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Table 4. Average number of grains per spike of wheat influenced by the application of glycinebetaine (GB) and 
potassium (K) under drought in natural conditions. Means with different letters are significantly different from each 
other at p ≥ 0.05.
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Table 5.  Average grain yield (kg ha-1) of wheat influenced by the application of glycinebetaine (GB) and potassium 
(K) under drought in natural conditions. Means with different letters are significantly different from each other at 
p ≥ 0.05.
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Table 6. Average Water potential (-Mpa) of wheat leaves influenced by the application of glycinebetaine (GB) and 
potassium (K) under drought in natural conditions. Means with different letters are significantly different from each 
other at p ≥ 0.05.
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Table 7. Average osmotic potential (-Mpa) of wheat leaves influenced by the application of glycinebetaine (GB) 
and potassium (K) under drought in natural conditions. Means with different letters are significantly different from 
each other at p ≥ 0.05.
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Table 8.  Average Turgor potential (Mpa) of wheat leaves influenced by the application of glycinebetaine (GB) and 
potassium (K) under drought in natural conditions. Means with different letters are significantly different from each 
other at p ≥ 0.05.
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Analyzed data regarding leaf water potential (Table 
6) showed that drought stress affected leaf water 
potential of both varieties. The lowest water potential 
was recorded in Lasani-2008 and the highest in 
Auqab-2000. Exogenous applications of GB under 
drought affected leaf water potential significantly. 
More negative leaf water potential was recorded in 
treatment T0, while less negative value was recorded 
with T2 in pots as well as in field. Potassium also 
affected water potential significantly. Minimum value 
of water potential was recorded at K0, while maximum 
was observed at K3 (1.5%) both in pots as well as in 
field. Interactive effect of GB (T) and potassium (K), 
on water potential was non-significant in case of pots 
trial while significant in case of field trials during 
both years (Table 6). Negative water potential was 
maximum when crop was stressed without any spray 
(GB or K) and the less negative water potential was 
obtained in T2K3 which was similar to T2K2 (Table 6). 

Analyzed data regarding leaf osmotic potential (Table 
7) showed that more negative leaf osmotic potential 
was recorded in  Auqab-2000, while less negative 
was recorded in Lasani-2008. GB under drought 
significantly affected leaf osmotic potential; more 
negative leaf osmotic potential was recorded when 
crop faced water stress without GB spray (T0) and 
less negative leaf osmotic potential was resulted in 
(T2), (Table7). Effect of potassium spray levels on leaf 
osmotic potential was also recorded as significant. More 
negative leaf osmotic potential was recorded at K0 (no 
K under drought), while less negative was observed at 
K3 both in pots as well as in field (2009-10 and 2010-
11) Interactive effect of exogenous applications of GB 
(T) and potassium (K), on osmotic potential was also 
significant in case of pots as well as in case of field trials 
(Table 7). Osmotic potential was more negative when 
crop was stressed at T0K0 and the less negative osmotic 
potential was obtained in T2K3 similar to T2K2 (Table 7). 

Leaf turgor potential (MPa) as indicated by analyzed 
data in Table 8 showed that leaf turgor potential was 
found non-significant on both varieties in case of pots 
and field trials (Table 8). Different levels of GB had 

significant effect on turgor potential. More leaf turgor 
potential was recorded in T2 in pots trial, while in 
case of field trial same treatment was at par with 150 
mM GB spray and less turgor potential was resulted 
under drought without GB application (T0) (Table 
8). Applications of K effect regarding leaf turgor 
potential indicated that it was maximum at K3 and K2 

and minimum leaf turgor potential was resulted when 
crop had not received any exogenous applications of 
K (K0). Interactive effect of GB (T) and potassium 
(K), on leaf turgor potential was also significant in 
case of pots as well as in case of field trials (Table 
8). In pots, leaf turgor potential was maximum in 
T2K3 and T2K2, while in field it was maximum in T2K3 
and T2K2 (Table 8). Minimum turgor potential was 
obtained in T0K0 (Table 8).

4. Discussion

The results of our studies revealed that drought 
stress at grain filling affected the crop growth and 
development significantly by affecting all the yield 
components (spike length, number of spikelet’s per 
spike, and number of grain per spike) and physiological 
parameters causing decline in the final grain yield of 
both the wheat varieties. This was in agreement with 
noticeably decrease in yield in the earlier studies in 
different crops as a result of water stress, e.g., in 
sugar beet (Bloch et al. 2006), wheat (Raza et al. 
2102) and maize (Ashraf et al. 2007). Actually, the 
drought stress initiates a series of biochemical and 
physiological processes in plants which results in 
the reduction of crop yield (Shahbaz et al. 2011). 
Under these conditions a lot of adaptive mechanisms 
develop in plants to maintain productivity under 
adverse conditions. This includes the conservation of 
water by increase in root penetration, partial closing 
of stomata and reduction in transpiration (Hoad et 
al, 2001). Accumulation of solutes like GB and K in 
plants is one of such adaptive techniques to cope with 
drought stress by increasing the tolerance of plants 
and ameliorating the drought effects on growth and 
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development of plant. In our study, foliar application 
of both solutes to wheat under water deficit condition 
significantly improved crop growth and development 
(plant height, spike length, number of spikelets per 
spike, number of grains per spike, and grain yield) 
and crop water relations (water potential, osmotic 
potential and turgor potential) during both years 
(2009-10 and 2010-11). This is corroborated with 
earlier studies (e.g. Raza et al. 2012, 2013) who 
reported drought tolerance of crop due to foliar 
applied solutes. 

