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 ARTICLE INFO    ABSTRACT 
 

 

Wheat (Triticum aestivum L.) is the major vital crop all over the world and also a staple food cultivated 
over wide range of climatic conditions. Drought conditions during cultivation play a key role. The 
effects of drought range from morphological to molecular levels. Many stages of plant development are 
affected by drought. In present study growth related traits, phenological, physiological and yield 
analysis of wheat under drought and irrigated condition with 9 different varieties was done. Both 
drought and irrigated varieties were compared and a significant study was observed. The findings of the 
study reveal that some of the varieties showed positive results towards drought mechanism. GW503, 
GW173, GW273, GW366 and GW496 were tolerant varieties and amongst them GW496 was the 
highest tolerant variety whereas GW1255, LOC-1 and GW11 were susceptible varieties. Plant growth 
regulators and certain physiological mechanisms get activated during drought conditions. Plant drought 
resistance mechanism comprises of escape, tolerance and avoidance mechanisms. Osmotic regulations 
help to uphold cell water balance over accumulation of solutes in cytoplasm, reducing the detrimental 
effects. 
 

 

 
 
 
 

Copyright © 2019, Summy Yadav et al., This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted 
use, distribution, and reproduction in any medium, provided the original work is properly cited. 
 
 

INTRODUCTION 
 
Triticum aestivum L. belongs to family Poaceae (Gramineae). 
Wheat is the main crop growing mainly in Rabi season. It is 
broadly cultivated under varied agro-ecological conditions 
(Hassani, Marker, and Lal 2017). According to chromosome 
number sets, wheat was separated into three groups: diploids 
(2n=14), tetraploids (2n=28) and hexaploids (2n=42) (Singh 
and Mittal 2016). The mature wheat kernel (caryopsis) 
contains ~83% endosperm, 14.5% bran and 2.5% 
embryo.Wheathaswater, carbohydrate, fat and gluten as major 
wheat protein contributing amino acids for nutrition. Wheat 
germ encompasses folate, thiamin, magnesium, vitamin B6, 
iron, selenium, vitamin E, zinc and fibre (Kumar et al., 2011). 
The bran and germ layers of whole wheat are rich in beneficial 
phytochemicals called flavonoids, lignans and saponins. 
Drought being an intricated abiotic stress, acts at any stage of 
plant growth to various extent. Abiotic environmental factors, 
water resources and atmospheric conditions are the main 
source (71%) of yield reductions. Drought affects from 
morphological to molecular levels and are apparent at all 
phenological stages of plant growth at which the 
droughtoccurs (Fahad et al., 2017).  
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Three major periods of plant development-vegetative, pre-
anthesis and terminal stage are affected by drought (Shavrukov 
et al., 2017).Physiological responses of plants to drought 
include leaf wilting, reduced leaf area, leaf abscission and 
thereby reducing water loss through transpiration (Waseem et 
al., 2011).Growth of plants under drought contributes much to 
ease the problem of extreme water usagein agriculture. Cell 
growth is one of the utmost drought sensitive physiological 
processes triggered by reduced turgor pressure (Fahad et al., 
2017). Under severe drought stress, cell elongation of higher 
plants can be repressed by interruption of water flow from the 
xylem to the adjacent elongating cells. Impaired mitosis, cell 
elongation and expansion confer reduced plant height, leaf 
area and crop growth under drought (Fahad et al., 2017). 
Drought resistance comprises of escape, avoidance and 
tolerance mechanisms. Osmotic alteration helps sustaining cell 
water balance with the active accumulation of solutes in 
cytoplasm, minimizing the detrimental effects of drought 
(Singh and Mittal 2016). 
 

MATERIALS AND METHODS 
 
This investigation was done in Rabi season at Biological and 
Life Sciences (Ahmedabad University). Seeds were procured 
from Gujarat state Seed Corporation Limited.9 different 
varieties of wheat- GW503, GW496, G451, GW11, LOC-1, 
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GW1255, GW173, GW27, and GW366 were sown for 
irrigated and drought conditions in month of November. Each 
variety from GW503 to GW366 was marked as varieties V1 to 
V9 respectively.  
 

 Phenological Analysis: 
 Days to 50% flowering 
 Days to 50% maturity 

 
Growth related traits: Root Length per Plant (RL) and Root 
Dry Weight per Plant (RDW. Shoot Length per Plant (SL) and 
Shoot Dry Weight per Plant (SDW) 
 
Physiological Analysis: Three replicates of 20mg from each 
variety were chosen and the following are the observations 
taken for physiological analysis. 
 
Relative Water Content % (RWC): The experimental study 
included fresh weight, dry weight and turgid weight of fourth 
leaf from each replicate. For fresh weight (FW), leaves from 
each plant variety were taken and weighed and then were 
saturated in tap water for 2-3 hours and their turgid weight 
(TW) was measured. The samples were then dried at 55oC in 
oven for 1 hour and weighed for their dry weight (DW). 
Relative water content for all the samples was calculated using 
following formula. (Yadav et al., 2015) 
 
RWC% = (FW-DW) / (TW-DW)*100.  
 
Relative Stress Injury % (RSI): Fresh leaves were 
homogenized in 10 ml of distilled water for one hour and their 
electrical conductivity was measured before and after giving 
heat stress for one hour at 70oC in water bath. Percentage of 
relative stress injury was calculated using following formula 
(Summy, Boora, and Sharma 2016)%:  
 
RSI = (EC2 – EC1 / EC2)*100 
 
Where, 
 
EC1: electrical conductivity of sample before keeping it in hot 
water bath and 
EC2: electrical conductivity of sample after keeping it in hot 
water bath.  
 
