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 The effect of combining lime and phosphate fertilizer on the performance of soybean (Glycine 

max L.) was investigated in a pot experiment consisting of nine treatments of three rates of 

lime (0, 4 and 8 t ha−1) in a factorial combination with three rates of phosphorus (0, 15, and 30 

kg P ha−1) at Maseno University in western Kenya. There was a significant interaction between 

the lime and phosphorus rate on the biomass dry weight of soybean. At the rates of 0 and 4 t 

ha-1 of lime, the biomass dry weight of soybean increased with increasing rates of phosphorus 

but at 8 t ha-1 of lime, the dry weight of soybean increased from 0 to 15 kg P ha-1 but declined 

at 30 kg P ha-1. There was however no significant interaction between lime and P rates on 

grain weight but the effects of both P and lime rate were significant. When applied without 

lime, 30 kg P ha-1 gave significantly higher grain (5.3 g pot-1) weight than 15 kg P ha-1 (1.6 g  

pot-1) of soybean, which was also significantly better than the control (0.0 g pot-1). When  

applied without phosphorus, both lime rates at 4 and 8 t ha−1 significantly increased grain 

weights of soybean compared to the control, but the grain weights of soybean between the 

two lime rates did not differ significantly. The highest yields of soybean were obtained when 4 

t ha−1 of lime was applied with 30 kg P ha−1 (19 g pot-1). Therefore, this study demonstrates 

that the ameliorating deleterious effects of soil acidity through liming should simultaneous be  

accompanied by application of P fertilizer at appropriate rates. 
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INTRODUCTION 

 

Soybean bean (Glycine max L. Merr.) production has in recent 

years been promoted as an alternative to the common bean 

(Phaseolus vulgaris) in western Kenya in endeavors to diversify 

food sources and enhance food security (Chianu et al., 2007; 

Collombet, 2013). It has potentially higher yields and is richer in 

proteins than the common bean (Otieno et al, 2018). It can also 

be used to produce oil and biofuels among other uses and hence 

its economic returns are higher than those of common grain 

legumes (Mathu et al., 2010). Soybean is also reputed to be  

better at fixing atmospheric nitrogen and therefore has a higher 

potential to replenish soil fertility than the common bean which 

is inherently a poor nitrogen fixer (Fageria et al., 2014; Muñoz-

Azcarate, 2017). However, soil acidity and phosphorus  

deficiencies, which often occur concurrently, constrain soybean 

production in western Kenya with the average yields of 0.93 t 

ha-1 reported from farmers’ fields against a potential of more 

than 3.5 t ha-1 for improved varieties under optimal growth  

conditions (Mahasi et al., 2010; Verde et al., 2013). In particular, 

acid soils at pH of less than 5.5 impact negatively on soybean 

growth by accentuating Al toxicity, reducing nitrogen fixing 

bacterial activity, and increasing phosphorus fixation therefore 

reducing available P in soils (Matsumoto, 2000; Liao et al., 

2006). Phosphorus is necessary for many plant processes  

including synthesis of phospholipids, energy transfer, and  

enzyme activation (Hawkesford et al., 2012). Phosphorus is  

required by soybean for nodule development and functioning 

and hence biological nitrogen fixation (BNF) (Divito and Sadras, 

2014). When phosphorus in soil is low, these processes can be 
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inhibited and therefore limit yields.  

Phosphorus deficient acid soils can effectively be ameliorated 

by application of phosphate fertilizers and agricultural lime. The 

appropriate rates of lime and P for soybean in western Kenya 

are however not well established. There is therefore a likelihood 

of farmers mismanaging application of these inputs which could 

lead to poor crop performance (Boke and Fekadu, 2014). Over 

liming has been reported to increase deficiencies of micronutri-

ents such as Zn, Cu and Mn while under liming is not effective in 

ameliorating the deleterious effects of acidity (Sanchez, 2019).  

