INTERNATIONAL JOURNAL OF PLANT, ANIMAL AND
ENVIRONMENTAL SCIENCES

UPAES
Volume-4, Issue-3, July-Sept-2014 ISSN 2231-4490
Copyrights@2014 Coden - JIFPAES WWW, ifpaes.com
Received: 10™ April-2014 Revised: 28" April-2014 Accepted: 5" May-2014

Research article

EVALUATION OF DIFFERENT OKRA GENOTYPES FOR SALT TOLERANCE

Tahira Abbasz, Muhammad Aslam Pervezl, C. M. Ayyubl, Muhammad Rashid Shaheenl*, Sana Tahseenl,
Muhammad Adnan Shahid?, Rashid Mukhtar Bilal* and Abdul Manan'

"nstitute of Horticultural Sciences, University of Agriculture, Faisalabad, Pakistan.
*College of Agriculture, University of Sargodha, Sargodha, Pakistan.
*Corresponding Author: rashid uaf2004(@yahoo.com Phone: +92-333-6329065

ABSTRACT: An experiment was executed using twenty different Okra genotypes of unknown salt tolerance potential
submitted to saline regime, with the objective to categorize them into salt tolerant, moderately tolerant and sensitive
groups, on the basis of their salinity-tolerance capacity. The tested genotypes were exposed to different germination
and emergence trials under a range of salinity levels i.e., 0, 2, 4, 6 and 8 dS m™'. Germination tests revealed that salt
stress significantly reduced final germination percentage, germination index, energy of germination and embryo axis
length. Okra seeds subjected to salt stress depicted delay in mean germination time and increased time to 50%
germination. The germinated seedlings followed an attenuating pattern in terms of seedling root and shoot length and
fresh and dry weight. The emergence tests of okra seeds portrayed a declining trend in emergence percentage, seedling
biomass (fresh and dry) and seedling root and shoot length. On the basis of these attributes, the okra genotypes OH-
713, OH-139, OH-138, OH-2324 and OH-001 were among the most tolerant group and medium tolerant group
included OH-597, MD-02, OH-152. Lower medium tolerant group was formed by PMF-Beauty, PusaSwani, JKOH-
456, OH-809, MF-04 whereas the sensitive genotypes included Kiran, Okra-1548, Ikra-3, Sabzpari, Okra-7100, Sitara-
9101, Okra-7080. From the findings of this research trial, it can be extracted that germination and emergence tests are
the significant screening tools for evaluating the okra genotypes at early growth stages under salt-stress.
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INTRODUCTION

Salinity is the buildup of soluble salts by which saline soils are formed [1]. Gama et al. [2] reported that plants growing
under saline conditions are affected in three ways: reduced water potential in root zone causing water deficit,
phytotoxicity of ions such as Na” and Cl" and nutrient imbalance [3] depressing uptake and transport of nutrients.
Sodium and chloride which are the major ions produce many physiological disorders in plants [4], but chloride is the
most dangerous because NaCl liberates almost 60% more ions into the soil solution than Na,SO4[5]. Excess of these
salts also enhances the osmotic potential of soil matrix as a result of which water intake by plants is restricted [6,7].
Due to the accumulation of CI’, relative salt tolerance has been linked to water use efficiency [8,9] and transpiration
[10]. Inspite of upper plant parts, salinity also affects root growth and physiology and ultimately their function of
nutrient uptake [11]. Salt stress causes multifarious drastic effects in plants and among these factors production of
reactive oxygen species (ROS) is a common phenomenon [12]. In saline environment, plant growth is affected by
complex interaction of hormones, osmotic effects, specific ion effects and nutritional imbalances, probably all occur
simultaneously [13]. In okra, it affects the leaf growth, photosynthesis, mineral nutrition, stomatal conductance,
transpiration, water and ion transport and increases sugars, amino acids and different ions along with acute effects on
yield and quality. Okra (AbelmoschusesculentusL. Moench) is an annual vegetable of the tropical and subtropical
areas. Almost all parts of okra plant are consumed, like fresh okra fruits are used as vegetable, roots and stems are used
for clearing the cane juice [14] and leaves and stems are used for making fiber and ropes [15].
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Okra like other crops in Pakistan faces a dual menace of biotic and abiotic stresses. Our canal system cannot fulfill the
farmers’ crop irrigation requirements. So, to fulfill these needs our farmers pump out the underground brackish water
and use it for irrigating their fields. On the other hand, addition of effluents to canals makes it more salty and unfit for
irrigation. Due to high ratio of toxic salts, plants observe osmotic and specific ion injuries as well as nutritional
disorders that result in reduced yield and quality. So there is a dire need to develop and identify the salt tolerant
genotypes of vegetables, necessary to feed ever growing population of Pakistan. Keeping in view the importance of
okra and utilization of salt affected soils for crop production, a study was initiated to screen out twenty locally
available cultivars on the basis of their salt tolerance potential.

