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ABSTRACT

Selection response is affected by genetic variability and heritability. High selection response 
is achieved by broad genetic variability and or high heritability. The objective of this study 
is to estimate the selection response of soybean lines. Forty soybean lines derived from 
“Sinabung” × MLGG 1087 cross were grown in tidal swamp land in Barito Kuala, South 
Kalimantan. Broad genetic variability was shown by seven agronomical characters, such 
as days to flowering and maturing, number of branches per plant, number of reproductive 
nodes per plant, number of filled pods per plant, weight of 100 grains, and grain yield. 
Narrow genetic variability was shown by plant height. High heritability was shown by 
days to flowering (0.923), days to maturity (0.896) and weight of 100 grains (0.762); where 
their selection responses were 4.34 days, 3.53 days and 1.21 g, respectively. Moderate 
heritability was shown by plant height (0.435) and number of filled pods per plant (0.226) 
with the selection response of 6.41 cm and 1.82 pods. Low heritability was shown by 
number of branches per plant (0.121), number of reproductive nodes per plant (0.160) 
and grain yield (0.056) that lead selection response of 0.10 branch, 0.58 nodes and 0.03 
t/ha grain. In this study, the characters with high genetic variability but low heritability 
produced low selection response. It indicates that the role of heritability was greater  than 
genetic variability.
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INTRODUCTION

Soybean ranks as  the third most important 
food crop in Indonesia,  after rice and 
maize. Soybean is used to make  tempeh 
and tofu. The average demand of soybean is 
estimated to be 2.2 million tons every year 
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(Kementerian Pertanian, 2015).  In  2015 
total area where soybean was harvested was  
614,095 ha, a decrease of  1,590 ha or 0.26% 
from  2014 (BPS, 2016). Soybean demand 
in 2019 is expected to be 3.25 million tons 
(Bapennas, 2013) and due to constraints 
in available land suboptimal land such 
as swamp area covering 33.4 million ha, 
which includes of 20.19 million ha of tidal 
and 13.28 million ha of water logged areas 
are seen as the alternative (Alihamsyah et 
al., 2003). 

Tidal swamp land is suboptimal 
land (acidic Organosols) where issues 
such as macronutrients deficiency and 
micronutrients toxicity (von Uexkull & 
Mutert, 1995) need to be addressed. Soil 
amelioration and developing tolerant plant 
are  two techniques to overcome some 
of the challenges, of which  developing 
and cultivating tolerant plant is the more 
affordable. The objective of the research 
in the present work was to compare the 
role of genetic variability and heritability 
in estimated selection response of soybean 
lines on tidal swamp land.

MATERIALS AND METHODS

The study was carried out from February 
to May 2012 on tidal swamp land type C in 
Wanaraya, Barito Kuala, South Kalimantan. 
Tidal swamp land type C is a type of  swamp 
land, where there is no water logging 
even in high tidal phase and  water table 
level that is less than 50 cm below the 
soil surface (Alihamsyah et al., 2003). 
The soil properties for the site was acidic 
as  indicated by very low pH and high Al 

saturation. Exchangeable aluminum (Alex) 
and hydrogen (Hex) were 9.65 me/100 g 
and 0.46 me/100 g, respectively resulting 
very high Al saturation of 79.09% (Table 1). 
Organic C is very high in this peat soil. These 
soil properties, especially Al saturation, are 
appropriate for determining tidal swamp 
land-tolerance for soybean planting. The 
design was randomized completely block 
with three replications. Forty populations 
of F7 derived from crossing between 
“Sinabung” and genotype of MLGG 1087 
- “Sinabung” is a high yielding variety in 
optimal condition, while MLGG 1087 is a 
land race that adaptive in tidal swamp land. 

Before planting, weed control measures 
were adopted to eradicate the weeds, and the 
minimum tillage was applied by plowing 
and leveling the soil. Every soybean line 

Table 1 
Soil properties 

Soil properties Value
pH (H2O) 4.40
pH (KCl) 4.37
N (Kjedahl) (%) 0.70
C organic (Kurnis) (%) 8.05
P2O5 (Bray I) (ppm) 81.50
SO4 (ppm) 144.00
Fe (ppm) 471.83
Zn (ppm) 2.44
Cu (ppm) 1.89
K (me/100 g) 0.25
Na (me/100 g) 0.40
Ca (me/100 g) 0.97
Mg (me/100 g) 0.47
CEC (me/100 g) 103.00
Al exchangeable (me/100 g) 9.65
H exchangeable (me/100 g) 0.46
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85.3% and 126.3-402.8 mm with the highest 
relative humidity and rainfall recorded in  
February and April respectively (Table 2). 