Furthermore, lime could interact with the applied phosphate 

fertilizer to either negatively or positively impact on soybean 

performance. At very high pH, P can be fixed as calcium phos-

phate by the applied lime but when the pH is raised to around 

6.5, phosphorus and most other nutrients become available thus 

enhancing crop growth (Penn and Camberato, 2019). There is 

however paucity of information on these interactive effects on 

performance of soybeans in western Kenya. The objective of 

this study was therefore to determine the effects of lime and 

phosphate fertilizer and their interaction on the growth and 

yield of soybean in a greenhouse pot experiment. The results of 

the study provide useful information to researchers and agricul-

tural extension workers on the appropriate combination of lime 

and phosphate fertilizer to be used for optimum productivity of 

soybeans in western Kenya.  

 

MATERIALS AND METHODS 

 

Experimental site and soil 

A greenhouse pot experiment was conducted from January to 

April 2019 at Maseno University 0°00’17.36°S  latitude and 34°

30’01.62’E longitude in western Kenya. The soil that was used in 

the study was a Ferralsol obtained from a farmer’s field and 

whose initial properties (Table 1) were determined before the 

establishment of the experiment. The soil was very acidic (pH < 

5), low in available P, N, cation exchange capacity (CEC) and 

exchangeable bases. It however had an adequate amount of 

organic matter, likely because it had been under natural vegeta-

tion for several years. 

 

Experimental design and management 

The soil was collected randomly from various spots from a 

farmer’s field at a depth of 0-20 cm. It was subsequently  

air-dried, sieved through a 4 mm mesh, homogenized by hand 

mixing and applied in all the pots, which consisted the experi-

mental units at a rate 4 kg of soil pot−1. Nine treatments consisting 

of three levels of lime (0, 4 and 8 t ha−1) in a factorial combination 

with three rate of P (0, 15, and 30 kg P ha−1) (Table 2) were  

imposed and replicated thrice in a completely randomized design.  

Agricultural lime with 70% calcium carbonate (CaCO3) equiva-

lent and triple superphosphate (46% P2O5) were used as the 

sources of lime and P respectively. Calcium ammonium nitrate 

and muriate of potash were applied to all the treatments at the 

rate of 20 kg ha−1 and 60 kg ha−1 to supply N and K which are 

often limiting in these soils. All the fertilizers and lime were  

incorporated and thoroughly mixed with the soil at the time of 

planting. Four soybean seeds were planted per pot and later 

thinned to two at one week after emergence. Soil moisture  

content was maintained at around field capacity by regular  

watering. Other agronomic practices such as weeding and pest 

control were done at appropriate times. 

 

Data collection 

Soil was sampled at 14 weeks after planting (WAP) immediately 

after harvesting the soybean from each treatment and analyzed 

for soil pH, exchangeable acidity and available phosphorus using 

standard procedures as described by Okalebo et al. (2002). Soil 

pH was determined potentiometrically using water as the  

extractant (2.5:1 soil: water ratio) and exchangeable acidity with 

1M KCl extractions followed by titration with NaOH. Available 

phosphorus was determined by the Olsen method (sodium  

bicarbonate extractant at pH 8.5) which has been reported to 

correlate well with crop yields in acid soils of western Kenya 

although it was developed for alkaline soils (Nyambati and 

Opala, 2014). Plant heights were measured weekly up to seven 

WAP while the grain yields were determined at physiological 

maturity. The biomass dry weights were determined by harvest-

ing the aerial parts of the plants, placing them in paper bags and 

then oven drying them at 70°C to a constant weight. 

 

Statistical analysis 

Data for soil analyses, plant heights, biomass dry matter and 

grain yields were subjected to analysis of variance using the 

GENSTAT Discovery Edition 3 statistical package. Where  

significant, the least significant difference between means (LSD) 

was used to separate the treatment means at the significance 

level of p ≤ 0.05. 

Table 1. Initial characteristics of the experimental soil. 

