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Abstract

The effects of different concentrations (150 mM and 300 mM) of NaCl alone or in
combination with drought stress were determined on six wheat varieties. Among them, four
varieties viz. E-38, E-37. E-2 and E-30 were newly released, whereas Lu-26 and Pasban-90 were
commercial varietics. The plants were grown in pots under natural conditions with protective
measures against rain. Drought was induced for 7d to salt stressed plants at three-leaf stage by
withholding the supply of salt/water (in case of control). The response of salt and drought were
studied on growth parameters and yield of wheat. The proline contents of leaves and the
concentration of abscisic acid and giberrellic acid were also measured at three leaf stage. The
increasing concentration of NaCl had a significant inhibitory etfect on the growth parameters.
Relatively sensitive varieties r.e. Pasban-90 and E-38 were markedly affected, whereas, the
relatively tolerant varieties Lu-26 and E-30 were the least affected by either concentration of NaCl
and pertormed better with respect to both yield parameters and biochemical characteristics. The
combined effect ol salt and drought was more inhibitory than salt alone. Both the proline and ABA
contents were greater in Lu-26 and in E-30 treated with 300 mM NaCl. The role of ABA and
proline in salt and drought stress has been discussed.

Introduction

Wheat (Triticum aestivum 1..) 1s a major crop of rainted agriculture in Pakistan. It is
a moderately salt resistant crop contributing as food for more than [/3rd of the total
population. Recent research has shown that root responscs to drought include a number of
metabolic changes which can be interpreted as signals passing from root to shoot (Bahrun
et al., 2002). Vapor pressure deficit and the rate of soil water loss have been shown to
modily the intensity of the signals and the sequence of events (Andreasson er «l., 2001).
Physiologists have observed that individual plant respond to most stress by changing their
hormonal balance f{requently producing more ABA and less gibberellin (GA) and
cvtokinin (Bano et «l.. 1993 Ali ¢t al., 1999; Bahrun er af., 2002). Some studies on the
wheat and other gramn crops have shown that plant water deficit during grain filling
substantially affects grain weight (Rahman & Yoshida, 1985), due to early plant
senescence, cessation of grain filling (Hossain er al., 1990) and shortening of the grain
filling period (Aspinall, 1965: Brooks er «l., 1982; Egli 1998: Royo et «f.. 2000).
Osmotic adjustment has been considered one of the crucial processes in plant adaptation
to drought because it sustains tissuc metabolic activity. Aspinall & Paleg (1981) and
Voetberg & Sharp (1991) reported that plant responses to cnvironmental stress include
ABA and proline accumulation

The present investigation was aimed to evaluate the performance of the newly
released varieties and the commercial cultivars to ditferent concentrations of NaCl (150
mM and 300 mM). The drought is also induced to a group of salt stressed plants with the
aim to simulate the natural condition in barani areas where a year ot drought may result
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in combined elTect of salinity and drought stress. Since ABA is thought to have important
functional roles in plants under stress, it was reported (o act as root-to-shoot signal under
drought stress (Davics & Zhang, 1991) as well as salt stress (Hartung & Jeschke (1999),
hence the endogenous level of ABA and GA were also monitored under the salt and
drought stress. The ecffect of NaCl alone and in combination with drought were
determined on growth biochemical contents and yield of plants.

Materials and Methods

Sceds ot six wheat varieties (4 preliminary yiceld trials, PYT and two established
varictics were obtained from National Agricultural Research Center, Islamabad. The cv.
LLU- 26. Pasban-90, E-38, E-30. E-37 and E-3 were of 1:3 and grown under natural
condition. Surface sterilized sceds of six varieties were planted in pots containing mixture
ol soil and sand in the ratio 3:1,

Treatments made: Control (untrcated). NaCl (150 mM), NaCl (300 mM), NaCl (150 mM
+ drought ) and NaCl (300 mM+ drought )

Induction of drought and salt stress: Aqueous solution of NaCl was given to secedlings
10d after sowing. The treated plants were irrigated with NaCl all maturity, whereas the
control plants received irrigation with tap water. At three leal stage drought was applied
by withholding the supply of water for 7d. Thereafter, the drought stressed plants were
treated with NaCl. Plants were harvested at 50 % flowering for the measurement of
growth and yield parameters.

