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ABSTRACT 
 

An experiment was carried out in Busia County, Kenya at Emalomba (N 00°25′28.8″ E 034°15′ 
51.9″), Nambale District to assess the effects of nitrogen fertilizer rates and legume management 
options on nitrate nitrogen (NO3-N) under intercropping system. Six soybean residue management 
options were considered: Sole sorghum, sorghum + soybean left to maturity, sorghum + soybean 
mulched, sorghum + soybean incorporated, sorghum + soybean exsitu and sorghum + soybean 
exsitu and plot tilled. Three levels of nitrogen (0kg N ha

-1
, 40kg N ha

-1
, and 80kg N ha

-1 
as urea 

were applied as top-dress and treatments arranged in randomized complete block design. Soil 
NO3-N was significantly high (P<0.0010) in topsoil with a notable leaching to subsoil due to 
precipitation. Control treatments had low soil NO3-N in comparison to other treatments implying 
that, use of inorganic fertilizers to supplement soil N is important. Fertilizer application at 40kg N ha

-
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1 
with respect to on-farm soybean residue management was in relation to NO3-N supply was in the 

order: sorghum + soybean left to maturity > sorghum + soybean mulched = sorghum + soybean 
incorporated. Experimental plots with legume residues removed had significantly (P<0.001) low 
NO3-N. High leaf NO3-N observed points to transfer of N to sorghum by nitrogen fixation signifying 
importance of intercropping. There was no significant difference between nitrogen fertilizers applied 
at 40kg N ha

-1
 and 80kg N ha

-1
 irrespective of field managed legume residues. Sorghum 

intercropped with soybean left to maturity with nitrogen fertilizer applied at 40 kg N ha
-1 

reflected 
high (P< 0.001) soil NO3-N in comparison to the other management options. It is therefore 
recommended as a possible optimum rate and legume residue management option to improve soil 
NO3-N among small scale households with stretched socio-economic ability in Busia County. 
 

 

Keywords: Nitrate nitrogen levels; sorghum-soybean intercropping; residue management; n fertilizer 
rates. 

 
1. INTRODUCTION 
 
Nitrogen (N) is the most deficient nutrient in the 
soil and more nitrogenous fertilizers are applied 
annually than other fertilizers [1,2]. Nitrogen is an 
essential plant nutrient required in large 
quantities [3] and as a major component of plant 
protein and enzymes [2,4,5,6]. The nutrient 
element is abundant in the atmosphere. 
However, it is inert and cannot be chemically 
combined with other elements into usable forms 
by plants [3]. Of the three forms of nitrogen; 
nitrate, ammonium, and dinitrogen, nitrate is the 
primary form of mineral N taken up from the soils 
by many crops [7,8]. This explains why soil 
testing for nitrate-nitrogen is better than testing 
for ammonium-nitrogen to predict the sufficiency 
of soil mineral N supply to crops [8]. 
  
Soil fertility improvement has been noted as a 
basic prerequisite to achieve long term food 
security and improve farmers’ living standards 
[9,10]. Reports by many authors [11,12,13] 
pointed out the significance of inorganic fertilizer 
use to replenish nutrients into the soil. Studies by 
[1,2] indicated that, application of nitrogen 
fertilizers improve soil fertility and increase crop 
productivity. According to [14], nitrogen fertilizer 
application increased grain yield (43-68%) and 
biomass (25-42%) in maize. This 
notwithstanding, crop nitrogen requirements 
cannot be optimally met solely through use of 
mineral fertilizer. Further to this, economic 
constraints among small scale farmers in 
Western Kenya limit sole inorganic fertilizer use 
[15].  According to [16], it is necessary to find an 
additional source of N that would embrace the 
smallholder socio-economic status. 
 
In addition to inorganic fertilizer use, 
management of crop residues is an important 
aspect in improving inherent soil fertility status 
and can contribute to increase in nutrient 

recycling and crop yield [17]. Studies by [18,19] 
pointed out that incorporation of crop residues 
results to increase in crop growth and yields. 
Findings by [20] showed that soybean residues 
returned to the field after harvest contained total 
N up to as much as 30kg N ha

-1
. The authors 

further found out that litter fall that occurs from 
planting to physiological maturity of the soybean 
legume constituted a fixed N of 8.2 to 11.8kg N 
ha

-1
. Other workers [21] indicated the 

significance of legumes (alfalfa) as internal input 
to add N to the soil. On the contrary, burning and 
removal of residues from the field causes direct 
loss of plant nutrient and dispossess the soil 
organic matter which is the sink of these 
nutrients and a habitat of soil microbes [22]. 
Though this is so, the norm among the 
smallholder farmers is to remove the crop, in 
particular the legumes to shell in the homes and 
later burn the residues or feed to livestock.  
 