The data was analysed by PKBT-STAT 
1.0; expected mean squares, genoytpic 
coefficient of variance (GCV) was 
calculated (Singh & Chaudhary, 1979). 
Genetic variability criteria were classified 
based on genotypic standard deviation (

) according to Anderson and Bancroff 
in Wahdah et al. (1996). The broad genetic 
variability was achieved when GCV ≥ 2 

, whilst  narrow genetic variability was 
achieved when GCV < 2 . Selection 
response was estimated according to 
Falconer (1989) as SR = i∙h2∙SD; where SR 
= selection response, i = selection intensity, 
h2 = heritability, SD = standard deviation.

was grown in a plot of 1.6 m × 3 m size with 
planting space of 0.4 m × 0.15 m. Fertilizers 
of 125 kg/ha Urea, 250 kg/ha SP36 and 
150 kg/ha KCI were applied two times, at 
sowing time with dosages of 50 kg/ha Urea, 
250 kg/ha SP36 and 150 kg/ha KCI, while 
the rests were applied when the plants began 
to bloom. Two and four weeks after planting, 
manual weeding was done  in order to 
control weed growth. The presence of pests 
and diseases were intensively monitored 
and harvesting was carried out when plants 
reached  physiological maturity.

The  temperature at the experiment 
site ranged between 26.8-27.5°C with an 
average  minimum temperature 24.1 °C and 
maximum temperature 32.2°C. The relative 
humidity and rainfall ranged between 80.6-

Table 2 
Weather data from February to May 2012 

Minimum 
temperature 
(°C)

Maximum 
temperature
 (°C)

Average
 temperature
 (°C)

Relative 
humidity 

Rainfall (mm) 
(%)

February 24.2 31.3 26.8 85.3 155.7
March 24.1 31.9 26.9 84.3 263.6
April 24.2 33.0 27.2 84.4 402.8
May 24.1 33.1 27.5 80.6 126.3
Average 24.1 32.3 27.1 83.6 237.1

RESULTS AND DISCUSSION

Analysis of variance for phenotypic 
performance of the observed agronomical 
characters showed that six characters 
were significantly different (Table 3). Six 
characters that differed significantly were 
days to flowering, days to maturity, plant 
height, number of reproductive nodes per 

plant, number of filled pods per plant and 
weight of 100 grains. To measure genotypic 
performance, the data was  studied  by 
eliminating environmental factor. Hence, the 
non significant calculation based on analysis 
of variance on number of branches per plant 
and grain yield does not indicate no genetic 
variability. 
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The average of days to flowering 
reached 41 (Table 4). The earliest days to 
flowering was 35 days and  the longest  
46 days. Similar pattern was shown with 
regards to  days taken to reach maturity,  
and which averged 84 days. There were 
two soybean lines where  maturity was  
lower than 80 days, i.e. Snb/1087-210-4-8 
(79 days) and Snb/1087-119-2-6 (78 days). 
These two lines are prospective choices for 
developing early maturity soybean variety. 

Plant height ranged between 30 – 70 
cm with the average being  49.5 cm (Table 
4). The highest number of plants was about 
45 cm which might be due to the high 
acidity suppressing plant vegetative growth. 
Verde et al. (2013)  reported plant height 
is suppressed  due to  high acidity.  In this 
study number of branches ranged between 
1 – 3 branches per plants.  Number of 
reproductive nodes per plant is also often 
affected by branches, where more branch 
nodes and branch reproductive nodes are 
produced from greater branch dry matter per 
plant (Carpenter & Board, 1997). 