MATERIALS AND METHODS

Seeds of 20 different okra genotypes from Ayyub Agriculture Research Institute, Faisalabad were collected. The
germination tests were accomplished in Petri dishes in a seed incubator. Seeds were disinfected with 15% sodium
hypochlorite solution. Each Petri dish had twenty five seeds in double Whattman filter paper, soaked with relevant salt
solution to maintain the desired salinity level. Distilled water was used as control. The embryo axis length, fresh and
dry weight of germinated seedlings, germination index, mean germination time, final germination percentage, energy
of germination and time to 50% germination were recorded.

Germination Tests

Final germination percentage and germination index were calculated according to Association of Official Seed Analysts
[16]. Mean germination time was calculated following Ellis and Roberts [17]. Time to 50% germination was calculated
according to Coolbear et al. [18] modified by Farooq et al.[19]. Energy of germination followed [19] and embryo axis length
was measured following [20].

Emergence Tests

For emergence test, seeds were sown in plastic pots placed in lath house of Institute of Horticultural Sciences,
University of Agriculture, Faisalabad. Twenty seeds per pot were sown having Astatula fine sand (hyperthermic,
uncoated typicquartzipsamments) individually as growth medium. The sand had pH of 6.0-6.5, with field capacity
(7.2%) and incipient wilting at 1.2 % (Volume basis). NaCl at different concentrations (0, 2, 4, 6 and 8 dS m™) was
applied before sowing of seeds, while 0.5 strength Hoagland solution was used as nutrient solution. The seedlings were
watered according to the need by observing the moisture contents of sand.

Salinity application

Sodium chloride (NaCl) at different concentrations (0, 2, 4, 6 and 8 dS m™ and dS/m = conductivity of 1 mmho/cm)
was applied before sowing. The salinity level was maintained frequently by assessing the salt level, using EC meter.
Control was without salt stress and irrigated only with half strength Hoagland solution.

Emergence percentage

Seeds of 20 okra genotypes were sown in plastic pots. Each pot carried 20 seeds and there were three pots per
treatment. Half strength Hoagland solution was used as nutrient medium. Desired salinity levels (2, 4, 6 and 8 dS m™)
were created before the sowing of seeds. The number of seeds emerged (4.0 cm) from sand were counted and
emergence percentage was calculated by using the following formula

Number of seeds emerged
Emergence percentage = - ¥ 100
Total number of seeds sown

Shoot and root samples were collected for the estimation of various indicators of salt stress after 20 days of emergence.
These indicators comprised of shoot length, root length, shoot fresh & dry weight and root fresh & dry weights.
Measurement of shoot and root lengths

After twenty days of growth, the seedlings were up rooted and washed with distilled water to remove the foreign
particles of sand. Shoot length of five randomly selected seedlings from each replicate was measured in centimeters
(cm) from the base of hypocotyls to the tip of the shoot with the help of meter rod. Root length of five randomly
selected seedlings from each replicate was measured in centimeters (cm) from the base of hypocotyls to the tip of the
longest root with the help of meter rod. The average of each replication was calculated.

Measurement of plant fresh and dry biomass

After the measurement of root and shoot lengths, the seedlings were wrapped with filter paper to remove any drop of
water present on their leaves and shoots.
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Then digital balance was used for the calculation of fresh weights. For dry weights, the five randomly selected plants
from each replicate were taken in paper bags and then placed in oven (Memmert-110, Schawabach) and dried at 70 °C
for a week. The dry weights of both root and shoot were calculated on digital balance and average fresh and dry weight
of each replicate was taken.