The authors; [23,24] were of the opinion that 
intercropping is a possible option to improve low 
inherent soil fertility status in order to enhance 
crop yields. According to [25], cereal - legume 
crop intercropping is an alternative and 
sustainable way of improving soil nitrogen among 
smallholder production households. Other 
researchers [26,27,28], have shown that cereal-
legume crop farming system results in increased 
soil fertility, N economy and consequent 
productivity of the cereal crop. Soybean (Glycine 
max) is among the nitrogen-fixing legumes 
intercropped with cereals [29]. Grain sorghum 
(Sorghum bicolor [r L. Moench) is a cereal crop 
that serves as a source of food for most of the 
world’s population [2,10] and has been ranked 
the third most important staple food in Kenya 
[30,31].  
 

In Western Kenya, the soils are highly 
weathered, acidic and low in native nutrient 
status with nitrogen and phosphorus as the most 
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limiting plant nutrients [32,33,34]. Taking into 
consideration the low inherent soil fertility level 
and the economic status of the smallholder 
households [16], it is imperative to find 
alternative options that can improve the soil 
nutrient levels and crop yields. An integrated use 
of nitrogen fertilizer, cereal-legume intercropping 
and residue management is probably an option 
to achieve this. However, the outstanding 
challenge is the economic status, residue 
management and importance as well as the 
contribution of nitrogen fixing leguminous 
intercrops to soil fertility improvement, which is 
not well understood by smallholder farmers in the 
region [35]. A better understanding, therefore, is 
required to optimize nitrogen fertilizer rate and 
residue management option under cereal-legume 
intercropping that can improve soil mineral N and 
sustain crop productivity. In this perspective, the 
study envisaged to assess effects of nitrogen 
fertilizer rates and legume residue management 
options on soil nitrate nitrogen, leaf N contents 
and yields in sorghum-soybean intercropping 
system with the specific objectives hereunder: 
 

(i)  To determine the effects of nitrogen 
fertilizer rates and soybean residue 
management options on soil NO3-N.  

(ii) To determine the effects of nitrogen 
fertilizer rates and soybean residue 
management options on leaf NO3-N 
contents. 

(iii) To assess the yield response of sorghum 
to nitrogen fertilizer rates and management 
of intercropped soybean residues.  

 

2. MATERIALS AND METHODS 
 
2.1 Experimental Site 
 
The study was carried out in Busia County, 
Kenya at Emalomba (N 00°25′28.8″ E 034°15′ 
51.9″) Nambale District. The site elevation is 
1222m above sea level. Mean monthly rainfall 
and temperature of the experimental site over a 
two year period are presented in Fig. 1. The 
average annual precipitation in the year 2012 
was 1784 mm while in the year 2013 it was 1718 
mm. The mean maximum temperatures ranged 
between 26.3°C to 31.3°C in comparison to 
mean monthly minimum temperature that varied 
from 12.0°C to 15.5°C in the year 2012. In the 
year 2013, mean maximum temperature ranged 
between 26.5°C to 29.9°C in comparison to 
mean monthly minimum temperatures that varied 
from 13.6°C to 15.4°C. The experimental site 
experiences bimodal rainfall with the long rains 
beginning in March and the short rains in 
August/September. The rainfall data indicate 
variation in both the mean monthly amounts 
received in the years of study as well as the 
distribution.  
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Fig. 1. Climatic data for the experimental site [36]  
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In the year 2013, more rainfall amounts were 
experienced at the onset of the long rainy season 
with a peak in March compared to the year 2012 
when lower precipitation amounts were 
experienced with a peak in the month of May. 
The short rains in the year 2013 were higher in 
amount as compared to 2012 though the short 
rains in the later was prolonged to the end of the 
year.  
 
Prior to the start of the study, soil samples taken 
from 0 - 15cm, 15 - 30cm and 30 – 45cm depths 
were characterized and their physico-chemical 
properties are presented in Table 1. 
 
The soils depicted sandy clay texture in the 
plough layer and clayey in the subsoil. Soil pH is 
strongly acidic with low available phosphorus 
below the critical value of 7mg/kg. Organic 
carbon is rated medium and organic matter high 
[37]. Nitrate nitrogen values were more less the 
same in the plough layers. This was attributed to 
the variation of clay with soil depth. 
Exchangeable calcium is low, while 
exchangeable magnesium is moderate and 
exchangeable potassium rated low in 0-15 cm 
depth and very low in the subsoil [37,38] and has 
negative implications on soil pH, CEC and 
nutrient uptake [3]. Initial soil NO3-N 
concentration was 23 ppm which was below the 
critical concentration of 25mg/kg recommended 
[39,40,41]. 

