
REGULAR ISSUE 
Radhika and Thind. 
_______________________________________________________________________________________________________ 

  
    
    IIOAB-India                                                                                                                   Radhika and Thind. IIOABJ; Vol. 4: Issue 1; 2013:10–16 

 

10  

                           w
w

w
.iio

a
b

.o
rg

                                                                                        
 

   
                                            w

w
w

.iio
a
b

.w
e
b

s
.c

o
m

 
P

L
A

N
T

  
 H

Y
S

IO
L

O
G

Y
 

 

BIOCHEMICAL VARIATION AS INFLUENCED BY BENZYLAMINOPURINE 
APPLICATION IN WHEAT GENOTYPES UNDER VARIABLE WATER DEFICIT 
CONDITIONS 
Radhika*and Thind S. K 

Dept. Of Botany, College of Basic Sciences and Humanities, Punjab Agricultural University, Ludhiana, Punjab, INDIA 

 

ABSTRACT        
 
 

 
 

 
 

 
 

 
 

 

 

 

*Corresponding author: Email: bansalradhika510@gmail.com 

 
 

 
[I] INTRODUCTION 

 
Water deficit and salt stresses are global issues to ensure 
survival of agricultural crops and sustainable food production 
[1]. Drought is observed in irrigated areas due to insufficient 
supply of water and canal closure. Water deficit affects every 
aspect of plant growth by modifying the anatomy, morphology, 
physiology, biochemistry and finally the productivity of crop. 
Early grain development stage is more vulnerable to water stress 
than vegetative growth. The exogenous application of 
osmoprotectants, growth promoters and antioxidant compounds 
to plants has been considered as short term solution to alleviate 
the adverse effects of stress [2]. When the plant tissues were 
subjected to drought stress, some physiological and biochemical 
changes occur. Biochemical attributes such as: free proline 
content, soluble sugar, total protein, decreased phospholipids in 
the cell membrane [3] and chlorophyll stability can be used as 
drought tolerance indicators for selecting drought resistant 
genotypes [4]. Differences in drought tolerance of wheat 
cultivar were presented by [5]. It was also reported that high 
yielded variety affected more under stress condition than low 
yield one [6]. 
  
Phytohormones such as cytokinins (CKs) have been reported to 
reduce the detrimental effects of low water availability through 
stimulating osmotic adjustment. The foliar spray of 

osmoprotectants has gained significant ground during the last 
decade, because it is a shotgun approach to improve stress 
tolerance in different crops. Phytohormones such as cytokinins 
(CKs), have been reported to reduce the detrimental effects of 
low water availability through stimulating osmotic adjustment 
[7]. Benzylaminopurine (BAP) is also believed to be ideal for 
exogenous plant application because it is considerably more 
stable than natural CKs. It is readily taken up by the plant and 
not degraded by CK oxidase. Water stress tends to accelerate 
leaf senescence. CKs tend to reduce senescence by maintaining 
membrane activity [8] and promoting synthesis and inhibiting 
degradation of protein. This delay in aging is associated with a 
maintenance of photosynthetic activity [9], thereby enhancing 
the plant’s ability to recover and regrow  following water stress. 
A synthetic CK, BAP has been reported to have a positive effect 
on some growth factors during water deficit, as stimulating seed 
germination, leaf growth [10], and increasing net photosynthetic 
rates.  
 
 

[II] MATERIALS AND METHODS  
 
2.1. Experimental site  

 

The present investigation was conducted in experimental area of 

Department of Botany, Punjab Agricultural University, Ludhiana, during 

  
The purpose of this study was to investigate the influence of the addition of different concentrations of 
benzylaminopurine (BAP) in amelioration of the water deficit in wheat genotypes. BAP concentrations 
were foliarly applied at vegetative and reproductive stages under tillering and boot leaf stage water 
stress. Water stress given at the tillering stage and the boot leaf stage had significantly reduced the , hill 
reaction activity, photosynthetic pigments, starch, proteins and significantly induced the sugars, free 
amino acids, proline in  the leaves of the studied genotypes at both 70 DAS and 100 DAS. Foliar 
application of BAP @100 µg ml-1 given at the vegetative stage under water deficit conditions had 
showed the stress ameliorative effect. BAP had reduced the detrimental effects of low water availability 
through stimulating osmotic adjustment in wheat genotypes. BAP have a positive effect on growth factors 
during water deficit, as stimulating leaf growth and increasing net photosynthetic rates. 
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Rabi season of 2009 and 2010. Ludhiana, representing the Indo-

Gangetic alluvial plains, is situated at 30º-54º`N latitude, 75º-45`E 

longitude and at a mean height of 247 meters above sea level. It is 

placed in South-Central plain region of Punjab having subtropical and 

semi-arid climate. 

