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Abstract
Drought stress is one of the major abiotic stresses affecting maize yield and quality. Scientists are struggling for the production 
of natural growth stimulants to improve drought stress tolerance of crop plants.  Moringa oleifera (M. oleifera) is a good 
source of natural antioxidants and natural phenolics and its leaf extracts has been used as a bioregulator for improving growth 
of various crop plants. Present study evaluated the effect of different concentrations (such as 25, 12.5, 6.25, 3.13 and 1.56 %) 
of Moringa aqueous leaf extract (MALE) on growth and cell wall bound phenolics of maize cv. Azam under drought stress 
(soil humidity 10%). Exogenous application of MALE significantly improved maize leaf soluble proteins, leaf relative water 
content (LRWC), shoot and root fresh weight and dry weight, root area, root length and root width under drought stress. 
Drought stress caused accumulation of cell wall bound phenolics which were decreased by foliar application of MALE. It 
was inferred that MALE could be a potential bioregulator for improving growth of maize under drought stress.
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1. Introduction

Climate change is associated with altered patterns of 
rainfall, elevated levels of CO2 and temperature, which 
are adversely affecting agriculture of the world (Aydinalp 
& Cresser, 2008). The consequences of climate change are 
floods, drought, desertification, salinity, rising temperature 
and weather extremes (Nelson et al., 2009; Saifuddin et al., 
2016). Due to lack of proper resources, developing countries 
will be at risk of climate change in near future (IPCC 2007).  
On the other hand population of world is increasing rapidly 
with increasing demand for food. Therefore, to feed the ever 
increasing world population, there is need to overcome the 
problems related to climate change harmful to agriculture. 
Drought stress, salt stress and high temperature stress are the 
common non-living factors adversely influencing the growth 
and productivity of plants. Among these various abiotic 
stresses, drought stress is very important because it affects 
almost every aspect of plant life (Walthall et al., 2012). 
Decline in water supply to plant alter its cell membrane 
structure, disturb metabolic activity, leads to low relative 
water content, low mineral uptake and chlorophyll content 
(Pospíšilová et al., 2000; Egilla et al., 2005; Tas & Tas, 
2007; Ullah et al., 2012). Previous studies have shown that 
root growth, canopy height and leaf area index were declined 
in maize by water stress (Hirich et al., 2012).

Adverse effects of drought stress on crop plants can be 
minimized by the exogenous application of synthetic growth 
regulators, antioxidants, organic and inorganic chemicals 
and nutrients (Farooq et al., 2009). However, continuous 
use of commercially available plant hormones and synthetic 

compounds as osmo-protectants are usually not cost effective 
and environment friendly (Pizzale et al., 2002). It is due to the 
eco-toxicological effects of these synthetic compounds that 
presently consumers are asking for natural products, which 
have resulted in increased application of natural antioxidants in 
agriculture (Kaur & Kapoor, 2001). Bioregulators are substances 
that manipulate growth, development and composition of 
plants and function by interaction with the endogenous 
phytohormone groups (Bibi et al., 2016). Their actions include 
growth promotion or retardation, flower induction, hastening 
maturity or senescence, enlarged biomass production etc. Plant 
based phytochemicals provide a promising source for new 
growth regulating compounds (Narwal, 2004).  Plant phenolics 
compounds are known for their function as antioxidants due 
to their free radical-scavenging capabilities (Fauconneau et 
al., 1997; Jain et al., 2013; Hassan et al., 2015; Temizel et al., 
2015). The same bioactive compounds present in plant extracts 
may function either as growth stimulator or inhibitor depending 
upon the concentration in which it is applied (Popa et al., 2008; 
Popaet al., 2002). Moringa oleifera Lam. is a fast growing 
small tree (512- m tall). It has potential to cope with prolonged 
drought stress conditions (Martin, 2000). The foliar application 
of the leaf extracts of the M. oleifera were reported stimulatory 
on growth of soybean, sorghum, tea, melon, chilli and tomato 
(Fuglie, 2000; Yasmeen et al., 2014). M. oleifera leaf is a good 
source of natural phenolics with higher antioxidant activity 
(Pakade et al., 2013). Moreover, its extracts also contain zeatin 
(natural derivative of cytokinin), vitamins and mineral elements 
such as K, Ca and Fe (Siddhuraju & Becker, 2003). 
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Maize (Zea mays L.) is an important cereal crop feeding 
a large portion of the world population.  It also provides 
food for poultry, fodder for livestock and raw material for 
the industry (Edmeades, 2013). Previous studies have shown 
that growth and grain yield of maize is severely affected 
by drought stress. Early stage of seedling growth and 
establishment is very sensitive to drought stress (Ali et al., 
2011). Thus cessation of elongation and expansion of cell 
stops growth of seedling (Anjum et al., 2003). Therefore, 
in current climate scenario the protection of maize crop 
from adverse effects of drought stress using natural growth 
regulators is very important. 