The soil is classified as Kanhaplic Haplustults in 
USDA Soil Taxonomy [42] correlating with Haplic 
Cutanic Acrisols in WRB [43].  
 

2.2 Experimental Description 
 
Field experimentation was conducted during the 
long rains in 2012 and 2013. Each experimental 
plot measured 3.0m x 4.5m with inter-plot 
distance of 0.5 m and 2 m between blocks. An 
outer allowance path of 2m around the 
experimental plots was considered. Sorghum 
variety KARI Mtama II, suitable to the climatic 
conditions of the experimental site was sown at 
the spacing of 75 cm inter-rows and 15 cm 
between plants. Soybean variety SB 19 
inoculated with Biofix® inoculants and was 
planted in between the sorghum rows at a 
spacing of 10cm. Six treatment options were 
considered;  
 

(i) Sole sorghum (SS),  
(ii) Sorghum + soybean left to maturity (SS + 

SB (maturity),  
(iii) Sorghum + soybean residue mulched (SS 

+ SB (maturity),  
(iv) Sorghum + soybean residue incorporated 

(SS + SB (incorporated), 
(v) Sorghum + soybean ex-situ (SS + SB (ex-

situ) and    
(vi) Sorghum + soybean ex-situ and plot tilled 

(SS + SB (ex-situ and plot tilled).  
 

Table 1. Physico-chemical properties of the experimental site 
 

Parameter Soil depth (cm) 

0 – 15 15 – 30 30-45 

Clay (%) 30.50 54.10 64.50 
Silt (%) 19.20 10.10 3.80 
Sand (%) 50.30 35.80 31.70 
Textural class SC C C 
pH 1:2.5 water 5.45 5.43 5.40 
Electrical conductivity (mScm

-1
) 28.00 17.00 17.00 

Organic carbon (%) 2.58 2.49 2.49 
Total nitrogen (%) 0.29 0.26 0.26 
C/N ratio 8.90 9.58 9.58 
Organic matter 4.45 4.29 4.29 
Nitrate nitrogen (mg/kg) 23.00 19.20 20.7 
Avail. P Mehlich-3 (mgkg

-1
) 1.44 0.49 0.44 

CEC NH4OAc cmol(+)kg
-1

 soil 14.6 11.20 11.60 
Exch. Ca (cmol(+) kg

-1
  3.00 2.28 2.32 

Exch. Magnesium (cmol(+) kg
-1

  1.31 1.00 1.03 
Exch. Potassium (cmol(+) kg

-1
 0.23 0.07 0.08 

SC= Sandy clay, C= Clay 
Source: Field experimentation data, 2012 
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The term ex-situ is used in reference to removal 
of soybean residues from the experimental plots 
while in-situ revfers to soybean residues being 
managed within the experimental plots. Triple 
super phosphate (Ca(H2PO4)2.H2O) was applied 
uniformly to all the treatments during planting by 
broadcasting and mixing with soil at rate of 20kg 
Pha

-1
. Three levels of nitrogen (0kg N ha

-1
 = N0, 

40kg N ha
-1

 = N40, and 80 kg N ha
-1

 = N80) as 
urea (CO(NH2)2 was applied 42 days after 
emergence to sorghum plants as a top dress by 
banding. The treatments were arranged in a 
randomized complete block design with three 
replications. Soybean residue management 
options as described in the treatments were 
carried out 55 days after emergence before pod 
formation by soybeans.  
 

2.3 Field Determination of Soil and Leaf 
Nitrate Nitrogen 

 
To estimate nitrate-nitrogen (NO3-N) 
concentrations in the soil and leaf blade of 
sorghum, on-farm measurement using ion 
selective electrode (ISE) as described by [44, 45, 
46] was adopted. According to [47], ISE has a 
clear potential for use in rapid on-farm 
determination of soil NO3-N.  
 
Three soil samples from each plot were randomly 
collected by augering at three depths i.e. 0 - 15 
cm, 15-30cm and 30-45cm and each time putting 
in sealed plastic bags. The respective samples 
were then mixed thoroughly to obtain a 
representative sample for determination of soil 
NO3-N concentrations. The composite soil 
samples in sealed plastic bags were placed in 
cooler box to protect from heat. Soil solution of 
each composite was extracted by mixing soil with 
water at the ratio of 1:5 (10 g of soil + 50 mls of 
water) and 10mls of calcium chloride was added. 
The sample was thoroughly shaken for 2 minutes 
until all the soil clumps had thoroughly dispersed. 
The sample was left to settle until a clear zone of 
solution formed at the top of the tube. The ISE 
meter was calibrated with two standard solutions 
for NO3-N which was included in the kit. Using a 
dropper, 2 - 3 drops of the clear solution was put 
on the meter sensor. Once the meter reading 
stabilized (after 30 - 40 seconds) the value for 
NO3-N concentration was recorded. 
Determination of soil NO3-N concentrations was 
performed in duplicate for each treatment and 
average recorded.  
 
