
Irshad et al. BMC Plant Biol          (2021) 21:303  
https://doi.org/10.1186/s12870-021-03097-0

RESEARCH ARTICLE

Evaluation of Jatropha curcas L. leaves 
mulching on wheat growth and biochemical 
attributes under water stress
Muhammad Irshad1, Faizan Ullah1*, Shah Fahad2,3†, Sultan Mehmood1, Asif Ullah Khan1, Martin Brtnicky4,5, 
Antonin Kintl4,6, Jiri Holatko4, Inam Irshad7, Mohamed El‑Sharnouby8, Ayman EL Sabagh9 , Rahul Datta10† and 
Subhan Danish11†  

Abstract 

Background: Organic mulches are widely used in crop production systems. Due to their benefits in improving 
soil fertility, retention of soil moisture and weed control. Field experiments were conducted during wheat growing 
seasons of 2018–2019 and 2019–2020 to evaluate the effects of Jatropha leaves mulch on the growth of wheat varie‑
ties ‘Wadan‑17’ (rainfed) and ‘Pirsabaq‑2013’ (irrigated) under well irrigated and water stress conditions (non‑irrigated 
maintaining 40% soil field capacity). Jatropha mulch was applied to the soil surface at 0, 1, 3 and 5 Mg  ha−1 before 
sowing grains in the field. Under conditions of water stress, Jatropha mulch significantly maintained the soil moisture 
content necessary for normal plant growth.

Results: We noted a decrease in plant height, shoot and root fresh/dry weight, leaf area, leaf relative water content 
(LRWC), chlorophyll, and carotenoid content due to water stress. However, water stress caused an increase in leaf and 
root phenolics content, leaf soluble sugars and electrolytes leakage. We observed that Jatropha mulch maintained 
LRWC, plant height, shoot and root fresh/dry weight, leaf area and chlorophyll content under water stress. Moreover, 
water stress adverse effects on leaf soluble sugar content and electrolyte leakage were reversed to normal by Jat‑
ropha mulch.

Conclusion: Therefore, it may be concluded that Jatropha leaves mulch will minimize water stress adverse effects on 
wheat by maintaining soil moisture and plant water status.
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Background
Mulch is a coating of organic or inorganic materials 
applied to soil surface for the conservation of soil mois-
ture, weed control and improving soil fertility [1]. Mate-
rials are placed over the soil surface, flower beds, and 

trees to stop soil erosion on slopes. Mulches are generally 
applied two inches or deeper [2]. At the start of the grow-
ing season, mulches primarily warm the soil, permit-
ting early seeding and transplanting definite crops. The 
mulch of straw, bark, and sawdust increases soil nutri-
ents [3]. Green mulches, like those prepared from plant 
parts and animal manure, provide a diversity of nutrients 
to soil compared to inorganic fertilizers [4, 5]. Moreover, 
organic mulches help in minimizing fluctuations in soil 
temperature, providing a microclimate where plants can 
grow better [6].
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Average air temperature on earth has increased over 
the last 250 years due to a gradually increased industri-
alization with the concomitant increase in greenhouse 
gas emissions in the atmosphere. Among scientists, it is 
extensively accepted that climate change will accelerate 
in the near future, with expected increases in air temper-
atures between 1 and 2  °C to occur in the next 40 years 
[7]. As a result of this, the rate of water loss from the 
soil surface and plants will be increased [8], which will, 
in turn, cause a shortage of water supply for agricultural 
production. Moreover, likely, changes in the rainfall fre-
quencies and patterns will also occur due to the overall 
climate change. These alterations in rainfall frequencies 
and patterns will result in scarcity of good quality water 
and more frequent and extended drought conditions dur-
ing crop growing [9].

A drought condition can last a few days or can be 
extended for months or even years [10]. Although an 
excess of water can also be problematic [11], water scar-
city affects far more normal plants’ functions, mainly by 
decreasing their turgor and water potentials [12]. The 
effects of drought on plants are ubiquitous. Among oth-
ers, drought in plants results in reduced seed germina-
tion [13], the poor seedling establishment [14], decrease 
in leaf relative water content [15], reduced cell divi-
sion [16], loss of photosynthetic pigments [17], higher 
production of secondary metabolites, reduction in the 
N-fixation rates from the atmosphere [18] and reduced 
leaf expansion and pollination problems [19, 20]. Cell 
growth is very sensitive to drought due to a reduction in 
turgor pressure [21]. In plants, drought stress restricts 
the uptake of nutrients and their concentration in tissues 
[22–24], due to reduced transpiration flow and unload-
ing mechanism. Generally, moisture stress causes an 
increase in nitrogen metabolism, decreasing the phos-
phorus and potassium content of tissues [25]. Drought 
stress increases cell wall bound phenolic content which 
is a reliable sign of drought stress tolerance in plants 
[26]. Phenolic are secondary metabolites and have sev-
eral functions in plants. They are structural components 
of cell walls that enhance tolerance of plants to abiotic 
stresses [27]. However, under water stress, production of 
secondary metabolites takes place at the expense of pri-
mary metabolites resulting in reductions in the plant bio-
mass production [17].

In the current climate change scenario accompanied 
by an ever-increasing world population, global energy 
requirements would need to be doubled in the coming 
decades. Consequently, cultivation of perennial bioen-
ergy crops [24], or the use of crop residues from corn 
and other crops [28, 29] will be increased. As a result, 
regions previously devoted to food crops will be replaced 
by energy-producing plant species. Therefore, there is a 

dire need to take sustainable and economic measures to 
explore the possibility of developing energy-producing 
plants on a large-scale framework [8].

Jatropha curcas L. is an angiosperm that belongs to 
the Euphorbiaceae family. It is inhabitant to Mexico and 
Central America. The plant has been naturalized and is 
currently cultivated in tropical and subtropical areas of 
the world. It can reach a height of up to 6  m, and it is 
a semi-evergreen, poisonous shrub, or small tree. It was 
recommended for cultivation in deserts because it is 
resistant to arid conditions [30]. From the seeds of Jat-
ropha, high-quality biodiesel fuel is produced for use in 
standard diesel engines. The seeds contain 27–40% oil 
[31]. Leaves of Jatropha can’t be used as fodder for cat-
tle due to toxins like Phorbol esters. However, they con-
tain essential nutrients, which upon their decomposition 
are released into the soil. There is a lack of information 
regarding the mechanisms involved in releasing nutrients 
from decomposing green leaves of J. curcas and its poten-
tial for providing environmental and agronomic services 
[32]. Therefore, we attempted to utilize J. curcas leaves as 
mulch for improving the growth and physiological per-
formance of wheat varieties under low soil moisture.