Chlorophyll (Chl) and Carotenoid Estimation (Car): Wheat 
leaves from three replicates of each plant were grinded and 
extracted in 2ml acetone (70%) and centrifuged for 4 minutes 
at 5000rpm. The supernatant was collected and homogenized 
in 2ml acetone and its absorbance was measured at three 
different wavelengths 470nm, 646.8nm and 663.2nm 
respectively for determination of chlorophyll and carotenoid 
content. Cholrophyll a, b and carotenoid content was 
calculated using the following formulas (Nayak et al., 2014):  
 
Chl-a = 12.25A663.2 – 279A646.8, Chl-b = 21.5A646.8 – 5.1A663.2, 

 
Cx+c= (1000A470 – 1.82Ca–85.02Cb)/198) 
 
Where, 
 
A = absorbance at specific wavelengths after calculating 
chlorophyll factor and carotenoid estimation and Cx+c= 
carotenes and xenthophylls 
 

Yield Attributes: Spike length per plant (SpL) and Spike 
weight per plant (SpW) 
 
Number of grains per spike (NOG) and Weight of grains per 
spike (WOG). Statistical analysis using Pearson correlation 
matrix 
 
Correlation analysis of irrigated plants and drought plants 
 

RESULTS 
 
Phenological Analysis 
 
Days to 50% flowering: In irrigated plants varieties G451, 
GW11 and in drought condition plant GW11 were earliest to 
obtain 50% flowering i.e. 52 days.Varietieslike LOC-1, 
GW1255, GW173 and GW366had moderate growth and 
flowered in 57 days. G451 had its flowering on 57th day in 
drought condition plants. Variety GW503 in irrigated plants 
and GW496 and GW273 in drought condition plants had its 
flowering on 60th day and the slowest to obtain 50% flowering 
was on 61st day in varieties GW496 and GW273 of irrigated 
plants and variety GW503 in drought condition plants. 
 
Days to 50 % Maturity: Varieties G451 and GW11 were first 
to obtain 50% maturity in 55 days in irrigated plants 
andGW11in drought plants, whereas varieties like LOC-1, 
GW1255, GW173 and GW366 had moderate growth in 61 
days in irrigated as well as in drought condition plants. G451 
in drought condition plant also had its maturity on 61th day. 
The slowest to obtain 50% maturity were variety GW503 in 
irrigated plants and varieties GW496 and GW273 in drought 
condition plants i.e. on 62nd day. And on 64th day GW496 and 
GW273 in irrigated plants and GW503 in drought condition 
plants had their 50% maturity. 
 
Growth Related Traits: 
 
Root Length per plant and Root Dry Weight per plant 
 
Root Length per plant: Under drought stress, root length was 
highest in variety G451 (7.5 cm) compared to others which 
indicates high tolerance towards the drought stress. Whereas 
varieties GW503 (5.93 cm) and GW496 (6.03 cm) showed 
moderate tolerance towards the drought stress. And the 
varieties GW11 (1.83 cm), GW1255 (2.4 cm), LOC-1(2.93 
cm), GW173 (2.3 cm), GW366 (1.0 cm) and GW273 (3.13 
cm) showed very low tolerance (Table 1.1). Root length was 
higher in irrigated plants in varieties GW503 (13.42 cm), G451 
(8.9 cm), LOC-1 (3.6 cm), GW1255 (2.4 cm), GW173 (2.73 
cm), GW273 (7.83 cm) and GW366 (2.26 cm) than those of 
the drought condition plants. 
 
Root Dry Weight per plant: From values observed through 
conducted experiment, variety G451 (0.90 gm) showed highest 
value of RDW from all other varieties of wheat which 
indicates this variety has high tolerance mechanism towards 
drought stress. Whereas, varieties GW503 (0.021 gm) and 
GW496 (0.027 gm) showed moderate tolerance and the plants 
which were unable to overcome drought stress were termed as 
susceptible plants like in varieties GW11 (0.003 gm), LOC-1 
(0.008 gm), GW1255 (0.013 gm), GW173 (0.012 gm) and 
GW273 (0.012 gm) (Table 1.1). Root dry weight was higher or 
equal in irrigated plants than drought stressed plants in all the 
varieties. 
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Shoot Length per plantand Shoot Dry Weight per plant Shoot 
Length per plant: The data showed a great variance in the 
values of shoot length of irrigated as well as drought condition 
plants. In drought condition plants, variety GW496 (53.7 cm) 
showed highest value compared to others which indicates high 
tolerance towards the drought stress. Whereas, 
varietiesGW503 (39.17 cm), GW11 (43.26 cm), GW366 
(36.36 cm), LOC-1 (46.0 cm) and GW173 (38.3 cm) showed 
lesser value than the variety GW496 (53.7 cm), which 
indicates that they have moderate tolerance towards the 
drought stress. And varieties G451 (24.6 cm), GW1255 (34.86 
cm) and GW273 (32.6 cm) showed very low tolerance towards 
drought stress indicating poor resistance mechanisms towards 
water stress (Table 1.1).  
 
Shoot Dry Weight per plant: In all the varieties shoot weight 
was greater in irrigated plants than drought stressed plants. In 
seed plant subjected to drought stress, variety G451 (0.81 gm) 
showed highest value from all other varieties of wheat which 
indicates that this variety has high tolerance mechanism 
towards drought stress. Varieties GW503 (0.44 gm) and 
GW496 (0.64 gm) showed moderate tolerance whereas 
varieties GW11 (0.24 gm), LOC-1 (0.21 gm), GW1255 (0.22 
gm), GW173 (0.22 gm), GW273 (0.16 gm) and GW366 (0.20 
gm) were unable to tolerate dehydration (Table 1.1). In 
irrigated plants varieties GW503 (0.90 gm), G451 (0.86 gm), 
LOC-1 (0.24 gm), GW1255 (0.24 gm) and GW273 (0.29 gm) 
showed significantly greater shoot dry weight than those of the 
drought condition ones. 
 
