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Jatropha curcas L. (JLC) is a perennial shrub, originating in Central and South America and widely 
distributed in the tropical regions of the world. It is important in the bioenergy industries due to the 
characteristics of its oil which can be transformed into high quality biofuel for the substitution of diesel 
and jet fuel. The native gene, female only flower (FOF), is a desirable trait in the production of hybrid 
seed of J. curcas. L. In this study, inbreeding was induced in eight accessions from wild, S1, S2 to S3 
endogamy level, and two wild accessions naturally expressing the FOF trait were used as females to 
cross with male accessions (FM) in order to estimate segregation. The Chi-Square test was used to 
determine if the FOF trait follows a Mendelian inheritance. Results strongly support the assumption that 
FOF trait follows a recessive monogenic Mendelian inheritance pattern since, in the inbreeding process 
of the trait, it segregated a phenotypic frequency of 3:1 (FM:FOF) and in crosses, a frequency of 1:1 
(FM:FOF) was segregated. This study potentially contributes to furthering the commercial production of 
JLC hybrid seed, given that the plants with FOF trait can be used as female parents to be naturally 
pollinated in isolated plots, thereby reducing labor and cost. 
 
Key words: Floral biology, heredity, inbreeding, Jatropha curcas, native gene. 

 
 

INTRODUCTION 
 

The physic nut Jatropha curcas L. (JCL) has gained 
attention in recent years as a feedstock source for 
biodiesel and biojet fuel, as its seed contains 30 to 40% 
oil (King et al., 2009). However, the crop is still being 
developed especially the production of commercial 
hybrids. Commercial hybrid seed production results from 

crossing two parental inbreds, homozygous or 
heterozygous (Johnson, 1966; McRobert et al., 2014). 
This raises the importance of understanding the flowering 
biology of JLC.  The mating system of JLC is complex; 
however, it is considered to be a monoecious species, 
also presenting atypical inflorescences (gynoecious, 
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androecious, andromonoecious, androgynomonoecious) 
(Adriano-Anaya et al., 2016), producing plants with 
female and male flowers: FM, plants with female only 
flowers: FOF and occasionally plants with hermaphrodite 
flowers: HF (Heller, 1996), or even producing seeds 
asexually by apomixes (Bressan et al., 2013; Ahoton and 
Quenum, 2012). The dioecious type (gynoecious plants) 
with the female only flower trait (FOF) has been naturally 
observed in JLC without any breeding process (Heller, 
1996; Pecina-Quintero et al., 2011; Adriano-Anaya et al., 
2016; Ovando-Medina et al., 2013) and can potentially be 
used as female parent for hybrid seed production. The 
production of hybrid seed is one of the most expensive 
and labor-intense processes in the seed industry 
(McRobert et al., 2014). The pollination for a cross, 
especially when homozygous inbreds are used, needs to 
be controlled as this guarantees the desirable 
combination of inbred traits and avoids pollen 
contamination on the female inbred parent by self-
pollination or with pollen other than that of the desired 
male contributed by insects (Vaknin et al., 2012), this 
results in a uniform F1 population offspring, and 
expresses heterosis for yield (Birchler et al., 2010; Perez-
Prat and van Lookeren, 2002). Pollination should be 
efficient and economical and depends on factors such as 
the synchronization of the flowering between the female 
and male parents in an interplanting row plot (Haque et 
al., 2012) and contamination of the female parent with 
foreign pollen (Masuda et al., 2010). Some strategies to 
reduce female pollen contamination include the 
emasculation by detaselling of the female parent, as in 
corn (Stevens et al., 2004), the usage of the cytoplasmic 
male sterility trait (CMS) (Yamagishi and Bhat, 2014) or 
the transgenic genes based on nuclear-encoded male 
sterility as the seed production technology (SPT) (Wu et 
al., 2016). 

Although there are studies on JLC flowering biology 
(Heller, 1996; Pecina-Quintero et al., 2011; Adriano-
Anaya et al., 2016; Costa et al., 2016; Tang et al., 2016; 
Li et al., 2017), including a published patent 
WO2011084867 A2 (Rotter, 2010), little is known about 
the type of inheritance patterns of the FOF trait. The 
objective of this work was to elucidate the heredity of the 
FOF native trait through the inbreeding and crossing 
process of JCL accessions for further potential usage as 
female parent for commercial hybrid seed production. 
 
 
MATERIALS AND METHODS 
 

Location of the experiment 
 

The study was carried out in the Jatronergy Research Center, 
property of Lodemo Company, located in Espita, Yucatan, Mexico. 
The surrounding vegetation in the experimental areas is mainly 
tropical forest. The plantations are part of a breeding program 
aimed at improving JLC for biodiesel production. The soil types in 
the experimental areas are young soils with shallow depth, mostly 
stony soil with calcareous origin, with pH between 6.3 to 7.3 and 
poor organic matter content between 6.7  to  8.9%  (Bautista  et  al., 
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2005; Bautista et al., 2015).  
 
 

Genetic materials 
 

A total of 23 accessions of JCL, all property of Jatronergy 
germplasm bank with origins from the Americas and Mexico, were 
included in the evaluation method. Table 1 shows the 
morphological description carried out from 2012 to 2014. All 
accessions were maintained in vivo, by planting cuttings in the field. 
 
 

Determination of female only flower heredity by inbreeding 
 

Inbreeding wild accessions  
 

A total of eight wild accessions were included in the process of 
inbreeding to determine the segregation of FOF trait in different 
inbred populations (Table 2). In parallel, the FOF trait segregation 
was estimated in a single wild accession, ID 4, by self-pollination up 
to S3 endogamy level by using only FM segregating plants (Table 
3). In order to represent the endogamy process and differentiate 
between populations, a hypothetical pedigree was used; the first 
self-pollination was represented by the letter “X”, the number 
position references a high level of inbreeding for example S1: (4)X; 
S2: (4)X6, and so forth. The number also represents the selected 
plant among all individuals in the populations.  
 
 

Experimental design 
 

The eight wild accessions were planted in the germplasm bank 
area of the company in 2012. Each individual accession was 
planted in rows of 15 plants per row with 3 m among rows and 2.5 
m between plants. All replicated plants per accessions were 
cuttings. Subsequently, following Jatronergy protocols, inbred 
seeds were obtained by self-pollination from each wild accession 
with endogamy levels of S1, S2 or S3. The inbreeding process S1 
was carried out and seeds were harvested in 2012 and S2 and S3 in 
2013. All inbred seeds were planted in a separate plot in April to 
May 2014. An inbred population was composed of 10 or 30 plants, 
each planted at 3.0 m among rows and 2.5 m between plants. 
Some rows could have more than one population. The plants were 
drip irrigated, fertilized, and weeded according to the protocols of 
the company. 

During the inbreeding process, the expected inheritance ratio 
was calculated assuming a Mendelian monogenic inheritance, 
where the FOF trait represents a homozygous recessive gene (ff) 
and the FM trait, both homozygous and heterozygous dominant 
gene (FF or Ff). 
 
 

Heredity by crossing FOF female parental with FM male 
parental (F1 inheritance) 
 

Genetic material 
 

Two wild genotypes of JCL accessions, ID 20 and 24 (Table 1), 
were selected in the germplasm bank with previous knowledge of 
naturally expressing the FOF trait as observed by other authors 
(Adrano-Anaya., 2016; Ovando-Medina et al., 2013); both materials 
were used as female parents and crossed with 21 and 20 wild 
accessions, respectively (Table 1) with FM trait used as males to 
produce F1 hybrids (Tables 4 and 5).  
 
 

Experimental design 
 

The crosses were carried out and harvested according to 
Jatronergy protocols in 2012. All hybrid harvested seeds were
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Table 1. Morphological description of 23 accessions of Jatropha curcas L. included in the evaluation of 
heredity Female Only Flower (FOF) trait. 
 

