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ABSTRACT

Increasing soybean production can be done by growing the crops in marginal soil, such as saline soil. Therefore, saline-
tolerant genotypes are important to support the cultivation. The objective of the experiment was to evaluate the performance
of 18 soybean varieties grown under salinity stress. The experiment was done from May to July 2021 at the greenhouse of
the Department of Agronomy, Faculty of Agriculture, Bengkulu University, about 10 m above sea level. Soybean seedlings
were grown in 10 cm diameter plastic pots fertilized with AB-mix solutions supplemented with 0 or 6 dSm™ NaCl for 15 days.
The growth and stress-tolerant index of the seedlings were measured. The results showed that soybean variety had different
growth as responses to salinity. Moreover, salinity stress imposed at 6 dSm™' NaCl significantly reduced crops growth and
promoted leaf senescence. We found that 18 soybeans varieties were classified as salinity tolerant at 6 dSm’.

Keywords: saline, soybean varieties, tolerant
ABSTRAK

Peningkatan produksi kedelai dapat dilakukan dengan menanam tanaman di lahan marginal, seperti tanah salin.
Upaya yang dapat dilakukan untuk mengatasi permasalahan tersebut salah satunya dengan menyeleksi tanaman yang
toleran pada kondisi salin. Penelitian dilakukan pada bulan Mei-Juli 2021 di rumah kaca Departemen Agronomi, Fakultas
Pertanian, Universitas Bengkulu, 10 m di atas permukaan laut. Penelitian ini bertujuan untuk mengevaluasi toleransi 18
varietas kedelai yang ditanam pada cekaman salinitas. Kedelai ditanam dalam pot plastik berdiameter 10 cm yang dipupuk
dengan larutan AB-mix dengan perlakuan 0 dan 6 dSm™' NaCl selama 15 hari dari cekaman salinitas. Pertumbuhan dan
indeks toleran cekaman bibit diukur. Hasil penelitian menunjukkan bahwa varietas kedelai mempengaruhi pertumbuhan
tanaman secara berbeda. Selain itu, cekaman salinitas secara nyata mengurangi pertumbuhan tanaman. Hasil penelitian
menunjukkan bahwa 18 varietas kedelai tergolong pada toleran salinitas pada tingkat salinitas 6 dSm.

Kata kunci: salinitas, toleransi varietas kedelai

INTRODUCTION inexpensive (Khojely et al., 2018), because of which the

demand for soybean increases from time to time. It was 8.96

Soybean (Glycine max L.) is one the most important
crops for Indonesia after rice and corn (Badan Pusat
Statistika, 2020). It is a good source for protein and
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kg per kapita per year in 2018 and is expected to become
9.78 kg per kapita per year (Kementerian Pertanian, 2019).
Unfortunately, the national production of soybean cannot
fulfil the national demand, resulting in an increase impor
volume yearly. Therefore, attempt to increase national
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soybean production is important. It can be done by
increasing land productivity, increasing cropping intensity,
and increasing land area for growing soybean (Rachman
et al., 2013). Growing soybean at marginal land, including
sandy soil affected by saline water, is one approach among
many choices available.

Salinity is a sub-optimal condition in which the
soil solution’s electrical conductivity (EC) is > 4.0 dSm’
(about 40 mM NaCl) resulted from salt accumulation
in the soil, like NaCl and Na, SO, (Muscolo et al., 2011).
About 19.5%, equal to 45 billion hectares of agricultural
land globally, has been exposed to saline (Koro et al.,
2012). In general, high salinity level causes ionic toxicity,
osmotically stress, nutrient deficiency, and oxidative stress
due to the production of free radicals (Rasool et al., 2013),
membrane disorganization, a reduction in cell division
(Farooq et al., 2015), change in metabolism rate and cell
size (Zorb et al., 2019), which may reduce crop growth,
development (Liang ef al., 2017) and reduce in crop yield
(Zorb et al., 2019), increasing NaCl levels outside the cell
cause osmotically stress such as interruption of membranes
and nutrient imbalance (Gupta and Huang, 2014). However,
plants may respond to osmotically stress by accumulating
organic compound, as osmoregulatory whose function is to
maintain cell turgor (Kordrostami and Rabiei, 2019). Parihar
et al. (2015) reported that an increase in NaCl uptake causes
the accumulation of Na* and CI- which intoxicate the whole
plant.

