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Introduction

Okra belong to Genus Abelmoschus, Specie 
esculentus and family Malvaceae. It is locally 

known as Bhindi. Among different vegetables okra is 
one of the oldest vegetable that is grown around the 
globe. Okra originated in the hotter regions of Africa 
and is still grown in Mediterranean basin. At present, 
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okra is cultivated in the areas having tropical and sub-
tropical climates (Baloch, 1994).

Okra plant is herbaceous in nature which is annual 
and have dicot seeds. Okra grows to a height of 3-7 
feet. Okra have bisexual flowers which are radially 
symmetrical. Okra flower is yellow in colour having 
five petals. The basal part of the petal is purple in 
colour. Fruit colour of okra varies from pale green to 
purple (Yamaguchi, 1983).

Okra is grown as a summer crop and is a good 
source of valuable compounds like, iodine, minerals, 
vitamins and proteins. Its immature pod are used as 
a vegetable while roasted seed are used as alternative 
for making coffee. The powder seeds are also used in 
making soups. Stem of the Okra is utilized in paper 
preparation (Hussein, 2015). Okra is used as plasma 
replacement or blood volume expander (Adetuyi et 
al., 2008; Kumar et al., 2010). It contains iodine and 
hence used as a remedy for goiter control. It is also 
used as remedy for numerous diseases like diabetes 
ulcer and chronic dysentery genito-urinary disorders 
(Alao et al., 2011).
 
In Pakistan, Okra was cultivated on about 15668 
hectares with 0.121 million tonnes production. 
Khyber Pakhtunkhwa produced about 0.017 million 
tons on 2183 hectares while Balochistan produced 
0.014 million tons on 2392 hectares (MNFSR, 2017-
2018).

In Khyber Pakhtunkhwa, the recommended months 
for Okra seed sowing is March-May. Okra seeds are 
normally sown 2-3 cm deep on ridges. The distance 
of 50-75 cm are kept between the ridges, while 20-30 
cm are kept between plant-plant. One hectare area 
requires about 18-20 kg seeds. In Malakand Division, 
the Okra cultivation is limited, because of increase in 
population, construction on agricultural lands, land 
fragmentations, soil erosion and families structure 
(Khan et al., 2000).

Moringa (Moringa oleifera) is one of the beneficial 
medicinal trees of Moringaceae family which is grown 
wildly in the tropical parts of countries like, Philippine, 
India, Pakistan, Hawaii and Africa (Foidle et al., 
2001; Shahzad et al., 2013). Moringa leaves extract 
contains plant growth hormones (Zeatin), vitamins 
E, proteins, phenolic compounds, Ascorbates, amino 
acids and few minerals and is known for its plant 

promoting affect (Rady et al., 2015).

Moringa oleifera has various agricultural uses. Leaf 
extracts of Moringa has been used for the growth 
promotion of different crops like tomato, maize, 
wheat etc. Moringa leaf extract is also used for 
disease management and is easily available and 
are environment friendly. Moringa extracts has 
also antimicrobial properties and is very useful 
against disease causing pathogens such as soil borne 
pathogens (Ali et al., 2004). Along with significant 
improvement in disease management it also increased 
yield by 20-30 %.

Many researchers has reported that Moringa leaf 
extracts significantly improved germination of seeds 
and growth and yield of different crops. It promotes 
growth, water balance, cell membrane stability, increase 
antioxidant contents in plants and hence improve 
crop production (Yasmeen et al., 2012, 2013a). As it 
is cleared that Moringa leaf extract has the ability to 
improve both the vegetative and reproductive growth 
of different crops. Hence, the current study was 
designed to study the effect of Moringa leaf extract 
and its solution application forms on growth and 
yield of okra.

Materials and Methods

An experiment entitled effect of Moringa leaf extract 
and its solution application forms on growth and 
yield of okra was carried out at Agriculture Research 
Institute, North Mingora Swat, Khyber Pakhtunkhwa 
Pakistan in April, 2019.

Preparation of the field
The field was thoroughly prepared by tillage and 
levelled by harrow before sowing the seeds. During 
the experiment, the recommended levels of N P K 
fertilizers (25-25-25 kg ha-1) were applied at the time 
of field preparation. Nitrogen was given half at field 
preparation time and its half dose was given after first 
pod picking. Other important cultural practices like 
watering, weed removal and hoeing were managed on 
proper time.

Soil analysis
Soil analysis was done in soil laboratory of ARI 
Mingora Swat where the soil was silt loam with pH 
6.2 while CaCO3 was <1% and organic matter was 
1.23%.
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Moringa leaves extraction and application
For fresh method healthy Moringa leaves were 
collected from the tree and were washed. The leaves 
were grinded well in blinder for 15 minutes and then 
it was dissolved in distilled water. For example for 
2%, 2 gram of fresh leaves were taken which was then 
blended and was dissolved in 100 ml of water after 
separation of pure extract with the help of muslin 
cloth. Similarly for dry method two gram of fresh 
leaves were taken which was then dried in oven and 
was powdered and then it was dissolved in 100 ml of 
water. Control treatments were treated with distilled 
water. After extract preparation, application of extract 
was done once as a foliar application after 30 days of 
sowing.

Experimental design
 Randomized Complete Block Design (RCBD) was 
used as an experimental design having two factors with 
three replications. Factor ‘A’ was solution application 
forms and Factor ‘B’ was different Moringa leaf 
extract levels. The sum of all experimental area was 
15m × 7.5m = 112.5 m2 while the plot area was 
2.5m × 1.5m= 3.75 m2. Two ridges were used in 
each treatment, in which 30 cm distance were kept 
between plant to plant while a space of 75 cm were 
maintained between ridges.

Factor A: Solution application forms  
F1= Fresh Moringa leaves extract solution   
F2= Dry Moringa leaves powder solution  

Factor B: Moringa leaf extract levels (%)
L1= 0
L2= 2 
L3= 4
L4= 6 
L5= 8

Parameters
Plant height (cm): Measuring tape was used for 
measurement of plant height. Plants were measured 
from ground surface to the top of the plant and then 
their mean values were calculated.