Results
Jatropha leaf contained natural phenolics (15  mg GAE 
eq./ g dry weight). Both the macro-and micronutrients 
such as Ca, Mg, K, Fe, Zn and Mn were found in a rea-
sonable amount. The K content was higher than Ca and 
Mg. Similarly, Fe content was greater than Zn and Mn 
(Table 1).

Our results revealed that Jatropha leaf mulch exhibited 
a positive effect on soil moisture content (Table  2). All 
the mulch treatments improved the water holding capac-
ity of soil; however, the highest moisture content 17% 
was recorded for mulch application at 5 Mg  ha−1. Water 
stress decreased soil moisture content by 51% than that 
of well-irrigated and unmulched control. All the treat-
ments of mulch minimized the decrease in soil moisture 
content due to water stress. However, the most effective 

Table 1 Composition of Jatropha leaf on dry weight basis

Component Value

Ca 39 µg/g

Mg 100 µg/g

K 190 µg/g

Fe 45 µg/g

Zn 30 µg/g

Mn 25 µg/g

Phenolics 15 mg GAE eq./g



Page 3 of 12Irshad et al. BMC Plant Biol          (2021) 21:303  

mulch dose in the retention of soil moisture content was 
5 Mg  ha−1. Treatment × variety interaction revealed that 
both the varieties have a statistically similar response to 
low soil moisture and mulch treatments. Moreover, on 
an average of all treatments, variety effect showed that 
soil moisture content was higher in rhizospheric soil of 
Wadan-17 (11.980%) than Pirsabaq-2013 (11.650%).

Data in Table  3 showed the beneficial effect of Jat-
ropha mulch on the leaf area of wheat. Maximum leaf 
area (40.1  cm2) was recorded for plants supplemented 
with 5  Mg   ha−1 of mulch compared with irrigated 

and unmulched control (32.7  cm2). We noted a severe 
decrease (24.4%) in the leaf area due to skipped irriga-
tions. However, the percent decrease in leaf area was 
higher in Pirsabaq-2013 than in Wadan-17. It is worthy 
of mentioning that Jatropha mulch minimized the water 
stress effect on the leaf area. Among the mulch treat-
ments, the treatment having mulch at 5 Mg  ha−1 was sig-
nificantly more effective than other mulch treatments.

The non-stressed group plants possessed higher shoot 
fresh weight (27.0% and 32.8%, respectively) in response 
to mulch application at 3 and 5  Mg   ha−1, respectively 
(Table  3). A significant decrease (24.4%) occurred in 
shoot fresh weight due to water stress. The percent 
decrease in fresh shoot weight due to water stress was 
higher in Pirsabaq-2013 (27.4%) than in Wadan-17 
(21.6%). However, the shoot fresh weight of plants grow-
ing in plots supplied with Jatropha mulch was not signifi-
cantly affected by water stress. It was found that mulch 
application at 5 Mg  ha−1 resulted in a significantly higher 
shoot fresh weight of wheat plants both under well irri-
gated and water stress conditions.

The plants in the non-stressed group had higher root 
fresh weight (68.6 and 74.6%, respectively) in response 
to the application of mulch at 3 and 5 Mg   ha−1, respec-
tively, over irrigated and unmulched control (Table  4). 
A superior value of fresh root weight was recorded for 
plants treated with mulch at 5  Mg   ha−1. A significant 
decrease (49.8%) occurred in fresh root weight due to 
water stress. The percent decrease in fresh root weight 
due to water stress was higher in Pirsabaq-2013 (53.3%) 
than Wadan-17 (46.1%) as compared with their respec-
tive irrigated and unmulched control. However, plants 
growing in plots supplied with Jatropha mulch were not 
significantly affected by water stress. Mulch application 

Table 2 Soil moisture content as influenced by mulch 
treatments, varieties and their interactions under water stress

Values of means presented in the same column for different treatments followed 
by similar English letters don’t differ significantly at p < 0.05. Data of two years 
is pooled due to non-significant variations. Least Significant Difference (LSD): 
Treatments = 0.5104, Varieties = 0.2552, T × V = 0.7218

Treatments Soil moisture content (%)

Wadan-17 Pirsabaq-2013 Mean

Control (unmulched and 
irrigated)

14.373 ± 0.69c 14.153 ± 0.16c 14.263c

Mulch 1 Mg  ha−1 + water 15.703 ± 0.38b 15.313 ± 0.18b 15.508b

Mulch 3 Mg  ha−1 + water 15.757 ± 0.29b 15.417 ± 0.15b 15.587b

Mulch 5 Mg  ha−1 + water 16.597 ± 0.24a 16.660 ± 0.11a 16.628a

Water stress (40% soil field 
capacity)

7.333 ± 0.23gh 6.690 ± 0.07 h 7.012f

Mulch 1 (Mg  ha−1) + water 
stress

8.337 ± 0.15ef 7.870 ± 0.10 fg 8.103e

Mulch 3 (Mg  ha−1) + water 
stress

8.667 ± 0.15de 8.233 ± 0.15ef 8.450e

Mulch 5 (Mg  ha−1) + water 
stress

9.077 ± 0.06d 8.860 ± 0.06de 8.968d

Mean 11.980a 11.650b

Table 3 Shoot fresh weight and shoot dry weight of wheat as influenced by mulch treatments, varieties and their interactions under 
water stress

Values of means presented in the same column for different treatments followed by similar English letters don’t differ significantly at p < 0.05. Data of two years is 
pooled due to non-significant variations. Least Significant Difference (LSD) values for shoot fresh weight: Treatments = 1.0893, Varieties = 0.5446, T × V = 1.5405: LSD 
values for shoot dry weight: Treatments = 0.6205, Varieties = 0.3102, T × V = 0.8774

Treatments Shoot fresh weight (g) Shoot dry weight (g)

Wadan-17 Pirsabaq-2013 Mean Wadan-17 Pirsabaq-2013 Mean

Control (unmulched and irrigated 7.007 ± 0.43c−f 6.737 ± 0.19d−f 6.872c 2.4367 ± 0.18c−e 2.3900 ± 0.27c−e 2.4133 cd