Exogenous application of both GB and K solutes 
to wheat under water deficit condition significantly 
affected the biochemical i.e., transpiration and 
physiological process i.e., photosynthesis and 
protein synthesis. GB is an effective osmo-
protectant which naturally accumulates in a number 
of plants under drought stress (Zhang et al., 2009) 
thereby playing a vital role in drought tolerance of 
plants. However, it’s not produced in ample amount 
to completely tolerate the effects of drought and 
thus need to be introduced in the plants. It has 
been reported in earlier studies that exogenous 
application of GB protects photosynthetic 
machinery by (i) preventing photoinhibition, (ii) 
preserving the net photosystem-II efficiency, and 
(iii) enhancing the tolerance of photosynthetic 
apparatus of wheat plants subjected to various 
stress conditions (Zhao et al. 2001; Demiral and 
Turkan, 2006). Consequently, in our experiments, 
application of GB significantly improved all the 
yield components of wheat, as compared to the 
wheat under stress without GB application.  This 
beneficial effects of GB has been reported in a 
number of studies for various crops, particularly 
those which do not normally accumulate significant 
amount of GB under drought stress (e.g. Wang et al. 
2010a; 2010b). 

Foliar application of K to wheat under water deficit 
condition significantly improved the yield attributes 
and also affected water potential, osmotic potential 
and turgor potential of both wheat cultivars. 

Combined spray of 100 mM GB and 1.5% K reduced 
the negative effect of drought on water relations of 
wheat plant and improved the tolerance of the plant 
under water deficit. These solutes also play a role as 
osmo-protectant by protecting cellular components 
from dehydration injury. Due to lower leaf water 
potential under drought stress biosynthesis of GB 
enhanced which finally improved its concentration 
in leaf (Zhu 2002). Exogenous application of GB 
in turnip rape plants improved net photosynthesis 
and reduced photorespiration under drought and salt 
stress (Makela et al. 1998). Exogenous applications 
of 100 mM GB under water stress conditions 
improved the 1000-grain weight and number of 
grains per spike through increased photosynthesis 
by maintaining leaf turgor potential. GB improved 
water deficit tolerance of the plant by maintaining 
internal water balance (turgor pressure) (Makela et 
al. 1998). The GB also enhanced leaf turgor potential 
by anchoring enzymes, functional proteins and lipids 
and maintained thylakoid membrane and electron 
flow through it (Allakhverdiev et al. 2003). Potassium 
enhances enzymes function to maintain the metabolic 
activities of plant under drought stress conditions. 
Plant growth is restrained under drought stress due 
to osmotic and ionic effects; however, plants have 
the ability to develop certain mechanisms to cope 
stress conditions (Munns 2002). Under water stress 
condition also toxic ions accumulate causing osmotic 
imbalance. Due to accumulation of free amino acids 
proline is well known to occur in large quantity in 
plants under abiotic stress conditions, contributing to 
osmotic adjustment (Ketchum et al. 1991). 

Response of both varieties (Lasani-2008 and 
Auqab-2000) to the exogenous application of GB 
and K under drought was different; it may be due to 
their genetic makeup. i.e., the ability to reduce rate 
of transpiration (Iqbal et al. 1999) since Lasani-2008 
tolerated drought more than Auqab-2000. These 
findings corroborates with Liu and Li (2005) who 
reported that a high leaf RWC under water deficits in 
drought resistant genotypes of wheat as compared to 
the drought sensitive.
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5.	 Conclusions

Results of this study revealed that drought stress at 
grain filling stage of wheat adversely affects its yield 
and physiological parameters. Foliar application of 
GB and K to the drought stressed wheat plants can 
help to improve water relations and the grain yield. 
Interesting, we found significant interactions between 
GB and K, irrespective to the wheat variety. The 
combine application of GB and K at 100 mM and 
1.5%, respectively, provided the best results. All these 
findings lead us to conclude that for wheat crop under 
drought farmers should spray GB or K to minimize the 
negative effect of drought. The combination of both 
these solutes can provide the best results. This can 
have dual benefits: improving yield of wheat under 
drought and supply of K nutrient to plants. Depending 
on the farm infrastructure, a common hand-boom 
sprayer can easily be used on small land-holder farms 
and mechanical boom sprayers on large scale farms.
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