Branches plant-1: Branches were counted in selected 
plants at the time of harvesting of every treatment 
and finally their average values were obtained.

Flowers plant-1: Flowers in the selected plants were 
counted at the time of bud opening in each treatment 

and their mean values were computed.

No. of pods pickings: Each harvesting were 
considered as a single picking which were counted in 
every treatment. 

Days to 1st pod picking (days): Days were counted in 
selected plants from time of sowing to first picking 
in each treatment and then their means were worked 
out.

Pod length (cm): Measuring tape was used for 
measuring pod length in every treatment and finally 
mean values were obtained.

Pod diameter (mm): Vernier calliper (digital) was 
used for the measurement of pod diameter in every 
treatment and then their means were calculated.

Individual pod weight (g): Electronic scale (SF-400) 
was used for individual pod weight in every treatment 
and finally their means were calculated.

Pods plant-1: Pods per plant were calculated by 
counting pods in randomly selected plants in each 
treatment and finally their average values were 
obtained.

Yield ha-1(tons): Yield ha-1 was determined with the 
following formula.

Statistical analysis
Analysis was done with the help of statistic software 
Statistix 8.1. All data were tested by the analysis 
of variance (ANOVA) and mean of the treatments 
were analysed and compared with the help of Least 
Significant Differences test at 1% and 5% level of 
significance according to (Steel and Torrie, 1980).

Results and Discussion

Plant height (cm)
Plant height was positively improved by Moringa 
leaf extract levels, solution application forms and 
interaction (Table 1). Plants with more height (226.1 
cm) were obtained with dry Moringa leaves powder 
solution, while lowest plant height (202.5 cm) was 
recorded with fresh Moringa leaves extract solution. 
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Table 1: Plant height (cm), branches plant-1, days to 1st flowering, flowers plant-1, number of pods pickings, days to 1st 
pod picking.
Moringa leaf extract % Plant height 

(cm)
Branches 
plant-1

Flowers 
plant-1

Number of 
pods pickings 

Days to 1st 
pod picking 

Control 164.0 D 1.9 c 31.7 e 24.2 C 54.3 A
2 206.8 C 2.1 b 33.0 d 26.3 B 52.5 AB
4 216.8 B 2.4 a 34.2 c 26.7 B 51.7 BC
6 241.9 A 2.4 a 36.3 a 29.0 A 51.2 BC
8 242.0 A 2.3 ab 35.3 b 29.8 A 50.0 C
LSD (0.05) for Moringa leaf extract % 4.261 0.237 0.956 1.932 2.190
Solution application forms 
Fresh leaves extract 2.02.5 B 2.1 b 33.7 b 26.1 B 52.1
Dry leaves extract 226.1 A 2.3 a 34.5 a 28.3 A 51.8
LSD (0.05) for SAF 2.695 0.150 0.605 1.222 NS
MLE% × SAF *** NS NS NS NS

Means values in the table having capital letters shows significance at 0.01 probability, while small letters shows significance at 0.05, 
respectively. *** = significant while NS means non-significant. SAF: Solution application forms, MLE: Moringa leaf extract.

Among the different Moringa leaf extract levels, plants 
with maximum (242cm) height was recorded with 
the application of 8% Moringa leaf extract (MLE) 
solution followed by 6% with 241.9 cm plant height, 
while control treatment produced plants with less 
(164.0 cm) height. In case of interaction, plants with 
maximum height (269.1 cm) were recorded with 6% 
solution of dry Moringa leaves powder, while plants 
with minimum height (162.3 cm) were recorded in 
untreated plot (Figure 1).

Figure 1: Influence of Moringa leaf extracts levels and its solution 
applications forms on plant height (cm).

Fresh sample shows freshness up to 3 hours after 
that it become weak as compared with dried 
sample (Sulaiman et al., 2011). Also, the dried leaf 
extract is more concentrated than fresh leaf extract 
because fresh leaf extract has high moisture content 
(Ayodelea et al., 2015), hence more concentrated 
extracts provide more nutrients and produce best 

results. Moringa leaves contain lots of essential 
micro and macro-elements and sufficient amount of 
Gibberellic acid, IAA, and Cytokinin that specifically 
helps in improving vegetative growth (Yasmeen et 
al., 2013; Rehman et al., 2017). Plant height was 
significantly increased by 4% leaf extract of Moringa 
applied on pepper plants as stated by (Hala et al., 
2017). Tallest plants were noticed with leaf extract of 
Moringa in tomato crop (Culver et al., 2012). Similar 
statements has been published by (Bashir et al., 2014; 
Oluwagbenga and Odeghe, 2015; Muhammed et al., 
2013; Abdelnaser et al., 2017; Rehman et al., 2017) in 
tomato, bell pepper, onion, snap bean and wheat crop.

Branches plant-1

Branches per plant were positively influenced by 
different solution application forms and MLE levels 
while no affect was found in case of interaction (Table 
1). Plants with increased number of branches plant-1 
(2.3) were recorded with dry Moringa leaves powder 
solution, whereas least branches plant-1 (2.1) were 
recorded with fresh Moringa leaves extract solution. 
Regarding to various levels of Moringa leaf extract 
(MLE) solution, more (2.4) branches plant-1 were 
noted with 4% and 6% of Moringa leaf extract (MLE) 
solution, while least (1.9) branches plant-1 were noted 
in plots where no solution was sprayed.
 