Grain yield is the most important 
character in soybean, and average of grain 
yield was 0.70 t/ha ranging from 0.26 – 1.43 
t/ha (Table 4). There were four soybean lines 
having grain yield higher than 1 t/ha, i.e. 
Snb/1087-210-4-13 and Snb/1087-238-1-1 
(1.1 t/ha), Snb/1087-210-4-9 (1.20 t/ha), and 
Snb/1087-159-4-4 (1.43 t/ha). Grain yield 
is a complex trait that has relationship with 
other yield components, especially number 
of filled pod and grain size. In this study, 

Table 3 
Analysis of variance of agronomical characters of 40 soybean lines

Character MSg MSe

Days to flowering (day) 21.49** 0.58
Days to maturity (day) 15.11** 0.56
Plant height (cm) 210.20* 63.43
Number of branches per plant 0.89ns 0.63
Number of reproductive nodes per plant 12.83* 8.17
Number of filled pods per plant 63.38** 33.81
Weight of 100 grains (g) 2.44** 0.23
Grain yield (t/ha) 0.20ns 0.17
**significant at level of 1%, *significant at level of 5%, nsnot significant at 
level ≤5%

Table 4 
Range, average and standard deviation of 
agronomical characters of 40 soybean lines 

Character Range Average
Days to flowering (day) 35.0 – 45.7 41.4
Days to maturity (day) 78.3 – 87.0 84.1
Plant height (cm) 28.2 – 70.1 49.5
Number of branches per 
plant

0.6 – 3.2 2.3

Number of reproductive 
nodes per plant

5.7 – 15.3 11.0

Number of filled pods 
per plant

7.1 – 29.3 17.1

Weight of 100 grains (g) 5.26 – 9.12 7.45
Grain yield (t/ha) 0.26 – 1.43 0.70
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number of filled pods per plant ranged 7.1 
– 29.3 pods with average of 17.1 pods per 
plant. The highest number of filled pods 
per plant was reached by Snb/1087-148-
2-10 (29 pods) and Snb/1087-210-4-7 (27 
pods).  One of the four soybean lines (line 
of Snb/1087-210-4-13) with highest grain 
yield, also had relatively high number of 
filled pod per plant (23 pods per plants). 
In this study one of the four soybean lines 
with the highest grain yield, Snb/1087-159-
4-4, also had the highest grain size (9.12 
g/100 grains). Therefore, these two lines 
are very prospective for developing high 
yielding soybean variety for tidal swamp 
land tolerance.

In analysis of variance, environmental 
factor is included in calculating  the 
variance. Separation environmental 
factor is needed to ascertain genotypic 
performance such as genotypic coeficient 
variance (GCP) and heritability. Based on 
the genetic standard deviation ( ), all of 
the observed characters had broad genetic 
variability, except plant height that had 

narrow genetic variability (Table 5). The 
broad GCV allows high selection response, 
as reported in Barma et al. (2012) that 
the crosses with high genetic variability 
tended to produce high selection response  
because genetic variability is calculated 
from genetic variance. The GCV values 
were lower than phenotypic coefficient of 
variation (PCV) values for  all observed 
charcaters (Table 5). The difference between 
PCV and GCV values varied among the 
observed characters. The characters of 
days to flowering, days to maturity, and 
weight of 100 grains achieved closer 
values between these two parameters. The 
presence of wider adaptability of the closer 
values between PCV and GCV indicate 
the  low environmental  factor influencing 
the characters  (Dilnesaw et al., 2013; Reni 
and Rao, 2013; Nidhi et al., 2015; Eka & 
Lal, 2016). Therefore, this closer values is 
important because phenotypic expression 
indicates its genotypic value. 

The characters: days to flowering, 
days to maturity and weight of 100 grains 

Table 5 
Phenotypic and genotypic coefficient of variance and variability criteria of agronomical characters of 40 
soybean lines 