Accession 
ID 

TF PH (m) SGF
1
 LR

2 
LL

2 
SS

3 
SR

2 
SW (g) ER

4 

1 FM 3.68 2 0.876 5.00 2 1.730 0.914 7 

2 FM 3.31 1 0.916 5.00 2 1.678 0.800 7 

3 FM 3.15 2 0.834 5.00 2 1.687 0.931 7 

4 FM 2.42 3 0.855 2.50 2 1.664 0.752 5 

5 FM 3.40 2 0.984 5.00 1 1.572 0.818 5 

6 FM 3.05 2 0.857 5.00 1 1.574 0.826 7 

7 FM 2.77 2 0.839 4.75 2 1.655 0.837 7 

8 FM 2.10 3 0.899 5.00 2 1.760 0.740 5 

9 FM 3.55 1 0.926 4.75 2 1.691 0.837 7 

10 FM 2.35 2 0.830 4.75 1 1.627 0.904 7 

11 FM 1.96 3 0.822 5.00 2 1.753 0.671 5 

12 FM 1.64 3 0.866 5.00 2 1.783 0.712 5 

13 FM 1.65 2 0.893 5.00 3 1.736 0.648 7 

14 FM 2.59 2 0.934 5.25 2 1.825 0.805 7 

15 FM 2.78 2 0.878 4.00 2 1.596 0.858 2 

16 FM 2.16 3 1.014 5.00 2 1.757 0.748 5 

17 FM 2.92 2 0.877 4.75 2 1.616 0.788 5 

18 FM 2.03 2 0.870 5.00 2 1.734 0.802 7 

19 FM 1.78 2 0.901 4.75 2 1.773 0.766 7 

20 FOF 2.99 2 0.869 5.00 2 1.578 0.846 7 

22 FM 2.92 2 0.904 5.00 2 1.726 0.887 7 

23 FM 2.45 2 0.933 4.00 2 1.605 0.774 7 

24 FOF 2.93 2 0.877 4.00 1 1.517 0.981 7 

Average - 2.63 - 0.889 4.75 - 1.680 0.811 - 

SD ± - 0.60 - 0.05 0.59 - 0.08 0.080 - 
 

TF, Type of flowering; FM, Female and male flowers; FOF, Female Only Flowers; PH, Plant height; SGF, 
Stem growth form; LR, leaf relationship (length/width); LL, leaf lobes; SS, seed shape; SR, seed relationship; 
SW, seed weight; ER, endocarp rugosity; 

1
qualitative, 1, Erect; 2, Semierect; 3, Open; 

2
Quantitative 

numerical; 
3
Semiqualitative; 1, Oblong; 2, elliptical; 3, obovate; 

4
 Qualitative; 1, Absent; 5, medium; 7, High. 

Accession ID 21 was not included in the morphological description analysis. 
 
 
 

Table 2. Segregation of FOF plants of several populations per accessions of Jatropha curcas L. under process of inbreeding 
planted in Yucatan, Mexico, during 2014 and 2015. 
 

Accession 

ID 

Inbreeding level by 
population 

Endogamy level 
N 

Number of 
FM plants 

Number of 
FOF plants 

FOF 
trait 
(%) 

E 

(FM/FOF) 

 

χ
2
 P<F 

4 S1 35 25 10 29 18.7/6.25 3.0 0.083 

4 S2 148 127 21 14 111/37.0 9.2 0.002 

4 S3 199 152 47 24 149.2/49.7 0.20 0.653 

6 S2 4 3 1 25 3.0/1.0 >0.0 0.99 

7 S2 125 101 24 19 93.7/31.2 2.24 0.134 

9 S2 16 15 1 6 12.0/4 3.0 0.083 

13 S2 13 11 2 15 9.75/3.2 0.64 0.423 

16 S2 21 20 1 5 15.75/5.25 4.87 0.032 

19 S2 16 14 2 25 12.0/4.0 1.33 0.248 

22 S2 24 22 2 8 18.0/6.0 3.55 0.059 
 

N, Total plants in the population; FM, plants with female and male flowers; FOF, plants with female only flowers. 
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Table 3. Segregation of FOF plants by tracking one accession of Jatropha curcas L. under process of inbreeding planted in Yucatan, 
Mexico, during 2014 and 2015. 
 

1
Endogamy 

Population 
Endogamy 
level 

N 
Number of FM 

plants 
Number of 
FOF plants 

FOF trait 
(%) 

E 
(FM/FOF) 

χ
2
 P<F 

2
(4)

 
S0 5 5 0 0 - - - 

(4)X S1 9 - - - - - - 

(4)X1 S2 10 9 1 10 7.5/2.5 1.200 0.273 

(4)X11 S3 5 4 1 20 3.7/1.2 0.067 0.796 

(4)X2 S2 44 35 9 20 33/11 0.485 0.486 

(4)X21 S3 4 4 0 0 3.0/1.0 1.330 0.248 

(4)X22 S3 4 4 0 0 3.0/1.0 1.330 0.248 

(4)X23 S3 30 18 12 40 22.5/7.5 3.600 0.058 

(4)X24 S3 5 5 0 0 3.75/1.25 1.660 0.197 

(4)X25 S3 5 5 0 0 3.75/1.25 1.660 0.197 

(4)X3 S2 34 27 7 21 25.5/8.5 0.353 0.552 

(4)X31 S3 27 27 0 0 20.25/6.75 9.000 0.003 

(4)X32 S3 5 5 0 0 3.75/1.25 1.660 0.197 

(4)X33 S3 56 37 19 34 42/14 2.381 0.123 

(4)X34 S3 4 4 0 0 3.0/1.0 1.330 0.248 
 
1
Underlined represents founder population at a certain endogamy level; 

2
Wild plant; N, Total plants in the population; E, expected value; FM, 

plants with female and male flowers; FOF, plants with female only flowers. 
 
 
planted in a separated plot in August 2013. A hybrid population 
composed of 10 or 30 plants; each one planted at 3.0 m among 
rows and 2.5 m between plants. Some rows could have more than 
one population. The plants were drip irrigated, fertilized, and 
weeded according to the protocols of the company.  
 
 

Data collection 
 

Traits recorded were those relating to flowering biology at a single 
plant level; type of inflorescence per plant (FM or FOF plants). The 
data were recorded from August to October in 2014 and 2015 for 
methodologies of inbreeding and crossings.  
 
 

Genetic diversity 
  

For assessment of the genetic differences between accessions, 
eight morphological traits (Table 1) were included in a cluster 
analysis using Euclidean distance and UPGMA method, with Primer 
v6 (Clarke and Goyler, 2006). This was to demonstrate evidence of 
genetic diversity for the crosses to produce F1 and parents used to 
produce F1 were no siblings.   
 
 

Data analysis for segregation of FOF trait 
 

For the two methodologies described above, in order to estimate 
proportions of segregation of FOF plants, the χ2 (Chi-Square) test 
was used to validate the existence of Mendelian inheritance of the 
FOF trait; this is a simple method of quantifying the various 
deviations expected from observed frequencies, or how well the 
observed data fits the predictions values if a hypothesis is true. A 
statistical significance of p=0.05 was used. 
 
 

RESULTS 
 

FOF heredity by inbreeding of several accessions 
 

All    ten  populations  from    eight  different    J. curcas L. 

accessions in S1, S2 and S3 levels of endogamy showed 
segregation of FOF plants ranging from 5 to 29% in 
proportion to all their number of plants. The values of χ

2   

ranged from 0.0 to 9.2 and only two populations out of 
ten in S2 level of endogamy had values less than P 
<0.05, indicating that mating is random and that 
segregation and independent assortment resulted in a 
substantial statistical deviation between observed and 
expected values of FOF traits plants. In the rest of the 
populations there was not rejection of the null hypothesis, 
indicating that observed values were the same as the 
expected values (no substantial statistical deviations). 
The hypothesized phenotypic ratio of FM:FOF traits was 
3:1 (75%:25%), with eight out of ten populations of JCL 
accession confirming a monogenic Mendelian inheritance 
of the recessive homozygous allele ff . Given that nine 
populations segregated the FOF trait in less than 29%, 
this indicates that the alleles of the plants which were 
self-crossed were in a heterozygous state Ff, and none of 
them had homozygous dominant alleles FF for FM trait 
(Table 2). 
 
 
FOF heredity by tracking the inbreeding process of 
one accession 
 
The wild JCL accession, subjected to an inbreeding 
process from wild to S3 endogamy level, showed 
segregation of plants with FM and FOF traits in their 
offspring. The founder S1 population (4)X is a group of 
bulk plants subjected to an inbreeding process; however,  
in S2 and S3 endogamy levels it was possible to track the 
segregation (Table 3). 
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Table 4. Hybrids F1 from crossing a wild accession ID 20 of Jatropha curcas L. with naturally occurring FOF trait with other 21 
accessions with FM trait. 
 