Soybean is one of the legume crops sensitive to salinity
stress of Na*(Le et al.,2021), having a lethal concentration of
5.0 mScm! (Chinnusamy et al., 2005). The sprouting phase
and seedling growth are the most sensitive phase of soybean
to salinity stress (Ibrahim, 2016). Salinity stress causes
morphological, physiological, and biochemical changes
in the sprouting seedlings (Paparela et al., 2005; Ibrahim,
2016). Response of soybean genotypes or varieties to
salinity stress is varies. Research results of Aini ez al. (2014)
the content of Na in leaves and roots eleven genotypes
differently in stress salinity. In a similar case, the Taufiq
et al. (2019) result’s, identify of 202 soybean germplasm
collections of Balitkabi to salinity stress discovered 52%
intolerant, 36% tolerant at 4.7-8.4 dSm™' and others tolerant
at salinity 8.8-15.4 dSm™.

The utilizing of soybean tolerance is an effort to
increase soybean production in saline land, so it is necessary
to researching soybean varieties under salinity to determine
tolerant varieties. The determining of tolerant soybean
is known from plant morphology and physiology. The
objective of the experiment was to evaluate the morphology
and physiology performance of 18 soybean varieties grown
under salinity stress.

MATERIALS AND METHODS

The experiment was done from May to July 2021 at
the greenhouse of the Department of Agronomy, Faculty
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of Agriculture, Bengkulu University, about 10 m above sea
level. Plant materials used were 18 varieties of soybeans
Anjasmoro, Derap 1, Detam 1, Detam 2, Devon 2, Dena 1,
Deja 1, Deja 2, Devon 1, Dega 1, Detap 1, Grobogan, Dering
1, Gepak Kuning, Detam 4, Willis, Devatra 1, Devatra 2.

Soybean seeds were sown in a plastic pot (10 cm in
diameter) filled with sand. The sand was connected to nutrient
solutions in the bucket located below the pot with a piece
of flannel fabric, 2 cm wide and 10 cm long. The nutrient
solution that contents of macro and micro nutrient was used
for growth soybean nutrient needed. The nutrient solution
was prepared by following Okhi (1987), using the following
chemical: 0.24 mM NH,NO,, 0.03 mM (NH,),SO,, 0.1 mM
K HPO,, 0.088 mM K,SO,, 0.38 mM KNO,, 1.27 mM
Ca(NO,),.4H,0, 0.27 mM Mg(NO,),.4H,0, 0.14 mM NaCl,
6.6 UM H,BO,, 5.1 utM MnSO,.4H,0, 0.61 uM ZnSO,.7H,0,
0.16 uM CuSO,.5H,0, 0.1 uM Na,Mo O,.7H,0, 45 uM
FeSO,.7H,0-EDTA and NaCl 6 dSm" solution. The
equipments used for the experiment included plastic pot, pH
meter, SPAD, and analytical balance.

The experiment used a completely randomized design,
arranged in factorials, with two factors and three replications.
The first factor was 18 soybean varieties. The second factor
was salt solution levels, which were 0 and 6 dSm’".

Soybeanseeds were germinated atthe sandy media. Five
days after planting (DAP), the seedlings were transplanted
onto a 10 cm diameter plastic pot filled with sand. The pots
were put in the tray bucket containing AB-mix solutions
with salt (6 dSm™ NaCL) or without salt (0 dSm™ NaCl).
The salty nutrient solutions were replaced every other day
for 15 days. The pH solutions were maintained at 7.0+0.5
using either 1 M HCI or 1 M NaOH. The temperature was
held at 25+1 °C.

The variable measured included plant height, leaf
number, branch number, root length, leaf color were
measured at 5, 10, and 15 days after treatment (DAT). At
harvesting time (15 DAT), we measured, shoot fresh weight,
fresh root weight, shoot dry weight, and root dry weight.

Soybean tolerance to salinity was determined by using
the stress tolerance index (STI) formula introduced by
Fisher and Maurer (1978), as follows:

Note:
S = sensivity index, Y = the average value of certain
variables obtained from a variety exposed to stress, Yp = the
average value of certain variables obtained from a variety
without stress, X = the average value of certain variables on
all varieties exposed to stress, Xp = the average value of the
certain variable on all varieties without stress.

Criteria: tolerance if S < 0.5, medium tolerance if 0.5 <
S < 1.0, sensitive if S > 1.0. The conclusion of the sensivity
index was based on the average value of the sensitivity
index for all of the variables.
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Data analysis was done by using analysis of variance
(ANOVA), followed by mean separation analysis using
Duncan’s Multiple Range Test (DMRT) at o = 5%, when
the ANOVA was significant (P < 0.05).

