasher or direct application of 
roundup (glyphosate) herbicide between maize 
rows at a rate of 1 L ha

-1 
was done. During 

spraying, a spray guard was used to avoid 
herbicide contact unto maize.  The two weed 
control practices (herbicide application and 
slashing) were concurrently undertaken to avoid 
discrepancies that would have arisen from using 
different weed-control methods at different times. 
The second weed control was carried out five 
weeks after planting using similar procedures. 
Despite the two weed control regimes executed, 
weeds with high seed densities in the soil and 
those with high regeneration ability in herbicide-
applied and slashed plots often emerged in the 
course of maize growing. 
 
In order to determine the effect of regenerated 
weeds on maize growth, weed densities for the 
regenerated weeds were determined five weeks 
after planting. A quadrant procedure described 
for cover crop biomass determination was 
employed. Four prominent weed species 
enclosed in the quadrant randomly thrown in 
slash and herbicide treatments were counted and 
computed per 0.25 m

2
 basis. The same maize 

experiment was repeated twice in the second 
and first season rains of September 2010 and 
April 2011 respectively using similar procedures 
adopted from the previous seasons. 
  

2.3 Maize Yield  
 
Maize was harvested 13 weeks after planting; 
the harvesting was delayed by one week beyond 
physiological maturity (12 weeks) to allow for 
more drying of the maize while in the field. All 
maize plants from an area of 3 x 3 m (net plot) 
within the centre of each plot were harvested. 
The maize cobs and stover from each net plot 
were counted, weighed and recorded. The cobs 
were then sun-dried on a tarpaulin to 13% 
moisture content, and weighed. The dried cobs 
were threshed using a hand sheller and weighed. 
The grain and stover weight per net plot were 
extrapolated to per hectare basis.  
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2.4 Data Analysis 
 
The data were subjected to analysis of variance 
(ANOVA) using Genstat version 10 [14]. The 
mean values for cover-crop biomass, nutrient 
content, weed densities. Maize grain, cob and 
stover yields were computed. The means were 
subject to ANOVA to test for significant 
difference (P < .05). Fisher’s Least Significant 
Difference was used to determine significant 
differences between means and for the 
interaction analysis; GLM procedure in Genstat 
(14) was used.  
 

3. RESULTS  
 
3.1 Biomass and N, P and K Content 
 
In terms of biomass and nutrient content 
significant (P < .001) differences were observed 
between the two no-till practices studied. On 
average, high biomass, N, P and K levels were 
recorded in herbicide no-till compared to slash 
no-till.  In the same way, significant differences 
(P ≤ .05) in biomass, N, P and K content of cover 
crops and weedy fallow were also observed in 
the sub treatments (Table 1). Canavalia biomass 
was significantly (P ≤.001) different from that of 
crotolaria. Similarly, canavalia and crotalaria 
biomass were significantly (P <.001) different 
from that of weedy fallow, but mucuna and lablab 
biomass were not significantly different from that 
of weedy fallow. All cover crops had significantly 
(P ≤ .05) higher level of nitrogen (N) than weedy 
fallow; canavalia had the highest level of N 

followed by crotalaria, mucuna and lablab. 
However, biomass produced by crotalaria was 
not significantly (P ≤.05) different from that of 
mucuna. On the other hand, phosphorus (P) 
level in cover crops was not significantly (P ≤.05) 
different from that in weedy fallow (Table 1). 
However, potassium (K) content was also 
significantly (P ≤.05) higher in crotalaria, mucuna 
and canavalia than weedy fallow and lablab. In 
relation to biomass, N, P and K, there were no 
significant (P ≤.05) interactions between no-till 
and cover crops. 
 

3.2 Effects of no-till and Cover Crops on 
Maize Yield   

 
The two no-till practices tested; significantly (P 
≤.05) affected maize grain yield, cob weight and 
stover. Herbicide no-till increased maize yield, 
cob weight and stover by 2.6, 2.3 and 2.5 Mg            
ha

-1
 compared with the slash no-till practice 

respectively.  
 
Use of cover crops also led to significant (P ≤.05) 
increase in grain yield when compared with the 
weedy fallow (Table 2). The average increment 
in maize yield due to cover crops ranged from 
1.1 - 1.5 Mg ha

-1
. Similarly, cob weight was also 

affected by cover crops (Table 2).  A significant 
(P ≤.05) increment in cob weight was observed 
for maize planted in mucuna, lablab and 
canavalia plots as compared to maize obtained 
in crotalaria and weedy fallow plots. 
Nonetheless, cover crops did not have significant 
(P ≤ .05) effect on maize stover (Table 2).   

