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Summary: The accumulation of osmolytes in leaf tissues and the abscisic acid-induced stomatai
closure are well-recognized mechanisms associated with drought tolerance in crop plants. We
determine the response in terms of osmotic potential and the contents of leaf proline, glycine betaine
and soluble sugar at booting and grainfilling stages of four wheat { Triticum aestivum L)) cultivars to
drought and exogenously applied abscisic acid (ABA) in a pot study. Leaf sample were collected 3, 6
and 9 days after drought induction and at 48 and 72 h of re-watering (recovery). Marked decreases in
osmotic potential associated with the accumulation of proline, glycine betaine and soluble sugars
cccurred under conditions of drought stress. Accession 011320 was most sensitive to drought and
showed the largest decrease in osmotic potential and least accumulation of proline, sugar and glycine
betaine The inhibitory effects of drought stress were ameliorated by exogenous application of ABA.
This ameliorating effect was more pronounced at the booting than at grainfilling stage particularly in
the sensitive accession 011320. Upon rewatering the recovery from drought stress was found to be
greater in case of abscisic acid application. The leaf praline content is seen to be a suitable indicator

for selecting drought-tolerant genotypes.

Introduction

Crop productivity can be improved by
studying the nature of adaptation of cereal crops to
drought and to find out possible physiological and
biochemical markers, which impart tolerance under
these conditions. This is essential for identifying the
best-adapted and high yielding cultivars for drought
prone areas [1]. Osmotic adjustment iLe. the active
lowering of osmotic potential is regarded as the
mechanism which significantly contributes to
increase drought resistance [2]. Thereby plants
combat the detrimental effect of water loss by
synthesizing compatible solutes, typically certain
polyols, sugars, amino acids, betaines and related
compounds [3]. Although much research has been
done on the effect of drought on grain vield of plants
and substantial losses in wheat grain yield have been
reported due to water deficiency at different
developmental stages [4], information is scanty
tegarding the effect of drought at booting and
grainfilling and the effect of application abscisic acid
(ABA) [5] on plant’s recovery from drought stress, is
not well studied. Therefore we evaluated osmotic
potential and leaf tissue osmolyte’s content of
droughted wheat cultivars with and without external
ABA application in a pot experiment.

Results and Discussion

Increasing the intensity and duration of
drought stress caused a gradual decrease in osmotic

potential of wheat leaves, while the content of
osmolytes (proline, glycine betaine and soluble
sugars) generally increased, The extent of these
responses differed among cultivars. At the booting
stage the maximum reduction in osmotic potential
after short-term drought (3 d) was observed in
accession 011393, while within longer duration of
drought the maximum reduction was found in
accession 011320 (Table-1), which, also showed least
accumulation of all the osmolytes during the longer
period (6-9 d) of water stress except for proline
(Table-1). This suggests that proline might be the
principal osmolyte in this accession. Though the
proline production increases more than the other
osmolytes, the increase may not be sufficient enough
to regulate osmotic imbalance due to water stress.
Minimum recovery upon rewatering in accession
011320 also indicates its susceptibility to water
stress. In contrast, accession 011417 showed
maximum increase in proline (Table-1) and GB
(Table-2) content as compared to other accessions.
‘The accession 011417 also showed least response to
ABA seed soaking and rapid recovery to control
levels, suggesting that this accession can tolerate and
recover after water stress in a better way than the
other accessions. At grainfilling osmotic potential
values were significantly (P< 0.05) lower as well as
the increase in preline and glycine betaine content
was also less as compared to that of booting stage.
But the sugar content was found to be significantly
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Table-1: Effect of water stress and abscisic acid (ABA) on osmotic potential (-MPa.) of leaves at
booting and grainfilling stages of four wheat accessions.

