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Abstract | Salinization has severe affects on agriculture worldwide. For successful survival and better yield,
ability of seeds germinations under high salt concentration is very vital. With this object we observed the
effects of various levels of NaCl (0, 25, 50 and 75 mM) on six varieties (Green leaf, Rama posa, Arka an-
amika, Super green, Okra kashish and Nerali) of Okra. The results clearly indicated that seeds of all vari-
eties can tolerate the lower concentration of salt (25 mM) and higher (50 mM) greatly reduced the seeds
germination while at highest concentration (75 mM) no germination was recorded. Salt treatments also
reduced the dry and fresh weight of roots and shoots in all varieties considerably (P<0.05). Over all Nerali
performed better and thus concluded as tolerant variety while Rama posa was proved to be a sensitive variety.
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Introduction

In Pakistan due to increase population, more food
production is a big challenge for agriculture. Pro-
duction of crops is not increasing according to the
increasing food demand. Abiotic stresses like salinity,
drought and heat stress are the main causes of low
productivity. Amongst these problems, salinity is the
main hurdle for the reduction in agricultural produc-
tivity (Nazeer ef al., 2021). Worldwide, salinity led
to the decline of crop production and plant growth
in many cultivated areas (Farahmand and Sadeghi,
2020), resulting in 65% loss of crop yield (Gupta ez
al., 2021). To date, about 1,125 million hectares of
agricultural lands have already been seriously affected
by salinity. Therefore, it is considered a serious threat
to agriculture (Islam ez al., 2019; Sanower-Hossain,
2019). The main causes of salinity include inadequate

leaching of salts, ineffective use of chemical amend-
ments to reclaim sodic and saline sodic soils, inade-
quate drainage and sub-soil water table conditions.
To meet the increasing food demand, losses of crops
are major areas of concern. In Asia, it is expected that
increasing levels of salinization could result in a loss
of 50% of cultivated land by 2050 (Khan ez a/.,2019).
In developing countries like Pakistan, these losses are
of considerable attention because its economy relies
on agriculture. In Pakistan, 6 Mha of cultivated land
is affected by salinity, which is a great threat to future
food production (Naveed ez a/., 2020). Every year,
nearly 100,000 acres of cultivated lands in Pakistan
suffer from salinity and water logging.

Abelmoschus esculentus 1. (okra) is known as bhindi
in Urdu and lady finger in English. It is a flowering

plant of family Malvaceae. It is grown in sub-tropical
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and tropical regions for its edible seed fibrous pods
either perennial or annual. It is rich source of miner-
als and vitamins; therefore, it is quite popular in both
farmers and consumers (Oyelade ez a/., 2003). Oil of
okra is greenish yellow in color that can be used as
bio fuel (Anwar ez al.,2010; Ayub ez al.,2018). A 90%
loss (6.5 dSm™) in okra yield has been reported under
high salt levels worldwide (Mushtaq ez a/., 2020). In Pa-
kistan okra is facing abiotic and biotic stresses like other
crops. As the crop irrigation requirements of farmers
are not fulfilled by canal system so farmers use under-
ground brackish water by pumps for irrigation (Abbas
et al., 2014). Additionally, dispose of sewages to rivers
and canals makes it not suitable for irrigation as well as
salty. These high concentrations of salts cause nutrition-
al disorders as well as specific ions and osmotic injuries
in plants and ultimately decrease the quality and yield.

In the life cycle of plants, for the successful estab-
lishment of seedlings and consequent growth, seed
germination is a critical phase (Grime and Campbell,
1991). Therefore, seed germination being a sensitive
stage, determines the fate of seedlings growth (Luan
et al., 2014). Abiotic factors that affects the soil inter-
face and control germination of seeds includes salts,
water, light and temperature (Ungar, 1991). These
stress factors leads to injury and in extreme cases
even death of plants (Jaleel ez a/., 2007). Salt is the
key factor among these that reduced germination of
seeds, establishment of seedlings, succeeding growth
and finally yield of plants (Ghoulam and Fares, 2001;
Nagqve ez al.,2021). Under non-saline conditions best
germination of seeds occurs mostly and it decreases
with elevation in levels of salinity (Khan and Gul,
1998; Luan ez al., 2014). Seeds germination is influ-
enced by salinity either by toxicity of specific ions i.e.
Na* and Cl” on germinating seeds or maintenance of
osmotic potential inside the seeds that reduces/inhib-
it uptake of water (Khajeh-Hosseini ez a/., 2003). Di-
verse types of ions having different concentrations are
present in saline soils. Evapotranspiration, changes in
water sources, solute availability and drainage fluc-
tuate the concentrations of these ions in soils (Ja-
mil ez al., 2006). Under conditions of low osmotic
potential and decrease soil moisture, the capability
of seeds to germinate and amount of precipitation
determines the successful establishment of seed-
lings (Roundy, 1987; Jamil ez al., 2006). Delayed or
inhibition of seed germination and establishment
of seedlings are caused by both osmotic stress and
salts (Almansouri ez al., 2001; Nasri e al., 2015).

