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Abstract: Salinity 1s a major yield-reducing factor in coastal and arid, urigated rice production systems. Rice
seedlings cv. Tarom Azmoeon was exposed to 200 mM NaCl for 14 days. Plant growth, relative water content,
pigment and sugars content, photosynthetic efficiency and enzyme activity of rice seedlings grown under salt
stress were investigated Shoot length of treated seedlings decreased to about 71% compare to the control.
Salinity stress caused an increase in root length of seedlings. Root length of treated seedlings was about 54%
more than the control. Fresh weights and dry weights of treated seedlings reduced to 95 and 75%, respectively.
Salinity stress caused reduction in leaf relative water contents from 87% in the control plants to 74% in the
stressed plants. The reduction of chlorophyll a and b contents of leaves was detected after NaCl treatment in
leaves. Under salt stress, reduction of the chlorophyll b content of leaves (41%) was more affected than the
chlorophyll a content (33%). The maximum quantum yield of PSII (F./Fy,), photon yield of PSII (),
non-photochemical quenching (NPQ) and net photosynthetic rate (Pn) in the stressed seedlings were inhibited,
leading to overall growth reduction. The positive correlations between chlorophyll a content and Fv/Fm, total
chlorophyll content and ¢y, Pn as well as Pn and leaf area were found. Sugar content in shoots had a
significant increase under salinity stress. The starch content of roots seedlings decreased NaCl stressed

seedling. The contents of total, reducing and non reducing sugars increased in roots.
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INTRODUCTION

Rice (Oryza sativa 1..) is one of the top five major
carbohydrate crops for the world’s population, especially
in Asia. It 1s a major staple food, which supports more
than three billion people, and represents 50 to 80% of their
daily calorie mtake (Khush, 2005). Rice has previously
been reported to be salt-sensitive at the seedling and
reproductive stages (Zeng et al., 2001 ; Moradi and Ismail,
2007), leading to a reduction in crop productivity
(Zeng and Shannon, 2000). With the rapid growth in
population consuming rice and the deteriorating soil and
water quality around the globe, there 13 an urgent need to
understand the response of this important crop towards
these environmental abuses. With the ultimate goal to
raise rice plant with better suitability towards changing
environmental mnputs, intensive efforts are on worldwide
employing physiclogical, biochemical and molecular tools
to perform this task. Abiotic stress is the main factor
negatively affecting crop growth and productivity
worldwide. Rice plants are relatively susceptible to soil
salinity as an abiotic stress (Flowers and Yeo, 1989
Gao et al., 2007).

In saline soil, there are many envirommental factors
which interact with salt contamination, such as soil pH
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(acidic or alkaline), water deficit and nutrient deficiency
(Tames et al., 2005, Kopittke and Menzies, 2005;
Moradi and Tsmail, 2007). Alkalinity and acidity in saline
soil are two major factors that mhibit the growth and
development of higher plants in both halophyte and
glycophyte species (Shi and Sheng, 2005, Shi and
Wang, 2005, Yang et af., 2008). Salinity alters a wide array
of metabolic processes in growing plants and induces
changes in contents and activities of many enzymes
(Dubey, 1994, 1997; Richharia et al., 1997; Khan and
Panda, 2008). As a consequence of ion imbalance and
hyperosmotic stresses, which are primary effects of salt
stress, secondary stresses such as oxidative damage may
oceur,

Salinity effects on photosynthesis vary substantially
among plant species. For example, salt stress drastically
reduced CO, exchange rates (CER) in cotton (Plaut and
Federman, 1991) and barley leaves (Rawson, 1986), but
had little effect on the leaf CER in wheat (Rawson, 1986),
and Diplachne fusca (Gorham, 1987, Myers et al., 1990).
Photosynthesis depends on leaf chlorophyll content and
stomatal conductance, and is thus linearly correlated with
the nitrogen content of the leaves (Dinglauhn et al., 1992).
In the case of rice, saline soils are major factors in the
induction of biochemical and physiclogical changes in
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plants, causing growth inhibition and vyield loss
(Colom and Vazzana, 2003; Chang and Sung, 2004;
Fukuda et al., 2007, Kang ef al., 2007, Rao et al., 2008;
Yang ef al., 2008).