Experimental design and statistical analysis
Experiment was designed following Complete Randomized Design (CRD) with two factor factorial
arrangements.Collected data were analyzed statistically by employing the Fisher's analysis of variance technique and
significance of treatments were essayed by using HSD (Tukey Test). Statistical analysis and correlations between
variables were also estimated by using Statistix 8.1.

RESULTS

Effect of salt stress on final germination percentage

Salt stress significantly reduced the final germination percentage (FGP) in all tested okra cultivars but the highest
reduction in final germination percentage was noted in plants exposed to 8.0 dS m'NaCl stress followed by 6.0, 4.0
and 2.0 dS m'NaCl (Table-1). Plants grown under non saline condition exhibited highest germination percentage as
compared to those submitted to various salinity levels. The statistical comparison of means established OH-139, OH-
2324 and OH-713 as the most tolerant cultivars followed by OH-001 and OH-138, being statistically at par. It was also
clearly figured out from Table-1 that Ikra-3, PMF-beauty and Sitara-9101 showed the most sensitive behavior in terms
of FGP among all the cultivars.

The ranking of cultivars (Table-2) on the basis of % reduction over the control depicted that, cultivars like OH-713,
OH-139, OH-2324, OH-138, OH-001 and OH-597 can be categorized as the highly salt tolerant while Pusasawani,
OH- 809, Okra-7080, Okra-1548, Ikra-3 and Sitara-9101 as sensitive ones. The remaining cultivars were between the
highly salt sensitive and tolerant genotypes.

Table-1.0verall comparison of means of different attributes of 20 okra cultivars at different salinity levels

Cultivars FGP Gl MGT | T50 EG EAL EP SFW SDW | SSL SRL

IKRA-3 65.65f | 5.55e | 1.74ef | 0.80e | 60.95de | 4.65gh | 75.27cde | 5.79abc | 2.03c | 6.66de | 3.05e
JKOH-456 77.67de | 6.92c | 1.54fg | 0.74ef | 66.25¢ | 9.62a | 79.62bc | 5.05c | 2.14bc | 6.53de | 4.63ab
KIRAN 74.32¢ | 8.06b | 1.76ef | 0.81e | 62.83de | 8.02bc | 76.45cd | 5.24c | 2.09c | 5.13ef | 4.58a
MD-02 82.14c | 8.35b 1.99¢ | 0.82e | 75.64b | 5.56de | 79.83bc | 5.60abc | 1.90d | 8.52bc | 4.88a
MF-04 73.05¢ | 6.92c | 1.84ef | 0.85¢ | 69.27c | 5.73de | 76.75cd | 5.44bc | 2.15bc | 8.02c | 4.69ab
OH-001 85.83ab | 9.16ab | 2.65bc | 1.01c | 83.33ab | 9.88a 81.59b | 4.82cd | 2.77a | 9.10b | 3.31d
OH-138 87.40ab | 8.12b 1.31g | 0.59f | 82.54b | 7.88c | 82.36ab | 6.62a | 2.82a | 8.05c | 4.50ab
OH-139 89.94a | 5.65¢ | 2.93b | 0.64f | 89.43a | 6.49cde | 86.83a 6.26a | 2.99a | 8.98b | 3.66¢c
OH-152 80.12c | 8.19b 1.61f | 0.75ef | 72.02b | 8.07bc | 77.49c | 5.93ab | 2.21b | 8.56bc | 3.86b
OH-2324 88.02a | 9.42a | 2.19d | 1.28b | 86.67ab | 9.39ab | 82.72ab | 6.32a | 2.74a | 6.67de | 4.77a
OH-597 82.80c 4.33f | 4.05a | 2.79a | 64.48de | 5.07efg | 82.0lab | 5.95ab | 2.85a | 10.06a | 3.59c
OH-713 91.26a | 9.10ab | 1.51fg | 0.61f | 90.26a | 9.18b 86.32a | 5.49c | 2.76a | 9.82a | 3.86b
OH-809 71.27ef | 7.31bc | 1.78ef | 0.84e | 58.75¢ | 7.89¢ 77.37c | 5.40bc | 2.39b | 6.43de | 4.61ab
OKRA-1548 70.20ef | 6.47cd | 2.19d | 0.98d | 55.58e | 4.40gh | 76.75cd | 4.89cd | 2.41b | 7.13d | 2.28f
OKRA-7080 70.67ef | 6.52cd | 2.71bc | 1.06c | 55.15¢ | 4.11ghi | 71.44e | 4.79cd | 1.76de | 4.95¢ef | 4.53ab
OKRA-7100 74.41e | 7.33bc | 2.47c | 0.94d | 66.33c | 3.64hij | 71.09¢ 4.58d | 2.29b | 5.39¢ | 3.45cd
PMF-BEAUTY 68.92f | 6.53cd | 2.04de | 0.84e | 61.53de | 4.69efg | 72.78¢ | 59lab | 1.97d | 8.00c | 4.71a
PUSA SAWANI 70.83ef | 6.60cd | 2.23cd | 0.91d | 58.87e | 4.00ghi | 81.44b | 598ab | 2.30b | 7.05d | 4.16b
SABZ PARI 73.40e | 5.74e 1.63f | 0.82¢ | 62.53de | 5.64de | 74.16cde | 4.69d | 1.76de | 4.50f | 3.09¢
SITARA-9101 63.22f | 6.41cde | 2.63bc | 1.06c | 60.23de | 4.85¢efg | 73.14e 5.22¢ 1.52¢ | 7.03d | 3.92b

