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Influence of the Duration of Favourable Moisture Between Droughts on Wheat 
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Abstract Diverse effects of 3,6, 9 and 12 days of favourable moisture between two drought cycles 
on wheat (Triticum aestivum L. cv. Kalyan sona) have been reported here. The first cycle of drought 
imposed for a period of 10 days on separate sets of plants at 51, 54,57 and 60 days after sowing 
(DAS) caused comparable reductions in plant water potential ( tp plant), relative turgidity (RT%) 
and grain yield. All these plants were simultaneously subjected to a second cycle of drought at 73 
DAS for a uniform period of 9 days. Observations on ti  plant, RT, stomatal resistance and also 
contents of free amino acids, free proline and soluble protein, at the end of the second drought 
cycle and 48 h after irrigation, indicated that the adverse effects of water stress were more severe 
in plants which were given shorter (3 and or 6 days) compared to longer (9 and 12 days) periods 
of adequate soil moisture between two droughts. Changes in the activities of amylase, nitrate 
reductase, malate dehydrogenase and glucose-6-phosphate dehydrogenase generally revealed a 
similar trend. Notwithstanding a larger decline in grain yield under two, as compared to one cycle 
of drought, the grain yield was also depressed more under shorter (3 and 6 days) as compared to 
longer (9 and 12 days) period of adequate water supply between the stress events. Evidences 
provided here show that, among other factors, t he period of favourable moisture between droughts 
has a significant influence on metabolism and crop performance. 
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Field crops may often be subjected to repeated 
droughts. Certain studies (Levitt 1972, Singh et 
a/.1973) suggest that the initial drought hardens the 
crops enabling them to withstand the subsequent 
water stress better. However, others (Sionit et al. 
1980, Garg et al. 1984) did not support this conten-
tion. It has also been found (Vyas et al. 1990) that 
early drought upto a certain intensity, may help the 
plants to partly overcome the adverse effects of the 
subsequent water stress but greater initial stress 
under two droughts may cause a cumulative 
damage. The effects of two cycles of droughts on 
plants may also depend on the developmental stage 
at which stress is experienced (Sionit et al. 1980, 
Garg et al. 1984). But in none of these investigations 
the importance of favourable moisture period be-
tween the two droughts, has received any special 
attention. An attempt has been made here to 
generate some information in this area. 

Materials and Methods 

Wheat (Triticum aestivum L. cv. Kalyansona) 
were grown in pots (2 plants in each) with 10 kg of 
loamy sand soil supplemented with 80 kg ha-1  each 
of N and P205. Water was withheld from separate 
sets of 30 pots at 51, 54, 57 and 60 DAS for a period 
of 10 days and these were irrigated 61,64,67 and 70 
DAS, respectively. Thirty undroughted pots 
watered frequently, served as controls. Sets of 10 
pots from each of the treatment were frequently 
watered till maturity to ascertain the influence of a 
single cycle of drought on the grain yield. In the 
remaining 20 pots under each of the treatments 
except the control plants, irrigation was suspended 
at 73 DAS for a uniform period of 9 days to subject 
them to a 2nd cycle of drought. Thus different sets 
of plants were allowed 12,9, 6 and 3 days of 
favourable soil moisture ('wet' period) between two 
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droughts. After the 2nd drought plants from all 
treatments were frequently watered till harvest (28 
days after the termination of the 2nd drought). 

Dry matter and grain yield of plants which 
experienced two cycles of drought, with variable 
wet periods were recorded from ten replicates 
(pots). 

Plant water potential (tp plant) was measured 
by a Pressure Chamber (PMS Instrument Com-
pany, USA) just before watering in the 1st and 2nd 
cycle of drought and also 2 days after the termina-
tion of the 2nd drought. The relative turgidity (RT 
%) of fully expanded uppermost leaf (Slayter and 
Mcllroy 1961) and the stomatal resistance (LI-1600 
Steady State Porometer) of the adaxial surface of 
leaves were also measured at the same time. Up-
permost two fully expanded leaves of plants of each 
treatment were analysed (Garg et a/. 1984) for 
changes in the levels of free amino acids, free 
proline and soluble protein. Activities of nitrate 
reductase ( Jaworski 1971), amylase (Shain & 
Mayer 1968), malate dehydrogenase (MDH) 
(Davies & Kunn 1957) and glucose 6 phosphate 
dehydrogenase (G-6-PDH) (Kirkman 1962) were 
estimated an hour before the termination of the 
second drought and 48h after rewatering. 