Mulch 1 Mg  ha−1 + water 7.107 ± 0.51c−e 7.717 ± 0.36b−d 7.412c 2.5367 ± 0.11c−e 2.7800 ± 0.03 cd 2.6583c

Mulch 3 Mg  ha−1 + water 8.327 ± 0.40bc 10.490 ± 0.02a 9.408ab 2.7633 ± 0.10 cd 3.2000 ± 0.05bc 2.9817bc

Mulch 5 Mg  ha−1 + water 8.737 ± 0.34b 11.710 ± 0.89a 10.223a 2.8000 ± 0.16 cd 3.9867 ± 0.65b 3.3933ab

Water stress (40% FC) 5.497 ± 0.64 fg 4.890 ± 0.87 g 5.193d 2.0567 ± 0.18de 1.7700 ± 0.28e 1.9133d

Mulch (1 Mg  ha−1) + water stress 5.777 ± 0.17e−g 6.877 ± 0.81c−f 6.327c 2.1700 ± 0.14de 2.8300 ± 0.39 cd 2.5000 cd

Mulch (3 Mg  ha−1) + water stress 6.060 ± 0.44e−g 6.997 ± 0.52c−f 6.528c 2.1967 ± 0.10de 3.0900 ± 0.62c 2.6433c

Mulch (5 Mg  ha−1) + water stress 6.107 ± 0.39e−g 11.380 ± 0.67a 8.743b 2.3300 ± 0.14c−e 4.9900 ± 0.46a 3.6600a

Mean 6.8271b 8.3496a 2.4113b 3.1296a
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at the 5  Mg   ha−1 rate resulted in a significantly higher 
root fresh weight of wheat plants both under well irri-
gated and skipped irrigated conditions.

Under well-irrigated conditions, there was an increase 
(81.0%) in root dry weight due to mulch application at 
5  Mg   ha−1 over unmulched control (Table  4). Water 
stress decreased root dry weight by 33.8% than irrigated 
and unmulched control. However, plants growing in 
plots applied with mulch had a better root dry weight. 
The highest value of root dry weight was obtained from 
5 Mg  ha−1 mulch application.

Under normal conditions value of LRWC was superior 
(7.09%) for plants grown in soil amended with mulch 
at 5  Mg   ha−1 over irrigated and unmulched control 
(Table 5). The water stress significantly decreased (6.3%) 

leaf LRWC than irrigated and unmulched control. The 
percent decrease in LRWC due to water stress was higher 
in Pirsabaq-2013 than in Wadan-17. The mulch treat-
ments prevented losses in LRWC under the condition of 
water stress. LRWC value for Mulch (1 Mg  ha−1) + water 
stress is statistically different from the ones obtained with 
3 and 5 Mg  ha−1 mulch + water stress. Of the two wheat 
varieties, Wadan-17 had a higher value of LRWC than 
Pirsabaq-2013.

The electrolyte leakage was decreased by various 
mulch treatments in leaves of wheat varieties in a con-
trolled environment (Table  5). Electrolyte leakage was 
highly reduced by applying mulch at 5  Mg   ha-1 under 
water stress that mulch treatments overcame. The 
most effective dose of mulch on electrolyte leakage 

Table 4 Root fresh weight and root dry weight of wheat as influenced by mulch treatments, varieties and their interactions under 
water stress

Values of means presented in the same column for different treatments followed by similar English letters don’t differ significantly at p < 0.05. Data of two years is 
pooled due to non-significant variations. Least Significant Difference (LSD) values for root fresh weight: Treatments = 0.2051, Varieties = 0.1026, T × V = 0.2901: LSD 
values for root dry weight: Treatments = 0.1651, Varieties = 0.0826, T × V = 0.2335

Treatments Root fresh weight (g) Root dry weight (g)

Wadan-17 Pirsabaq-2013 Mean Wadan-17 Pirsabaq-2013 Mean

Control (unmulched and irrigated) 0.4267 ± 0.05ij 0.4567 ± 0.00ij 0.4417e 0.2267 ± 0.03gh 0.2467 ± 0.03gh 0.2367e

Mulch 1 Mg  ha−1 + water 0.8600 ± 0.06gh 1.3800 ± 0.06b−d 1.1200c 0.5667 ± 0.03ef 0.9267 ± 0.03bc 0.7467c

Mulch 3 Mg  ha−1 + water 1.2867 ± 0.09 cd 1.5267 ± 0.04bc 1.4067b 0.8367 ± 0.10 cd 1.0767 ± 0.05ab 0.9567b

Mulch 5 Mg  ha−1 + water 1.8967 ± 0.10a 1.5867 ± 0.10b 1.7417a 1.3100 ± 0.06a 1.1800 ± 0.02a 1.2450a

Water stress (40% soil field capacity) 0.2300 ± 0.01j 0.2133 ± 0.01j 0.2217f 0.1600 ± 0.01 h 0.1533 ± 0.00 h 0.1567e

Mulch (1 Mg  ha−1) + water stress 0.6900 ± 0.01hi 0.8967 ± 0.12f−h 0.7933d 0.4600 ± 0.02 fg 0.6567 ± 0.05d−f 0.5583d

Mulch (3 Mg  ha−1) + water stress 0.9867 ± 0.03e−g 1.1800 ± 0.16d−f 1.0833c 0.7000 ± 0.02c−e 0.8533 ± 0.13b−d 0.7767c

Mulch (5 Mg  ha−1) + water stress 1.1700 ± 0.26d−f 1.2333 ± 0.12de 1.2017bc 0.8567 ± 0.22b−d 0.9067 ± 0.12bc 0.8817bc

Mean 0.9433b 1.0592a 0.6396b 0.7500a

Table 5 Leaf relative water content and leaf electrolytes leakage of wheat as influenced by mulch treatments, varieties and their 
interactions under water stress

Values of means presented in the same column for different treatments followed by similar English letters don’t differ significantly at p < 0.05. Data of two years 
is pooled due to non-significant variations. Least Significant Difference (LSD) values for leaf relative water content: Treatments = 4.0994, Varieties = 2.0497, 
T × V = 5.7975: LSD values for leaf electrolyte leakage: Treatments = 4.8954, Varieties = 2.4477, T × V = 6.9232

Treatments Leaf relative water content (%) Leaf electrolytes leakage (%)