Dry extract solution produced better results than 
fresh extract solution because fresh solution might 
be deteriorated before application. Dry leaf extract 
has high antioxidant compounds (Vaidya et al., 
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2014) which provides better protection and the 
plant remains healthy. Rady et al. (2013) stated that 
extracts of Moringa leaves contains plant growth 
hormones (Zeatin), vitamin E, proteins, Ascorbates, 
phenols, essential amino acids and contain few 
mineral elements, hence it is considered as a growth 
stimulator for plants. These different compounds plays 
critical role in the physiology of plants. Increase in 
branches with MLE solution is because of presence of 
Cytokinin which promote shoots in plants. Kanchani 
et al. (2019) also noted that branches plant-1 were 
enhanced in Okra crop by foliar application of MLE 
at one week interval at the rate of 10%.

Flowers plant-1

There was a significant effect of all the treatments on 
flowers per plant except interaction (Table 1). The 
increased flowers plant-1 (34.5) were recorded with 
dry Moringa leaves powder solution, while minimum 
flowers plant-1 (33.7) were noted with fresh Moringa 
leaves extract solution. Regarding various levels MLE 
solution, maximum flowers plant-1 (36.3) were noted 
with 6% MLE solution which was followed by 8% 
with 35.3 flowers per plant while minimum (31.7) 
flowers plant-1 were noted in plots where no solution 
was sprayed.

Moringa dry leaf powder and fresh extract both can 
be used for plant studies but mostly researchers used 
dry Moringa leaves powder instead of fresh Moringa 
leaves extract (Azwanida, 2015). In the current study 
dry Moringa leaves powder solution application 
resulted in more branches per plant which in turn 
produced more flowers. Moringa extract is applied as 
a plant growth promoter due to the sufficient amount 
of GA3, IAA, Cytokinin, micro and macro-elements 
(Yasmeen et al., 2013). Abdelnaser et al. (2017) stated 
that MLE positively increased number flowers plant-1 
in Snap bean crop. Similarly, Yasmeen et al. (2014) 
stated that 1:30 extract of Moringa leaves increased 
no. of flowers plant-1 of tomato crop.
 
Number of pods picking
Number of pickings was significantly increased by 
different solution application forms and concentrations 
of Moringa leaf extract (MLE) solution, whereas 
interaction had no effect (Table 1). The highest no. 
of pickings (28.3) were recorded with dry Moringa 
leaves powder solution, while minimum number of 
pickings (26.1) were recorded with fresh Moringa 
leaves extract solution. In different levels of MLE 

solution mean table indicates that maximum No. of 
pickings (29.8) were recorded on 8% MLE solution 
which was statistically similar with 6%, while least 
(24.2) no. of pickings were noted in control treatment.

Dry leaves extract provide more nutrients and 
phytochemicals to the plant and hence plant produce 
best result with its application. Similar report is 
published by Ayodelea et al. (2015) who stated that 
dry leaves has more phytochemical and antioxidant 
compounds than fresh leaf extracts. Cytokinin is a 
plant growth regulator which is found in Moringa 
leaves, helps in increasing the rate of mitosis, cell 
enlargement, translocate photosynthate from source 
to sink, and it also helps in induction of flowers 
(Siddhuraju and Becker, 2003), that might be the 
reason that with Moringa leaf extract maximum 
pickings were obtained. Use of Moringa leaf extract 
(MLE) on okra increased No. of pods up to 70% 
as compared with control as reported by (Ozobia, 
2014). Mishra (2012) stated that No. of pickings and 
pods plant-1 in pea crop was increased by spraying of 
Moringa leaf extract (MLE) due to the existence of 
Zeatin and Kinetin.

Days to 1st pod picking
Analysis of data revealed that days to first pod picking 
was significantly (p≤0.01) influenced by various levels 
of MLE solution, while solution application forms 
and interaction were non-significant (Table 1). More 
days to 1st pod picking (54.3 days) were noted in 
control, followed by 2% Moringa leaf extract (MLE) 
solution (52.5 days), whereas minimum days to 1st 
pod picking (50.0 days) were recorded in 8% leaf 
extract of Moringa. 

Different levels of MLE solution positively reduced 
days to 1st pod picking. The difference was just 
two days in comparison to control but it has great 
importance because those commodities which come 
early to the market fetch high price. The benefits 
will be just for two days but still farmers will earn 
enough income. Moringa leaf is a rich source of GA3, 
IAA, Cytokinin, micro and macro-elements which 
promotes plant productivity (Yasmeen et al., 2013a). 
Earliness of picking with Moringa leaf extract was 
noted because minimum days to flowering were 
also noted with Moringa leaf extract (MLE). Early 
fruit formation and total fruit yield was significantly 
enhanced by Moringa leaf extract (MLE) foliar 
application on pepper plant as stated by (Hala et al., 



June 2024 | Volume 40 | Issue 2 | Page 412

Sarhad Journal of Agriculture
2017). Rahman et al. (2017) revealed that extracts 
obtained from Moringa leaves helps in earliness in 
the phenological stages of wheat crop.

Pod length (cm)
Pod length was significantly influenced by all 
treatments except interaction which was non-
significant (Table 2). The highest pod length (9.5cm) 
was recorded with dry Moringa leaves powder 
solution, while lowest pod length (9.1cm) was noted 
with fresh Moringa leaves extract solution. Regarding 
concentrations of MLE increased pod length (11.0 
cm) was noted with the 6% solution of MLE, followed 
by 8% with 10.4cm pod length, while lowest (7.6 cm) 
pod length was recorded in control. 

Dry Moringa leaves can be used instead of fresh 
leaves for extract preparation (Azwanida, 2015). Dry 
leaves extract is better than fresh leaf because dry leaf 
extract is much concentrated due to less moisture 
content as compare to fresh leaves extract (Ayodelea 
et al., 2015) and provide more nutrients per gram and 
hence produce better result than fresh leaf extract. Pod 
length is increased with the spraying of Moringa leaf 
extract (MLE) because it contain different hormones 
(Zeatin and GA3) which perform vital role in cell 
division and elongation and so pod length. According 
to Hala et al. (2017) extracts of Moringa leaf on 
pepper plant considerably increased fruit length as 
compared to untreated plants. 