 

Table 1.  Mean cover crop and weed biomass with their nutrient contents at Busiu, Mbale 
district, Eastern Uganda 

 

Treatments  Biomass  Nitrogen  Phosphorus  Potassium 
 ……………………Mg/ha……………………………………….. 
Crotalaria  3.7a 98.4a 3.45a 82.9a 
Mucuna  2.9b 88.2a  5.21a  75.6a 
Lablab  2.7b 57.5b 3.40a 34.5b 
Canavalia  4.5c 126.7c 5.23a  71.4a 
Weedy fallow  2.4b 22.2d  3.15a  25.4b 

Means followed by similar letter(s) in a column are not significantly different (P >.05) 
 

Table 2.  Maize yield components and grain at Busiu, Mbale district, Eastern Uganda 
 

Treatments   Cob weight Stover Grain 
………………………Mg ha

-1
…………………………… 

Crotalaria  4.7a 4.3a 4.9a 
Mucuna  5.7a 4.2a 5.1a 
Lablab  5.3a 3.9a 4.9a 
Canavalia  5.1a 4.0a 4.7a 
Weedy fallow  3.8b 3.2a 3.6b 

Means followed by similar letter(s) in a column are not significantly different (P >.05) 
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3.3 Regeneration of Weed Species in no-
till   

 
Despite the two weed control regimes done in 
herbicide no-till and slash no-till, some weed 
species regenerated and the effect of the 
regenerated weeds in no-till on maize yield was 
determined. Mean weed densities of Cyperus 
rotundus, Amaranths spp, Epimedium sagittatum 
and Oxalis latifolia in slash no-till were 
significantly (P ≤.05) higher compared to mean 
densities in herbicide no-till (Table 3). For all the 
four weed species, mean densities in slash no-till 
were atleast three-folds more than in herbicide 
no-till.  
 

3.4 Effects of no-till Practice Combina-
tion with Cover Crops on Maize Yield  

 

A combination of no-till practices and cover crops 
was significant (P ≤.05) for grain yield but not for 
cob weight and maize Stover. The combination 
between canavalia, crotalaria and herbicide no-
till gave higher maize yield compared with a 
combination of the same cover crops with slash 
no-till (Fig. 1).  

4. DISCUSSION 
 
The study revealed that herbicide no-till 
increased biomass production of cover crops, 
nutrient content and maize grain yield compared 
with slash no-till.  
 
The higher cover crop biomass in herbicide no-till 
compared to slash no-till was partly attributed to 
effective control of weeds by herbicide during the 
cover crop growth. Though weed control was 
done at the same time, interval and number of 
times in herbicide and slashed plots, weeds 
propagated through sprouts and roots multiplied 
after slashing which increased the weed 
densities in slash no-till plots. Weeds are known 
to use the soil nutrients, available moisture, and 
compete for space and sunlight with cover crops, 
which result in cover crop biomass reduction 
[15]. Hence the low cover crop biomass 
observed in slash no-till compared to herbicide 
applied plots was possibly explained by 
competition from weeds.  
 

 
Table 3. Population densities of four weed species that regenerated three weeks after planting 
maize under slash and herbicide applied treatments at Busiu, Mbale district eastern Uganda. 

 

No-till Mean weed densities  in  0.25m2 
 Cyperus rotundus Amaranthus spp Epimedium sagittatum Oxalis latifolia 
Slash   45a 25a 21a 43a 
Herbicide   10b 6b 7b 9b 

Means followed by similar letter(s) in a column are not significantly different (P >.05) 
 

 
 

Fig. 1. Interaction effects of cover crops, weedy fallow and no-till treatments on maize yield in 
Busiu, Mbale district, Eastern Uganda. Means, for each cover crop and weedy fallow followed 

by similar letter are not significantly different
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The higher biomass for canavalia compared with 
mucuna, lablab and the weedy fallow was partly 
attributed to its large seed pods which 
contributed to its total above-ground biomass 
[16]. In contrast, mucuna and lablab have small 
seed pods which are associated with low 
harvestable biomass. Equally weeds which 
constituted the weedy fallow have minute seeds 
enclosed in very small pods which also 
contributed to their reduction in biomass. Hence 
similar morphological attributes possibly 
explained the lack of significant difference in 
biomass among mucuna, lablab and weedy 
fallow. On the other hand, the high biomass for 
canavalia and crotalaria compared to weedy 
fallow could also be attributed to their deep 
rooting depth and tolerance to moisture stress 
[17]. Moisture stress was experienced by all 
cover crops during their early stages of 
establishment but the high canavalia and 
crotalaria biomass could be attributed to their 
capacity to extract more water under stressful 
conditions. Earlier studies have shown that deep 
rooting during early growth stages of canavalia 
and crotalaria allow them to extract more water 
from the soil which enhances their biomass 
production compared to the shallow-rooted weed 
species that constituted the weedy fallow [18].  
 