Treatments Accession 011251 Accession 011417 Accession 011320 Accession 011393
48h 72k 48h 7 48h 72h 48h 72Zh
T 3 6d 9 W) (ew) 3d 64 W (rw) (rw) d 6d %d (rw) (v d 6d 94 W (w)
T 141 14 139 142 141 14% 146 1.5 148 [.49 1.38 1.37 1.38 1.36 137 L48 146 142 148 L45
! uvw WX xy u¥  avw  ij Jkl hij o jk i mnopqr mnopqr mnopgr nopqrs mnepqr kI kI 1 K Kkl
T 161 201 247 173 L62 167 1.74 237 1% 142 1.53 212 235 211 1.83 L3 203 236 .66 L51
: mn g c k m g e b [ Im i i fg i k 4 e b i k
T 137 1.4 138 14l 139 14 138 142 143 141 1.32 1.35 131 1.34 1.33 145 147 148 145 148
1 zZ WX ¥z ouvw 37 m m Im kim Im rs opqrs H pqrs qrs Kl K Kl Kkl Kl
T 158 199 243 L7 1.5 165 172 228 154 143 1.56 232 .42 2,15 L3 L72 2.1 233 1.6 1.49
- P h d 1 op I3 ef < hi  kim 1 gh de j k h 3 b j k
T4 146 144 146 147 145 153 152 154 153 .53 14 1.42 14 1.3% L42 L51 15 151 L.4% 1.5
qr st qr q rs hi  hij hi hi hi mnoep mn mnop  mnopq mn k k k k k
T L78 2101 .79 1.96 1.61 L74 195 243 169 1.54 1.85 232 291 1.56 24 19 208 27 212 1.3
s i f b i no € d a  efg hi k gh a [ ef f 3 a d £
T 142 142 144 141 143 [49 152 151 149 1.53 1.43 1.43 1.42 141 142 147 151 148 1.5 1.51
¢ vWwx tu rs WK 5t ij hij  hij ij hi m m mn mno mn kl k ki k k
0.01626 0.0514 0.0514 0.0514
LSD values

i alpha= 0.050 at alpha= 0.050

at alpha= 0.050

at alpha= 0.050

Toa= control at booting, T1= waler stress at booting, T2= ABA seed soaking (booting), T3 =water stress at booting + ABA seed soaking, T0b= control at grainfilling, T4

=water siress at grainfilling, T5= ABA seed soaking (grainfilling), T§
rewatering

=water stress at grainfilling +ABA seed soaking. d= days after induction of water stress. rw=

All such means (within ¢ach cultivar), which share contmen letters do not differ significantly

Table-2: Effect of water stress and abscisic acid (ABA) on proline content {umole/g) of leaves at booting

and grainfilling stages of the four wheat accessions.

Treatments Accession 011251 Accession 011417 Accession 011320 Accession 011393
48h T2h 48h 72h 48h 72h 48h TZh
Tia 3d 6d 9¢ (W) (rw) 3d 6d % () (rw) 3d 6d  9d w)  (rw) 3d 64 o -
T 1010 13121 11 035 0.72 0.74 0.67 073 071 682 091 032 09 089 159 1.6 164 .7 167
! TS qr opq qr s wx Wi x YWK wx 1 rs i qrs rst X WX vwx rstu tuvw
T 1.48 378 423 117 1.21 1.39 495 5.51 0,75 076 094 198 357 123 0% 265 353 412 185 174
2 Im de ¢ pq opq ] d a VWX uvywx  qrs f b gh rs i e € nop  qrst
T 1.66 1.91 1.87 1.8 1.69 0.52 0.81 0.72 L1 094  ¢87 0.91 037 094 091 188 181 21 183 187
! k hi i ij ik SUVWX  tuvwx  wx Imne  opqrst st rs t qrs rs mno  Im i im mne
T 179412 51 2.1 23 178 4.31 521 13 LO3 143 221 381 121 101 295 347 491 2063 1.9%
" Kl ¢ a 3 r h f be jk muopq  Tjkl e a hi  nopq 5 el a jk Imn
T4 1.32 1.29 1.37 131 1.21 0.89 0,95 0.85 0.86 0.9 091 097 094 LI1 095 161 17 165 1.7l i.73
"o mop MO nop opq qrstuy - wopqrst stuvw  rstuvw mmopq s opqr  grs  jkim pqrs wx tuy  uvwx  stuy st
T L6T 3.67 411 141 1.42 1.33 4.76 531 0.92 098 LO3 L3 332 121 L24 198 344 417 193 191
5 ik e mn mn Lyl e b pgrstu mopqrst mngp g 3 hi gh L] T be Im Imn
T L71 1.67 191  1.89 193 101 0.97 0.96 1.08 L 109 113 108 114 101 181 179 183 L78 152
¢ ik kK hi hi hi  mnopqrst nopqrst nopqrst  lmne Imn  kmn ikl Imne ijk  nopy apq qr - op pyrs op
LSD values 0.1454 0.1626 0.08903 0.07270

