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Abstract

Soybean (Glycine max (L.) Merrill) yield in tropical Africa remains below 1t/ha 
partly because most growers rarely use beneficial organic soil amendments on 
degraded tropical soils. Therefore, filed trials were conducted during the late 
cropping seasons (July – Nov.) of 2015 and 2016 on the organic research plots of the 
Institute of Food Security, Environmental Resources and Agricultural Research, 

o oNigeria (7  23´ N, 3  39´ E, altitude 139 m above sea level). The trials evaluated the 
agronomic response of five recently released soybean varieties (TGx 1448-2E, TGx 
1440-1E, TGx 1740-2F, TGx 1987-62F and TGx 1835-10E) to the application of 
three commercial organic fertilizers (Aleshinloye Grade B, Organo-Farm and 
Gateway) and a control. The trials were laid out in randomized complete block 
design (RCBD) in a 5 × 4 factorial arrangement and replicated three times. Data 
were collected on growth parameters, yield and yield attributes, and seed quality. 
Significant (P<0.05; F-Test) varietal difference was recorded for aboveground 
plant weight, grain filling period, height at physiological maturity, number and 
weight of pods per plant, number of branches and seed yield, and quality in both 
years. Application of organic fertilizers significantly (P<0.05; F-Test) increased 
aboveground plant weight, number of branches, pods, weight of seeds per plant, 
seed yield and quality in both years relative to the control treatment, except oil 
content and seed yield in 2016. The three organic fertilizers appear appropriate for 
soybean cultivation since soybeans grown on treated plots produced seed yield 
above 1/ton in both contrasting years of experimentation.
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Introduction

Soybean (Glycine max (L.) Merrill) is mainly grown for its seed that contains 18 – 25% oil and 30 – 50% 
protein required for human and animal nutrition (Manna, 2014). At present in tropical Africa, the 
average seed yield of soybean is below 1 t/ha as against the world average of 2.7t/ha (FAO, 2016). 
General low yields of food crops in the tropics have been attributed to low soil fertility status, weed 
infestation, rising cost of agrochemicals, low purchasing power of resource-constrained farmers, lack of 
improved crop varieties, lack of access to necessary inputs, poor management practices among others 
(Affholder  et al. 2013; Zerihun and Haile, 2017). The use of low input technology such as organic 
fertilizers will go a long way in ameliorating some of the challenges farmers face in the tropics. 
According to Chen (2006), all the required nutrients by plant must be present in the soil in balanced 
quantities and forms for the plant's optimal growth. Organic soil amendments have been reported to 
improve the physical and chemical, and biological properties of the soil through the improvement of soil 
aeration, soil carbon exchange capacity (CEC), water holding capacity, slow mineralization of organic 
materials (Yan et al. 2007; Zhong et al. 2010; Gautam and Pathak, 2014). Unfortunately, fewer efforts 
have been made thus far to explore the potential of the use of only organic fertilizers to boost the 
productivity of soybeans in the tropics. Some of the documented efforts are from Indonesia (Abidin and 
Sutrisno 2015, Kuntyastuti et al. 2018), Pakistan (Javaid and Mahmood 2010), Egypt (Mekki and 
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Ahmed 2005), Nigeria (Olowe et al. 2014), India (Aher et al. 2015). However, most of these studies 
were limited to grain yield and yield attributes, not addressing seed quality as affected by the applied 
organic fertilizers. Therefore, our study was carried out to evaluate the effect of organic fertilizer 
application, on growth, yield, yield attributes and quality of soybeans in the tropics.

Materials and Methods

The field experiments were carried out on the organic research plots of the Institute of Food Security, 
o oEnvironmental Resources and Agricultural Research, Nigeria (7  23´ N, 3  39´ E, altitude 139 m above 

sea level) during the late cropping seasons of 2015 and 2016 on a sandy loam soil. During the period of 
experimentation, a total rainfall of 435.8 and 519.1 mm was recorded in 2015 and 2016, respectively. 
Based on the results obtained from soil analysis, the soils of the experimental sites were loamy sand in 
texture and contained 0.11 and 0.12% total nitrogen, 1.17 and 1.19% total organic carbon, available P 
16.42 and 48.69 mg/kg, 0.28 and 0.91 mol/kg exchangeable potassium with pH of 6.1 and 6.2 in 2015 
and 2016, respectively. The experimental design was randomized complete design in a 5 × 4 factorial 
arrangement and replicated three times. The factors were varieties: TGx 1448-2E  (late maturing), TGx 
1440-1E (Late maturing), TGx 1740-2F (Early maturing), TGx 1987-62F (Early maturing) and TGx 
1835-10E (Early maturing) and organic fertilizers: Alehinloye Grade B (0.58 and 0.56% N; abattoir 
waste based), Organo farm (1.58 and 1.67%  N; brewery waste based) and Gateway (0.50 and 0.50% N; 
animal dung and wood ash based) in 2015 and 2016, respectively. Sowing was done on the experimental 

