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Abstract
Soybean is an important crop with nutrition, economic and soil fertility improvement benefits to farmers.
However, its production in western Kenya is partly constrained by low soil pH and soil fertility levels. A
greenhouse pot study was conducted to evaluate the effects of inorganic fertilizers, farmyard manure and lime
application on soil pH, nutrient uptake, growth and nodulation of soybean grown in acidic soils from western
Kenya. The experiment was set up in a randomized complete block design with eight treatments: control; NPK;
manure; lime; manure+lime; NPK+manure; NPK+lime and manure+lime+NPK. Significant effects of inorganic
fertilizers, manure and lime applications were observed on all the variables. Manure, lime and manure+lime
treatments increased soil pH by 1.33, 2.19 and 2.28, respectively, above the control treatment. The shoot N was
lower under control (1.71-1.81%), NPK (1.85-1.98%) and manure (2.00-2.11%) than under all other treatments.
Treatments NPK+lime and manure+lime+NPK recorded higher uptake of P and K nutrients than all other
treatments. The control and NPK treatments recorded shorter plants and low leaf area and above-ground biomass
compared to other treatments. The NPK+lime and manure+lime+NPK treatments recorded higher plant height
and aboveground biomass than other treatments. Lime+manure treatment recorded highest nodule numbers and
dry weights per plant. Positive relationships were observed between pH and N, P and K nutrient uptake (R2
ranged between 0.30 and 0.77) and between biomass and N, P and K nutrient uptake (R2 ranged between 0.68
and 0.99). From this study, use of manure and lime could result in improved soil pH for better uptake of nutrients,
nodule formation and productivity of soybean in Western Kenya.
Keywords: fertilizer application, nutrient uptake, lime application, manure application, soil pH, soybean growth
1. Introduction
Soybean (Glycine max) is a minor crop in Kenya mainly grown in few regions; Busia, Bungoma, Rachuonyo,
Homa Bay, Kirinyaga and Murang’a (Chianu et al., 2008). The current annual production stands at 2550 metric
tons (FAOSTAT, 2014). Soybean is nutritionally rich with 40% protein, 21% oil and 34% carbohydrates
expressed in over 39 soybean-based products found across the country. Intercropping or rotating soybean with
cereals such as maize has also been reported to increase their productivity by approximately 25% due to the
symbiotic nitrogen fixation ranging between 44 and 103 kg N/ha annually (Chianu & Vanlauwe, 2006). Under
such cropping systems, soybean also helps in controlling parasitic weeds such as Striga hermontheca (Adelodun,
2011). Despite these benefits, soybean productivity is still low ranging 0.6-1.4 t/ha compared to its potential
yield of 3.6 t/ha (Chianu & Vanlauwe, 2006; Verde at al., 2013; FAOSTAT, 2014). Such low productivity is
partly associated with soil infertility and low soil pH levels experienced across the major soybean producing
regions of Kenya (Mbakaya, 2007). Soil pH levels reported in western Kenya ranges from 3.8 to 5.5 (Kanyanjua
et al., 2002; Owino et al., 2015) due to high levels of aluminium and iron cations (Kisinyo et al., 2012). Such
high acidity has been cited to be the main cause of high P adsorption and unavailability of other nutrients in the
soil leading to poor crop growth and productivity in these regions (Gudu et al., 2009). Low pH and high
aluminum concentration severely affect rhizobia and other soil fauna responsible for improving soil health
(Johnson & Wood, 1990).
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Application of lime and manure is effective in cushioning soil pH to levels suitable for crop production. The
calcium and magnesium ions in lime, apart from displacing hydrogen, aluminum and iron ions from the soil
colloids thereby raising pH, provide soybean with available Ca and Mg nutrients for growth and productivity
(Onwonga et al., 2010; Kisinyo et al., 2012). Manure on the other hand releases nutrients for growth and at the
same time form complexes with aluminum and iron ions thereby reducing their adverse effects on soybean
growth (Haynes & Mokolobate, 2001; Fatondji et al., 2009). Application of inorganic fertilizers offer immediate
corrective measure to nutrient deficiencies by supplying critically required nutrients in their correct forms for
plant use. However, use of such nutrient sources and crop residue incorporation as soil amendments to improve
soybean productivity is not commonly practiced in western Kenya due to poverty and alternative competitive
uses of crop residues and manure, for example as building materials, fuel and animal feed. In addition, animal
manure only benefits home fields as farmers do not take these materials to fields away from the homestead due
to distance and bulkiness. In case of farmers who can afford to supply some quantities of fertilizer, the nutrients
are likely to be used with high inefficiencies due to high soil acidity resulting in low soybean production.
Therefore, this study was conducted to determine the effect of applying manure, lime and inorganic fertilizers on