Leaf nitrate nitrogen was determined by selecting 
randomly, recently matured leaves from the 

sorghum plants. From each experimental plot, 
three sorghum leaf blades were selected, placed 
in sealed plastic bags and put in cooler boxes 
until leaf samples from all experimental plots had 
been collected. At the end of the sample 
collection, the leaves were rinsed with distilled 
water and blot dried with a paper towel. Direct 
sunlight and/or high temperatures were avoided 
during meter reading. With a sharp knife and on 
a cutting board, leaf blades were chopped and 
put in a plastic bag. The samples were then 
punched using a hand hammer to extract the 
juice. The corner of the bag bottom was cut to 
puncture the plastic bag then squeezed to obtain 
juice. The juice was then dropped to the nitrate 
meter sensor (about 0.3ml) to cover the sensor. 
The measurement values were then read off and 
recorded once the meter reading stabilized. Leaf 
NO3-N concentrations were determined in 
duplicate for each treatment and average 
recorded. A forth-night sampling interval starting 
from 20 days after emergence up to physiological 
maturity of sorghum was undertaken to monitor 
the trends of both soil and leaf nitrate nitrogen. 
Prior to harvest, an area of 2x2m was 
demarcated for measurement of crop yields. 
 

2.4 Statistical Data Analysis 
 
All data were analyzed using ANOVA in GenStat 
software [48]. Significant treatment effects were 
tested using the least significant difference at an 
alpha level of 0.05.  
 

3. RESULTS AND DISCUSSION 
 
3.1 Effects of Nitrogen Fertilizer Rates 

and Soybean Legume Residue 
Management Options on Soil NO3-N  

 
3.1.1 Soil NO3

 
-N concentrations as affected 

by soil depth during the growing 
season of 2012 and 2013 

 
3.1.1.1 Top soil (0 – 15 cm) 
 
The trends of soil NO3-N concentration over the 
growing period to physiological maturity for the 
years 2012 and 2013 are presented in Fig. 2. 
The background soil NO3-N concentration (Table 
1) in the plough layer was 23mg kg

-1 
that is below 

the recommended critical concentration of 
25mg/kg [39,40]. In the first sampling (20 days 
after emergence) NO3-N concentration increased 
by more than two times the initial concentration 
in the year 2012. Before the onset of rains, soil 
contains mostly organic nitrogen (N) as well as 
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some ammonia and a little inorganic NO3-N [3]. 
Thus, the increase in NO3-N is attributed to 
nitrogen flush that probably occurred after the 
onset of the rains. Between the first and second 
sampling soil NO3-N indicated a plateau in the 
year 2012. This was thought to be as a result of 
sustained soil NO3-N derived from decomposition 
and mineralization of organic materials from 
previous crop. The site soils had C/N ratio 
ranging from 8.9 to 9.6 which indicates good 
quality organic matter [37]. Through 
decomposition of organic matter, nutrients; 
nitrogen, phosphorus, potassium and sulphur are 
recycled into the soil [3]. 
 
Sampling at 48 days after emergence shows a 
notable increase in soil NO3-N in both years with 
a lower rate of increase, however in 2013 
compared to 2012. The increase was attributed 
to nitrogen fertilizer application as a top dress to 
sorghum crop at 42 days after emergence. 
According to [13], application of inorganic 
fertilizers increases plant nutrients in the soil. As 
the crop growth and development continued in 
the growing season, demand for NO3-N 
increased (Fig. 5) thus, reducing the 
concentration of the nutrient in the soil.  
 
In the year 2013, the results of soil NO3-N 
concentration showed a sharp drop at second 
sampling period. This was attributed to the 
amount of precipitation that was received in the 
months of March and April (Fig. 1) that probably 
resulted to leaching of the nutrient to lower soil 

depths as observed in the recorded NO3-N in the 
subsoil. The decrease is also presumed to be as 
a result of under-developed plant root system, 
thus, NO3-N losses could have occurred at this 
period of sampling.  
 
3.1.1.2 Subsoil (15 – 30 cm and 30 – 45 cm) 
 
Taking into consideration the soil NO3-N in the 
subsoil both years show leaching from the 
plough layer, further leaching from 15–30cm and 
consequent accumulation in 30–45cm depth. The 
accumulation in the subsoil is attributed to the 
texture of the soils in the site that had more sand 
in the plough layer in contrast to the clay content 
in the subsoil of which higher content is noted in 
the 30–45cm depth. Similar findings of soil NO3-
N in the subsoil were reported by [49]. Studies by 
[50] indicated that sand content in the soil has 
negative implication on the retention capacity of 
soil. 
 

