
NUTRIENT UPTAKE AND YIELD RESPONSES OF MAIZE AND BEAN TO 
LEGUMINOUS COVER CROP FALLOW WITH MINIMUM TILLAGE IN 
UGANDA 
 
Drake N. Mubiru 

 
National Agricultural Research Laboratories Institute – Kawanda, National Agricultural 
Research Organization (NARO), Box 7065 Kampala, Uganda; Email. 
dnmubiru@kari.go.ug 
 
 
ABSTRACT 
Improved fallows can offset crop nutrient needs and improve yields. Study objectives 
were to determine effects of improved fallows on nutrient uptake and yield of maize and 
bean in a fallow-maize-fallow-bean rotation. Trials were conducted at Kawanda 
Agricultural Research Institute (ARI) and on farmers’ fields in Mbale and Pallisa 
districts, eastern Uganda. Experimental layout was Randomized Complete Block Design in a 
split-plot arrangement with four replications. Fallow management (slash and herbicide 
application) was the main plot and the fallows were the subplots. Cover crops used in the 
improved fallows included mucuna, lablab, canavalia, and crotalaria. Variability in maize nutrient 
uptake at the three sites was attributed to differences in fallow above-ground phytomass and 
nutrient yields, and the inherent soil fertility. The N, P, and K nutrient indexes derived from DRIS 
norms for maize at Kawanda showed that N was most limiting in the crotalaria, mucuna, and 
lablab fallows, while P was most limiting in the canavalia and natural fallows. In the case of bean, 
K was in lowest supply relative to need than N and P in all fallows. In the short-term, improved 
fallows did not offset all crop nutrient needs. For optimal maize yields all fallows needed 
supplemental N, while lablab, canavalia, and the natural fallow needed supplemental P. 
Crotalaria and mucuna needed supplemental K. For bean, all fallows needed supplemental K. 
These results suggest that for optimal crop yields in response to preceding improved fallows 
there is still a need for supplemental fertilizer inputs.  
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INTRODUCTION  
In many parts of sub-Saharan Africa, continuous land cultivation for crop production 
without external inputs and removal of crop residues (Sanchez et al., 1997; Wortmann 
and Kaizzi, 1998) have replaced the traditional fallow systems that used to rejuvenate soil 
fertility and maintain sustainable food production (Nandwa and Bekunda, 1998). 
Traditionally, land was used continuously for about 4 years and thereafter left under 
natural fallow for about three years (Nandwa and Bekunda, 1998) or planted with 
cassava. However, this practice is no longer possible due to the ever increasing 
population and the attendant pressure on land. As a result, large areas have undergone 



serious soil physical, biological, and chemical degradation (FAO, 2000) leading to a 
decline in soil productivity.   
 
Soil cultivation for crop production universally causes soil productivity decline (Ssali and 
Vlek, 2002). However, the rate of degradation has been disparate between temperate and 
tropical areas. In the tropics, soils are highly weathered and old therefore soil organic 
matter (SOM) is the main source of nutrients. Yet the breakdown of SOM is a lot faster in 
the tropics due to higher temperatures, while the frequent wet and dry spells increase the 
rate of SOM mineralization (Jenknison and Ayanaba, 1977). Differences in management 
(e.g. tillage practices, soil and water conservation, and use of inputs) have also 
contributed to the disparate situation in the two different systems (Ssali and Vlek, 2002). 
Various workers (Belay et al., 2002; Bationo and Buerkert, 2001; Katyal et al., 2001; 
Nandwa, 2001; Palm et al., 2001; Roose and Barthes, 2001) have indicated that the rate 
of SOM loss and hence land degradation during the cultivation phase can be reduced 
through various management options including prevention of erosion, minimum tillage, 
use of inputs and improved systems that exploit the benefits of fallows, biological 
nitrogen fixation, rotations, intercropping and agroforestry. With such options, a farmer 
can prolong use of a piece of land and if properly planned another piece can rest long 
enough for soil productivity to recover (Ssali and Vlek, 2002).  
  
The use of legumes as soil-improving and soil-conserving crops has historically been an 
integral part of crop-rotation strategies (Pikul et al., 1997). In Uganda, the problem of 
declining soil fertility is being addressed through various alternative processes including 
improved fallows. Improved fallow is a green-manure farming system that is used as a 
partial fallow replacement in a crop-fallow rotation. Legumes are grown to full bloom 
during the fallow period and killed by mechanical or chemical means. Improved fallow 
use in farming systems has shown increased yields of subsequent crops and soil 
productivity in the system (Fischler, 1994; Wortmann et al., 1994).  
 