The high nitrogen (N) content exhibited by cover 
crops compared to weeds in the weedy fallow 
can be attributed to N accumulation being 
proportional to the amount of biomass produced 
[19]; thus canavalia with the highest biomass, 
accumulated the most N. Unlike N,  K was not 
proportional to biomass as crotalaria which had 
the highest level of K did not yield the highest 
biomass, possibly because in legume crops K is 
mostly used in improving  quality and resistance 
against diseases, with little contribution towards 
quantitative traits such as biomass [20]. On the 
other hand, P levels in cover crops and weedy 
fallow were not significantly different indicating 
that use of cover crops may not have an added 
advantage over weeds in enhancing P levels in 
the soil when both are used as soil amendments.  
 
Use of herbicide no-till increased maize grain 
and yield components (cob weight and stover). 
The increment in the three parameters was partly 
attributed to reduced weed density in herbicide 
applied plots during maize growth. Different 
weed control methods are used in maize crop 
among which chemical weed control is the most 
economical and effective method to suppress 
weeds in order to get healthy and vigorous crop 
stand [15]. Our findings concurred with earlier 

studies because for the herbicide applied before 
and three weeks after planting substantially 
reduced the weed density in herbicide no-till 
based treatments compared to slash no-till 
treatments. The results were further supported 
by Schans [21] who obtained best weed control 
and higher maize yield in herbicide treated plots 
[22]. Similarly, Ali [20] concluded that herbicide 
application increased maize yield and decreased 
weed biomass significantly. Effective control of 
weeds in maize is known to reduce on the 
competition of maize with weeds for growth 
resources Ojiem [18].  
 
On the other hand, the reduced grain yield in the 
slash no-till based treatments could have been 
due to high weed densities arising from 
regeneration of weeds (Table 3). Most weeds in 
the experimental plots had the ability to 
regenerate, yet presence of weeds during growth 
cycle of maize is reported to create competition 
for growth resource [23]. The competition from 
the regenerated weeds possibly contributed to 
reduction in grain yield in slash no-till plots 
compared to herbicide slash. 
 
Generally, the variation in maize yield which 
followed the planting of cover crops and weedy 
fallow was possibly due to biomass left in situ 
after cover crops were killed by herbicide 
application and slashing. The biomass 
decomposed and partially contributed to the 
nutrient supply especially N required for maize 
growth [7]. The increase in maize yield by cover 
crops when compared to weedy fallow was 
further explained by the fact that cover crops on 
average contained higher N (92.7 Mg ha-1) than 
N (22.2 Mg ha

-1
) in weeds. The four-fold N 

contributed by cover crops compared to weedy 
fallow possibly validated the difference in maize 
yield observed. Earlier studies conducted in 
Kenya indicated that application of mucuna 
green manure in no-till increased maize grain 
yield by 1.5 Mg ha-1 compared to non-legume 
cover crops [24]. Similarly, in Cameroon maize 
grain yield increase of 4 Mg ha

-1
 was obtained 

after a short fallow of mucuna [25].  
 
No-till practice and cover crop interaction was 
highly significant with a combination of   
crotalaria and canavalia with herbicide no-till 
giving high maize yield compared to canavalia 
and crotalaria combination with slash no-till 
practice. The high canavalia and crotalaria 
biomass accumulated in herbicide no-till during 
canavalia and crotalaria growth and its eventual 
decomposition possibly released N which 
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boosted maize growth. Nitrogen released during 
canavalia and crotalaria decomposition is known 
to improve soil nitrogen status [26] and their 
residues can retain conserved moisture and 
hence increase maize yield [27]. In this 
combination  it is anticipated that canavalia and 
crotalaria possibly provided N on decomposition 
which enhanced available N for maize uptake 
while herbicide no-till effectively reduced weed 
densities and minimized maize competition with 
weeds for growth resources. On the other hand, 
even though N from decomposing cover crops 
was released in slash no-till and availed to maize 
in the subsequent season, the regeneration 
ability of the slashed weeds possibly competed 
with maize for growth resources. This explained 
the reductions in maize yield from canavalia and 
crotalaria combination with slash no-till.   
 

5. CONCLUSION 
 
The study provided evidence that among the 
cover crops tested canavalia and crotalaria 
produced more biomass and accumulated the 
most N. Also cover crops had significant effects 
on maize grain yield compared to weedy fallow. 
Furthermore, a combination of herbicide no-till 
with canavalia and crotalaria increased maize 
yield. Based on our findings, combining   
herbicide no-till with canavalia and crotalaria has 
a potential of improving maize yield among small 
holder farmers in Eastern Uganda. 
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