Hybrid (F1) 

(Acc. ID) 
N 

Number 
of FM 
plants 

Number 
of FOF 
plants 

% FOF 
plants 

E FM 
plants 

E FOF 
plants 

χ
2
 P<F 

A1 (20x1) 10 0.00 10 100.00 5.00 5.00 10.0 0.002 

A2 (20x2) 9 3.00 6 66.67 4.50 4.50 1.0 0.317 

A3 (20x3) 10 5.00 5 50.00 5.00 5.00 0.0 1.000 

A4 (20x4) 10 6.00 4 40.00 5.00 5.00 0.4 0.527 

A5 (20x5) 10 7.00 3 30.00 5.00 5.00 1.6 0.206 

A6 (20x6) 10 7.00 3 30.00 5.00 5.00 1.6 0.206 

A7 (20x7) 10 7.00 8 20.00 5.00 5.00 3.6 0.057 

A8 (20x8) 10 7.00 3 30.00 5.00 5.00 1.6 0.206 

A9 (20x9) 10 6.00 4 40.00 5.00 5.00 0.4 0.527 

A10 (20x10) 10 9.00 1 10.00 5.00 5.00 6.4 0.011 

A11 (20x11) 10 10.00 0 0.00 5.00 5.00 10.0 0.002 

A12 (20x12) 10 10.00 0 0.00 5.00 5.00 10.0 0.002 

A13 (20x13) 10 10.00 0 0.00 5.00 5.00 10.0 0.002 

A14 (20x14) 10 10.00 0 0.00 5.00 5.00 10.0 0.002 

A15 (20x15) 10 10.00 0 0.00 5.00 5.00 10.0 0.002 

A16 (20x16) 10 10.00 0 0.00 5.00 5.00 10.0 0.002 

A17 (20x17) 10 10.00 0 0.00 5.00 5.00 10.0 0.002 

A18 (20x18) 9 9.00 0 0.00 4.50 4.50 9.0 0.003 

A19 (20x19) 10 10.00 0 0.00 5.00 5.00 10.0 0.002 

A20 (20x22) 10 6.00 4 40.00 5.00 5.00 0.4 0.527 

A21 (20x23) 10 10.00 0 0.00 5.00 5.00 10.0 0.002 
 

N, Total plants; FM, plants with female and male flowers; FOF, plants with female only flowers. 
 
 
 

From all 15 populations with different endogamy levels 
S1, S2 and S3, only six populations segregated FOF 
plants. The percentage of FOF segregation ranged from 
0 to 40% and the χ

2 
values ranged from 0.067 to 3.60. 

According to the statistical significance for χ
2 
test only two 

populations showed values of P <0.05 indicating that that 
observed values differ from expected values (substantial 
statistical deviations). 

The S2 population (4)X1 and the next endogamy level 
S3 population offspring (4)X11 segregated FOF plants. 
The S2 population (4)X2 segregated FOF plants, 
however, only one population out of 5 of its S3 endogamy 
level offspring segregated FOF plants. The S2 population 
(4)X3 segregated FOF plants, however, only one 
population out of 4 of its S3 endogamy level offspring 
segregated FOF plants. 

The hypothesized phenotypic ratio of FM:FOF plants of 
3:1 (75%:25%) was achieved in 13 out of 14 populations 
of JCL, according to the χ

2 
values and P<0.05, confirming 

a Mendelian inheritance of a recessive homozygous 
allele ff.  

The populations in S3 level of endogamy without 
segregation of FOF plants may have homozygous 
dominant allele FF or perhaps the small sample size or 
number of plants produced was too low, even though the 

self-pollinated plant had heterozygous alleles Ff (Table 
3).   
 
 
Crossing accessions naturally expressing FOF trait 
accession with FM accessions 
 
The cluster analysis showed phenotypic and genotypic 
differences among the accessions by using all traits; 
twenty-tree accessions were grouped in two clusters (“a” 
and “b”), and two accessions separated (“4” and “15”) 
from all evaluated accessions, with a range of distances 
of 8, 7, 13 and 20, respectively (Figure 1). Cluster “b” 
grouped the maximum number of accessions (total of 15) 
and the accessions with the FOF trait. The dendrogram 
showed a genetic contrast between all evaluated 
accessions, even among accessions with FOF trait within 
the same group (Figure 1). The results indicated high 
genetic variability. 

The F1 hybrids of JCL, product of crossing a female 
accession ID 20 with FOF trait x 21 males, showed FOF 
segregations ranging from 0 to 100%. However, only 
eleven out of twenty-one F1 hybrids showed segregation 
of FOF plants (Table 4). 

Three F1 hybrids had values ≥ 50% of FOF segregation
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Table 5. Hybrids F1 from crossing a wild accession ID 24 of Jatropha curcas L. with naturally occurring FOF trait with 20 other 
accessions with the FM trait. 
 

Hybrid (F1)  

(Acc. ID) 
N 

Number of 
FM plants 

Number of 
FOF plants 

% FOF 

plants 

E FM 
plants 

E FOF 
plants 

χ
2
 P<F 

B1 (24x1) 1 1 0 0.00 0.50 0.50 1.00 0.317 

B2 (24x2) 8 7 1 12.5 4.00 4.00 4.5 0.034 

B3 (24x3) 10 2 8 80.00 5.00 5.00 3.60 0.058 

B4 (24x4) 4 2 2 50.00 2.00 2.00 0.00 1.000 

B5 (24x5) 3 0 3 100.00 1.50 1.50 3.00 0.083 

B6 (24x6) 10 7 3 30.00 5.00 5.00 1.60 0.206 

B7 (24x7) 10 8 2 20.00 5.00 5.00 3.60 0.058 

B8 (24x8) 7 5 2 28.57 3.50 3.50 1.29 0.257 

B9 (24x9) 6 5 1 16.67 3.00 3.00 2.66 0.120 

B10 (24x10) 3 3 0 0.00 1.50 1.50 3.00 0.083 

B11(24x11) 9 9 0 0.00 4.50 4.50 9.00 0.003 

B12 (24x12) 10 10 0 0.00 5.00 5.00 10.0 0.002 

B13 (24x13) 10 10 0 0.00 5.00 5.00 10.00 0.002 

B14 (24x14) 10 10 0 10.00 5.00 5.00 10.00 0.002 

B15 (24x15) 10 8 2 20.00 5.00 5.00 3.60 0.058 

B16 (24x16) 10 10 0 0.00 5.00 5.00 10.00 0.002 

B17 (24x17) 10 10 0 0.00 5.00 5.00 10.00 0.002 

B18 (24x18) 10 10 0 0.00 5.00 5.00 10.00 0.002 

B19 (24x19) 9 9 0 0.00 4.50 4.50 9.00 0.003 

B20(24x21) 10 10 0 0.00 5.00 5.00 10.00 0.002 
 

N, Total plants; FM, plants with female and male flowers; FOF, plants with female only  flowers. 
 
 
 

 
 
Figure 1. Dendrogram UPGMA showing the morphological diversity 
between the 23 accessions of Jatropha curcas L. evaluated. FM, 
Female and male flowers; FOF, female only flowers.  
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plants. The values of χ

2 
including all F1 hybrids ranged 

from 0.0 to 10.0 and the P<0.002 to 1.0. Of eleven F1 
hybrids that segregated FOF plants, only two (A1 and 
A10) had a P<0.05, indicating that observed values differ 
from expected values (substantial statistical deviations). 
The nine remaining hybrids with P <0.05 presented a 
FOF segregation less than 50% (Table 4). 

The F1 hybrids that segregated FOF plants reached 
values from 10 up to 100% which confirmed the 
hypostatized phenotypic ratio of FM:FOF plants of 1:1 
(50%:50%) respectively and also confirmed the 
Mendelian inheritance of a recessive homozygous allele 
ff in the female parent when crossed with a male with 
heterozygous alleles Ff. However, in the case of F1 
hybrids without segregation of FOF plants, this could be 
due to the small sample size or perhaps the number of 
plants produced was too low, even though the male 
parent may have heterozygous alleles Ff or the male 
parent had homozygous dominant allele FF (Table 4). 

The F1 hybrids of JCL, product of crossing the 
accession ID 24 with FOF trait with 20 males, showed 
FOF segregations ranging from 0 to 100%. However, 
only nine out of 20 F1 hybrids showed segregation of 
FOF plants (Table 5). Three F1 hybrids had values ≥ 
50% of FOF segregation plants. The values of χ

2 

including all F1 hybrids ranged from 0.0 to 10.0 and the P 
from 0.002 to 1.0. From nine F1 hybrids that segregated 
FOF plants only one cross, B12, had a P<0.05, indicating 
that observed values differ from expected values 
(substantial statistical deviations). The remaining eight 
hybrids with P<0.05 had FOF segregation less than 50%.  

The crosses that segregated FOF plants reached 
values from 10 up to 100%, confirming the hypothesized 
phenotypic ratio of FM:FOF plants of 1:1 (50%:50%), 
respectively, and thereby confirming the Mendelian 
inheritance of a recessive homozygous allele ff in the 
female parent when crossed with a male with 
heterozygous alleles Ff. However, in the case of crosses 
without segregation of FOF plants, this could be due to 
the sample size or the low number of plants produced, 
even though the male parent may have heterozygous 
alleles Ff or the male parent had homozygous dominant 
allele FF (Table 5). 
 