Physiological Analysis: 
 
Relative Water Content %: The RWC range was set according 
to the tolerance level. Values above 80% were considered as 
highly tolerant, between75-80% were said to be moderately 
tolerant and below75% were termed as susceptible. Under 
irrigated conditions RWC% for all the varieties ranged from 
69.57% to 90.98% and from 60.75% to 86.38% in drought 
condition plants. In drought stressed plants highest RWC% 
was recorded in varieties GW1255 (85.94 %), GW273 (81.27 
%) and GW366 (86.38 %). Moderately tolerant plants were 
varieties GW496 (78.57 %) and GW11 (79.03 %). Susceptible 
plants were higher in number bearing very low tolerant 
mechanisms in varieties GW503 (60.75 %), G451 (52.85), 
LOC-1 (60.56 %) and GW173 (73.30 %) (Table 1.2). In 
irrigated plants, varieties GW11 (80.48 %), GW1255 (90.98 
%), GW273 (90.65 %) and GW366 (86.61 %) had the highest 
values of RWC% whereas varieties GW496 (77.80 %), G451 
(75.22%) and GW173 (79.65 %) had moderate RWC%. The 
lowest RWC% having plants were GW503 (72.40 %) and 
LOC-1 (69.57 %). RWC% was significantly higher in varieties 
GW503 (72.40 %) and G451 (75.22 %).  
 
 Relative stress injury %: Value of relative stress injury above 
90% was considered as susceptible varieties, value between 
81-89% was moderately tolerant and below 80% was 
considered as highly tolerant plant. In irrigated conditions, 
RSI% ranged from 71% to 98.05% and in drought stressed 
plants it ranged from 72.44% to 98.51%. Under drought 
condition, varieties GW503 (97.53 %), GW496 (91.60 %), 
GW11 (96.41 %), LOC-1 (98.51 %) and GW1255 (95.44 %) 
were susceptible due to poor resistance mechanisms in plants 
while variety G451 was moderately tolerant (82.22 %) and 
varieties GW173 (77.28 %), GW273 (75.31 %) and GW366 
(72.44 %) were highly tolerant. 

In drought condition plants, varieties G451 (82.22 %), GW273 
(75.31 %) and GW366 (72.44 %) had low RSI% than the 
irrigated plants (Table 1.2).  
 
Chlorophyll and Carotenoid estimation 
 
Chlorophyll-a (Chl-a): Under irrigated conditions, chlorophyll 
a observed was from 1µg/ml to 3.74µg/ml and in drought 
stressed plants it was observed from 0.58µg/ml to 5.19µg/ml. 
In irrigated condition plants, varieties GW503 (1.0µg/ml), 
LOC-1 (0.78 µg/ml), GW1255 (1.48 µg/ml), GW173 
(1.79µg/ml) had lowest range of chlorophyll-a content whereas 
variety GW273 (7.46 µg/ml) had the highest. Varieties 
GW496 (2.26 µg/ml), G451 (2.77 µg/ml), GW11 (3.05 µg/ml), 
GW366 (3.74 µg/ml) had moderate range of chlorophyll a 
content. In drought condition, varieties GW496 (1.25 µg/ml), 
G451 (0.58 µg/ml), GW11 (0.36 µg/ml) and LOC-1 (1.25 
µg/ml) had lowest chlorophyll a content. Varieties GW503 
(2.59 µg/ml) and GW366 (2.59 µg/ml) had the highest 
chlorophyll a content while varieties GW1255 (2.62 µg/ml), 
GW173 (4.08 µg/ml), GW273 (5.19 µg/ml) had moderate 
range. At the vegetative stage all the varieties in irrigated 
condition showed significantly higher chlorophyll-a content 
than the drought varieties except in variety LOC-1 (1.25 
µg/ml). 
 
Chlorophyll-b (Chl-b): Under irrigated conditions, 
chlorophyll-b content observed was from 0.55µg/ml to 
4.32µg/ml and in drought stressed plants it was observed from 
0.05µg/ml to 3.06µg/ml. In irrigated condition plants, varieties 
GW503 (0.55 µg/ml), GW496 (0.93 µg/ml), LOC-1 (0.92 
µg/ml) had lowest chlorophyll-b content whereas variety 
GW273 (4.32 µg/ml), GW366 (4.13 µg/ml) had the highest. 
Varieties G451 (1.86 µg/ml), GW11 (1.73 µg/ml), GW1255 
(1.66 µg/ml), GW173 (1.09 µg/ml) had moderate chlorophyll-
b content. In drought condition, varieties GW496 (0.05 µg/ml), 
G451 (0.13 µg/ml), GW11 (0.22 µg/ml), LOC-1 (0.26 µg/ml) 
and GW1255 (0.70 µg/ml) had lowest range of chlorophyll-b 
content. Variety GW273 had the highest chlorophyll-b content 
while varieties GW503 (1.60 µg/ml), GW173 (1.76 µg/ml) and 
GW273 (2.51 µg/ml) had moderate range of chlorophyll-b 
content. At the vegetative stage varieties GW496 (0.93 µg/ml), 
G451 (1.86 µg/ml), GW11 (1.73 µg/ml), LOC-1 (0.92 µg/ml), 
GW1255 (1.66 µg/ml), GW273 (4.32 µg/ml) showed 
significantly higher chlorophyll-b content in irrigated varieties 
than the drought ones. 
 