Determination of seeds’ germination ability under
saline situations should appear as the beneficial and
simple parameter for selecting salt-resistant popu-
lations (Panuccio e al., 2014). Furthermore, salinity
stress is broadly said to negatively affect seed germi-
nation, plant growth and development, yield and crop
productivity (Kim ez a/., 2014). It is due to the state-
ment that germination typically takes place in surface
soils, which gather soluble salts due to evaporation
and capillary push of water content in the soil. The
identification and development of salt tolerant vari-
eties especially in vegetables is the dire need in Paki-
stan to meet the food requirements of large growing
population. Keeping in view to utilize saline soils and
significance of okra to increase its production, this
study was designed to screen out salt tolerant cultivars
and also determination of level of salt that would not
delay/inhibit seeds germination.

Material and Methods

Growth conditions and experimental design

'The experiments were conducted in the Green-house
of Bahauddin Zakariya University Multan, Pakistan.
Seeds of six cultivars of Abelmoshcus esculentus (Green
leaf, Rama posa, Arka anamika, Super green, Okra
kashish and Nerali) were obtained from Ayub Re-
search Center, Faisalabad, Pakistan. Before germina-
tion seeds of all cultivarss were sterilized with 0.1%
sodium hypochlorite. Seeds of all cultivars were ger-
minated in plastic trays (70 x 50 x 6 cm), lined with
four layers of filter paper supplemented with Hoag-
land nutrient solution. Plastic trays were not aerat-
ed (A thin film of Hoagland’s nutrient solution was
applied which was thinner than the seed diameter,
i.e., seeds were not immersed in solution and no aer-
ation is required. Filter paper (four layers) moistened
with nutrient solution is sufficient to provide water,
nutrient and air for respiration of germinating seeds.
Moreover, aeration with aquarium pumps or similar
type of pumps to germinating seeds cause disturbance
rather than any support). Twenty seeds of each variety
were sown in two rows (10 seeds in each row; ~6 cm
spacing in rows) on filter papers moistened with Ho-
agland’s nutrient solution along with salt stress (0, 25,
50,and 75 mM NaCl). It is well documented that wa-
ter evaporate from water surface present in any vessel
or body at any temperature. Rate of evaporative water
loss depends on surface area, ambient temperature
and ambient relative humidity. Since surface area of
trays/filter paper is large enough and evaporative wa-
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ter loss per day in these empty trays was ~10 mL. This
has been followed by Ashraf and Waheed (1990) and
Gibeaut ez al. (1997) was applied in Hoagland’s nu-
trient solution after mixing it with respective amount

of NaCl salt.

The experiment was replicated with six times in a
completely randomized design (CRD) at ambient
temperature (26+3 °C). In order to maintain salin-
ity stress levels due to evapo-transpirational water
loss ~10 mL of water was added daily in each tray.
For a period of 10 days germination of seeds from
each cultivar was counted on daily basis. The seeds
were supposed to be germinated when both plumule
and radical were about 5mm. Cumulative germina-
tion rate through time wasmeasured by the following
(Bashir ez al., 2016) for each cultivar. After 10 days of

experimental period, seedlings were harvested.

Measurments

Fresh weight measurements: After harvest seedlings
were separated into shoots and roots. Fresh weights of
shoot and root were recorded immediately after har-
vest (Stavridou ez al., 2017).

Dry Weight Measurements: Plants components
were placed in heat resistant paper bags. After har-
vesting the paper bags were placed in a drying oven,
adjusted at 80° C. The plants were weighted by using
a four-figure digital balance after 72 hours of drying
described previously (Kumar ez a/., 2021). After tak-
ing paper bags from the oven weights were measured
immediately to ensure that reabsorb ion of water from
atmosphere was minimum.

Stress indices: From the seedlings the Promptness
index (PI), germination stress tolerance index (GSI),
dry matter stress tolerance index (DMSI) were calcu-

lated by following Saima ez al. (2018).

PI = nd2 (1.00) +nd4 (0.75) +nd6 (0.5) +nd8 (0.25)

where n is the number of seeds germinated at day.

