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Abstract 
Global warming is a big issue now these days all over the world. Plants not only prevent the climate from abiotic stress like drought but also 
used for other purposes. It is the need of the present scenario to find out the drought tolerant taxa. The impact of drought in Grewia tenax 
and Grewia asiatica has not been studied so far; therefore the present study was conducted with an objective of studying the effect of 
drought on both Grewia species, by estimation of leaf expansion and pigment concentration.  In the study, Acacia nilotica was taken as 
control. Relative % change in leaf length (39.97%) and leaf area (32.72%) was observed minimum in G. tenax whereas G. asiatica had the 
lowest relative change in chlorophyll a (35.17%) and total chlorophyll (50.46%) content. Results indicated the tolerance towards drought in 
Grewia species. 
 

1. Introduction  
Rajasthan and many other states like Karnataka, Tamil 
Nadu, Odisha, West Bengal and Gujarat are the most 
drought prone areas in India. Direct or indirect 
activities of people are the major reasons of 
environmental stress. These anthropogenic activities 
therefore are a major issue of concern and attention 
has been placed on it. Plants not only prevent the 
climate from abiotic stress like drought but also used 
for relieving and curing ailments. Thousands of 
indigenous plants have been used by men as a source 
of allopathic or traditional drugs. The increasing 
demand along with pollution has placed these 
indigenous plants under stress. Drought stress occurs 
due to the long dry weather condition (Nagarajan, 
2003). Water is consumed by human life and livestock 
is also responsible for the shortage of water. The 
imbalance of water is harmful for standing crops 
(Alexander, 1993). Unavailability of good quality of 
water is uninterruptedly going on due to the not 
recharging the resources (Swami, 2001). Uneven 
distribution of rainfall, increasing evaporation and 
reduction in water holding capacity of soil are the 
major reasons of drought (Wery et al., 1994). Drought 
harms the vegetative growth, physiological processes 
and yield capacity (Hu et al., 2010), cellular 
dehydration (Manes et al., 2006), reduced pigment 
concentration (Fini et al., 2013) and stomatal 
conductance (Hoshika et al., 2013). Tardieu and 
Tuberosa, 2010, reported that leaf expansion is the 
key feature for identifying the water deficit stress in 
plants. This feature is primary visible effect of drought 