RESULTS AND DISCUSSION

The results of ANOVA, soybean variety were
significantly different in salinity in plant height, leaf number
at 10 DAT, root fresh weight, shoot new weight, shoot dry
weight, leaf greenness at 10 DAT. Salinity at 6 dSm™' NaCl
significantly affected all variables measured except for
branch number and leaf greenness at 5 DAT.

Different Responses of Soybean Variety

Plant height varied among the variety tested. Detap-1
showed the highest crops at all sampling observations, while
Wilis demonstrated the opposite (Table 1). Figure 1 showed
there was reducing of the growth rate to soybean variety
excepted Detam 4 variety. The greatest decrease in growth
rate was Derap 1 by 84.15%. According to Chen et al. (2018)
the genotype variation of soybean indicated salinity respons

is its growth rate. Trustinah et al. (2018) have researched
about mung beans in salin soil with 11.4 dSm™! salinity,
the response of plant that tolerant of salinity had a normal
growth and no interference of height. In this respect, among
the cultivar tested, the best growth was found in Detap-1.
Furthermore, leaf numbers also varied among the varieties
when measured at 10 DAT, in which the highest number was
found in Devon-1 and Gepak Kuning (Table 1).

A crop performance is determined by the genetic
capacity and environmental conditions where the crops
are grown. Hamayun et al. (2010) reported salinity stress
caused a reduction in gibberellic acid production, leading
to a decrease in cell expansion, resulting in crop growth
reduction. Salin stress also reduces photoassimilation of
soybeans (Bai ef al., 2019).

The greenness of leaf was measured at 5, 10, and 15
DAT. However, only at 10 DAT, the effect of variety was
significantly different in which Devon-1 demonstrated the
best value while Devatra-1 showed the worst (Table 2).
The greenness value decreased at 15 DAT that effects of
salinity soybean variety, except Detam 1 and Gepak Kuning
varieties. Dhaiyashed and Sharad (2015) have stated that
when exposed to saline conditions, sensitive genotypes will

Table 1. Plant height, leaf number, and branch number of 18 soybean varieties at 5, 10, and 15 DAT

Varietas Plant height (cm) Leaf number (blade) Branch number
5 DAT 10 DAT 15 DAT 5 DAT 10 DAT 15DAT S5DAT 10DAT 15DAT

Anjasmoro 12.08abcde 14.25abc 15.58ab 1.67 1.67cd 2.33 0.33 0.50 0.50
Derap 1 9.75def 13.42bcd  14.00bcde 1.33 2.00abed  2.33 0.17 0.50 0.83
Detam 1 10.50cdef  12.08def  13.00cdef 1.00 1.50d 1.50 0.00 0.00 0.00
Detam 2 10.83bcdef  12.75cde 13.92bcde 1.67 2.17abc 2.50 0.00 0.00 0.00
Devon 2 12.67abc 14.42ab 15.67ab 1.67 2.00abed  2.33 0.00 0.00 0.00
Dena 1 9.50ef 11.25¢efg 11.67fgh 1.17 1.67cd 2.00 0.00 0.00 0,33
Deja 1 10.33cdef  11.75def  13.25cdef 1.33 1.83bcd 2.00 0.00 0.00 0.00
Deja 2 10.17cdef  11.75def  12.75def 1.50 1.67cd 2.17 0.17 0.50 0.67
Devon 1 12.50abcd  15.00ab 16.00ab 1.67 2.50a 2.67 0.17 0.17 0.33
Dega 1 11.17bcdef 13.58bcd  14.58bcd 1.50 2.33ab 2.17 0.00 0.00 0.00
Detap 1 14.25a 15.83a 16.83a 1.33 2.00abed  2.17 0.00 0.00 0.17
Grobogan 11.50bcdef  13.83abed  15.08abc 1.50 2.33ab 2.50 0.00 0.17 0.17
Dering 1 9.92cdef  10.33fg 11.17fgh 1.33 1.83bced 2.00 0.00 0.00 0.00
Gepak Kuning ~ 9.75def 11.08efg 12.25def 1.50 2.50a 2.33 0.00 0.00 0.00
Detam 4 9.58ef 10.25fg 11.25fgh 1.17 1.67cd 1.83 0.00 0.00 0.00
Willis 8.83f 9.58g 10.42gh 1.83 2.00abed  2.00 0.00 0.00 0.00
Devatra 1 13.33ab 12.67cde  13.25cdef 1.50 2.17abc 2.00 0.00 0.33 0.33
Devatra 2 9.83def 10.00fg 10.17h 1.50 2.00abed  2.00 0.00 0.00 0.00