P of stressed seeds

GSI = 100
P.I of control seeds

Dry matter of stressed plant

DMSI = X 100

Dry matter of control plants

Data analysis
By using analysis of variance treatments and varie-

ties for overall the parameters were compared. Ap-
propriate graphs were drawn to illustrate significant
difference derived from Duncan’s (1955), tables. All
the statistical analysis was performed by computer

statistical package (MINITAB FOR WINDOW).
Results and Discussion

Germination %age

'The germination percentage of six varieties of okra
and their interactions were significantly affected by
salt treatments (Table 1). There was no germination
at the first day in six varieties of okra. Increased salt
stress concentrations considerably reduced the ger-
mination percentage of all varieties relative to their
controls. Overall there was reduced germination
in 25mM and 50mM salt stress treatments, but no
growth in 75mM treatment. After one day of sow-
ing, the germination of all varieties started in control
while at 25mM treatment three varieties 7.¢ Green
leaf, Rama posa and Nerali were germinated and at
50mM treatment only Green leaf and Nerali were
germinated (Figure 1). After two days of sowing at
OmM all varieties showed germination. At 25mM
of NaCl Green leaf, Rama posa and Nerali showed
little germination and at 50mM only two varieties
i.e Green leaf and Nerali showed germination and
all other varieties had no germination. At 3* day of
experimental period all varieties showed germination
at 0OmM and 25mM solution of NaCl, however the
magnitude of germination was different in different
varieties (Figure 1). At 25mM salt treatment the ger-
mination of Rama posa, Okra kashish and Nerali was
40% while the germination of other three varieties i.e.
Green leaf, Arka anamika and Super green was 30%.
At 50mM salt treatment except Super green all other
varieties were germinated. Among these Nerali has
30% germination while, Rama posa, Arka anamika
and okra kashish has 10% germination only (Figure 1).

At 4™ and 5* day varieties differed significantly be-
tween themselves (Table 1). At OmM treatment the
germination of Okra kashish and Nerali was 70%
while the germination of the Super green was 40%.
'The Green leaf, Arka anamika and Rama posa showed
50% germination. At 25mM treatment Nerali showed
50% and Rama posa and Okra kashish showed 40%,
while Green leaf, Arka anamika and Super green
showed 30% germination. At 50mM treatment Ner-
ali showed 50% germination while varieties Arka
anamika and Okra kashish have 30% germination.
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Figure 1: The germination of 6 varieties of okra in days 1,2,3, 4, 5 and 6 under salt stress treatments. V1 (Green leaf), V2 (Rama posa), V3
(Arka anamika), V4 (Super green), V5 (Okra kashish) and V6 (Nerali).

Table 1: Analysis of variance (ANOVA) of the data of mean square for germination days in six varieties of Abelmo-
schus esculentus under salt stress treatments.

Source Germina- Germina- Germina- Germina- Germina- Germina- Germina- Germina- Germina- Germina-
tionday1l tionday2 tionday3 tionday4 tionday5 tionday6 tionday7 tionday8 tionday9 tionday10

Treatment (T') 1.5833™  5.0833** 161.444** 322.889™* 284.528"* 292.538"* 319.083™** 360.111"* 471.5"*  310.67"**
Varieties (V)  0.716ns  2.3167% 21.044™*  105.222** 23.78* 18.583*  22.533**  21.494%  39.67* 99.07*
TxV 0.15ns 1.05* 19.678™  106.9** 2.449ns 13.817*  51.02* 83.11* 39.027*  66.031**
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Table 2: Analysis of variance (ANOVA) of the data of mean square for root fresh weight, root dry weight, shoot fresh

weight and shoot dry weight in six varieties of Abelmoschus esculentus under salt stress treatments.

Source Root fresh weight  Root dry weight  Shoot fresh weight ~ Shoot dry weight  GSI DMSI
Treatment (T)  0.0465** 0.0297** 0.0034*** 0.0032258* 115.53*** 403.01***
Varieties (V) 0.00576* 0.0007ns 0.000049ns 0.0001671ns 87.342*  211.54*
TxV 0.00783* 0.0459** 0.00016* 0.00098* 54.986*  303.7*

Figure 2: The germination of 6 varieties of okra in days 7, 8, 9 and 10 in under salt stress treatments. V1 (Green leaf), V2 (Rama posa), V3

(Arka anamika), V4 (Super green), V5 (Okra kashish) and V6 (Nerali).

Green leaf and Super green has 15% and Rama posa
has 20% germination (Figure 1).