Character PCV GCV    Criteria 

Days to flowering (day) 6.641 6.381 1.583 Broad
Days to maturity (day) 2.767 2.620 1.114 Broad
Plant height (cm) 21.407 14.126 17.004 Narrow
Number of branches per plant 36.056 12.538 0.096 Broad
Number of reproductive nodes per plant 28.439 11.367 1.310 Broad
Number of filled pods per plant 38.662 18.368 5.990 Broad
Weight of 100 grains (g) 13.202 11.525 0.181 Broad
Grain yield (t/ha) 60.219 14.194 0.024 Broad
Grain yield (t/ha) 60.219 14.194 0.024 Broad
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showed the highest heritability, i.e. 0.923, 
0.896 and 0.762 respectively (Table 6). 
Some authors also reported high heritability 
on days to flowering (Aditya et al., 2011), 
days to maturing (Kuswantoro, 2012; Ojo 
& Ayuba, 2016), and weight of 100 grains 
(Aditya et al., 2011). On the other hand, 
some studies  reported lack of  consistency 
in  heritability values on the matter of weight 
of 100 grains (Aditya et al., 2011; Alt et al., 
2002; Johnson et al., 2001; Kuswantoro et 
al., 2006, 2013; Reni & Rao, 2013). This 
inconsistency may be due to the different 
genotypes, environment, and  interaction 
between genotypes and environments.

Plant height and number of filled pods 
per plant showed moderate heritability 
(Table 6). In optimal soil condition, some 
studies  reported high heritability for plant 
height (Malek et al., 2014; Reni & Rao, 
2013; Yadav et al., 2015) and number 
of pods (Adsul & Monpara, 2014). The 
difference heritability between soil acid 
condition and optimal may be due to 
the suppressing plant height by acid soil 
condition. Moderate heritability on plant 

height and number of filled pods suggests 
that genetic factor and environmental factors 
have an effect  on these two characters.

Low heritability was indicated by the 
number of branches per plant, number of 
reproductive nodes per plant, and grain 
yield (Table 6).  Low heritability on these 
three characters suggests  environmental 
factors have high role in expressing these 
characters. However, some studies  reported  
that number of branches per plant had high 
heritability (Aditya et al., 2011; Reni & 
Rao, 2013). However, low and moderate 
heritability for two different populations 
was  obtained by Wiggins (2012), and high 
heritability on grain yield in  Aditya et al. 
(2011) and Adsul and Monpara (2014).  Low 
heritability indicates that environmental 
factor has a higher role than genetic factors. 
The inconsistent heritability value on 
grain yield may be due to the different 
populations.

High heritability values were shown by 
number of days taken for plants to  flower, 
period to reach  maturity and the weight of 
100 grains. These three characters will affect  

Table 6 
Standard deviation, heritability and selection response of agronomical characters of 40 soybean lines 

Character Standard 
deviation

Hbs SR1.755

Days to flowering (day) 2.68 0.923 4.34
Days to maturity (day) 2.24 0.896 3.53
Plant height (cm) 8.39 0.435 6.41
Number of branches per plant 0.49 0.121 0.10
Number of reproductive nodes per plant 2.07 0.160 0.58
Number of filled pods per plant 4.59 0.226 1.82
Weight of 100 grains (g) 0.90 0.762 1.21
Grain yield (t/ha) 0.26 0.056 0.03
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selection response (Table 6). Selection 
responses for these three characters were 
4.34 days, 3.53 days and 1.21 g/100 grains. 
It means that one cycle of selection will 
decrease 4.34 days and 3.53 days for 
days to flowering and days to maturing 
respectively, and increase 1.21 g/100 grains 
for weight of 100 grains. These values are 
the highest values that can be achieved 
in this population because the heritability 
factor is of the broad heritability kind 
that is still included epistatic effect. This 
selection response is selected individually 
based on the single character. In grain 
yield, the selection response is 0.03 t/ha 
in one cycle. This selection response was 
supported by selection response of number 
of filled pods and weight of 100 grains, due 
to the relationship between grain yield with 
number of filled pods and weight of 100 
grains.

CONCLUSION

The offspring of “Sinabung” × MLGG 1087 
achieved broad genetic variability with 
regards to  days taken to flower and reaching 
maturity, number of branches per plant, 
number of reproductive nodes per plant, 
number of filled pods per plant, weight of 
100 grains, and grain yield (t/ha). The broad 
genetic variability of a character is expected 
to produce high selection response. In this 
study, not all of characters with high genetic 
variability produced high selection response 
due to the low heritability. The role of 
heritability in selection response was higher 

than genetic variability. The characters with 
high heritability reached higher selection 
response and per se.

REFERENCES
Aditya, J. P., Bhartiya, P., & Bhartiya, A. (2011). 