Pod diameter (mm)

Pod diameter was significantly increased by all 
treatments except interaction (Table 2). The maximum 
pod diameter (14.6 mm) was recorded with dry 
Moringa leaves powder solution, while minimum pod 
diameter (14.0 mm) was noted with fresh Moringa 
leaves extract solution. In case of Moringa leaf extract 
solution concentrations, 6% extract of Moringa leaves 
resulted in pods with increased diameter (15.8 mm) 
which was statistically similar with 8% (15.4mm) 
and 4% (15.1 mm), while minimum (11.7 mm) pod 
diameter was recorded in control treatment. 

Dry extract solution produced better results than 
fresh extract solution because fresh solution might be 
deteriorated before application. According to Rady 
et al. (2015) extracts of Moringa leaves positively 
increased pod diameter because of presence of 
Cytokinin which promote shoots in plants, hence 
with maximum number of shoots photosynthesis 
activity get improved which results in maximum 
fruit volume, fruit mass and pod diameter. Hala et al. 
(2017) revealed that fruit diameter and total yield was 
significantly affected by Moringa leaf extract spraying 
on pepper plant as compared with untreated plants.

Individual pod weight (g)
Significant (p≤0.05) response was noted on 
individual pod weight with the influence of different 
solution application forms and levels of Moringa 
leaf extract (MLE) solution, while non-significant 
response was noted in case of interaction (Table 2).

Table 2: Pod length (cm), pod diameter (cm), individual pod weight (g), yield plot-1 (kg) and yield ha-1 (tons).
Moringa leaf extract % Pod length 

(cm)
Pod diameter 
(cm)

Individual pod 
weight (g) 

Pods per 
plant 

Yield ha-1 
(tons)

Control 7.6 e 11.7 C 9.6 D 31.7 E 11.3 D
2 8.2 d 13.4 B 10.4 C 33.0 D 12.8 C
4 9.2 c 15.1 A 11.2 B 34.2 C 14.3 B
6 11.0 a 15.8 A 12.0 A 36.3 A 16.4 A
8 10.4 b 15.4 A 11.6 AB 35.3 B 15.4 AB
LSD (0.05) for Moringa leaf extract % 0.492 0.858 0.503 0.956 1.147
Solution application forms 
Fresh leaves extract 9.1 B 14.0 b 10.7 b 33.7 b 13.5 b
Dry leaves extract 9.5 A 14.6 a 11.3 a 34.5 a 14.6 a
LSD (0.05) for SAF 0.311 0.542 0.503  0.605 0.725
MLE% × SAF NS NS NS NS NS

Means values in the table having capital letters shows significance at 0.01 probability, while small letters shows significance at 0.05 respectively. 
NS: Non-significant; SAF: Solution application forms; MLE: Moring leaf extract.
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The highest individual pod weight (11.3g) was noted 
with dry Moringa leaves powder solution, while 
minimum individual pod weight (10.7g) was noted 
with fresh Moringa leaves extract solution. Among the 
various levels of MLE solution, maximum individual 
pod weight (12.0g) was noted with 6% extract of 
Moringa leaves, followed by 8% with 11.6g individual 
pod weight, while minimum (9.6g) individual pod 
weight was noted in control.

With dry Moringa leaves powder solution maximum 
individual pod weight was obtained because it also 
produced okra fruit with maximum length and 
diameter. Ragab (2002) reported that Ascorbates is 
the rich source of flavonoids and carotenoids that are 
present in Moringa leaves improves enhancement 
of fruit size and fruit juice contents. Moringa leaf 
extract also contains different plant growth regulators 
which improves fruit diameter by increasing cell 
number and enlargement. Nasir et al. (2020) stated 
that Moringa leaf extract (MLE) at 3% on mandarin 
tree significantly enhanced individual fruit weight 
and marketable fruit percentage. Hala et al. (2017) 
reported that Capsicum annum in response to 
Moringa leaf extract gave maximum fruit volume and 
fruit mass as compared with control. Same results was 
noted by Abdelnaser et al. (2017) and Yasmeen et al. 
(2014) in snap bean and tomato crop.

Pods plant-1

Significant response was noted on pods per plant 
with the influence of solution application forms and 
levels of Moringa leaf extract, while non-significant 
response was noted in case of interaction (Table 2). 
Plants with maximum pods (34.5) were recorded 
with dry Moringa leaves powder solution, while 
plants with least pods (33.7) were produced with 
fresh Moringa leaves extract solution. According to 
different levels of MLE solution, 6% MLE solution 
produced increased pods per plant (36.3) which was 
followed by 8% (35.3) of Moringa leaf extract (MLE) 
solution, while lowest (31.7) pods plant-1 were noted 
in control. 

It has been reported that dry leaves has high 
phytochemicals and antioxidants compounds as 
compare to fresh leaves (Ayodele et al., 2015). 
Hence extracts with maximum phytochemicals and 
antioxidants compounds provide best protection to 
the plants from invading pathogens and insects and 
plant remains healthy and produce maximum fruits 

according to its potential. Dry Moringa leaf extract 
contain more minerals contents (K, Ca, P, Mg) and 
PGRs such as Cytokinin, Auxin, antioxidants and 
phenolic compounds which has mechanism to control 
ovary abscission and increase fruit set (Talon and 
Zeevaart, 1992). Moringa leaf extract (MLE) spray 
on Okra increased no. of pods up to 70% as compared 
with control treatment (Ozobia, 2014). Extract of 
Moringa leaves as a foliar spray on Capsicum produced 
best results in terms of yield attributes (Hala et al., 
2017). According to Nasir et al. (2020) Moringa leaf 
extract (MLE) application at 3% on mandarin tree 
at premature stage showed significant effect on fruit 
numbers.