at alpha = 0,050 at alpha = 0.050

at alpha= 9.050 at alpha= 0.050

T0a= control at booting, T= water siress at booting, T2= ABA seed soaking (booting), T3 =water stress at booting + ABA seed soaking, T0b= control at gramfilling, T4 =water
stress at grainfilling, T5= ABA seed soaking {grainfilling), Té =waler stress at granfilling + ABA seed soaking. d= days after induction of water stress. rw— rewatering,
All such means (within each cultivar), which share common letters do not differ significantly.

(P< 0.05) higher at grainfilling indicating the increase
in the hydrolysis of stored carbohydrates in the
shoots which might contributed to accelerate the rate
of re-translocation of pre stored reserves to
developing grains [6]. Minimum accumulation of
sugar in accession 011320 suggested impaired
remobilization and thus grainfilling. Moreover
magnitude of recovery observed after rewatering the
stressed plants and the response to ABA seed soaking
was also significantly (P< 0.05) less at grainfilling
perhaps the effects of water stress and response to
ABA are dependant on the developmental stage and
grainfilling appears to be more sensitive to water
stress.

Osmotic potential of leaves (Table-1) was
decreased significantly (P< 0.05) under water stress
treatment in all the accessions. At booting stage

within first 3 d of water stress maximum decrease (21
%) in osmotic potential was recorded in accession
011393 (Table-1} whereas after 6 d maximum
decrease was observed in accession 011320
(Table-1). But after 9 d of water stress treatment
maximum reduction was found in accession 011251
(Table-1). Rewatering caused an increase in the
osmotic potential of leaves and maximum increase
after rewatering was noted in 011417 (Table-1)
reaching to the control level within first 72 h after
rewatering. Minimum recovery after rewatering was
observed in accession 011320 (Table-1). ABA seed
soaking treatment had significant (P< 0.05) effect on
leaf osmotic potential only under stress treatment in
accession 011320 (Table-1). While in other
accessions no significant (P < 0.05) effects ware
observed. At grainfilling stage the leaf osmotic
potential was significantly (P < 0.05) lower as
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compared to that of booting stage. Under water stress
treatment maximum decrease in osmotic potential
was observed in accession 011320 (Table-1) at all the
sampling dates. Upon rewatering accession (11417
(Table-1} was able to show marked recovery among
all the accessions. ABA seed soaking treatment was
found to be ineffective under both the control and
drought stress freatments except for accession
011320 (Table-1) which showed some response to
ABA seed soaking after 9 d of water stress. The
decrease in osmotic potential under water stress was
also reported earlier [7]. The plants decrease osmotic
potential (¥s} in order to maintain pressure potential
[8]. The decline in s could be a result of either
simple passive concentration of scolutes due to
dehydration or net accumulation of osmolytes as
suggested by Jain e al [9). Gupta et al. [10] noted
that water stress was found to reduce the leaf osmotic
potential but it remained significantly higher in the
water stress tolerant cultivar than the sensitive one.

There were significant (P < 0.05) differences
in the basal level of proline among all the accessions
being minimum in accession 011417 (Table-1). At
booting stage within first 6d of water stress minimum
increase (117 %) in proline content was noted in
accession 011320 (Table-1) whereas, after 9 d of
water stress minimum increase (152 %) was observed
in accession 011393 (Table-1). Sharp decrease
occurred in proline content within first 48 h of
rewatering, which became slow afterwards, that is at
72 h of rewatering. Seed soaking treatment with ABA
had a significant effect on the proline content of
leaves in accession 011251, 011320 and 011393;
accession 011251 was the most responsive among
these three accessions to the ABA seed soaking
treatment. Significantly (P< 0.05) higher proline
contents were recorded in ABA treated plants under
unstressed (control) conditions as compared to non-
ABA-treated plants. At grainfilling stage, proline
content of leaves was significantly (P< 0.05) higher
as compared to that of booting stage under control
condition but on induction of stress condition less
increase in proline content occurred at grainfilling
stage in comparison with the booting stage.
Maximum increase in leaf proline content was found
in 011417 (Table-1). After 3-6 d of water stress
minimum increase (13-35%) was found in accession
011320 (Table-1). But after 9d of water stress
accession 011393 (Table-1} showed minimum
increase (152%). Significant effect of ABA seed
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soaking was also noticed at grainfilling stage.
Increased proline accumulation was reported in
water-stressed plants [11, 12]. Exogenously applied
ABA is known to induce the accumulation of proline
under water stress [13]. Increased proline in the
stressed plants may be an adaptation mechanism, the
purpose of which is to overcome the stress
conditions, Proline not only acts as an osmolyte but it
has other functions as well. Proline accumulated
under stressed conditions supplies energy for growth
and survival, might have a scavenger function or act
as an osmolyte and thereby helps the plant to tolerate
stress  [14]. Rapid reduction in proline after
rewatering might be an indication of recovery from
stress as it was suggested by Hare and Cress [15] that
rapid breakdown of proline upon relief from stress
might provide sufficient energy for recovery from
stress which might help in repairing the stress
induced damages.