3.1.2 Nitrate-nitrogen (NO3-N) as Affected 
by Soil Depth, Nitrogen Fertilizer 
Rates and Soybean Residue 
Management options During the 
Growing Season of 2012 and 2013 

 
The comparison of effects of nitrogen fertilizer 
rates and soybean residue management options 
with respect to soil depth in the years 2012 and 
2013 are given in Table 2.  
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Fig. 2. Soil NO3-N concentrations over the sampling period with respect to soil depths in the 
years 2012 and 2013 
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3.1.2.1 Topsoil (0 – 15cm) 
 
Soil NO3-N concentrations increased with 
increased nitrogen fertilizer application rates 
under the intercropping system. The control 
treatments recorded the lowest soil NO3-N 
concentrations implying the importance of use of 
inorganic fertilizers with respect to soil N. 
Nitrogen fertilizer application at 40kg N ha

-1 
with 

respect to legume residue management was in 
the order: sorghum + soybean left to maturity > 
sorghum + soybean residue mulched > sorghum 
+ soybean residue incorporated > sorghum + 
soybean exsitu > sorghum + soybean exsitu and 
till > sole sorghum. It is imperative to note that 
experimental plots with soybean residues 
removed had significantly (P<0.001) lower NO3-N 
concentrations. At 80kg N ha

-1 
the experimental 

plots with residues removed had the same trend. 
However, the trend in relation to soybean residue 
management was: sorghum + soybean left to 
maturity < sorghum + soybean mulched < 
sorghum + soybean incorporated. The reversed 
trend at higher N fertilizer application is attributed 
to synergistic effects of immediate legume 
residue decomposition and nitrogen fertilizer 
applied which perhaps improved the efficiency of 
each other [51]. 
  
Sole sorghum as well as sorghum with soybean 
residue removed from the experimental plots at 
flowering and those with plots tilled thereafter 
recorded the lowest concentrations of NO3-N.  
The results from sole sorghum treatments 
suggest that intercropping has a positive 
influence on soil N. The findings confirm report 
by other workers [23,24,28,49] on the role 
intercropping plays in introducing N into the soil. 

Removal of the soybean residues from the 
experimental plots decreased the concentration 
of soil NO3-N and agrees with the report of [22] 
that residue removal from the field causes direct 
loss of plant nutrients. 
 

There were significant (P<0.001) differences 
between soybean left to maturity, residue 
mulched and residue incorporated in the order: 
sorghum + soybean residue left to maturity > 
sorghum + soybean residue mulched > sorghum 
+ soybean residue incorporated. The findings on 
soybean left to maturity and those mulched 
agree with those reported by [20] who reported 
on the significance of litter fall of soybean that 
occur from planting to physiological maturity.  
 

Soil NO3-N concentrations was improved with 
incorporation of legume residue at flowering. The 
results are in agreement with work reported by 
[52] who indicated legume residue incorporation 
improved soil N due to immediate decomposition. 
The findings are comparable with results of [21] 
who pointed out that incorporation of alfalfa 
increased soil N. In the year 2013, sorghum + 
soybean left to maturity indicated significant 
(P<0.001) NO3-N but much lower compared to 
the year 2012. Mulched and incorporated legume 
residues had no significant difference on NO3-N 
concentrations. The low NO3-N concentrations in 
the year 2013 is attributed to rainfall amounts 
(Fig. 1) that probably led to more leaching of 
NO3-N as indicated in 30 - 45 cm depth (Fig. 2). 
These results are supported by other 
researchers e.g. [49], who pointed out the 
influence of soil moisture (precipitation) on soil 
NO3

-
-N concentrations in the soil profile.

 

Table 2a. Soil NO3-N in relation to soil depth, nitrogen fertilizer rates and soybean residue 
management options in the year 2012 

 

Soybean residue 
management option 

0 - 15 cm Soil depth  15 - 30 cm 30 - 45 cm 

 Fertilizer rate (kg N ha
-1

) 

 0 40 80 0 40 80 0 40 80 

Sole sorghum 47.15 49.58 50.22 10.74 11.44 11.74 17.36 18.24 19.28 
Sorghum+soybean 
(Maturity) 

 
55.42 

 
61.80 

 
65.26 

 
11.20 

 
11.50 

 
11.70 

 
17.40 

 
18.62 

 
19.48 

Sorghum+soybean 
(residue mulched) 

55.62 60.06 65.72 11.33 11.30 11.59 17.29 17.84 18.52 

Sorghum+soybean 
(residue incorporated) 

53.29 59.56 66.52 10.76 11.16 10.93 17.06 17.64 17.89 

Sorghum+soybean 
(residue exsitu) 

