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ABSTRACT: A greenhouse study was conducted in 2017 and 2018 growing seasons to
evaluate the growth and yield of cucumber (Cucumis sativus L.) F, hybrid cv. ‘Hesham’
in response to foliar application with three concentrations (1:40, 1:30 and 1:20) of
moringa leaf extract. Cucumber growth traits (plant height, leaf area, number of leaves,
fresh and dry weight of leaves and stems) and flowering traits (number of flowers,
number of days to the first female flower and fruit set %) were significantly enhanced
following the foliar application with moringa leaf extract. The growth and development of
cucumber fruits (fruit fresh and dry weight, and fruits total yield) were also promoted in
response to the treatments. moringa leaf extract treatments markedly increased the
endogenous hormone levels (auxins, gibberellins and cytokinins) and enhanced the
activity of the antioxidant enzymes catalase, peroxidase and superoxide dismutase in
cucumber leaves. This stimulation effect revealed that moringa leaf extract might be
utilized as an effective natural and safe biostimulant in organic agricultural production.

Key words: Moringa leaf extract; phytohormones; biostimulants; antioxidant enzymes;

yield.

INTRODUCTION (Yakhin et al., 2017). It consists of single

Cucumber (Cucumis sativus L. a or mixed plant extracts containing amino
member of Cucurbitaceae family and very acids, vitamins, enzymes and hormones
popular for salad-vegetable crop that is or animal extracts containing mainly
eaten fresh or as pickles (Bisognin 2002). amino acids and peptides (Basak, 2008).
It has high nutritive values, rich in Application of biostimulants has been
proteins, carbohydrates, fats, minerals proved to be a good agricultural
and vitamins (Rahman et al., 2008; Zhao production technique for achieving high-
et al., 2014). Its fruits have antioxidant quality yield of crop plants and being
activity (Kumar et al., 2010; Nema et al., environmentally friendly (Paradikovi¢ et
2011) and tyrosinase inhibitory activity al., 2011). Various plant extracts have
(Gandia-Herrero et al., 2003). The total been used instead of synthetic chemical
area planted with cucumber in Egypt was substances for enhancing the growth and
50383 feddans (21541 ha) with a total y|e|d of many crops such as tea seed
annual production of 488723 tons of extract on strawberry (Andresen and
cucumbers (FAO, 2017). Cedergreen, 2010), moringa leaf extract

Biostimulants are natural substances on snap bean (Elzaawely et al, 2017a),
that have the ability to modify Asclepias syriaca, grape seeds and
physiological processes in plants leading spruce bark on beans (Ignat et al. 2009).

to the improvement of plant productivity
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Moringa oleifera Lam., has been used
as an inorganic fertilizer (Phiri, 2010), as
it has high nutritional and medicinal
values (El Sohaimy et al. 2015). It also
contains high amounts of
phytohormones such as salicylates,
auxins, cytokinins and gibberellins
(Elzaawely et al. 2017a).

Although the use of natural
biostimulants in agriculture gained an
increasing interest, many of them do not
have scientific claims. In this study, we
investigate the potential of moringa leaf
extract as plant growth regulators on
plant growth, flowering, fruits yield and
quality of cucumber plants.

MATERIALS AND METHODS

Preparation of moringa leaf
extract

Fresh leaves of moringa were
collected from trees grown in the
Experimental Farm, Faculty of
Agriculture, Tanta University, Egypt.

Aqueous extract of fresh moringa leaves
was prepared by mixing 30 g of fresh
leaves (immediately after collection) with
300 mL of distilled water in a household
blender for 15 min. The obtained solution
of moringa leaves was filtered through
muslin cloth and the volume was
adjusted at the ratio of 1:10 (w/v) by
distilled water. The solutions were
separately diluted with distilled water at
the ratios of 1:20, 1:30, and 1:40 (w/v)
immediately before application. The
previous solution was analyzed for its
hormone profile and the results are
presented in Table 2.

Plant material and experimental
site

Seeds of cucumber Hesham F, hybrid
were purchased from the National
Research Center at Dokki, Giza, Egypt.
The experiment was carried out in a
plastic greenhouse (30 m length x 9 m
width x 3.25 m height) at the
Experimental Farm of the Faculty of
Agriculture, Tanta University, Tanta (30°
47'N: 31° 0'E), Egypt.

Cucumber seedlings were planted on
the 6™ and 9™ January in the 2017 and
2018 seasons, respectively at 50 cm
apart in both sides of the ridges. The
analysis of the experimental soil (Table 1)
was performed according to Ryan et al.
(1996).