The present investigation was aimed to determine effects 
of shade dried Moringa oleifera aqueous leaf extract (MALE) 
on performance of maize plants under drought stress. The 
research work was based on hypothesis that foliar spray of 
M. oleifera extract can improve the content of endogenous 
phenolics of maize plants associated with enhanced tolerance 
to drought stress.

2.  Materials and methods

2.1 Plant material

The fully expended and healthy leaves of Moringa oleifera 
were collected from wild in the district Lakki Marwat, 
Khyber Pakhtunkhwa, Pakistan. The collection from field 
did not involve any endangered plant species.

2.2 Preparation of aqueous extracts

The leaves were shade dried and ground finely using an 
electric grinder. Fifty grams of the plant material was soaked 
in 200 ml of distilled water. The mixture was kept at 25oC 
for 48 hours and filtered using Whatman No. 1 filter paper. 
The extract obtained was designated as 25 % extract which 
was further diluted to make 12.5%, 6.25%, 3.125% and 
1.56% extracts.

2.3 Total phenolics determination of M. oleifera extracts

Folin Ciocalteu reagent was used for determination of total 
phenolics content with slight modifications (Singleton et al., 
1965; Chun et al., 2003). The 1 ml of the aqueous extract 
was mixed with a freshly prepared 0.5 ml of Folin-Ciocalteu 
reagent. The solution obtained was kept at room temperature 
for 5 min prior to addition of 7.5% sodium carbonate 
solution. The volume of mixture was raised to 8 ml using 
autoclaved distilled water and kept for 2h. Measurements 
of the absorbance were made at 765nm by using a 
spectrophotometer (Hitachi’s U-510 Tokyo Japan). Standard 
curve was generated by using various concentrations of 
gallic acid and the measurements were compared to the 

plotted standard curve. The content of total phenolics was 
articulated as mg gallic acid equivalents / ml extract.

2.4 Bioassay

Seeds of maize var. Azam were obtained from Agriculture 
Research Station Sara-e-Naurang, Lakki Marwat, Khyber 
Pakhtunkhwa, Pakistan. The seeds were surface sterilized 
with 0.2% solution of mercuric chloride for 23- minutes. 
After sterilization seeds were thoroughly washed with 
autoclaved distilled water and dried on a filter paper. The 
seeds were grown into plastic pots (8x12cm2) filled with a 
mixture of autoclaved clay and sand in ratio of 1:1. Five seeds 
were grown per pot. The pots were arranged in complete 
randomized design (CRD) and placed in a glass house. After 
establishment of seedlings for 21 days, plants were supplied 
with a foliar spray of M. oleifera aqueous extracts (till the 
formation of drip) and subjected to 10 days drought stress. 
Another foliar spray of the MALE was made six days after 
imposition of drought stress. For all the drought treatments 
soil moisture content was 10 %. For control treatments, soil 
humidity was maintained about 25%. Soil moisture content 
was determined on dry weight basis (Bano et al., 2012).

The treatments were: Control plants having normal water 
supply, plants sprayed with 25 % MALE, plants sprayed 
with 12.5 % MALE, plants sprayed with 6.25 % MALE, 
plants sprayed with 3.125 % MALE, plants spared with 1.56 
% MALE, plants sprayed with 25 % MALE and subjected 
to drought stress, plants sprayed with 12.5 % MALE and 
subjected to drought stress, plants sprayed with 6.5% MALE 
and subjected to drought stress, plants sprayed with 3.125% 
MALE and subjected to drought stress, plants sprayed with 
1.56% MALE and subjected to drought stress.

After 10 days of drought stress, plants were harvested 
and observed for various physiological and morphological 
attributes. 

2.5. Determination of relative water content of maize leaves
Determination of leaf relative water content (LRWC) was 
based on the method of Gaoz (2000).