Water stress caused a linear increase in the
glycine betaine content of leaves coinciding with the
increase in water stress period. Maximum increase in
glycine betaine content was observed in accession
011417 (Table-2) though this accession had lowest
basal level of glycine betaine under control condition.
Minimum increase in glycine betaine content under
water stress was observed in accession 011320
(Table-2). Rewatering caused a decline in the glycine
betaine content. Upon rewatering accessions
significantly (P< 0.05) differed in recovery to the
prestressed level. The accession 011417 exhibited
maximum and early recovery, but the glycine betaine
content remained higher than control. ABA seed
soaking treatment significantly (P< 0.05) enhanced
the accumulation of glycine betaine under water
stress treatment. Accession (11320 (Table-2) was
found to be the most responsive to ABA seed soaking
treatment, while accession 011417 (Table-2) and
accession 011393 (Table-2) were found to be least
effected. But under control condition ABA had no
significant (P< 0.05) effect on glycine betaine
content. At grainfilling stage there occurred a
significantly (P< 0.05) less increase in the glycine
betaine content of leaves. Under well watered
condition no significant (P< 0.05) differences in
glycine betaine content ware observed between
booting and grainfilling stages and ABA seed
soaking treatment was also found to be ineffective at
grainfilling stage. Accumulation of glycine betaine
under stress condition suggests its involvement in
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stress tolerance as it has been proposed that tolerant
genotypes normally accumulate more GB than
sensitive genotypes in response to stress but GB
accumulation and stress tolerance is species- or even
genotype specific [16]. It might be due to its role as a
protective molecule as it is suggested that glycine
betaine has a protective rather than an osmotic effect
[17). Numerous studies have demonstrated that
glycine betaine can stabilize macromolecular activity
and membrane integrity [18]. The accessions which
accumulated more GB also had higher rate of proline
and sugar accumulation during the present
investigation. The enhanced glycine betaine synthesis
may exert protection on the activity of enzymes,
including the enzymes associated with sugar and
amino acid metabolism, leading to greater increases
in total soluble sugars and free amino acids like
proline [19].

At booting stage minimum increase (13-16
%) in sugar content was observed in accession
011320 (Table-3) after 9 d of water stress treatment.
After 3-6 d of water stress treatment maximum
increase (37%) over control was observed in
accession 011251 (Table-3) but after 9 d of water
stress maximum increase (57%) was noted in
accession 011393 (Table-3) followed by accession
011417 (42%) (Table-3). Under unstressed condition
ABA treated plants showed no significant (P< 0.05)
changes in sugar content in all accessions except for
accession 011320 (Table-3) which showed higher
(8%) sugar content in treated plants than non-treated
plants. Under water stress ABA seed soaking
treatment had a significant (P< 0.05) effect on the
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accumulation of sugar in all accessions. Accession
011320 (Table-3) was found to be the most
responsive and accession 011417 (Table-3) least
affected by the ABA seed soaking. Rewatering
caused a significant (P< 0.05) decrease in sugar
content. The magnitude of decrease varied among the
accessions. In accession 011417 (Table-3) the sugar
content reached the control level within first 48 h of
rewatering while in other accessions it remained a
little higher than the control level. At grainfilling
stage sugar contents were found to be significantly
(P< 0.05) higher than booting stage. No significant
(P< 0.05) change in sugar content was observed in
accession 011320 (Table-3) within first 6 d of water
stress but after 9 d a little (9%) increase was noted.
After 3 d of water stress maximum increase (24%) of
sugar was found in accession 011251 (Table-3) and
after 6-9 d maximum increase (41-45%) was
observed in accession 011393 (Table-3). Rewatering
caused a decrease in sugar content and in accession
011417 (Table-3) it reached to the level of control
plants after 72 h of rewatering. ABA seed soaking
treatment had effects similar to that of booting stage
on sugar accumulation at grainfilling stage. The
results similar to present finding were reported by
Sarker et al. [20] they found higher amounts of
sugars at lower water status of leaves. Accumulation
of sugar during water stress was also noted in durum
wheat leaves [21].