Starch accumulates in leaves as a temporary reserve
form of carbon and is the principal component of dry mass
accurmulated 1n mature leaves, whereas sucrose 1s
transported to different organs where it 1s used by plants.
The last step in the photosynthetic production of sucrose
is catalyzed by the Sucrose Phosphate Synthase (SPS)
(Krause et al., 1998) which converts hexose phosphates
to Prolonged water stress which limited
photosynthesis led also to loss of SPS activity, e.g., in
leaves of Phaseolus vulgaris (Vassey and Sharkey, 1989),
whereas in rapidly stressed spinach leaves a stimulation
m SPS activity was observed (Quick ef al, 1989). A
change in kinetic properties and the appearance of a new
forms of SPS has been noticed in potato tubers after low
temperature treatment (Krause et al, 1998). Sucrose
breakdown inside the tissues 1s accomplished by acid
invertase or sucrose synthase, yung leaves of growing
plants are sinks for sucrose and possess high activities of
both the enzymes, Starch phosphorylase degrades starch
beginming at a non reducing end by incorporating
phosphate.

Salinity appears to affect two plant processes water
relations and 1omic relations. Duning mitial exposure to
salimty, plants experience water stress, which m tum
reduces leaf expansion. During long-term exposure to
salinity, plants experience ionic stress, which can lead to
premature senescence of adult leaves. The problem 1s
compounded by mineral deficiencies (Zn, P) and toxicities
(Fe, Al, organic acids), submergence, deep water and
drought (Gregorio et al., 2002). Thus the photosynthetic
area available to support continued growth is reduced
(Cramer and Nowak, 1992). Reduced photosynthesis with
increasing salinity is attributed to either stomatal closure,
leading to a reduction in intracellular CO, partial pressure,
or non-stomatal factors (Bethke and Drew, 1992). There
are evidences showing that salmity changes
photosynthetic parameters, including osmetic and leaf
water potential, transpiration rate, leaf temperature, and
relative leaf water content (RWC). Salt also affects
photosynthetic  components such as  enzymes,
chlorophylls, and carotenoids. Changes in these
parameters depend on the severity and duration of stress
(Misra et al., 1997) and on plant species (Dubey, 1994).

Plants normally cope with salimty stress in various
ways. Among these responses, accumulation of
compatible solutes including proline, soluble sugars,
sugar alcohols and glycine betaine has received most
attention n terms of their functions i osmotic adjustment

SLCTOSE.
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(Hare et al, 1998, Hasegawa et al, 2000). Osmotic
adjustment refers to the net accumulation of solutes in
cells in response to a fall in the water potential of their
As a consequence, the cell osmotic
potential lowers, and turgor pressure tends to be
maintained (Blum et al, 1996). Increased sugar
concentration under salimty stress has been reported in
many studies (Tattim et al, 1996, Dubey and Singh,
1999; Muscolo et al., 2003). Their role in terms of
osmotic adjustment is  however, still under debate. In
many species, the absolute osmolyte concentrations
are unlikely to  mediate osmotic adjustment
(Martinez-Ballesta et al, 2004). Additional benefits of
these solutes have been described including buffering
cellular redox potential and protecting cellular structure
under stress condition. In addition, associated effects on
photoassimilate allocation between source and sink
tissues may also contribute to the accumulation of these
solutes (Hare ef al., 1998) . Although numerous studies
have been done in the past few years to develop the rice
(Oryza sativa 1) cultivars which can tolerate salinity

enviromment.

condition, at least to some extent, the mechanisms of
salinity tolerance in rice are not yet well understood.

MATERIALS AND METHODS

Rice Rice
(Oryza sativa cv. Tarom Azmoon.) were surface sterilized
with 1% sodium hypochlorite and washed thrice
thoroughly in distilled water and then imbibed in water for
48 h at room temperature. The scaked seeds were then put
in plastic pots filled with vermiculite saturated with
Hoagland nutrient solution (Hoagland and Arnon, 1950).
After germination seedlings were grown in the pots filled
with vermiculite saturated either with Hoagland nutrient
solution (control) or nutrient solution supplemented with
200 mM NaCl for 14 days. The solutions renewed after
every 2 days. Seedlings were grown in a growth chamber

materials and treatments: seeds

under controlled environmental conditions with relative
humidity of 70-85%, temperature 2442°C and a
photoperiod of 16 h in a photosynthetic photon flux
density of 250-350 pmeol m™ sec™". Data, relating to the
biochemical, physiological and growth characters of the
rice seedlings were collected. The experiment was
arranged in a completely randomized design with three
replications and five seedlings per replication.