Genetic variability, heritability and character 
association for yield and component characters 
in soybean (Glycine max (L.) Merrill). Journal 
of Central European Agriculture, 12(1), 27-34.

Adsul, H. R., & Monpara, B. A. (2014). Genetic 
variability and selection indices for improving 
seed yield in soybean (Glycine max  L. Merrill). 
Electronic Journal of Plant Breeding, 5(4), 
807-811.

Alihamsyah, T., Sarwani, M., Jumberi, A., Ar-Riza, 
I., Noor, I., & Sutikno, H. (2003). Lahan pasang 
surut: Pendukung ketahanan pangan dan sumber 
pertumbuhan agribisnis. Balai Penelitian 
Pertanian Lahan Rawa. Banjarbaru. 

Alt, B. J., Fehr, W. R., & Welke, G. A. (2002). 
Selection for large seed and high protein in 
two-and three-parent soybean populations. Crop 
Science, 42(6), 1876-1881.

Bapennas. (2013). Studi Pendahuluan Rencana 
Pembangunan Jangka Menengah Nasional 
(RPJMN) Bidang Pangan dan Pertanian 
2015-2019. Direktorat Pangan dan Pertanian 
Kementerian Perencanaan Pembangunan 
Nasional. Badan Perencanaan Pembangunan 
Nasional. 

Barma, N. C. D., Islam, M. A., Hakim, M. A., & 
Sarker, D. K. R. (2011). Genetic variability and 
selection response to heat tolerance through 
membrane thermostability in spring wheat 
(Triticum aestivum L.). Bangladesh Journal of 
Plant Breeding and Genetics, 23(2), 15-22.



Heru Kuswantoro 

326 Pertanika J. Trop. Agric. Sci. 40 (2) 326 - 328 (2017)

Bekele, A., Alemaw, G., & Zeleke, H. (2012). Genetic 
divergence among soybean (Glycine max (L) 
Merrill) introductions in Ethiopia based on 
agronomic traits. Journal of Biology, Agriculture 
and Healthcare, 2(6), 6-12.

BPS. (2016). Produksi Padi, Jagung dan Kedelai 
2015. Berita Resmi Statistik No. 62/07/ Th. IX, 
01 Juli 2016. Badan Pusat Statistik. Retrieved 
from https://www.bps.go.id/website/brs_ind/
brsInd-20160701100908.pdf 

Carpenter, A. C., & Board, J. E. (1997). Branch yield 
components controlling soybean yield stability 
across plant populations. Crop Science, 37(3), 
885-91.

Dilnesaw, Z., Abadi, S., & Getahun, A. (2013). 
Genetic variability and heritability of soybean 
(Glycine max (L.) Merrill) genotypes in Pawe 
district, Metekel zone, Benishangule Gumuz 
regional state, northwestern Ethiopia. Wudpecker 
Journal of Agricultural Research, 2(9), 240-245.

Falconer, D. S.  (1989).  Introduction to Quantitative 
Genetics.  London: English Language Book 
Society. 

FAO. (1988). Nature and Management of Tropical 
Peat Soils . FAO Soils Bulletin 59. Soil 
Resources, Management and Conservation 
Service. FAO Land and Water Development 
Division. Retrieved from http://www.fao.org/
docrep/x5872e/x5872e00.htm#Contents 

Johnson, S. L., Fehr, W. R., Welke, G. A., & Cianzio, 
S. R. (2001). Genetic variability for seed size of 
two- and three-parent soybean populations. Crop 
Science, 41(4), 1029–1033.

Kementerian Pertanian. (2015). Petunjuk Teknis 
Pengelolaan Produksi Kedelai dan Bantuan 
Pemerintah Tahun 2016. Kementerian Pertanian, 
Direktorat Jenderal Tanaman Pangan. 

Kuswantoro, H. (2012). Parameter genetik beberapa 
karakter kuantitatif kedelai dan implikasinya 
dalam program pemuliaan. In P. H. Suwarto & 
S. Rochdianto (Eds.), Peran Pertanian dalam 
Menunjang Ketahanan Pangan dan Energi untuk 
Memperkuat Ekonomi Nasional Berbasis Sumber 
Daya Lokal (pp. 54-63). Fakultas Pertanian 
Universitas Jenderal Soedirman.