RWC (%) = [(FW-DW) / (TW-DW)] ×100 

FW represents sample fresh weight; TW represents 
sample turgid weight; DW represents sample dry weight.

2.6. Extraction and determination of cell wall bound phenolics

The method of Campbell &Ellis (1992) was used for the 
extraction of ester bound phenols incorporated in the 
cell wall. A total of 0.5 g leaf tissue was extracted in 80% 
methanol. The suspension thus obtained was subjected to 
centrifugation (12,000 g) for 20 min. The supernatant obtained 
was discarded and an alcohol insoluble residue containing 
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plant cell wall material was used for the extraction of cell 
wall bound phenolics. The 10 mg cell wall material was 
suspended in 1 mL NaOH (0.5 M) for 1 h at 96oC. These mild 
saponification conditions resulted in the release of cell wall-
esterified hydroxycinnamic acid derivatives. The supernatant 
obtained was acidified (pH 2) with HCl and centrifuged at 
12, 000 g for 15 min and extracted with anhydrous diethyl 
ether (1 ml). The extract thus obtained in diethyl ether was 
reduced to dryness in a speedvac. The precipitate obtained 
was suspended in 0.25 ml of aqueous methanol (50%) and 
centrifuged (12000 g). Folin-Ciocalteau reagent was used for 
determination of wall-esterified phenolic acids content in the 
solution (Latif et al., 2016).

2.6.1. Folin-Ciocalteau assay

The method for determination of phenolics is based on the 
reduction of the phospho-molybdene/phospho-tungstate 
occurring in the Folin-Ciocalteau reagent (Swain & 
Hillis, 1959). The supernatant (50 μl) was diluted to 0.25 
ml by using 50% methanol. The mixture thus prepared 
was added to 0.25ml of freshly prepared diluted Folin-
Ciocalteau reagent (50% v/v). After incubation for 3 min, 
0.5 ml of the saturated aqueous sodium carbonate was 
added to the mixture and was kept in the dark at 25oC 
in a water bath for 60 min to complete the reaction. The 
absorbance absorbtion was measured at 765nm using a 
spectrophotometer (Hitachi,s U-510 Tokyo Japan). The 
measurements were compared with a standard curve 
prepared by using various concentrations (0 to 32 µg) of 
gallic acid solution. The concentration of cell wall bound 
phenolic compounds was expressed as µg gallic acid 
equivalents / g fresh weight.

2.7. Determination of soluble proteins content of maize plants

The method of Lowery et al. (1951) was used for extraction 
and determination of leaf total soluble proteins content. 
Bovine serum albumen (BSA) was used as standard.

2.8. Determination of morphological traits of maize

After harvest, measurement of shoot fresh weight and shoot 
dry weight, root fresh weight and root dry weight was made 
by using an electronic balance. Root length, root width, 
root edges and root area was determined using Root Law 
Software (Washington State Research Foundation, USA).

2.9. Statistical analyses

The data were treated by analysis of variance (one way 
ANOVA). The mean values were compared by least 
significant differences (LSD) test (Steel & Torrie, 1984). 

3. Results and discussion

A number of allelochemicals are present in cells and tissues 
of plants (Ashrafi et al., 2008). Recent researches have 
shown that phenols were the most effective substances on 
germination, seedling growth and cell division (Khan et 
al., 2011; Ullah et al., 2014). Moringa oleifera aqueous 
leaf extract (MALE) showed the presence of phenolic 
compounds (Figure 1). Maximum phenolic compounds 
(24.32 mg gallic acid eq./ml extract) were recorded in 25% 
extract followed by 12.5 % extract (17.65 mg gallic acid 
eq./ml extract), 6.25% extract (12.52 mg gallic acid eq./ml 
extract), 3.13% extract (9.19 mg gallic acid eq./ml extract) 
and 1.56% extract (7.15 mg gallic acid eq./ml extract). 
Phenolic compounds have significant allelopathic potential 
for application in agriculture as herbicides, fungicides and 
insecticides (Santana et al., 2009).

Fig. 1. Total Phenolics content of MALE
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Under unstressed condition foliar application of MALE 
at 25% significantly increased shoot weight as compared to 
control (Table 1). Under drought stress shoot weight was 
significantly reduced. The reduction in shoot weight caused 
by drought stress was ameliorated by foliar application of 
MALE at 25%, 12.5%, 6.25% and 3.125%.