Chlorophyll content of leaves: The chlorophy!l content of leaves was determined by the
method of Arnon (1949) as modified by Kirk (1968). The crude preparation (1 mL) was
mixed with 4 ml. of 80 % (v/v) acetone and allowed to stand in the dark at room
temperature for ten minutes. It was centrifuged at 2000 rpm for 5 min. to clear the
suspension.  Supernatant, which contained soluble pigment, was used for the
determination of chlorophyll. Absorbance of the solution was read at 645 nm
(chlorophyll a) and at 663 nm (chlorophyll b) on spectrophotometer against 80 % (v/v)
acetone blank.

Total chlorophyll was determined for the cquation given by Arnon (1949).

Total chlorophyll (mg/L) = (20.2xA645) + (8.02xB663)

Proline estimation of leaves: Free proline content of leaves was determined following
the method of Bates er al. (1973). Fresh plant material (0.1 g) was homogenized wit 5 mL
Sulfosalicylic acid (3.0 %) in mortar. Samples were centrifuged at 2000 rpm for 5 min.
Supernatant was adjusted to 5 mL of distilled water, % mL glacial acetic acid and 5 mL
acidic ninhydrin (0.1% in acetone) were added. Reaction mixture was shaken and heated
in water bath for 30 min. Mixture was cooled and then extracted with 10 mL toluene in
separating funnel.

Absorbance of toluene layer was recorded at 520 nm. A calibration series of 10, 20,
30, 40, 50, 60, 70, 80 90, 100 pg of proline (DL) was also run and a standard curve was
plotted and the concentration of unknown sample was calculated for the proline content
with reference to the standard curve.
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Extraction and analyses of hormones from leaves: Extraction for ABA and GA was
made following the method of Kettner & Doertfling (1980) and analyses were made with
the help of HPLC according to the procedure of Li et al. (1994). Fresh leaf samples were
ground in 80% methanol with butylated hydroxy toulene (BHT) (1Omg/l). The extraction
of leaves was made at 4°C in the dark for 72 with frequent change in solvent after 24 h.
The sample was centrifuged at 300 rpm for 10 min. The centrifugate was reduced to
aqueous phase using rotary thin film evaporator (RFE). The pH of the aqueous phase was
adjusted to 9 with 0.1 N NaOH and partitioned with ethyl acetate 3 times. The pH of the
aqueous was rcadjusted to 2.5-3.0 and partitioned three times with 1/3 rd volume of ethy}
acetale. The ethyl acetate phase was dried down at 35°C using RFE. The dried samples
was redissolved in Iml of methanol (100%)and analyzed for the presence of GA and TAA
using HPLC (Shimadzu. Japan) cquipped with C18 cartridge column measuring 3.9x 150
mm. The HPLC was operated at 300C with methanol and 1% acelic acid (2.3) as mobile
phase at flow rate of {ml/min. The detection was made with variable wave length
detector at 254 nm and 278 nm for ABA and GA respectively (Li et al., 1994).

Protein estimation of seeds: Seed protein was estimated following the procedure of
AOAC (1982). Proteins contents ol the seeds measured by Kjeldahl method.

% Crude protein = —-«---—-momemmeeeooo X 14 x 6.25 x 100
1000w

While
V= Sample titer (in mL)
V2= Blank titer (in mL)
N= Normality of standarized H.SO,
W= Wecight of sample

Statistical analyses of the data: The data were analyzed statistically by Analysis of
Variance (echnique and comparison among treatment means was made by “Duncan’s
Multiple Range Test” (DMRT) using MSTAT-C version [.4.2.

Results

Shoot height: The ANOVA and DMRT (Tables la. b) of shoot height: planl‘] showed
significant differences among all the treatments (p<0.05). Low concentration (150 mM)
of NaCl used alone and in combination with drought did not e¢xhibit any signilicant clfect
except in Pasban-90. At high concentration (300 mM) NaCl used either alone or in
combination with drought, showed maximum inhibition in E-37 but Lu-26 was least
affected.

