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Biochemical and Mineral Responses of Okra Seeds (4 belmoschus esculentus 1..
Variety Marsaouia) to Salt and Thermal Stresses

B.D. Besma and DD. Mounir
Higher Institute of Agronomy, Chott Mariém, 4042 Sousse, Tunisia

Abstract: The present research has studied the effects of NaCl and temperature on germimation and emergence
of okra. Studies were carried out with seeds of a local okra vaniety (Marsaowa) subjected to 0 and 100 mM NaCl,
performed in the dark at 10, 15, 25, 35 and 40°C at germination stage and by 12 h light at emergence stage. The
cumulative germination percentage, the cumulative emergence percentage, starch content, the reducing sugars
levels, total amylase activity, sodium and potassium accumulation were quantified in perminated seeds at 15°C,
25 and 35°C. Temperature presented a sigmficant effect on salt sensitivity of this species at germination and
emergence stages. Germination of okra seeds was completely inhibited at 10 and 40°C. The best germination
and emergence temperature was recorded at 25°C. The adverse effect of salt was more pronounced at low and
high temperature. During the salt stress treatment, the level of starch reserves was ligher at 25°C and lower at
15 and 35°C, an increase mn reducing sugars content m cotyledons was observed. The activity of total amylase
was most intensive at lower temperature in control seeds and at higher temperature in salt treated seeds. The
sodium concentration on germinated seeds increased significantly at 15 and 35°C, but potassium amount did

not change regularly within thermal and salt stress mteraction.
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INTRODUCTION

Successful establishment of plants was largely
depends on successful germination (Tlig et al., 2008),
since germination represents a critical event in plant’s life
cycle and its timmng largely predetermines the chances of
survival of a seedling up to maturity (Chauhan et al,
2009). Zadeh and Naeini (2007) suggested that one of the
most sensitive phases of a plant’s life to salimity 15 that
of seed germination. In this context, Bohnert et al. (1995)
mentioned that the metabolism of the osmoprotectants
and correlating enzymes in the germinated seeds can be
affected by a mumber of environmental factors such as
wrradiance, temperature, salimty and the type of present
1on. Salinity 18 one of the serious environmental problem
that cause osmotic stress and reduction in plant growth
and crop productivity in irrigated areas of arid and
semiarid regions (Cigek and Cakirlar, 2002). Salts can
cause reduction in water availability, sodmm 1ons
accumulation, mineral imbalances that affect seed
germination and plant metabolism (Ali et al., 2001).
Moreover, toxic effects of salts may change enzymatic
activity and hormonal balance of plants (Maghsoud:
and Maghsoudi, 2008). Indeed, the ecological,
physiological and biochemical aspects of the germination

process was also influenced by temperature. Principally,
temperature may change a mumber of processes
controlling seed germmnability, mcluding membrane
permeability, the activity of membrane-bound and
cytosolic enzymes (Bewley and Black, 1994; Gul and
Weber, 1999). Temperature affect the final percentage,
velocity of the process, water absorption and
biochemical reactions. Early studies on the effect of
temperature on different plant species showed that
there was a broad optimum temperature for the growth of
seedlings (Brar et «l, 1991, Hucl, 1993, Lafond and
Fowler, 1989). Tt was reported that temperature is one of
the crucial factors in modulating seed germination
responses under saline conditions (Khan, 1999). In fact,
temperature and salinity can interact in determining
salinity tolerance during germination and early seedling
growth. Mosjidis and Zhang (1995) found that the
optimum temperature range for germination of several
Vicia species was lower than that for root growth.
Although higher salinity decreased germination, the
detrimental effect of salinity is generally less severe at
optimum temperature (El-Keblawy and Al-Rawai, 2005). In
Tunisia, regions are frequently wrigated with salt water;
consequently about 10% of the whole territory and 20%
of the cultivated lands are saline (Ben Ahmed et al., 2008).
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Okra (dbelmoschus esculentus 1..) Moench. Family of
Malvaceae) that is widely grown in all regions of the
world with a tropical or Mediterranean climate for its
immature pods (Doymaz, 2005), 1t was a marginal crop in
Tunisia. The productivity of this crop is limited because
of the ignorance for its suitability with regards to soil and
climate. Okra 13 classified as semi-tolerant vegetable crop
(Maas and Holfman, 1977), water salimity retarded the
growth, yield and physiological growth parameters of okra
(Abid et ol, 2002). Further, okra is sensitive to low
temperatures and develop poorly below 15°C (Marsh,
1992), delayed and erratic emergence is a serious problem
in okra (Anderson et al., 1960) that creates problems with
fertilizer utilization, post emergence weed control and
uniform harvesting. Temperature, salimty and the hard
seed coat of okra can interfere with water up-take
constraint germination, establishment and performance of
seedlings.