Yield ha-1 (tons)
Significant response was noted on yield per hectare 
with the influence of solution application forms and 
levels of Moringa leaf extract, while non-significant 
response was noted in case of interaction (Table 2). 
The highest yield ha-1 (14.6 tons) was noted with dry 
Moringa leaves powder solution, while low yield ha-1 
(13.5tons) was noted in fresh Moringa leaves extract 
solution. Regarding different levels of Moringa leaf 
extract (MLE) solution, mean table showed that 
increased (16.4tons) yield ha-1 was noted with 6% 
Moringa leaf extract (MLE) solution which was 
followed by 8% (15.4tons), while lowest (11.3 tons) 
yield ha-1 was noted in untreated plots.

Dry Moringa leaves powder solution produced 
different results because both has different nutrient 
status. Vaidya et al. (2014) reported that there was 
significant variation in dry and fresh leaves extract in 
term of antioxidant compounds. Increase in yield ha-1 
due to dry Moringa powder extract solution is because 
it also produced maximum yield plot-1. According to 
Makkar et al. (2007) sufficient amount of Cytokinin 
(Zeatin and Kinetin), micro (Fe and Zn) and macro-
elements (P, K and Mg), Ascorbates, minerals, and 
amino acids are present in Moringa tree leaf which 
plays important role in fruit production. Moringa leaf 
extract (MLE) promoted growth of plant seedlings, 
plant strength against pest and diseases, decrease leaf 
abscission, promote root growth, increase size of the 
fruits which leads to higher production about 20-30% 
(Fuglie, 2000). Same findings were also published by 
(Yasmeen et al., 2013a; Khan et al., 2017b; Nasir et al., 
2020) in common bean, wheat and Kinnow.
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Conclusions and Recommendations

It has been concluded from the findings of the current 
study that both Moringa leaf extracts levels and its 
forms significantly improved both vegetative and 
reproductive attributes of okra. Dry Moringa leaf 
extract solution resulted in better results as compare 
to fresh leaf extract in term of plant height, branches 
plant-1, flowers plant-1, number of pickings, pod 
length, pod diameter, individual pod weight, pods 
plant-1, yield ha-1 and days to first picking. Among 
levels, 6% of Moringa leaf extract (MLE) solution 
resulted in maximum branches plant-1, flowers plant-1, 
pods plant-1, pod length, pod diameter, individual pod 
weight, yield plot-1 and yield ha-1. Therefore, it has been 
recommended that dry Moringa leaf powder extract 
solution at 6% may be used for improved growth and 
yield of okra crop under Swat climate. 

Novelty Statement

The current study is novel because for the first time 
research has been done on the solution application 
forms of Moringa. Current study will provide 
information to apply Moringa in its most effective 
solution form and concentration.

Author’s Contribution

Wajid Ali and Muhammad Noman Khan: Conceived 
and designed the experiment.
Wajid Ali and Muhammad Noman Khan: Performed 
the experiment.
Wajid Ali and Ghulam Nabi and Saira Sattar: 
Analyzed the data.
Muhammad Fawad Khan, Shahid Ur Rahman, 
Qurat Ul Ain, Saeed Ur Rahman, Syed Zubair, 
Muhammad Sabeeh and Afsar Ali: Contributed 
reagents, materials, analysis tools.
Wajid Ali and Muhammad Noman Khan: Wrote 
the paper.

Conflict of interest
The authors have declared no conflict of interest.

References

Abdelnaser, A., E. Mohamed, F. Hanafey and 
D. Tran. 2017. Enhancing growth, yield, 

biochemical, and hormonal contents of snap 
bean (Phaseolus vulgaris L.) sprayed with 
Moringa leaf extract. Arch. fuÌr Acker-und 
Pflanzenbau und Bodenkunde.

Abdullahi, I.N. and P. O. Anyaegbu. 2017. The 
performance of soybean using moringa as alley 
to improve soil productivity in North-Central 
Nigeria. Afr. J. Agric. Res., 12(14): 1182-1189.

Abou-Sreea, A.I.B. and F.M.A. Matter. 2016. 
Using Moringa leaf extract as biostimulant 
and gibberellic acid for enhancing fennel 
(Foeniculum vulgare var. azoricum Mill.) growth 
and oil yield. Acta Sci. Intellectus ISSN. 2410-
9738.

Adetuyi, F.O., A.U. Osagie and A.T. Adekunle. 
2008. Effect of postharvest storage techniques 
on the nutritional properties of benin indigenous 
okra (Abelmoschus esculentus L.) Moench. Pak. J. 
Nutr.,  7(5): 652-657. https://doi.org/10.3923/
pjn.2008.652.657

Alao, F.O., T.A. Adebayo, O.A. Olaniran and 
W.B. Akanbi. 2011. Preliminary evaluation of 
the insecticidal potential of organic compost 
extracts against insect pests of Okra (Abelmoschus 
esculentus L.). Asian J. Plant Sci. Res., 1(3): 123-
130.

Ali, G.H., G.E.E. Taweel and M.A. Ali. 2004. 
The cytotoxicity and antimicrobial efficiency 
of Moringa oleifera seeds extracts.  Int. J. 
Environ. Stud.,  61(6): 699-708. https://doi.
org/10.1080/0020723042000189877

Aslam, M., B. Sultana, F. Anwar and H. Munir. 
2016. Foliar spray of selected plant growth 
regulators affected the biochemical and 
antioxidant attributes of spinach in a field 
experiment. Turk. J. Agric For., 40(2): 136-145. 
https://doi.org/10.3906/tar-1412-56

Ayodelea, O.D., O. Oyegbadeb and S.R. Oseni. 
2015. Phytochemical analysis and antioxidant 
activities of dry and fresh leaves of Petivera 
alliacea and Ocimum gratissimum. IJSBAR, 
24(3): 1-13.

Azwanida, N.N., 2015. A review on the extraction 
methods use in medicinal plants, principle, 
strength and limitation. Med. Aromat. Plants, 
4(196): 2167-0412.

Baloch, A.F., 1994. Veg crops Horti. pp. 502-503.
Bashir, K.A., J.A. Bawa and I. Mohammed. 2014. 