Shoot dry weight: The ANOVA and DMRT (Tables 2a, b) of shoot dry weight- plant”
showed significant differences among all the treatments (p<0.05). Significant decrease in
shoot dry weight was observed in E-37 under the combined effect of salt and drought
stresses. Pasban-90 showed maximum and highly significant decrease in shoot dry weight
plant’ at 300 mM NaCl used either alone or in combination with drought. The Lu-26 was
least affected. Noteworthy, E-30 and E-2, did not exhibit any significant difference with
the increase in the concentration of NaCl.
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Table 1a. ANOVA of shoot height in 6 wheat varieties under different
concentrations of NaCl and drought stress.
Source D.F. S.S. ML.S. F p
Replication 2 0.294 0.147 (0.3036 n.s.
Variety (V) 5 215942 43.188 89.1879 p<0.001
Salinity (8) 4 583.559 145.89 301.275 p<0.001
VxS 20 51919 2.596 5.3609 p<0.001
Error 58 28.086 0.484
Total 89 879.801
Table 1b. DMRT of mean shoot height in wheat under different
concentrations of NaCl and drought stress.
Salinity imnM) 0 150 150+ D 300 300+ D
Variety )
LU-26 23.3B 19.87CD  21.07C 17.27H1J 17.7FGHI
Pasban90 22.03FGH 16.03JK 16.61JK 13.63L 14.03L
E-38 22.73B 17.7FGHI 18 77DEFG 15.47K 15.63K
E-37 23.53B 17.53GHI  19.33DE [5.87K 14.2L
E-30 24.83A 18.93DEF  20.77C 18.23EFGH  18.1EFGH
E-2 25.17A 20.97C 19.9CD 16.23JK 16.23JK
Table 2a. ANOVA of shoot dry weight (g) under different
concentration of NaCl and drought stress.
Source D.F. S.S. M.S. F p
Replication 2 0.083 (.041 1.9625 n.s.
Variety (V) 5 7.47 1.494 70.7 p<0.001
Salinity (S) 4 12.255 3.064 144.982] p<0.001
VxS 20 3.149 0.157 7.4513 p<0.001
Error 58 1.226 0.021
Total 89 24.183
Table 2b. DMRT of shoot dry weight (g) under different
concentration of NaCl and drought stress.
Salinity (mM) 0 150 150 + D 300 300 +D
Variety
1.U-26 2.44ABC  2.06EFG  2.22CDE 2.01EFGH 1.9FGHI
Pasban90 1.79GHI)  1.79GHIJ  1.54JKL 0.84N 0.7IN
E-38 237BCD  2.13DEF  2.03EFG 1.21M 1.27M
E-37 2.57AB 1.83GHI 1.701JK 1.39LM 1.74H1J
E-30 2.68A 2.06A 2.24CDE 2.02EFG 1.46KLM
E-2 2.56AB 2.18CDE  2.29CDE 1.86FGHI 1.27M

All such mean values under a category which share a common letter are not different, otherwise
they differ at p<0.05.
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Chlorophyll contents of leaves: All varietal mean values (Tables 3a, b) differed from
each other significantly (p<0.05). The plants treated with 150 mM NaC'l and 300 mM
NaCl alone and in combination with drought showed maximum and highly significant
decrease in chlorophyll contents of [eaves in Pasban-90 as compared to ils control. While
E-30 and LLu-26 showed least decrease.

Proline content of leaves: The DMRT (Tables 4a, b) of proline contents of leaves plam']
showed significant differences among all the treatments (p<0.05). At low concentration
(150 mM ) of NaCl, leaf proline was significantly greater in LLu-26 cven under drought
stress but at high concentration (300 mM) NaCl used alone or under drought. the
maximum increcasc was observed in E-30 .The cv E-38 and Pasban 90 showcd Icast
increase under 300 mM NaCl treatment. The amount of proline was more accumulated
under the treatment of NaCl alone.

Abscisic acid content of leaves: The ABA content of wheat plant (Fig. I) had increased
significantly under the NaCl stress made alone. The susceptible varicty, Pasban-9(
showed least increase in ABA under 300 mM NaCl. There was significant increase in the
endogenous level of ABA in E-30 under 300 mM NaCl made alone and in combination
with drought.