 
2.2. Experimental treatments and design 
 

The two genotypes PBW 343 and PBW 527 were raised and treatments 

were allotted in split plot design. Each treatment was replicated thrice.  

 
2.3. Treatments 
 

T1–Untreated control  

T2 –Water-deficit at tillering stage (at 50% level using tensiometer)   

T3– Water-deficit at boot leaf stage (at 50% level using tensiometer) 

 T4 –T2+50 µg ml-1 BAP at vegetative stage  

T5 –T2+100 µg ml-1 BAP at vegetative stage 

T6 –T2+50 µg ml-1 BAP at vegetative and post-anthesis stage 

T7 –T2+100 µg ml-1BAP at vegetative and 50µg ml-1at post-anthesis 

stage 

T8 –T3+50 µg ml-1 BAP at vegetative stage 

T9–T3+100 µg ml-1 BAP at vegetative stage 

 
2.4. Crop husbandry 
 

The pre-sowing irrigation (75 mm) was applied, prior to sowing; the soil 

of the replications was carefully leveled to ensure even distribution of 

water. All the required field management practices were followed 

according to the specifications laid out in the “Package of Practices for 

Rabi crops 2009-2010”a handbook of Punjab Agricultural University, 

Ludhiana. Recommended dose of fertilizers was applied at the time of 

sowing. Seeds were sown, after soil become in conditions of sowing, 

each treatment was allotted rows of four meters length. Inter row and 

inter plant distance was maintained at 20 cm and 8.5 cm respectively. 

Weeding and hoeing were carried out manually to keep the crop free 

from weeds throughout the growth period. Foliar spray of BAP at 

vegetative stage was given at 60 DAS and at reproductive stage was 

given at 90 DAS. The observations for the biochemical parameters were 

recorded after 70 DAS and 100 DAS. 

 
2.5. Data collection 
 

The observations for the biochemical parameters (plant pigments [11], 

hill reaction activity [12], protein [13], free amino acids [14], proline  [15], 

starch [16],  and total soluble sugars [17]  were recorded.  

 
2.6. Statistical analysis 
 
For the biochemical estimations the data of genotypes sown under 

variable water deficits were evaluated and Analysis of Variance 

(ANOVA) was done. 

 

 

[III] RESULTS AND DISCUSSION   
 
3.1. Photosynthetic pigments  
 

It was clear from Supplementary Table–1 that there was an 
inverse proportional relationship between increasing the 
severity of drought on one hand and contents of leaves of 
chlorophyll a, b and total pigments on the other hand. Water 
stress had significantly decreased the chlorophyll-a content. 

Water stress at tillering stage decreased the chlorophyll a up to 
much more extent than that of the water stress given at boot leaf 
stage. Foliar application of BAP had significantly increased the 
chlorophyll a content under water stress conditions. From 
among the genotypes, increase in chlorophyll-a in PBW 527 
was more than PBW 343 when it was applied with BAP under 
the stress conditions. There was overall decrease in chlorophyll 
b concentration under water deficit conditions. Decreased in the 
concentration of chlorophyll-b was more in PBW 527 as 
compared to the PBW 343 under water stress. Foliar application 
of BAP significantly increased the chlorophyll b under tillering 
water stress. BAP at its higher concentration was found to be 
better to increase the chlorophyll-b under water deficit 
conditions. In the present study water stressed plants showed 
significant decrease in the total chlorophyll. Foliar application 
of BAP increased the total chlorophyll under stress conditions. 
 