Generally, under favourable conditions, it is estimated that in the tropics improved 
fallows can accumulate 100 to 200 kg N ha-1 in 100 – 150 days with a significant portion 
derived by N2-fixation (Giller et al., 1994). Several workers (Sanginga et al., 1996; 
Becker and Johnson, 1998; Versteeg et al., 1998; Ibewiro and Sanginga, 2000; Tian et 
al., 2000) have reported significant crop responses to preceding improved fallows. Trials 
in Uganda have also shown significant yield increases in response to preceding improved 
fallows (Wortmann et al., 1994; Fischler, 1997; Fischler and Wortmann, 1999), 
indicating that improved fallows have a significant role to play in the current farming 
system.  
 
Annual legumes used as improved fallows have different N2-fixation capabilities (Pikul 
et al., 1997; Calegari and Alexander, 1998; Calegari, 2001). Soil improvement using 
improved fallows may also require many additional cropping cycles (Pikul et al., 1997) 
especially on degraded soils. For a significant crop response to a preceding improved 
fallow, there might also be need for fertilizer inputs to supplement the additions by the 
improved fallows and to check the imbalance in nutrients that could be created during the 
fallow period to ensure optimal yields. Study objectives were to determine effects of 



improved fallows on crop nutrient uptake and yield of maize and beans in a fallow-
maize-fallow-bean rotation. 
 
MATERIALS AND METHODS 
 
Location Characteristics 
Trials were conducted between 2004 and 2006 at Kawanda Agricultural Research 
Institute and in two rural parishes, Petete, Pallisa district and Busiu, Mbale district, in 
eastern Uganda. Kawanda is located [latitude: 00 25’ 05” N and longitude: 320 31’ 54” E at 
1,190 masl, average rainfall is 1,224 mm per annum. Petete is at 1,071 masl with average rainfall 
of 1,000 mm per annum. Busiu at 1,215 masl and average rainfall is 1,191 mm per annum. Each 
site has two rainfall seasons.  
 
The soils from the trial field at Kawanda Agricultural Research Institute were sandy clay 
in texture with sand contents of 560 g kg-1 (Table 1). Those from Pallisa and Mbale had 
textural classes ranging from loamy sand to sandy clay loam with average sand contents 
of 730 to 830 g kg-1 The soil particle analysis results were typical for the areas (Ssali, 
2000). 
 
Table 1. Baseline average soil physicochemical properties at the three study sites   

Site 
Property  

Kawanda Pallisa Mbale Critical values† 
pH1:2.5

 4.5 5.9 6.4 5.2 
SOM, % 2.7 1.6 1.3 3.0 
Total N, % 0.12 0.16 0.14 0.20 
Extractable P, mg kg-1 2.14 0.52 5.6 5.0 
Extractable K, mg kg-1 151 135 142 150 
Extractable Ca, mg kg-1 1078 612 652 350 
Extractable Mg, mg kg-1 198 228 171 na 
Sand, g kg-1 560 730 830 na 
Silt,  g kg-1 70 80 75 na 
Clay, g kg-1  370 190 95 na 
†Levels below the critical values are considered to be yield limiting (Foster, 1971); na = 
not applicable. 
 
Farmer Selection and Experimental Design 
Four farmers with almost equal landholdings and similar management practices were selected 
from each parish. The experimental layout was a Randomized Complete Block Design (RCBD) in 
a split-plot arrangement with four replications. Fallow management was the main plot (20 × 4 m) 
and the fallows were the subplots (4 × 4 m). The fallows were managed in preparation of the 
following cropping season either by slashing or by herbicide application (50% glyphosate [N-



(phosphonomethyl) glycine]) at 3 L ha-1. Slashing involved cutting the above-ground phytomass 
as close to the soil surface as possible and allowing the phytomass to settle on the soil surface.    
 