Gibberrellic acid content of leaves: The data presented in Fig. 2 indicated that ¢v. E 30
showed marked decline in the GA; content with increase in NaCl concentration. In all
the varieties the combined effect of salt and drought was more inhibitory. Pasban-90
having lower level of hasal ABA exhibited maximum decrease in GAj content under salt
and drought stress .The tolerant varicty Lu-26 showed initial decrease due to 150 mM
NaCl but at 300 mM NaCl there was no decrease, possibly the variety required an initial
adjustment stage with the slinity stress. The NaCl (300 mM) accompanied by drought
showed significant decrease in GA.

Number and weight of 100 seeds: The ANOVA and DMRT (Tables 5a, b) of number of
seed per plant and weight of 100 seeds (Tables 6a, b) showed significant ditferences
among all the treatments (p<0.05). The results of treatment means of number of seed
plant” revealed that plants treated with 300 mM of NaCl followed by drought stress
showed maximum and highly significant (35 %) decrease in number of seeds plant” in
Pasban-90 as compared to its control. While minimum decrease (30 %) was observed in
Lu-26 and in E-30 treated with 300 mM NaCl followed by drought. The plants treated
with 300 mM NaCl alone showed maximum decrease (31 %) in number of seeds in
Pasban-90, while lcast decrease (22 %) was observed in E-2 under 300 mM salt stress.
Pasban-90 showed maximum decrease in 100 seed weight both at [50 mM as well as at
300 mM NaCl alone and in presence of drought. The cv. Lu-26 exhibited the least
decrease.

Protein content of seeds: The result (Fig. 3) showed that seed protein increased under
stress condition. The tolerant varieties Lu-26 and E-30 had higher protein content of seed
under NaCl treatment made alone or in combination with drought stress,but the sensitive
varicty, Pasban 90 has little increase in protein content. Even at higher concentration of
NaCl. Beltrano et al. (1999) reported that total protein content was higher in stressed
plant as compared to those plants which were unstressed.
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Table 3a. ANOVA of chlorophyll content of leaves in 6 wheat varieties under

different concentrations of NaCl and drought stress.

Source D.F. S.S. M.S. ¥ - P
Replication 2 17.933 8.966 10.4524 n.s.
Variety (V) 5 744.54 148.908 173.5874 p<0.001
Salinity (S) 4 4397.552 1099.388 1281.596 p<0.001
VxS 20 307.558 15.378 17.9265 p<0.001
Error 58 49.754 0.858 .
Total 89 5517.336

Table 3b. DMRT of mean chlorophyll content of leaves in wheat under
different concentrations of NaCl and drought stress.

Salinity (mM) 0 150
Variety

LU-26 73.97A 62.73DE
Pasban90 68.53C 63.67D
E-38 73.7A 61.93EF
E-37 70.87B 63.67D
E-30 74.57A 68.23C
E-2 73.2A 62.73DE

150+ D 300 300 +D
61.5EF 59G 53.831
52.7JK 50.7L. 43.27N
57.17TH 58.53GH 48.33M
55.41 58.33GH 51.37KL
60.77F 63.77D 58.73GH
61.7EF 58.33GH 53.971

Table 4a. ANOVA of proline contents of leaves in 6 wheat varieties under
different concentrations of NaCl and drought stress.

Source D.F. S.S. M.S. F P
Replication 2 0.44 0.22 1.1323 n.s.
Variety (V) 5 47.735 0.547 49.0834 p<0.001
Salinity (S) 4 470912 117.728 605.2714 p<0.001
VxS 20 42.362 2.118 10.8898 p<0.001
Error 58 11.281 0.195

Total 89 572.731

Table 4b. DMRT of mean proline contents of leaves in 6 wheat varieties under
different concentrations of NaCl and drought stress.