Experimental design

The agricultural practices were
applied as recommended for the
commercial cucumber production under
the plastic greenhouse condition.

Five treatments comprising three
concentrations of moringa leaf extract
(MLE) at the ratio of 1:40, 1:30 and 1:20
(w/v) and distilled water used as a control
were applied three times as foliar spray
at 30, 45 and 60 days after transplanting
(DAT), in both seasons. The experiment
was designed in randomized complete
blocks (RCB) in a factorial arrangement
with three replicates for each treatment.
The plot area was 14 m? (14 m length x 1
m width).

Table 1. The physico-chemical properties of the experimental soil.

Texture (%) N P K EC Ca™ Mg"™ Na' HCO; CI' SO,

_ pH L. (dsm™) P

Sand Silt Clay mg 100 g~ soil meq L
14.23 37.11 48.66 7.99 47.8 7.1 154.87 1.3 593 553 17.2 586 10.75 7.83
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Table 2: Phytohormone levels (pg ml'1) of aqueous extract of moringa leaf extract (MLE).

Salicylic acid Auxins Gibberellins Cytokinins Abscisic acid
MLE 1.900 2.329 0.308 0.222 0.213
Growth analysis attributes Chemical composition
Three plants were randomly chosen Total chlorophyll in leaves was

from each plot at 60 and 75 DAT to
determine the leaf area index (LAl),
relative growth rate (RGR), and net
assimilation rate (NAR) according to the
following equations (Salisbury, 1996):

1) LAl = leaf area per plant/ground area
per plant.

2) RGR (g g” day™) = (In my - In mq)/ (to-
t4).

3) NAR (g m’ day™) = [(m; - mq)/ (t2-t)] x
[(In LA, - In LA,)/ (LA,-LA,)].

Where m,; and LA, refer to the total
plant biomass and leaf area at 60 DAT
(t4), respectively; and m; and LA, refer to
the total plant biomass and leaf area at 75
DAT (t,), respectively.

Other growth parameters of cucumber
including plant height, leaf area per plant,
number of leaves per plant, and fresh and
dry weight of leaves and stem per plant
were estimated at 75 DAT.

Flowering traits

Number of flowers per plant, days to
the first female flower and fruit set (%)
were determined.

Fruits Yield and its Quality

Cucumber fruits at marketable stage
were harvested twice a week. Number of
fruits/plant, average fruit length, fruit
diameter, fresh and dry weight of fruit
and total yield in each treatment were
recorded. Total soluble solids (TSS) of
fruits were measured using a hand
refractometer.
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calculated as described by Wellburn
(1994). Percentage of N, P, and K were
determined colorimetrically in the fourth
leaf from apical bud of three plants at 75
DAT following AOAC (1995). The
percentage of N, P, and K, Fe, Zn, Mn and
Cu were determined in fruits at harvest
according to the AOAC (1995).

Hormonal determination

Endogenous phytohormones (auxins,
gibberellins, cytokinins and abscisic
acid) were quantitatively determined in
cucumber leaves using High-
Performance Liquid Chromatography
(HPLC) according to Koshioka et al.
(1983) and Nicander et al. (1993).

Enzyme assays

Cucumber leaf samples were prepared
and the activity of catalase (CAT),
peroxidase (POX) and superoxide
dismutase (SOD) was assayed according
to Semida and Rady (2014).

Statistical analysis

Analysis of variance (ANOVA) was
carried out on each measurement, and
the results were analyzed using the GLM
procedure of SAS v.8 (SAS Inst., Cary,
NC, USA). The |least significant
differences (LSD) between the means
were estimated at 95 % confidence level.

RESULTS

Results in Table 2 proved that both
moringa leaf extract (MLE) contain high
content of various phytohormones, with
a clear superiority to the MLE in Auxin
followed by Salicylic acid.
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Growth attributes

Table 3 shows that the greatest values
of leaf area index (LAl), relative growth
rate (RGR), and net assimilation rate
(NAR) in both seasons were displayed on
the MLE concentrations (1:20, 1:30, and
1:40) comparing with control.

