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Stomatal Performance Of Soybean Genotypes
Due To Drought Stress And Acidity
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Abstract: This research aims to classify soybean genotypes tolerant and susceptible to drought and acidity and to determine level of water content and
observation parameters which can be used as an indicator of genotypes selection againts drought stress and acidity. The results are expected to give
contribution in the development of soybean plants on acid dry land. Research was carried out as experimental study using a Split Plot design (SPD) with
soil moisture levels (k) as main plot (MP) and soybean genotypes (g) as sub plot (SP). The soil moisture levelswere set based on the percentage of soil
water content consisted of four levels e.g. 100% field capacity (k0), 80-100% field capacity (k1), 60-80% of field capacity (k2), 40-60% of field capacity
(k3). Soybean genotypesused as the sub plot were g1 (variety Menyapa, 50 Gy); g2 (var. Orba, 25 Gy); g3 (var. Tanggamus, 0 Gy); g4 (var. Tanggamus,
25 Gy); g5 (var. Tanggamus, 50 Gy); g6 (var. Orba, 50 Gy); g7 (var. Menyapa, 0 Gy) and g8 (var. Orba, 0 Gy). A total of 32 teratment combination was
obtained and planted on acid dry land. The data was analyzed using statistical software (Excel). Study results indicate that 1) genotype tolerant to
drought and acidity were g1 (var. Menyapa, 50 Gy); g2 (var. Orba, 25 Gy); g3 (var. Tanggamus, 0 Gy); g4 (var. Tanggamus, 25 Gy); g5 (var. Tanggamus,
50 Gy); 75Gy) and g6 (var. Orba, 50 Gy), while sensitive genotypes were g7 (var.Menyapa, 0 Gy) and g8 (var. Orba, 0 Gy); 2) soil moisture content of
40-60% field capacity can be used an indicator of resistance to drought and acidity; 3) The parameter of the root volume, length of stomata, stomatal
pore width, number of stomata and relative chlorophyll index can be used as an indicator of selection for soybean genotypes againts drought stress and
acidity.
Index Terms: variability, genotype, stress, indicators, soybean
————————————————————

1 INTRODUCTION
Soybean is one of the major food commodities after rice and
maize. Soybean is a food crop that is popular as source of
vegetal protein for the people. In Indonesia, needs for
soybean-based industrial materials for processed food such as
tofu, soy sauce, soy milk, tauco, snacks etc. increase with the
number of population resulted in increase for soybean
production each year.
However, this increment is not
supported by sufficient production. Soybean production in
2013 decreased by 62.99 thousand tons (7,47%) compared to
2012 production due to productivity decline of 0.00069 tonnes
/ hectare (4.65 percent) and a decrease in harvested area of
16.83 thousand hectares (2.96 percent). To meet the needs of
soybeans in 2013 amounted to 1.96 million tonnes, the
government imported 1.810 million tons which decreased
about 14.94% or 0.32 million tons compared to 2012 (BPS,
2014)[1]. To decrease the volume of soybeans imports the
government continues to increase production, especially by
utilizing marginal lands, such as dry land, acid dry land and
saline land.
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Mulyani et al., (2009)[2] have identified dry land based on the
exploration resource data scale of 1: 1,000,000, i.e.from the
total of 1.48 million hectares dry land the land can be divided
into acid dry land (102.8 million ha) and non acid dry land
(45.2million ha). However, plantation expansion efforts in
opening new areas often face the ecological limiting factors,
such as drought, acidity and high Al content. Dry land in
Indonesia is dominated by acid soils Podsolic Red Yellow
classified in Ultisol. Land with this type of soil is constrained by
the low pH (4.6 to 5.5), low cation exchange capacity (CEC),
susceptible to erosion and poor biotic elements (Mulyani,
2006)[3], and high levels of aluminum (Al) (Utama, 2008)[4],
this condition can cause toxicity in plants damaging plant roots
hence hamper the ability of water and nutrient uptake result in
low content of macro and micro nutrients like N, P, K, Ca, Mg,
and Mo which causes stunted plant growth and death (Ma et
al ., 2001; Sutjahjo, 2006)[5,6]. Soil acidity factor that has the
most important contribution to decline in plant production is Al
toxicity (Adam and Moore, 1983). 67% of acid land is affected
by Al toxicity (Hede et al., 2007)[7]. Al toxicity can inhibit root
development (Budiarti et al., 2004)[8] which causes the root
system confined to the topsoil layer and affecting the capability
of the roots in utilizing water and nutrients in the subsoil layer
(Rusman, 1991)[9]. As a result the plants become susceptible
to water stress and hence decrease in production. According
to Blum (2005)[10] maintenance of the turgor or water status is
very important in drought stress tolerance. This capability can
be controlled by the constitutive characters (such as length
and root weight) which quantitatively have greater role in
tolerance to drought. On stressed conditions (Al 75% of soil
moisture content 40% FC), Malabar genotype showed
increase in root dry weight and length thought to be caused by
the ability of this genotypes to adapt to the high Al and limited
availability of ground water (Hanum et al., 2009)[11].