Carotenoids (Car): Under irrigated conditions, carotenoid 
content observed was from 0.31µg/ml to 1.94µg/ml and in 
drought stressed plants it was observed from 0.17µg/ml to 
1.44µg/ml. In irrigated condition plants, varieties GW503 
(0.31 µg/ml), GW496 (0.83 µg/ml), LOC-1 (0.47 µg/ml), 
GW1255 (0.44 µg/ml) and GW173 (0.64 µg/ml) had lowest 
range of carotenoid content whereas variety GW273 (1.94 
µg/ml) had the highest. Varieties G451 (1.10 µg/ml), GW11 
(1.16 µg/ml) and GW366 (1.26 µg/ml) had moderate range of 
carotenoid content. In drought condition plants, varieties 
GW503 (0.84 µg/ml), GW496 (0.41 µg/ml), G451 (0.46 
µg/ml), GW11 (0.17 µg/ml), LOC-1 (0.33 µg/ml), GW1255 
(0.85 µg/ml) and GW366 (0.79 µg/ml) had lowest carotenoid 
content. Varieties GW273 (1.44 µg/ml) had the highest while 
varieties GW173 (1.15 µg/ml) had moderate range. In irrigated 
plants varieties GW496 (0.83 µg/ml), G451 (1.10 µg/ml), 
GW11 (1.16 µg/ml), LOC-1 (0.47 µg/ml), GW1255 (0.44 
µg/ml), GW273 (1.94 µg/ml) and GW366 (1.26 µg/ml) 
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showed significantly higher carotenoid content than the 
drought ones. 
 
Yield Attributes   
 
Spike Length per plant and Spike Weight per plant 
 
Spike Length per plant: Spike length was recorded higher in 
irrigated plants than drought condition plants due to 
appropriate nutrient use efficiency by plant. Spike length was 
comparatively higher in irrigated plants (Table 1.3). Under 
irrigated condition GW503 (12.65 cm) showed highest spike 
length. Lowest spike length was showed by variety GW173 
(10.6 cm) and moderate spike length was showed by varieties 
GW496 (12.0 cm), G451 (9.7 cm), GW11 (10.96 cm), LOC-1 
(12.63 cm), GW1255 (12.8 cm), GW273 (11.06 cm) and 
GW366 (11.4 cm). In drought stressed condition GW173 
(12.23 cm) showed highest spike length as compared to all the 
other varieties in drought conditions. Lowest spike length was 
shown by variety G451 (9.7 cm) while intermediate length of 
spike was showed by varieties GW503 (11.6 cm), GW496 
(11.96 cm), GW11 (10.30 cm), LOC-1 (12.57 cm), GW1255 
(11.1 cm), GW273 (9.56 cm) and GW366 (11.03 cm). In 
irrigated plants varieties GW503 (12.65 cm), G451 (9.7 cm), 
GW11 (10.96 cm), LOC-1 (12.63 cm), GW1255 (12.8 cm), 
GW273 (11.06 cm) and GW366 (11.4 cm) had significantly 
higher length of spike than in drought stressed plants.  
 
Spike Weight per plant: As spike length was higher, spike 
weight would also be high in irrigated plants due to 
accumulation of grains and their weight. In irrigated plants, 
variety GW496 (0.92 gm) showed highest spike weight as 
compared to all the other varieties in drought condition. 
Lowest spike weight was shown by variety GW366 (0.20 gm) 
while intermediate spike length was showed by varieties 
GW503 (0.87 gm), G451 (0.49 gm), GW11 (0.28 gm), LOC-1 
(0.32 gm), GW1255 (0.32 gm), GW173 (0.29 gm) and GW273 
(0.27 gm). Under drought condition GW496 (0.84 gm) showed 
highest spike weight. Lowest spike weight was shown by 
variety G451 (0.002 gm) and moderate spike weight was 
shown by varieties GW503 (0.3 gm), GW11 (0.28 gm), LOC-1 
(0.34 gm), GW1255 (0.40 gm), GW173 (0.40 gm), GW273 
(0.12 gm) and GW366 (0.20 gm). In irrigated plants varieties 
GW503 (0.87 gm), GW496 (0.92 gm), G451 (0.49 gm) and 
GW273 (0.27 gm) had significantly higher weight of spike 
than in drought stressed plants (Table 1.3). 
 
Number of grains per spikeand  Weight of grains per spike  
 
Number of grains per spike: Number of grains was 
comparatively higher in irrigated plants due to sufficient 
amount of nutrient supply and regular mechanisms of plants. 
Under irrigated conditions variety GW503 (15.25) had highest 
number of grains. Lowest number was observed in variety 
GW366 (5.0) while varieties GW496 (14.34), G451 (14.0), 
GW11 (9.0), LOC-1 (12.33), GW1255 (7.67), GW173 (8.34) 
and GW273 (6.67) had intermediate number of grains. In 
drought stressed conditions, highest number of grains was 
observed in variety GW496 (18.0). No grains were observed in 
variety G451 while varieties GW503 (8.33), GW11 (9.66), 
LOC-1 (11.0), GW1255 (12.0), GW173 (12.6), GW273 (4.0), 
GW366 (10.3) had intermediate number of grains. In irrigated 
plants varieties GW503 (15.25), G451 (14.0), LOC-1 (12.33) 
and GW273 (6.67) had significantly higher number of grains 
than in drought stressed plants. (Table 1.3)  

Weight of grains per spike: Weight of grains was directly 
proportional to number of grains so, as irrigated plants had 
high number of grains, weight will also be high with some 
exceptions described in below mentioned results (Table 1.3). 
Under irrigated conditions variety GW496 (0.53 gm) had 
highest weight of grains. Lowest weight was observed in 
variety GW366 (0.13 gm) while varieties GW503 (0.41 gm), 
G451 (0.25 gm), GW11 (0.24 gm), LOC-1 (0.21 gm), 
GW1255 (0.32 gm), GW173 (0.23 gm) and GW273 (0.22 gm) 
had intermediate weight of grains. In drought stressed 
condition, highest weight of grains was observed in variety 
GW496 (0.76 gm). Varieties GW503 (0.27 gm), GW11 (0.238 
gm), LOC-1 (0.21 gm), GW1255 (0.28 gm), GW173 (0.23 
gm), GW273 (0.11 gm) and GW366 (0.10 gm) had 
intermediate weight of grains. In irrigated plants varieties 
GW503 (0.41 gm), G451 (0.25 gm), GW11 (0.24 gm), 
GW1255 (0.32 gm) and GW273 (0.22 gm) had significantly 
higher weight of grains than in drought stressed plants. 
 