50.08 53.67 57.36 10.59 10.57 11.27 17.44 18.70 20.19 

Sorghum+soybean 
(residue exsitu +Till) 

50.62 49.73 51.02 10.85 11.02 11.10 17.38 18.60 19.68 

P value <.001;L.s.d (0.05) (Soybean residue management option) 0.31 
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Table 2b. Soil NO3-N in relation to soil depth, nitrogen fertilizer rates and soybean residue 
management options in the year 2013 

 

Soybean residue 
management option 

0 - 15 cm Soil depth  15 - 30cm 30 - 45cm 

                                              Fertilizer rate (kg N ha
-1

) 

 0 40 80 0 40 80 0 40 80 

Sole sorghum 41.33 42.17 42.64 10.34 11.38 12.15 20.31 21.21 21.58 
Sorghum+soybean 
(Maturity) 

43.15 44.14 44.88 12.91 14.47 15.73 22.39 23.74 24.60 

Sorghum+soybean 
(residue mulched) 

43.32  
44.53 

43.83 13.26 14.84 13.82 22.65 23.97 23.19 

Sorghum+soybean 
(residue incorporated) 

42.32  
43.61 

43.92 11.79 13.60 14.00 21.36 22.95 23.38 

Sorghum+soybean 
(residue exsitu) 

41.69 43.22 43.46 10.78 13.06 13.43 20.69 22.52 22.78 

Sorghum+soybean 
(residue exsitu +Till) 

42.02 42.47 42.75 11.02 12.02 12.30 20.96 21.47 21.72 

P value ;<.001;L.s.d.(0.05)  (Soybean residue management option) 0.28 

 
There was no significant difference between 
incorporation and mulching of the legume 
residues in the year 2013 and this is attributed to 
rapid loss of released N via decomposition 
through percolation of water to deeper soil 
depths.  
 
3.1.2.2 Subsoil (15 – 30 cm, 30 – 45 cm) 
 

Leaching of NO3-N to lower soil depths was 
evident in all the treatments indicating a linear 
increase with increased N fertilizer rate applied. 
The loss of NO3-N to subsoil was attributed to 
leaching via percolating water due to the sand 
content of the topsoil in the study site. The 
findings point out the need to emphasize use of 
organic fertilizers and intercropping to build 
above and below ground biomass to improve ion 
retention capacity of the topsoil. 
 

3.1.3 Soil Nitrates Response to Interactive 
Effects of Days After Emergence, 
Nitrogen Rates and Legume Residue 
Management Options During The 
Growing Season of 2012 and 2013 

 

The interactive effects of days after emergence, 
nitrogen fertilizer rates and legume residue 
management options on soil NO3-N for both 
years are presented in Fig. 3. Soil NO3-N 
concentration varied significantly (P<0.01) with 
sampling time as well as between treatment and 
reflected a similar trend as presented in Fig. 1 
and as reported in 3.1.2. It is notable however 
that sorghum with mulched soybean showed 
higher concentrations at late days of plant growth 
at 40 and 80kg N ha

-1 
indicating that 

mineralization of the residues continues even as 
the crop approaches physiological maturity.  
 
Nitrogen fertilizer application at 40kg N ha

-1 
and 

80 kg N ha
-1 

indicated no significant differences 
in soil NO3-N concentrations with respect 
sorghum + soybean left to maturity. These 
findings suggest nitrogen fertilizer application at 
40kg N ha

-1 
with soybean left to maturity to be a 

potential optimum rate and soybean residue 
management option to improving soil N among 
small scale households with stretched socio-
economic ability as reported by [15]. 
    
In the year 2013, sorghum + soybean residue 
mulched recorded slightly higher NO3-N 
concentrations though not significantly different 
from the soybean residues left to maturity and 
incorporated. The trend of results obtained 
probably can help in determining the NO3-N 
concentrations at different stages of plant growth 
and assessing the supply of NO3-N from soil 
under cereal-legume intercropping and the 
break-even where NO3-N concentrations 
translate to yields. 
 

3.1.4 Effects of Nitrogen Fertilizer Rates on 
Soil NO3-N with Respect to Soybean 
Residue Management Options During 
the Growing Season of 2012 and 2013 

 

Combined effects of three rates of N fertilizer and 
soybean residue management options on soil 
NO3-N concentrations in the years 2012 and 
2013 are presented in Fig. 4. The data indicate 
increase in NO3-N concentrations with increase 
in nitrogen fertilizer rates in both years.  
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Fig. 3a. Soil NO3-N response to days after emergence, soybean residue management options and nitrogen rates in year 2012 
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Fig. 3b. Soil NO3
-
-N response to days after emergence, soybean residue management options and nitrogen rates in year 2013      
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The results further highlight significant (P≤0.001) 
difference in nitrogen fertilizer rates applied as 
top dress. The control treatments had lower 
nitrate values with sole sorghum giving lower 
values compared to the other controls. This 
implies that intercropping plays a role in addition 
of nitrates to the soil during the growing period of 
the current crop and this is in agreement with the 
findings of [51,21]. 
 