The abbreviations used are FGP: final germination percentage, GI: germination index, MGT: mean germination time,
T50: time to 50% germination, EG: energy of germination, EAL: embryo axis length, EP: emergence percentage,
SFW: seedling fresh weight, SDW: seedling dry weight, SSL: seedling shoot length, SRL: seedling root length.
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Effect of salt stress on germination index

The germination index (GI) of tested okra cultivars depicted that it decreased significantly in response to salinity
magnitude as maximum decrease in GI was noted under 8.0, followed by 6.0, 4.0 and 2.0 dS m™'NaCl. All cultivars
submitted to saline conditions, had minimum values for germination index than plants grown under non-saline
conditions. The overall comparison of means in Table-1 exposed OH-2324 as the cultivar with maximum GI, while
OH-001 and OH-713 showed the similar GI value. Minimum value for this attribute was recorded with OH-597. Some
of the cultivars (OH-139, OH-713, OH-138, OH-2324, OH-001 and OH-152) were noted to possess excellent tolerance
against saline conditions while PMF-beauty, Ikra-3, Pusasawani, Okra-1548, Sitara-9101, Okra-7080 were noted to be
highly sensitive to salinity.

Table-2 Overall Ranking of okra cultivars at different salinity levels on the basis of percentage variation in
different attributes

Cultivars FGP | GI | MGT | T50 | EG | EAL | EP | SFW | SDW | SSL | SRL | Cumulative | Ranks*
IKRA-3 18 16 16 13 11 17 15 17 16 15 10 164 16
JKOH-456 9 11 13 10 9 9 8 12 11 10 7 109 9
KIRAN 10 9 11 13 12 10 14 13 15 14 13 134 13
MD-02 7 8 6 7 6 8 7 6 8 7 6 76 7
MF-04 13 12 9 12 8 13 13 11 13 12 11 127 12
OH-001 5 6 3 5 4 5 4 7 5 4 3 51 5
OH-138 4 4 2 3 5 3 5 4 3 4 2 39 3
OH-139 2 1 5 2 2 1 1 1 2 2 1 20 2
OH-152 8 5 8 8 7 7 9 8 7 6 4 77 8
OH-2324 3 3 1 4 3 4 3 2 4 5 8 40 4
OH-597 6 7 4 6 6 6 6 5 6 3 5 60 6
OH-713 1 2 1 1 1 2 2 3 1 1 3 18 1
OH-809 16 10 7 11 13 11 10 12 12 11 14 127 12
OKRA-1548 17 16 15 12 15 15 12 16 14 13 12 157 14
OKRA-7080 16 18 12 17 14 16 18 18 20 18 18 185 19
OKRA-7100 12 16 19 16 | 10 14 19 19 17 17 17 176 17
PMF-BEAUTY 14 14 10 9 11 12 11 10 9 8 9 117 10
PUSA SAWANI 15 15 14 10 | 13 15 5 9 10 9 8 123 11
SABZ PARI 11 13 18 15 10 12 17 15 18 16 16 161 15
SITARA-9101 19 17 17 14 | 13 17 16 14 19 17 15 178 18