Compared with sugar, proline and glycine
betaine accumulated to a higher extent in the leaves
during the present study suggesting  that
osmoregulation may largely depend upon proline and

Table-3: Effect of water stress and abscisic acid (ABA) on glycine betaine content (ng/g) of leaves at
booting and grainfilling stages of four wheat accessions.

Treatments Accession 411251 Accession 011417 Accession 011320 Accession 011393

48h 7th 48h 72h 48h 7h 48h  7zh
Tas 3  e6d 9 W ) 3d 6 9 Wy qw 9 6 % (rwy (w34 60 od W (W
8.4 21 18 9.2 8.9 53 4% 63 51 62 IE3 102 119 10 11.5 74 81 69 72 7.8

T m m m m m mn  mn  mn T mn Lm m Im m [m no no no no no
221 453 621 425 4.5 298 536 689 39% 153 183 274 398 302 255 187 382 S39 375 232

T ki f b g ik ij d b h 1 k ghi b of ij 1 ef a t i
8.9 9 9.4 8.7 9.5 63 52 &9 5.1 62 132 103 124 )07 iz 82 73 74 7 8.5

Ts m m m m m mn mn m mn mn 1 m Im Im Im ng noe no na n
264 495 653 446 283 304 509 7.3 421 147 241 321 445 343 1384 215 423 556 397 254

T ij e a g i i e ] £ 1 j de a d fgh jk d a e i
8.7 9.2 19 3.8 438 59 52 6.3 55 1Z4 107 125 121 10.3 6.7 11 6.9 74 6.2

™ .3m m m m m mn  mn  mn mn mn Im Im km Im tm ne g ne no no
245 382 595 402 201 313 457 649 457 174 171 253 373 327 269 169 3438 497 369 208

Ts j h ¢ n 1 Por e T K 0k j ¢ d o m h b K
7.8 8.3 835 39 79 6.2 4.6 51 4.9 6 107 11.8 124 1.9 12.1 71 X} 63 5.9 74

T m m mn m m mn n mn mn mn Im Lm Im I Im ne no no 0 no

1.855 2.180 0.6824

LSD values .22

228
at alpha= 0.050 at alpha= 0.050

at alpha= 0.050 at alpha= 0.050

TOa= control at booting, T1= water stress at booting, T2~ ABA seed soaking {booting), T3 =water stress at booting + ABA seed soaking, TOb= contral at grainﬁlling, T4
=waler stress at grainfilling, T5= ABA seed soaking {grainfilling), Té =water stress at grainfilling +ABA seed soaki ng. d= days afler induction of water stress, rw= rewatering,
All such means (within each cultivar), which share common letters do not differ significantly,
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Table-4: Effect of water stress and abscisic acid (ABA) on

grainfilling stages of the four wheat accessions.
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sugar content (ug/g) of leaves at booting and