 
DISCUSSION 
 
Inbreeding several populations 
 
Segregation of FOF trait naturally occurred in almost all 
wild populations of JCL when induced to an inbreeding 
process. Segregation of less than 30% of FOF plants in 
S1, S2 and S3 levels of endogamy, confirmed that this trait 
is inherited at a phenotypic ratio of 75% of FM and 25% 
FOF, according to Mendelian genetics, since monogenic 
inheritance implies segregation at a single locus (Elston 
et al., 2012).  Similarly,  in  tobacco,  the  native  gene  fw 

 
 
 
 
expressing the double-flowering follows an inheritance of 
a monogenic recessive trait when it is homozygous 
(Zainol and Stimart, 2001). However, for the FOF 
segregation, more than 25% in S1 could be due to the law 
of maximum segregation according to Mendel’s laws. For 
all S2 populations FOF segregation was ≤ 25%. The FOF 
trait variability ranged between 5 to 29%, which may also 
be due to factors relating to sampling size, since the 
seeds for planting, which were selected randomly from 
one single plant or seed number and produced by self-
pollination, were not enough. It is likely therefore that the 
protandry and protogyny reported in JLC may play a role 
in the amount of seed production, as reported by 
Negussie et al. (2014). Plants expressing FOF trait for 
two consecutive years give support to the belief that this 
trait is not environment dependent, as in the case of 
cytoplasmic male sterility (CMS) (Fan and Stefansson, 
1986). 
 
 
 Inbreeding of one population 
 
Segregation of FOF traits occurred in one wild population 
of JCL, when induced by the inbreeding process; it also 
occurred in S1, S2, and S3 endogamy levels and the 
segregation of less than 40% of FOF plants in all 
endogamy levels confirmed that this trait is inherited at a 
phenotypic ratio of 75% of FM and 25% of FOF plants 
according to Mendelian laws. However, not all plants of a 
population segregated FOF plants; this could be due to a 
selection of plants with FM trait to continue the inbreeding 
process that have heterozygous alleles Ff for the FOF 
trait or even homozygous alleles FF for FM trait that may 
not segregate in the further endogamy dose and relating 
to sampling size. Occurrence of FOF trait has been 
observed in wild accessions of JLC (Adrano-Anaya et al., 
2016; Ovando-Medina et al., 2013); this may occur due to 
the type of JLC reproduction which can produce seed by 
self-pollination (geitonogamy) or even by xenogamy 
when crossing half or full sibling plants (Ahoton and 
Quenum, 2012). Inbreeding depression in JCL did not 
affect survival and fertility although the possible presence 
of recessive deleterious mutations has been reported by 
Charlesworth and Willis (2009).  
 
 
Crossing accession naturally expressing FOF trait 
with FM accessions 
 
Wild accessions of JCL (ID 20 and 24) naturally express 
the FOF trait and, when crossed with wild accessions 
with the FM trait, can segregate FOF plants. However, 
the percentage of that segregation can range from 0 up 
to 100%. Segregation of >50% of FOF trait indicates a 
phenotypic ratio of 50% of this trait according to Mendel’s 
laws. The range of the variable may be due to factors 
such as sampling size and zygosity of  the  alleles,  either 



 
 
 
 
Ff or FF, in the male parents (Fairbanks and Rytting, 
2001). 

Although JCL is a monoecious plant (Noor Camellia et 
al., 2012), the origin of those two JLC accession natural 
expressing FOF trait in this study, may be occurred by 
natural inbreeding by geitonogamy or by xenogamy 
(sibling cross or cross with two genetically different 
plants) (Fresnedo-Ramirez, 2013; Rincón-Rabanales et 
al., 2016). Sibling crosses may occur when an 
indehiscent fruit produces three sibling plants which 
germinate and develop in close proximity and cross with 
each other. Ahoton and Quenum (2012) also reported 
that JLC can produce seed by self-pollination, inducing 
natural /spontaneous autogamy (geitonogamy). If two 
wild plants have the FOF trait in a heterozygous allele 
they can also produce FOF trait plants. Kaur et al. (2011) 
reported up to 72.2% of natural self-pollination and 36.3% 
of apomixes which is associated with a high level of 
endogamy in JCL.  

In nature, it is likely that plants do not produce the FOF 
trait due to the fact that at the moment of crossing, one 
parent has homozygous dominant FM trait alleles (FF) 
and the other heterozygous FOF trait alleles (Ff), thus, 
the offspring will never phenotypically express the FOF 
trait. There is also evidence of seed produced by 
apomixes; in this case, the plant produced under this 
mechanism could affect the expression of FOF trait 
(Ahoton and Quenum, 2012). 

The inheritance of this trait, therefore, is nuclear and 
not cytoplasmic, as with the CMS in other crops, which is 
an environment-dependent trait. Some reports mention 
that sexual ratio in Jatropha flowering is influenced by 
temperature (Kaur et al., 2011) or by the mode of 
reproduction (Nietsche et al., 2014) however, there is no 
strong data available to support this statement. Nietsche 
et al. (2014) reported that extreme high temperatures 
produced flower abortions. The FOF trait, therefore, has 
the potential to produce JCL hybrid seed without the risk 
of compromising sterility in the female parent or causing 
contamination, while also reducing the cost by avoiding 
detasseling.  

Fresnedo-Ramirez and Orozco-Ramirez (2013) has 
reported that flower sex ratio in JCL is genetically 
controlled and can be altered by photoperiod, relative 
humidity, temperature, soil nutrient availability, 
exogenously applied growth regulators and by an 
epigenetic control. Plant growth regulators such as 
benzyladenine and gibberellic acid could affect number of 
flowers and branching but would not modify the genetics 
(Costa et al., 2016). Also, some genes play a role in 
regulating flowering; the gene jcLFY in JLC regulates 
flower identity, flower organ patterns and fruit shape 
(Tang et al., 2016), JcTFL1 genes play redundant roles in 
repressing flowering in Jatropha (Li et al., 2017). Flower 
sex ratio, therefore, is not a conservative trait. The 
inbreeding process of JCL could be a method to derive 
FOF   trait   plants   used   as  female  plants  in  a  hybrid 
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production.  

The genetic diversity observed in this study formed two 
clusters that could be divergent for a hybridization 
program, similar to that reported by Gohil and Pandya 
(2008) in India, although they evaluated nine genotypes 
for a breeding program, which were grouped into five 
clusters. They proposed that only clusters III and IV were 
the most divergent. The results in this study may be 
attributed to a wide diversity among groups, since all 
accessions proceed from America, center of origin for 
JCL (Heller, 1996), where the possibility to naturally 
express a homozygous recessive allele for FOF trait is 
high, as reported (Adriano-Anaya et al., 2016; Ovando-
Medina et al., 2013). This genetic diversity is a 
prerequisite to achieve a successful breeding program 
(Chikara et al., 2013). 

A morphological study of seed traits, based on non-
hierarchical Euclidean cluster analysis, in 24 accessions 
from India, revealed 6 clusters; the maximum inter-cluster 
distance was 5.1 and the minimum was 2.4 (Kaushik et 
al., 2007); the American and Mexican accessions 
evaluated in this study revealed greater genetic diversity, 
as was also reported by Fresnedo-Ramírez and Orozco-
Ramirez (2013). Based on our results, FOF is a 
monogenic homozygous recessive trait with potential for 
use in the production of commercial volumes of JCL 
hybrid seed.  
 
 

CONFLICT OF INTERESTS 
 

The authors declare that they have no conflict of interest. 
 
 
REFERENCES 
 

Adriano-Anaya MdL, Pérez-Castillo E, Salvador-Figueroa M, Ruiz-
González S, Vázquez-Ovando A, Grajales-Conesa J, Ovando-
Medina I (2016). Sex expression and floral diversity in Jatropha 
curcas: a population study in its center of origin. PeerJ 4: e2071. 

Ahoton LE, Quenum F (2012). Floral Biology and Hybridization Potential 
of Nine Accessions of Physic Nut (Jatropha curcas) L. Originating 
from three continents. Tropicult. 30(4):193-198. 

Bautista F, Frausto O, Ihl T, Aguilar Y (2015). Actualización del mapa 
de suelos del Estado de Yucatán, México: Enfoque 
Geomorfopedologico y WRB. Ecosist. Rec. Agropec. 2(6):303-315. 

Bautista F, Palma-López D, Huchin-Malta W (2005). Actualización de la 
clasificación de los suelos del estado de Yucatán. In: Bautista F, 
Palacio G (eds.) Caracterización y Manejo de los Suelos de la 
Península de Yucatán: Implicaciones Agropecuarias, Forestales y 
Ambientales. Universidad Autónoma de Campeche, Universidad 
Autónoma de Yucatán, 2005.  