Root fresh and dry weights were significantly affected 
by MALE at p>0.05 (Table 1). Under unstressed condition 
MALE at 25%, 12.5% and 6.25% significantly increased 
root weight as compared to untreated control. Drought stress 
significantly reduced root weight. Adverse effects of drought 
stress on root weight were minimized by MALE at all the 
concentrations. However, stimulatory effects MALE were 
higher at 25% and 12.5%.

The reduction in shoot weight under drought stress is an 
adaptation of maize plants to drought stress conditions (Aliet 
al., 2011). The beneficial effects of MALE on maize growth 
can be attributed to the enhanced meristematic activity in 
growth zones as was also reported for sea weed extracts (Wu 
& Lin, 2000). The amelioration of adverse effects of drought 
stress on growth attributes of maize by MALE might be due 
to its pehnolics composition and zeatin content, a natural 
derivative of cytokinin (Siddhuraju & Becker, 2003; Yasmeen 
et al., 2013; Hura et al., 2013). The promotive effects of 
cytokinin on plant growth might be due to their stimulatory 
effects on cell division and differentiation (Werner et al., 

2001). These results are in confirmatory to Ali et al. (2011), 
who have reported mitigation of drought stress in maize 
plants by foliar application of frozen moringa leaf extract.

Drought stress significantly reduced root width. However 
foliar application of MALE significantly ameliorated adverse 
effects of drought stress on root width. Under unstressed 
condition MALE has no significant effect on root width 
(Table 1). 

Under unstressed conditions MALE did not affect root 
area. Drought stress caused significant reduction in root area 
(Table 1). The reduction in root area as a result of drought stress 
was significantly minimized by foliar application of MALE. 
The beneficial effect of MALE at 25% was significantly more 
pronounced. Optimizing root architecture can overcome 
yield limitations in crop plants imposed by water or nutrient 
deficiencies. Plants having better root system can withstand 
not only environmental stresses but also increase its efficiency 
to survive under nutrient deficiency conditions (Coque & 
Gallais, 2006). During present investigation, maize plants 
receiving foliar spray of MALE exhibited better root system, 
which helped them to tolerate drought stress in a better way 
that might contribute to better crop yield. The Moringa leaf 
extract has been reported as an effective bio-regulator to 
improve growth and yield of crops such as Phaseolus vulgaris 
and maize (Mvumi et al., 2013; Ali et al., 2011).

Table 1. Effect of Moringa oleifera aqueous leaf extract (MALE) on morphological growth
attributes of maize under drought stress

Treatment 
Shoot fresh 
weight (g)

Shoot dry 
weight (g)

Root fresh 
weight (g)

Root dry 
weight (g)

Root area 
(cm2)

Root width 
(cm2)

Control 1.6±0.019bc 0.32±0.04bc 1.95±0.03c 0.40± 0.06e 6.00± 0.17ab 0.051± 0.003a

Drought stress 0.5±0.013g 0.09±0.03g 0.75±0.07i 0.12±0.02i 0.87±0.12f 0.008± 0.000b

25% MALE 2.1 ±0.17a 0.4± 0.13a 2.56±0.04a 0.89±0.04ab 6.42 ± 0.13a 0.042± 0.001a

 12.5% MALE 1.5±0.14bc 0.31± 0.01bc 2.6±0.12a 0.91± 0.09a 5.99 ± 0.29ab 0.052±0.005 a

6.25% MALE 1.71±0.11b 0.35± 0.05b 2.45±0.14b 0.85±0.04b 6.30±  0.16a 0.041± 0.006a

3.125% MALE 1.52±0.09bc 0.29± 0.07bc 1.91±0.05cd 0.72± 0.09c 6.15± 0.29ab 0.052± 0.003a

1.56% MALE 1.47 ±0.13bc 0.27±0.04bc 1.83±0.09e 0.61± 0.03d 6.00± 0.23ab 0.051± 0.007a

25% MALE + drought stress 1.61 ±0.21c 0.26±0.09c 1.89±0.10d 0.42± 0.08e 5.49± 0.18b 0.048± 0.002a

 12.5% MALE+ drought stress 1.3 ±0.07d 0.23±0.02d 1.79±0.12e 0.38±0.01f 4.61 ± 0.09c 0.051±0.001a

6.25% MALE+ drought stress 1.2 ±0.04de 0.21± 0.05de 1.69±0.15f 0.36± 0.05fg 3.27 ± 0.18d 0.049± 0.001a