Improved fallows in pure stands and a natural fallow were established in 4 m × 4 m sub-plots 
during the short rains of 2004. Cover crops used in the improved fallows included mucuna 
(Mucuna pruriens var. utilis), lablab (Dolichos lablab cv. Rongai), canavalia (Canavalia 
ensiformis), and crotalaria (Crotalaria paulina). After one season of fallow, maize (Zea mays) was 
planted during the long rains of 2005 (season 2005A) between 15th and 17th March 2005. The 
fallows were re-established in the same plots during the short rains of 2005 (season 2005B) and 
killed with herbicide or cleared by slashing prior to planting bean (Phaseolus vulgaris) in the long 
rains of 2006 (season 2006A), between 10th and 12th March 2006. Maize, hybrid 2H, early 
maturing (100 days), streak virus disease resistant, with a yield potential of 7-9 MT ha-1 
was seeded at 0.75 m inter-row and 0.60 m intra-row spacing (2 seeds per hill) giving a total plant 
population of about 44,000. Bean variety K132, with a yield potential of 2 MT ha-1, was seeded at 
0.5 m inter-row and 0.1 m intra-row spacing.  
 
Data Collection and Analysis 
A baseline soil analysis was performed by removing soil samples from 0 – 20 cm depth 
from each trial field. The sampled were dried in open air, ground to pass a 2-mm sieve, 
and analyzed according to Okalebo et al. (2002). Particle-size analysis was done using 
the hydrometer method. Soil pH was measured using a soil to water ratio of 1:2.5. 
Extractable P, K and Ca were measured in a single ammonium lactate/ acetic acid extract 
buffered at pH 3.8. Total N was determined using a micro-kjedahl block digestion 
apparatus and soil organic matter was determined by acid-dichromate digestion. Soil 
samples were also collected at the end of each fallow period and analyzed as above. After 
one season of fallow, soil samples were collected using a double-cylinder, hammer driven 
core sampler to determine bulk density (Blake and Hartge, 1986, p. 364) 
 
Plant samples - ear leaf at tassling for maize and the third fully expanded tri-foliate prior 
to flowering for bean - were dried in an oven at 70˚C, ground to pass a 0.5 mm sieve and 
analyzed for Ca, Mg, K, P, and total N by wet oxidation (Okalebo et al., 2002). 
Phosphorus was determined colorimetrically, and K was determined by flame photometry 
(Okalebo et al., 2002).  
 
Maize grain yield was determined by hand-harvest of cobs in the whole plot after 
physiological maturity. The cobs were dried in open air and shelled. The grain was 
weighed and subsamples were collected for determination of grain water content. The 
grain yield was adjusted to 120 g kg-1 water content.  
 
Bean grain yield was determined by hand-harvest of 9 m2 of each plot after physiological 
maturity. The bean were dried in open air and threshed. The grain was weighed and sub-
samples were collected for determination of grain water content. The grain yield was 
adjusted to 140 g kg-1 water content. Yield components were evaluated as follows: plant 



population was determined by counting the number of plants in 9 m2; ten plants were 
randomly selected to determine the number of nodes per plant and pods per node at 
harvest. 
 
DRIS Norms 
Diagnosis and integrated recommendation system (DRIS) indexes for maize and bean 
were calculated using local norms (Table 2 and 3) of the high yielding population data 
according to a method described by Black (1993, p. 233). In DRIS analysis, there are 
positive and negative nutrient indexes. However, if the index values are arranged in 
numerical order from the nutrient with the maximum positive value down to the nutrient 
with the maximum negative value, the implication is that each nutrient in the descending 
sequence is present in lower supply relative to the need than the nutrient above it (Black, 
1993, p. 240). Nutrient balance indexes (NBI) were also calculated for each plant sample 
by summing the absolute values of the N, P, and K nutrient indexes (Dara et al., 1992).  
 
Table 2. Selected DRIS ratios for maize to calculate DRIS indexes for locally 
(Kawanda) developed norms  

 Kawanda local norm†  
Treatment Parameter Number of 

observations 
Mean CV, % 

Crotalaria 
 N/P 3 9.54 10.17 
 N/K 3 0.85 20.47 
 K/P 3 11.36 10.16 
Mucuna 
 N/P 4 8.81 11.77 
 N/K 4 0.86 24.46 
 K/P 4 10.85 33.47 
Lablab 
 N/P 5 9.21 12.06 
 N/K 5 0.79 17.80 
 K/P 5 11.87 12.97 
Canavalia 
 N/P 4 9.13 4.68 
 N/K 4 0.89 11.61 
 K/P 4 10.41 11.28 
Natural fallow 
 N/P 3 8.20 9.66 
 N/K 3 0.91 25.14 
 K/P 3 9.36 24.13 
†Number of observations, means, and coefficient of variation (CV) of DRIS reference 
parameters in a sub-population yielding more than 5 Mg of maize grain ha-1 

 
Table 3. Selected DRIS ratios for bean to calculate DRIS indexes for locally 
(Kawanda) developed norms  
  Kawanda local norm† 