Wadan-17 Pirsabaq-2013 Mean Wadan-17 Pirsabaq-2013 Mean

Control (unmulched and irrigated) 70.733 ± 0.74ab 62.267 ± 1.27d 66.500b 99.27 ±  2de 119.70 ±  2b 109.48b

Mulch 1 Mg  ha−1 + water 72.157 ± 1.11ab 64.260 ± 1.64 cd 68.208ab 92.85 ±  3ef 112.38 ±  2c 102.62c

Mulch 3 Mg  ha−1 + water 72.403 ± 2.83ab 66.913 ± 1.42b−d 69.658ab 91.00 ±  2f−h 104.96 ±  2d 97.98 cd

Mulch 5 Mg  ha−1 + water 74.117 ± 1.22a 69.037 ± 0.08a−c 71.577a 84.37 ±  3hi 91.37 ±  3 fg 87.87f

Water stress (40% soil field capacity) 68.773 ± 2.88a−c 55.827 ± 1.13e 62.300c 99.59 ±  2de 136.84 ±  1a 118.21a

Mulch (1 Mg  ha−1) + water stress 70.200 ± 3.01ab 62.410 ± 3.88d 66.305bc 90.00 ±  3f−h 102.70 ±  0d 96.35de

Mulch (3 Mg  ha−1) + water stress 70.413 ± 0.22ab 62.660 ± 0.09d 66.537b 85.26 ±  3 g−i 100.66 ±  1d 92.96e

Mulch (5 Mg  ha−1) + water stress 71.337 ± 0.09ab 63.553 ± 3.66 cd 67.445b 81.08 ±  3i 90.58 ±  3f−h 85.83f

Mean 71.267a 63.366b 90.43b 107.40a
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under water stress was 5  Mg   ha−1. Wheat variety Pir-
Sabaq-2013 had a higher leaf electrolyte leakage than 
Wadan-17.

Average of both varieties showed that under well-
irrigated conditions, Jatropha mulch at 5  Mg   ha−1 
(100.33 cm) significantly increased plant height by 7.8% 
over well irrigated and unmulched control (93.08  cm) 
(Table  6). Water stress decreased plant height by 
5.8% in water stress (40% FC) than well irrigated and 
unmulched control. However, mulch application at 3 
and 5  Mg   ha−1 significantly reversed the decrease in 
plant height caused by water stress. Treatment x vari-
ety interaction indicated that a percent decrease in 
plant height due to water stress was higher in sensi-
tive variety Pirssbaq-2013 than tolerant Wadan-17. 
Both the varieties have a positive response to mulch at 
5  Mg   ha−1. Variety effect revealed that Pirsabaq-2013 
had taller plants (18.2%) than Wadan-17.

Shoot dry weight in wheat was significantly affected by 
mulch treatments through Jatropha mulch at 5 Mg  ha−1 
presented the largest positive effect (28.9%) increase in 
dry shoot weight on this factor compared with irrigated 
and unmulched control (Table 5). Water stress decreased 
shoot dry weight by 20.7% compared to that of irrigated 
and unmulched control. However, plants growing in plots 
applied with mulch had a better shoot dry weight; the 
highest shoot dry weight was obtained from 5  Mg   ha−1 
mulch application after the water stress period.

In non-stress conditions, mulch treatments signifi-
cantly improved chlorophyll a content of wheat leaves. 
However, the highest value of chlorophyll a (4.43  mg/g 
FW) was observed in leaves of plants applied with mulch 
at 5 Mg   ha−1 (Table 7). Water stress exhibited a signifi-
cant decrease (16.1%) in chlorophyll a content. All the 
mulch treatments alleviated the consequences of water 

stress on chlorophyll a content; however, the most effec-
tive mulch treatments under skipped irrigations were 3 
and 5 Mg  ha−1.

We observed that water stress did not affect chlorophyll 
b content than irrigated unmulched control (Table  7). 
However, in normal irrigation conditions, mulch showed 
a positive effect on chlorophyll b content. It was worthy 
of mentioning that mulch treatments at 3 and 5 Mg  ha−1 
improved chlorophyll b content even under conditions of 
skipped irrigations.

The plants in control-treated with mulch 
(mulch + water) showed a significant increase in the leaf 
carotenoid content compared to unmulched and irri-
gated control. The gradual increase was recorded in leaf 
carotenoids content with an increase in mulch quantity. 
Skipped irrigations resulted in a significant decrease 
(45.8%) in leaf carotenoids content of both the varieties 
than their respective irrigated and unmulched control 
(Table  8). However, mulch treatment Mg  ha−1 signifi-
cantly alleviated skipped irrigation’s effect on leaf carot-
enoids content.

In a controlled environment, the soluble sugar content 
was decreased by various mulch treatments in leaves of 
wheat varieties (Table  8). A maximum decrease (26.5%) 
in sugar content was recorded by applying mulch at 
5  Mg   ha−1. Upon exposure to water stress, there was 
increased sugar content of leaves over unmulched 
and irrigated control. Mulch treatments overcame the 
increase in sugar content by skipped irrigations. The 
most effective dose of mulch on sugar content under 
skipped irrigations was 5  Mg   ha−1. Finally, the wheat 
variety Wadan-17 had a higher leaf sugar content than 
PirSabaq-2013.

The plants in the control group treated with mulch 
showed a significant increase in leaf and root phenolics 

Table 6 Plant height and leaf area of wheat as influenced by mulch treatments, varieties and their interactions under water stress

Values of means presented in the same column for different treatments followed by similar English letters don’t differ significantly at p < 0.05. Data of two years is 
pooled due to non-significant variations. Least Significant Difference (LSD) values for Soil moisture content: Treatments = 5.1269, Varieties = 2.5634, T × V = 7.2505: 
LSD values for leaf area: Treatments = 2.9956, Varieties = 1.4978, T × V = 4.2365

Treatments Plant height (cm) Leaf area  (cm2)

Wadan-17 Pirsabaq-2013 Mean Wadan-17 Pirsabaq-2013 Mean

Control (unmulched and irrigated 81.50 ± 2.02gh 104.67 ± 2.91bc 93.08b 29.353 ± 0.61e 36.080 ± 1.65bc 32.717c

Mulch 1 Mg  ha−1 + water 82.50 ± 2.60gh 108.00 ± 0.58ab 95.25ab 31.487 ± 0.75de 36.080 ± 1.65bc 33.783bc