Efficacy of leaf extract of drumstick tree 
(Moringa oleifera L.) on the growth of local 
tomato (Lycopersicon esculentum). J. Pharma Bio. 

https://doi.org/10.3923/pjn.2008.652.657
https://doi.org/10.3923/pjn.2008.652.657
https://doi.org/10.1080/0020723042000189877
https://doi.org/10.1080/0020723042000189877
https://doi.org/10.3906/tar-1412-56


June 2024 | Volume 40 | Issue 2 | Page 415

Sarhad Journal of Agriculture
Sci., 9(4): 74-79. https://doi.org/10.9790/3008-
09417479

Biswas, A.K., T.S. Hoque and M.A. Abedin. 2016. 
Effects of Moringa leaf extract on growth and 
yield of maize.  Prog. Agric.,  27(2): 136-143. 
https://doi.org/10.3329/pa.v27i2.29322

Brockman, H.G. and R.F. Brennan. 2017. The effect 
of foliar application of Moringa leaf extract 
on biomass, grain yield of wheat and applied 
nutrient efficiency. J. Plant Nutr., 40(19): 2728-
2736. https://doi.org/10.1080/01904167.2017.
1381723

Culver, M., T. Fanuel and A.Z. Chiteka. 2012. 
Effect of Moringa extract on growth and yield 
of tomato. Greener. J. Agric. Sci., 2(5): 207-211.

Dunsin, O. and T.O. Odeghe. 2015. Response of 
sweet bell pepper to moringa leaf extract and 
organo-bio degradable fertilizer. Asian. J. Agri. 
Biol., 3(4): 117-123.

El-Hamied, S.A.A and E.I. El-Amary. 2015. 
Improving growth and productivity of “pear” 
trees using some natural plants extracts under 
north sinai conditions. IOSR J. Agric. Vet. Sci., 
8: 1-9.

Foidl, N., H.P.S. Makkar and K. Becker. 2001. The 
potential of Moringa oleifera for agricultural and 
industrial uses. The miracle tree: The multiple 
attributes of Moringa. pp. 45-76.

Fuglie, L. 2000. Moringa oleifera: The miracle tree. 
IJARIIT, 3: 966-970.

Hala, H., A. El-Nour and N.A. Ewais. 2017. Effect 
of Moringa oleifera leaf extract (MLE) on pepper 
seed germination, seedlings improvement, 
growth, fruit yield and its quality. Mid. East. J. 
Agric. Res., 6: 448-63.

Hegazi, A.Z., S.K.H. Hasan and N.A. El-Said. 
2016. Response of garlic plants to foliar 
application of Moringa leaves extract glutamine 
and cysteine. J. Plant Prod., 7(1): 1-6. https://
doi.org/10.21608/jpp.2016.43438

Hussein, H.J., 2015. Effect of seed priming 
treatment with salicylic acid on viability of okra 
(Abelmoschus esculentus L.) seeds. Euphrates. J. 
Agric. Sci., 7(2): 1-9.

Iqbal, J., J. Irshad, S. Bashir, S. Khan, M. Yousaf and 
A.N. Shah. 2019. Comparative study of water 
extracts of Moringa leaves and roots to improve 
the growth and yield of sunflower. South Afr. J. 
Bot. 6(32): 1-4.

Jhilik, N.Z., T.S. Hoque, A.Z.M. Moslehuddin and 
M.A. Abedin. 2017. Effect of foliar application 

of Moringa leaf extract on growth and yield of 
late sown wheat. Asian J. Med. Biol. Res., 3(3): 
323-329. https://doi.org/10.3329/ajmbr.
v3i3.34520

Kanchani, A.M.K.D.M. and K.D. Harris. 2019. 
Effect of foliar application of Moringa (Moringa 
oleifera) leaf extract with recommended fertilizer 
on growth and yield of okra (Abelmoschus 
esculentus). Agric. East.,  13(2): 38-54. https://
doi.org/10.4038/agrieast.v13i2.73

Khan, H., M.U. Khan, A.U. Khan, K.B. Anwar 
and K. Mehmood. 2000. Response of different 
cultivars of okra (Abelmoschus esculentus L.) to 
three different sowing dates in the mid hill of 
Swat Valley. Pak. J. Bio. Sci., 3(12): 2010-2012. 
https://doi.org/10.3923/pjbs.2000.2010.2012

Khan, S., S.M.A. Basra., I. Afzal and A. Wahid. 
2017a. Screening of Moringa landraces for Leaf 
extract as bio stimulant in wheat. Int. J. Agric. 
Biol., 19: 999-1006. https://doi.org/10.17957/
IJAB/15.0372

Khan, S., S.M.A. Basra., I. Afzal. M. Nawaz and 
H.U. Rehman. 2017b. Growth promoting 
potential of fresh and stored Moringa oleifera 
leaf extracts in improving seedling vigor, growth 
and productivity of wheat crop. Environ. Sci. 
Pollut. Res., 24: 27601-27612. https://doi.
org/10.1007/s11356-017-0336-0

Kumar, S., S. Dagnoko, A. Haougui, A. Ratnadass, 
N. Pasternak and C. Kouame. 2010. Okra 
(Abelmoschus spp.) in West and Central Africa: 
Potential and progress on its improvement. Afr. 
J. Agric. Res., 5(25): 3590-3598.