3.2. Hill reaction activity 
 

The rate of hill activity may be limited by almost all adverse 
environmental factors. From among the genotypes, PBW 527 
had more hill reaction activity than that of the PBW 343 under 
full turgor conditions. Water stress had significantly decreased 
the hill activity when it was applied at the stages of the growth 
of wheat plants i.e. (tillering as well as boot leaf stage). Results 
pointed out that the decrease was more pronounced when water 
stress was applied at the tillering stage in PBW 343 and at the 
boot leaf stage in PBW 527 [Supplementary Table–2]. Foliar 
application of BAP at its higher concentration had significantly 
increased the hill activity under stress which was given at the 
(tillering and boot leaf stage) when sprayed at the vegetative 
stage. But the higher application in addition to the lower 
application at post anthesis i.e. (T7) was found to be more 
effective to increase the hill activity under tillering water stress 
conditions in both the genotypes.  
 
3.3. Proline 
 

 Proline is the most common osmolyte accumulated in water 
stress conditions and the accumulation of these compounds is 
thought to represent an important adaptive response to drought 
stress. Proline accumulation is also correlated to the increase in 
total catabolic amino acids and sugar during stress. The proline 
level in control plant is also found to vary between varieties of 
the same crop grown under same physiological, soil and 
environmental conditions i.e. among the control plants, some 
cultivars show high values whereas others find low.  Results 
showed that PBW 527 had more proline accumulation than that 
of the PBW 343 [Supplementary Table–3] at 100 DAS. Water 
deficit had significantly increased the proline content at 70 DAS 
as well AS 100 DAS. In the present study foliar application of 
BAP at 60 DAS and 100 DAS had significantly reduced the 
proline concentration under the stress conditions whether the 
stress was applied at the tillering stage or the boot leaf stage. 
BAP had significantly decreased the proline when it was applied 
at the higher concentration under the tillering water stress as 
well as under boot leaf water stress at both 70 DAS and 100 
DAS in the leaves of studied genotypes.  
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3.4. Reducing sugars, Starch, Proteins and Total 
amino acids 
 
 Reducing sugar, proteins and free amino acid values varied 
significantly among the wheat genotypes. In comparison among 
the genotypes, PBW 527 possessed high soluble sugar content 
as compared to the PBW 343 under the control conditions. It 
was evident that the values of soluble sugars extracted from the 
leaves in the presently studied genotypes of Triticum increased 
progressively by increasing the deficit period. The increase in 
sugar content was found to be more drastic when the water 
stress was given at the boot leaf stage. The increase in level of 
reducing sugar under water stress may also be ascribed to an 
increase in starch hydrolysis. Results revealed that foliar 
application of BAP had significantly increased the sugar content 
when sprayed at the vegetative stage under tillering water stress 
as compared to the control. The increase was more pronounced 
in the PBW 527 [Supplementary Table–4].  
 

Two wheat genotypes chosen on the basis of their different 
drought tolerance were grown in field and subjected to drought 
at two stages of development (tillering and the boot leaf stage). 
Highly significant differences were detected between watered 
and stressed plants for starch content in both the genotypes,  
proved  that the treatment applied leads to a real water deficit.  
  
The both genotypes had showed the different behavior for starch 
content values. Results revealed significant variations in the 
values of starch among the two wheat genotypes under 
consideration. Drought stress decompose starch and fade it from 
the plant. It was earlier reported that drought stress causes many 
changes in the amount of plants carbohydrate and it become 
clear that with increasing drought stress on leaves, the amount 
of starch decrease. Water stress had significantly decreased the 
starch content in flag leaves at 70 DAS and 100 DAS. But the 
decrease was more recorded under tillering stress as compared 
to the stress given at the boot leaf water stress.  
 
Results showed that foliar application of BAP had significantly 
decreased the starch in both the genotypes in the flag leaves at 
70 DAS and 100 DAS as compared to the control under the 
stress conditions whether the stress was given at the tillering 
stage or at the boot leaf stage. 
 
Results showed that free amino acids were increased at the stage 
of maturity in PBW 527, but decrease in PBW 343 at the stage 
of maturity [Supplementary Table–5]. Results pointed out that 
water stress had significantly increased the free amino acid. But 
the increase was more under boot leaf stress in both the 
genotypes. The properties of compatible solutes facilitate the 
maintenance of favorable turgor pressure during water stress 
and in addition may serve as protective agents by stabilizing 
proteins. Results showed that foliar application of BAP had 
significantly increased the free amino acids in both the 
genotypes as compared to the control under the stress conditions 
at 70 DAS as well as at 100 DAS. 
 