Note: Numbers in the same column followed by the same letter were not significantly different according to DMRT at a = 5%, DAT was

the days after treatment
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Figure 1. The rate growth of height 18 soybean varieties at 5 to 15 DAT in saline condition

undergo chlorophyll destruction, shown by reducing the indicated that Devon-1, Detam 1 and Gepak Kuning were
leaf’s green color. Wibowo and Armaniar (2019) explain the most tolerant genotype while Devatra-1 was the most
that in physiology, salinity tolerance in soybeans have a sensitive one.

hight ion K* that influence chlorophyll. This experiment

Table 2. Leaf greenness, root length, shoot fresh weight, shoot dry weight, root fresh, and root dry weight of 18 soybean
varieties at 5, 10, and 15 DAT

Variety Leaf greenness Root length Sho'ot fresh Shgot dry Rogt fresh Rgot dry
5 DAT 10DAT 15 DAT (cm) weight (g)  weight (g)  weight (g) weight (g)
Anjasmoro 37.20 38.83ab 33.87 8.00 3.65ab 0.67abc  0.62d 0.23
Derap 1 28.80 35.14bc 31.28 10.17 3.87a 0.82a 1.11ab 0.17
Detam 1 28.23 34.32bc 35.50 11.08 2.934abc 0.51bc 0.84abcd 0.09
Detam 2 34.07 34.82bc 34.28 11.08 2.25bc 0.65abc 0.99abc 0.13
Devon 2 35.53 38.65ab 34.50 11.67 3.57ab 0.64abc 1.04ab 0.15
Dena 1 24.48 36.85bc 35.30 10.17 2.22bc 0.44c 0.66¢d 0.09
Deja 1 35.92 36.17bc 28.67 12.00 2.75abc 0.53bc 0.95abc 0.13
Deja 2 35.12 34.28bc 33.85 9.75 3.24abc 0.72ab 0.76bcd 0.12
Devon 1 35.55 41.13a 34.24 10.17 3.78a 0.71ab 0.86abcd 0.14
Dega 1 36.63 37.77ab 34.00 11.25 1.78c 0.45¢ 0.81abcd 0.12
Detap 1 36.38 37.65ab 36.50 12.00 2.52abc 0.65abc 0.82abcd 0.10
Grobogan 35.22 36.48bc 32.47 11.83 2.51abc 0.56bc 0.89abed 0.10
Dering 1 35.00 35.65bc 31.67 12.50 2.60abc 0.55bc 1.10ab 0.15
Gepak kuning 35.50 35.60bc 36.37 12.00 3.55ab 0.64abc 1.10ab 0.15
Detam 4 33.47 34.43bc 36.43 11.00 2.90abc 0.54bc 1.05ab 0.12
Willis 35.63 35.68bc 34.83 9.08 3.14abc 0.52bc 0.77bed 0.10
Devatra 1 32.97 32.77c 29.97 9.17 2.91abc 0.62abc I.11ab 0.12
Devatra 2 33.50 34.43bc 29.57 10.58 3.96a 0.74ab 1.14a 0.18

Note: Numbers in the same column followed by the same letter was not siginifacantly different according to DMRT at a = 5%, DAT was
the days after treatment
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Effect of NaCl Solutions on Crop Growth

Salinity stress (6 dSm™ NaCl) significantly reduced
crop growth, as shown by reduction in plant height, leaf
number, leaf greenness, shoot fresh weight, shoot dry
weight, root length, root fresh weight, and root dry weight
at all sampling observations (Table 3; Table 4). These data
suggested that NaCl concentration at 6 dSm™ could be
used effectively to mimic the effect of salinity stress on
soybean seedlings. The same treatment has also been used
by Krishnamurthy et al. (2007) on sorghum crops and by
Tavakoli et al. (2012) on barley crops. Our findings were in
line with a previous report (Ghassemi-Golezani et al., 2011)
showing that increasing salinity levels from 3 dSm™ to 6
dSm! significantly reduced plant height, leaf number, total
biomass but promoted leaf senescence.