As far as this study was mvestigated to: (1) study
the response of okra (variety Marsaowia) to a combination
of temperature and salt stress at germination and
emergence seedling stages, (2) to detect the effect of
temperature and salinity interaction on the storage reserve
mobilization along with the hydrolytic enzyme and (3) to
determine the ionic differences under salt and thermal
stress.

MATERIALS AND METHODS

Plant material: The experiment included a local variety of
okra: Marsaouia. Seeds have been provided usually by
the Baddar Company (Tunisia). Several germination
experiments were conducted in the TLaboratory of
Agronomy of the High Institute of Agronomy during two
years (2005 and 2006) from January to June.

Germination conditions: Okra seeds were first surface
sterlized by immersion in 70% ethanol for 1 min, followed
by 15 min in 153% sodium hypochlorite and then rinsed
with sterile distilled water. Seeds were transferred to
sterile Petri dishes containing two sheets of Whatman
No.l filter paper moistened with distilled water or NaCl
solution (100 mM). Each Petri dish containing 25 seeds
and each treatment was replicated eight times. The Petri
dishes were placed mn an mcubator at the appropriate
temperature (10, 15, 25, 35 and 40°C) m the dark. The
treatments were placed m a factorial arrangement in a
completely randomized design.

Seeds were considered germinated when the radicle
reached 2 mm, cumulative germination percentage was
determined. The germinated seeds were counted every
2 days during the 20 days-experimental period.
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Germinated seeds at each treatment were sampled
after 48 h from the beginming of incubation, cotyledons
were separated and then placed at -20°C to stop the
germination process. These samples were subject to
biochemical and mineral analysis.

Emergence conditions: Only germinated seeds at 15, 25
and 35°C m distilled water and in salt solution were
transferred in a plastic disposable containers filed with
peat/perlite mixture (2:1 v/v) to emerge. Containers where
incubated in a programmed refrigerated incubator on 12 h
light: 12 h dark at 15, 25 and 35°C. The contamers were
irigated continuously with distilled water or salt solution.
Treatments were replicated 4 times in a factorial
experiment laid out in a completely randomized design.
Emergence percentages were made daily for 9 days after
SOWing.

Starch determination: Starch content was determined
according to Allefrey and Northcote (1977) as cited by
Bewley et al. (1993). Batches of 12 cotyledon pairs were
homogenized in an ice-cold mortar and pestle in a volume
of 16 ml. 80% (v/v) ethanol. The homogenates were
centrifuged (30000x g, 10 min at 2°C) and then perchloric
acid (HC1O,; 6 mL, 30%, v/v) was added to solubilize
starch from the pellet. The slurry was left at room
temperature for 6h, starch was detected with T,-KT reagent
prepared by diluting 0.1 mL stock solution (0.06 g I, and
0.60 g KT in 10 mI, deionized water) with 0.05 M HC1 just
prior to the assay. Samples of 0.5 mL starch solution were
mixed with 0.5 mL I-KT reagent, 1 mI 30% (v/v) perchloric
acid and then were vortexed and left standing at room
temperature. The absorbance (620 nm) of the samples was
compared to that of the standard curve of 0 to 5 mg mL™
which was obtained using soluble starch dissolved in
30% HCIO, and detected with the same [,-K1 reagent. The
assay was conducted in triplicate for each sample.