Treatments Accession 1251 Accession 011417 Accession 011320 Accession 011393
Tia 3d 6d 9d 48h 72h 3d 6d  9d 48h 72h 3d & 94 48h 72h i 6d %d 43h T2k
rw)  (rw) {rw) (rw) (rw)  (rw) (rw)  (rw)
T, 925 951 10LI 99.1 L1 2013 2093 2057 2118 1998 1023 1003 103.5 1005 1016 925 998 900 913 993
kimnop op nop mnop P rs Pqr  qrs opq 5 rq q [\ q q 0 m o o mn
T, 127.1 1313 1371 211 103 2355 284, 291.3 2139 2143 1159 1178 1199 1112 1107 1213 1339 1413 1113 1001
ghijk  edef  bede fghij Imaop  ghi cd c nopg  mbopg mno Imnoe  klm nop op f e d gh m
T 1039 993 1034 1021 1053 2131 2193 2213 2198 2175 1243 1204 1199 1229 1208 9.4 999 100.1 0L3 994
kimuop mnop klmnop lmnop Immep nopg Imnoe kimn Klmno Imnop jklm jkim kim  jkim  jkim n m m Im mn
Tow 1334 1412 1541 1124 1133 2524 2914 3019 2213 2006 1557 1612 1773 1189 1207 1353 1444 1513 113.4 1121
efghi  bed ab defgh  hijkl € c b klimin T3 3 3 b kimn  Jkim [ d ¢ g gh
T4 1125 1053 1093 113.4 1136 2143 2183 2213 2114 2208 1234 1259 1260 1257 241 1073 1062 1054 103.9 1047
hijkdm  jklmn  Klmnoo  jkimn  hijki mropq Imno kimn opq kimn  jkim hijk  hijk  hijkl  ijki ij ijk  jk kl jk
Ts 139.1 1424 1511 1321 1203 2483 2913 3021 2243 2201 1215 1289 1372 1318 1321 1324 1493 1525 1198 1123
cdefg  be b bed  efghi el d b JkI Kimno jkhmn ghij ef fghi fgh 3 c bec f gh
Tc 1211 1293 1214 1225 1284 2231 2284 212 2341 2337 1345 1413 1369 1345 1357 1125 1198 1136 1127 1116
fghij cdefg  fghij fghi  efghi  jkim ik hij ghi ghi efg  de ef ey efg 2 f £ g zh

LSD values 4.807 8.928 7.94 3.286

at alpha= 0.050 at alpha= 0.050

at alpha= 9,050 at alpha= 0.050

TOa= comrql at I?noling,, T1= water stress at huo_ling‘ T2= ABA seed scaking (booting), T3 =waler stress at booting + ABA seed soaking, TOb= control at grainfilling, T4 =water
stress at gramﬁllmg. TSE ABA seed soaking (grainfllling), T6 =water stress at grainfilling +ABA seed soaking. d= days after induction of water stress. rw= rewatering
All such means {within each culiivar), which share common letters do not differ significantty

GB. In addition, the preferential accumulation of a
particular solute might have implication in
determining the sensitivity status [22]. It was
apparent from the present results that the capacity to
accumulate different osmolytes among accessions
was markedly different. Possibly due to the inherent
contrel in production of these osmolytes imparting
tolerance. Though accession 011417 showed lowest
basal level of osmolytes the rate of accumulation
(percentage increase over time) was observed to be
highest in this accession. The rate of increase of
osmolytes rather their content per se may be more
important [15]. There are reports that isogenic lines
of wheat having higher ABA content have better
capacity to osmoregulate and hence perform better in
terms of growth and yield under water stress [23],
indicating a close association between ABA and
solute accumulation. This was corroborated by the
present study where exogenous application of ABA
to plants experiencing water stress enhanced the
accumulation of osmolytes particularly in accession
011320 and thereby plant water status was improved.
ABA s reported to increase the endogenous content
of proline [8] and other osmolytes [24]. During the
present study magnitude of stimulation by ABA was
more proncunced in accession 011320, the most
sensitive to water stress, it is known that the sensitive
genotypes are usually more responsive to
exogenously applied ABA [25]. Perhaps the level of
sensitivity of a plant varies with the basal level of
endogenous ABA this suggests that an optimal ABA
level may be required to sustain growth under stress
[26] that may not exist in the susceptible genotype
because of which its osmoregulation ability is weak
and get impaired.