2plots that consisted of six rows measuring 4 m x 3 m (12m ) at 60 cm x 5 cm giving a total plant 
population of 333,000 plants per ha. Sowing was done on July 15, 2015 and July 13, 2016. Organic 
fertilizers were applied at three weeks after sowing (WAS) immediately after the first weeding. The 
second hoe weeding was done at 6WAS. Thereafter, five plants were randomly selected and tagged at 
5WAS from the net plot for plant height and yield attribute measurement on plot basis. Data were 
collected on plant height at physiological maturity (R7), grain filling period (GFP), and above ground 
plant weight. At harvest, data on yield attributes (number of branches per plant, number and weight of 
seeds and pods per plant were collected on five randomly selected plants from each plot and total plot 
yield was determined. The oil and protein content of seeds were determined using Soxhelt extraction and 
Kjeldahl block digestion and steam distillation, respectively (Egan et al. 1981). All data collected were 
subjected to analysis of variance (ANOVA) to test the main and interaction effects and where the effects 
were statistically significant (P < 0.05, F-test), treatment means were separated using the least 
significant difference (LSD) method. 

Results

The five test varieties were significantly different (P<0.05; F - test) from each other for above ground 
plant weight, grain filling period, number of branches per plant and height at physiological maturity in 
2015 and 2016. Similarly, application of Aleshinloye Grade B and Organo farm organic fertilizers 
significantly (P<0.05) increased aboveground plant weight and number of branches per plant relative to 
the control. However, the organic fertilizer application had no effect on grain filing period and height at 
physiological maturity. The Variety × Fertilizer application effect on the measured growth parameters 
was not significant on the varieties in both years (Table 1). Pod number and weight per plant was 
significantly (P<0.05; F – test) affected by varietal effect and organic fertilizer application in both years, 
except the effect of organic fertilizer on pod weight in 2016. Application of Aleshinloye significantly 
(P<0.05) enhanced seed weight of soybeans compared to other organic fertilizers and control. Variety 
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and organic fertilizers had no effect on seed number per plant. Variety × Fertilizer Application effect was 
not significant on any of the measured yield attributes in both years (Table 2). The main and interaction 
effects significantly (P<0.05; F – test) affected seed yield and quality in both years, except fertilizer 

Table 1. Effect of organic fertilizer application on aboveground plant weight (ABGPWT), 
              Grain filling Period (GFP), height at physiological maturity (HTR7) and number 
              of branches per plant (NBR) of soybean varieties, 2015 and 2016

Treatment  2015               2016 

   ABGPWT  GFP HTR7  NBR ABGPWT  GFP HTR7  NBR 
   (g)              (cm)  (g)              (cm) 

 
Variety (V) 
TGx 144-2E  24.9    15.1 57.6 4.6 34.5  16.3 69.5 4.3  
TGx 1440-2E  27.4  17.8 56.9 5.8 35.7  14.9 75.2 5.0 
TGx 1740-2F  26.9  16.8 58.9 5.5 26.5  13.1 76.5 4.5 
TGx 1987-62F  18.3  14.5 50.1 3.5 21.9  13.8 66.9 3.5 
TGx 1835-10E    9.0  12.3 44.7 2.6 18.3  16.9 58.3 2.6 
LSD (5%)

    
6.71

             
0.62

 
5.78

 
1.24

 
11.36

  
2.07

 
7.61

 
1.32

 
Organic fertilizer (F) 
Control   14.1  15.3 67.9 2.9 16.6  15.6 67.9 2.6 
Aleshiloye B  28.7  15.6 71.1 5.4 35.6  15.5 71.1 4.1 
Organo Farm  23.9  14.8 69.9 5.2 33.9  14.5 69.9 4.9 
Gateway  18.5  15.5 68.1 4.0 23.4  14.4 68.0 4.3 
LSD (5%)  6.00  ns ns 1.11 10.16  ns ns 1.18 
V × F ns ns ns ns ns ns ns ns

ns – not significant 

Table 2. Effect of organic fertilizer application on some yield attributes of soybeans, 2015 and 2016

Treatment  2015               2016

   PODN PODW NSD WTSD   PODN  PODW  NSD  WTSD  
      (g)     (g)      (g)       (g)  

Variety (V)     
TGx 144-2E  53.1 19.0 83.1   9.9  59.2  23.8  92.9  11.4   
TGx 1440-2E  65.7 25.0 85.0 13.2  55.2  24.5  83.4  10.9  
TGx 1740-2F  59.6 19.8 97.4 10.8  49.9  17.5  83.3    9.9  
TGx 1987-62F  36.4 13.2 76.4   9.4  33.1  11.5  76.9    8.2  
TGx 1835-10E  20.4   8.1 44.0   8.6  20.3   8.9  43.9    9.3  
LSD (5%)