_Salinity (mM) 0 150
Variety
L.U-26 0.25G 3.283D
Pasban90 0.2067G 0.82FG
E-38 0.23G 237E
E-37 0.2433G 1.457F
E-30 0.28G 3.323D

_E-2 0.31G 2.697DE

150 +D

0.5033G
0.47G

0.4833G
0.4567G
0.5133G
0.5667G

300

7.857A
4.697BC
4.347C
5.107BC
8.04A
8.353A

300+D

5.16B
2.42E
2.777DE
3.387D
5.227B
4.583BC

All such mean values under a category which share a common letter are not different. otherwise

they differ at p<0.05.
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H Control 1150mM E150mM+D E300mM E1300mM+D

ABA (ug/g) of leaves

Varieties

Fig |. Abscisic acid (ug/g) content of leaves under NaCl stress.
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Fig. 2. The GA (ug/g) content of leaves under NaCl stress.
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Table: Sa. ANOVA of number of seeds in 6 wheat varieties under different
concentrations of NaCl and and drought stress.

Source D.F. S.S. M.S. F P
Replication 2 104.067 52.033 1.4138 n.s.
Variety (V) 5 11030.9 22006.18 59.9449 p<0.001
Salinity (S) 4 36668.78 9167.194 249.0852 p<0.001
VxS 20 2280.156 114.008 3.0977 p<0.001
Error 58 2134.6 36.803

Total 89 52218.5

Table 5b. DMRT of mean number of seeds in 6 wheat varieties under different
concentrations of NaCl and drought stress.

Salinity (mM) 0 150 150 +D 300 300 +D
Variety

[.U-26 183.713 [62.7DE 145.7FG [34HLY 127I.MNO
Pasban90 163.7FGH 125.3JKLM 117LMNO 111.3NOP 105.70P
1-38 162DE I54EF 133.3H1J 127.7JKL 1080P
E-37 164.7CDIE 141.7GHI 121 KLMN 116.3LMNO {04P

=-30 193.7A [ 74BC 146.3FG 139.31JK 133.3]JKLM
-2 165.7CD [541ZF 125JKLM 128.7JK 114.3MNOP

Table: 6a. ANOVA of 100 sced weight in 6 wheat varieties under different
concentrations of NaCl and drought stress.

Sonrce D.F. S.S. MLS. F p
Replication 2 0.031 0.016 1.3296 n.s.
Variety (V) 5 28.043 5.609 476.7074 p<0.001
Salinity (S) 4 24.194 6.048 51410101 p<0.001
VxS 20 1.568 0.078 6.6639 p<0.001
Error 58 0.682 0.012

Total 89 54.518

Table 6b. DMRT of mean 100 seed weight in 6 wheat varieties under different
concentrations of NaCl and drought stress.

Salinity (mM) 0 150 150+ D 300 300+ D
Variety

1.U-26 5.50B 5.38BC 5.23CD 4.63FGH 4.107]
Pasban90 4.51GH 4.143] 4.0971 3.323KL 2.637TM
[-38 4.453HI 4.247] 4.1 347K 3.147L
E-37 5.397BC 5.233CD 497E 4.583FDH 4.193]
5-30 6.14A 5.523B S.117DE 4.67FG 4.647FGH
E-2 5.39BC 5.13DE 4.727F 4.2831) 4.18]

All such mean values under a category which share a common letter are not different, otherwise
they differ at p<(.05.
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Fig. 3. Protein content (mg/g) of seeds under NaCl stress.

Discussion

Salt stress markedly affected the growth and yield potential of wheat cultivars,
particularly in the sensitive lines as investigated through the related physiological
parameters. However, some lines of Triticum aestivum (L.} posses varying tolerance to
salinity in & much better way than the others.

Plant height and shoot dry weight: The reduction in plant height can be attributed to the
adverse effects of salinity on the cell elongation and cell expansion. Zidan et al., (1990)
showed that 100mM NaCl in the growth medium caused reduction in the length of
epidermal cell and in the rate of apparent cell production. Salt stress markedly affected
the growth and yield potential of wheat cultivars, E-30 was least affected by the salinity
and drought. The combined effect of salt and drought was more severe in Pasban-90 and
E-38. Low concentration of NaCl (150mM) has less detrimental effect as compared to
high concentration of salt (300mM) used in combination with drought stress. Mansoor
(1994) reported salinity induced decrease in the growth of shoot and root of two wheat
varietics and salinity induced decrease in the growth of shoot and root of two wheat
varieties.

