Agronomic performance and seed quality of advanced breeding lines of soybeans (Glycine max (L.) Merrill) as influenced by organic fertilizer application
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Abstract

Sixteen soybean entries (three released varieties: TGx 1448-2E (check), TGx 1440-1E and TGx 1019-2EB, 13 advanced breeding lines: TGx 2007 – 1F, TGx 2010 – 1F, TGx 2008 – 1F, TGx 2004 – 4F, TGx 2010 – 7F, TGx 2006 – 2F, TGx 2003 – 1F, TGx 1987 – 10F, TGx 2010 – 2F, TGx 2007 – 4F, TGx 2006 – 3F, TGx 2008 – 3F, and TGx 1835 – 10E) were cultivated during the late cropping season (June – Nov.) of 2014 to assess their agronomic performance and seed quality as affected by organic fertilizer application. The experiment was laid out in a randomized complete block design using a split plot arrangement and replicated three times. Organic fertilizer was the main plot and soybean entries sub plot. Data were collected on grain yield, yield attributes and quality (oil and protein contents) of the entries. Organic fertilizer application did not affect any of the agronomic traits evaluated, except number of seeds per plant. However, variety effect was significant (p<0.05) for all the traits, height to first pod and weight of seeds per plant. Fertilizer × Variety effect was not significant on nay trait. All the sixteen entries recorded grain yields (2092.2 – 4076.5 kg.ha-1) which compared favorably well with world average (2250 kg.ha-1). Thus, confirming the huge potential of soybean in the transition zone. 
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Introduction

Soybean (Glycine max (L.) Merrill) is the world’s leading oilseed crop in terms of production (265.31 m tones) and consumption (255.3m tones) (CTA, 2011). The crop is mainly grown for its seed that contains 17 – 26% oil and 32 – 45% protein (Ustimenko-Bakumovsky, 1980). Unfortunately, less than 50 percent of the installed capacity (700,000 metric tones) of the Nigerian processing sector is met through local production despite the suitability of the transition zone for large scale production of the crop (Olowe et al., 2006; Olowe and Adebimpe, 2009). Consequently, this study was initiated to evaluate the agronomic performance of these soybean entries with a view to recommending those with high grain yield potential coupled with good seed quality for cultivation.  

Materials and methods

The study was carried out at the Research Farm of Institute of Food Security, Environmental Resources and Agricultural Research (IFSERAR) of the Federal University of Agriculture, Abeokuta (7o 23′ N, 3o 39′ E) during the late cropping season (June – November) of 2014. The experiment was laid out in a randomized complete block design (RCBD) using a split plot arrangement and replicated three times. The main plot was organic fertilizer application and sub plot 16 varieties (three earlier released varieties: TGx 1448-2E, TGx 1440-1E and TGx 1019-2EB, and thirteen (13) advanced breeding lines: TGx 2007 – 1F, TGx 2010 – 1F, TGx 2008 – 1F, TGx 2004 – 4F, TGx 2010 – 7F, TGx 2006 – 2F, TGx 2003 – 1F, TGx 1987 – 10F, TGx 2010 – 2F, TGx 2007 – 4F, TGx 2006 – 3F, TGx 2008 – 3F, and TGx 1835 – 10E). Sowing of seeds was done on June 24, 2015 on the flat at a spacing of 60 x 5 cm (333,000 plant/ha). The experiment was conducted on a loamy sand soil with  pH of 6.3, Total nitrogen 0.80 g.kg-1, available  phosphorus 8.00 mg.kg-1, potassium 0.45 mol.kg-1, clay 88 g.kg-1, silt g.kg-1 and sand 858 g.kg-1. Gateway Organic fertilizer (2.58% N, 0.77% P, 0.04% K) was applied at the rate of 1 t.ha-1 equivalent to 25 kgN.ha-1 which is the recommended starter dose rate of nitrogen for legumes at three weeks after sowing, WAS. Hoe weeding was done at 3 & 6 WAS. Data were collected on phenology (number of phenological days to flowering and physiological maturity) grain yield, yield attributes (number of branches, pods and seeds per plant, weight of seeds and pods per plant, above ground plant weight, harvest index, height at flowering and physiological maturity) and seed quality (protein and oil contents) on plot basis. All data collected were subjected to analysis of variance and the means of significant treatments were separated using the least significant difference method.
Results

Data on the main effects of organic fertilizer and variety are presented in Table 1. All the agronomic traits evaluated in the study, except number of seeds per plant were not affected by organic fertilizer application. On average, application of organic fertilizer resulted in 48.5% higher number of seeds per plant (significant at p<0.05) on fertilized soybeans than the control. The sixteen entries of soybeans were significantly (p<0.05) different from each other for all the traits, except height to first pod and weight of seeds per plant. Five out of the sixteen entries exhibited early maturity (<100 days) while the remaining eleven were medium maturing (100 – 120 days). The grain filling period (GFP) of the entries ranged between 10 and 17 days. Fertilizer application × variety effect did not affect any of the agronomic traits measured. Table 2 contains data on grain yield and seed quality of the ten top yielders of soybean. The check variety (TGx 1448-2E) ranked fifth among the entries.
Discussion