Correlation analysis of Irrigated plants: Root length is 
significantly related to root dry weight (0.906, 0.01%), shoot 
length (0.879, 0.01%), shoot dry weight (0.873, 0.01%), and 
spike length (0.878, 0.01%). Root length is significantly 
related to spike weight (0.675, 0.05%), number of grains 
(0.664, 0.05%), chlorophyll-a (0.595, 0.05%). Root length is 
negatively significantly related to carotenoids (-0.165, 0%). 
Root dry weight is significantly related to shoot length (0.981, 
0.01%). Root dry weight is significantly related to shoot dry 
weight (0.979, 0.05%), spike length (0.983, 0.05%), spike 
weight (0.789, 0.05%), number of grains (0.782, 0.01%), RSI 
(0.617, 0.05%). Root dry weight is significantly related to 
chlorophyll-a (0.674, 0.05%), chlorophyll-b (0.559, 0.05%). 
Root dry weight is negatively related to carotenoids (-0.150, 
0%). Shoot length is significantly related to shoot dry weight 
(0.996, 0.01%), spike length (0.997, 0.01%), spike weight 
(0.775, 0.01%), number of grains (0.770, 0.01%).Shoot length 
is significantly related to RSI (0.585, 0.05%), chlorophyll-a 
(0.633, 0.05%). Shoot length is negatively related to 
carotenoids (-0.174, 0%).  
 
Shoot dry weight is significantly related to spike length (0.998, 
0.01%), spike weight (0.779, 0.01%), number of grains (0.778, 
0.01%). Shoot dry weight is significantly related to RSI 
(0.598, 0.05%), chlorophyll-a (0.650, 0.05%). Shoot dry 
weight isnegatively related to carotenoids (-0.174, 0%). Spike 
length is significantly related to spike weight (0.784, 0.01%), 
number of grains (0.782, 0.01%). Spike length is significantly 
related toRSI (0.605, 0.05%, chlorophyll-a (0.655, 0.05%). 
Spike length is negatively related to carotenoids (-0.169, 
0%).Spike weight is significantly related to number of grains 
(0.989, 0.01%), chlorophyll-a (0.693, 0.01%). Spike weight is 
significantly related toweight of grains (0.599, 0.05%), RSI 
(0.666, 0.05%), RWC (0.595, 0.05%), chlorophyll-b (0.608, 
0.05%). Number of grains is significantly related to weight of 
grains (0.608, 0.05%), RSI (0.675, 0.05%), RWC (0.603, 
0.05%), chlorophyll-b (0.616, 0.05%). Number of grains is 
significantly related tochlorophyll-a (0.704, 0.01%). Weight of 
grains is significantly related to RSI (0.994, 0.01%), RWC 
(0.995, 0.01%), chlorophyll-a (0.975, 0.01%), chlorophyll-b 
(0.989, 0.01%), carotenoids (0.720, 0.01%). RSI is 
significantly related to RWC (0.991, 0.01%), chlorophyll-a 
(0.990, 0.01%), chlorophyll-b (0.990, 0.01%). RSIis 
significantly related tocarotenoids (0.670, 0.05%). RWC is 
significantly related to chlorophyll-a (0.971, 0.01%), 
chlorophyll-b (0.992, 0.01%). RWC is significantly related  
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tocarotenoids (0.762, 0.05%) Chlorophyll-a is significantly 
related to chlorophyll-b (0.987, 0.01%). Chlorophyll-a is 
significantly related tocarotenoids (0.618, 0.05%). 
Chlorophyll-b is significantly related to carotenoids (0.729, 
0.01%). 
 
Correlation analysis of Drought plants: Root length is 
significantly related to root dry weight (0.896, 0.01%), shoot 
length (0.886, 0.01%), shoot dry weight (0.845, 0.01%), spike 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
length (0.897, 0.01%), spike weight (0.656, 0.01%). Root 
length is related to number of grains (0.678, 0.05%). Root dry 
weight is significantly related to shoot length (0.993, 0.01%), 
shoot dry weight (0.955, 0.01%), spike length (0.998, 0.01%), 
spike weight (0.769, 0.01%). Root dry weight is related to RSI 
(0.568, 0.05%). Shoot length is significantly related to shoot 
dry weight (0.979, 0.01%), spike length (0.991, 0.01%), spike 
dry weight (0.771, 0.01%), number of grains (0.782, 0.01%). 
Shoot length is significantly related RSI (0.564, 0.05%).  

Table 1.1. Mean, standard deviation and comparison of drought and irrigated plants of phenological characteristics 
 for all varieties of wheat 

 
Character/Variety  GW503 GW496 GW451 GW11 LOC-1 GW1255 GW173 GW273 GW366 

Root Length per plant  
(cm) 

IR 13.4 
 ±2.38 

5.26  
±0.28 

8.9  
±0.26 

1.76 
±0.20 

3.6 
 ±0.36 

5.66 
±1.52 

2.73 
±0.15 

7.83 
±1.70 

2.26 
±0.75 

DR 5.93 
 ±2.10 

6.03  
±0.05 

7.5  
±2.17 

1.83 
±0.20 

2.93 
±0.05 

2.4 
 ±0.17 

2.3  
±1.65 

3.13 
±0.32 

1.0 
 ±1.3 

Root Dry weight per plant 
(gm) 

IR 0.049 
±0.005 

0.027 
±0.018 

0.90 
±0.79 

0.012 
±0.0005 

0.04 
 ±0.02 

0.20  
±0.21 

0.09 
 ±0.05 

0.12  
±0.11 

0.05  
±0.02 

DR 0.021 
±0.001 

0.027 
±0.009 

0.07 
±0.05 

0.003 
±0.001 

0.008 
±0.002 

0.013 
±0.004 

0.012 
 ±0.0002 

0.012 
±0.003 

0.006 
±0.004 

Shoot Length per plant 
(cm) 