Plant growth and relative water content measurements:
After exposing to salinity stress, the seedlings were
randomly sampled from each treatment. Root and shoot
lengths
determined. In addition, fresh weights of plants from each

of five plants from each treatment were
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treatment were recorded and then the plants were oven
dried at 80°C for 3 days in order to determine dry weight.
Some plants from each treatment were randomly selected
to determine leaf relative water content (Tarner, 1981).
About 0.1 g leaf sample was cut into smaller pieces and
weighed to determine fresh weight. The leaf sample was
floated n freshly deiomzed water for 12 h and weighed
thereafter to determine fully tirgid weight. The leaf sample
was oven-dried at 80°C for 3 days and the dry weight was
obtained. The Relative Water Content (RWC) was
determined using the following formula:

RWC= Fresh weight—Dw Weig}ﬁ 100
Turgid weight-Dry weight

Pigment estimation: Fresh samples of leaves were
analyzed for pigment contents. Photosynthetic pigments
were extracted with 80% acetone as described by Brouers
and Michel-Wolwertz (1983). The salt treated and
untreated leaves (1.0-1.5 g) were ground to a fine powder
in liquid nitrogen using a mortar and pestle. The pigments
were extracted with 3 mL of cold 80% acetone. The
acetone extracts were centrifuged at 3000 g for 10 min and
the resulting pellet was extracted with cold 80% acetone.
This operation was repeated 3 times. The successive
supernatants were pooled and clarified by centrifugation
at 4000 g for 5 mm. The absorbance spectra of the extracts
were measured and the total amount of pigments was
determined with equations recommended by Brouers and
Michel-Wolwertz (1983).

Measurement of chlorophyll fluorescence and the
electron transport rate: The Maximal photochemical
efficiency of PS2 (Fv/Fm) was determined by chlorophyll
fluorescence, measured with a chlorophyll Fluorometer
(PAM-2000, Heinz-Walz, Effeltrich, Germany) according
to the manufacturer’s instructions. The experimental
protocol of Genty et al. (1989) was basically used in this
experiment. Followmg 30 min of dark adaptation, the
mimmum chlorophyll fluorescence (F;) was determined
using a measuring beam, which was sufficiently low
(<0.1 umol m? sec™) not to induce any significant variable
change m fluorescence.
fluorescence in the dark-adapted state (F,), a saturation
pulse (8000 umol/m*sec) was used and the quantum
efficiency of PSIT open centers in dark-adapted seedlings
(F/F;) was determmined. The leaves were then illuminated
with 300 pmol/m*/sec light. The steady-state value of
fluorescence (F;) was recorded. To determine maximuum
fluorescence in the light-saturated state (F',;) a second
saturating pulse at 8000 umol m*/sec was used. After
turning off the light the mimmimum fluorescence m the light

To obtan the maximum
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saturated state (F')) was determined by illuminating the
leaves with far-red light (7 pmol/m*/sec). The quantum
efficiency of PSII open centers light-adapted state, ¢pPSII
(F-F/F), and the quantum efficiency of excitation
energy trapping of PSII, (F/F'y), were calculated
according to Genty et al. (1989). The non-photochemical
quenching, (que) = (Fy-F'y V Fyu-F')), parameters were
calculated as done by Schreiber et al. (1994).
Measurement of net photosynthetic rate: Net
photosynthetic rate (Pn) was calculated by comparing the
different concentrations of CO, inside and outside of
glass vessel contaiming rice seedlings. The CO,
concentrations and outside the glass vessel
(C, and C,,) at steady state were measured with a gas
chromatography (Model GC-17A, Shimadzu Co Ltd.,
Tapan).

mside

Starch and sugar estimation: Roots and shoots were
oven dried at 70°C for 24 h, homogenised in 80 % ethanol
and placed in water bath at 80°C for 30 min. After
centrifugation at 3000 g for 5 min, samples were washed
twice with H,O at room temperature. Each sample was
resuspended with 3 mL H,O and boiled for 2 h. Contents
of total sugars were estimated calorimetrically using
phenol sulphuric acid method described by Dubois et al.
(1956) and reducing sugars by Nelson-Somogy1 method
as described by Oser (1979). Total sugars and starch were
estimated calorimetrically using phenol sulphuric acid
method of Dubois et al. (1956) and reducing sugars by
Nelson-Somogyi method as described by Oser (1979).