Mulch 3 Mg  ha−1 + water 85.33 ± 2.40f−h 109.33 ± 5.36ab 97.33ab 32.477 ± 2.77c−e 39.500 ± 1.25b 35.988b

Mulch 5 Mg  ha−1 + water 87.00 ± 1.73 fg 113.67 ± 1.86a 100.33a 36.027 ± 1.22bc 44.100 ± 0.52a 40.063a

Water stress (40% FC) 79.33 ± 2.33 h 96.00 ± 2.31de 87.67c 23.367 ± 1.02f 26.133 ± 0.35ef 24.750e

Mulch (1 Mg  ha−1) + Water stress 87.00 ± 0.58 fg 98.00 ± 1.15 cd 92.50bc 30.377 ± 1.70e 35.787 ± 1.92b−d 33.082bc

Mulch (3 Mg  ha−1) + water stress 88.5 ± 0.29 fg 100.00 ± 1.15 cd 94.25b 31.140 ± 1.18e 37.293 ± 2.02b 34.217bc

Mulch (5 Mg  ha−1) + water stress 90.33 ± 2.73ef 103.33 ± 4.41bc 96.83ab 32.327 ± 0.74c−e 39.977 ± 1.86ab 36.152b

Mean 85.19b 104.13a 30.819b 36.869a
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content (Table  9). The highest phenolic content was 
recorded in leaves and roots of plants treated with mulch 
at 5  Mg   ha−1. The water stress also increased the con-
tent of leaf phenolics which was further augmented by 
mulch treatments. The most effective dose of mulch was 
5 Mg  ha−1 under conditions of skipped irrigations.

Data given on Table  10 showed that water stress did 
not significantly influence leaf antioxidants content of 
Pirsabaq-2013 but significantly enhanced antioxidant of 
Wadan-17 (Table 10). The mulch treatments at 5 Mg  ha−1 
significantly improved antioxidants content in leaves of 
Wadan-17 but did not influence that of Pirsabaq-2013.

Unlike leaf antioxidant content, mulch treatments at 
5 Mg  ha−1 significantly improved the wheat varieties’ root 
antioxidant content (Table 10). Water stress significantly 
affects the root antioxidant content of Pirsabaq-2013 

and the root antioxidant content of Wadan-17. The pro-
gressive impact of mulch was recorded on the root anti-
oxidant content of the Wadan-17. Maximum antioxidant 
content was recorded in roots of plants treated with 
mulch at 5 Mg  ha−1 after water stress.

Discussion
The experiment confirmed that Jatropha leaves were rich 
in micro and macronutrients. In addition, he was also 
satisfactory content of soluble phenols. Mulch is pre-
pared from organic materials for application in farmers’ 
fields because it contains various kinds of nutrients and 
phytochemicals necessary to grow crop plants [33]. Pre-
vious studies showed that Jatropha leaf contains phenolic 
compounds having beneficial effects on the growth of 
wheat [33] and maize [1].

Table 7 Leaf chlorophyll a and b content of wheat as influenced by mulch treatments, varieties and their interactions under water 
stress

Values of means presented in same column for different treatments followed by similar English letters don’t differ significantly at p < 0.05. Data of two years is pooled 
due to non-significant variations. Least Significant Difference (LSD) values for chlorophyll a: Treatments = 0.8682, Varieties = 0.4341, T × V = 1.2278: LSD values for 
chlorophyll b: Treatments = 0.5517, Varieties = 0.2758, T × V = 0.7802

Treatments Chlorophyll a (mg/g) Chlorophyll b (mg/g)

Wadan-17 Pirsabaq-2013 Mean Wadan-17 Pirsabaq-2013 Mean

Control (unmulched and irrigated) 1.8867 ± 0.10de 3.5633 ± 0.17bc 2.7250 cd 0.8433 ± 0.03c 1.0300 ± 0.17c 0.9367c

Mulch 1 Mg  ha−1 + water 2.6967 ± 0.15c−e 3.5667 ± 0.19bc 3.1317b−d 0.9667 ± 0.14c 1.2133 ± 0.06c 1.0900c

Mulch 3 Mg  ha−1 + water 3.0467 ± 0.58b−d 5.6167 ± 0.28a 4.3317a 1.1467 ± 0.11c 1.3733 ± 0.11bc 1.2600bc

Mulch 5 Mg  ha−1 + water 3.1467 ± 0.13bc 5.7133 ± 0.44a 4.4300a 1.3633 ± 0.04bc 1.3933 ± 0.11bc 1.3783a−c

Water stress (40% soil field capacity) 1.5767 ± 0.22e 2.9967 ± 0.45b−d 2.2867d 0.7133 ± 0.16c 0.9633 ± 0.20c 0.8383c

Mulch (1 Mg  ha−1) + water stress 3.2333 ± 0.38bc 3.6700 ± 0.54bc 3.4517bc 0.8767 ± 0.13c 1.1767 ± 0.10c 1.0267c

Mulch (3 Mg  ha−1) + water stress 3.3033 ± 0.36bc 3.8733 ± 0.97bc 3.5883a−c 2.1333 ± 0.48ab 1.2467 ± 0.82c 1.6900ab

Mulch (5 Mg  ha−1) + water stress 3.7333 ± 0.47bc 3.9633 ± 0.44b 3.8483ab 2.3267 ± 0.23a 1.4267 ± 0.20bc 1.8767a

Mean 2.8279b 4.1204a 1.2962a 1.2279a

Table 8 Leaf carotenoids and soluble sugars content (mg/g) of wheat as influenced by mulch treatments, varieties and their 
interactions under water stress

Values of means presented in same column for different treatments followed by similar English letters don’t differ significantly at p < 0.05. Data of two years is pooled 
due to non-significant variations. Least Significant Difference (LSD) values for carotenoids: Treatments = 0.1619, Varieties = 0.0810, T × V = 0.2290: LSD values for sugar 
content: Treatments = 5.8896, Varieties = 2.9448, T × V = 8.3292

Treatments Carotenoids content (mg/g) Sugars content (mg/g)

Wadan-17 Pirsabaq-2013 Mean Wadan-17 Pirsabaq-2013 Mean

Control (unmulched and irrigated) 0.4267 ± 0.02f 0.9633 ± 0.06a−c 0.6950d 334.40 ±  3d 135.00 ±  3j 234.70d