In germination days of 6®™and 7" all varieties showed
more germination at OmM as compared to salt stressed
treatments. In 25mM treatment Rama posa and Ner-
ali showed 50% and 60% germination respectively but
germination of all other varieties was reduced (Fig-
ure 2). In 50mM treatment Okra kashish and Ner-
ali showed more germination; while other varieties
showed less germination. At 8, 9and 10" day of ex-
perimental period treatments had significantly influ-

enced the germination of okra as detected by analysis
of variance. Varieties also had highly significant dif-
ferences between themselves. (Table 1). At these days
all varieties showed maximum germination under
control conditions. At 25mM salt treatment Nerali
showed 70% germination while Rama posa and Okra
kashish exhibited 50% germination. Arka anamika
and Green leaf showed 50% and 40% germination re-
spectively. At 50mM salt treatment Okra kashish and
Nerali showed 60% germination. Arka anamika and
Super green showed 45%, Rama posa showed 30%
and Green leaf showed 15% germination. (Figure 2).

June 2022 | Volume 38 | Issue 2 | Page 392



OPEN aACCESS

Sarhad Journal of Agriculture

Figure 3: The root fresh and dry weight and shoot fresh and dry weight of 6 varieties of okra under salt stress treatments. VI (Green leaf),
V2 (Rama posa), V3 (Arka anamika), V4 (Super green), V5 (Okra kashish) and V6 (Nerali).

Fresh and dry weight of shoot

Treatment had significantly influenced the fresh and
dry weight of shoots in okra at P<0.05 (Table 2). The
fresh weight of shoot was highest in Super green in
both control and salt stressed treatments than all oth-
er varieties. In Green leaf and Nerali the shoot fresh
weight was reduced significantly almost 60% upon
25mM salt treatment and it further reached to min-
imum level among all varieties at 50mM salt treat-
ment. Okra kashish, Arka anamika and Super green
performed better under salt stress and showed about
40% reduction. Rama posa had less shoot fresh weight
under control condition among all varieties and salt
treatments decreased it further (Figure 3). Similar
trends were observed in dry weight of shoot in which
Super green has more dry weight in all treatments
than other varieties. Arka anamika, Okra kashish and
Nerali showed similar magnitude of reduction in dry
weights in all salt treatments. Ram posa and Green
leaf had less dry weight of shoots under control as
well salt treatments among all varieties. All varieties
showed great reduction in dry weight of shoots under

salt stress therefore the interaction between varieties
and treatments was significant in overall analysis of

variance (Table 2).

Fresh and dry weight of root

Analysis of variance had showed significant differ-
ences (P<0.05) in the root fresh and dry weight of
varieties of okra (Table 2). Super green showed the
maximum fresh weight of root under control condi-
tion as compared to all other varieties. It reduced little
at 25mM of salinity and further reduced at 50 mM
of salt and hence fresh and dry weight of root in su-
per green was reached to the level of other varieties.
Okra kashish and Nerali had almost same root fresh
weights under control and 25mM salt treatments but
at 50mM salt treatment Nerali showed more severe
reduction in fresh weight of root than Okra kashish
(Figure 3). Among all varieties Rama posa showed
lower fresh weight of root and it further decreased
gradually with the increased salt concentration. Sim-
ilar patterns were observed in root dry weight of all
varieties. Among different treatments 50mM salt
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Figure 4: The GSI and DMSI of 6 varieties of okra under salt stress treatments. V1 (Green leaf), V2 (Rama posa), V3 (Arka anamika), V4

(Super green), V5 (Okra kashish) and V6 (Nerali).

treatment decreased the root dry weight more severe-
ly as compared to control and 25mM salt treatment
in all varieties. Under control Nerali, Super green and
Green leaf had highest root dry weight while others
had lowest dry weigh. At 25mM salt treatment Ner-
ali and Okra kashish had maximum root dry weight
while Super green and Rama posa showed lowest dry
weight. Other varieties showed intermediate values
of root dry weight at 25mM salt concentration. At
50mM salt treatment Okra kashish had highest dry
weight than the rest of all varieties. (Figure 3).

Germination stress index (GSI)

ANOVA had detected significant differences at
P<0.05 in GSI of all varieties (Table 2). Nerali had
more GSI in all treatments as compared to other vari-
eties. In 25mM treatment Super green has 10% more

GSI than Okra kashish. Green leaf and Arka anamika

have the same GSI in 25mM treatment. Rama posa
has less GSI as compared to Green leaf, Okra kash-
ish, Arka anamika, Super green and Nerali. In 50mM
treatment Arka anamika and Nerali has the same
GSI, but GSI in Okra kashish was reduced (Figure
4). On the other hand Green leaf and Rama posa has

less GSI as compared to rest of other varieties.