Birchler JA, Yao H, Chudalayandi S, Vaiman D, Veitia RA (2010). 
Heterosis. Plant Cell 22:2105-2112. 

Bressan EA, Sebbenn AM, Ferreira RR et al (2013). Jatropha curcas L. 
(Euphorbiaceae) exhibits a mixed mating system, high correlated 
mating and apomixes. Tree Genet. Genome 9(4):1089-1097. 

Costa AP, Vendrame W, Nietsche S, Crane J, Moore K. Schaffer B 
(2016). Banching, flowering and fruiting of Jatropha curcas treated 
with ethephon or benzyladenine and gibberellins. Ann. Braz. Acad. 
Sci. 88(2):989-998. 

Charlesworth D, Willis JH (2009). The genetics of inbreeding 
depression. Nature Rev. Genet. 10(11):783-796. 

Chikara J, Prakash AR, Mastan SG, Ghosh A (2013). Genetic 



216          J. Plant Breed. Crop Sci. 
 
 
 

improvement in Jatropha curcas through selection and breeding. In: 
Bahadur B, Sujatha M, Carels N. (eds) Jatropha, Challenges for a 
New Energy Crop. Springer, New York, NY. 

Clarke KR, Gorley RN (2006). PRIMER v6: User Manual/Tutorial. 
PRIMER-E, Plymouth. 

Elston RC, Satagopan JM, Sun S (2012). Genetic Terminology. 
Methods in Mol. Biol. 850:1-9. 

Fan Z, Stefansson BR (1986). Influence of temperature on sterility of 
two cytoplasmic male-sterility system in rape (Brassica napus L.). 
Can. J. Plant Sci. 66:221-227. 

Fairbanks D, Rytting B (2001). Mendelian controversies: a botanical and 
historical review. Am. J. Bot. 88(5):737-752. 

Fresnedo-Ramírez J (2013). The floral biology of Jatropha curcas L. – a 
review. Trop. Plant Biol. 6:1-15.  

Fresnedo-Ramírez J, Orozco-Ramírez Q (2013). Diversity and 
distribution of genus Jatropha in Mexico. Genet. Resour. Crop Evol. 
60(3):1087-1104. 

Gohil RH, Pandya JB (2008). Genetic diversity assessment in physic 
nut (Jatropha curcas L.). Int. J. Plant Prod. 2(4):321-326. 

Haque MA, Monir uz Z, Rahman MS, Alam QM (2012). Profitability of 
hybrid maize (Zea mays L.) seed production under contract farming 
in Bangladesh: A farm level study. Bang. J. Agric. Res. 37(2):327-
334. 

Heller J (1996). Physic nut. Jatropha curcas L. Promoting the 
conservation and use of underutilized and neglected crops. 1. 
Institute of Plant Genetics and Crop Plant Research, Gatersleben/ 
International Plant Genetic Resources Institute, Rome. 

Johnson AG (1966). Inbreeding and the production of commercial F1 
hybrid seed of brussels sprouts. Euphytica 15(1):68-79. 

Kaur K, Dhillon GPS, Gill RIS (2011). Floral biology and breeding 
system of Jatropha curcas in North-Western India. J. Trop. For. Sci. 
23(1):4-9. 

Kaushik N, Kumar K, Kumar S, Kaushik N, Roy S (2007). Genetic 
variability and divergence studies in seed trait and oil content of 
Jatropha (Jatropha curcas L.) accessions. Biomass Bioener. 
31(7):497-502. 

King AJ, He W, Cuevas JA, Freudenberger M, Ramiaramanana D, 
Graham IA (2009). Potential of Jatropha curcas as a source of 
renewable oil and animal feed. J. Exp. Bot. 60(10):2897-2905. 

Li C, Fu Q. Niu L, Luo L, Chen J, Xu ZF (2017). Three TFL1 
homologues regulate floral initiation in the biofuel plant Jatropha 
curcas. Sci. Rep. 7:43090.  

Masuda M, Ojiewo CO, Nagai M, Murakami K, Masinde PW, Yu W 
(2010). Simulating hybrid-seed contamination risk with selfed seeds 
from residual fertility in a male-sterile T-4 mutant tomato, Solanum 
lycopersicum L. J. Jap. Soc. Hort. Sci. 79(1):34-39. 

McRobert JF, Setimela PS, Gethi J, Worku M (2014). Maize hybrid seed 
Production Manual, CIMMYT, México. 

Negussie A, Achten WMJ, Verboven HAF, Hermy M, Muys B (2014) 
Floral display and effects of natural and artificial pollination on fruiting 
and seed yield of the tropical biofuel crop Jatropha curcas L. GCB 
Bioenerg. 6(3):210-218. 

Nietsche S, Vendrame WA, Crane J H, Pereira MCT (2014). 
Assessment of reproductive characteristics of Jatropha curcas L. in 
south Florida. GCB Bioenerg. 6(4):351-359. 

Noor Camellia NA, Thohirah LA, Abdullah NAP (2012). Floral biology, 
flowering behaviour and fruit set development of Jatropha curcas L. 
in Malaysia. Pertanika J. Trop. Agric. Sci. 35(4):725-736. 

Ovando-Medina I, Adriano-Anaya L, Vázquez-Ovando A, Ruiz-
González S, Rincón-Rabanales M, Salvador-Figueroa M (2013). 
Genetic Diversity of Jatropha curcas in Southern Mexico. In: Bahadur 
B., Sujatha M., Carels N. (eds) Jatropha, Challenges for a New 
Energy Crop. Springer, New York, NY. 

Pecina-Quintero V, Anaya-López JL, Zamarripa A, Montes N, Núñez C, 
Solís J, Aguilar-Rangel M, Gil H, Méjia D (2011). Molecular 
characterization of Jatropha curcas L. genetic resources from 
Chiapas, México through AFLP markers. Biomass Bioenerg. 
35(5):1897-1905. 

 
 
 

 
 
 
 
Perez-Prat E, van Lookeren MM (2002). Hybrid seed production and the 

challenge of propagating male-sterile plants. Trends Plant. Sci. 
7(5):199-203. 

Rincón-Rabanales M, Vargas-López LI, Adriano-Anaya L, Vázquez-
Ovando A, Salvador-Figueroa M, Ovando-Medina I (2016). 
Reproductive biology of the biofuel plant Jatropha curcas in its center 
of origin. Peer J 4:1-12.  

Rotter R (2010). Jatropha hybrids through female only trait. U.S. Patent 
No. US2010062525. 

Stevens WE, Berberich SA, Sheckell PA, Wiltse CC, Halsey ME, Horak 
MJ, Dunn DJ (2004). Optimizing Pollen Confinement in Maize Grown 
for Regulated Products. Hortic. Sci. 44(6):2146-2153. 

Tang M, Tao YB, Fu Q, Song Y, Niu L, Xu ZF (2016). An ortholog of 
LEAFY in Jatropha curcas regulates flowering time and floral organ 
development. Sci. Rep. 6:1-15. DOI:10.1038/srep37306 

Vaknin Y (2012). The significance of pollination services for biodiesel 
feedstocks, with special reference to Jatropha curcas L.: A review. 
Bioenerg. Res. 5(1):32-40. 

Wu Y, Fox TW, Trimnell MR, Wang L, Xu RJ, Cigan AM, Huffman GA, 
Garnaat CW, Hershey H, Albertsen MC (2016). Development of a 
novel recessive genetic male sterility system for hybrid seed 
production in maize and other cross‐pollinating crops. Plant 
Biotechnol. J. 14(3):1046-1054. 

Yamagishi H, Bhat SR (2014). Cytoplasmic male sterility in 
Brassicaceae crops. Breed. Sci. 64(1):38-47. 

Zainol R, Stimart DP (2001). A monogenic recessive gene, fw, 
conditions flower doubling in Nicotiana alata. Hortsci. 36(1):128-130. 



 
Vol. 9(12), pp. 217-223, December 2017 

DOI: 10.5897/JPBCS2017.0684 

Article Number: 79D49F167151 

ISSN 2006-9758 

Copyright ©2017 

Author(s) retain the copyright of this article 

http://www.academicjournals.org/JPBCS 

Journal of Plant Breeding and Crop  
Science 

 
 
 
 

Full Length Research Paper 
 

Estimates of combining ability for resistance to pod 
shattering in soybean (Glycine max (L.)  