Results and Discussion 

Data presented in Table 1 indicate that the 
plant water status, as well as the yield was adversely 
affected due to droughts at 51, 54, 57 and 60 DAS 
as compared to the control. The maximum stress 
experienced by plants in different cases were com-
parable notwithstanding slight differences in age. 
Although yield was significantly reduced due to 
drought in all cases as compared to the control but 
differences among treatments were not significant. 
It may be mentioned here that III plant and RT %  

of the control as well as the prestressed plants after 
the last irrigation prior to the on-set of the 2nd 
drought cycle, were comparable and these ranged 
between -1.2 to -1.3 MPa and 80.1 to 86.9% respec-
tively. 

The data under Table 2 indicate that at the 
point of maximum water stress, in the 2nd cycle of 
drought, plant water.status was more favourable in 
plants which were allowed 'wet' periods of 9 and 12 
days between the drought events as compared to 
those allowed shorter periods of 3 and 6 days. After 
48h of the termination of the 2nd cycle of drought 
' plant and RT% of all the treatments became 

more or less comparable to the control, but these 
indices under longer 'wet' period (9 and 12 days) 
between the droughts still remain marginally higher 
than plants under shorter wet period (3 and 6 days). 
Stress induced increase in stomatal resistance was 
also least under 12 days of favourable moisture, but 
remained significantly higher than the control. The 
stomatal resistance increased further under 6 and 
9 days intervals where the values were comparable. 
However, the stomatal resistance increased to a 
higher value when the favourable period of mois-
ture was only 3 days. On rewatering a fast nor7 
malization was noted in all cases. 

Examination of the levels of certain metabo-
lites (Table 2) at the point of maximum stress 
development in the 2nd drought cycle indicate that 
the accumulations of free proline and free amino 
acids as well as, the reductions in the levels of 
soluble protein were less in plants which were al-
lowed 9 and 12 days of favourable moisture inter-
lude between two droughts as compared to those 
under 3 and 6 days. These trends were perceptible 
even after 48h of irrigation particularly in levels of 
soluble protein and free proline. A better metabolic 
status of plants, which were allowed a longer period 
-of favourable moisture between two drought events 

Table I Water Status at the point of maximum stress and grain yield (g plant-1 ) of plants subjected only to the 1st cycle of drought 
at different DAS, and in the control 

Observations Control Drought at indicated DAS LSD 
5% 1% 51 54 57 60 

iPplant (-MPa) 1.0 —1.2 2.2 2.2 2.3 2.2 
RT (%) 83.2 —81.6 65.4 65.2 65.1 65.3 
Grain yield 3.58 1.73 1.75 1.77 1.87 0.41 0.53 
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Table 2 Influence of favourable moisture period between two droughts on plant water status, metabolic parameters at the point of 
maximum stress (S) and 48h after rewatering (R) of 2nd stress cycle and on thy matter and grain yield 

Parameter Favourable moisture period (days) LSD 
(5 %) Control 3 6 9 12 

11)  plant S 	-1.2 -2.0 -2.0 -1.9 -1.7 0.22 

(MPa) R 	-1.4 -1.6 -1.5 -1.4 -1.4 NS 

RT S 	81.3 68.2 71.2 75.1 77.8 3.6 

(%) R 	80.0 79.8 82.2 82.3 81.3 NS 

Stomatal S 	4.83 47.40 24.40 25.50 12.70 3.32 
resistance (SCm-1) R 	2.70 3.19 1.73 2.23 2.43 NS 

Soluble protein S 	237.2 142.2 156.9 203.2 193.2 10.9 
(mg g-1 dw)  R 	201.4 141.1 152.5 199.9 183.1 12.8 

Free proline S 	0.56 2.94 1.52 0.68 0.98 0.20 
(mg el  dw) R 	0.29 0.75 0.84 0.37 0.25 0.18 

Free amino acids S 	5.91 11.50 10.87 5.38 6.95 1.16 
(mg et dw) R 	5.48 4.61 5.03 5.22 4.01 NS 

Amylase (mg Starch S 	53.6 143.2 134.0 130.7 92.7 12.4 
hydrolysed eldw h-1) R 	54.6 62.2 46.9 35.1 - 8.4 