Materials and Methods
The study was conducted on acid dry land in the village of
Baku, district of Tanralili, Maros regency of South Sulawesi
Province since July 2013 to May 2014.Soil analysis of the land
used in the study was pH 4.7 and Al-dd 1. 75 (cmol (+) kg-1) /
100 g. Trial was set based on Split plot design (SPD) with soil
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moisture content as main plot and soybean genotypes as sub
plot. The soil moisture levels were set as the percentage of
soil water content consisted of four levels as follows: 100%
field capacity (k0), 80-100% field capacity(k1), 60-80% of field
capacity (k2) and 40-60% of field capacity (k3). The soybean
genotypes (g) used were g1 (variety Menyapa, 50 Gy); g2 (var.
Orba, 25 Gy); g3 (var. Tanggamus, 0 Gy); g4 (var. Tanggamus,
25 Gy); g5 (var. Tanggamus, 50 Gy); g6 (var. Orba, 50 Gy); g7
(var. Menyapa, 0 Gy) and g8 (var. Orba, 0 Gy). A total of 32
teratment combination was obtained and planted on acid dry
land.Analysis of variance (ANOVA) was performed to test the
hypothesis followed by the Least Significance Difference test
(LSD) at the level of 5% or 1%. The ANOVA was carried out
following Gomez and Gomez, 2007. The water content
treatment was measured using a soil moisture gauge and the
moisture levels were maintained by adding water based on
scale readings on water gauges. Observation of leaf stomata
and chlorophyll were performed in the third leaf from the top
(youngest fully expanded leaf). The steps for the stomata
preparation were conducted by making an incision on the leaf
surface followed by application of aceton on the upper surface
of the leaf in an area of 1 cm2 then sealed with a cello tape.
The leaf surface was left standing for 2 minutes before the
tape was exfoliated. Masking tape and attached acetone given
on preparations was observed under a microscope.
Observation of the relative chlorophyll concentration was
made at the vegetative phase, flowering, pod filling phase, and
maturation phase using gauges PLUS CCM 200 Chlorophyll
Content Meter (measuring instrument or green leaf chlorophyll
levels in plants).