Merrill) genotypes 
 

F. A. Umar1*, M. S. Mohammed2, M. Oyekunle2, I. S. Usman2, M. N. Ishaq1 and S. N. Dachi1 
 

1
National Cereals Research Institute, P. M. B. 8, Badeggi, Niger State, Nigeria. 

2
Department of Plant Science, Ahmadu Bello University, Zaria, Kaduna State, Nigeria. 

 
Received 16 August, 2017; Accepted 4 October, 2017 

 

Combining ability estimates were studied for pod shattering and other agronomic traits in eight  
parental soybean genotypes of different pod shattering group namely: susceptible to pod shattering, 
moderately resistant to pod shattering were crossed in a 4 x 4 North Carolina mating design II to 
generate 16 crosses, due to missing stands encountered in some crosses, 9 successful F1S hybrids 
were obtained in the present study and evaluated along with the parents to estimate the mode of gene 
action controlling pod shattering in soybean and the combining ability for pod shattering and other 
agronomic traits in soybean. The mean square from the analysis of variance for the ten traits measured 
showed highly significant differences (p<0.01) among the genotypes. This has demonstrated the 
existence of genetic variability among soybean genotypes with pod shattering under additive gene 
action. TGX1955-10E, NG/AD/11/08/023 and NG/SA/07/100 were good general combiners for resistance 
to pod shattering, plant height, days to 50% flowering and days to maturity while NG/MR/11/11/060, 
NGBOO/08, TGX1740-1F and NG/SA/07/055 are good general combiner for number of seeds/ pod, pod 
length, hundred seed weight and grain yield. NG/SA/07/100 x TGX1740-1F, NG/MR/11/11/060 x 
NGBOO129 and NG/MR/11/11/060 x NG/AD/11/08/023 had positive specific combining ability effects for 
number of branches/ plant, number of pods/plant, pod length, number of seeds/pod, hundred seed 
weight and grain yield.  NG/MR/11/11/060 X NG/SA/07/055had negative SCA effects for plant height. This 
implied that these hybrids performed better than the parents GCA effects. This suggests that the cross 
combination can be advanced for selection in later generation. 
 
Key words: Combining ability effects, soybean genotypes, pod shattering, Samaru. 

 
 

INTRODUCTION 
 
Soybean (2n = 40), an important leguminous and a 
miracle crop of the world, has its origin in North-Eastern 
China (Indu, 2014). It is among the major industrial and 

food crops grown in every continent. It is an economically 
important crop with an average of 40% protein and 20% 
oil content (Context Network and Sahel Capital, 2016).
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Like other important economic crops, one of the major 
problems associated with soybean production in the 
tropical and sub-tropical ecology is pod shattering, an 
important physiological constrain in soybean production 
and its productivity. 

Pod shattering is the opening of mature pod along the 
dorsal or ventral sutures and followed by seed dispersal 
when the crop reaches maturity and during harvesting 
(Bara et al., 2013). The extent of yield loss that could 
result due to pod shattering in soybean may range from 
34 to 100% (Krisnawati and Adie, 2016). Resistance to 
pod shattering is the most important factor for the 
improvement of soybean, especially in tropics. The 
Nigerian climate is characterized by abundant sunshine, 
which provides an ideal environment for soybeans 
production, hence will increase in pod shattering and 
resulting in significant yield losses in soybean.  

Understanding the mode of gene action controlling 
resistance to pod shattering is crucial for designing 
appropriate breeding strategy for the development of pod 
shattering resistance. Earlier studies have generated 
different results on the genetics of pod shattering. 
Caviness (1969) reported that pod shattering is a 
qualitative heritable trait with multiple genes governing 
the trait. Haruna (2010) reported that inheritance of 
resistance to pod shattering was under the influence of 
either duplicate recessive or dominant and recessive 
epistasis depending on the parental genotypes used in 
the cross.  

Exploiting genetic variability in soybean through 
effective crosses between adapted varieties bearing pod 
shattering trait and cultivars with resistance to pod 
shattering will provide information for the development of 
high yielding and resistant varieties that will increase the 
productivity and utilization of soybean. This study was 
therefore undertaken to determine the mode of gene 
action controlling pod shattering, to estimate the general 
combining ability (GCA) effects of the parents and 
specific combining ability (SCA) effects of the hybrids.  
 
 
MATERIALS AND METHODS 

 
Eight soybean genotypes which consisted of two susceptible, two 
moderately resistant to pod shattering and four resistant to pod 
shattering were crossed in a 4 × 4 North Carolina mating design II 
(NC11) to generate 16 F1s hybrids during the dry season of 2016, 
but due to missing stands, 9 successful F1s were generated for this 
study and evaluated along with the 8 parents. This was planted in 
the screen house of Institute for Agriculture Research (IAR), 
Samaru Ahmadu Bello University, Zaria (Latitude 11°11′N and 7°38′ 
E, 600 m above sea level) which is located in the Northern Guinea 
Savannah Zone of Nigeria, with mean annual rainfall is about 1045 
mm during the rainy season and were laid-out in a randomized 
complete block design (RCBD) with three replications. Each 
experimental unit consisted of a pot of 24.5 × 25.5 cm2, diameter 
and height, respectively with each pot containing 10 kg of sandy-
loam soil. Four seeds were sown per pot. All recommended 
agronomic practices like weeding, fertilizer application of 30 kg 
P2O5/ha in form of single super phosphate (SSP-18%) and a  single 

 
 
 
 
 
spray of insecticide Cypermethrin + Dimethoate at the rate of 100 
ml in 1.5 L of water for any infestation from pre-flowering through 
post-flowering phases were carried out to maintain healthy plants. 
Data were collected on number of days to flowering, number of 
branches per plant, number of pods per plant, plant height at 
maturity, number of seeds per pod, 100 seeds weight, days to 
maturity, pod length, and grain yield. 

The level of resistance to pod shattering was evaluated using the 
field-screening method (Helms, 1994) on all the genotypes tested. 
This was scored on pods of matured genotypes (95% of pods turn 
tan or grey). Pod shattering score was taken at one, two and three 
weeks after maturity. The percentage of pod shattering was then 
determined on a scale of 1 to 5 used by Asian Vegetable Research 
and Development Centre (AVRDC, 1979) in which, 1 = 0% 
shattering, 2 = 1 to 10%, 3 = 11 to 25%, 4 = 26 to 50%, and 5 ≥ 
50%. The shattering score was classified as follows: 1 = highly 
resistant; 2 = resistant; 3 = moderately resistant; 4 = susceptible; 
and 5 = highly susceptible (AVRDC, 1979). Percent pod shattering 
was estimated using the following formula:  

 

plantper  pods ofnumber  Total

plant   per  pods shattered ofNumber 
 × 100 

 
The combining ability analysis and the estimates of GCA and SCA 
effects were done using NCD II for Model I method based on the 
procedure described by Comstock and Robinson (1948) using 
Statistical Analysis System (SAS) Package (2002). The significant 
differences among GCA and SCA effects were tested using the 
formula of Singh and Chaunghary (1977).  

 
 
RESULTS AND DISCUSSION 
 
Response of F1 population and parental genotypes to 
pod shattering 

 
The results in Table 1 show the mean square for pod 
shattering and other agronomic traits in soybean 
genotypes. All traits were highly significant (p<0.01) 
indicating the existence of genetic diversity among 
parental genotypes and their progeny. This implied that 
selection for desirable soybean genotypes could be made 
using these traits in a soybean breeding program. Similar 
result was reported by Nassar (2013). 

 
 
Combining ability analysis 
 

Mean square for both GCA and SCA were significant for 
all studied characters (Table 2), except for number of 
pods per plant which showed no significant difference by 
female parents. The significant difference observed for 
SCA and GCA for all the traits studied in the present 
study indicates the importance of additive and non-
additive gene actions in the inheritance of the studied 
traits, though each component’s contribution may vary 
according to each traits. The high GCA/SCA ratio 
obtained from the mean square due to GCA for pod 
shattering indicates that additive gene action was more 
important in the control of this trait. This is  similar  to  the 
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Table 1. Mean square of all traits for NC11 crosses evaluated at Samaru, Zaria in 2016. 
 

Source of 
variation 

Df 
Days to 50% 

flowering 

Plant height 

(cm) 

Number of 
branches/plant 

Number of 
pods/plant 

Number of 
seeds/pod 

Pod length 

(cm) 

Hundred seed 
weight (g) 

Days to 
maturity 

Grain yield 
(kg) 

Shattering 

score 

Genotype 15 2191.75** 3986.40** 53.62** 4368.84** 3.77** 9.61** 73.22** 7146.75** 2242228.27** 9.73** 

REP 2 14.06 120.89 6.81 5.77 0.02 0.11 0.06 3.77 139.65 0.02 

Error 30 11.06 164.07 3.23 515.39 0.11 0.08 0.06 4.84 98.87 0.02 
 

**Significant at 1% level of probability, *significant at 5% level of probability, ns= not significant. 
 
 
 
Table 2. Mean square for combining ability and GCA/SCA ratio for resistance to pod shattering and other agronomic traits in soybean genotypes evaluated at Samaru 2016. 
 