Latif, H.H. and H.I. Mohamed. 2016. Exogenous 
applications of Moringa leaf extract effect 
on retrotransposon, ultrastructural and 
biochemical contents of common bean plants 
under environmental stresses.  South Afric. J. 
Bot.,  106: 221-231. https://doi.org/10.1016/j.
sajb.2016.07.010

Maishanu, H.M., M.M. Mainasara, S. Yahaya and 
A. Yunusa. 2017. The Use of Moringa Leaves 
Extract as a Plant Growth Hormone on Cowpea 
(Vigna anguiculata L.). Traektoriâ Nauki, Path 
Sci., 3(12). https://doi.org/10.22178/pos.29-4

Makkar, H.P.S., G. Francis and K. Becker. 2007. 
Bioactivity of phytochemicals in some lesser-
known plants and their effects and potential 
applications in livestock and aquaculture 
production systems. Animal, 1(9): 1371-1391. 
https://doi.org/10.1017/S1751731107000298

https://doi.org/10.9790/3008-09417479
https://doi.org/10.9790/3008-09417479
https://doi.org/10.3329/pa.v27i2.29322
https://doi.org/10.1080/01904167.2017.1381723
https://doi.org/10.1080/01904167.2017.1381723
https://doi.org/10.21608/jpp.2016.43438
https://doi.org/10.21608/jpp.2016.43438
https://doi.org/10.3329/ajmbr.v3i3.34520
https://doi.org/10.3329/ajmbr.v3i3.34520
https://doi.org/10.4038/agrieast.v13i2.73
https://doi.org/10.4038/agrieast.v13i2.73
https://doi.org/10.3923/pjbs.2000.2010.2012
https://doi.org/10.17957/IJAB/15.0372
https://doi.org/10.17957/IJAB/15.0372
https://doi.org/10.1007/s11356-017-0336-0
https://doi.org/10.1007/s11356-017-0336-0
https://doi.org/10.1016/j.sajb.2016.07.010
https://doi.org/10.1016/j.sajb.2016.07.010
https://doi.org/10.22178/pos.29-4
https://doi.org/10.1017/S1751731107000298


June 2024 | Volume 40 | Issue 2 | Page 416

Sarhad Journal of Agriculture
Manzoor, M., H. Ali, A. Muhammad, I. Alam, S.H. 

Khalid, A. Idrees and M. Arif. 2015. Potential 
of Moringa (Moringa oleifera: Moringaceae) as 
plant growth regulator and bio-pesticide against 
wheat aphids on wheat crop (Triticum aestivum; 
Poaceae).  J. Biopesticides,  8(2): 120. https://
doi.org/10.57182/jbiopestic.8.2.120-127

Matthew, A., 2016. Moringa leaf extract on the 
growth and yield of Pepper (Capsicum annuum 
L.). ARPN. J. Agric. Bio. Sci., 11: 107-109.

Mishra, S.P., 2012. Identification of superior 
genotypes of Moringa oleiferea Lam. In eastern 
india and their biochemical and molecular 
characterization for leaf nutritive value and 
cytokinin content. PhD. Thesis. FRI University 
Dehradun.

MNFSR, 2018. Ministry of national food security 
and research. Fruit, vegetables and condiments 
statistics of Pakistan. 2017-18.

Muhammed, R., M.M. Olorukooba, J.A. Akinyaju 
and E.A. Kambai. 2013. Evaluation of 
different concentrations and frequency of foliar 
application of Moringa extract on growth & 
yield of onion (Allium cepa L). Agro. Search. 
13(3): 196-205. https://doi.org/10.4314/
agrosh.v13i3.3S

Nasir, M., A.S. Khan, S.M.A. Basra and A.U. Malik. 
2020. Improvement in growth, productivity 
and quality of ‘Kinnow’mandarin fruit after 
exogenous application of Moringa olifera leaf 
extract. South Afr. J. Bot., 129: 263-271. https://
doi.org/10.1016/j.sajb.2019.07.042

Ndubuaku, U.M., Y.C.N. Ndubuaku, E. Ike and 
P.I. Ezeaku. 2015. Effects of Moringa oleifera 
leaf extract on morphological and physiological 
growth of cassava and its efficacy in controlling 
Zonocerus variegatus.  Afr. J. Biotech.,  14(32): 
2495-2500. https://doi.org/10.5897/
AJB2015.14534

Oluwagbenga, D. and O.T. Odeghe. 2015. 
Response of sweet bell pepper to Moringa leaf 
extract and oregano bio-degradable fertilizer. 
Asian J. Agric. Biol., 3(4): 117-123.

Ozobia, A.P., 2014. Evaluation of mixture 
productivity and economic profit of inter 
cropped garden egg and okra as influenced by 
application of Moringa oleifera extracts, poultry 
manure and NPK fertilizer in cropping systems 
of farmers in north central Nigeria.  J. Edu. 
Policy Entrepreneurial Res., 1(2): 227-237.

Phiri, C. and D.N. Mbewe. 2010. Influence of 

Moringa oleifera leaf extracts on germination 
and seedling survival of three common 
legumes. Int. J. Agric. Biol., 12(2): 315-317.

Rady, M.M., G.F. Mohamed, A.M. Abdalla and 
Y.H. Ahmed. 2015. Integrated application of 
salicylic acid and Moringa oleifera leaf extract 
alleviates the salt-induced adverse effects in 
common bean plants. Int. J. Agric. Tech., 11(7): 
1595-1614.

Rady, M.M., V.C. Bhavya and S.M. Howladar. 
2013. common bean (Phaseolus vulgaris L.) 
seedlings overcome NaCL stress as a result of 
presoaking in Moringa oleifera leaf extract. Sci. 
Hortic., 162: 63-70. 

Ragab, M.M., 2002. Effect of spraying urea, ascorbic 
acid and NAA on fruiting of Washington Navel 
orange trees  (Doctoral dissertation, M. Sc. 
thesis, Faculty of Agriculture, Minia University 
Egypt).