IR 53.63  
±7.79 

55.86 
±3.15 

35.8 
±8.68 

44.7  
±3.04 

49.4 
±1.12 

39.0 
 ±0.86 

46.1 
±4.45 

42.83 
± 1.66 

31.7 
±1.3 

DR 39.1 
 ±7.17 

53.7 
±0.72 

24.6 
±3.24 

43.26 
± 2.21 

46.0  
±1.96 

34.86 
± 2.70 

38.3 
±4.85 

32.6 
 ±1.27 

36.36 
± 2.05 

Shoot Dry Weight per plant 
(gm) 
 

IR 0.90  
±0.24 

0.43 
±0.32 

0.86 
 ±0.027 

0.13  
±0.002 

0.24  
±0.01 

0.24 
±0.02 

0.21 
±0.06 

0.29 
±0.16 

0.20 
±0.01 

DR 0.44  
±0.02 

0.64 
±0.38 

0.81 
±0.43 

0.24 
 ±0.006 

0.21  
±0.053 

0.22 
±0.03 

0.22 
±0.10 

0.16 
±0.06 

0.20 
±0.05 

 
Table 1.2. Mean, standard deviation and comparison of drought and irrigated plants of physiological  

characteristics for all varieties of wheat 

 
Character/Variety  GW503 GW496 GW451 GW11 LOC-1 GW1255 GW173 GW273 GW366 

Relative Water Content (%) 
 

IR 72.40 
±2.50 

77.80 
±3.41 

75.22 
±4.85 

80.48 
±7.62 

69.57 
±4.64 

90.98 
±4.89 

79.65 
±5.49 

90.65 
±2.32 

86.61 
±4.93 

DR 60.75 
±7.31 

78.57 
±2.40 

52.85 
±7.21 

79.03 
±3.82 

60.56 
±1.54 

85.94 
±1.45 

73.30 
±6.28 

81.27 
±7.60 

86.38 
±5.91 

Relative Stress Injury (%) IR 79.7 
±6.16 

88.13 
±2.55 

98.05 
 ±0.61 

76.08 
 ±2.74 

96.22 
±3.04 

72.53 
±1.53 

71.0 
 ±3.60 

94.24 
±4.02 

79.7 
±6.17 

DR 97.53 
±1.78 

91.60 
±0.56 

82.22  
±1.24 

96.41 
±2.43 

98.51 
±1.40 

95.44 
±2.69 

77.28 
± 3.13 

75.31 
± 5.49 

72.44 
± 4.50 

Chlorophyll – a (µg/ml) IR 1.0 
±0.1 

2.26 
±1.64 

2.77 
±1.93 

3.05 
±0.79 

0.78 
±0.69 

1.48 
±2.56 

1.79 
±0.27 

7.46 
±5.73 

3.74 
±0.77 

DR 2.59 
±0.6 

1.25 
±0.36 

0.58 
±0.44 

0.36 
±0.44 

1.25 
±0.41 

2.62 
±3.21 

4.08 
±0.51 

5.19 
±1.46 

2.59 
±1.76 

Chlorophyll - b (µg/ml) IR 0.55 
±0.21 

0.93 
±0.33 

1.86 
±0.96 

1.73 
±0.58 

0.92 
±0.82 

1.66 
±2.88 

1.09 
±0.63 

4.32 
±1.21 

4.13 
±2.00 

DR 1.60 
±0.96 

0.05 
±0.24 

0.13 
±0.19 

0.22 
±0.27 

0.26 
±0.27 

0.70 
±0.84 

1.76 
±0.73 

2.5 
±1.63 

3.06 
±1.72 

Carotenoid (µg/ml) 
 

IR 0.31 
±0.06 

0.83 
±0.37 

1.1 
±0.59 

1.16 
±0.32 

0.47 
±0.41 

0.44 
±0.76 

0.64 
±0.15 

1.94 
±1.23 

1.26 
±0.14 

DR 0.84 
± 0.31 

0.41 
±0.6 

0.46 
± 0.34 

0.17 
± 0.18 

0.33 
± 0.15 

0.85 
± 0.98 

1.15 
± 0.04 

1.44 
± 0.42 

0.79 
± 0.32 

 
Table 1.3. Mean, standard deviation and comparison of drought and irrigated plants for yield attributes for all varieties of wheat 

 

Character/Variety  GW503 GW496 GW451 GW11 LOC-1 GW1255 GW173 GW273 GW366 

Spike Length per plant 
(gm) 

IR 12.65 
±1.04 

12.0 
±0.95 

9.7 
±075 

10.96 
±0.23 

12.63 
±1.16 

12.8 
±0.7 

10.6 
±1.85 

11.06 
±1.28 

11.4 
±0.96 

DR 12.65 
±1.04 

11.96 
±1.50 

1.16 
±2.02 

10.3 
±0.72 

12.57 
±1.15 

11.1 
±2.68 

12.23 
±0.32 

9.56 
±0.97 

11.03 
±0.89 

Spike Weight per plant  
(cm) 

IR 0.87 
±0.42 

0.92 
±0.097 

0.49 
±0.05 

0.28 
±0.051 

0.32 
±0.05 

0.32 
±0.15 

0.29 
±0.21 

0.27 
±0.10 

0.20 
±0.13 

DR 0.3 
±0.22 

0.84 
±0.139 

0.002 
±0.0046 

0.29 
±0.18 

0.34 
±0.09 

0.40 
±0.13 

0.40 
±0.10 

0.12 
±0.11 

0.20 
±0.02 

No of Grains per spike  
 

IR 15.25 
±2.87 

14.34 
±3.78 

14.0 
±3.46 

9.0 
±1.73 

12.33 
±2.08 

7.67 
±4.93 

8.34 
±4.16 

6.67 
±4.16 

5.0 
±3.60 

DR 8.33 
±1.154 

18.0 
±5.29 

0 9.66 
±1.52 

11 
±2.64 

12 
±6.08 

12.6 
±4.16 

4 
±4.35 

10.3 
±2.30 

Weight of Grains per spike 
(gm) 