Source of 
variation 

Df 
Days to 50% 

flowering 

Plant height 

(cm) 

No. of 
braches/plant 

No. of 
pods/plant 

No. of 
seeds/pod 

Pod length 
(cm) 

Days to 
maturity 

Hundred seeds 
weight (g) 

Grain yield 
(kg) 

Pod shattering 
score 

Rep 2 14.06 120.90 6.81 5.77 0.021 0.11 3.77 0.05 139.65 0.02 

Female 3 1646.74** 3791.47** 12.61* 1136.74 3.92** 8.59** 6034.69** 36.31** 1141836.44** 19.83** 

Male 3 1754.52** 2656.24** 73.06** 4886.19** 3.47** 10.53** 5829.81** 105.46** 2365948.25** 5.33** 

M*F 9 2519.17** 4494.76** 60.81** 5273.76** 3.82** 9.64** 7956.42** 76.56** 2567785.55** 7.83** 

Error 30 11.06 164.07 3.23 515.39 0.110 0.08 4.84 0.05 98.87 0.02 

GCA/SCA  1.35 1.43 1.41 1.14 1.93 1.98 1.49 1.85 1.37 3.21 
 

*Significant difference observed among the mean (P<0.05); **highly significant difference observed among mean (P<0.01). GCA: General combining ability; SCA: specific combining ability. 

 
 
 
findings of Tiwari and Bhatnagar (1991) who 
reported that pod shattering is controlled by 
additive gene action. The preponderance of 
additive effects observed for days to 50% 
flowering, days to maturity, number of 
braches/plant, number of pods/plant, 100 seeds 
weight is in agreement with the findings of 
Thakare et al. (2017), Shiv et al. (2011), and 
Nassar (2013). The significance of additive gene 
effects for number of seed/pod indicates that 
additive gene action was more important in the 
control of this trait. This result is in agreement with 
the report of Nassar (2013). These results 
revealed that the traits studied can be exploited 
effectively by selection in breeding program. 

Estimation of GCA effects 
 
Female parents TGX1955-10E and NG/SA/07/100 
showed considerable highly significant negative 
GCA effects for shattering score, plant height, 
days to 50% flowering and days to maturity, 
hence they are good combiners. TGX1955-10E 
and NG/SA/07/100 showed undesirable significant 
negative GCA effects for number of seeds/pod, 
pod length and hundred seed weight, hence they 
are poor combiner. NG/MR/11/11/060 and 
NGBOO/08 showed significant positive GCA 
effects for number of seeds/pod, pod length, 
hundred seed weight and grain yield. This 
suggests that these  parents  could  be  utilized  in  

breeding for improved yield in soybean (Table 3). 
Male parents TGX1740-1F and NG/SA/07/055 

showed desirable significant positive GCA effects 
for number of seeds/pod, pod length, hundred 
seed weight and grain yield and undesirable 
significant positive GCA effects for shattering 
score, days to 50% flowering and days to 
maturity; hence, they are poor combiner for these 
traits. Male parent NG/AD/11/08/023 had 
significant negative GCA effects for shattering 
score, plant height, days to 50% flowering, days to 
maturity; hence it is a good combiner. Male parent 
NGBOO129 showed highly significant negative 
GCA effects for number of branches, pod length, 
hundred   seed   weight   and   grain    yield.    The  
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Table 3. General combining ability effects for male and female parents for resistance to pod shattering and other agronomic traits in soybean at Samaru in 2016. 
 

Parent Days to 50% flowering 
Plant height 

(cm) 

No. of 
branches/plant 

Number of 
pod/plant 

Number of 
seeds/pod 

Pod length 
(cm) 

Days to 
maturity 

Hundred seed 
weight (g) 

Grain yield 
(kg) 

Pod shattering 
score 

Female 
          

TGX1955-10E(P1) -4.73** -13.15** -0.67 -17.31** -0.21* -0.17* -7.79** -0.38** 180.06** -1.17** 

NG/MR/11/11/060(P2) 12.69** 15.85** 0.83 15.85* 0.38** 0.51** 19.46** 1.05** 381.53** 0.50** 

NGBOO/08(P3) 5.94** 14.77** 0.92** 0.69 0.54** 0.78** 16.54** 1.62** 108.04** 1.58** 

NG/SA/07/100(P4) -13.90** -17.48** -1.08* 0.77 -0.71** -1.12** -28.21** -2.28** -309.52 -0.92** 

SE(gi) 0.96 3.70 0.52 6.55 0.10 0.08 0.63 0.07 2.90 0.04 

SE(gi-gj) 1.36 5.23 0.73 9.27 0.13 0.11 0.85 0.09 4.06 0.06 
           

Male 
          

TGX1740-1F(P5) 10.10** 8.85* 3.3** 28.52** 0.38** 0.756** 17.13** 2.62** 549.65** 0.33** 

NG/SA/07/055(P6) 8.69** -5.81 0.5 -6.56 0.46** 0.731** 16.46** 2.27** 34.62** 0.33** 

NG/AD/11/08/023(P7) -15.90** -18.06** -2.3** -20.48* -0.71** -1.20** -29.63** -3.55** 534.50** -1.00** 

NGBOO129(P8) -2.90** 15.02** -1.4** -1.48 -0.13 -0.29** -3.96** -1.33** -49.77** 0.33** 

SE(gi) 0.96 3.70 0.52 6.55 0.10 0.08 0.63 0.07 2.90 0.04 

SE(gi -gj) 1.36 5.23 0.73 9.27 0.13 0.11 0.85 0.09 4.06 0.06 
 

*Significant difference observed among the mean (P<0.05); **Highly significant difference observed among mean (p<0.01). 
 
 
 
desirable significant negative GCA effect for pod 
shattering recorded by female parents, viz., 
TGX1955-10E and NG/SA/07/100 and a male 
parent (NG/AD/11/08/023) implied that these 
genotypes are good general combiners. 
Significant negative GCA effects recorded for 
plant height, days to 50% flowering and days to 
maturity by two female parents and male parent 
suggests that these genotypes are good general 
combiners for earliness in hybridization. The 
preponderance of additive gene effects observed 
for the studied traits implied that crossing between 
two good general combiners for pod shattering 
and other agronomic traits studied will produce 
hybrids with good specific combining ability. This 
is according to Daniel et al. (2006) who reported 
that two good general combiners that are 
governed by additive × additive gene actions will 

produce hybrids with good specific combining 
ability. 
 
 
Estimation of SCA effects 
 
The estimation of SCA effects provides 
opportunities to isolate crosses where all traits are 
in the most desirable combinations (Ercan and 
Mehmet 2005). The specific combining ability 
effects in Table 4 revealed that crosses 
NG/SA/07/100 × TGX1740-1F, NG/MR/11/11/060 
× NGBOO129 and NG/MR/11/11/060 × 
NG/AD/11/08/023 showed desirable significant 
positive SCA effects for number of branches/plant, 
number of pods/plant, pod length, number of 
seeds/pod, hundred seeds weight, and grain yield.  
NGBOO/08 × NG/SA/07/055, TGX1955-10E × 

NG/SA/07/055, NG/MR/11/11/060 × 
NG/AD/11/08/023, NG/MR/11/11/060 × 
NGBOO129, NG/SA/07/100 × TGX1740-1F and 
TGX1955-10E × TGX1740-1F showed significant 
positive SCA effects for days to 50% flowering 
and days to maturity. NG/MR/11/11/060 × 
NG/SA/07/055 showed a desirable significant 
negative SCA effects for plant height. 

The high significant positive SCA effects obtained 
by cross NG/MR/11/11/060 × NGBOO129 for 
grain yield and NG/SA/07/100 × TGX1740-1F and 
NG/MR/11/11/060 × NGBOO129 for number of 
pods/plant, number of seeds/pod, pod length and 
hundred seed weight in which NG/MR/11/11/060 
and  TGX1740-1F were good general combiner 
and agrees with Cruz et al. (2004) who reported 
that selection for good estimates of SCA should 
focus on cross combinations that  involve  at  least  
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Table 4. Specific combining ability effects for crosses for resistance to pod shattering and other agronomic traits in soybean at Samaru in 2016. 
 