Similarly, growth attributes  of
cucumber Hesham F; hybrid were
significantly enhanced in response to
foliar spray either with MLE at different
concentrations (1:20, 1:30, and 1:40)
compared to the control (Table 4). All
MLE concentrations particularly MLE
1:20 improved significantly (P < 0.05) all
studied growth parameters including
plant height, total leaf area per plant,
number of leaves per plant, and leaves
fresh & dry weight, in both seasons, and
there is no significant difference was
founded between all the MLE
concentrations and the control treatment
in the stem fresh and dry weights (Table
4). In this concern, Culver et al. (2012),
Abou EIl-Nour & Ewais, 2017, and

Elzaawely et al. (2017a) had reported that
foliar application of MLE can be used as
a plant biostimulant for enhancing
tomato, pepper and snap bean growth
parameters and productivity. Moringa
leaves are rich in zeatin (naturally
occurring cytokinin) hormone that
enhances plant growth (Nagar et al.
(2006) and Maswada et al., 2017).

Flowering traits

In both seasons, all flowering traits
were significantly stimulated in
comparison with the control in response
to MLE applications (Table 5). It is clear
that the maximum stimulation was
recorded with the high dose of MLE
(1:20), as it increased the number of
flowers/plant, decreased the days to 1t
female flower, and increased the fruit set
(%) by 18.2%, 9.2% and 10.7% over
control in the 2017 growing season,
respectively; and by 38.4%, 44.8% and
17.1% over control in the 2018 growing
season, respectively.

Table 3: Leaf area index (LAl), relative growth rate (RGR) and net assimilation rate (NAR)
of cucumber in response to moringa leaf extract (MLE) during 2017 and 2018

seasons.
Season 2017 Season 2018

Treatments RGR NAR RGR NAR

LAI o 4 LAI 4 A 0

(g g~ day’) (g cm-"day’) (g g~ day”) (gcm-"day’)

Control 225d 0.02598d  0.00275¢  2.39d  0.02559 d 0.00301 ¢
MLE 1:40 268c 0.02801c  0.00314b  2.81c  0.02898c  0.00336 b
MLE 1:30 278b  0.02852b  0.00326b  2.91b  0.02944b  0.00347 b
MLE 1:20 289a 0.02931a  0.00342a  3.00a 0.02987a  0.00359 a
L.S.D.at5%  0.08 0.00041 0.00014 0.06 0.00031 0.00011

- Values are means of three replicates in each treatment.
- Means values in each column followed by the same letter are not significantly different (P < 0.05).
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Table 4: Growth traits of cucumber in response to moringa leaf extract (MLE) during 2017
and 2018 seasons.

Plant Leaf area No. of Leaves weight Stem weight
Treatments height plant™ leaves plant” plant”
(cm) (dm) plant”  fresh (g) dry (%) fresh (g) dry (%)
Season 2017
Control 169.9d 74.81d 29.67c 157.32d 6.01d  60.29 9.4
MLE 1:40 182.02¢c 84.96 ¢ 3517b 171.89c 6.28c  62.54 9.11
MLE 1:30 187.16 b 87.54b 36.56b 175.76 b 6.45b  63.19 9.14
MLE 1:20 191.53 a 89.76 a 37.98a 181.43a 6.62a 64.08 9.15
L.S.D.at5%  2.89 1.85 1.40 2,75 0.15 N.S N.S
Season 2018
Control 1713 d 67.67d 3048c 163.99d 6.04c  57.87 9.03
MLE 1:40 182.32 ¢ 78.08 ¢ 3403b 178.05c 6.25b  58.99 9.09
MLE 1:30 187.34 b 81.56 b 35.39ab 183.19b 6.38a  60.87 9.11
MLE 1:20 192.95a 85.21a 36.74a 186.27a 6.49a  61.54 9.12
LS.D.at5%  3.99 2.29 1.39 2,95 0.11 N.S N.S

- Values are means of three replicates in each treatment.
- Means values in each column followed by the same letter are not significantly different (P < 0.05).

Table 5: Flowering traits of cucumber in response to moringa leaf extract (MLE) during
2017 and 2018 seasons.