3.125% MALE+ drought stress 1.0 ±0.06ef 0.18 ±0.02ef 1.59±0.09g 0.30± 0.07gh 2.00± 0.15e 0.052± 0.000a

1.56% MALE+ drought stress 0.87 ±0.03e 0.14±0.01fg 1.48±0.13h 0.29± 0.02h 1.81± 0.14e 0.048± 0.007a

LSD 0.026 0.052 0.054 0.039 0.682 0.017
Means sharing common English letters are statistically similar



114Kiran Pervez, Faizan Ullah, Sultan Mehmood, Adnan Khattak

Leaf relative water content (LRWC) is a key physiological 
parameter which can decide the tolerance potential of plants 
to induced drought stress (Sanchez-Blanco et al., 2002). 
Drought stress significantly reduced leaf relative water 
content (LRWC) of maize plants. Foliar application of MALE 
significantly ameliorated adverse effects of drought stress on 
LRWC. The beneficial effects of MALE on LRWC under 
drought stress were higher at 25% and 12.5% concentration 
(Table 2). The inhibitory effects of drought stress on LRWC 
have been reported previously (Valentovic et al., 2006; Bano 
et al., 2012). The beneficial effect of MALE on LRWC may 
be attributed to its phytochemical composition (Yasmeen et 
al., 2014). A phenolic compound salicylic acid was reported 
to improve LRWC of barley plants under drought stress 
(Habibi, 2012). The observed higher LRWC in MALE 
treatments under drought stress may be attributed to the 
increase in the content of phenolics in the cell wall and, 
therefore, have increased the hydrophobic character of the 
cell wall. Consequently, it is possible to suppose that such an 
unfriendly for water apoplast environment will limit water 
transport from the metabolically active inside of the cell, 
capillary transport of water in the apoplast and finally the 
cuticular transpiration (Hura et al., 2013).

Leaf soluble proteins content was significantly affected 
by exogenously applied MALE as compared to control 
(Table 2). Higher soluble proteins content was recorded 
for 25% MALE followed by 12.5% MALE. Drought stress 

significantly reduced leaf soluble proteins content. Foliar 
application of MALE at 25% and 12.5% minimized the 
adverse effects of drought stress on leaf soluble proteins 
content. Under drought stress MALE at 25% and 12.5% 
showed 19% and 17% increase in leaf soluble proteins 
content respectively as compared to drought treatment.  The 
accumulation of soluble proteins in plants under drought 
stress, serve as a means of osmotic adjustment (Ma &Turner, 
2006). The marked increases in leaf soluble proteins content 
due to foliar application of MALE under drought stress may 
reveal the role of MALE in the induction of stress proteins. 
The MALE was a rich source of natural phenolics. A study 
conducted by Ullah et al. (2012) showed that exogenous 
application of a phenolic compound, salicylic acid, prevented 
adverse effects of drought stress on leaf soluble proteins 
content of canola. 

Under unstressed conditions the foliar application of MALE 
at all the concentrations did not significantly affect the 
endogenous level of cell wall bound phenolic compounds 
in maize leaves (Table 2). Drought stress caused the 
accumulation of cell wall bound phenolic compounds. 
Leaf soluble phenolic contents were not affected for 
foliar applied MALE at 25% and 12.5% under drought 
stress. However, the treatments having drought stress and 
applied with 6.5 %, 3.125 % and 1.625% MALE exhibited 
significantly higher cell wall bound phenolics as compared 
to untreated control.

Table 2. Effect of Moringa oleifera aqueous leaf extract (MALE)
on physiological and biochemical growth attributes of maize under drought stress

Treatment Leaf relative water 
content (%)

Total soluble proteins 
content (mg/g f.w)