Crosses 
Days to 50% 

flowering 
Plant height 

(cm) 
Number of 

branches/plant 
Number of 
pod/plant 

Number of 
seeds/pod 

Pod length 
(cm) 

Days to 
maturity 

Hundred seed 
weight (g) 

Grain yield 
(kg) 

Shattering 

Score 

NGBOO/08 × TG 1740-1F (P3  × P5) 1.65 -8.44 1.25 -5.94 -0.13 -0.07 4.88* -3.80** -99.3** 0.42** 

TGX1955-10E × TG X1740-1F (P1 ×  P5) 14.31** 26.15* 0.83 13.73 0.96** 1.58** 26.54** 1.08** 881.2** 0.17 

NG/MR/11/11/060 × NG/SA/07/055 (P2 x P6) 3.31* -16.85* 0.75 6.94 0.29* 0.49** 2.96* 1.60** 142.6** 0.50** 

NGBOO/08  ×  NG/SA/07/055 (P3 × P6) 4.73** 14.90* 0.33 11.44 0.46 0.59** 7.54** -0.17 594.4** 0.42** 

TGX1955-10E  ×  NG/SA/07/055 (P1 × P6) 16.06** 12.81* 2.58 14.60 0.21 0.47** 31.21** 3.83** -198.1** -1.50** 

NG/MR/11/11/060  × NG/AD/11/08/023 (P2 × P7) 27.56** 32.40* 4.92** 19.35 1.13** 1.69** 52.04** 4.15** 456.2** 1.50** 

NG/MR/11/11/060 ×  NGBOO129 (P2 × P8) 21.23** 43.31** 2.67** 47.02** 0.54** 1.01** 35.04** 3.20** 1146.2** 0.50** 

NGBOO/08 x NGBOO129  (P3 × P8) 12.98** 24.40* 1.25 1.19 0.71** 1.00** 27.96** 2.03** -107.8** 1.42** 

NG/SA/07/100  × TG X1740-1F (P4  ×  P5) 36.15** 41.15** 6.25** 67.98** 1.13** 1.69** 58.63** 6.38** 963.0** 1.92** 

SE(Sij) 1.92 7.40 1.04 13.11 0.19 0.16 1.27 0.13 5.74 0.08 

SE(Sij-Ski) 2.71 10.46 1.47 18.54 0.26 0.23 1.80 0.19 8.12 0.11 
 

*,**Significant difference at 0.05 and 0.01 levels of probabilities. 

 
 
 
one parent which has shown good effect of GCA. 
Kadams et al. (1999) also reported that hybrid 
with high SCA effects involved one or both of the 
good general combiners as parents. The absence 
of negative SCA effects for shattering score, days 
to 50% flowering and days to maturity indicates 
that the hybrids obtained for the present study do 
not fit in for these traits. 
 
 
Mean performance values for parents and their 
F1S  
 
The mean performance of the parental genotypes 
and their crosses for the studied traits are shown 
in Table 5. The result revealed that pod shattering 
score among parents and hybrids ranged from 1 
(highly resistant) for NG/AD/11/08/023, 
NG/SA/07/055, NGBOO129, TGX1955-10E, 
TGX1955-10E × NG/SA/07/055 and TGX1955-
10E × TGX1740-1F to 5 (highly susceptible) for 
NGBOO/08 and NGBOO/08 × NGBOO129. Grain 
yield varied from 314.3 for NG/SA/07/100 to 

2291.7 kg for hybrid NG/MR/11/11/060 × 
NGBOO129 with a mean of 1283.04. Days to 50% 
flowering ranged from 43.3 for NG/SA/07/055 to 
61.7 for NG/SA/07/100 × TGX1740-1F with a 
mean of 50.92. Number of branches varied from 4 
for NG/SA/07/100 to 13 for hybrid NG/SA/07/100 
× TGX1740-1F with a mean of 6.94. Plant height 
ranged from 27 cm for hybrid NG/MR/11/11/060 × 
NG/SA/07/055 to 108 cm for NG/MR/11/11/060 × 
NGBOO129 with a mean of 62.61. Number of 
pods/plant ranged from 17 for NG/SA/07/100 to 
128 for hybrid NG/SA/07/100 × TGX1740-1F with 
a mean of 47.25. Hundred seed weight g ranged 
from 5 g for NG/MR/11/11/060 to 12 g for 
NG/SA/07/100 × TGX1740-1F. Days to maturity 
ranged from 87 for NGBOO129 to 104 for 
NG/MR/11/11/060 × NGBOO129 with a mean of 
94.3. Pod length varied from 3 to 4 cm with a 
mean of 3.7 cm. The highest mean performance 
recorded by some crosses for grain yield, number 
of branches, number of pods/plant, and 100 seed 
weight which was higher than all parental 
genotypes was similar to the findings of Saul et al. 

(2017). This may be as a result of recombination 
of additive alleles or interaction between two 
alleles of two different genes due to a wide 
variation between genotypes of their parents 
(Marame et al., 2009). 

 
 
Conclusion 
 
The study has revealed that both additive and 
non-additive gene effects were important in the 
inheritance of pod shattering and other agronomic 
traits. However, additive gene effect was more 
important implying that selection could be 
effective. The good general combiners for 
resistance to pod shattering, plant height, days to 
50% flowering and days to maturity were 
TGX1955-10E, NG/AD/11/08/023 and 
NG/SA/07/100, while NG/MR/11/11/060, 
NGBOO/08, TGX1740-1F and NG/SA/07/055 
were good general combiner for number of 
seeds/pod, pod length, hundred seed weight and 
grain    yield.    Therefore,    these    parents     are  
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Table 5. Mean performances of parents and the F1s evaluated for Resistant to Pod Shattering and other agronomic traits using field screening methods. 
 

Genotype 
Days to   50% 

flowering 
No. of 

branch/plant 

Plant height 

(cm) 

No. of  
pods/plant 

No. of 
seeds/pod 

Pod length 

(cm) 

Days to 
maturity 

Hundred seeds 
weight (g) 

Grain yield 
(kg) 

Pod shattering 
score 

NG/AD/11/08/023 46.7 6 59.7 59.0 3.0 4.1 103.3 7.2 1822.4 1 

NGBOO129 48.7 6.3 79.0 33.3 2.7 3.7 87.0 9.2 841.9 1 

TGX1955-10E 45.3 8.0 52.3 30.0 3.0 4.4 90.3 10.2 921.1 1 

NG/SA/07/055 43.3 5.7 72.7 43.0 2.7 3.7 90.7 10.4 902.6 1 

NG/SA/07/100 60.7 4.3 54.0 17.0 2.7 3.2 94.0 12.0 314.3 3 

NGBOO/08 44.3 6.0 76.7 31.7 2.7 4.2 93.3 7.8 1723.9 5 

TGX1740-1F 48.3 7.0 61.7 29.0 2.7 3.8 98.3 11.0 1442.3 2.3 

NG/MR/11/11/060 59.3 6.7 62.0 18.7 3.0 4.4 90.3 5.3 823.3 4.3 

NG/MR/11/11/060  × NG/AD/11/08/023 53.7 7.7 64.3 43.7 2.0 2.9 95.3 6.9 1117.0 2.7 

NG/MR/11/11/060  × NG/SA/07/055 54.0 6.3 27.3 55.0 2.3 3.7 92.3 10.2 1372.5 3 

NG/MR/11/11/060  × NGBOO129 60.3 6.3 108.3 90.3 2.0 3.2 104.0 8.2 2291.7 3 

NG/SA/07/100  × TGX1740-1F 61.7 12.7 66.7 128.7 2.0 3.3 101.0 12.0 2016.9 3 

NGBOO/08  × NG/SA/07/055 48.7 6.0 58.0 44.3 2.7 4.0 94.0 9.0 1550.8 4 

NGBOO/08 × NGBOO129 45.3 5.0 88.3 29.3 2.3 3.4 94.0 7.6 764.2 5 

NGBOO/08 × TGX1740-1F 47.0 9.7 49.3 54.7 2.0 3.4 92.0 11.0 1372.1 4 

TGX1955-10E x  NG/SA/07/055 49.3 6.7 28.0 39.3 1.7 3.0 93.3 11.0 470.2 1 

TGX1955-10E × TGX1740-1F 49.0 7.7 56.0 56.3 2.3 4.1 89.3 8.6 2064.5 1 

CV% 6.84 30.55 23.28 59.96 27.14 14.40 2.79 2.79 0.74 12.38 

Mean 50.92 6.94 62.61 47.25 2.45 3.67 94.27 9.27 1283.04 2.67 

LSD 5.79 3.52 24.24 47.13 1.11 0.88 4.37 0.43 15.80 0.55 

 
 
 

recommended as source of pod shattering 
resistance and high yielding for soybean breeding 
program, while the good crosses for SCA effects 
for yield and yield components are NG/SA/07/100 
× TGX1740-1F, NG/MR/11/11/060 × NGBOO129 
and NG/MR/11/11/060 × NG/AD/11/08/023. 
These crosses should be advanced for selection 
in later generations. 
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