on plant. Absorption of light was reduced due to the 
reduction of leaf size and therefore effects the biomass 
production in plants. Leaf expansion is inversely 
proportional to the severity of stress. Many studies 
exhibited that reduced cell division and changes in 
leaf anatomy is the reason of reduction in leaf 
expansion (Poorter et al., 2009; Tisne et al., 2010 and 
Vile et al., 2012). Photosynthetic rate was supressed 
by unavailability of moisture. Drought is responsible 
for the accumulation of heavy metals like M, Zn, Mo 
and Cl. By this way entire vegetative growth of plant 
was negatively affected. This reduces the leaf 
expansion and plant canopy. Photosynthesis produces 
sugar which is used for growth and developments of 
plants. During moisture stresses plants survive by 
acquiring adaptations (Rahmati et al., 2018). 
Chlorophyll a and chlorophyll b are the important 
pigments of photosynthesis. Drought negatively 
affects the pigment concentration (Ommen et al., 1999 
and Zobayed et al., 2005). Collapse of chloroplast, 
reduces the chlorophyll content during water deficit 
(Smirnoff, 1995). After rainy season chlorophyll was 
reported enhanced and reduced in shortage supply of 
water (Ashraf et al., 1994). Chlorophyll concentration 
increases in the resistant cultivars (Zaeifizade and 
Goliov, 2009). Genus Grewia is a common plant 
which is used all over the world. Earlier this genus 
was placed in Tilliaceae family but later merged in 
Malvaceae family. It includes 150 species with shrubs 
and small tress. It’s distribution is spreads in sub-
tropical and tropical areas all over the world. 
Approximate 40 species of genus Grewia was 
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identified in India. Some of the common species are 
G. biloba, G. damine, G. tenax, G. hirsuta, G. 
lasiodiscus, G. optiva, G. tiliaefolia, G. flavescens 
(Ullah et al., 2012). It is a source of economy for the 
local tribal people. There were many historical 
evidences of Genus Grewia in the field of folk 
medicine. G. flavascens (Juss), G. villosa (wild) and 
G. tenax forsk is used for the treatment of syphilis, 
smallpox and tuberculosis. In Tanzania it is used to 
cure diseases related to chest and cold (Von Maydell, 
1986). Rodriaguez, 2000 and Roothaert, 2003 reported 
that leaves and seeds of these woody plants are the 
good source of nutrition for ruminant animals during 
dry weather. During drought when grasses and other 
vegetation are not available or poorly available, 
drought tolerant species plays a major role to fulfil the 
forage necessity of animals. Also, these plants are 
good supplement for the animals living in 
Mediterranean regions. In the absence of these plants, 
animals eat toxic and thorny vegetation (Van, 2007). 
Dev et al., 2017, reported that species of Grewia can 
be easily grown in abiotic stress like drought and 
salinity. Grewia is not so much exposing about the 
fodder properties associated to this plant (Van Looy, 
2008). Grewia asiatica is one of the important species 
which can be easily grown about 1,000 m of height 
even in dry weather conditions. It can be grown in 
rocks, fine sand, clay and limestone. It is a deciduous 
plant and shade off leaves in winter season. Therefore, 
protection is required from winters. Its fruits require 
warm climatic conditions for ripening and contain 
minerals, proteins, vitamins in better quantity (Yadav, 
1999). Fruits are good source of phytochemicals like 
flavonoids, phenolics, tannins and anthocyanin. Its 
plant parts are useful to cure many diseases like leaves 
having anticancer, antiplatelet, antimicrobial 
activities; bark contain anti-inflammatory and 
analgesic activities (Zia-Ul-Haq et al., 2013). Grewia 
tenax is an endangered species of Indian Thar desert. 
Venkatesan et al., 2019 suggested that its germplasm 
should be stored for future perception. It provides 
timber, fodder, fiber, fuelwood. Plant parts contain 
medicinal properties. It can be grow easily in drought 
prone areas and by this way keeps the land fertile. All 
soil types are suitable for this species. Nutritionally its 
fruits are important and dehydrate for further use in 
future (Sharma & Patni 2012). Acacia is a known 
drought tolerant genus and has a potential water 
conserving mechanism (Aref & El-Juhany, 1999). It 
acquires some adaptation to sustain in the arid 

environments. Its roots are thin and deeply inserted in 
search of water; likewise small size of leaf reduces the 
loss of water. This species is a good example of 
morphological plasticity and soil conservator during 
drought (Ibrahim et al., 1998 and El atta et al., 2012). 
It can be grown   at -1℃ to 50℃ temperature (Bargali 
and Bargali, 2009).  

2. Materials and Methods 
For the present study Grewia tenax, Grewia asiatica 
and Acacia nilotica were taken to identify the effect of 
drought. Materials was collected in the month of 
October and May and subjected to estimation of leaf 
growth and determination of pigment content in leaf 
samples.  

1. Estimation of leaf growth 

1.1 Estimation of leaf length and leaf width 

Leaf length was measured by a ruler without included 
petiole. 

Similarly with the help of ruler leaf width was 
measured at the widest part of the leaf. 

1.2 Estimation of leaf area 

The number of grid count relates to the definite area 
of leaf sample. The leaf area is calculated by the 
following equation:  

Area of Leaf sample = B x N                       

Where N = Number of 1cm blocks covered by sample 

B = Area of 1 block in graph paper 

2. Estimation of pigment concentration 

Pigments, including carotenoid and chlorophyll 
contents were quantitatively estimated by method of 
Arnon’s (1949). Obtained results were compared with 
the control. Collect all the fresh leaf samples and 
weighed 250 mg. Samples were ground in pestle and 
mortar to make slurry. In this slurry 10 ml of 80% 
acetone was poured. Obtained mixture was 
centrifuged and takes out supernatant. Repeat this 
process till leachate became colorless. The obtained 
supernatant was taken together and raises the volume 
up to 25ml by using acetone (80%). The mixture was 
reserved in dark. By using spectrophotometer optical 
density (O.D.) of the mixture was read at different 
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wave lengths of 480 nm, 510nm, 645nm, 652nm and 
663nm. The testers were analyzed in duplicates. 
Chlorophyll and carotenoid concentrations were 
calculated from the optical densities with the 
following formulation: 