Soil parameter Value 

pH (H2O) 4.65 

Exchangeable acidity (cmol kg-1) 1.95 

Exchangeable Al (cmol kg-1) 1.88 

Total N (%) 0.16 

Acid saturation (%) 69.20 

Organic C (%) 2.42 

Bicarbonate extractable P (mg kg-1) 2.20 

Exchangeable K (cmol kg-1) 1.30 

Exchangeable Ca (cmol kg-1) 0.24 

Exchangeable  Mg (cmol kg-1) 0.30 

CEC 3.68 

Clay (%) 46.90 

Sand (%) 35.60 

Silt (%) 17.60 
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RESULTS AND DISCUSSION 

 

Soil pH, exchangeable acidity and available phosphorus 

There was no significant effect of phosphorus rate or lime x 

phosphorus rate on soil pH (Table 3). The effect of lime on soil pH 

was however significant. In general pH increased with increasing 

lime rate but the difference between 4 and 8 t ha-1 lime rates was 

not significant. Exchangeable acidity in contrast decreased with 

increasing lime rate irrespective of the P rate but again the  

difference between 4 and 8 t ha-1lime rates was not significant 

(Table 3). When applied with no lime, P at 15 and 30 kg ha-1  

significantly lowered the exchangeable acidity compared to 

treatments with no P application but there was no significant 

difference between the two P rates (15 and 30 kg ha-1).  

The observed increase in pH with lime application and concur-

rent decrease in exchangeable acidity is to be expected. Lime is 

known to increase the soil pH by releasing OH- ions which react 

with Al3+ in soil solution and therefore precipitate aluminum as 

Al(OH)3 (Caires et al., 2002; Hue, 2004). This has the effect of 

reducing exchangeable acidity which comprises Al3+and H+. The 

lack of significant differences in exchangeable acidity among the 

lime treatments is likely due to the fact that the entire aluminum 

was precipitated with application of lime at both rates, and the 

exchangeable acidity that was determined was therefore  

entirely due to H+ (Opala, 2017). 

The available P levels were generally low (Table 4). There was a 

significant interaction between phosphorus and lime whereby 

when no phosphorus was applied, lime rates of 4 and 8 t ha-1 

gave significantly higher amounts of available phosphorus than 

0 t ha-1 lime but when phosphorus was applied at 15 and 30 kg 

ha-1, there was no significant difference in available phosphorus 

among the lime rates. When averaged across P rates, the availa-

ble P at 4 and 8 t ha-1 were similar but significantly higher than 0 

t ha-1. When averaged across lime rates, the available P at 0 and 

15 kg ha-1 were similar but significantly lower than at 30 kg ha-1. 

Although the available phosphorus generally increased with 

increasing phosphorus rates, the highest value was still below 

the critical level of 10 mg kg-1 that is considered adequate for 

most crops in Kenya (Okalebo et al., 2002). The inability of the 

applied phosphorus to increase the available phosphorus  

beyond this critical value is partly attributed to P fixation which 

is common in Ferralsols in western Kenya (Opala et al., 2010; 

Kisinyo et al., 2014) and therefore higher rates of phosphorus 

may be required to maintain the available phosphorus above the 

critical level in this soil. Both rates of lime increased available 

soil phosphorus when no phosphate fertilizer was applied,  

implying that lime primed the fixed P. The reported effects of 

liming on P availability are however contradictory, with some 

indicating increased availability while others show no effects or 

even reductions in available P. Antoniadis and Koutroubas 

(2015) found that liming was only effective in increasing availa-

ble P where the initial total soil P was high. On the other hand, 

Jaskulska et al. (2014) reported that regular application of lime 

to acidic soils resulted in an increase in plant available phospho-

rus. This is attributed to the fact that liming increases soil pH, 

which enhances the release of phosphate ions fixed by Al and Fe 

ions into the soil solution (Ameyu, 2019). At high soil pH values, 

however the precipitation of insoluble calcium phosphates can 

decrease phosphate availability which may explain the lower 

mean P values at 8 t ha-1 compared to at 4 t ha-1. 

 

Soybean growth and yields 

Plant growth increased with time for all the treatments except 

for the control (0L0P) which only increased in the first two 

weeks and thereafter stopped (Figure 1). Similarly, increase in 

height for treatment 0L15P declined drastically after 4 WAP. 

The tallest plants at all sampling were observed in treatment 

4L30P followed by the 8L30P.  The difference between the two 

was more pronounced at 6 and 7 WAP. Lime at a rate of 4 or 8 t 

ha-1 applied with P at 15 kg ha-1 had similar plant heights and 

were better than 0P4L and 0P8L which had similar growth  

patterns. The effect of applying 30 P kg ha-1without lime was 

significantly better than 15 P without lime kg ha-1. However, 

these two treatments had shorter plants at the 7 WAP  

compared to lime (at both rates) without P inputs. 