The abbreviations used are FGP: final germination percentage, GI: germination index, MGT: mean germination time,
T50: time to 50% germination, EG: energy of germination, EAL: embryo axis length, EP: emergence percentage,
SFW: seedling fresh weight, SDW: seedling dry weight, SSL: seedling shoot length, SRL: seedling root length.
*Rankings were based on evaluation of each parameter with number 1 being the most tolerant cultivar

Effect of salt stress on mean germination time (days)

The plants grown under NaCl environment exhibited the delay in germination as compared to those under NaCl
conditions. In present study a continuous increase in mean germination time (MGT) was noted with the increasing
salinity concentrations from 2.0 dS m™ to 8.0 dS m™ . The interaction between salinity and cultivars was also significant
(p=<0.05).

The statistical comparison of means of all cultivars under various saline conditions showed that OH-138 followed by
OH-713 demonstrated minimum MGT (Table-1). It may be hypothesized that salinity application delayed the
germination of okra varieties in general. The varieties varied in their response to this aspect as six of them (OH-2324,
OH-713, OH-138, OH-597, OH-139 and MD-02) were observed to be highly tolerant but the other six (JKOH-456,
Pusasawani, Okra-1548, Ikra-3, Sitara-9101, Sabzpari and Okra-7100) proved to be highly susceptible to salinity
(Table-2). The remaining cultivars were categorized in between these extreme saline conditions.

Effect of salt stress on time to 50% germination (days)

Results regarding the time required for 50% seed to germinate indicated that salinity stress had enhanced the time for
50% seed germination. The comparison of means of different cultivars at various saline concentrations revealed that
OH-597 took maximum time for 50% seed germination which was followed by OH-2324.
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The cultivars like OH-138, OH-139 and OH-713 demonstrated significantly at par behavior by taking minimum time
for 50% seed germination. As depicted in Table 4.2, Cultivars (OH-713, OH-139, OH-138, OH-2324, OH-001 and
OH-597) can be ranked among salt tolerant group as they exhibited maximum salt tolerance for this attribute while
Okra-1548, lkra-3, Sabzpari, Okra-7100, Sitara-9101 and Okra-7080 were awarded the higher ranks because of their
poor performance and grouped under the most sensitive category.

Effect of salt stress on energy of germination

Salinity had decreasing effect on energy of germination (EG), therefore a remarkable decrease in EG was noted in
tested okra cultivars. Statistically compared means of all cultivars demonstrated that highest values of EG was noted
with OH-713 and OH-139, which were statistically at par with OH-2324, OH-001, OH-138and MD-02. Minimum EG
was established by OH-809, Okra-1548, Okra-7080 and Pusasawani, being statistically at par.

Based on ranking regarding the energy of germination, it can be concluded that cultivars i.e. OH-713, OH-139, OH-
2324, OH-001, OH-138 and MD-02 had maximum while Kiran, Sitara-9101, Pusasawani, OH-809, Okra-1548 and
Okra-7080 had minimum tolerance against salinity.

Effect of salt stress on embryo axis length (cm)

Salt stress significantly reduced the embryo axis length (EAL) in all tested okra cultivars but the highest reduction in
embryo axis length was noted in plants subjected to high salt stress (8.0 dSm™ NaCl), followed by 6.0, 4.0 and 2.0 dS
m'NaCl. The interaction between salt stress and cultivars was significant (p<0.05). The statistical comparison of
means regarding EAL established that maximum EAL was noted in JKOH-456 and OH-001 statistically at par with
OH-2324 and OH-713. Least EAL values were noted in Okra-7080, Pusasawani and Okra-7100.

On the basis of % reduction in embryo axis length over the control, cultivars like OH-139, OH-713, OH-138, OH-
2324, OH-001 and OH-597 can be categorized as the highly salt tolerant while Okra-7100, Pusasawani, Okra-1548,
Ikra-3, Sitara-9101 and Okra-7080 as sensitive ones. The remaining cultivars were between the highly salt sensitive
and tolerant ones.