soil pH, and nutrient uptake, growth and nodulation of soybean grown in acid soils from western Kenya region.
2. Materials and Methods
2.1 Site Description
A greenhouse pot experiment was conducted at the College of Agriculture and Veterinary Sciences, University of
Nairobi, located on latitude 1o15′ South and longitude 36o44′ East. The area has an altitude of 1800 m above sea
level with an average temperature of 21 oC. Soil samples were collected from Masaba and Eshirali locations in
Butere Sub-county, Kakamega County, Kenya and analyzed for pH, total N, P and K. Kakamega County has a
mean temperature of 26 oC and receives an annual average rainfall of 1947 mm that occurs twice a year; long
rains between March and July and short rains between October and December. Masaba soils had a pH of 4.1,
0.13% N, 5.67 ppm P and 1.01 Cmol/kg K while Eshirali site had a pH of 4.8, 0.21 % N, 7 ppm P and 0.37
Cmol/kg.
2.2 Soil Sampling, Experimental Design and Treatments
Soil samples were collected at a depth of 0-20 cm in each study site (after surface debris was cleared) using the
transverse method. These samples were then bulked, dried, thoroughly under shade, mixed then screened
through 0.5 cm screen to maintain the soil physical properties and to avoid compaction in the pots during the
experiment. Equal amounts of soils in 5 kg capacity pots of conical shape were then used for planting of soybean.
The experiment was set up in a randomized complete block design with eight treatments (control; NPK; manure;
lime; manure+lime; NPK+manure; NPK+lime and manure+lime+NPK) that were replicated four times. The N, P
and K nutrients were applied at the rates of 20, 30 and 60 kg/ha from urea, triple superphosphate and muriate of
potash, respectively. Lime and manure were applied at the rate of 5 and 10 t/ha using dolomite and cattle manure
source, respectively. Nitrogen was applied in two splits—10 kg/ha at planting and the remaining 10 kg/ha as
top-dress at 25 days after planting. All triple superphosphate, muriate of potash, lime and manure were applied at
planting. The treatments were thoroughly mixed with soil then put in the pots. The pots were arranged in a
perpendicular position to the path of the sun on metallic tables in a greenhouse.
2.3 Agronomic Practices
Certified soybean SB 132 variety seeds were obtained from CIAT Centre at Maseno. Two seeds were planted in
every pot at about 4 cm deep then covered uniformly. After emergence, the seedlings were thinned to one per
plot. Each pot was put on a wide plate to prevent leakage of applied nutrients and water. Throughout the growing
season, the plants were watered uniformly to maintain soil moisture as close as possible to the field capacity so
that growth was not limited by water stress. The pots were also kept weed free by hand-pulling of weeds as soon
as they emerged. The incidences of pest and diseases were also monitored throughout the growth period.
2.4 Data Collection
Data was collected at the termination stage of the experiment (flower initiation stage). The parameters
considered were the plant leaf area, plant height, number of nodules per plant, nodule dry weight per plant and
aboveground biomass. Soil pH and plant nutrient uptake were also analyzed.
Leaf area: Leaf area was calculated by tracing leaf outlines on 1 mm2 graph paper.
Plant height: Soybean height was determined by taking an average of four plants using a meter rule.
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Nodulation: Number of nodules per plant was given by the average number of the nodules from all the four
replicates. During the process, each plant pot was emptied in a bucket of flowing water to wash off the soil on
the roots. The nodules were manually counted then dried at 65 oC in an oven to a constant dry weight.
Aboveground biomass: Biomass production from each treatment was computed from the average of four plants
cut above the soil level, weighed (fresh weights) then dried at 65 oC to a constant dry weight (dry matter).
Soil pH: The soil pH (water) was determined at the end of the experiment using six grams subsamples from
air-dried, crushed and sieved soils from each pot.
Nutrient uptake: Leaves were sampled, dried at 65 oC for 24 hours, ground to fine powder and analyzed for total
N, P, and K. The Kjeldahl procedure was used for tissue analysis to determine total N (Bremner & Mulvaney,
1982). Foliar P and K nutrients were determined using spectrophotometry and flame photometry procedures,
respectively (Page et al., 1982).
2.5 Data Analysis
Data obtained was subjected to analysis of variance using GenStat 15th Edition software. Fisher’s protected least
significant difference test (5%) was applied to separate treatment means. A simple excel linear analysis was also
conducted to show the relationship between pH and uptake of nutrients and between biomass and uptake of
nutrients.
3. Results
3.1 Effect of Manure and Lime Application on Soil pH
Manure, lime and manure+lime application significantly (p < 0.05) increased soil pH by 1.24, 1.89 and 1.96
(Eshirali soil) and 1.42, 2.48 and 2.59 (Masaba soil) respectively (Figure 1).