Kuswantoro, H. (2013). Parameter genetik karakter 
kuantitatif varietas kedelai introduksi dari 
Korea. Prosiding Seminar Nasional UNS. In 
D. Purnomo, M. Harisudin, D. Praseptiangga, 
P. N. Adi-Magna, W. Rahayu, R. Indreswari, 
Y. Yanti & B. S. Hertanto, (Eds.), Akselerasi 
Pembangunan Pertanian Berkelanjutan Menuju 
Kemandirian Pangan dan Energi (pp. 341-347). 
Fakultas Pertanian Universitas Sebelas Maret 
Surakarta. 

Kuswantoro, H. (2015). Response of acid-adaptive 
soybean genotypes grown in associated Entisols-
Inceptisols and Vertisols soil types. International 
Journal of Soil Science, 10(4), 195-202.

Kuswantoro, H., Basuki, N., & Arsyad, D. M. (2006). 
Identifikasi plasma nutfah kedelai toleran 
terhadap tanah masam berdasarkan keragaman 
genetik dan fenotipik. Agrivita, 28, 54-63.

Malek, M. A., Rafii, M. Y., Nath, U. K., & Mondal, 
M. (2014). Morphological Characterization 
and assessment of genetic variability, character 
association, and divergence in soybean mutants. 
The Science World Journal, 2014(2014), 1-12. 
http://dx.doi.org/10.1155/2014/968796

Nidhi, D., Shrivasthava, A. N., Avinashe, H. A., 
& Samidha, J. (2015). Genetic variability, 
correlation and path analysis for yield and yield 
contributing characters in soybean (Glycine max 
L.). Electornic Journal of Plant Breeding, 6(1), 
318-325.



The Role of Heritability and Genetic Variability 

327Pertanika J. Trop. Agric. Sci. 40 (2): 327 - 328 (2017)

Ojo, G. O. S., & Ayuba, S. A. (2016). Genetic variation 
and correlation among seedling and mature plant 
traits of soybean evaluated in acid sand culture 
and on acid/neutral soil fields of Nigeria. Journal 
of Agricultural Science, 8(5), 86-94.

Omoigui, L. O., Ishiyaku, M. F., Kamara, A. Y., Alabi, 
S. O., & Mohammed, S. G. (2006). Genetic 
variability and heritability studies of some 
reproductive traits in cowpea (Vigna unguiculate 
(L.) Walp.). African Journal of Biotechnology, 
5(13), 1191-1195.

Reni, Y. P., & Rao, Y. K. (2013). Genetic variability in 
soybean [Glycine max (L) Merrill]. International 
Journal Plant Animal Environmental Sciences, 
3(4), 35-38.

Singh, R. K., & Chaudary, B. D.  (1979).  Biometrical 
Methods in Quantitative Genetic Analysis.  New 
Delhi: Kalyani Publisher. 

Verde, B. S., Danga, B. O., & Mugwe, J. N. (2013). 
Effects of manure, lime and mineral P fertilizer 
on soybean yields and soil fertility in a humic 
nitisol in the Central Highlands of Kenya. 
International Journal of Agricultural Science 
Research, 2(9), 283-291.

von Uexkull, H.R., & Mutert, E. (1995). Global extent, 
development and economic impact of acid soils. 
In R.A. Date, N.J. Grundon, G.E. Raymet & 
M. E. Probert (Eds.), Plant–Soil Interactions at 
Low pH: Principles and Management (pp. 5-9). 
Dordrecht, The Netherlands: Kluwer Academic 
Publishers. 

Wahdah, R., Baihaki, A., Setiamihardja, R., & 
Suryatmana, G.  (1996). Variabilitas dan 
heritabilitas laju akumulasi berat kering pada 
biji kedelai. Zuriat, 7(2), 92-98.

Wiggins, B. T. (2012). Heritability and Genetic 
Gain of Seed Protein, Oil, and Yield among RIL 
of Soybean. (Master’s Thesis). University of 
Tennessee. 

Yadav, A., & Singh, K. (2015). Studies on genetic 
parameters for yield and quality traits in soybean 
[Glycine max (L.) Merrill]. International Journal 
of Basic and Applied Agricultural Research, 
13(1), 17-21. 