  
17.43

   
8.19

 
ns

   
ns

  
15.99

  
8.76

 
ns

    
ns

 
Organic fertilizer (F) 
Control

   
33.8

 
10.4

 
61.8

   
6.5

  
31.2

 
12.6

 
59.2

   
7.3

 
Aleshiloye B

  
61.4

 
21.6

 
90.8

 
16.2

  
58.3

 
20.3

 
89.9

 
14.4

 
Organo Farm

  
47.9

 
21.7

 
92.9

 
10.6

  
44.1

 
21.3

 
89.8

    
9.3

 Gateway
  

45.1
 

14.4
 

63.8
   

8.3
  

40.1
 

14.7
 

65.4
    

8.8
 LSD (5%)

  
15.59

 
7.33

 
ns

 
4.03

  
14.30

 
ns

 
ns

  
4.30

 V × F ns ns ns ns ns ns ns ns

ns – not significant, PODN – number of pods per plant, PODW  - weight of pods per plant, NSD – number of seeds 
per plant, WTSD – weight of seeds per plant
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application and V × F effect on seed yield in 2016. Soybean plants that were grown on plots treated with 
Gateway fertilizer recorded the highest values for protein and oil content (significant at P < 0.05) 
relative to soybean plants grown on other treated plots and control plots (Table 3).

Table 3. Effect of organic fertilizer application on seed yield and quality of soybean varieties, 2015 
              and 2016

Treatment  2015               2016 

   Seed      Protein  Oil Seed   Protein  Oil 
   yield     content  content yield   content  content 
   (kg/ha)      (%)  (%) (kg/ha)   (%)  (%) 

Variety (V) 
TGx 144-2E  1518.2  36.1  16.4 1833.3  35.5  16.9 
TGx 1440-2E  1824.8  36.1  17.4 1805.6  36.4  17.4 
TGx 1740-2F  1792.9  37.0  17.1 1715.3  36.1  17.3 
TGx 1987-62F  1015.3  36.8  17.4 1638.9  37.3  17.4 
TGx 1835-10E    547.3  37.2  17.4 1131.9  35.3  16.9 
LSD (5%)

   
314.89

   
0.24

  
0.03

   
365.08

   
0.22

   
0.32

 
Organic fertilizer (F) 
Control    997.9  35.1  16.5 1444.5  35.9  16.9 
Aleshiloye B  1595.7  36.9  17.6 1577.8  36.2  17.3 
Organo Farm  1446.6  37.2  17.0 1794.4  36.6  17.1 
Gateway  1318.7  37.4  17.6 1683.3  37.8  17.4 
LSD (5%)  281.65  0.22  0.02 ns  0.19  0.28 
V × F   **  **  ** ns  **  ** 

 ns – not significant, ** significant at 1% probability level

Discussion

The huge potential of organic soybean production had in the forest  savanna transition zone of the humid 
tropics has been established (Olowe and Adebimpe; Olowe et al. 2014). Varying responses to organic 
fertilizer application were observed in the five tested soybean varieties. TGx 1440-1E, a late maturing 
variety, was the most vigorous variety and it produced significantly ( P<005) higher above ground plant 
weight, pod number and weight than the two early maturing varieties (TGx 1987-62F and TGx 1835-
10E) in both years. However, it was on par with TGx 1448-2E (check and late maturing) and TGx 1740-
2F, an early maturing variety, for aboveground plant weight, height at physiological maturity and 
number of branches per plant. Although, It was observed that neither plant height at physiological 
maturity or length on grain filling period directly resulted in greater plot seed yield even in the more 
favourable 2016 growing season. This agrees with the report of Board (2002). The two late varieties 
recorded longer grain filling period than the early maturing varieties and consequently significantly 
(P<0.05) higher grain yields than TGx 1987-62F and TGx 1835-10E in both years, except TGx 1835-
10E in 2016. The yield performance of the tested varieties compared very well with their potential (1.1 – 
2.7 t/ha) in the traditional growing regions especially during the wetter 2016 (Asafo-Adeji and 
Adekunle, 2001). The varieties also contained comparable amounts of oil and protein. Application of the 
three commercial organic fertilizers, especially Aleshinloye Grade B and Organo Farm resulted in 
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significantly (P<0.05; F-test) higher above ground plant weight and number of branches in both years 
relative to the control. Enhanced growth could be attributed to provision of macro and micro nutrients 
required for vegetative growth by the manure. Significant growth response to applied manure and 
compost had been reported by Yagoub et al. ( 2012) and Sutrisno (2017). On average, organic fertilizer 
application also significantly (P<0.05; F-test) increased pod number and weight, and weight of seeds per 
plant in both years, except pod weight in 2016. Enhanced development of soybeans on the treated plots 
could be due supply and availability of nutrients necessary for partitioning of assimilates to the various 
structural components of the plants. Similar results have been reported by Myint et al. (2009) and Devi 
et al. (2013). Application of Gateway organic fertilizer (animal dung and wood ash based) that 
contained comparatively high levels of micronutrients (Zn, Cu, Fe and Mn) resulted in significantly 
(P<.05) higher protein and oil content than the control and on par with the other two fertilizers. On 
average, the three fertilizers enhanced seed quality of soybeans relative to the control. It was concluded 
that application of organic fertilizers to soybeans is worthwhile venture that can boost its production in 
the tropics.  
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