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ABSTRACT

Wheat (Triticum aestivum L.) is one of the most important cereal crops in many countries
including India. Changing climate not only threatened crop physiology but also limits global
productivity. Drought is one of the major worldwide stresses that cause devastating effects on the
genotype of wheat. The two-year investigation was aimed at pot house of Baba Mastnath
University, Rohtak to enumerate the effects of drought stress on wheat chlorophyll content,
chlorophyll stability index and membrane stability index. The implication of drought on wheat
genotype showed a reduction in chlorophyll content, chlorophyll stability index, membrane
stability index, biomass per plant and yield per plant as compared to the control condition.
Under drought stress, the mean decrease in chlorophyll content ranged from 34.0 to 10.1 mg/g
FW for chlorophyll ‘a’ and 13.5 to 5.0 mg/g FW for chlorophyll ‘b'. The chlorophyll stability
index reduced from 54.0 to 42.8 percent, while the membrane stability index also declined from
85.7 to 37.4 percent. The onset of the drought lowered biomass and yield per plant, respectively,
from 55.4 to 26.2 g and 2.1 to 1.6 g. Wheat genotypes C-306, DHTW-60 followed by HD-3086
and PBW-771 have been found promising in all the tested traits (viz., chlorophyll content,
chlorophyll stability index, membrane stability index, biomass per plant and yield per plant) and
genotypes, which can be used for cultivation under drought influenced area.

Keywords: Chlorophyll stability index, Cell membrane stability, Membrane stability index,
Biomass and Grain yield.

INTRODUCTION human kind. (Sharma et al., 2019). India,
Wheat (Triticum aestivum) is a self-pollinated stands second largest in wheat production. But
crop that belongs to poaceae family. It is the rising temperature and climatic changes
considered as ‘stuff of life’ because it feeds have imposed challenging ventures on the
large population and sustain wellbeing of wheat productivity. (Ahmed et al., 2017).
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Environmental problems like intensive use of
natural  resources, rapidly increasing
population furthers adds havoc for crop
productivity and management. (Bray et al.,
2000). Wheat genotype is affected adversely
by the stress like, high temperature and
drought. Drought stress is one of the primary
abiotic stress that affects the crop majorly. It
affects several plant  processes like
photosynthetic rate, stomatal conductance,
metabolic  activity, ionic  conductance,
membrane integration, ROS generation, grain
filling rate (Sangwan et al., 2018). Therefore,
priority should be given to minimize the
detrimental effects of drought.

Under water deficit condition
chlorophyll content decreases because drought
stress can be either excess heat or water deficit
condition (Ram et al., 2017). High temperature
stress at anthesis also causes membrane
instability (CMS) as fluidity of membrane
causes poor conductance and increases the
permeability  (Blum,  2011). Elevated
temperature above 30 °C causes disorientation
of lamellar structure of chloroplast and
photophosphorylation to cease. (Lidon, 2009).
The amount of leaf chlorophyll pigment is
indicator of photosynthetic capacity of plant
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tissue. Being sensitive to temperature it alters
integrity and functions of membranes resulting
in tertiary and quaternary structure of proteins
(Sallam et al., 2019), as the thylakoid
membrane disintegrates with cell dehydrations
(Maghsoudhi et al., 2015). The experiment
was conducted to estimate chlorophyll content
and membrane stability in wheat genotypes.

MATERIALS AND METHOD

Seeds of selected ten wheat genotypes grown
under different level of drought condition (viz.,
Control (all recommended irrigation), Drought
at days to anthesis, Drought at both crown root
initiation and anthesis and Complete drought
(no irrigation throughout the crop session).
Two year (2019-21) experiment was planned
with complete randomized design (CRD) in
the pot house and laboratory. Earthen pots
were filled with 13.5 kg farm soil and watered.
Sowing was completed when pots soil
maintained field capacity.