Amylase activity: Total amylase preparations were made
according to method of Liu et al. (2005) by grinding
cotyledons of germinated seeds in a mortar and pestle
with 0.05 M acetate buffer (pH 6.0). All operations were
performed at 4°C. The resulting homogenate was strained
through cheesecloth and then centrifuged (18000*g,
10 min) and filtered. The substrate for amylase is a 1%
solution of soluble starch 1 0.1 M acetate buffer (pH 5.6).
The enzyme prepared to be tested was diluted to 1 mL
with water and then 1.0 mL of the substrate solution was
added. After 1 h incubation at 25°C, 2 mL of a 3,5-
dinitrosalicylic acid was added and the tubes were placed
in a boiling water bath for 5 min (Swain and Dekker, 1966)
and then cooled to room temperature and diluted with
20ml, of water. The absorbance values of the resulting
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colored  solutions  were  determined by a
spectrophotometer (Model camspec M330 UV/Vis).
Reducing sugars content was determined too using
maltose as standard.

Sodium and potassium determination: For the analysis of
sodium and potassium in seeds after germination, 100 mg
of dried material was placed in test tubes and digested in
nitric acid 0.1 N. Sodium (Na") and potassium (K")
concentrations determined using flame photometer
(Eppendorf).

Statistical analysis: The data were subject to the
statistical analyses. Analyse of variance was used
(ANOVA) with salinity and temperature treatments as
factors and their interactions was performed for the whole
data set SPSS for Windows: version 13. *p<0.05 was used
to define statistical significance. If a significant difference
was determined among means, a Duncan test was used for
comparison of means among different temperatures within
a factor.

RESULTS

Salinity and temperature effects on seed germination:
The change in temperature regimes significantly affected
seeds germination, indeed seeds were able to germinate at
temperatures between 15 and 33°C, the optimal
temperature corresponds to 25°C. Germination was
completely inhibited at 10 and 40°C.

Improved germination of seeds was observed in non
saline solutions at all temperature regimes tested and
reached final germination percentages in less than 2 days
mainly at 35°C.

Seed germination was significantly lower under 15°C,
in the control (0 mM NaCl) germination commenced on
day & and had about 41.5% as final germination
percentage. At 100 mM NaCl, germination started on day
18, the sodium chloride treatment decreased clearly
germination percentage which was about 4% at the end of
the thermoperiod.

The optimal incubation temperature degree (25°C)
recorded the highest seed germination percentage in the
control (100%). While at higher salinity, moderate
temperature treatment had better germination percentages.
The decrease in seed germination percentage under this
temperature was about 19.5% and it was less severe than
that observed at 15°C.

Raising temperature degree was associated with a
significant decrease in germination percentage. At 35°C
germination started and completed on 2 days, reaching a
percentage of 84.5%. At 100 mM NaCl, germination
percentage stabilized after 6 days of mcubation at 6%
(Fig. la-c).
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mnfluenced by NaCl concentrations (0,100 mM)
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temperature 10 and 40°C seeds germination was
completely inhibited. Values are means of &
replicates. Bars on data points are +SE of the
mean (not shown when smaller than the symbol).
(a) 15°C, (b) 25°C and (¢) 35°C
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Salinity and tem perature effects on seedling emergence:
Sensibility of okra to salinity and temperature at
emergence stage was also tested. At lower temperature
(15°C), seedling emerged latterly after five days even
those urigated with distilled water or with saline solution.
In such assertion, salimty reduced considerably final
seedling emergence until 12.5%, as compared with the
control seedling emergence was around 40%.

Incubation temperature of 25°C was suitable for
emergence of 4. esculentus, in the control seedling
emergence initiated on day 2 with 47.5% and reached
100% on day 4. As compared with the control, salinity
reduced seedling emergence until 57.5%.
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Fig. 2: Cumulative emergence percentage of
Abelmoschus esculentus seeds durmng 9 days as
influenced by NaCl concentrations (0,100 mM)
and incubation temperatures (15, 25 and 35°C).
Values are means of 4 replicates. Bars on data
points are +SE of the mean (not shown when
smaller than the symbol). (a) 15°C, (b) 25°C and
(c) 35°C

At higher mcubation temperature (35°C) seedling
emergence started on day 2, the final emergence
percentage was around 85%. Emergence was inhibited at

35°C under high salinity level (100 mM NaC1) (Fig. 2a-c).