Effect of salt stress on emergence percentage

The data on emergence percentage (EP) of tested okra cultivars reflected that increasing salt stress had remarkably
decreased emergence because maximum decrease in emergence was noted under 8.0, followed by 6.0, 4.0 and 2.0 dS
m'NaCl. All cultivars grown under saline conditions had minimum values for emergence than plants grown under
non-saline conditions. The statistically compared means of cultivars regarding EP revealed the top position of OH-713
and OH-139, statistically at par with OH-138, OH-597 and OH-2324. However, the cultivars like Okra-7080, Okra-
7100, Sitara-9101 and PMF-beauty attained the lowest emergence percentage (Table 4.1). Based on the data regarding
emergence percentage it can be concluded that plants grown under NaCl conditions witnessed significant reduction in
emergence but cultivars (OH-713, OH-139, OH-138, OH-2324, OH-001 and OH-597) demonstrated excellent salinity
tolerance potential while Okra-1548, Ikra-3, Sabzpari, Okra-7100, Sitara-9101 and Okra-7080 were highly sensitive to
salt stress.

Effect of salt stress on seedling fresh weight (g) and dry weight (g)

The seedlings of plants grown under +NaCl environment exhibited a decline in fresh weight as compared to those
under —NaCl conditions, furthermore, in present study this decrease was proportionate to the increase in salinity levels
from (2.0 dS m™) to higher (8.0 dS m™).The interaction between salinity and cultivars was significant (p<0.05). A
conclusion can be made that under +NaCl conditions cultivars i.e. OH-139, OH-713, OH-2324, OH-138, MD-02 and
OH-597 had high salt tolerance potential but Sabzpari, Okra-1548, Okra-7100, Ikra-3 and Okra-7080 were highly
sensitive to salt stress.

Results regarding the seedling dry weight (SDW) indicated that salinity stress had decreased the seedling dry weight.
Statistically compared means of all cultivars under various salinity levels established the prominent position of OH-
713, OH-597, OH-2324, OH-138, OH-139 and OH-001 which were found to be statistically at par. Sitara-9101
attained the lowest mean value for SDW.

Effect of salt stress on seedling shoots length (cm) and root length (cm)

Salt stress had inhibiting effect on seedling shoot length (SSL), therefore a significant reduction in seedling shoot
length was noted in investigated okra cultivars. The comparison of means reflected that maximum SSL was noted with
OH-597 and OH-713 (Statistically at par) while lowest SSL value was recorded with Sabzpari. Based on above
findings regarding the seedling shoot length, it can be concluded that cultivars i.e. OH-713, OH-139, OH-597, OH-138,
OH-001 and OH-2324 had maximum while Okra-1548, Ikra-3, Sabzpari, Okra-7100, Sitara-9101, and Okra-7080 had
minimum salt tolerance potential.
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Salt stress caused a significant reduction in the seedling root length (SRL) of all tested okra cultivars (Table 4.31).
Cultivars i.e. OH-138, OH-713, OH-001, OH-139, JKOH-456 and OH-152 had maximum while Sitara-9101, OH-
2324, Sabzpari, OH-809, Okra-7100 and Okra-7080 had minimum salt tolerance potential.

DISCUSSION

In present investigation, twenty okra cultivars were submitted to different salinity regimes in order to categorize them
into salt tolerant, moderately tolerant and highly salt sensitive categories on the basis of various growth attributes at
seedling stage. Salinity significantly limited the germination and emergence percentage. This reduction in germination
and emergence may be associated with the reduced water absorption capacity of germinating seeds under saline
regimes. Our results also confirmed the findings of Song et al. [21]; Zhang et al. [22]; Zehraet al.[23] who observed a
marked reduction in germination of Suaeda salsa, Chloris virgate, Digitariasanguinalis and Phragmiteskarka,
respectively. It can be claimed that germination and emergence can be regarded as good indicators of salt stress and
can be a reasonable criteria to categorize the tested okra cultivars into salt-tolerant and non-tolerant categories.
Shahidet al. [20] reported that salt stress inhibited the growth of radical and plumule so it ultimately resulted in reduced
emergence.