1. Chlorophyll was estimated from main plant
flag leaf; as per method of Hiscox and
Israelstam, (1979) adapted by Richardson et al.
2002 and calculations made by Arnon’s
formula.

Chlorophyll ‘a’ (mg/g FW) =[12.7 (A663) - 2.69(A645)] x (V/1000xW)
Chlorophyll ‘b’ (mg/g FW) = [22.9 (A645) - 4.68 (A663)] x (V/1000xW)
Total Chlorophylls=[20.2 (A645) + 8.02 (A663)] x (\V/1000xW)
Where; V= volume of extract (ml) W= fresh weight of sample (g)

2. Chlorophyll stability index was calculated by the method adopted by Sawhney and Singh, (2002)
using following formula.
CSI1% = (Total Chlorophyll under stress/Total Chlorophyll irrigated condition as control) x

3. Cell Membrane Stability was calculated by using Dionisio-Sese and Tobita, 1998 method.
CMS%= 1-[1-(T4/T,)/1-(C/C)] x 100

Where T and C refer to mean of treatment and
controls, respectively, and the subscripts 1 and
2 refer to initial and final conductivities,
respectively.

4. Biomass (g) per plant: At maturity, plants
were cut from the base of the stem and
weighed in gram using an electrical weighing

balance, with an average taken.
Copyright © Nov.-Dec., 2021; IJPAB

5. Grain yield (g) per plant: After harvesting
and threshing the seeds, grain yield was
measured. The threshed grains were cleaned,
and the yield in gram was recorded.

RESULTS AND DISCUSSION
Chlorophyll Contents (mg/g FW)- The

implication of water stress at every stage of
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observation showed a remarkable reduction in
chlorophyll content (34.0-10.1 Chl ‘a’; 13.5-
5.0 Chl ‘b’). Tables 1 & 2 showed a reduction
in chlorophyll ‘a’ & chlorophyll b’ content
respectively. Mean reduction in genotype
ranged between 34.0 to 10.1 mglg FW
(Chlorophyll ‘a’) and 13.5 to 5.0 mg/g FW
(Chlorophyll ‘b’). Reduction in mean due to
drought application varied between 25.2 to
17.6 mg/g FW (Chlorophyll ‘a’) and 12.3 to
5.8 mg/g FW (Chlorophyll ‘b’). Interaction
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effect between drought treatment and wheat
genotype was also found significant. Genotype
C-306, DHTW-60 followed by DBW-621-50
showed maximum in chlorophyll ‘b’ content
whereas WH-1105 and WH-147 found
minimum in chlorophyll content.  This
specifies that the genotype differed in the
water under conditions of the study and in
their reflexes. Present investigation supported
by the study of Shoaib et al. 2016; Ram et al.
2017; Sharma et al. 2019; & Zafar et al. 2020.

Tablel. Effect of water stress on chlorophyll ‘a’ content (mg/g FW) in wheat genotypes

Genotypes Control CRI Ant CRI+Ant CD Mean (T)
C-306 37.1 37.0 19.0 18.8 12.7 24.9
DBW-621-50 36.1 35.7 17.6 17.4 155 24.5
DHTW-60 38.2 38.0 19.7 19.4 10.7 25.2
HD-2967 30.7 29.9 14.0 135 11.8 20.0
HD-3086 36.8 36.6 18.0 175 10.0 23.8
PBW-771 34.9 345 15.9 155 9.8 22.1
RAJ-3765 314 304 141 14.0 8.5 19.7
WH-1105 29.1 29.0 11.2 10.8 7.9 17.6
WH-147 30.1 29.8 12.0 11.8 7.6 18.3
WH-730 35.2 35.0 16.5 16.2 6.8 22.0
Mean (G) 34.0 33.6 15.8 155 10.1 218
Factors C.D. SE(d) SE(m)
Treatments (T) 0.337 0.170 0.120
Genotypes (G) 0.476 0.240 0.170
Interaction (GxT) 1.065 0.536 0.379