Starch content: Changes observed m starch content in
the cotyledons of germinated seeds were related both to
temperature and salt concentration in the germination
medium. As seenin Table 1, considerable differences were
observed among temperature, the starch content was
lower at 15 and 35°C (respectively 0.06 and 0.03 mg g™
FW). Whereas, at 25°C starch accumulation reached its
highest value (0.18 mg g~' FW), okra seeds stored starch
as energy source that will be useful for the maintenance
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Fig. 3: The effect of temperature on total amylase activity
in cotyledons of germinated seeds treated with O
and 100 mM NaCl. Enzyme activity was expressed
as pg of maltose formed min~™ g~ FW. Means
with the same letter are not significantly different
at p<0.05 according to Duncan test

Table 1: Starch content (mg g~* FW) in cotyledons of germinated seeds
soaked in distilled water and salt solution at 15, 25 and 35°C

Temperatre (°C)

Treatment (mM) 15 25 35
0 0.06+0.006" 0.18+0.006° 0.0340.0002¢
100 0.03+0.0032 0.1140.03" 0.0240.0007

Values in each line followed by the same letter indicate no significant
differences (p<0.05) according to Duncan test

of developed organs. Nevertheless, unsuitable
temperature accelerated the degradation of a major
amount of starch reserve at germination stage.

As compared with control, imposition of NaCl
resulted in a significant decrease in starch content, this
decrease was more pronounced at 25°C reaching
0.11 mg g~' FW. Under unfavourable temperature salinity
reduced slightly the level of starch on cotyledons, the
decrease rate of starch accumulation was higher at 15°C
(50049) than at 35°C 34%).

Amylase activity: The total amylolytic activity of
germinated seeds in 0 and 100 mM NaClat 15°C, 25°C and
35°C is presented in Fig. 3. In the control medium (0 mM
NaCl), the average total amylolytic activity was more
intense at 15°C, it decreased steadily in the cotyledons
after radicle protrusion at 25 and 35°C. These results
suggested an ncrease on hydrolytic enzyme under lower
temperature at germination stage;, it would limit the
amount of energy available to seedling during
heterotrophic growth. While, salt stress caused a marked
change on amylase activity in response to germination
temperature, the stimulatory effect of NaCl was more
pronounced at ligher temperature (35°C). Under 100 mM
NaCl, total amylase activity decreased slightly at 25°C and
considerably at 15°C.
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Fig. 4: The effect of mncreasing temperature on sodium
accumulation of okra seeds socaked in distilled
water and salt solution. Means with the same letter
are not significantly different at p<0.05 according
to Duncan test

Table 2: Variation of reducing sugars (mg maltose g=! FW) amounts in
cotyledons of germinated seeds at 15, 25 and 35°C submitted to
0 and 100 mM NaCl
Temperature (°C)

Treatment (mM) 15 25 35
0 2.6 1.5 2.8
100 6.4° 4.8 5.5°

Values in each line followed by the same letter indicate no significant
differences (p <0.05) according to Duncan test

Reducing sugars: As seen in Table 2, the reducing
sugars content showed net vanation among salt
treatment. However, reducing sugars accumulation
remained statistically constant through temperature
treatments; it increased to a smaller extent over stressed
seeds that fluctuated between 1.5 and 2.8 mg maltose g~
FW in the control and between 4.8 and 6.4 mg maltose g™
FW at 100 mM NaCl. Whereas, as compared with control,
reducing sugars accumulation raised significantly under
NaCl treatment. The lower sugar level was observed at
25°C in cotyledons of salt stressed seeds. At al
circumstances, the more pronounced increase of sugars
concentration particularly, at high salinity was observed
at 15°C.

Sodium and potassium uptake: Analysis of variance
revealed that sigmficant differences among the
temperature treatment for sodium uptake (Fig. 4). Present
results also indicated that sodium amount was affected by
salimity treatment. Indeed, sodium amount recorded its
minimal value with the intermediate incubation
temperature (25°C). Meanwhile, under the highest and
lowest incubation temperature degree (15 and 35°C) seeds
had higher Na* concentration. However, amount of Na’
increased markedly in response to salinity treatment. This
increase was more significant at 15 and 35°C. For example,
in seeds treated with 100 mM NaCl, the sodium
concentration was around 2323 and 2371 peq g~' DM,
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Fig. 5. Potassium concentration of okra seeds soaked in
distilled water and salt solution at 15, 25 and 35°C.
Means with the same letter are not significantly
different at p<0.05 according to Duncan test

respectively at 15 and 35°C. For this treatment and at
25°C, sodium concentration was around 706 peq g~ DM.