In leaves of studied genotypes protein content was estimated at 
two stages of growth and results showed the significant 

differences between the genotypes under stress treatments.  
From among the genotypes PBW 527 had more proteins as 
compared to the PBW 343 at both 70 DAS and 100 DAS. 
Exposing wheat plants to osmotic stress decreased total protein 
concentration relative to the control treatments in both the 
genotypes. The decrease was more pronounced when the water 
stress was applied at the boot leaf stage. Results showed that 
foliar application of BAP had significantly increased the protein 
content in both the genotypes as compared to the control under 
the stress conditions. Protein content was higher at 70 DAS and 
lower at 100 DAS in both the genotypes. 

 

[III] DISCUSSION  
 

Photosynthetic pigments are important to plants mainly for 

harvesting light and production of reducing powers [18]. A 

reduction in chlorophyll content under drought was found 

presently. It was also reported that BAP application reduced the 

reduction in chlorophyll content and maintained it at higher 

level in the leaves [19]. Reduction of starch was the result of 

amylase activity that increased soluble sugar [20]. Water stress 

affects the conversion of sucrose in to starch [21]. Water stress 

reduced starch content in the shoots of tolerant seedlings as 

compared to the sensitive ones, but increased sucrose content in 

the shoots and roots of tolerant seedling, indicating their 

protective role during stress conditions [22]. This increment was 

significant at boot leaf stage. Previous data showed that level of 

these metabolites increased over control at 1.0 mg l-1 CK 

treatment after which variations were non significant [23]. The 

decrease in the water availability for transport-associated 

process leads to change in the concentration of many 

metabolites followed by distribution in amino acid and 

carbohydrate metabolism and increase in synthesis of 

compatible solutes, such as amino acids. Therefore, free amino 

acid seem to be additional to proline accumulation for deciding 

tolerance in a given crop species. Compatible solutes are 

synthesized in response to osmotic stress and can occur at high 

intracellular concentrations without hindering normal cellular 

metabolism. Increased protein content as well as depletion of 

amino acids in the grains of kinetin and ethrel treated plants 

indicate, efficient incorporation of amino acids into proteins. 

Kinetin had been reported to maintain higher rate of protein 

synthesis [24]. Application of BAP on younger and older leaves 

enhanced the soluble protein content except at few stages [25] 

are also reported in increasing in protein level under influence 

of BAP in beans. 

 

 

[IV] CONCLUSION 
 

From this study it was clearly observed that at the stages of 

drought and subsequent rehydration compounds with cytokinin 

(BAP) activities were found the most efficient protectors, 

enhancing a less pronounced decrease in the intensity of 

photosynthetic efficiency. BAP is a regulator of leaf senescence 

and their effects is dramatic particularly when sprayed directly 
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on the intact plants. BAP protects the cell membranes and the 

photosynthetic machinery from oxidative damage by delay of 

senescence. BAP stimulated chloroplast differentiation and 

inclusion of BAP induced the formation of greater numbers of  

chloroplasts in the leaves. Thus BAP promoted development of 

more leaf area and greater plant survival rates under varied 

water deficit conditions. A higher amount of amino acids and 

proteins were observed, accumulation of these metabolites in 

foliar cells may contribute towards dry mass distribution and 

osmotic adjustment Thus foliar application of BAP @100 µg 

ml-1 given at the vegetative stage under water deficit conditions 

had showed the stress ameliorative effect. 
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SUPPLEMENTARY TABLES (As supplied by authors) 

 
 

Supplementary Table: 1. Influence of BAP on chlorophyll a, chlorophyll b and total chlorophyll (mg -1 gm fresh weight) 
content in wheat (Triticum aestivum L.) genotypes under water stress 

 

 
 

 

 

Supplementary Table: 2. Influence of BAP application on Hill reaction activity (mg chlorophyll-1 hr-1) in wheat (Triticum 
aestivum L.) genotypes under water stress 
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Supplementary Table: 3. Influence of BAP application on Free Proline (mg -1 gm fresh weight) in wheat (Triticum aestivum 
L.) genotypes under water stress  

 

 
 

 

Supplementary Table: 4. Influence of BAP application on Sugar and starch (mg -1 gm fresh weight) in wheat (Triticum 
aestivum L.) genotypes under water stress 
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Supplementary Table: 5. Influence of BAP application on total amino acids and Protein content (mg -1 gm fresh weight) in 
wheat (Triticum aestivum L.) genotypes under water stress 

 

 
 