Table2. Effect of water stress on chlorophyll ‘b’ content (mg/g FW) in wheat genotypes

Genotypes Control CRI Ant CRI+Ant CD Mean (T)
C-306 17.6 15.0 12.7 8.0 8.2 12.3
DBW-621-50 16.2 15.1 15.5 7.0 7.1 12.2
DHTW-60 159 135 10.7 6.5 6.8 10.7
HD-2967 15.1 12.4 11.8 6.0 6.1 10.3
HD-3086 13.7 10.7 10.0 55 59 9.2
PBW-771 13.0 10.0 9.8 5.0 5.2 8.6
RAJ-3765 11.9 8.8 8.5 2.2 24 6.8
WH-1105 11.1 7.2 79 15 19 5.9
WH-147 10.2 8.2 7.6 1.3 1.7 5.8
WH-730 9.8 7.6 6.8 1.0 12 6.3
Mean (G) 135 10.8 10.1 44 5.0 8.8
Factors C.D. SE(d) SE(m)
Treatments (T) 0.136 0.069 0.049
Genotypes (G) 0.193 0.097 0.069
Interaction (GxT) 0.431 0.217 0.153

Chlorophyll stability index (%) - The stability
of chlorophyll is affected by drought at any
point of the wheat genotype (table. 3). When
compared to the control environment, the
wheat genotype displayed a substantial
reduction in chlorophyll stability under

Copyright © Nov.-Dec., 2021; IJPAB

drought conditions. For various drought stress
conditions, the average chlorophyll stability
index ranged from 73.7 to 62.6 percent, while
genotypes ranged from 85.7 to 72.9 percent.
There was also a significant interaction effect
between stress environments and genotypes.
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Genotype DBW-621-50 and DHTW-60 were
found to have maximums in the chlorophyll
stability index under every level of stress
application while WH-1105 and WH-147 were
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found minimum with respective to stress. Our
results are according to the result of Sharma et
al. (2019); Zafar et al. (2020) and Qureeshi et
al. (2020).

Table 3. Effect of water stress on chlorophyll stability index (%) in wheat genotypes

Genotypes Control CRI Ant CRI+Ant CD Mean (T)
C-306 85.6 81.7 7.7 72.0 40.9 71.6
DBW-621-50 86.4 84.3 74.6 713 51.8 73.7
DHTW-60 88.5 86.2 77.6 74.2 36.3 72.6
HD-2967 84.1 79.1 74.6 67.8 45.9 70.3
HD-3086 87.2 84.6 79.3 71.8 36.4 71.9
PBW-771 89.2 85.7 78.9 71.0 37.8 725
RAJ-3765 84.4 78.0 69.1 69.1 345 67.0
WH-1105 84.1 76.6 65.0 65.0 329 64.7
WH-147 80.8 77.2 62.1 62.1 30.8 62.6
WH-730 86.5 84.8 70.4 65.6 26.9 66.8
Mean (G) 85.7 81.8 72.9 69.0 374 69.4
Factors C.D. SE(d) SE(m)
Treatments (T) 0.915 0.461 0.326
Genotypes (G) 1.295 0.652 0.461
Interaction (GxT) 2.895 1.457 1.033

Membrane stability index (%) - The mean
reduction in membrane stability index caused
by drought stress ranged from 54.0 to 42.8
percent, while treatment-related reductions
ranged from 63.9 to 415 percent. The
membrane stability index was found to be
highest in genotype C-306, DHTW-60, and
PBW-771 at all levels of stress, while WH-
1105 and WH-147 were found to be lowest
with respect to stress. Important interaction

associations between stress environment and
wheat genotype were also observed. This
means that the genotypes varied in the water
stress and in their reflexes throughout the
study. Experiments by Rehman et al. 2016; EI-
Basyoni et al. 2017; Sangwan et al. 2018;
Sharma et al. 2019; Qureeshi et al. 2020
followed up the results of the preset
investigation.

