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ABSTRACT 

In a three years experiment, conducted on acidic soil, four varieties of soybean [Glycine max (L) Merril] were tested to 
see their performance under different regimes of applied Phosphorus. The highest number of pods was given by the 
cultivar Bragg, followed by Punjab-1, Durga and JS-89-21. A similar trend was observed in the number of filled pods. 
On an average, the cultivar, Punjab-1, gave the maximum harvest index, followed closely by Bragg. Both the cultivars, 
Durga and JS-89-21, had lower harvest index. The application of P fertilizer significantly increased the harvest index 
up to 60 kg·P·ha–1. The Highest yield of grains was given by the variety ‘Bragg’ (1630 kg·ha–1), followed by Punjab-1, 
JS-89-21 and Durga, which gave the yields of 1510, 1470 and 880 kg·ha–1, respectively. Highest N, P and K removal 
was found by the cultivar Bragg, followed by Punjab-1, JS-89-21 and Durga cultivars. The uptake of nutrients was sig-
nificantly related to the total biomass produced by a cultivar (r = 0.8125), showing a yield predictability of 66.0%. The 
increase in uptake of N, P and K, respectively, with the application of 60 kg·P·ha–1 over no P was; 245.3, 159.4 and 
158.3% in case of Bragg, 101.5%, 73.8% and 44.6% in case of Durga, 182.2%, 70.6% and 63.8% in case of JS-89-21 
and 164.7%, 80.0% and 97.4% in case of Punjab-1. A significant increase in soil available P was found in the plots 
where it was applied at 60 kg·ha–1 continuously for three years. 
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1. Introduction 

Soybean is among the premier oil seed crops in the 
World and its cultivation has become popular in India too. 
However, in the absence of a proper crop variety and 
fertilizer inputs, the yields are low in acidic soils. The 
applied P gets fixed immediately after application in 
acidic soils and the availability to the crop is poor. 
Genotypic differences for better growth under acidic 
conditions have been demonstrated because genetic 
effects modifying tolerance to acidity are heritable [1,2]. 
The soybean has been reported to P fertilizers differently 
in acidic soils depending on the pH, soil fertility and the 
nature of genotype [3,4,5,6]. It has been reported that 
imbalanced and inadequate nutrition results in poor 
yields of soybean [7]. The investigation was undertaken 
to study the performance of different soybean cultivars 
with different levels of applied P fertilizer. Due to 

fixation of applied P in acidic soils, higher dose of the 
nutrient are required to satisfy the fixation needs and the 
requirement of the crop. The acid soils are generally poor 
in fertility and require optimum dose of nutrients for 
higher productivity. 

2. Materials and Methods 
Field experiments were conducted for three years on a 
sandy loam soil to study the effect applied P on four 
cultivars of soybean. The soybean cultivars were Bragg, 
Durga, JS-89-21 and Pujab-1. The dose applied P was 0. 
30 and 60 kg·P·ha–1. So, there were twelve treatments 
which were replicated four time in a split plot design., 
with soybean cultivars in main plots and P dose in sub- 
plots. The sowing was done at an inter and intra-row 
spacing of 45 cm and 20 cm. The plot size was 3 m × 4 
m. A uniform dose of 80 kg·N and 60 kg·K·ha–1 was 
applied in all the plots. Half of the dose of N, full dose of 
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K and P was applied before sowing of soybean while rest 
half of N was applied 35 days after sowing. Plant height 
was recorded at complete podding stage and other para- 
meters like total number of pods, filled pods and yield 
were taken at maturity. The grain and plant samples were 
taken at maturity and analysed as per methods suggested 
by [8]. The soil samples were collected before the start 
and after the completion of the study. The soil analysis 
was done by the methods outlined by [9]. The harvest 
index was calculated by dividing dry weight of rains with 
total biomass produced by the plants. The plant samples 
were dried in the oven at 60˚C plus/minus 5˚C. 

3. Results and Discussion 

3.1. Yield Attributes 

The data on different yield attributes have been presented 
in Table 1. Significantly highest pod number per plant 
was given by the application of 60 kg·P·ha–1 in the culti- 
var Bragg and Punjab-1, however, in Durga and JS-89-21 
cultivars, the significant increase in pod number per plant 
was found with up to the application of 30 kg·P·ha–1 
(Table 1). The highest number of pods was given by the 
cultivar Bragg, followed by Punjab-1, Durga and JS-89- 
21. A similar trend was observed in the number of filled 
pods. The results corroborate the findings of [1] and [10]. 
On an average, the cultivar, Punjab-1, gave the maximum 
harvest index, followed closely by Bragg. Both the culti- 
vars, Durga and JS-89-21, had lower harvest index, the 
former having the lowest. The application of P fertilizer 
significantly increased the harvest index up to 60 
kg·P·ha–1. This was possibly due to the beneficial effect 
of P on root growth and health of the plants, leading to 
higher grain/plant biomass ratio. The application of P 
also increased the plant height in all the cultivars, but this  

Table 1. Effect of P application on the yield attributes of 
soybean varieties. 

Variety P (kg·ha–1) 
Pod  

number/plant
Filled 

pods/plant 
Harvest 
index 

Plant Height
(cm) 

Bragg 0 43 33 0.08 44 

 30 86 73 014 73 

 60 136 107 0.18 82 

Durga 0 30 15 0.05 63 

 30 87 71 0.09 77 

 60 92 79 0.10 83 

JS-89-21 0 35 12 0.05 65 

 30 80 68 0.12 76 

 60 85 72 0.17 78 

Punjab-1 0 50 32 0.09 56 

 30 90 74 0.14 83 

 60 130 97 0.19 95 

encouraged lodging of some plants in the cultivar, 
Punjab-1. 