Figure 1. Illustrates the effect of manure and lime application on the soil pH brought from Eshirali and Masaba
regions
3.2 Effect of Inorganic Fertilizers, Manure and Lime Application on the Uptake of N, P and K Nutrients by
Soybean
Nitrogen: Nitrogen uptake was significantly influenced (p < 0.001) by manure, lime and NPK treatments, singly
and in combination (Table 1). In both soils, shoot N was lower at control (1.71-1.81%), NPK (1.85-1.98%) and
manure (2.00-2.11%) treatments than at all other treatments, except NPK+manure in Masaba soils.
Manure+lime+NPK and NPK+lime treatments recorded higher shoot N (5.75-5.61%) than most of the
treatments.
Phosphorus: Phosphorus uptake was significantly influenced (P < 0.001) by the treatments in both Eshirali and
Masaba soils (Table 1). Significantly higher shoot P content (0.51% in Eshirali and 0.54% in Masaba) was
recorded under manure+lime+NPK and NPK+lime treated pots than all the other treatments. Generally, control,
manure, lime, lime+manure and NPK+manure treatments were not significantly different in shoot P uptake.
Potassium: Potassium levels were significantly influenced (p < 0.001) by the application of inorganic fertilizers,
manure and lime (Table 1). At Eshirali, control and NPK treatments recorded significantly lower shoot K levels
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than all the other treatments. Application of lime resulted in higher K uptake than manure application. There
were no significant differences in K uptake among NPK+manure, NPK+lime and manure+lime+NPK treatments.
A similar observation was made at Masaba except that lime, lime+manure, manure+lime+NPK and NPK+lime
treatments recorded higher shoot K content than NPK+manure.
Table 1. Effect of inorganic fertilizers, manure and lime application on the uptake of N, P and K nutrients