Results and Discussion
Plant Height and Number of Leaves of Soybean
Genotypes
Observations on the average plant height and number of
leaves of 8 soybean genotypes showed that the average plant
height decreases with decreasing soil water content.
Genotype 2, 3, 6, 7 and 8 showed the best average plant
height and number of leaves compared to other 3 genotypes
(Tables 1 and 2). This could be related to the difference in
capability of the genotypes to alter the impact of declining soil
moisture that affecting the root growth. Hanum, et al.,
(2007)[13] states that decrease in soil water content from 80%
FC to 40% FC causes a decrease in soybean root dry weight.
The decrease is due to limited plant root growth due to Al
stress and coupled with the inadequate number of ground
water. Inhibited root growth of the plant experiencing drought
stress is due to the plant is not able to regulate their growth
completely (Robert, 2004)[14].
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Weight of Crown/Root and Root Volume of Soybean
Genotypes
The average weight of crown/root plant-1of soybean genotypes
declined with decreasing soil water content which is correlated
with grain weight plant-1. Figure 1 shows that no significant
difference was found between field capacity water content
treatment and the 80-100% FC treatment but significantly
differed with the 60 to 80% FC and 40-60% FC treatments
(Table 3). Drought stress conditions affect the plant canopy
growth more than root growth indicated by stunted growth of
the canopy compared to root growth (Wu and Cosgrove
2000;[15] Hamdy 2002)[16].Ojo and Ayuba (2012)[17] states
that diversity of soybean genotypes has a very significant
effect on the capability of the plant to adapt the aluminum
stress on characters of the length of primary root, root dry
weight and dry weight of the canopy. Adaptation form of the
plants to sustain growth is by using more energy for root
growth than for the growth of the canopy (Rengel, 2000[18];
Utama, et al., 2009[19]). Al stress will lead to inhibition of the
cell division process and root elongation result in reduction in
the absorption of water and nutrients (Samac and Tesfaye,
2003[20]).
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The results of the average of root volume show that genotype
g1 had the highest root volume than the other genotypes but
not significantly different from g3, g5, g7, and g8 at moisture
content of 40-60% FC (Table 4). According to Blum (2005)[10]
that ability in maintaining the plant turgor pressure or water
status is very important in drought stress tolerance. This ability
can be controlled by the constitutive characters (such as
length and root weight) that has quantitatively greater role in
tolerance to drought stress than adaptive characters. This has
implications for the method of selection, where the selection of
the root length or root dry weight can be carried out at
optimum conditions. Bakhtiar et al. (2009)[21] states that the
tolerance to Al was associated with at least a reduction in root
growth, higher canopy dry weight, a higher Si content in the
canopy and the higher Si/Al ratio in the roots.

ISSN 2277-8616

Calculation of stomata pore width of the soybean genotypes
indicates that the width of stomata pores of soybean
genotypes at different level of water content treatments varies
each genotype (Table 6). This is consistent with research of
Mabhaudhi (2013) which states that among the responses of
Bambara groundnut (Vignasubterranea L. Verdc) to limited
water availability were through stomatal closure therefore
reducing the loss from transpiration and resulting in a
decrease in plant height growth index, number of leaves and
leaf area index, thus minimizing water loss. In addition, water
stress resulted in earlier flowering, reduction in the length of
flowering and premature aging. These are a typical response
of plants to drought and known as avoidance mechanism.
Water loss increases with transpiration rate. This loss of water
causes turgor pressure in the guard cells decreases. In this
condition, ABA will enter and causes stomata to close. This
closure aims to reduce excessive water loss (Taiz and
Zeiger2010)[25]. Makbulet al. (2011)[26] reported that the leaf
water status was an interaction between leaf water potential
and stomatal conductance, drought will induce roots to send
signals to canopy to reduce the transpiration rate so that
stomata close when the water supply decreases.

Stomata pores length and width
Calculation of observed average length of stomata on soybean
genotypes indicates that generally at field capacity moisture
content and water content of 80-100% FC all genotypes were
not significantly different, whereas the water content of 6080% FC and 40-60% FC showed consistently longer stomata
in genotype 3 and 6 are than in the other genotypes with
values of 23 µmand 18 µm, respectively (Table 5). This is
consistent with study of Lestari (2006)[22] which states that
the genetic character of stomata that determined the level of
plant adaptation to a dry environment and lower stomatal
density are a potential genetic character to increase tolerance
to water deficit. Dickison (2000)[23] that ionization radiation
can cause a change in the palisade cells, spongy cells or an
increase or decrease in the vascular tissue, any changes in
anatomy are generally accompanied by changes in
physiological activity.
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Number of Stomata
Ingeneral, it was found that number of stomata of soybean
genotypes declined with decreasing in soil water content. In
the water content treatment of 40-60% FC genotypes tested
were not significantly different, but in the water content of 6080% FC, genotypes 2 showed the highest number of stomata
(10 stomata) compared to genotypes 4 and 6 which showed
the lowest number of stomata (6 stomata) on the fields of view
(Table 7). The number of stomata of genotypes 2 and 6 at
different levels of soil moisture can be seen in Fig 2. This is
consistent with Lestari (2006) research which found that
somaclone Gajah mungkur, Towuti, and IR 64, somaclones
considered to be resistant to drought, generally have lower
stomatal density than the parent plant. These considered
resistant plants were generally derived from callus which has
been induced for a mutation using gamma-ray irradiation.
Increase in transpiration rate will result in higher water loss.
Loss of water alters the turgor pressure in the guard cells. In
this condition ABA will enter the apoplast resulting in stomatal
closure. The closure of stomata is aimed to reduce excessive
water loss (Taiz and Zeiger 2010)[24]