In addition, potassium concentration was affected by
temperature and salinity interaction (Fig. 5). In fact,
temperature affected the potassium concentration in
germinated seeds treated with 100 mM NaCl In such
assertion potassium concentration decreased markedly at
15 and 35°C, whereas, at 25°C potassium concentration
increased slightly reaching the highest value which was
almost 420.6 peq g~ DM. The greater accumulation of
potassium was showed principally at 35°C with 0 mM
NaCl, the lower accumulation was localised at the same
temperature with 100 mM NaCl. Dealing with all treatments
potassium content didn’t change regularly.

DISCUSSION

In the present study, germination and seedling
emergence of okra (variety Marsaowa) was affected by
salimity and temperature. Thus, the effect of temperature
on germination appeared to be dependent on the water
supply from the medium, the mhibitory effect of high
salinity was greater at 15 and 35°C than at 25°C.
Germination declined with decreasing osmotic potential of
the germination medium, the magnitude of this decline
was higher at 15°C. Khan et al (2001) believed that the
adverse effect of high salinity is further aggravated by
either an increase or decrease in temperature.

No germination occurred at 10 and 40°C, Nykiforuk
and Flanagan (1999) reported that under low temperature
a proportion of canola seed (about 25 %) was unable to
make the transition from phase II to phase III preventing
therr germmation. Additionally, the exposure of seeds
during germmation to high temperature resulted in
malfunctioning of the enzymatic system. This situation
would lead to limitation in much physiological process
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vital for seed germination (Al-Thabet et al, 2004).
Besides, Kursat and Kabar (2007 ) mentionnated that high
temperature both delayed and mhibited germinations of
barley and radish seeds. Okra seeds germinated better in
the intermediate incubation temperature (25°C), this
temperature was optimum for the final germination
percentage. Results reported by Al-Thabet et al. (2004)
concerned the effect of incubation temperature on the
germination of canola seeds illustrated that the lowest
incubation temperature degree (15°C) was the best which
recorded the highest seed germination percentage, while
the highest incubation temperature degree (35°C)
recorded the lowest germination percentage.

Higher germination percentage at control treatment
(0 mM NaCl) could have been due to the absence of salts
in the medium and therefore seeds were able to imbibe
water. Owr results revealed also that at germination stage
okra seems to be more tolerant to high salinity
(100 mM NaCl) under the favowrable temperature (25°C),
where germination percentage was little reduced by
salinity (19.5%). Seeds incubated under lower temperatire
(15°C) with 100 mM NaCl concentration seemed to be
subjected to more environmental stress, which 1s
indicated by delayed germination (Al-Khateeb, 2006). In
the same meaning, Rahman et al. (2008) confirmed that
germination was directly related to the amount of water
absorbed and the delay in germmation was associated to
the salt concentration of the medium.

Owr results proved that seedling emergence was
significantly affected by temperature, it decreased
substantially in both saline and non saline treatments at
15°C. Besides, 25°C was the appropriate temperature for
final emergence percentage on the establishment of okra
seedlings. Other researcher suggested that 15°C was the
optimum temperature for final germination percentage of
three cultivars barley seeds and 15 and 21°C for
germination rate. The optimum temperatures for early root
growth were 21 and 27°C regardless of water stress level
(Ghazi et al., 2007).

High temperature higher
concentration  inhibited emergence.
temperature regime decreased as well as delayed seedling
emergernce, the salt treatment reduced the final percentage
of seed emergence. According to Rahman et al. (2008)
salinity affects the seedling growth of plants by slow or
less mobilization of reserve foods, suspending the cell
division, enlarging and injuring hypoecotyls. At 25°C salt
treatment decreased final emergence percentage.

In germinating seeds, starch degradation is initiated
by a-amylase (Yamasaki, 2003), that produces soluble
oligosaccharides from starch and these are then
hydrolysed by B-amylase to liberate maltose.