All the soybean entries exhibited tremendous potential in the transition zone by producing grain yields higher than average values recorded on research plots in Nigeria (1700 kg/ha), USA (2000 kg/ha), Brazil (1800 kg/ha) (RMRDC, 2004), potential average of TGx 1448-2E (1700 – 2300 kg/ha) (Asafo-Adjei and Adekunle, 2001). Only five advanced breeding lines (TGx 2008-1F, TGx 2006 – 3F, TGx 2010 -2F and TGx 1987-10F) produced higher grain yield than the TGX 1448-2E (check). Although, the superior yield advantage was not significant. Number of seeds per plant and weight of seeds per plant are two agronomic traits closely related to soybean grain yield (Pandey and Torrie, 1973). However, TGX 2010-7F that recorded the highest seed weight and number per plant only produced the six highest grain yield. Oil and protein contents of the ten top entries were relatively high ranging between 14.42 and 17.04%, and 29.43 and 34.89%, respectively. These values compare favourably with the worlds reported values for oil (17 -26%) and protein (32 – 45%) by Ustimenko-Bakumovsky (1980). The entry with the highest grain yield (4076.5 kg.ha-1) combined high oil (17.04%) and protein (34.79%) qualities. These findings confirmed the huge potential of the advanced breeding lines in this zone and the ten top yielders will be further evaluated. 
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Table 1: Effect of organic fertilizer application on grain yield, some yield attributes and 

              seed quality of sixteen soybean entries in 2014 

Treatment
NDR8

GFP

Seeds


 Pod

Grain






--------------------------
 weight 
yield






Number         weight     (g)
           kg.ha-1








(g)

OF



F0

 105.6

12.7

38.3

6.8
  10.9

3045.6

F1

 105.2

12.9

50.8

7.1
  12.4

3661.1

LSD 5%
  ns

ns

  3.40

ns
   ns

ns

Variety

TGx 1448-2E
 107.0

13.7

43.2

10.3
  16.0

3714.9

TGx 1440-1E
 113.0

13.2

53.5

 7.1
  10.0

3361.5

TGx 1019-2EB 112.0

11.7

28.2

 3.8
     5.6

3566.1

TGx 2007-1F
 104.5

10.8

28.6

 5.6
     8.6

2763.7 TGx 2010-1F
 113.0

10.7

68.6

 9.1
   13.1

3019.3

TGx 2008-1F
 100.5

12.7

40.3

 7.4
   10.8

4076.5

TGx 2004-4F
   97.5

12.8 

48.5

 8.9
   14.4

2711.2

TGx 2010-7F
 107.0

14.8

74.4

10.9
   16.3

3647.0

TGx 2006-2F
   99.5

10.0

49.0

 6.0
   11.7

3632.1

TGx 2003-1F
   99.2

16.7

35.0

 7.4
   11.5

2961.1

TGx 1987-10F
 109.7

11.3

35.7

 5.1
     7.3

3739.9

TGx 2010-2F
 112.0

17.2

48.9

 6.5
    11.3

3933.9

TGx 2007-4F
 107.0

13.2

31.4

 7.0
    12.2

3507.1

TGx 2006-3F
   99.8

13.7

41.0

 6.0
      9.2

3945.4

TGx 2008-3F
  107.0

11.3

32.7

 6.1
    18.2

2981.5

TGx 1835-10E    98.2

11.8

54.0

10.3
     5.8

2092.2

LSD 5%
      2.92  
3.38

22.77

ns
      ns
 
945.66   FXV

ns

ns

ns

ns
      ns

ns


OF – organic fertilizer

Fo – Control

F1 – Organic fertilizer applied

Ns – not significant

NDR8 – Number of days to physiological maturity
GFP – Grain Filling Period

Table 2: Ten top soybean yielder and their seed quality, 2014
Variety


Grain 


Oil

Protein




Yield


content

content




(kg.ha-1)

(%)

(%)
TGX 2008-1F

4076.5


17.04

34.79

TGx2006-3F

3945.4


15.22

31.06

TGx 2010-2F

3933.8


16.99

34.89

TGx 1987-10F

3739.9


16.26

33.18

TGx 1448-2E

3714.9


16.08

32.81

TGx 2010-7F

3647.0


14.89

30.39

TGx 2006-2F

3632.0


15.59

31.83

TGx 1019-2EB
3566.0


14.42

29.43

TGx 2007-4F

3507.0


1445

29.50
TGx 1440-1E

3361.52

15.53

31.69
LSD 5%

  945.66

0.511

   0.966