Control
NPK
Manure
Lime
Lime+manure
NPK+manure
NPK+lime
Manure+lime+NPK
LSD(p ≤ 0.05)
CV %

Eshirali
1.81
1.98
2.11
3.82
4.17
4.63
5.56
5.75
1.12***
5.23

%N
Masaba
1.71
1.85
2.00
3.94
3.96
2.70
5.51
5.61
1.00***
4.29

Eshirali
0.15
0.15
0.16
0.18
0.19
0.26
0.45
0.51
0.21***
6.03

%P
Masaba
0.11
0.12
0.15
0.22
0.31
0.19
0.45
0.54
0.12***
5.91

Eshirali
1.31
1.39
1.59
2.31
2.46
2.62
2.7d
2.75
0.27***
6.20

%K
Masaba
1.35
1.40
1.45
2.65
2.68
1.54
2.69
2.70
0.15***
6.88

Note. N = nitrogen; P = phosphorus; K = potassium; CV = coefficient of variation; LSD = least significant
difference; *** = significant at p < 0.001.
3.3 Effect of Inorganic Fertilizers, Manure and Lime Application on the Growth of Soybean
Plant height: Application of inorganic fertilizers manure and lime showed significant effect (p < 0.001) on plant
height in Eshirali and Masaba soils (Table 2). All the treatments with manure or lime had significantly taller
soybean plants than the control and NPK treatments. Application of manure and lime singly or in combination
resulted in similar plant heights on Eshirali soils. In Masaba soils, there were no significant differences between
NPK and manure treatments and among lime, lime+manure and NPK+manure treatments. Manure+lime+NPK
and NPK+lime treatments produced significantly taller soybean plants than all the other treatments. However,
there were no differences in heights between these two treatments.
Leaf area: Soybean leaf area was influenced (p < 0.001) by the application of inorganic fertilizers, manure and
lime in Eshirali and Masaba soils (Table 2). On both soils, control (Eshirali = 58. 8 cm2 and Masaba = 49.0 cm2)
and NPK (Eshirali = 62.1 cm2 and Masaba = 58.4 cm2) treatments had significantly lower leaf areas than all the
other treatments. There were no significant differences between manure and lime and among manure+lime,
NPK+manure and NPK+lime treatments in Eshirali soil. In Masaba soil, similar leaf areas were recorded among
manure, lime and manure+lime and between NPK+manure and NPK+lime treatments. In all soils,
manure+lime+NPK treatment recorded significantly higher leaf area (Eshirali = 184.6 cm2 and Masaba = 181.6
cm2) than all other treatments.
Aboveground biomass: The treatment effect on shoot biomass was significant (p < 0.001) on both Eshirali and
Masaba soils. Control and NPK treatments had significantly lower shoot dry weight than all the other treatments
in both soils. Similar biomass weights were recorded among manure, lime, manure+lime and manure+NPK and
between NPK+lime and manure+lime+NKP in Eshirali soil. In Masaba soil, similar biomass weights were
recorded among soybean crops treated with manure, NPK+manure, NPK+lime and manure+lime+NPK, and
among lime, manure+lime and NPK+manure treatments.
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Table 2. Effect of inorganic fertilizers, manure and lime application on soybean height, leaf area and
aboveground biomass

Control
NPK
Manure
Lime
Manure+lime
NPK+manure
NPK+lime
Manure+lime+NPK
LSD (p ≤ 0.05)
CV %

Plant height (cm)
Eshirali
Masaba
24.38
20.25
25.80
24.88
35.25
30.10
38.5
37.12
39.62
40.25
40.37
39.75
48.62
49.35
52.75
54.38
5.10***
6.50***
4.20
4.50

Leaf area (cm2)
Eshirali
Masaba
58.80
49.00
62.10
58.40
118.10
117.10
129.60
119.10
157.00
127.00
159.20
164.10
165.70
151.20
184.60
181.60
11.86***
10.22***
4.10
4.10

Dry biomass (g/plant)
Eshirali
Masaba
3.52
2.72
5.78
3.74
11.29
8.85
13.57
13.90
14.83
15.40
16.74
10.79
18.97
20.51
21.98
22.05
5.50***
5.00***
5.00
5.20

Note. *** Significant at p < 0.001; N = nitrogen; P = phosphorus; K = potassium; LSD = least significant
difference; CV = coefficient of variation.
3.4 Relationship between Soil pH and Uptake of Nutrients and between Biomass and Uptake of Nutrient
Positive relationship (p < 0.05) was observed between soil pH, soybean biomass and nutrient uptake. The
relationship was between 0.30 and 0.77 for pH and N, P and K nutrient uptake and between 0.68 and 0.99 for
biomass and N, P and K nutrient uptake (Figure 2).

Figure 2. Relationship between soil pH, aboveground biomass and the uptake of N, P and K nutrient by soybean
grown in acid soils from Eshirali and Masaba regions in Western Kenya; N = nitrogen; P = phosphorus; K =
potassium
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3.5 Effect of Inorganic Fertilizers, Manure and Lime Application on Nodulation of Soybean
Soybean nodulation was significantly influenced (p < 0.001) by the application of manure, fertilizers and lime in
Eshirali and Masaba soils (Figure 3). Significantly lower nodule numbers and nodule dry weights per plant were
observed under control and all treatments with NPK fertilizers than all the other treatments. Similar nodule
numbers and dry weights per plant were recored among NPK+manure, NPK+lime and manure+lime+NPK
treatments in Masaba and Eshirali soils. The highest nodule numbers and nodule dry weights per soybean plant
in both soils were recorded in pots treated with lime+manure followed by pots treated either with lime or
manure.