Chlorophyll a (mg/gm) = 12.7 (OD 663) – 2.69(OD 
645) X v/1000xw  

Chlorophyll b (mg/gm) = 22.9 (OD 645) – 4.68 (OD 
663) X v/1000xw  

Total chlorophyll (mg/gm) = OD 652 X 
1000/34.5Xv/1000Xw  

Carotenoid mg/gm = 7.6 (OD 480) – 1.49 (OD 510) X 
v/1000 X w  

Where O.D. = Optical Density  

V = Final volume of 80% acetone (25ml)  

W = Weight of leaf samples (0.25gm) 

3. Results and Discussion 
Leaf length: The leaf length examined in G. tenax was 
3.75 cm & 2.23 cm; in G. asiatica 19.78 cm & 11.73 
cm and 6.16 cm & 2.26 cm in A. nilotica, in post rain 
& drought leaf samples respectively (Figure 1.1). 
There was a reduction in leaf length in all the three 
genera as an effect of drought, i.e. 1.52 cm in G. 
tenax; 8.05 cm in G. asiatica & 3.9 cm in A. nilotica. 
Changes recorded accounted to 39.97%, 40.23% and 
63.27% in G. tenax, G. asiatica and A. nilotica 
respectively (Figure 1.4). According to the above data, 
minimum reduction of leaf length was in G. tenax, it 
can be conveniently concluded that it is exhibiting the 
maximum level of tolerance towards dry conditions.  

Leaf Width: A decline in leaf width in drought 
samples was also observed in all the three generas. 
The declined leaf width in G. tenax, G. asiatica and A. 
nilotica was 2.1 cm; 8.22 cm and 0.99 cm accounting 
to a change of 59%; 45.21% and 22.56% respectively 
(Figure 1.4).  

Leaf Area: Results obtained from this study indicated 
downfall of 3.48 cm2; 198.22 cm2 and 0.99 cm2 in 
drought leaf samples with counted mean value 
32.72%; 70.16% and 49.06% in G. tenax, G. asiatica 
and A. nilotica respectively (Figure 1.4). Relative % 
Change in Leaf Expansion: The present study 
demonstrated a significant enlargement in A. nilotica 

(63.27%), G. tenax (59.00%) and G. asiatica 
(70.16%) in leaf length, leaf width and leaf area 
parameters respectively. The results reiterate the fact 
that Acacia nilotica is the drought resistant tree of 
Rajasthan. The results of our study related to leaf 
expansion were similar to the observations of Nelissen 
et al., 2013. Sperry, 2000 observed the reduced 
transpiration rate during drought which may cause the 
reduction in leaf size, leaf number (Galle et al., 2007). 
Less availability of water in the soil reduces the 
activity of xylem. This indicates the plant sensitivity 
towards drought and seems in the form of reduced leaf 
expansion (Shumway et al., 1991). Wahid et al., 2005 
also have the similar views that drought decline the 
rate of transpiration and then negatively affect the leaf 
size and yield. During moisture stress leaf width and 
leaf length was decreased due to the less stomatal 
activity (Craufurd et al., 2000). It is proved by many 
studies that leaf area decreases with the increase of 
severity of drought. It includes all the morphological 
and physiological characteristic and imbalances. 
Plants adjust root-shoot ratio and osmotic potential to 
survive during drought. This adaptation was firstly 
visible in the form of declines leaf length, leaf width 
and leaf area (Schuppler et al., 1998; Abrams, 1990; 
Xu et al., 2009). 

Chlorophyll a: Among collected leaf testers of G. 
tenax, G. asiatica and A. nilotica chlorophyll a 
concentration was 0.70 mg/ml & 0.01 mg/ml; 0.28 
mg/ml & 0.18 mg/ml and 1.49 mg/ml & 0.16 mg/ml 
in (post rain & drought testers) respectively (Figure 
2.1). It was decreased by 0.69 mg/ml; 0.1 mg/ml and 
1.33 mg/ml in drought testers comprising mean 
percent change of 99.16%; 35.17% and 89.40% in G. 
tenax, G. asiatica and A. nilotica respectively (Figure 
2.5).   