Mulch 1 Mg  ha−1 + water 0.8200 ± 0.09c−e 0.9767 ± 0.01a−c 0.8983bc 311.40 ±  3e 132.00 ±  2j 221.70e

Mulch 3 Mg  ha−1 + water 1.0700 ± 0.02ab 1.1000 ± 0.05a 1.0850a 307.60 ±  5e 116.00 ±  2k 211.80f

Mulch 5 Mg  ha−1 + water 1.0833 ± 0.04ab 1.1133 ± 0.22a 1.0983a 267.60 ±  0f 77.20 ±  0 l 172.40 g

Water stress (40% soil field capacity) 0.4000 ± 0.03f 0.3533 ± 0.04f 0.3767e 477.60 ±  1a 206.20 ±  3g 341.90a

Mulch (1 Mg  ha−1) + water stress 0.9100 ± 0.03a−e 0.6867 ± 0.11e 0.7983 cd 450.40 ±  3b 167.60 ±  3h 309.00b

Mulch (3 Mg  ha−1) + water stress 0.9267 ± 0.10a−d 0.7067 ± 0.03de 0.8167 cd 430.67 ±  5c 156.80 ±  2i 293.73c

Mulch (5 Mg  ha−1) + water stress 1.1100 ± 0.09a 0.8700 ± 0.00b−e 0.9900ab 335.60 ±  3d 118.40 ±  3k 227.00e

Mean 0.8433a 0.8463a 364.41a 138.65b
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In our study, water stress resulted in the reduction of 
soil moisture content of field soil. However, Jatropha 
mulch retained a sufficient amount of soil moisture con-
tent necessary for wheat crop growth. Various kinds 
of organic mulches prepared from plants have been 
reported effective in retaining soil moisture content in 
low soil moisture availability. Mulch protects soil mois-
ture content by reducing water loss due to evaporation 
from the soil surface and better-establishing crops [34].

Plant height and weight were decreased by water stress, 
which was overcome by Jatropha mulch. Dehydration 
causes loss of cell turgor, resulting in limited mitotic 
activity of cells that make plant’s dwarf. We found that 
Jatropha mulch minimized water loss from soil surface 
providing normal water supply to plants, thus retaining 
cells’ turgidity preventing losses in cells’ mitotic activity. 
Moreover, mulch improved the supply of all the major 

nutrients to wheat plants and prevented a decrease in 
plant height due to water stress. Similar results were 
reported in field bean (Phaseolus vulgaris L.) applied with 
newspaper mulch by Ossom and Matsenjwa [35].

We observed a decrease in the leaf area of wheat plants 
due to water stress. The strength of photosynthesis is 
directly related to the leaf area. In water stress condi-
tions leaf decreases the transpiration and loss of water by 
reducing its growth rate. Some researchers showed that 
a smaller area of the leaf under water stress is inhibiting 
cell volume. Moreover, water stress causes a reduction in 
the thickness of spongy and palisade mesophyll tissues 
in wheat leaf [36]. Remarkably, Jatropha mulch mini-
mized the decrease in leaf area caused by water stress. 
Organic mulches ultimately break down and mix with 
soil medium and serve as a nutrients source for plants 
improving plant growing conditions [37]. In our study, 

Table 9 Leaf and root phenolics of wheat as influenced by mulch treatments, varieties and their interactions under water stress

Values of means presented in same column for different treatments followed by similar English letters don’t differ significantly at p < 0.05. Data of two years is pooled 
due to non-significant variations. Least Significant Difference (LSD) values for leaf phenolics: Treatments = 9.4646, Varieties = 4.7323, TxV = 13.385: LSD values for root 
phenolics: Treatments = 6.1090, Varieties = 3.0545, TxV = 8.6395

Treatments Leaf phenolics (mg GAE/g f.w) Root phenolics (mg GAE/g f.w)

Wadan-17 Pirsabaq-2013 Mean Wadan-17 Pirsabaq-2013 Mean

Control (unmulched and irrigated) 19.577 ± 1.85cd 6.317 ± 1.40d 12.947d 40.367 ± 1.55ef 22.473 ± 0.52i 31.420g

Mulch 1 Mg  ha−1 + water 35.630 ± 2.40ab 6.790 ± 0.15d 21.210cd 68.680 ± 0.70cd 24.157 ± 3.31hi 46.418ef

Mulch 3 Mg  ha−1 + water 39.527 ± 2.95a 10.913 ± 2.55cd 25.220a−c 75.683 ± 0.49bc 33.107 ± 0.64fg 54.395cd

Mulch 5 Mg  ha−1 + water 44.317 ± 1.46a 21.840 ± 3.13c 33.078ab 77.193 ± 4.90bc 44.737 ± 2.86e 60.965b

Water stress (40% soil field capacity) 37.263 ± 1.34a 6.477 ± 0.29d 21.870cd 61.367 ± 0.85d 23.920 ± 1.93hi 42.643f

Mulch (1 Mg  ha−1) + water stress 37.687 ± 10.80a 6.527 ± 0.28d 22.107 cd 70.737 ± 3.04c 28.947 ± 3.04g−i 49.842de

Mulch (3 Mg  ha−1) + water stress 42.210 ± 1.58a 6.683 ± 1.31d 24.447bc 82.950 ± 3.95ab 31.790 ± 0.43f−h 57.370bc

Mulch (5 Mg  ha−1) + water stress 44.457 ± 13.46a 23.440 ± 1.76bc 33.948a 86.790 ± 6.53a 77.050 ± 3.95bc 81.920a

Mean 37.583a 11.123b 70.471a 35.773b

Table 10 Leaf and root antioxidants content of wheat as influenced by mulch treatments, varieties and their interactions under water 
stress

Values of means presented in same column for different treatments followed by similar English letters don’t differ significantly at p < 0.05. Data of two years is pooled 
due to non-significant variations. Least Significant Difference (LSD) values for leaf antioxidants: Treatments = 4.6319, Varieties = 2.3160, TxV = 6.5505: LSD values for 
root antioxidants: Treatments = 4.2038, Varieties = 2.1019, TxV = 5.9450

Treatments Leaf antioxidants content (%) Root antioxidants content (%)

Wadan-17 Pirsabaq-2013 Mean Wadan-17 Pirsabaq-2013 Mean

Control (unmulched and irrigated) 52.447 ± 0.45e 72.037 ± 1.58a 62.242c 29.057 ± 1.83 g 41.443 ± 4.23c−e 35.250d