Treatment Parameter Number of 
observations 

Mean CV (%) 

Crotalaria 
 N/P 5 12.69 7.91 
 N/K 5 1.22 21.91 
 K/P 5 10.86 25.53 
Mucuna 
 N/P 5 13.54 6.67 
 N/K 5 1.34 34.09 
 K/P 5 10.98 28.45 
Lablab 
 N/P 6 13.35 8.33 
 N/K 6 1.23 19.20 
 K/P 6 11.23 23.68 
Canavalia 
 N/P 6 14.07 6.08 
 N/K 6 1.18 13.96 
 K/P 6 12.25 20.24 
Natural fallow 
 N/P 7 12.94 8.97 
 N/K 7 1.35 22.92 
 K/P 7 10.08 29.47 
† Number of observations, means, and coefficient of variation (CV) of DRIS reference 

parameters in a subpopulation yielding more than 0.3 Mg of bean grain ha-1 
 
Statistical analysis 
Data was subjected to ANOVA to determine significant (P < 0.05) site management, 
fallow effects, and significant interactions. For variables in which a site × management or 
site × fallow interaction was detected, ANOVA was performed on data within each site. 
Comparison of means was made by LSD all-pair-wise comparisons. All analyses were 
done using Statistix V. 2.0 (Statistix for windows, Analytical Software, 1998). 
 
 
RESULTS AND DISCUSSION 
Maize Nutrient Uptake 
There were significant site effects in maize nutrient uptake. However, significant 
management effects on nutrient uptake were observed only for P and Ca and there were 
no significant fallow effects. On the other hand, the interactions were not significant.  
 
At the site level, N uptake at Mbale was significantly lower than at Kawanda and Pallisa; 
the difference between Kawanda and Pallisa was not significant (Table 4). Phosphorus 
uptake was significantly higher at Pallisa than Kawanda, but differences between Mbale 
and Kawanda or Pallisa were not significant. In regard to K uptake, there were significant 
differences among all sites, with the relative ranking being Pallisa > Mbale > Kawanda.  
Calcium uptake was significantly higher at Mbale than Kawanda and Pallisa, but the 
difference between Kawanda and Pallisa was not significant. Magnesium uptake was 



significantly higher at Kawanda than Mbale, but differences between Pallisa and Mbale 
or Kawanda were not significant.  
 
Table 4. Maize nutrient uptake at the three study sites† 

Nutrient uptake  
Site N P K Ca Mg 
 ----------------------------------------------%-------------------------------- 
Kawanda 1.59a 1.77b 2.09c 0.40b 0.27a 
Pallisa 1.52a 0.212a 2.68a 0.38b 0.25ab 
Mbale 1.27b 0.192ab  2.36b 0.58a 0.22b 
†Different letters within each column indicate statistical difference between treatments at 
the P=0.05 level, using the LSD method. 
 
The variability in nutrient uptake at the three study sites could be attributed to differences 
in fallow above-ground phytomass nutrient yields (Mubiru and Coyne, in presss). It is 
also possible that nutrient uptake was influenced by other soil property relationships. For 
example, there was a significant linear relationship between SOM and soil N (Mibiru and 
Coyne, in press). Therefore, the variability in N uptake could have been as a result of the 
differences in SOM at the three study sites. On the other hand, the fact that soil P at 
Pallisa was the lowest (Mubiru and Coyne, in press) while uptake was highest might 
point to the different P-holding properties of the soils at the three sites. 
 
Because there were no significant site × management interaction on nutrient uptake, 
management means were averaged across the sites. Maize P uptake was significantly 
higher under slash management than under herbicide management (2.05 vs 1.83 g P kg-1). 
However, Ca uptake was significantly higher under herbicide management than under 
slash management (5.0 vs 4.1 g Ca kg-1). Interestingly, N and K uptake had the same 
trend as P uptake, while the trend for Mg uptake was similar to that of Ca, however, 
differences between the management systems were not significant. Apparently, 
management affected the availability of some nutrients and this could have been due to 
the crop residue decomposition processes associated with the two management systems. 
Decomposition under slash management was faster relative to that under herbicide 
management and it is plausible that this had an effect on the dynamics of the nutrients. As 
noted by Coyne and Thompson (2006, p. 326) and Black (1993, p. 177), N, P, and K are 
mobile in plants whereas Ca and Mg are immobile. Therefore the contrasting behavior of 
Ca and Mg uptake versus N, P, and K uptake under the two management systems could 
have been as a result of the relative mobility of these nutrients.  
 