Experimentat

The experiment was conducted under
natural condition in a net house of Quaid-i-Azam
University, Islamabad during the wheat-growing
season 2005 and 2006. Seeds of four accessions
(011251, 011417, 011320 and 011393) of wheat
(Triticum aestivum L.) were obtained from Plant
Genetic Resource Institute (PGRI), National
Agriculture Research Centre (NARC), Islamabad.
Prior to sowing surface sterilized (done with 10 %
chlorox} seeds were soaked for 8 h in aqueous
solution of ABA (10 M) and in antoclaved distilled
water in case of control. The seeds were sown in
earthen pots (20 x 30 cm’) containing scil, sand and
farm yard manure in a ratio of 3:1:1. Soil pH and EC
were determined with the help of pH and EC meter
and were found to be 82 and 127us cm
lrespectively. Recommended doses of nitrogen
phosphorus, and potassium fertilizers were applied.
Pots were arranged in Randomized Complete Block
Design (RCBD) under a rain shelter. A week after
germination the plants were thinned to five per pot.
The plants were watered as required. Drought was
imposed by withholding water for a period of 9 days.
During this period the volumetric water content
declined from approx. 15 to about 7 %. The first
drought treatment was applied at 50 % booting and
the second at 50 % grainfilling on different plants. At
the time of each sampling soil moisture content
(SMC) was determined gravimetrically. Sampling
was done 3 (SMC = 12-13.5 %), 6 {(SMC = 8.1-9.5
%) and 9 days (SMC = 6.6-7.3 %) after the start of
drought treatment. After 48 and 72 h of re-watering
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(SMC = 15.3-16.7 %) whole plants and soils were
sampled for studying the recovery.

Osmotic Potential

The osmotic potential of the cell sap was
measured from the flag leaves with a freezing point
osmometer according the method of Capell and
Doerffling [27]. To obtain cell sap (50pl) the leaf
material was enclosed in a 2ml plastic syringe and
was stored at 20°C subsequently it was pressed to
ooze out the sap from the thawed leaf. Readings were
taken from freezing point osmometer (Gonotec
GmbH model OSMOMAT 010) as mosmol/Kg and
ware converted to -MPa.

Proline Content

Proline content of leaves was estimated at
both stages using the method of Bates et al. [28].

Glycine Betaine Content

The amount of GB was estimated according
to the method of Grieve and Grattan [29]. The plant
tissue was finely ground and mechanically shaken
with 20 m! deionized water for 24 h at 25 "C. The
samples were then filtered and filtrates were diluted
to 1:1 with 2 N H;80,. Aliquots were cooled in ice
water for 1 h. Cold KI-I; reagent (0.20 ml}), prepared
by dissolving 15.7 g of iodine and 20.0 g of KI in 100
ml water, was added and the reactants were gently
stirred with a vortex mixture. The tubes were stored
at 4 C for 16 h and then centrifuged at 10,000 rpm
for 15 min at 0 "C. The supematant was carefully
aspirated with a fine glass tube. The periodide
crystals formed were dissolved in 9 ml of 1, 2-
dichloroethane. After 2 h, the absorbance was
measured at 365 nm using GB as standard.

Sugar Content

Sugar content of leaves was estimated
following the method of Dubois et al [30]. Fresh
plant material (0.5 g} was homogenized with 10 ml of
distilled water in a clean mortar. It was centrifuged at
3000 rpm for 5 minutes. Then in 0.1ml supernatant
lml 5 % v/v phenol was added. After 1h incubation
at room temperature 5ml of concentrated H,SO, was
added .The absorbance of each sample was recorded
at 420 nm. The concentration of unknown sample
was calculated with reference to standard curve made
of glucose.

SUMERA IQBAL AND ASGHARI BANO

Statistical Analysis of Data

The data were subjected to factorial
ANOVA and the mean values were compared with
Duncan’s Multiple Range Test (DMRT) using
MSTAT-C version 1.4.2

Conclusions

Present investigation reveals that the
inhibitory effects of water stress on plant at booting
and grainfilling stages of wheat can be alleviated by
exogenous application of ABA used as seed soaking
particularly in relatively sensitive wheat genotypes.
Effect of ABA appears stage specific and booting
stage was found to be more responsive the possible
reason may be that the effects of ABA seed soaking

dimminished with the developmental changes.
Considerable wvariation in terms of osmotic
adjustment under water stress exists in local

germplasm, which maybe used in breeding programs.
On physiological basis accession 011417 was found
to be most tolerant to water stress and least
responsive to exogenous ABA while accession
011320 was the most sensitive and most responsive
to ABA. Adverse effects of water stress on
physiological and biochemical attributes become
more pronounced at grain filling as compared to
booting. The contribution of proline and glycine
betaine in osmotic adjustment was more as compared
to sugar thus these can serve as better physiological
markers than sugar for selecting water stress tolerant
wheat genotypes.
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