Table 4. Effect of water stress on membrane stability index (%) in wheat genotypes

Genotypes Control CRI Ant CRI+Ant CD Mean (T)
C-306 72.4 71.0 67.8 55.2 53.2 63.9
DBW-621-50 58.4 45.5 46.9 51.4 49.8 50.4
DHTW-60 65.1 68.9 57.8 50.6 48.6 58.2
HD-2967 34.8 315 36.9 48.3 455 39.4
HD-3086 52.3 40.6 46.4 475 46.6 46.7
PBW-771 47.8 60.6 54.6 45.3 434 50.3
RAJ-3765 49.4 42.8 35.3 415 38.7 415
WH-1105 51.7 38.9 38.6 40.5 39.0 41.8
WH-147 50.3 45.9 42.6 36.3 32.6 41.6
WH-730 57.3 45.4 435 33.2 30.5 42.0
Mean (G) 54.0 49.1 47.0 45.0 428 476
Factors C.D. SE(d) SE(m)
Treatments (T) 0.609 0.306 0.217
Genotypes (G) 0.861 0.433 0.306
Interaction (GxT) 1.924 0.968 0.685
Copyright © Nov.-Dec., 2021; IJPAB 67
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Biomass per plant - Drought application
triggered a sharp reduction in biomass per
plant in all genotypes 61.6 to 28.6 g, while
different  drought environment ranged
reduction from 55.4 to 26.2 g. At all levels of
drought environment, biomass was found to be
highest in genotype DHTW-60 (61.6 g) and C-
306 (56.2 g), while WH-1105 (28.6 g) was
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found to be lowest (Table. 5). There was also a
significant ~ correlation  between  stress
environment and wheat genotype was found.
Similar findings have also been reported by
various workers Chen et al. (2015); Saxena et
al. (2016); Dwivedi et al. (2017). Wang et al.
(2017) reported that biomass per plant in
wheat depends on time and availability water.

Table 5. Effect of water stress on biomass per plant (g) in wheat genotypes

Genotypes Control CRI Ant CRI+Ant CD Mean (T)
C-306 75.1 735 55.7 39.3 374 56.2
DBW-621-50 61.5 59.9 48.6 29.7 27.8 455
DHTW-60 76.1 77.4 65.3 454 43.6 61.6
HD-2967 44.7 43.2 38.9 215 19.7 33.6
HD-3086 65.9 64.3 49.6 36.6 34.7 50.2
PBW-771 49.8 48.5 38.6 259 24.2 374
RAJ-3765 44.8 425 34.4 24.5 22.1 33.7
WH-1105 41.0 38.6 28.8 15.2 19.5 28.6
WH-147 434 425 28.9 18.8 175 30.2
WH-730 51.7 495 30.6 26.7 15.8 349
Mean (G) 55.4 54.0 42.0 28.4 26.2 41.2
Factors C.D. SE(d) SE(m)
Treatments (T) 0.566 0.285 0.201
Genotypes (G) 0.800 0.403 0.285
Interaction (GxT) 1.790 0.901 0.637

Grain yield per plant- Drought caused a
significant decrease in biomass per plant in all
genotypes, ranging from 2.1 to 1.6 g, with
varying drought environments resulting in
reductions ranging from 2.7 to 1.2 g.
Genotypes DHTW-60 (2.7 g) and C-306 (2.4
g) had the largest biomass at all stages of
drought, while genotype WH-1105 (1.2 g) had

the lowest (Table. 6). There was a close
association between stress environment and
wheat genotype was also discovered, with
major similarities. Munjal & Dhanda, (2016);
Zampieri et al. (2017); Mishra et al. (2017);
Ram et al. (2017) they find similar result under
water stress condition.