Maize DRIS Norms 
The nutrient indexes of N, P, and K derived from the DRIS norms of maize at Kawanda 
show that N was among the limiting nutrients in all fallow treatments whereas P and K 
were adequate in some of the treatments (Table 5). According to Okalebo et al. (2002), 
the critical N concentration in maize plant tissue at the tassling stage is 3%. In our study 
all N leaf concentrations were below this critical value (Fig. 1); this probably explains the 
insufficiency of N exhibited by the DRIS norms. Nitrogen was present in lowest supply 
relative to the need than K and P in the crotalaria, mucuna, and lablab treatments, 



whereas P was in lowest supply relative to the need than N and K in the canavalia and 
natural fallow treatments. Potassium was the nutrient in highest supply relative to need in 
lablab, canavalia, and the natural fallow whereas P was in highest supply in crotalaria and 
mucuna fallow treatments. According to the magnitude of the indices, all the improved 
fallows besides canavalia had relatively more N in than the natural fallow (Table 5). 
These results suggest that for optimal maize yields, at the three study sites, all fallows 
needed supplemental fertilizer N. On the other hand, only lablab, canavalia, and the 
natural fallow needed supplemental P and only crotalaria and mucuna needed 
supplemental K.  
 
Table 5. The effect of fallows on foliar nutrient status and Diagnosis and 
Recommendation Integrated System (DRIS) indices in maize at Kawanda, Uganda  

Leaf composition DRIS indices  
 
Treatment N P K N P K 

 
Order of 
importance 

 ------------(%)---------     
Crotalaria 1.60 0.17 1.98 -2.98 3.73 -0.76 N > K > P 
Mucuna 1.46 0.17 1.75 -3.61 5.75 -2.14 N > K > P 
Lablab 1.73 0.19 2.36 -1.94 -1.22 3.16 N > P > K 
Canavalia 1.53 0.16 2.16 -6.28 -36.74 43.02 P > N > K 
Natural 
fallow 

1.61 0.19 2.20 -3.81 -5.65 9.46 P > N > K 
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Fig. 1. Maize grain yield distribution with N concentrations in maize ear leaf dry 
matter at Kawanda.  
 
Within a given fertilizer experiment, in which factors other than the nutrient supplies are 
fairly constant, a close negative correlation may be found between crop yield and nutrient 
balance index (NBI) for the crop receiving different treatments (Walworth and Sumner, 
1987; Angeles et al., 1990). Our data indicated that there was a negative correlation 
between the maize grain yield and the NBI in all fallows, however, it was the natural 
fallow with the closest fit (r = -0.76, P < 0.05) followed by canavalia (r = -0.73, P < 0.1) 
while the correlation coefficients of the other fallows were not significant (Fig. 2). The 
implication of these observations is that the fallows with poor correlation had 
considerable variability in NBI resulting in a poor relationship with yield. Apparently, 
under the natural and canavalia fallows nutrient balance accounted for most of the 
variability in maize grain yield. 
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Fig. 2. Relationship between maize grain yield and Nutrient Balance Index (NBI) 
using Kawanda local norms.  
 
Maize Grain Yield 
There were significant site differences in maize grain yield. Grain yield at Kawanda (5.0 Mg 
ha-1) and Mbale (4.6 Mg ha-1) was significantly higher than that at Pallisa (3.1 Mg ha-1). 
The difference between Kawanda and Mbale were not significant. Significant 
management effects on grain yield were also observed, however, there were no 
significant fallow effects on yield. A significant site × management interaction was 
observed indicating that even though management effects were significant they were not 
independent of site conditions, therefore ANOVA was performed on data within each 
site.  
 
At Kawanda and Pallisa, maize grain yield with the herbicide management was 
significantly higher than the yield from management by slash. At Mbale, management 
effects were not significant, and unlike the other two sites, grain yield with the slash 
management was higher than with herbicide management, which accounted for the 
significant site × management interaction (Fig. 3). There were no significant fallow 
effects on yield at each site but generally, the lowest yield was realized from the natural 
fallow (Fig. 4). The overall mean increase in maize grain yield due to the effects of 
improved fallows compared to the natural fallow was 18% with a range of 9 to 26%. 
Increases in maize grain yield ranging from 60 to 80% have been reported by other 
researchers (Wortmann et al., 1994; Fischler, 1997; Becker and Johnson, 1998; Versteeg 

Treatment Correlation coefficient 
Crotalaria -0.58 
Mucuna -0.24 
Lablab -0.41 
Canavalia -0.73* 
Natural fallow -0.76** 

 



et al., 1998; Fischler and Wortmann, 1999). The relatively small increase in our study 
could have been a manifestation of the DRIS norms, which indicated that there was need 
for supplemental nutrients in order to realize optimal yields. 
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Fig. 3. Maize grain yield under different management systems at the three study 
sites 
1Different letters above bars within each site indicate statistical difference between 
management systems at the P=0.05 level, using the LSD method. 
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Fig. 4. Maize grain yield under different fallows at the three study sites . Vertical 
bars indicate standard error of the means.  
 