Nitrate reductase S 	330.1 139.7 152.8 232.4 174.6 18.3 
(ug NO2 el  dw11-1) R 	304.6 224.1 247.8 265.1 252.5 23.8 

MDH S 	14.03 7.05 7.56 7.48 8.94 0.91 
(A OD miril 	dw)x105  R 	7.82 5.85 5.59 7.32 7.23 1.14 

G-6-PDH S 	6.89 4.09 5.09 5.21 5.67 1.04 
(A OD mitil 	dw)x103  R 	6.08 4.99 5.72 6.43 5.87 0.84 

Grain yield - 	3.58 0.65 0.86 1.40 1.53 0.36 

( g plant-1) 
Dry matter shoot 5.10 2.70 2.77 2.84 3.09 0.68 
( g plant-1) 

seems to be a definite pointer to the importance of 
the 'wet' period interlude between the two cycles of 
water stress. Singh et a/. (1973) observed in barley 
that a previous exposure to water stress led to an 
increased potential for proline accumulation 
during the subsequent stress. But our earlier study 
on wheat (Garg et al. 1984) did not support this 
observation. However, the results of the present 
investigation suggest that among other factors, the 
time lag between the two cycles of drought may also 
influence the level of proline accumulation, just as 
it may alter the levels of other metabolites. 

Observations on activities of leaf enzymes fur-
ther support this contention (Table 2). Amylase 
activity increased progressively over the control at 
the point of maximum stress in the second drought 
cycle by 72.9, 143.8, 150.0 and 167.2% when the 
period of favourable moisture was 12,9,6 and 3 days 
respectively. After 48 h of recovery, the level of 
activity declined below the control under 9 days of  

favourable period between the two droughts. 
Similarly the nitrate reductase activity also declined 
under the second drought but the decrease was less 
under a long (9 and 12 days) than short (3 and 6 
days) well watered period. At recovery, the activity 
under all the treatments showed a sharp increase 
confirming to the established pattern (Sinha & 
Nicholas 1981) but the extent of activity as such, 
remained relatively higher under the longer period 
of favourable moisture. 

Observations recorded here indicate that the 
activity of MDH, a key respiratory enzyme of the 
TCA cycle, declined under 3,6,9 and 12 days of 
favourable moisture to 49.8,45.1, 46.7and 36.3 % 
respectively as compared to the control. Post 
drought rehabilitation of the activity of this enzyme 
was faster under longer as compared to shorter 
interval of favourable moisture. Again, it has been 
reported (Todd 1972) that the activity of G-6-
PDH, a key enzyme of hexose monophosphate 
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shunt, declines under severe water stress. A similar 
trend was noticed here. However, it was interest-
ingly found that its decline at the point of maximum 
water stress in the second drought cycle was only 
17.8% with respect to the control at 12 days of 
favourable moisture interval while it was 40.7% 
under 3 days. At recovery, this pattern was not 
substantially altered. 

Table 2 further indicates that the grain yield 
significantly declined under stress in all cases. 
However, the yields of plants under 9 and 12 days 
of 'wet' period between the two cycles of drought 
were significantly higher than those under 3 and 6 
days. Despite the progressive improvement with 
increasing duration of the favourable 'wet' period, 
the differences between 3 and 6 days interval, as 
well as, between 9 and 12 days were not significant. 
It is again noteworthy that the decline in the yield 
in the 2nd cycle, as compared to that of the 1st cycle 
(Table 1) was more under 3 and 6 days of 
favourable moisture while it was less under 9 and 
12 days. But the higher yield under one cycle as 
compared to two cycles of drought generally sug-
gest a cumulative adverse effect of drought events 
as noted by certain other workers (Sionit et al. 1980, 
Vyas et al. 1987). Again, dry matter production 
declined under stress but the observed increases 
with longer 'wet' periods were not large enough to 
be significant. 

Diverse measurements recorded here clearly 
suggest that the period of favourable moisture be-
tween two droughts significantly influence various 
plant processes. Therefore, changes in perfor-
mance of plants suffering from two cycles of 
drought depend not only on intensity and rate of 
development of stress, stage of growth, species and 
cultivar but also on the period of adequate water 
supply between the stress events which regulates 
the water status and metabolism of plants during 
the second cycle of drought. However, a field 
verification of the study is required. 
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