Table 6. Effect of water stress on grain yield per plant (g) in wheat genotypes

Genotypes Control CRI Ant CRI+AnNt CD Mean (T)
C-306 2.7 25 24 2.3 2.1 24
DBW-621-50 2.2 21 2.0 1.7 1.8 19
DHTW-60 3.0 29 2.7 26 22 2.7
HD-2967 18 15 15 13 13 15
HD-3086 2.6 25 25 23 1.9 2.3
PBW-771 2.0 2.0 1.9 1.7 14 1.8
RAJ-3765 19 18 1.8 15 13 16
WH-1105 1.2 12 1.2 12 11 1.2
WH-147 15 14 1.3 12 1.2 1.3
WH-730 2.2 2.1 2.0 15 15 1.9
Mean (G) 2.1 2.0 1.9 1.7 1.6
Factors C.D. SE(d) SE(m)
Treatments (T) 0.028 0.014 0.010
Genotypes (G) 0.040 0.020 0.014
Interaction (GXT) 0.089 0.045 0.032
CONCLUSION investigated genotypes, DBW-621-50 and

Drought affects a large area which directly
affects crop yield. According to the current

Copyright © Nov.-Dec., 2021; IJPAB

DHTW-60 were found to be promising under
drought stress conditions. Therefore, genotype
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DBW-621-50 and DHTW-60 can be used for
cultivation under drought-prone areas.

Acknowledgement

We thank the all staff members of Department
of Botany, Baba Mastnath University, Rohtak
for their useful suggestion and valuable
comments.

Funding

The author(s) received no financial support for
the research, authorship, and/or publication of
this article.

Conflict of Interest
The author(s) declares no conflict of interest.

Author Contribution

All authors contributed equally to establishing
the topic of the research and design
experiment.

REFERENCES

Ahmed, H. G. M. D., LI, M. J., Khan, S. H., &
Kashif, M. (2019). Early selection of
bread wheat genotypes  using
morphological and photosynthetic
attributes conferring drought
tolerance. Journal of Integrative
Agriculture 18(11), 2483-2491.

Ahmed, H. G. M. D., Sajjad, M., Li, M.,
Azmat, M. A., Rizwan, M., Magsood,
R. H., & Khan, S. H. (2019).
Selection criteria for drought-tolerant
bread wheat genotypes at seedling
stage. Sustainability 11(9), 2584.

Blum, A. (2011). Drought resistance — is it
really a complex trait? Functional
Plant Biology 38, 753-757.

Bray, E. A., Bailey-Serres, J., & Weretilnyk,
E. (2000). Responses to abiotic
stresses. American Society of Plant
Physiologists, Rockville 1158-1203.

Dionisio-Sese, M. L., & Tobita, S. (1998).
Antioxidant  responses  of  rice
seedlings to salinity stress. Plant
Sci.Limerick 135, 1-9.

El Basyoni, ., Saadalla, M., Baenziger, S.,
Bockelman, H., & Morsy, S. (2017).
Cell membrane  stability and
association mapping for drought and

Copyright © Nov.-Dec., 2021; IJPAB

Ind. J. Pure App. Biosci. (2021) 9(6), 64-70

ISSN: 2582 — 2845
heat tolerance in a worldwide wheat
collection. Plant Science 90(2), 179-
185.

FAO (2015). Crop Prospects and Food
Situation. No. 1. Food and Agriculture
Organization of the United Nations.

Gupta, N. K., Agarwal, S., Agarwal, V. P.,
Nathawat, N. S., Gupta, S., & Singh,
G. (2013). Effect of short-term heat
stress on growth, physiology and
antioxidative defense system in wheat
seedlings. Acta Physiol Plant 35(6),
1837-1842.

Hiscox, J. D., Israelstam, G. F., & Erratum
(2011). A Method for extraction of
chlorophyll from leaf tissue without
maceration. Canadian Journal of
Botany 57(12), 1332-1334.

Lidon, F. C., & Dias, A. S. (2010). Bread and
durum wheat tolerance under heat
stress: A synoptical  overview.
Emirates Journal of Food and
Agriculture 2, 412-436.