IR 0.41 
±0.18 

0.53 
±0.20 

0.25 
±0.03 

0.24 
±0.017 

0.21 
±0.04 

0.32 
±0.02 

0.23 
±0.086 

0.22 
±0.003 

0.13 
±0.10 

DR 0.27 
±0.07 

0.76 
±0.10 

 
 

0.238 
±0.023 

0.21 
±0.07 

0.28 
±0.17 

0.23 
±0.042 

0.11 
±0.022 

0.10 
±0.006 
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Shoot dry weight is significantly related to spike length (0.955, 
0.01 %), spike weight (0.762, 0.01%), number of grains 
(0.761, 0.01%). Spike length is significantly related to spike 
weight (0.774, 0.01 %), number of grains (0.791, 0.01 %). 
Spike length is significantly related to RSI (0.582, 0.05%), 
chlorophyll-b (0.566, 0.05%). Spike weight is significantly 
related to number of grains (0.984, 0.01%). Spike weight is 
significantly related to RSI (0.614, 0.05%), RWC (0.620, 
0.05%). Number of grains is significantly related to RSI 
(0.646, 0.05%), RWC (0.650, 0.05%), chlorophyll-a (0.570, 
0.05%), chlorophyll-b (0.588, 0.05%). Weight of grains is 
significantly related to RSI (0.967, 0.01 %), RWC (0.957, 0.01 
%), chlorophyll-a (0.979, 0.01 %), chlorophyll-b (0.968, 0.01 
%), carotenoids (0.840, 0.01 %). RSI is significantly related to 
RWC (0.994, 0.01 %), chlorophyll-a (0.990, 0.01 %), 
chlorophyll-b (0.987, 0.01 %), carotenoids (0.729, 0.01 %). 
RWC is significantly related to chlorophyll-a (0.982, 0.01 %), 
chlorophyll-b (0.987, 0.01 %), carotenoids (0.754, 0.01 %). 
Chlorophyll-a is significantly related to chlorophyll-b (0.996, 
0.01 %), carotenoids (0.758, 0.01 %). Chlorophyll-b is 
significantly related to carotenoids (0.749, 0.01 %). 
 

DISCUSSION 
 

Drought stress is a conservative loss of water resulting in 
stomatal closure and disruption in cell structure as well as 
plant metabolism (McDowell et al., 2008). Variations due to 
phenotypes were significant for all the characters in two 
conditions (irrigated and drought). Various physiological and 
morphological characteristics for different varieties were 
observed under irrigated and drought conditions which could 
indicate proportion of drought tolerance. Phenological 
characteristics include days to 50% flowering and 50% 
maturity. Wheat under drought condition will try to complete 
its life cycle early by maintaining water status through 
increasing water absorption or reducing water loses.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Days to 50% flowering and maturity were observed after 52 
days respectively. Under drought stress, roots extend their 
length in order to percolate water around itself and absorb 
sufficient amount of water to survive against drought 
conditions. Due to increase in length and more absorption of 
water through soil, biomass of roots also increases in water 
deficit conditions but results showed that water deficit plants 
had decrease in root length as well as root weight due to poor 
mechanisms of plant growth regulators (Farooq et al., 2009). 
In irrigated condition, plants absorb water effectively along 
with nutrients present in soil so, more the absorption of water, 
more the nutrient availability in plants and so more the weight. 
Thus, root dry weight was higher in irrigated plants as 
compared to drought condition plants (Mohammad, Shah, and 
Asim 2000). G451 had highest root length and biomass which 
shows tolerance towards water deficit conditions. The mean 
comparison of traits was observed in the above-mentioned 
table which showed that irrigated plants had higher results in 
shoot related characteristics. Shoot length is higher due to 
adequate transpiration and translocation mechanism whereas 
in water deficit plants, shoot length observed was 
comparatively diminutive as plants need to overcome water 
and nutrient deficit conditions caused by drought (Mathobo, 
Marais, and Steyn 2017). Shoot dry weight depends on the 
inner mass and tillers of wheat (Mohammad et al., 2000). 
Irrigated plants can accumulate water inside tissues due to 
sufficient amount of landed water whereas water deficient 
can’t do so due to which inner mass decreases in case of water 
deficit plants (Farooq et al., 2009). Results showed that G451 
and GW496 had higher shoot length and weight compared to 
other varieties which indicates tolerance towards drought 
stress. But, inadequacy of water in plants leads them to 
decrease their shoot length to transport and translocate 
effortlessly compared to irrigated plants (Machado and 
Paulsen 2001).  

Table 2.1. Correlation analysis of irrigated plants 

 
 RL RDW SL SDW SpL SpW NOG WOG RSI RWC Chl-a Chl-b Car 

RL 1.000             
RDW 0.906** 1.000            
SL 0.879** 0.981** 1.000           
SDW 0.873** 0.979** 0.996** 1.000          
SpL 0.878** 0.983** 0.997** 0.998** 1.000         
SpW 0.675* 0.789** 0.775** 0.779** 0.784** 1.000        
NOG 0.664* 0.782** 0.770** 0.778** 0.782** 0.989** 1.000       
WOG 0.439NS 0.553NS 0.523NS 0.532NS 0.541NS 0.599* 0.608* 1.000      
RSI 0.497NS 0.617* 0.584* 0.598* 0.605* 0.666* 0.675* 0.994** 1.000     
RWC 0.393NS 0.508NS 0.471NS 0.488NS 0.495NS 0.595* 0.603* 0.995** 0.991** 1.000    
Chl-a 0.595* 0.674* 0.633* 0.650* 0.655* 0.693** 0.704** 0.975** 0.990** 0.971** 1.000   
Chl-b 0.481NS 0.559* 0.510NS 0.527NS 0.533NS 0.608* 0.616* 0.989** 0.990** 0.992** 0.987** 1.000  
Car -0.165NS -0.150NS -0.193NS -0.174NS -0.169NS 0.131NS 0.132NS 0.720** 0.670* 0.762** 0.618* 0.729** 1.000 