Enzyme extraction and assay: About 1 g leaf tissue was
collected for enzyme extraction and determination of
sucrose phosphate synthase and invertase activities. The
leaf sample was ground on ice using mortar and pestle in
5 mL grinding buffer containing 50 mM HEPES, 10 mM
MgCl,, 1 mM EDTA, 0.25% BSA and 5 mM dithiothreitol,
pH 7.5. The extract was filtered and centrifuged for 1 min
at 10000 g. Crude extract was desalted on 2 ml Sephadex
G25 columns equilibrated with the grinding buffer. The
amount of protein in the enzyme extract was determined
by Bradford method (Bradford, 1976).

Sucrose phosphate synthase (SPS) activity was
determined by measuring sucrose-6-phosphate produced
from the substrates, UDP-glucose and fructose-6-
phosphate (Robbins and Pharr, 1987). Approximately
80 puL, desalted enzyme was incubated in a reaction mixture
containing 25 mM UDP-glucose, 8 mM fiuctose-6-
phosphate, 5 mM MgCl, at 25 EC for 1 h and terminated
by adding 100 pL. of 1 N NaOH. Unreacted fructose-6-
phosphate and fructose were destroyed by boiling the
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tube in a beiling water bath for 10 min. Sucrose-6-
phosphate formed during the reaction was determined by
reacting with 0.25 mL resorcinol solution and quantified
by a spectrophotometer at 520 mM.

Invertase activities were determined under acidic
(pH 4.0) and alkaline (pH 7.6) conditions. Approximately
50 pL of desalted enzyme was mcubated with 125 mM
sucrose (w/v) in the extraction buffer. Assays were run at
30 EC for 30 min and stopped by boiling for 1 min. The
glucose content of 10 Fl aliquots of the assay mixture was
determined spectrophotometrically at 360 mm using
hexokinasesglucose-6-P dehydrogenase  enzymes
(Madore, 1990).

Statistical analysis: Statistical analysis was performed
using SP3S 18. The data represent means calculated from
three replicates. The analysis of variance procedure
(ANOVA) was used to compare the effect of NaCl and
statistical sigmficance was set at p<0.05.

RESULTS

Plant growth and relative water content: The growth
characteristics, i terms of shoot height, root length leaf
area, fresh weight and dry weight and were exhibited to a
significant change when the seedlings were exposed to
the salt stress. Salinity caused reduction in shoot heights.
Shoot length of treated seedlings decreased to about 71%
compare to the control (Fig. 1). Salinity stress caused an
increase inroot length of seedlings. Root length of treated
seedlings was about 54% more than the control (Fig. 1).

Salimity stress also caused reduction in both fresh
and dry weights of seedlings (Fig. 2). Fresh weights and
dry weights of treated seedlings reduced to 95% and 75%,
respectively, compare to the control.

Salimty caused reduction m leaf relative water
contents in rice seedlings. Relative water content of
treated seedlings was reduced from 87% in the control
plants to 74% in the stressed plants (Fig. 2).

Pigment estimation: Salt treatment affected the
chlorophyll amount of leaves (Fig. 3). The reduction of
chlorophyll a and b contents of leaves was detected after
NaCl treatment in leaves. Under salt stress, reduction of
the chlorophyll b content of leaves (41%) was more
affected than the chlorophyll a content (33%) (Fig. 3).
Total chlorophyll content of the leaves decreased
significantly with NaCl treatment. Total chlorophyll
content decreased approximately by 35%. Carotenoid
content was decreased by 39% with high amount of NaCl
(Fig. 3).

76

Photosynthetic pigment contents, physiological and
growth characteristics:  Photosynthetic  pigment
contents, including chlorophyll a, chlorophyll b, total
chlorophyll and total carotenoids contents in the rice
seedlings were sigmficantly degraded when plants were
exposed to salt stress (Fig. 3).