Chlorophyll b: According to obtained results of G. 
tenax; G. asiatica; and A. nilotica chlorophyll b 
concentration was 0.63 mg/ml & 0.08 mg/ml; 0.73 
mg/ml & 0.23 mg/ml and 0.68 mg/ml & 0.32 mg/ml 
in (post rain & drought leaf samples) respectively 
(Figure 2.2). Thus declined growth was seen in 
drought samples of all plants with listed mean value of 
87.56%; 67.83% and 52.95% in G. tenax; G. asiatica; 
and A. nilotica respectively (Figure 2.5).  

Total Chlorophyll: According to the relative readings 
of total chlorophyll concentration reduction of 141.89 
mg/ml; 47.51 mg/ml and 187.16 mg/ml was perceived 
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in experimental count of drought leaf samples 
associated with 95.65%; 50.46% and 80.32% in G. 
tenax; G. asiatica and A. nilotica respectively (Figure 
2.5).   

Carotenoids: It was reported that leaf carotenoids 
concentration was lessened by 0.02 mg/ml; 0.52 
mg/ml and 0.11 mg/ml in G.tenax (post rain); G. 
asiatica (drought) and A. nilotica (drought) leaf 
samples accounting to -37.78%; 94.03% and -77.46% 
respectively. Relative % Change in pigment 
concentration: Mean change in relative pigment 
concentration was presented in figure 2.5. It was 
identified that chlorophyll a (99.16%), chlorophyll b 
(87.56%), and total chlorophyll (95.65%) was 
significantly higher in G. tenax whereas carotenoids 
concentration (94.03%) was higher in G. asiatica. 
Results showed the tolerable nature of G. tenax during 
scarcity of water. Chlorophylls are the important 
variable on which photosynthesis depends. Hence, 
study of these pigments is essential to understand the 
ecosystem functioning (Singsaas et al., 2004). Plants 
adjust chlorophyll to survive in the abiotic stress but 
still this hypothesis needs more investigations in 
reference to particular natural forest trees (Reich et 
al., 2007; Han et al., 2011; Liu et al., 2012). 
Chlorophyll is directly related to the temperature and 
water availability (Yamane et al., 2000; Yin et al., 
2006). Chlorophyll a, chlorophyll b and total 
chlorophyll were reported reduced during drought 
(Hussein et al., 2008). However photosynthesis does 
not affected and controlled by chlorophyll only (Zhou 
et al., 2015; Feller, 2016; Lamaoui et al., 2018). 
Biochemistry of leaf, stomatal and mesophyll 
conductance (Grassi & Magnani, 2005) are also the 
unavoidable factors related to photosynthesis when 
drought occurs. Jaleel et al., 2008b reported that 
degradation of chlorophyll content during arid period 
in Catharanthus roseus. Similar findings were 
observed by Mssacci, 2008 and Tahkokorpi et al., 
2007 in cotton plant and Vaccinium myrtillus 
respectively during drought stress. Our results are 
similar to the above studies in case of chlorophyll a, 
chlorophyll b and total chlorophyll. Total carotenoids 
concentration was higher in G. tenax and A. nilotica 
which was similar to the findings observed by Farooq 
et al., 2009 which showed the fact of higher 
chlorophyll and carotenoid content when leaf 
expansion was reduced during water deficit.  

 

4. Conclusion 
Each and every local area some traditional plants are 
present. These native vegetations have their own 
significance. Likewise with Rajasthan Grewia species 
like G. tenax and G. asiatica are native plant species. 
These are now threatened as a result of ignorance of 
local taxa. These plant species are economically 
beneficial to the local population because they have 
medicinal values and many other advantages such as 
forage, horticulture, fuel. Rajasthan is a semi-arid and 
arid state of India. These species are capable of 
developing within the climate of the state. Relative 
percentage change in parameters like leaf length; leaf 
area and carotenoid content are least in G. tenax. G. 
asiatica showed minimum relative change in 
chlorophyll a and total chlorophyll content. These 
results indicate that G. tenax and G. asiatica are 
drought tolerant species as compared to A. nilotica. In 
spite of the study of phytochemical substances, these 
Grewia species are still unexplored in terms of the 
stress caused by drought. It needs further investigation 
to increase the green cover of the state as well as for 
other benefits associated with these species.  
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Tables and Figures 

Table 1.1:  (Relative Leaf Length in G. tenax, G. asiatica and A. nilotica in Post Rain and Drought) 
 

Time 
Grewia tenax 
Mean ± S.D. 