 
Table 2.2. Correlation analysis of Drought plants 

 
 RL RDW SL SDW SpL SpW NOG WOG RSI RWC Chl-a Chl-b Car 

RL 1.000             
RDW 0.896** 1.000            
SL 0.886** 0.993** 1.000           
SDW 0.845** 0.955** 0.979** 1.000          
SpL 0.897** 0.998** 0.991** 0.955** 1.000         
SpW 0.656* 0.769** 0.771** 0.762** 0.774** 1.000        
NOG 0.679* 0.779** 0.782** 0.761** 0.791** 0.984** 1.000       
WOG 0.329NS 0.417NS 0.413NS 0.397NS 0.429NS 0.402NS 0.434NS 1.000      
RSI 0.469NS 0.568* 0.564* 0.542NS 0.582* 0.614* 0.646* 0.967** 1.000     
RWC 0.437NS 0.532NS 0.520NS 0.487NS 0.545NS 0.620* 0.650* 0.957** 0.994** 1.000    
Chl-a 0.486NS 0.535NS 0.528NS 0.504NS 0.548NS 0.534NS 0.570* 0.979** 0.990** 0.982** 1.000   
Chl-b 0.501NS 0.553* 0.537NS 0.498NS 0.566* 0.551NS 0.588* 0.968** 0.987** 0.987** 0.996** 1.000  
Car -0.152NS -0.115NS -0.131NS -0.147NS -0.107NS 0.036NS 0.050NS 0.840** 0.729** 0.754** 0.758** 0.749** 1.000 
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Physiological characteristics have 5 main observations: RWC, 
RSI, chlorophyll-a, chlorophyll-b and carotenoids. Leaf 
production depends on water content and transpiration rate 
(Farooq et al., 2009). With absorption of water from roots and 
passing on to leaves, plants will have high rates of 
transpiration and water content in leaves will increase 
effectively in irrigated plants unlikely in water deficit plants 
and water potential decreases in drought stressed plants 
(Machado and Malik 2009). There was no change found in 
GW366 indicating high tolerance mechanism. Relative stress 
injury is induced under stressed conditions providing 
measurement of injury caused to plants. Plants under such 
stressed conditions try to become resistant towards the 
extraneous factors where plants activate some genes providing 
tolerance towards the environment. Here, it can be stated that 
water deficit plants will have RSI relatively higher than 
irrigated varieties but in GW503 had no such injury. 
Chlorophyll and carotenoid content depend on photosynthetic 
reactions, ATP, NADPH (Farooq et al., 2009).  
 
Carotenoid is an accessory pigment which provides sunlight to 
chlorophyll as chlorophyll directly cannot capture sunlight and 
passes it to photosystem I and photosystem II which converts 
light energy into chemical energy which is obtained in the 
form of ATP and NADPH (Berk, Zipursky, and Freeman 
2000). Now, with the help of end products of photo systems 
and fixed carbon dioxide, plants produce glucose. So, we can 
say that in wheat more the carotenoid present in chromoplast, 
more will be the sunlight captured and thus more will be the 
chlorophyll (Christopher, James Wynne, and Lobban 1981). 
Variety GW273 had the highest value of chlorophyll and 
carotenoid content present which indicates less damage to 
plants.  Yield traits like spike length, spike weight, number of 
grains and weight of grains depend upon the mechanism 
controlled by plants in drought and irrigated condition. Normal 
mechanism (irrigated plants) will show high quality and 
quantity of spike and grains while plants in stressed condition 
will adapt different genetic modifications within themselves to 
overcome the stress due to which plants are incapable to 
develop good quality spike and produce sufficient grains 
(Farooq et al., 2009). Spike length and spike weight are 
directly proportional to each other.   
 
Irrigated plants should have higher spike length and weight 
due to normal plant transpiration and translocation 
mechanisms and drought stressed plants should show low 
weight and length in comparison. But, in drought stressed 
plants observations state that GW173 and GW496 had highest 
spike length and weight. This can be due to high activation of 
mechanisms by which plants tried to overcome drought stress 
producing high rate of auxins, gibberellins in plants (Yadav 
and Sharma 2016). Similarly, weight and number of grains are 
directly proportional to each other (Farooq et al., 2009). Under 
water stress condition, plants try to increase below ground area 
to absorb more amounts of nutrients from soil, xylem and 
phloem had performed better mechanisms in GW496. In 
comparison to other varieties, GW496 showed the highest 
resistance against drought stress. Though it showed low 
resistance towards water content, membrane injury unlike 
GW451 but yield development was highest in GW496 against 
any other factor. GW451 showed highest tolerance towards 
stress injury, water content, growth related factors but yield 
development observed was least in this variety which may be 
due to crop had developed mechanisms in order to survive but 
could not give sufficient productivity. 

GW1255, LOC-1 and GW11 had least resistance towards 
drought stress. All of these varieties had least productivity in 
terms of RWC, RSI, chlorophyll and carotenoid.  GW503, 
GW173, GW273, GW366, GW496 were tolerant and they may 
combat the stress with moderate yield attributes. Thus, 
varieties can be used for crop production but yield would be 
moderate. Therefore, study shows that GW496 was highly 
tolerant towards drought stress and could be one of the 
varieties surviving against drought and act as drought tolerant 
plant.  
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