The better growth when lime was applied at 4 t ha-1 compared 

to 8 t ha-1 is attributed to possible over liming at 8 t ha-1 where 

the average pH was 6.74.  Sanchez (2019) pointed out that  

variable charge soils of the tropics such as those of the present 

study should not be limed to pH above 6.0 because growth and 

yield could decrease. At higher lime rates, deficiencies of micro-

nutrients such as Zn, Mn and Cu may occur (Fageria, 2009) and 

lead to poor growth. Application of 30 P kg ha-1 without lime 

gave significantly taller plants than 15 P without lime kg ha-1. 

However, these two treatments had shorter plants at the 7 

WAP compared to lime (at both rates) without P inputs. This 

suggests that soil acidity was more limiting to soybean growth 

than P deficiency in this soil.  

Table 2. Description of different treatments combinations used in the study. 

Treatment number Treatment combination Treatment code 

1 0 t ha−1lime, 0 kg P ha−1 0L0T 

2 0 t ha−1lime, 15 kg P ha−1 0L15T 

3 0 t ha−1lime, 30 kg P ha−1 0L30T 

4 4  t ha−1lime, 0 kg P ha−1 4L0T 

5 4  t ha−1lime, 15 kg P ha−1 4L15T 

6 4 t ha−1lime, 30 kg P ha−1 4L30T 

7 8  t ha−1lime, 0 kg P ha−1 8L0T 

8 8  t ha−1lime, 15 kg P ha−1 8L15T 

9 8 t ha−1lime, 30 kg P ha−1 8L30T 
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Table 3. Effect of lime and phosphorus rates on soil pH and exchangeable acidity. 

                                                               pH  Exchangeable  acidity  (cmol kg-1) 

       Lime rate (t ha-1)                                                                                 Phosphorus rate (kg ha-1) 

  0 15 30         means      0 15 30     means 

0 4.72 4.67 4.91     4.77 2.42 1.91 1.92     2.08 

4 5.56 5.64 6.33     5.84 0.40 0.30 0.30     0.32 

8 6.86 6.61 6.76     6.74 0.30 0.26 0.16     0.24 

Means 5.72 5.64 6.00     5.78 1.04 0.82 0.79     0.88 

LSD 
Lime rate 
P rate 
Lime × P rate 

    
0.73 
0.75 
1.27 

      
0.29 
0.28 
0.50 

  

Table 4. Effect of lime and phosphorus rates on available phosphorus. 

Lime rate (t ha-1) Phosphorus rate (kg ha-1) 

       0     15   30    Means 

    Available P mg kg-1 

0  4.19 6.15  7.38            5.91 

4 6.49 6.70 9.19            7.46 

8 6.38 6.76 8.37            7.17 

Means 5.69 6.54 8.31            6.85 

LSD 
Lime rate 
P rate 
Lime × P rate 

 
1.16 
1.14 
2.01 

Table 5. Effect of lime and phosphorus rates on soybean grain weight and biomass dry weight. 

             Grain weight (g/pot) Biomass dry weight   (g/pot) 

                                                      Lime  rate (t ha-1)                                                                                                 Phosphorus rate (kg ha-1) 

  0 15 30      means 0 15 30        means 

0 0.0 1.6 5.3     2.3 3.0 9.6 12.       68.4 

4 6.2 14.8 19.0   3.3 18.6 40.8 53.4     37.6 

8 7.5 13.3 17.3   12.6 17.4 53.4 45.7     33.0 

Means 2.3 10.0 13.9   9.4 13.0 28.8 37.2     26.3 

LSD 
Lime rate 
P rate 
Lime × P rate 

   
1.6 
1.6 
2.6 

     
5.7 
5.7 
9.9 

  

Figure 1. Soybean heights as affected by lime and phosphate fertilizer rates. 
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The effects of treatments on grain weight of soybean are  

presented in Table 5. The grain weights ranged from 0 g pot-1 for 

the control treatment to 19 g pot-1 (4L30P). There was no  

significant interaction between lime and P rates on grain weight.  