The chlorophyll a degradation in the salt stressed
seedlings was positively related to the maximum quantum
yield of PSII (F/F,, Table 1). In addition, the total
chlorophyll contents in the salt stressed seedlings were
certainly correlated with the photon yield of PSIT ()
Table 1, leading to a reduction of net photosynthetic rate
(Pn). The F/Fy, and &,y parameters in the stressed
seedlings decreased significantly when the seedlings
were exposed to the salt stress, while the non-
photochemical quenching (NPQ) increased (Table 1). The
reduction of pigment contents and chlorophyll a
fluorescence parameters in the stressed seedlings directly
restricted Pn.

Sugars and starch contents: When rice seedlings were
raised under salinity stress significant change in starch
content could be observed in shoots and roots (Table 2).
Sugar content in shoots had a significant increase under
salinity stress. The starch content of roots seedlings
decreased NaCl stressed seedling. The contents of total,
reducing and non reducing sugars increased in roots

(Fig. 4).

Enzyme activities: The increased activity of sucrose
phosphate synthase (SPS) was observed in roots and

Table 1: Maximum quantum yield of PSII (FV/FM), photon vield of PSIT
(FPSIT),  Non-Photochemnical — Quenching  (NPQ)  and
net-photosynthetic rate (Pn) in rice seedlings grown under 0 and
200 mM NaCl. The results are presented as means+SD

NaC1 concentration (mM)

Characteristics 0 200

FV/FM 0.86+0.04 0.7240.03
$PSIL 0.74+0.04 0.5140.06
NPQ 0.03£0.01 0.0740.01
Pn 2.39+0.45 1.28+0.39

Table 2: Effect of salt stress on starch contents (mg g~! DW) and sucrose
phosphate synthase [ mol (sucrose) mg™' (protein) sec™],
invertase [ mol (sucrose) mg™! (protein) sec™'] and starch
phosphorylase [p mol Pi) mg™ (protein) sec™!] activities in rice.
The results are presented as means+SD

NaCl concentration (mbf)

Characteristics 0 200

Starch in shoot 123.20+£20.37 161.85+12.75
Starch in root 61.420+5.80 42.630+5.88
SPS in shoot 2.2400+£0.49 2.9700+£0.57
8PS inroot 1.1700+£0.43 2.0100+0.46
Invertase 1.0600+£0.31 1.3100£0.16
Starch phosphorylase 0.3800+0.28 0.9900+0.15
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Fig. 1. Effect of salinity stress on shoot height, root
length and leaf area of rice. The results are
presented as means+SD
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Fig. 2. Effect of salinity stress on fresh weight, dry
weight and relative water contents of rice

seedlings. The results are presented as
means+SD
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Fig. 3: Effect of salinity stress on amount of chlorophyll
and carotenoid of rice seedlings. The results are
presented as means+SD

shoots of the salt treated seedlings (Table 2). The acid
invertase and starch phosphorylase activities in shoots of
treated seedlings increased about 23 and 61%,
respectively, compared to the control (Table 2).
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DISCUSSION

Growth reduction 15 generally observed i plants
exposed to salimity stress. This may be partly due to lower
water potential in the cells which, in turn, causes stomatal
closure and limits CO, assimilation. Tn the present study,
rice seedlings showed growth reduction when exposed
salimity. A marked growth reduction was reported earlier
in rice seedlings exposed to salinity stress (Lee et al.,
2003; Pattanagul and Thitisaksalaul, 2008). Tn addition,
salinity caused pronowunced effect on fresh and dry
weilghts 1n treated rice seedlings. Root length, however,
showed a marked difference in response to salinity
Rice seedlings
length mn response to salinity stress. This probably
reflects the maintenance or even nduction of the root
elongation at low water potential, which can be
considered as an adaptive response to drought and
salinity (Perez-Alfocea et al., 1996). Increased root length
may possibly be resulted from reallocation of
photosynthates into the root, instead of the shoot, thus
causing a reduction in shoot growth. While an increase in
root growth in order to increase water mflux 1s usually
documented as a general response to salmity,
experimental evidence indicates that reduced root and
increased shoot growth may improve salinity tolerance by
restricting the flux of toxic ions to the shoot and
consequently by delaying the omset of the tolerance
threshold (Maggio et al., 2007).