Intercropped sorghum with soybean left to 
maturity showed high (P≤0.001) NO3-N 
concentrations in all the treatments in both years. 
There was no significant difference between 
incorporated and mulched soybean residue at 40 
kg N ha

-1
 in comparison to exsitu soybean 

residue at 80kg N ha
-1 

in year 2012. Sorghum 
intercropped with soybean left to maturity at 40 
kg N ha

-1 
resulted into higher (P≤0.001) soil NO3-

N concentration than the other management 
options at same N fertilizer levels. The results 
further indicate that sole sorghum as well as 
soybean residue removal from the fields has 
negative implications on soil fertility improvement 
and management as shown by the levels of soil 
NO3-N recorded. The lower soil NO3-N 
concentrations recorded in the year 2013 
compared to the year 2012 gives a reflection of 
soil NO3-N dynamics and the influence of climatic 
conditions as reported by [49]. 
 
It is worth noting that in the year 2012, soil NO3-
N concentration above 29mg kg

-1
, had no 

significant differences irrespective of N fertilizer 
rates in respect to insitu soybean residue 
management options (soybean residues 
mulched, left to maturity and incorporated). At 
80kg N ha

-1
 there was more less a plateau as 

soil NO3-N concentration approached 33 mg kg
-1 

in reference to insitu soybean residue 
management options. The findings indicate that 
soil NO3-N concentration at 29mg kg

-1 
meets the 

crop demand for soil N during the cropping 
season and nutrient concentrations above 33 mg 
kg

-1 
may result to leaching of the nitrates. The 

findings of this study agrees with report by [40] 
who reported that 31mg kg

-1 
was probably the 

optimum soil NO3-N concentration that meets the 
crop N demand during the growing season and 
that concentrations above this optimum level 
does not translate to yield increase but supports 
N over application. In the year 2013, rainfall 
amounts and distribution had an influence on 
observed soil NO3-N concentrations and this is in 
agreement with report by [53] who pointed out 
the influence of environmental factors on NO3-N. 
 

3.2 Effects of Days after Emergence, 
Nitrogen Fertilizer Rates and Soybean 
Residue Management Options on leaf 
NO3

--N Concentrations during the 
year 2012 and 2013 

 

Variations of leaf NO3-N concentrations in 
response to days after emergence, nitrogen 
fertilizer rates and soybean residue management 
options is given in Fig. 5. The findings depict 
lower leaf NO3-N concentrations at the early 
stage of development and this is attributed to 
underdeveloped plant rooting system. The leaf 
nitrate values increased with progressive 
sampling periods with a decrease noted as the 
crop leaf senesced. The increase in 
concentration was presumed to be as a result of 
fertilizer application as well as supply from 
soybean residues. The findings agree with report 
by [54] that was of the opinion that legumes have 
a potential to transfer N to cereal crop during the 
growing season and probably result to increased 
fixing ability of the soybean and the transfer from 
the legume to cereal as suggested by [55]. Other 
researchers [18,19,20] pointed out the 
significance of return of crop residues to the field 
after harvest to take advantage of the total N 
through nutrient recycling which can be up to as 
much as 30 kg N ha

-1
. The authors further found 

out that litter fall that occur from planting to 
physiological maturity of the soybean legume 
constituted a fixed N of 8.2 to 11.8kg  N ha

-1
. In 

addition, [21] reported on the contribution of 
nitrogen fixing legumes to soil N improvement.  

 

Variation of leaf NO3-N concentrations in the 
year 2012 and 2013 is evident indicating the 
difference in supply of soil N via inorganic 
fertilizers and that derived from soybean residues 
with respect to rainfall amounts and distribution 
(Fig. 1) in the years of study. Lower leaf NO3-N 
concentrations (highest: approximately 1000 
mg/kg) in the year, 2013 were attributed to more 
precipitation in comparison to the year, 2012 
where the highest leaf NO3-N concentration was 
approximately 1200mg/kg. The rainfall is 
presumed to have  probably washed away soil N 
supplied via mineral fertilizer and soybean 
residues was presumed to have decomposed 
slowly to supply the plant required N.  The 
findings are in agreement with [56] who showed 
that rainfall has a negative influence on soil N 
through leaching. 
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Fig. 4. Soil nitrate-nitrogen concentrations in response to nitrogen fertilizer rates and soybean residue management options in the years 2012  
and 2013    
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Fig. 5a. Leaf nitrate levels in respect to fertilizer rates and soybean residue management options in year 2012 
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Fig.5b. Leaf nitrate levels in respect to fertilizer rates and soybean residue management options rates in year 2013 
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The decrease in NO3-N concentrations as the 
crop senesced is in agreement with report by 
other workers [57,58] who reported a decrease in 
NO3-N under intercropping at harvest. The 
results further indicated variation of nitrate levels 
in the years of study with the year 2012 showing 
higher NO3-N concentrations in comparison to 
the year 2013 suggesting the possible effects of 
precipitation amounts and distribution on leaf 
uptake. 
 