Bean Nutrient Uptake 
Significant site differences in bean nutrient uptake were observed for N, Ca, and Mg but 
differences in P and K uptake were not significant. There were no significant 
management and fallow effects on nutrients uptake and all the interactions were not 
significant. At the site level, N uptake at Kawanda were significanlty higher than at 
Pallisa and Mbale, but the difference between Pallisa and Mbale were not significant 
(Table 6). Calcium uptake was significantly higher at Pallisa than Kawanda and Mbale, 
but the difference between Kawanda and Mbale were not significant. Magnesium uptake 
was significantly higher at Kawanda than Pallisa and Mbale and the difference between 
Pallisa and Mbale was also significant. As was the case with maize, the variability in 
bean N uptake could have been as a result of the differences in SOM at the three study 
sites. However, unlike maize, the variability in the bean nutrient uptake could not be 
attributed to differences in fallow above-ground phytomass nutrient yields because all 
improved fallows failed at Kawanda (Mubiru and Coyne, submitted) yet bean N and Mg 
uptake was significantly more at Kawanda than at  the other two study sites. 
 
Table 6. Bean nutrient uptake at the three study sites† 

Nutrient uptake  
Site N P K Ca Mg 
 -----------------------------------------------%----------------------------------- 

Kawanda Pallisa Mbale 



Kawanda 3.47a 0.26a 2.68a 1.81b 0.67a 
Pallisa 3.03b 0.25a 2.73a 2.13a 0.51b 
Mbale 2.78b 0.27a  2.95a 1.73b 0.44c 
†Different letters within each column indicate statistical difference between treatments at 
the P=0.05 level, using the LSD method.  
 
Beans DRIS Norms 
The DRIS norms at Kawanda for bean show that K was among the limiting nutrients in 
all fallows whereas N and P were adequate in some of the fallows (Table 7). Potassium 
was present in lowest supply relative to need than N and P in all fallows. Nitrogen was in 
lower supply relative to need than P in all fallows except the crotalaria fallow. According 
to the magnitude of the indices, as was the case with maize, all the improved fallows 
besides canavalia had sufficient levels of N in contrast to the natural fallow (Table 6). 
There was a negative correlation between the bean grain yield and the NBI in all fallows. 
However, it was the canavalia fallow with the closest fit (r = -0.78, P < 0.05) while the 
correlation coefficients of the other fallows were not significant (Fig. 5). This indicated 
that under the canavalia fallow nutrient balance was the most important factor that 
affected bean grain yield. 
 
 
Table 7. The effect of fallows on foliar nutrient status and Diagnosis and 
Recommendation Integrated System (DRIS) indices in bean at Kawanda, Uganda  

Leaf composition DRIS indices 
 

  
 
 
Treatment N P K N P K 

Order of 
importance 

 ---------------(%)----------     
Crotalaria 3.20 0.25 2.40 4.42 3.41 -7.83 K > P > N 
Mucuna 3.60 0.27 2.67 1.41 3.05 -4.46 K > N > P 
Lablab 3.35 0.25 2.70 0.25 1.82 -2.07 K > N > P 
Canavalia 3.49 0.26 2.88 -1.28 6.13 -4.85 K > N > P 
Natural 
fallow 

3.72 0.29 2.75 -0.06 1.90 -1.84 K > N > P 

 
 
 
 



 
 
Fig. 5. Relationship between bean grain yield and Nutrient Balance Index (NBI) 
using Kawanda local norms. 
 
 
Beans Grain Yield 
Bean yield was neither affected by site, management, nor treatment. Though not 
statistically significant, management by herbicide had 7% more yield than slash 
management. Beans in natural fallow had yields 2 to 15% higher than that in improved 
fallows (Fig. 6). This observation indicated that, since beans fix their own N, it might not 
be necessary to precede them with improved fallows. These findings have important 
ramifications on the use of improved fallows in crop production and fitting them into the 
cropping system. 
 