Cell wall bound 
phenolics (µg gallic 

acid eq./ g f.w)
Control 85.33±1.89ab 79.20±6.23d 24.68± 1.33d

Drought stress 51.67±1.21h 63.00±4.19g 48.63± 2.45a

25 % MALE 86.33±1.09a 98.90±7.48a 22.62± 1.00d

12.5 % MALE 82.33±1.05abc 86.02±5.39b 23.66± 1.09d

6.25 % MALE 82.66±1.00abc 83.67±7.09c 24.00± 0.99d

3.125 % MALE 81.33±0.97bcd 81.13±4.34d 23.00± 1.09d

1.56 % MALE 81.67±0.67bc 81.34±4.92d 24.00± 1.08d

25 % MALE + drought stress 79.00±0.59cd 79.16±5.14de 25.70± 1.01d

 12.5 % MALE+ drought stress 77.33±1.05de 78.16±6.18e 25.66± 1.12d

6.25 % MALE+ drought stress 74.67±1.03ef 77.12±7.23ef 34.00± 1.32c

3.125 % MALE+ drought stress 72.33±1.03f 76.00±4.09f 33.33± 1.12c

1.56 % MALE+ drought stress 67.00±0.56g 70.00±3.98g 40.65± 1.75b

LSD 4.305 2.300 3.193
Means sharing common English letters are statistically similar
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 The enhanced content of cell wall bound phenolics 
under drought stress may be due to the fact that phenolic 
compounds function as natural antioxidants and exhibit 
free radical-scavenging capabilities (Fauconneau et al., 
1997; Azhar et al., 2011). Previous studies have shown that 
drought stress increased the content of pehnolic compounds 
(rosmarinic acid, ursolic acid and oleanolic acid) of Prunella 
vulgaris L plants (Chen et al., 2011). An enhancement of 
some flavonoids and phenolic compounds was recorded 
in some cultivars of cherry tomato under moderate water 
stress (Sánchez-Rodriguez et al., 2011). Increase in the 
content of cell wall bound phenolics under drought stress is 
a trustworthy indicator of drought stress tolerance in plants 
(Hura et al., 2013). During present studies, drought stress 
increased the content of cell wall bound phenolics. However, 
the foliar spray of MALE reversed the effect of drought stress 
on cell wall bound phenolics accumulation. The MALE was 
a good source of natural phenolics which prevented maize 
plants from adverse effects of drought stress. 

4. Conclusion
Moringa leaf was a good source of natural phenolics and 
nutrients. Drought stress caused accumulation of cell wall 
bound phenolics. The foliar spray of MALE inhibited the 
accumulation of cell wall bound phenolics under drought 
stress. Foliar application of MALE to maize plants induced 
the accumulation of soluble proteins, which ameliorated 
the adverse effects of drought stress on growth attributes of 
maize plants. We therefore recommend the foliar application 
of MALE at optimized concentration (12.5%) to improve the 
performance of maize plants under drought stress.
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خـلا�سـة

ي�سكل اإجهاد الجفاف اأحد اأهم ال�سغوط غير الحيوية التي توؤثر على مح�سول الذرة وجودته. ويجتهد العلماء لإنتاج محر�سات للنمو 

الطبيعي في النباتات لتح�سين قوة تحمل اإجهاد الجفاف في المحا�سيل. يُعتبر نبات مورينغا اأوليفيرا )M. oleifera( م�سدراً جيداً للمواد 

من  العديد  نمو  لتح�سين  النبات  لنمو  اأوراقها كمحفزات  م�ستخل�سات  ا�ستخدمت  وقد  الطبيعية،  والفينولت  الطبيعية  للأك�سدة  الم�سادة 

المحا�سيل. وقد قيمت الدرا�سة الحالية تاأثير التركيزات المختلفة من الخل�سة المائية في اأوراق نبات المورينجا )MALE( )مثل 25 و12.5 

و6.25 و3.13 و1.56 %( على نمو النبات والفينولت المرتبطة بجدار الخلية في الذرة )cv. Azam( تحت اإجهاد الجفاف )ون�سبة 

رطوبة التربة 10 %(. وعمل ال�ستعمال الخارجي للخل�سة المائية في اأوراق نبات المورينجا )MALE( على تح�سين البروتينات القابلة 

للأفرخ والجذور، وم�ساحة  الرطب والوزن الجاف  الورقة )LRWC(، والوزن  للماء في  الن�سبي  الذرة، والمحتوى  اأوراق  للذوبان في 

الجذور، وطول وعر�ض الجذر تحت اإجهاد الجفاف. وقد ت�سبب اجهاد الجفاف في تراكم الفينولت المرتبطة بجدار الخلية والتي تم تخفي�سها 

عن طريق ا�ستخدام الخل�سة المائية في اأوراق نبات المورينجا. وتم ا�ستنتاج اأن الخل�سة المائية في اأوراق نبات المورينجا من الممكن اأن تكون 

محفزاً محتملً لنمو النبات لتح�سين نمو الذرة تحت اإجهاد الجفاف.