However, the effects of both P and lime rate were significant. 

When applied without lime, 30 kg P ha-1 gave significantly higher 

grain weights than 15 kg P ha-1, which was also significantly  

better than the control. When applied without phosphorus, both 

lime rates significantly increased grain weights compared to the 

control, but the grain weights between the lime rates did not 

differ significantly. 

The effect of both phosphorus and lime rates on biomass dry 

weight of soybean was significant (p < 0.001) (Table 5). The  

interaction between the lime and phosphorus rate was also  

significant (p = 0.02). At the rates of 0 and 4 t ha-1 of lime, the 

biomass dry weight increased with increasing rates of phospho-

rus but at 8 t ha-1 of lime, the dry weight increased from 0 to 15 

kg P ha-1 but declined at 30 kg P ha-1. The highest biomass dry 

weight was obtained with 4L30P. This treatment had its pH (6.3) 

within the optimum range for soybean (pH 6.0-6.5) and also had 

the highest available P (9.19 mg kg-1). The lowest was dry weight 

was obtained with control (OL0P). The cessation of growth and 

subsequent lack of grain for OL0P is attributed to the high Al  

saturation (69.2%) which cannot be tolerated by soybean as 

acidic soil reaction with an Al saturation level above 50% has 

been found to be potentially toxic to soybean (Wijanarko and 

Taufiq, 2016). The better, though non-significant growth  

compared to the control, observed for the other treatments 

without lime but with P fertilizer application is attributed to the 

slight reductions in exchangeable acidity observed for this treat-

ments (Table 3). Phosphorus from the applied fertilizer can  

react with Al during the fixation process hence removing it from 

the soil solution. Similar reductions in Al due to application of 

phosphate fertilizers have been reported (Iqbal et al., 2010). 

However the effect of P on Al is dependent on the source of P 

fertilizer and therefore these results should be treated with 

caution. For example, prolonged use of acidifying phosphate 

fertilizers such as diammonium phosphate has been shown to 

increase the exchangeable acidity and hence Al levels in soils 

(Rengel, 2003). Averaged across lime rates, 30 kg P ha-1 gave 

significantly higher dry weights than 15 kg P ha-1. This is  

consistent with the higher levels of available P in the 30 kg P  

ha-1than the 15 kg P ha-1treatments and confirms the need to 

apply higher P fertilizer rates in this soil as it is responsive to P.  

The positive effect of liming on growth and grain yield even 

without phosphorus compared with the control with no  

phosphorus is attributed partly to the increased available  

phosphorus that was observed when lime was applied without 

phosphorus but the main reason is the reduction of exchangea-

ble aluminum in soil. This resulted in elimination of aluminum 

toxicity, consequently allowing the soybean to utilize the soil 

nutrients more efficiently than when lime was not applied.  

Similar positive effects of liming on soybean yields have been 

reported in other studies (Ameyu and Asfaw, 2020; Wijanarko 

and Taufiq, 2016; Keino et al., 2015). The yield increase with 

liming is also attributed to improvement of the calcium soil  

content, biological N2 fixation and enhancement net mineraliza-

tion of organic N (Fageria and Baligar, 2003; Edmeades, and 

Ridley, 2003). 

 

Conclusion 

 

Application of lime without phosphate fertilizer or phosphate 

fertilizer without lime only slightly increased the growth and yield 

of soybean compared to the control with no inputs. Generally, 

soybean growth and grain weight increased with increasing phos-

phorus rate signifying that it is beneficial to apply higher rates of 

phosphorus in this soil. However, at the same phosphorus rate, 

there were no significant differences between the lime rate of 4 

and 8 t ha-1 and there may therefore no need to apply lime  

beyond 4 t ha-1. Application of lime without phosphorus did not 

produce soybean grains because of Al toxicity and severe  

phosphorus deficiency. Ameliorating the harmful effects of soil 

acidity must therefore concomitantly be accompanied by 

measures to mitigate phosphorus deficiency in this soil. 

 

Open Access: This is an open access article distributed under the 

terms of the Creative Commons Attribution NonCommercial 4.0 

International License, which permits unrestricted use, distribution, 

and reproduction in any medium, provided the original author(s) or 

sources are credited.   
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