Season 2017 Season 2018

Treatments No. Days to . No. Days to 1% .

flowers 15t famale Fruit set flowers female Fruit set
4 fl (%) 4 fl (%)

Plant ower Plant ower

Control 48.93d 44.21 a 4599d 4596 d 4501 a 47.02d

MLE 1:40 5541 ¢ 4187 b 4847 c 53.99¢ 4114 b 49.52 ¢

MLE 1:30 56.65b 4099 ¢ 49.53 b 55.61b 4039 ¢ 50.11b

MLE 1:20 5783 a 4013d 50.89 a 56.78 a 39.22d 50.87 a

L.S.D. at 5% 0.99 0.65 0.75 1.09 0.67 0.69

- Values are means of three replicates in each treatment.
- Means values in each column followed by the same letter are not significantly different (P < 0.05).
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Fruits yield and its quality

The cucumber fruit yield and its
quality were greatly enhanced due to
MLE foliar application compared to the
control in both seasons (Table 6). It was
observed that the high dose of MLE
(1:20) caused the maximum increase in
number of fruits/plant, average of fruit
fresh weight and fruits total yield of
cucumbers by 33.9%, 20.5% and 46.6% in
the 2017 season, respectively; and by
31.5%, 25.6% and 37.3% in the 2018
season, respectively (Table 6).
Furthermore, the TSS percentage was
also increased upon the foliar application
of MLE, and the positive effect was dose
dependent (Table 6). Elzaawely et al.
2017a, Matthew 2016, and Mvumi et al.
(2012 and 2013) confirmed this on snap
bean, pepper, maize, beans and tomato
buttressing the work of Fuglie (2000) that
there were increased crop yields when
crops were sprayed with MLE.

Chemical composition and

chlorophyll content of leaves

Mineral nutrients (N, P, and K) as well
as total chlorophyll of cucumber leaves
were significantly enhanced over control
in response to MLE application in both
seasons (Table 7). This finding have also
been supported by Yameogo et al. (2011)
and El-Mageed et al. (2017) they found
that Moringa oleifera extract have been
reported to be a rich source of important
minerals as Ca, Mg, K, Fe, Zn, P, S, Cu,
Mn, Se and Na which boosted plants to
accumulate progressively beneficial
elements, which increase the plant
nutrient status. Azra et al. (2013), El-
Mageed et al. (2017) and Hanafy, (2017),
also found an increase in chlorophyll
contents when MLE was applied to wheat
and soybean plants under drought
conditions.

Table 6: Fruits yield and its quality of cucumber in response to moringa leaf extract

(MLE) during 2017 and 2018 seasons.

Fruit

_ TS.S Total
Treatments No. ~ length dl?(r:nrﬁ)ter JJ:;’:] w:irght (.%.) yield (kg
plant’ (cm) plant™)
(9) (%)
Season 2017
Control 22.25d 159d 275¢ 141.73c¢c 3.99¢ 351c 346d
MLE 1:40 27.06c 19.07c 315b 161.32b 4.45Db 387b 465c
MLE 1:30 28.51b 19.66Db 347a 165.48b 467ab 4.04 ab 485b
MLE 1:20 29.79a 20.39a 368a 170.76a 4.89a 419 a 5.07 a
L.S.D. at 5% 1.11 044 0.22 4.59 0.25 0.19 0.099
Season 2018
Control 2299d 17.99d 284c 138.89c 4.09b 357¢c 3814d
MLE 1:40 28.00c 20.63c 323b 163.78b 4.60a 389b 4.867 ¢
MLE 1:30 2911b 21.27b 3.41ab 16866a 4.63a 4.00ab 5104b
MLE 1:20 30.23a 21.99a 359a 17443a 4.75a 4.09 a 5272 a
L.S.D. at 5% 1.05 0.49 0.25 4.75 0.19 0.13 0.115

- Values are means of three replicates in each treatment.
- Means values in each column followed by the same letter are not significantly different (P < 0.05).
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Table 7: Chemical composition and total chlorophyll of cucumber leaves in response to
moringa leaf extract (MLE) during 2017 and 2018 seasons.

Season 2017

Season 2018

Treatments

N P K TC N P K TC
(%) (%) (%) (mgg'FW) (%) (%) (%) (mgg” FW)
Control 255c¢c 050c 349c 046 c 278b 050c 344c 047 c
MLE 1:40 302b 0.60b 390b 0.60 a 298a 059b 3.85b 0.59 a
MLE 1:30 307 ab 0.63a 3.99ab 0.57 ab 302a 061ab 3.92ab 0.56 ab
MLE 1:20 311a 065a 4.07a 054 b 305a 0.63a 399a 054 b
L.S.D.at5% 0.05 0.02 0.09 0.03 0.07 0.02 0.11 0.023

- N: nitrogen, P: phosphorus, K: Potassium, TC: total chlorophyll.
- Values are means of three replicates in each treatment.
- Means values in each column followed by the same letter are not significantly different (P < 0.05).