Mulch 1 Mg  ha−1 + water 53.000 ± 4.79e 71.890 ± 2.31a 62.445c 30.110 ± 0.71 g 42.220 ± 2.31b−e 36.165 cd

Mulch 3 Mg  ha−1 + water 56.360 ± 2.61de 72.107 ± 0.82a 64.233bc 31.943 ± 0.42 fg 42.333 ± 0.68b−e 37.138 cd

Mulch 5 Mg  ha−1 + water 56.693 ± 2.69c−e 72.187 ± 0.92a 64.440bc 38.703 ± 2.18c−e 47.890 ± 2.18ab 43.297ab

Water stress (40% soil field capacity) 60.260 ± 2.66b−d 72.223 ± 0.40a 66.242a−c 36.520 ± 0.52ef 42.220 ± 0.64b−e 39.370b−d

Mulch (1 Mg  ha−1) + water stress 61.517 ± 2.79b−d 70.553 ± 0.76a 66.035a−c 36.780 ± 0.55d−f 42.590 ± 0.98a−d 39.685bc

Mulch (3 Mg  ha−1) + water stress 63.150 ± 1.00bc 72.443 ± 0.57a 67.797ab 37.110 ± 2.31C−F 42.943 ± 4.59a−c 40.027bc

Mulch (5 Mg  ha−1) + water stress 63.260 ± 4.33b 75.890 ± 0.71a 69.575a 42.613 ± 0.55a−d 48.500 ± 1.51a 45.557a

Mean 58.336b 72.416a 35.355b 43.768a
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the application of Jatropha mulch improved the leaf area 
of wheat plants due to higher soil moisture retention, 
resulting in reduced detrimental impacts of water stress 
compared to treatments where mulch was not applied.

The relative water content determines the condition 
of water in cells [38]. Our findings showed that water 
stress decreased the LRWC of wheat varieties which 
were remediated by mulch. Reduction in LRWC occurs 
due to less water availability to plants under water stress 
conditions [15]. The positive effect of organic mulches on 
LRWC has been reported earlier [39]. Organic mulches 
have higher organic matter content, which assists in the 
water holding capacity of soil [40], contributing to retain-
ing the water status of cells in leaves of wheat during 
water stress.

We noted a decline in chlorophyll a content due to 
water stress. However, Jatropha mulch ameliorated the 
adverse effect of water stress on chlorophyll content. 
The lower chlorophyll content was recorded in wheat 
under water stress. The decline of photo-assimilates and 
pores’ closeness under water stress is due to turgor pres-
sure loss [40]. Leaf chlorophyll content was significantly 
decreased by drought stress [41]. Similar results were 
earlier reported in rice, okra [42] and wheat [43]. In water 
stress conditions higher chlorophyll content results in a 
better seed yield [44, 45]. Mulching caused an increase in 
soil N and K contents, and the presence of such nutrients 
has been correlated with the higher production of photo-
synthetic pigments in plants [46].

We observed that the leaf and root phenolics content 
of wheat plants were increased due to skipped irriga-
tions. The high buildup of phenolics occurs in plants 
under conditions of low soil moisture content [17]. Pro-
duction of phenolics occurs at the cost of photosynthates 
and results in plants’ lower biomass production [26]. 
However, phenolic compounds function as antioxidants, 
thus lowering the harmful impacts of reactive oxygen 
species generated due to environmental stresses [47]. 
The tolerant variety Wadan-17 exhibited higher content 
of phenolics in root and leaf. This indicates that phenolic 
compounds play a significant role in the drought resist-
ance potential of plants. Moreover, mulch treatments 
showed a positive effect on phenolic production, which 
may be attributed to the fact that Jatropha leaf was a rich 
natural phenolic source. This also indicated that wheat 
plants absorbed phenolic compounds present in the Jat-
ropha mulch from the soil solution, which ultimately 
increased the level of phenolic compounds in their root 
and leaf.

We noted an increase in leaf electrolyte leakage of 
wheat varieties due to skipped irrigations, with a higher 
electrolyte leakage in the sensitive variety Pirsabaq-2013. 
Water stress causes loss of cell membrane integrity, and 

therefore the movement of ions inside and outside the 
cells is used as an indicator of damage to a great range of 
tissues [48, 49]. Working on maize plants under drought 
stress, Valentovic et al. [50] found that membrane dam-
age and electrolyte leakage was higher in leaves of sensi-
tive cultivar than tolerant one. Similarly, Quan et al. [51] 
found that electrolyte leakage was higher in drought-
treated maize plants than irrigated ones. Plants treated 
with Jatropha mulch significantly overcome the increase 
in electrolyte leakage due to skipped irrigations. Decrease 
EL in strawberry grown under wheat straw or black poly-
thene has been reported by Kirnak et al. [52]. Our results 
indicate that Jatropha leaf mulch plays an essential role 
in protecting cell membrane damage that results from 
skipped irrigations, likely due to the rich concentration 
of nutrient, phenolic and antioxidant agents may have 
retained more soil moisture than treatments without 
mulch application.

Leaf soluble sugar content was increased due to 
skipped irrigations irrespective of the variety. High pro-
duction of soluble sugars occurs in plants facing drought 
stress [53]. Mulch treatments exhibited a decrease in sol-
uble sugar content of wheat plants which may be attrib-
uted to the fact that mulch reduced the intensity of water 
stress caused by skipped irrigations.

Conclusions
Jatropha leaf was a rich source of natural phenolics and 
nutrients like Ca, Mg, K, Fe, Zn and Mn necessary for 
plant growth. Water stress created due to skipped irri-
gations negatively affected the growth of wheat varie-
ties; however, the severity of water stress was greater 
on Pirsabaq-2013 than Wadan-17. Plant height, root 
growth, leaf area and chlorophyll contents increased 
in mulch-treated soils, particularly those mulched with 
5 Mg  ha−1. Jatropha mulch reversed the increase in leaf 
electrolyte leakage and soluble sugar content caused 
due to water stress. Therefore, considering the Jatropha 
leaf mulching effect on wheat’s growth and physiology is 
an economical choice for future application in the farm-
er’s field.