Dry matter stress index (DMSI)

DMSI of Okra varieties was significantly influenced
by salt treatments in over all analysis of variance (Table
2). At the 25 mM concentration of salt Okra kashish
had maximum DMSI and Super green had minimum
than the rest of all varieties. Green leaf and Nerali
showed almost same DMSI at 25 mM concentration
of salt (Figure 4). In 50mM treatment DMSI of Arka
anamika was highest then came Okra kashish, Rama
posa and Green leaf. Super green and Nerali showed

lowest DMSI among all the varieties.

Plants have great range in terms of their tolerance to
soil salinity. Successful seed germination under stress
conditions determines the fate of species survival
and distribution (Zivkovic ez al., 2007). Continuous
water evaporation creates the deposition of salts on
the surface of soil where the seeds are mostly located
(Ungar, 1991). Salinity reduces germination of seeds
in two ways: The embryos are sensitive for the toxic-
ity of ions. The osmotic potential of soil is decreased
due to salts that inhibit the water uptake required for
germination to mobilize the nutrients in the seeds
(Kaymakanova, 2009). Although during course of
evolution seeds of some crops had adapted changes to
germinate under high soil salinity (Luan ez a/., 2014)
but still tolerance varies with osmotic potential of the
medium and type of salt.

Okra is a salt sensitive crop, especially in its early
growth stage (Kamaluldeen ez a/., 2014). In the pres-
ent investigation over all germination in all varieties
was delayed as the salt concentration increases. Mes-
saitfa ez al. (2014) also suggested that the amount of
water in the salt solution had direct influence on seeds
germination. Salinity increases the osmotic potential
of growth medium and, as a result, seeds require more
energy to absorb water, resulting in decreased germi-
nation (Habib ez a/., 2021). Plants showed variations
in terms of their salt tolerance to osmotic potential of
the medium (Kaymakanova, 2009). Seedling growth
was affected by salinity due to less or slow mobili-
zation of food material that suspended cell elonga-
tion,division and embryo formation (Messaitfa 7 al.,
2014). So there is negative correlation between ger-
mination and salt tolerance. When applying increas-
ing salt concentrations all parameters i.e. germination

June 2022 | Volume 38 | Issue 2 | Page 394



OPEN aACCESS

Sarhad Journal of Agriculture

rate, GSI and DMSI decreased remarkably revealing
that increased salt concentrations severely affected
seed germination and seedling establishment. Under
stress environment different varieties showed differ-
ent performance. Increased salt stress concentrations
considerably reduced the germination percentage of
all varieties relative to their controls, however the
magnitude of reduction was variety specific. Sim-
ilar results were predicted in wheat (Gholamin and
Khayatnezhad, 2010), sufflower (Mostafavi, 2011),
Physalis (Yildirim ez a/., 2011) and lettuce (Nasri ez
al., 2015). Over all germination stress index showed
that Nerali performed better.

Plant growth consists of potential of germination
process, hypocotyle length, fresh and dry Biomass,
seedling growth and vegetative growth of plants,
mainly caused through cell division, cell differentia-
tion and cell enlargement (Nazeer e a/., 2021). In the
current study salt stress has affected the fresh and dry
weight of root and shoots in all varieties. Two varie-
ties i.e. Rama posa and Arka anamika showed great-
er reduction in fresh and dry weight of roots while
Okra kashish and Nerali was less aftected under sa-
linity treatments. This may be due to inhibitory effect
of ions that limits the growth of plants. The reduction
in shoot and root development may be due to unbal-
anced nutrient uptake and toxicity of NaCl. Yildirim
et al. (2011) also documented that salinity greatly re-
duced the fresh and dry weight of plants. Datta ez a/.
(2009) demonstrated that different levels of salinity
have significant affects on the growth parameters due
to reduction in biomass of root and shoot. It can be
concluded that Nerali was more tolerant and Rama
posa was more sensitive among all varieties.

Conclusions and Recommendations

Salinity reduced germination in all six varieties in
concentration dependent manner. Nerali showed
better germination as compared to all other varieties
while rama posa showed least germination. Among
growth parameters z.e. fresh and dry weight of shhot
and root were also reduced by salinity. In these param-
eters Nerali performed better and hence considered
as salt tolerant variety. Rama posa was termed as salt
sensitive variety.
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