Maghsoudi, K., Emam, Y., & Ashraf, M.
(2015). Influence of foliar application
of silicon on chlorophyll fluorescence,
photosynthetic pigments, and growth
in water stressed wheat -cultivars
differing in drought tolerance. Turkey.
Journal of Botany 39(4), 625 634.

Nahakpam, S. (2017). Chlorophyll Stability: A
Better Trait for Grain Yield in Rice
under Drought. Indian Journal of
Ecology 44(4), 77-82.

Qureeshi, M. A., Hussain, F., & Noorka, I. R.
(2020). Screening of spring wheat
(Triticum aestivum L.) germplasm
against drought and heat stress. Cereal
research communications.
https://doi.org/10.1007/s42976-020-
00110-4.

Ram, K., Munjal, R., Sunita, Pooja, & Kumar,
N. (2017). Evaluation of chlorophyll
content index and normalized
difference  vegetation index as
indicators for combine effects of
drought and high temperature in bread
wheat genotypes. Global Journal of

69



Saini et al.
Bioscience and Biotechnology 6(3),
528-534.

Rehman, S. U., Bilal, M., Rana, R. M., Tahir,
M. N., Shah, M. K. N., Ayalew, H., &
Yan, G. (2016). Cell membrane
stability and chlorophyll content
variation in wheat (Triticum aestivum)
genotypes under conditions of heat
and drought. Crop Pasture Science
67(7), 712-718.

Sallam, A. Algudah Ahmad, M., Dawood, M.,
& Baenziger Stepen, P. (2019).
Drought stress Tolerance in Wheat
and Barley: Advances in Physiology,
Breeding and Genetics Research.
International Journal of Molecular
Sciences 20(13), 3137.

Sangwan, S., Ram, K. Rani, P. & Munjal, R.
(2018). Effect of Terminal High
Temperature on Chlorophyll Content
and Normalized Difference Vegetation
Index in Recombinant Inbred Lines of
Bread Wheat. International Journal of
Current Microbiol Applied Science.
7(06), 1174-1183.

Sawhney, V., & Singh, D. P. (2002). Effect of
Chemical Desiccation at the post-
anthesis stage on some Physiological
and Biochemical Changes in the Flag
leaf of contrasting Wheat Genotypes.
Field Crops Research 77(1), 1-6.

Sharma, V., Dodiya, N. S., Dubey, R. B., &
Khan, R. (2019). Combining ability

Copyright © Nov.-Dec., 2021; IJPAB

Ind. J. Pure App. Biosci. (2021) 9(6), 64-70

ISSN: 2582 — 2845
analysis in bread wheat (Triticum
aestivum L) under  different
environmental conditions Bangladesh
Journal of Botany 48, 85-93.

Shoaib Ur Rehman, Bilal, M., Rana, R. M.,
Tahir, M. N., Shah, M. K. N., Ayalew,
H., & Yan, G. (2016). Cell membrane
stability and chlorophyll content
variation in wheat (Triticum aestivum)
genotypes under conditions of heat
and drought. Crop and Pasture
Science 67(7), 712-718.

Talebi, R. (2011). Evaluation of Chlorophyll
Content and Canopy Temperature as
Indicators for Drought Tolerance In
Durum Wheat (Triticum durum Def.).
Australian Journal of Basic and
Applied Sciences. 5(11), 1457-1462.

Wahid, A. (2009). Farooq M, Fujita D, Sahzad
MA, Basra, Plant Drought Stress:
Effects, Mechanisms and
Management. Agronomy for
sustainable Development 29, 185-212.

Adeel, Z. S., Amjad, H., Muhammad, AA.,
Salam, K. A., Qamar Zia-ul, Li
Xueyong, & Siddique Kadambot, H.
M. (2020). Agronomic, Physiological
and Molecular characterization of rice
mutants revealed the key role of
reactive oxygen species and catalase in
high-temperature  stress  tolerance.
Functional Plant Biology 47(5), 440.

70