Methods
Collection of leaves
Fresh leaves of Jatropha curcas (20  kg) were collected 
from 30 mature, healthy plants growing in the Jatropha 
Garden of the University of Science and Technology 
Bannu, Pakistan. The leaves were spread on plastic sheets 
under shade for drying. After drying, the leaves were bro-
ken into small pieces and then sieved by using a 2  mm 
mesh [54].
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Characterization of Jatropha leaves
Jatropha leaves were utilized to investigate the content of 
total soluble phenolic and mineral nutrients. Total solu-
ble phenolic content was determined by the Folin–Cio-
calteau method [55]. A 0.01 g powdered Jatropha leaf was 
extracted in 5 ml acetone overnight. After centrifugation 
(3000 × g) for 20  min a 130  µl supernatant was added 
with 130  µl Folin-Ciocalteue reagent, 2.5  ml sodium 
bicarbonate and 0.5  ml distilled water. After incubation 
for 90 min, readings of samples were recorded at 765 nm 
using a spectrophotometer (SP-3 Tokyo, Japan).

For nutrients concentration, a 0.5 g leaf dry leaf powder 
was digested in 10 ml mixture of nitric acid and perchlo-
ric acid (3:1). After digestion of samples, their volume 
was increased to 50 ml with distilled water. The K, Mg, 
Zn, Fe, Ca and Mn content was determined by atomic 
absorption spectroscopy according to Rashid [56] and 
Ryan et al. [57].

Seeds sterilization
Certified grains of wheat (Triticum aestivum L.) varie-
ties Pirsabak-2013 (irrigated) and Wadan-17 (rainfed) 
were used in this study. Grains were initially sterilized by 
washing them with 10% solution of Clorox followed by a 
wash with 95% ethanol for five min.

Experimental weathering conditions
Two field trials were carried out under natural conditions 
in fields during the wheat growing season of 2018–2019 
and 2019–2020 in the prevailing environment of District 
Bannu, Pakistan. Weather data, including total rainfall 
and the maximum and minimum air temperatures during 
the wheat-growing seasons 2018–2019 and 2019–2020, 
are given in Fig. 1.

Field soil properties were determined by well-estab-
lished protocols [58–60]. The physicochemical character-
istics of soil are given in Table 11.

Design of experiment and treatment plan
The study was carried out as a split-split plot design with 
three replications. Main plots treatments included a con-
trol (irrigated normally when required maintaining 100% 
soil field capacity) and a water stress treatment, defined 
as a soil water content equivalent to 40% soil field capac-
ity in this study, resulting from skipping for one and half 
month around the anthesis stage in wheat; mulch treat-
ments (0, 1, 3 and 5 Mg  ha−1) were used as the split-plot 
treatments and two wheat varieties (Wadan-17 and Pir-
sabaq-2013) as the split-split plots. Plots measuring 1 × 1 
 m2, comprising of four rows each and 5 cm apart, were 
used. The sowing of grains was made five cm deep in 
the soil. Jatropha curcas leaves’ mulch was prepared by 

Fig. 1 Metrological data of wheat growing seasons of 2018–2019 and 2019–2020

Table 11 Physico‑chemical properties of field soil

Parameters 2018–2019 2019–2020

Sand (%) 41 41

Silt (%) 43 42

Clay (%) 15 43

Texture class Loam

PH 7.4 7.6

Carbonate 1.8 meq/L 1.9 meq/L

Bicarbonate 2.2 meq/L 2.2 meq/L

Calcium and magnesium 6 meq/L 6.3 meq/L

Chloride 0.8 meq/L 0.7 meq/L

Electric conductivity 250 μS/cm 255 μS/cm

Organic matter 0.052% 0.054%

Nitrogen 0.003% 0.004%
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making a thin layer on the soil surface one day after sow-
ing wheat grains [61].

Harvesting and data collection
At the end of the water stress period, wheat character-
istics were evaluated at the post-anthesis stage (after 
flowering). The plant height was determined by using a 
common measuring tape. Moreover, the root and shoot 
fresh and dry weight of plants was determined in all treat-
ments. For leaf area measurements, leaf blade length and 
a leaf blade width of 10 plants per replicate was measured 
in  (cm2) separately from every group and replica, and leaf 
length index was established [62]

Flag leaf was collected from plants randomly in differ-
ent treatments and analyzed for determination of the leaf 
relative water content (LRWC) [63], as follows:

FW stands for the flag leaf ’s fresh weight, DW for dry 
weight of flag leaf and TW for the turgid weight of flag 
leaf. The carotenoids and chlorophyll contents of leaves 
were investigated using the method of Arnon [64] as 
modified by Kirk and Allen [65]. The pigments were 
extracted in 80% acetone and analyzed using a spectro-
photometer. Leaf and root phenolics content was deter-
mined by Folin–Ciocalteau method [66].

The Membrane stability index was determined by the 
method of Lutts et al. [67]. Leaf discs of 1 cm in diameter 
were placed in 10  ml deionized water individually. The 
samples were incubated at room temperature for 24 h on 
a shaker (100  rpm). After incubation, electrical conduc-
tivity (EC1) was determined. A second reading (EC2) was 
recorded after placing the samples in an autoclave at 120 °C 
for 20 min and then cooling at room temperature. The fol-
lowing formula determined the electrolyte leakage (EL):

The anti-oxidant potential of roots and leaves was 
measured by the method of Blois [68]. A 0.1 g leaf or root 
sample was ground in a 0.5 ml methanol mix with a pes-
tle and mortar. The 5  ml solution was placed overnight 
in the dark. A 0.1 ml subsample was then taken from the 
solution, mixed with 2.9  ml DPPH (2,2-diphenyl-1-pic-
rylhydrazyl) solution and placed for 30 min in the dark. 
Following, antioxidant potentials were taken with a spec-
trophotometer at 517  nm. Antioxidants (%) was calcu-
lated then as follows:

Soluble sugar content in the leaf was determined by 
using the method of Dubois et al. [69]. A 0.5 g leaf sam-
ple was ground with a pestle and mortar. Then, 10  ml 
of distal water was added and centrifuged at 3000  rpm. 
Following, a 0.1 ml solution was taken, mixed with 5 ml 
concentrated  H2SO4, and 1  ml phenol (80%) added to 
determine soluble sugar content with a spectrophotom-
eter at 420 nm. Calculations were made as follows:

Statistical analysis
A standard statistical procedure was followed for the 
comparison of treatments. Two-way ANOVA was used 
to analyze the data. The mean of three replicates (n = 3) 
comparison was made by the least significant differ-
ences test at p ≤ 0.05 [70].
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