Figure 3. Effect of inorganic fertilizers, manure and lime application on the number of nodules and nodules dry
weights per soybean plant; N = nitrogen; P = phosphorus; K = potassium
4. Discussion
Application of manure and lime significantly affected soil pH across all soils. Higher pH values were recorded as
a result of combined application of manure with lime followed by sole application of lime. These findings are in
agreement with Khoi et al. (2010), Kisinyo et al. (2012), and Verde et al. (2013a) who reported increased soil pH
due to either singly or combined application of lime and manure in western and central Kenya. Application of
manure alone moderately raised soil pH compared to lime and their combination. This decrease in soil acidity
due to manure application could be due to the reduction in concentrations of aluminium, manganese and iron
ions in the soil through the formation of complex compounds (Naramabuye & Haynes, 2006; Okwuagwu et al.,
2003; Onwonga et al., 2008). This complexation by manure is due to strong bonding ability of organic matter in
both the solid and solution phases with aluminium (Tipping & Woof, 1991). On the other hand, decrease in soil
acidity due to the application of lime could have been due to the neutralization of hydrogen ions by hydroxyl
groups to form water while calcium ions may have formed complex compounds of aluminium, manganese and
iron (Kisinyo et al., 2012; Anderson et al., (2013). The combined effects of lime and manure application explain
the highest pH values recorded under manure+lime treatments.
Low uptake of N, P and K nutrients was recorded under control, manure and NPK treatments compared to the
other treatments. This could have been due to the detrimental effect of low soil pH (below pH 5 as observed in
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this study) compared to the recommended pH of 6 to 6.8 for soybean production (Mallavine et al., 2011). Such
low pH hindered normal root growth, development, and absorption of water and nutrients (Lin et al., 2011).
Highest uptake of N, P and K nutrients was recorded under lime+manure+NPK treatments, which was then
followed by lime+NPK treatments. Kisinyo et al. (2012) also recorded high P uptake by Sesbania crop under
lime application compared to control. Under this study, lime+manure+NPK treatment recorded high soil pH that
was within the favorable range required for soybean production, hence, high uptake of N, P and K nutrients.
Inclusion of manure in the treatment may have also released more N, P and K nutrients for soybean uptake.
The effect of lime, manure and fertilizer application was significant on important soybean growth variables: leaf
area, plant height and biomass production. Consistently small leaf area, short plants and low biomass were
observed under control and NPK treatments compared to other treatments. Verde et al. (2013b) also reported
shorter soybean plants due to application of inorganic fertilizer alone without any soil amendment compared to
other treatments that had either lime or manure or both. The poor soybean performance observed could have
been due to high soil acidity that fixed nutrients, hence, making them unavailable for plant use. Significantly
higher aboveground biomass was recorded under lime+manure+NPK and NPK+lime treatments than under all
other treatments. This could be due to the ameliorated soil pH around soybean rhizosphere that encouraged
healthy root development with improved uptake of nutrients (Cifu et al., 2004). Addition of dolomitic lime and
manure may have supplied extra Ca, Mg and other nutrients that improved further soybean growth (Adeleye et
al., 2010; Bambara & Ndakidemi, 2010; Chimdi et al., 2012).
Both nodule numbers and dry weight per plant were significantly influenced by the application of manure, lime
and inorganic fertilizers. Lowest nodule number and weight was recorded under control treatment. This could be
due to very acidic conditions that affected rhizobia growth and development. It has been reported that such low
pH hinders nodulation through the inhibition of the expression of rhizobia nodulation genes and reduction of
Nod factor (Moron et al., 2005). This may have disrupted the exchange of signals between soybean plant
root-hairs and the bacteria for formation of infection thread (Maransari et al., 2006). Low nodulation under
manure+NPK, lime+NPK and manure+lime+NPK treatments could have been due to high NO3- (not measured
in this study) made available in the soil. Effects of high NO3- on nodulation have also been reported by (Fujikake
et al., 2002; Ferguson & Mathesius, 2003). Although the mechanism of nitrate inhibition is not clear, several
hypotheses have been used to explained the cause of inhibition of nodulation; carbohydrate-deprivation in
nodules (Fujikake et al., 2003), inhibition of feedback by glutamine and asparagines (Bacanamwo & Harper,
1997) and restriction of oxygen movement into the nodules for bacteria respiration (Gordon et al., 2002).
However, high nodulation was recorded under lime, manure and lime+lime treatments. This may be due to
suitable pH that favoured healthy root development and low nitrate both of which encouraged nodulation. Also,
Ca2+ from soil and added dolomitic lime and manure may have added more calcium that created suitable
conditions for Ca2+-dependent adhesions responsible for attachment of rhizobia bacteria to soybean root hairs
and formation of infection thread (Smit et al., 1992).
Under such low soil pH in western Kenya, application of inorganic nutrient sources may not be beneficial for
soybean production since the nutrients become unavailable for plant uptake. Adequate application of either lime,
manure or a combination of both is therefore important in ensuring improved soil nutrient availability and soil
fauna for better soybean growth and nodulation as observed under this study. The high nodulation level is
associated with high N fixed for the crop and residuals left for subsequent crops in the cropping system.
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