Chlorophyll content: The reduction in chlorophyli content has previously been reported.
Asharf er al. (1994) observed reduction in chlorophyll (a, b and total) in Triticum
aestivum under the stress. Jaing et al. (1994) reported chlorophyll degradation in rice
scedling induced by osmotic stress might be due to the formation of more active OH
hydroxyl radical. There was less decrease in the chlorophyll content in E-30 under the
treatinent of NaCl in combination with drought.
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Proline content: The accumulation of proline and some other organic solutes associated
with stress may serve as a compatible solute in order to maintain the osmotic balance
between the cytoplasm and vacuole (Flowers & Yeo, 1989). Proline increased more in
300 mM NaCl in E-30 than the lower concentration of NaCl (150 mM). The amount of
prolinc was more accumulated under the treatment of NaCl alone. The increased
accumulation of prolinc under drought may be either due accelerated rate of synthesis of
proline or due to inhibition of its oxidation resulting in large accnmulation of proline in
water stressed tissue (Stewart et al., 1977; Rhodes ¢r al., 1986; Mumtaz ef al., 1995).

The amount of proline was more in E-30 under stress condition than other varieties
and wheat variety Pasban-90 had least increase in stress condition. Possibly, the drought
susceptible genotype is incapable of the regulation of production of proline as
osmoregulant as has been previously reported. The over production of proline may lead
to increase tolerance against water stress and among the sclected varieties of cultivated
plants the resistance is higher in varieties which accumulate more prolinc (Martinez et
al., 1995). Khan et al. (1993) and Santos-Diaz & Alejo (1994) also reported that proline
was many fold greater in resistance than susceptible cultivars. (Yang et al., 1995). Sanada
et al. (1995) noted that proline has bifunctional role in salt tolerance. It acts as
osmoregulant in light while in dark it serve as substrate to supply energy to
compartmentalize on into vacuole.

Abscisic acid: Perhaps feedback mechanism operates for ABA accumulation under
combined treatment of salt + drought. There is increase in ABA production with increase
in salt concentration (}50mM to 300mM). There was less amount of ABA in Pasban-90
and E-38 in all salt treatments alone and in combination with drought. Bano er al. (1993)
concluded that the concentration of ABA, PA and their conjugate forms increase during
water stress. Roeb er al. (1992) and Sultana er al. (2000) reported an increase in ABA
production under NaCl salinization. ABA may induce resistance when plants are exposed
to several stresses (Talanova & Titov 1994; Newman & Smith, 1997; Hansen &
Doerffling, 2003).

Protein content of seed: From present investigation it was obvious that seed protein
increased in stress condition. The variety Lu-26 and E-30 had increased maximum seed
protein under the treatment of NaCl alone.

Yield parameters: The salt stress had adverse cffect on the weight and number of seeds,
the reduction being more severe at 300 mM NaCl applied in combination with drought
than the 300 mM NaCl alone. The adverse effect of drought on the yield was previously
reported by the Blum & Johnson (1992) that water stress was inversely related to the
plant size and there is reduction of shoot biomass. Akber et al. (1972) demonstrated that
salinity severely reduced panicle length, panicle and seed weight, thereby reducing the
grain yield. Aldesuquv er al. (1998) found that NaCl significantly reduced all growth
parameters.

In conclusion there is circumstancial evidence that ABA is involved in salt tolerance
of plants, particularly through survival protection at high salinity level also reported by
Cramer (2002). ABA is also involved in the synthesis of solutes for osmotic adjustment
(Netting 2000). It is inferred from the present investigation that out of preliminary yield
trail E-30 performed better under the treatment of NaCl and drought stress. This is
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reflected in greater proline production and higher accumulation of endogenous ABA.
Whereas, both ABA and GA were minimum in sensitive variety. The combined effect of
salt and drought was more inhibitory than salt alone. Salt and drought stress were
reported to have differential cffect (Sunker-Ramanjulu er al., 1999). Changes in the
proline content and ABA/GA ratio in leaves of wheat may be taken as biochemical
indicators for screening of varieties for salt tolerance. Preliminary yield trail E-38 has
very less growth and yield under salt and drought stress. Out of established varieties, Lu-
26 performed better with respect to growth and yield parameters, than the Pasban-90.
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