Treatment Correlation coefficient 
Crotalaria -0.53 
Mucuna -0.52 
Lablab -0.38 
Canavalia -0.78** 
Natural fallow -0.19 
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Fig. 6. Average bean grain yield under different fallows across the sites. Vertical 
bars indicate standard error of the means.  
 
 
CONCLUSIONS  
 
Fallow management by herbicide gave significantly more maize and bean grain yield 
compared to management by slash, a factor attributed to the effective control of weeds by 
herbicide management. The improved fallows gave more maize grain yield compared to 
the natural fallow though the differences were not significant. Apparently, improved 
fallows preceding a maize crop might help improve the grain yield, although significant 
improvements may require many additional cropping cycles. In the case of beans, the 
natural fallow on average gave more bean grain yield compared to the improved fallows 
but again the differences were not significant. In that regard, it might not be cost effective 
to precede a bean crop with improved fallows. Improved fallows may provide some of 
the crops nutrient requirements in degraded areas, however, supplemental nutrients may 
be required to meet yield potentials. 
 
 
ACKNOWLEDGMENTS 
 
The author is grateful to the International Foundation for Science, Sweden for the grant 
that enabled them to conduct the study and the participating farmers. 



REFERENCES 
 
Anderson, J.M., and S.J. Ingram. 1993. Tropical soil biology and fertility: A handbook of 

methods. CAB Int. Wallingford, England. 221 p. 
Angeles, D.E., M.E. Sumner, and N.W. Barbour. 1990. Preliminary nitrogen, 

phosphorus, and potassium DRIS norms for pineapple. HortScience 25:652-655. 
Bationo, A. and A. Buerkert. 2001. Soil organic matter management for sustainable land 

use in Sudano-Sahelian West Africa. Nutrient Cycling in Agroecosystems 61:131-
142 

Becker, M., and D.E. Johnson. 1998. Legumes as dry season fallow in upland rice-based 
farming systems of West Africa. Biol. Fertil. Soils 27:358-367. 

Belay, A., A.S. Claasens, and F.C. Wehner. 2002. Effect of direct nitrogen and potassium 
and residual phosphorus fertilizers on soil chemical properties, microbial 
components and maize yield under long-term crop rotation. Biol Fertil Soils. 
35:420-427 

Black, C.A. 1993. Soil fertility evaluation and control. Lewis Publ. Boca Raton, Fl. 
Blake, G.R. and K.H. Hartge. 1986. Bulk density. pp. 363-375. In A. Klute et al. (Eds.). 

Methods of soil analysis. Part 1 – Physical and mineralogical methods. SSSA 
Book Series 5. ASA, SSSA, Madison, WI, USA. 

Calegari, A. 2001. Cover crop management. Proc. 1st World Congress on Conservation 
Agriculture. 1 –5 October, 2001. Madrid, Spain. 

Calegari, A. and I. Alexander. 1998. The effects of tillage and cover crops on some 
chemical properties of an Oxisol and summer crop yields in south-western Parana, 
Brazil. Advances in GeoEcology 31:1239-1246. 

Coyne, M.S. and J.A. Thompson. 2006. Fundamental soil science. Delmar Learning 
Publi. Clifton park, New York, USA 

Dara, S.T., P.E. Fixen and R.H. Gelderman. 1992. Sufficiency level and diagnosis and 
recommendation integrated system approaches for evaluating the nitrogen status 
of corn. Agron. J. 84:1006-1010. 

FAO. 2000. Global assessment of soil degradation (GLASOD). 
Fischler, M. and C.S. Wortmann. 1999. Green manures maize-bean systems in eastern 

Uganda: Agronomic performance and farmers’ perceptions. Agrofor. Syst. 
47:123-138. 

Fischler, M. 1994. Evaluation of lablab (Dolichos lablab), Velvet bean (Mucuna 
pruriens), Jack bean (Canavalia ensiformis), Chamaecrista rotundifolia and 
crotalaria (Crotalaria ochroleuca as green manure/ cover crops. UNBP 1994 
Annual Report. 

Fischler, M. 1997. Legume green manures in the management of maize-bean cropping 
systems in eastern Africa with special reference to crotalaria (C. ochroleuca G. 
Don.). Ph.D. dissertation No. 12099, ETH Zurich. 