3.2. Grain Yield 

The grain yield of soybean increased up to the app.lica- 
tion of 60 kg·P·ha–1 in all the cultivars (Table 2). The 
increase in the yield over control (no P) was 302.4%, 
134.6%, 272.1% and 196.0% in Bragg, Durga, JS-89-21 
and Punjab-1 cultivars, respectively, with the application 
of 60 kg·P·ha–1. The cultivar Punjab-1 gave the highest 
grain yield among different cultivars when no fertilizer P 
was applied. The accumulation of dry biomass by diff- 
erent cultivars showed variable trend. However, the res- 
ponse to applied P was found only up to the application 
of 30 kg·P·ha–1. It may be attributed to the fact that 
higher dose of P helped in increase in the number of 
filled pods and higher grain/biomass ratio. The main 
reason for higher grain yield was the higher number of 
filled pods. The harvest index was found significantly 
related (r = 0.756) to the harvest index of a cultivar. 
Similar results were reported by [11] and [12].  

3.3. Nutrient Uptake 

Highest N, P and K removal was found by the cultivar 
Bragg, followed by Punjab-1, JS-89-21 and Durga 
cultivars. The uptake of nutrients was significantly related 
to the total biomass produced by a cultivar (r = 0.8125), 
showing a yield predictability of 66.0%. The increase in 
uptake of N, P and K, respectively, with the application 
of 60 kg·P·ha–1 over no P was; 245.3%, 159.4% and 
158.3% in case of Bragg, 101.5%, 73.8% and 44.6% in 
case of Durga, 182.2%, 70.6% and 63.8% in case of 
JS-89-21 and 164.7%, 80.0% and 97.4% in case of 
Punjab-1. This showed that the application of P  

Table 2. Effect of applied P on the grain yield and plant dry 
biomass (other than grains) (in kg·ha–1). 

Variety 
Applied P 
(kg·ha–1) 

Grain yield 
Dry biomass 

(other than grains)

Bragg 0 405 495 

 30 1170 718 

 60 1630 742 

Durga 0 375 712 

 30 755 763 

 60 880 792 

JS-89-21 0 395 749 

 30 1190 872 

 60 1470 718 

Punjab-1 0 510 515 

 30 1205 740 

 60 1510 660 
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encouraged the uptake N to be more efficient in the 
removal of nutrients which and K as well, besides P. The 
cultivar Bragg was found helped it recording highest 
yield over other cultivars studied. On an average, the 
combined removal by different cultivars of N was 34.9%, 
77.6% and 95.3% of the applied N; of P was 0%, 10.0% 
and 7.5%; of K was 33.8%, 53.3% and 63.0% at 0. 30 
and 60 kg .The results are in agreement with those 
obtained by [13] The nutrient removal was found to be 
significantly related to the biomass production and vice 
versa (r = 0.829). ha–1 of applied P. The application of P 
to soybean improved the efficiency of cultivars in 
accumulating more N and K. On an average, the removal 
of P was only 7.9% of the applied P and the rest got fixed 
with iron and aluminium in the acid soils. The 
corresponding average values of removal of N and K 
were 69.2% and 50.0% of the applied N and K, 
respectively.  

3.4. Soil Properties 

The mean values of analysis of soil samples, collected 
after the study showed no significant change in the soil 
pH over its initial value (Table 4). The available N and  

Table 3. Effect of applied P on the yield and N, P and K 
uptake of soybean. 

Variety Applied Nutrient uptake (kg·ha–1) 

 P (kg–1) N P K 

Bragg 0 32.1 3.7 16.8 

 30 82.1 7.8 32.2 

 60 110.5 9.6 43.4 

Durga 0 33.0 4.2 22.2 

 30 58.2 6.4 27.6 

 60 66.5 7.3 32.1 

JS-89-21 0 36.0 5.1 23.2 

 30 84.7 8.0 35.3 

 60 101.6 8.7 38.0 

Punjab-1 0 38.8 5.0 19.2 

 30 85.7 7.9 33.0 

 60 102.7 9.0 37.9 

Table 4. Effect of applied P on the soil properties (mean 
values).  

Soil properties  P (kg·ha–1)  

 0 30 60 

pH 5.1 5.3 5.2 

Av. N (kg·ha–1) 185 176 172 

Av. P (kg·ha–1) 6.28 9.15 12.2 

Av. K (kg·ha–1) 119 109 107 

Exch. Ca {mol (p+) kg–1} 0.45 0.51 0.55 

Exch. K {mol (p+) kg–1} 0.18 0.21 0.20 

significantly higher at zero level of applied P compared 
to when P was applied at 30 and 60 kg·ha–1. This may be 
attributed to the reason that removal of N and K was 
lower at zero level of applied P. However, available P 
increased significantly with successive levels of applied 
P registering an increase of 45.7%and 94.2% with 30 and 
60 kg·ha–1 of applied P, over zero level of P. A slight 
increase in exchangeable Ca and K was found with 
increase in the dose of applied P. 

4. Conclusions 

Since a heavy amount of applied Phosphorus gets fixed 
in acidic soils just after its application, a higher dose of P, 
than what is to be removed by the crop, needs to be 
applied to satisfy the requirement of exchange sites in the 
soil, to render it to become more available to the crop 
plant for optimum productivity. Soybean is a leguminous 
crop and can fix atmospheric nitrogen, which can 
partially fulfil its need for N. To obtain higher producti- 
vity of soybean in acidic soil, balanced use of nutrients is 
absolutely necessary. 
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