Rehman, H.U., S. Basra, M.M. Rady, A.M. 
Ghoneim and Q. Wang. 2017. Moringa leaf 
extract improves wheat growth and productivity 
by affecting senescence and source-sink 
relationship. Int. J. Agric. Biol., 19(3). https://
doi.org/10.17957/IJAB/15.0316

Shahzad, U., M.A. Khan, M.J. Jaskani, I.A. 
Khan and S.S. Korban. 2013. Genetic 
diversity and population structure of Moringa 
oleifera.  Conserv. Genet.,  14(6): 1161-1172. 
https://doi.org/10.1007/s10592-013-0503-x

ShM, T., N.E. Kassim, M.S. AbouRayya and A.M. 
Abdalla. 2017. Influence of foliar application 
with Moringa (Moringa oleifera L.) leaf extract 
on yield and fruit quality of Hollywood plum 
cultivar. J. Hortic., 4(193): 2376-0354. https://
doi.org/10.4172/2376-0354.1000193

Siddhuraju, P. and K. Becker. 2003. Antioxidant 
properties of various solvent extracts of 
total phenolic constituents from three 
different agroclimatic origins of drumstick 
tree (Moringa oleifera Lam.) leaves.  J. Agric. 
Food Chem.,  51(8): 2144-2155. https://doi.
org/10.1021/jf020444+

Soliman, M.H., H.H. Ahlam, A.G. Hamdah and 
S. Shroug. 2017. Allelopathic effect of Moringa 
oleifera leaves extract on seed germination and 
early seedling growth of faba bean (Vicia faba 
L.). Int. J. Agric. Technol., 13: 105-117.

Steel, R.G.D. and J.H. Torrie. 1980. Principles and 
procedures of statistics. A biological approach 
2nd ed. McGraw Hill Inc. New York.

https://doi.org/10.57182/jbiopestic.8.2.120-127
https://doi.org/10.57182/jbiopestic.8.2.120-127
https://doi.org/10.4314/agrosh.v13i3.3S
https://doi.org/10.4314/agrosh.v13i3.3S
https://doi.org/10.1016/j.sajb.2019.07.042
https://doi.org/10.1016/j.sajb.2019.07.042
https://doi.org/10.5897/AJB2015.14534
https://doi.org/10.5897/AJB2015.14534
https://doi.org/10.17957/IJAB/15.0316
https://doi.org/10.17957/IJAB/15.0316
https://doi.org/10.1007/s10592-013-0503-x
https://doi.org/10.4172/2376-0354.1000193
https://doi.org/10.4172/2376-0354.1000193
https://doi.org/10.1021/jf020444+
https://doi.org/10.1021/jf020444+


June 2024 | Volume 40 | Issue 2 | Page 417

Sarhad Journal of Agriculture
Sulaiman, S.F., A.A.B. Sajak, K.L. Ooi and E.M. 

Seow. 2011. Effect of solvents in extracting 
polyphenols and antioxidants of selected raw 
vegetables. J. Food Comp. Anal., 24(4-5): 506-
515. https://doi.org/10.1016/j.jfca.2011.01.020

Talon, M. and J.A. Zeevaart. 1992. Stem elongation 
and changes in the levels of gibberellins in 
shoot tips induced by differential photoperiodic 
treatments in the long-day plant Silene 
armeria.  Planta,  188(4): 457-461. https://doi.
org/10.1007/BF00197035

Vaidya, B.N., T.A. Brearley and N. Joshee. 2014. 
Antioxidant capacity of fresh and dry leaf 
extracts of sixteen Scutellaria species. J. Med. 
Active Plants, 2(3): 42-49.

Williams, O.A., O.A. Ogunwande and A.O. Amao. 
2018. Potentials of Moringa oleifera leaf extract 
in increasing maize (Zea mays L.) productivity 
in Nigeria. Int. J. Sci. Res. Publ. 8(12): 279-290. 
https://doi.org/10.29322/IJSRP.8.12.2018.
p8438

Yamaguchi, M., 1983. Other succulent vegetables. 
In: World vegetables, Springer, Dordrecht. pp. 
356-380. https://doi.org/10.1007/978-94-011-
7907-2_25

Yasmeen, A., S.M.A. Basra, A. Wahid, W. Nouman 

and H.U. Rehman. 2013a. Exploring the 
potential of Moringa oleifera leaf extract (MLE) 
as a seed priming agent in improving wheat 
performance. Turk. J. Bot.,  37(3): 512-520. 
https://doi.org/10.3906/bot-1205-19

Yasmeen, A., S.M.A. Basra, M. Farooq, H.U. 
Rehman and N. Hussain. 2013b. Exogenous 
application of Moringa leaf extract modulates 
the antioxidant enzyme system to improve wheat 
performance under saline conditions.  Plant 
Growth Regul.,  69(3): 225-233. https://doi.
org/10.1007/s10725-012-9764-5

Yasmeen, A., S.M.A. Basra, R. Ahmad and A. 
Wahid. 2012. Performance of late sown wheat 
in response to foliar application of Moringa 
oleifera Lam. leaf extract.  Chilean. J. Agric. 
Res., 72(1): 92. https://doi.org/10.4067/S0718-
58392012000100015

Yasmeen, A., W. Nouman, S.M.A. Basra, A. Wahid, 
N. Hussain and I. Afzal. 2014. Morphological 
and physiological response of tomato (Solanum 
lycopersicum L.) to natural and synthetic 
cytokinin sources. A comparative study.  Acta 
Physiol. Plant., 36(12): 3147-3155. https://doi.
org/10.1007/s11738-014-1662-1

https://doi.org/10.1016/j.jfca.2011.01.020
https://doi.org/10.1007/BF00197035
https://doi.org/10.1007/BF00197035
https://doi.org/10.29322/IJSRP.8.12.2018.p8438
https://doi.org/10.29322/IJSRP.8.12.2018.p8438
https://doi.org/10.1007/978-94-011-7907-2_25
https://doi.org/10.1007/978-94-011-7907-2_25
https://doi.org/10.3906/bot-1205-19
https://doi.org/10.1007/s10725-012-9764-5
https://doi.org/10.1007/s10725-012-9764-5
https://doi.org/10.4067/S0718-58392012000100015
https://doi.org/10.4067/S0718-58392012000100015
https://doi.org/10.1007/s11738-014-1662-1
https://doi.org/10.1007/s11738-014-1662-1