3.3 Yield Response of Sorghum to 
Nitrogen Fertilizer Rates and Soybean 
Residue Management Options during 
the Growing Season of 2012 and 2013 

 
Sorghum yield data in response to soybean 
residue management and N fertilizer rates are 
given in Fig. 6. The control and treatments where 
soybean residues were removed gave lower 
yields than where residues were retained and 
with no significant differences with rate of 
nitrogen fertilizer applied.  
 
In both years plots with soybean residues left to 
maturity, mulched or incorporated had     
significantly (P<0.01) higher yields compared to 
control and experimental plots with sole sorghum 
and those whose residues were removed off 
field. The results are in agreement with report of 
other researchers [18,19,28] who reported 
increase in yield under intercropping.  

The results on yield shows no significant 
difference between nitrogen fertilizers applied at 
40kg N ha

-1
 and 80kg N ha

-1
 irrespective of 

soybean left to maturity, legume residues 
mulched or incorporated in both years of study. 
The yields in the year 2013 however, were lower 
compared to year 2012.  
 
The results thus, point out that in terms of food 
security and soil fertility improvement 
intercropping of sorghum + soybean left to 
maturity in combination with application of 
nitrogen fertilizer at 40 kg N ha

-1
 application 

could be probable option for adoption by the 
smallholder farmers in Busia County. It is worth 
noting however that though N fertilizer 
application at 40 kg N ha

-1 
with soybean left to 

maturity has a potential to supply the plant 
required NO3-N, N supply through this 
management option does not translate to 
optimum sorghum yield (3 tonnes) in western 
Kenya according to [59]. There is speculation, 
therefore that other nutrients inter-related to 
nitrogen could be deficient. Researchers [60, 61] 
indicated that there is a strong relationship 
between sulphur and nitrogen nutrition. The 
researchers pointed out that both nutrients are 
inter-related and play significant role in protein 
synthesis and that lack of sulphur limits efficiency 
of added N implying that S addition might be 
necessary to achieve optimum efficiency of N 
supply in the study sites. 
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Fig. 6. Sorghum yields (kg ha
-1

) in response to soybean residue management options and 
nitrogen fertilizer rates in year 2012 and 2013 
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4. CONCLUSION 
 
The following conclusions were derived from the 
results of the study: 
 

• Soil NO3-N is dynamic and is influenced by 
soil particle distribution, soil depth, 
precipitation amounts and distribution and it 
varies during crop growth and development. 

• Application of nitrogen fertilizer in 
combination with soybean residue 
management have synergistic effects of 
increasing soil NO3-N and yield while 
removal of residues off the field dispossess 
the soil of the nutrient. 

• Intercropped sorghum with soybean left to 
maturity indicated high NO3-N concentrations 
in all the treatments in both years. In 
addition, sorghum intercropped with soybean 
left to maturity with nitrogen fertilizer applied 
at 40 kg N ha

-1 
reflected higher soil NO3-N 

concentration in comparison to the other 
management options.  

• Leaf NO3-N is influenced by rainfall amounts 
and distribution and fertilizer supply via 
mineral fertilizer should be synchronized with 
crop demand during growing season to 
reduce leaching of soil N. 

• In terms of food security and soil fertility 
improvement, intercropping of sorghum + 
soybean left to maturity in combination with 
application of nitrogen fertilizer at 40 kg N ha

-

1
 application could be probable option for 

adoption by the smallholder farmers in Busia 
County. 

 

5. RECOMMENDATIONS 
 

The conclusions given leads to the following 
recommendations; 
 

• Nitrogen fertilizer application at 40kg N ha
-1 

with soybean left to maturity under sorghum-
soybean intercropping is recommended as 
an optimum rate and legume residue 
management option to improve soil NO3-N 
among small scale households with 
stretched socio-economic ability in Busia 
County. 

• A shorter assessment interval of NO3-N 
during the growing season of crops is 
recommended as a further research to 
establish NO3-N concentration that translates 
to expected yields.  

• Further research on sulphur in relation to 
nitrogen be carried out to provide a balanced 

fertilizer recommendation for optimum 
sorghum yields in Busia County. 
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