Grewia asiatica 
Mean ± S.D. 

Acacia nilotica 
Mean ± S.D. 

Post Rain 3.75± 0.36 
 

19.780±0.1.46 6.160±0.25 

Drought 2.230±0.21 11.730±0.94 2.260±0.34 

 

Table 1.2 (Relative Leaf Width in G. tenax, G. asiatica and A. nilotica in Post Rain and Drought) 

 
Time 

Grewia tenax 
Mean 

Grewia asiatica 
Mean ± S.D. 

Acacia nilotica 
Mean ± S.D. 

Post Rain 3.55± 0.15 
 

18.11±0.1.77 4.38±0.16 

Drought 1.45±0.15 9.89±0.95 3.39±0.21 
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Table 1.3 (Relative Leaf Area in G. tenax, G. asiatica and A. nilotica in Post Rain and Drought) 
 

Time 
Grewia tenax 
Mean ± S.D. 

Grewia asiatica 
Mean ± S.D. 

Acacia nilotica 
Mean ± S.D. 

Post Rain 10.51± 0.77 
 

278.27±41.33 2.16±0.37 

Drought 7.04±0.36 80.05±4.73 1.10±0.24 

 
 

Table 1.4 (Relative % Change in Leaf Expansion G. tenax, G. asiatica and A. nilotica in Post Rain and Drought) 
G. tenax 

Mean ± S.D. 
G. asiatica 

Mean ± S.D. 
A. nilotica 

Mean ± S.D. 

39.97±8.49 40.23±8.0 63.27±5.61 

 

Table 2.1 (Relative Chlorophyll a Concentration in G. tenax, G. asiatica and A. nilotica in Post Rain and Drought) 

 
Time 

Grewia tenax 
Mean ± S.D. 

Grewia asiatica 
Mean ± S.D. 

Acacia nilotica 
Mean ± S.D. 

Post Rain 0.70± 0.00 
 

0.28±0.00 1.49±0.00 

Drought 0.00±0.00 0.18±0.00 0.15±0.00 

 

Table 2.2 (Relative Chlorophyll b Concentration in G. tenax, G. asiatica and A. nilotica in Post Rain and DR) 

 
Time 

Grewia tenax 
Mean ± S.D. 

Grewia asiatica 
Mean ± S.D. 

Acacia nilotica 
Mean ± S.D. 

Post Rain 0.63± 0.00 
 

0.73±0.01 0.67±0.00 

Drought 0.07±0.00 0.23±0.00 0.31±0.00 

 
 

Table 2.3 (Total Chlorophyll Concentration in G. tenax, G. asiatica and A. nilotica in Post Rain and Drought) 

 
Time 

Grewia tenax 
Mean ± S.D. 

Grewia asiatica 
Mean ± S.D. 

Acacia nilotica 
Mean ± S.D. 

Post Rain 148.32±4.64 
 

94.07±3.14 233.01±1.06 

Drought 6.44±0.33 46.55±0.10 45.84±0.57 
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Table 2.4 (Relative Carotenoids Concentration in G. tenax, G. asiatica and A. nilotica in Post Rain and Drought) 
 

Time 
Grewia tenax 
Mean ± S.D. 

Grewia asiatica 
Mean ± S.D. 

Acacia nilotica 
Mean ± S.D. 

Post Rain 0.05±0.00 
 

0.54±0.00 0.13±0.00 

Drought 0.07±0.00 0.03±0.00 0.23±0.00 

 
 

Table 2.5 (Relative % Change in Pigment Concentration G. tenax, G. asiatica and A. nilotica in Post Rain and 
Drought) 

G. tenax 
Mean ± S.D. 

G. asiatica 
Mean ± S.D. 

A. nilotica 
Mean ± S.D. 

39.97±8.49 40.23±8.0 63.27±5.61 

 

 
Figure: 1.1 

 

 
Figure: 1.2 



JCLMM 1/11 (2023) |1987–1999

 
 

 
          

 
Figure: 1.3 

 

 
Figure: 1.4 
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Figure: 1.5 

PR- Post Rain; DR- Drought  
AN- Acacia nilotica; GT- Grewia tenax; GA- Grewia asiatica 
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Figure 2.2 

 
 

 
Figure: 2.3 

 
 

 
Figure: 2.4 
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Figure: 2.5 
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