Giller, K.E., J.F. McDonagh and G. Cadisch. 1994. Can biological nitrogen fixation 
sustain agriculture in the tropics? p. 173-191. In J.K. Syers and D.L. Rimmer 
(Eds) Soil science and sustainable land management in the tropics. CAB Int., 
Wallingford, England. 

Ibewiro, B. and N. Sanginga. 2000. Transformation and recovery of residue and fertilizer 
nitrogen-15 in a sandy N Lixisol of West Africa. Biol Fertil. Soils 31:261-269. 



Jenkinson, D.S. and A. Ayanaba. 1977. Decomposition of Carbo-14 labelled plant material 
under tropical conditions. SSSA J 41:912-915 

Katyal, J.C., N.H. Rao and M.N. Reddy. 2001. Critical aspects of organic matter 
management in the Tropics: the example of India. Nutrient Cycling in 
Agroecosystems 61:77-88. 

Mokwunye, A.U., F.R. Kwesiga, C.G. Nderitu and P.L. Woomer. 1997. Soil fertility 
replenishment in Africa: An investiment in natural resource capital. pp. 1-46. In 
R.J. Buresh et al. (eds.). Replenishing soil fertility in Africa. SSSA Spec. Publ. 
51. SSSA, Madison, WI.   

Nandwa, S.M. 2001. Soil organic carbon (SOC) management for sustainable productivity 
of cropping and agro-forestry systems in Eastern and southern Africa. Nutrient 
Cycling in Agroecosystems 61: 43-158. 

Nandwa, S.M. and M.A. Bekunda. 1998. Research on nutrient flows and balances in East 
and Southern Africa: State-of-the-art. Agric. Ecosystem Environ. 71:5-18. 

Okalebo, J.R., K.W. Gathua and P.L. Woomer. 2002. Laboratory methods of soil and 
plant analysis: A working manual. 2nd Ed. TSBF-CIAT and SACRED Africas, 
Nairobi, Kenya. 

Palm, C.A., K.E. Giller, P.L. Mafongoya and M.J. Swift. 2001. Management of organic 
matter in the tropics: translating theory into practice. Nutrient Cycling in 
Agroecosystems 61:63-75. 

Pikul, J.L., J.K. Aase and V.L. Cochran. 1997. Lentil green manures as fallow 
replacement in the semiarid northern great plains. Agron. J. 89:867-874. 

Roose, E. and B. Barthes. 2001. Organic matter management for soil conservation and 
productivity restoration in Africa: a contribution from Francophone research. 
Nutrient Cycling in Agroecosystems 61:159-170. 

Sanchez, P.A., K.D. Shepherd, M.J. Soule, F.M. Place, R.J. Buresh, A.M.N. Izac, A.V. 
and Ssali, H. 2000. Soil resources of Uganda and their relationships to major 
farming systems. Resource paper. Soils and Soil Fertility Management Program, 
Kawanda, NARO, Uganda. 

Sanginga, N., B. Ibewiro, P. Houngnandan, B. Vanlauwe, J.A. Okogon, I.O. Akobundu 
and M. Versteeg. 1996. Evaluation of symbiotic properties and nitrogen 
contribution of mucuna to maize grown in the derived savanna of West Africa. 
Plant Soil. 179:119-129. 

Ssali, H. and P.L.G. Vlek. 2002. Soil organic matter and its relationship to soil fertility 
changes in Uganda. Resource paper, Soils and Soil Fertility Management Program 
Annual Report, Kawanda, NARO.   

Statistics for Windows. 1998. Analytical Software, Tallahassee, FL. USA 
Tian, G., G.O. Kolawole, B.T. Kang and G. Kirchhof. 2000. Nitrogen fertilizer 

replacement indexes of legume cover crops in the derived savanna of West 
Africa. Plant Soil 224:287-296. 

Versteeg, M.N., F. Amadji, A. Eteka, A. Gogan and V. Koudokpon. 1998. Farmers’ 
adoptability of mucuna fallowing and agro-forestry technologies in the coastal 
savanna of Benin. Agric. Syst. 56:269-287. 

Walworth, J.L. and M.E. Sumner. 1987. The diagnosis and recommendation integrated 
system (DRIS). Advances in Soil Science 6:149-188. 



Wortmann, C. and C.K. Kaizzi. 1998. Nutrient balances and expected effects of 
alternative practices in farming systems of Uganda. Agric. Ecosystem Environ. 
71:115-219. 

Wortmann, C., M. Isabirye and S. Musa. 1994. Crotalaria ochroleuca as a green manure 
crop in Uganda. African Crop Science Journal 2:55-61. 

 