The mechanism of inhibition of germination and seedling growth by NaCl, may be related to radical emergence due to
insufficient water absorption, or may be ascribed to toxic effects on the embryo [24]. Uhvits[25] observed in alfalfa
plants that seeds absorbed an insufficient amount of water and accumulated a large amount of Cl when osmotic
pressure of the substrate was increased by salinity and as a result, the seeds emerged slowly which became restricted at
higher salinity level. Waiselet al. [26] found that increasing salinity concentration often causes osmotic or specific ion
toxicity which may reduce or cease seed germination. Reduction in germination of plants by increasing salinity levels
has been described by numerous authors [27-30]. It can be extracted that salt stress limits the seed germination by
reducing the water absorption capacity of seeds, inducing ion toxicity and ionic imbalance within cell cytoplasm and
disturbing the protein activity of seeds grown under saline conditions. The cultivars OH-713, OH-139, OH-2324 and
OH-138 showed the high salt tolerance potential regarding the germination, which indicates that these cultivars may
accumulated less ratios of toxic ions (Na and Cl) in their tissue, thus absorbed the maximum beneficial ions and
moisture contents which facilitated the enzymatic and protein activities necessary for growth and development.
Whereas, the remaining okra cultivars specially Pusasawani, Okra-1548, Ikra-3, Sitara-1901, Okra-7080 and Okra-
7100 could not hindered the entry of Na" and CI  in their tissues, and these toxic ions may reduced the water up-taking
potential of seeds and disturbed the enzymatic activities essential for growth related metabolic processes.

Salt stress also hindered the emergence of seedlings in present study, which can also be attributed to the reduced
elongation of coleoptile due to low water potential of growing medium. Therefore, seedlings under saline conditions
cannot develop well due to less growth of coleoptile and root. The cultivars i.e. OH-713, OH-138, OH-139 and OH-
2324 having good seedling establishment under saline conditions, so were assigned under tolerant category. The
reduction in embryo axis length may also a strong reason for poor seedling establishment and reduced emergence
percentage. It is reported that excessive entry of toxic ions (Na and Cl) into the plant seeds tissues inhibit radical and
plumule growth by disintegrating their tissues [31,32], therefore it could be the cause of reduced emergence percentage
in tested okra cultivars exposed to salt stress. Our results regarding the emergence percentage are in accordance with
the findings of Patel et al. [33,34], Goodman et al.[35] and Katerjiet al. [32]. Salt stress also reduced other growth
attributes like seedling shoot length, seedling root length, seedling fresh weight and seedling dry weight in tested okra
cultivars, which showed that a strong negative correlation existed between these attributes and salinity. Since, in
present study salinity inhibited various growth aspects, so it could have been due to the inhibiting effect of salt stress
on growth-related hormones or PGRs. The best performance of OH-713, OH-139, OH-2324 and OH-138 indicated that
these cultivars had well maintained their PGRs activity due to less accumulation of toxic ions, therefore they showed
less reduction in growth attributes in response to salt stress. Whereas, the cultivars like Okra-7080, Okra-7100, Okra-
1548, lkra-3 and Pusasawani presented the highest reduction in growth attributes which may be linked with high
negative effect of salinity on the functioning of PGRs, stimulating the growth and development. In current study, high
salinity in root zone may be involved in reducing the water potential, which indirectly resulted in reduced cell
turgidity. Due to this reduced cell turgidity the cell differentiation and cell elongation get decreased, which lead to
inhibition of growth in tested okra cultivars grown under saline conditions. Since, all the tested okra cultivars, exposed
to salt stress showed the significant reduction in growth attributes as compared to those grown under non-saline control
conditions, therefore these parameters can be used as a screening criteria for salt tolerance.
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The cultivars (OH-713, OH-139, OH-138 and OH-2324) showing less decrease in growth parameters (germination,
emergence, root/shoot length and plant biomass) were categorized as salt-tolerant cultivars while Okra-7080, Okra-
7100, Okra-1548, lkra-3 and Pusasawani with maximum decline in these attributes were placed in salt sensitive
category. The high growth of tolerant okra cultivars (OH-713, OH-139, OH-138 and OH-2324) could have been due to
the excellent maintenance of cell turgor and PGRs activity in response to salt stress. On the basis of this experiment it
can be concluded that reduction in germination percentage, emergence percentage, seedling shoot length, seedling root
length, seedling fresh weight and seedling dry weight was highly associated with salt stress and these can serve as an
effective tool for the assessment of salt tolerance potential of okra cultivars. Literature also depicts that these attributes
can be used as screening tools for salinity tolerance potential [36-38]. The screened salt-tolerant okra cultivars like
OH-713, OH-139 and OH-138 having excellent genetic capacity to tolerate the excessive salts in root zone, can be
cultivated on marginal saline lands.
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