The results showed a decrease in the RWC in salt
treated seedlings (Fig. 1). It is known that salt stress
affects both leaf growth and water status
(Hernandez et al, 2000, Khan and Panda, 2008). The
osmotic effect resulting from salinity may cause
disturbances in the water balance of the plant and
wnhibiting growth as well as provoking

stress. showed an increase in root

stomatal
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closure and reducing photosynthesis (Hernandez and
Almansa, 2002). Plants respond by means of osmotic
adjustment, normally by increasing the concentrations of
Na™ and Cl™ in their tissues, although such accumulation
of inorganic ions may produce important toxic effects and
cell damage and inactivate both photosynthetic and
respiratory electron transport. This linited osmotic
adjustment was not sufficient to avoid water stress n the
treated plants, and thus there was a decrease in the roots
water content after salt stress. Wilson et ol (1989)
indicated that osmotic adjustment accounted for
decreases m the fresh weight/dry weight ratio, increases
in apoplastic water content and direct solute accumulation
(Wilson et al., 1989)

Leaf chlorosis 1s one of the most commonly
observed consequences of salt stress. The leaves were
significantly affected by NaCl treatment. The contents of
photosynthetic pigments, including chlorophyll a, b and
total carotenoids contents in rice plants grown under salt
stress declined significantly (Fig. 3) being especially
susceptible to salt. Similar results have been reported
previously (Cha-Um ef al., 2009). Carotenoids act as
light-harvesting pigments as well, and can protect
chlorophyll and membrane destruction by quenching
triplet chlorophyll and removing oxygen from the excited
chlorophyll b oxygen complex (Young, 1991). In this
study, carotenoid content of cultivars decreased under
salinity stress (Fig. 3).

The contents of photosynthetic pigments, including
chlorophyll a, b and carotencids contents in rice plants
grown under salt stress declined sigmficantly, being
especially susceptible to salt. Many documents showes
the performances of the chlorophyll pigment contents in
the leaves of tolerant rice varieties were maintained better
than in the sensitive varieties (Khan and Abdullah, 2003
Cha-Um et al., 2009). Water content in leaf tissues and
water oxidation in the photosystem IT of plants under salt
stress decreased significantly in wheat (Yang et al., 2008)
and rice (Weretilnyk et al., 1989). In the present study,
there was a positive relationship between chlorophyll a
content and F,/F,,, $PSII and Pn, Pn and leaf area in the
stressed seedlings. These findings are similar to a
previous study of rice (Weretilnyk et al., 1989). Also, the
growth performances were sigmficantly reduced,
depending on salt stresses.

Tncreased accumulation of sugars has been reported
i many plant species exposed to salmity (Dubey and
Singh, 1999, Flowers, 2004; Pattanagul and Thitisaksaloul,
2008). According to Stoop and Pharr (1994) the increase
in glucose pool induced by salinity in celery petioles
appeared to be due to decreased demand of carbon. It is
believed that under salinity stress accumulation of sugars
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along with other compatible solutes contribute to an
osmotic adjustment (Dubey and Singh, 1999) allows the
plants to maximize sufficient storage reserves to
support basal metabolism under stressed environment
(Hurry et al., 1995). The expression of Rubisco could be
repressed by excess amount of sugars in cytoplasm
(Sawada et al., 1992; Koch, 1996). Therefore, reduction of
photosynthesis and metabolic alterations by sugar
accumulation could contribute to salt sensitivity, which
limits growth of the salt-sensiive cultivar under salt
stress conditions.

Starch accumulation perhaps resulted from the
increased activity of alkaline invertase activity which
hydrolyzes sucrose and converts into simpler sugars.
Starch may be synthesized from such sugars. High starch
accumulation m mature leaves of the salt-tolerant cultivar
of tomato was reported earlier (Balibrea ef al., 2000).
Although starch may not play a crucial role in salt-
tolerance mechanism, it was suggested that the ability of
plants to partiion sugars into starch may help to avoid
metabolic alterations by lowering feedback inhibition
caused by excess amount of sucrose m cytoplasm
(Krapp and Stitt, 1995).

The activities of sucrose phosphate synthase, acid
invertase and starch phosphorylase increased the rice
treated seedlings due to exposure to NaCl (Table 2). The
increased SPS  activity paralleled with increased
accumulation of sugars. Similar results have been reported
by previous workers (Krause er af., 1998; Dubey and
Singh, 1999). Increased activity of starch phosphorylase
under salinity might help starch degradation and
mobilisation of sugars. Stumulation m the activity of starch
degrading enzyme a-amylase was observed in wheat
under salinity.
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