Leaf greenness was significantly reduced at all
sampling times (Table 4) when soybean was exposed
to 6 dSm™ NaCl. The greenness at 0 dSm™ and 6 dSm’!
treatments were different when 10 DAT. The effect of
salinity appeared begin at 10 DAT. Similar results have
been reported by Paterson and Murphy (2015) on the Kinoa
plant (Chenopodium quinoa Willd.) when they increase the
level of NaCl from 0 to 32 dSm™. Working on soybean,
Egamberdieva ef al. (2015) also found that after 42 days
exposed to 75 mM NaCl showed severe stress (inhibited
shoot, root growth and nodulation) compared with normal
environment. However, the tolerant genotypes showed
green leaf and better root growth.

The salinity 6 dSm™! effect’s reduced the root length,
shoot fresh weight, shoot dry weight, fresh root weight, and
root dry weight soybean. The highest drop rate was shoot
fresh weight by 76.59%. Salinity reduce the root length

15.59% with the results that reduce the fresh root weight until
37.16%. The salinity reducing the weight of shoot and root
of wheat (Singh et al., 2015). Fresh mass soybean decreased
reach 5% on 10 NaCl mmol L' than control (Zaman et al.,
2021). The decrease of plant growth is caused by damage
to photosynthesis, protein biosynthesis and the calcium
signaling pathway in saline conditions so that the NADP
dehydrogenase is regulated down (Miransari, 2016).

Stress Tolerance Index (STI)

Stress tolerance index (STI) has been used to determine
the degree of crop tolerance exposed by comparing the
performance of a particular genotype exposed to abiotic
stress to that at an optimum growth condition. It has been used
to evaluate the version of rice grown at peatland (Haryoko
et al., 2012) and the oil palm tree (Supena et al., 2014).
In this experiment, STI evaluation showed that there were
one category of crop response to salinity stress (Table 5). 18
soybean varieties were tolerant at 6 dSm™'. The soybean was
classified as a moderately tolerant of salinity higher than 5
dSm™ and every variety of soybean is different tolerance
on saline conditions (Miransari, 2016). So this experiment
found that 18 soybean varieties tolerant salinity depend on
growth that were plant height, leaf number, branch number,
leaf greenness, root length, shoot fresh weight, shoot dry
weight, fresh root weight, and root dry weight..

Figure 2 and Figure 3 demonstrated the performance
of Deja, Grobogan, Devatra-2 and Devon-2 were tolerant.
Although, when exposed to 6 dSm' NaCl, Deja and
Grobogan grew well, while Devatra-2 and Devon-2 showed
little of necrotic leaf.

Table 3. Plant height, leaf number, and branch number observed 18 soybean varieties at 5, 10, and 15 DAT of NaCl

concentration
NaCl Plant height (cm) Leaf number (blade) Branch number
(dSm) SDAT 10DAT 15DAT S5DAT  10DAT 15DAT  5DAT  10DAT  15DAT
0 11.65a 14.32a 15.00a 1.81a 2.40a 2.83a 0,09 0.15 0.26
6 10.19b 10.55b 10.83b 1.09b 1.44b 1.48b 0 0.09 0.11

Note: DAT = days after treatment, numbers in the same column followed by the same letter were not significantly different based on F-test at

o=5%

Table 4. Leaf greenness, root length, shoot fresh weight, shoot dry weight, fresh root weight, and root dry weight of NaCl

concentration on 18 soybean varieties

NaCl Leaf greenness Root length  Shoot fresh  Shootdry  Root fresh ~ Root dry
(dSm™) 5 DAT 10 DAT 15 DAT (cm) weight (g)  weight (g)  weight (g)  weight (g)
0 34.36 37.43a 35.79a 11.55a 4.87a 0.89a 1.13a 0.17a
6 33.44 34.85b 31.13b 9.98b 1.14b 0.32b 0.71b 0.09b
Note: DAT = days after treatment, numbers in the same column followed by the same letter were not significantly different based on F-test at
a=5%
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Figure 2. Morphological performance of Deja 2 and Devatra 2 at
15 DAT

CONCLUSION

Soybean varieties have different crop growth as
responses to salinity. Salinity stress, imposed by 6 dSm’!
NaCl, significantly reduced crops growth and promoted leaf
senescence. We found that 18 soybeans varieties respon to
salinity stress were tolerant. We recommend carrying out
a field experiment to investigate further the response of
these soybean varieties to salinity stress and investigate the
mechanism of stress tolerance to salinity.
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