regime at

seed

salinity
Lower
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Our results indicate a lower content of starch in the
cotyledons of germinated seeds at 15 and 35°C compared
to those germmated at 25°C. It is mentioned that
accumulated starch 1s probably an energy reserve for the
high-energy process of organogenesis and provides for
osmotic agents in the form of free sugars. Whereas,
thermal stress appear to be associated to the degradation
and mobilization of starchy cotyledon reserves and seeds
needs high amounts of stored carbohydrates for
maintenance of developed organs. Salt stress caused a
decrease 1n starch content and an increase in sugar
content of okra cotyledons. It has been reported that salt
stress affected an active conversion of starch to sugars in
germinated sorghum seeds (Thakw and Sharma, 2005).
Similar studies with a variety of plants demonstrated that
water stress induced conversion of hexoses and other
carbohydrates, such as starch, into sugar alcohols
(polyols) and proline (Perez-Alfocea and Larher, 1995;
Wang et al., 1996). Smgh (2004) suggested that the
greater accumulation of sugar lowers the osmotic
potential of cells and reduces loss of turgidity in tolerant
genotypes. The increase in sugar levels accompanied by
decrease 1n starch content in cotyledons was not directly
linked to the activity of g-and P-amylases m the
cotyledons, which is in disagreement with the existing
reports (Thakur and Sharma, 2005, Monerri et al., 1986;
Gupta et al., 1993). Furthermore, our results showed a
decrease on total amylases activity under NaCl treatment
at the suitable temperature. This suggested that total
amylases activity was not associated with both reducing
sugars and starch remobilization, the fast hydrolysis of
starch under salt stress 13 mainly attributed to the
enhanced lipase or protease activity in cotyledons.

Whereas, at lower temperature (15°C) total amylases
activity was higher, in spite of the delays in germination
and the reductions in emergence that occurred. This result
is in disagreement with previous reports providing that
low temperature caused conventionally as a lack of
enzyme biosynthesis, leads to reduced activity and may
contribute to poor lipid mobilization in canola seeds
(Nykiforuk and Flanagan, 1994).

Additionally, total amylase activity was reduced by
higher temperature (35°C), at which germination occurred
rapidly. Under salt treatment, total amylase activity
increased considerably. Tndeed, the relationship between
the speed of germination and amylase expression in
germinating okra seeds was not clear at this stage.
Sultana et al. (2000) have reported that g-amylase plays
an important role in the germination process of wheat
seeds. Maximum expression occuwrred at 29°C, although a
high temperature of 38°C prevented the synthesis of
d-amylase.
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Meanwhile sodium concentration increased in okra
germinated seeds soaked i salt solution considerably at
15 and 35°C. Sodium chloride treatment decreased
germination percentage, Almodares et al. (2007)
mentioned that germination process might have been
stopped as a result of contact of the seeds with high
concentration of Na" and C17 ions.

High concentration of NaCl in the solution might
have increased osmotic potential;, hence the seeds were
unable to iunbibe the water required for germination
(Nyagah and Musyimi, 2009). High levels of Na inhibit
the K" up-take, this inhibition was accentuated at 15 and
35°C. Present results agree with those of Alpaslan et al.
(1999), Grieve and Poss (2000), whose proved in similar
research the antagomstic interactions between sodium
and potassium, especially under salinity stress
conditions.

High ion concentration (Na") reported under the high
incubation temperature (35°C) could be attributed to the
high membrane permeability. Al-Khateeb (2006)
suggested that membrane permeability due to high
temperature favoured Na® uptake in contrast to K*.

These results confirmed once more that okra was
tolerant to salinity at 25°C since it was able to accumulate
lower Na', potassium content increased slightly at high
level salimity.

Under salt stress, plants maintam high
concentrations of K* and low concentrations of Na* in the
cytosol. They accomplished this by regulating the
expression and activity of K" and Na" transporters and H'
pumps that generate the driving force for ion transport
(Zhu, 2003).

CONCLUSION

Considering all the results obtained from this study,
we concluded that combined salinity and temperature had
both additive and mteraction effects on okra plants even
at germiation than at seedling emergence stage. Salinity
had a mimimal effect on germination of okra under the
suitable temperature. Temperature had a dramatic effect
on the seedling emergence percentage, particularly at
lower and higher temperature. Seeds incubated under low
temperature with high NaCl concentrations seemed to be
subjected to more environmental stress. Emergence data
showed that okra was more sensitive to salt stress at this
stage.

Low and high temperatwe decreased seed
germination at 100 mM NaCl as consequence of a
decrease on starch level, an ncrease on reducing sugars
content in cotyledons and an accumulation of sodium. At
25°C, germination requires to the embryomic axis to
develop a high growth potential which was less affected
by salinity.
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