Relative ChlorophyllIndex
Further test on the mean of relative chlorophyll index of
soybean genotypes showed that genotype 6 showed the
highest relative chlorophyll index compared with the other
genotypes (Table 8). Considered drought tolerant genotypes
generally have relatively chlorophyll index higher than the
susceptible ones. This is consistent with Proklamirsininsih
(2012)[26] which states that the leaf area, photosynthetic rate
and chlorophyll content decreased by application of Al.
Furtherly, it is stated that the chlorophyll content decreased
allegedly due to the decreased concentration of Mg in the
leaves. Chen et al. (2005)[27] states that increasing in Al
content in the roots and leaves causes the concentration of Mg
in both organs decreases results in decreasein photosyntetic
active radiation (PAR).
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Grain Weight of Soybean Genotypes
The average weight of grain per plant declined with
decreasing in soil water content. The average grain weight per
plant for genotypes 5 and 6 were the highest (22.92 g and
23.81 g, respectively) and are not different significantly with
genotype 1, 2, 3, and 4 but differed significantly with genotype
7 and 8 (Table 9). In terms of photosynthesis, in plants
experiencing water stress, the stomata will close early to
reduce water loss. Stomatal closure will alter CO2 fixation, so
the rate of photosynthesis is reduced consequently reduce the
photosynthate produced. As a result, food reserves for seed
formation are reduced (Soverda et al., 2007)[28]. The closure
of leaf stomata will result in inhibition of CO2 and O2exchanges
from plant tissue to the atmosphere. In addition, it will also
inhibit the absorption of nutrients. This condition make
soybean plant reduces its metabolic mechanism activity to
avoid drought stress and prepare for further growth when
sufficient water is available (Liu et al., 2003)[30]. Stomatal
opening associated with the metabolic processes of the plant
e,g, transpiration and photosynthesis. Stomata plays role in
the diffusion of CO2 during photosynthesis. In addition,
stomata also act as discharge doors of the cells in the process
of transpiration (Taiz and Zeiger 2002;[30] Hopkins 2004)[31].
Detrimental effect of Al causes reduction in chlorophyll and the
rate of photosynthesis in rice (Shi 2004)[32]. The rate of
photosynthesis and chlorophyll content are the key factors in
relation to plant production. Chlorophyll is pigment contained
in the chloroplast and absorp light as energy for
photosynthesis (Taiz and Zeiger 2002)[30]. Among all existing
constraints, aluminum toxicity (Al) is a major limiting factor for
crop productivity. (Kertesz, 2002; Li-Song, 2006)[33]. Water
stress was proved to reduce grain yield by reducing the
number of pods and biomass in Bambara groundnut
(Vignasubterranea L. Verdc) although the plant was still
productive in limited water conditions (Mabhaudhi 2013)
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CONCLUSION
1)

2)
3)

genotypes tolerant to drought and acidity were g1
(var. Menyapa, 50 Gy); g2 (var. Orba, 25 Gy); g3 (var.
Tanggamus, 0 Gy); g4 (var. Tanggamus, 25 Gy); g5
(var. Tanggamus, 50 Gy); g6 (var. Orba, 50 Gy), while
sensitive genotypes were g7 (var. Menyapa, 0 Gy)
and g8 (var. Orba, 0 Gy).
soil moisture content of 40-60% FC can be an
indicator of resistance to drought and acidity.
The characters of the root volume, length of stomata,
stomatal pore width, number of stomata, the relative
chlorophyll index can be used as an indicator of
selection of soybean genotypes against drought and
acidity.
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