Chemical composition of the fruits

Results in Table 8 indicates that the
application of MLE promoted the quality
of cucumber fruits through increasing of
the mineral nutrients in the fruits. Except
for Mn and Cu, other minerals such as N,
P, K, Fe, and Zn were significantly
enhanced by MLE applications
particularly MLE at 1:20, in both seasons
(Table 8). Abdalla & El-Khoshiban (2012)
on tomato, Mohammed et al. (2013) on
onion bulb, Abdalla (2014) on rocket, and
Zaki & Rady (2015) on Phaseolus vulgaris
they reported that accumulations of
some nutritive elements as K and Ca,
carbohydrate and ascorbic acid (vitamin
C) in different parts of plants were
increased as a consequence of spraying
by MLE in compared with untreated
plants (control).

Endogenous hormone levels in
cucumber leaves

Endogenous phytohormones in
cucumber leaves such as auxins,
gibberellins and cytokinins  were

markedly increased with respect to the
control in response to foliar application
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of MLE (Table 9), in both seasons. As
compared to control, ABA concentration
was decreased in response to MLE
treatments. It is obvious that maximum
concentrations of auxins, gibberellins
and cytokinins as well as the lowest ABA
levels were obtained when MLE at 1:20
was applied. It is also observed from the
results in Table 9 that addition of MLE
stimulated auxins, gibberellins and
cytokinins over control by 71.6%, 24.1%
and 64.9%, in 2017 season, respectively;
and by 63.3%, 16.3% and 51.8%, in the
2018 season, respectively. Meanwhile,
MLE significantly decreased ABA
concentration over control by 31.7% and
32.6%, in the 2017 and 2018 growing
seasons, respectively. The foliar
application of MLE30 alone or in
combination with drought stress caused
increase in both IAA and GA3 contents.
On the other hand, ABA content showed
highly significant decrease as compared
with control plants (Hanafy, 2017).
Similarly, Abdalla (2013) reported that
treated rocket (Eruca vesicaria) plants
with Moringa extract increased the levels
of phytohormones.
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Table 8: Chemical composition of cucumber fruits in response to moringa leaf extract
(MLE) during 2017 and 2018 seasons.

Treatments N P K Fe . Zn . Mn . Cu .
(%) (%) (%) (mgkg’) (mgkg™) (mgkg™) (mgkg’)
Season 2017
Control 1.98c 039c 237c 79.73 ¢ 35.95d 27.34 15.42
MLE 1:40 229b 047b 354D 100.7 b 41.63c 28.65 17.56
MLE 1:30 235ab 048b 3.62ab 109.4b 42.86 b 29.01 17.99
MLE 1:20 241a 0497a 3.71a 118.8 a 44.02 a 29.08 18.23
L.S.D. at 5% 0.08 0.015 0.09 9.1 1.09 N.S N.S
Season 2018
Control 1.96c 037d 242c 83.79 ¢ 3812¢ 27.98 15.81
MLE 1:40 229b 044c 366D 100.2 b 42.03b 28.49 17.61
MLE 1:30 238a 046b 3.74ab 106.8ab 42.92ab 28.75 17.95
MLE 1:20 243a 047a 3.82a 113.2a 43.01 a 28.93 18.15
L.S.D. at 5% 0.07 0.013 0.08 8.6 0.94 N.S N.S

- N: nitrogen, P: phosphorus, K: Potassium, Fe: Iron, Zn: Zinc, Mn: Manganese, Cu: cupper
- Values are means of three replicates in each treatment.
- Means values in each column followed by the same letter are not significantly different (P < 0.05).

Table 9: Endogenous phytohormones (ug g'1 FW) of cucumber leaves in response to
moringa leaf extract (MLE) during 2017 and 2018 seasons.

Treatments Auxins Gibberellins Cytokinins Abscisic acid
Season 2017
Control 2732c 11.699 d 0.652 c 0.0858 a
MLE 1:40 4.302b 13.391¢ 0931 b 0.0628 b
MLE 1:30 4.462b 13.975b 1.004 ab 0.0589 b
MLE 1:20 4.689 a 14.523 a 1.075a 0.0541 ¢
L.S.D. at 5% 0.177 0.491 0.075 0.0039
Season 2018
Control 3.045¢c 12.613 d 0.658 c 0.0911 a
MLE 1:40 4.587 b 14.019 ¢ 0.870 b 0.0698 b
MLE 1:30 4.735b 14.392 b 0.934 ab 0.0663 c
MLE 1:20 4973 a 14.721 a 0.999 a 0.0614 d
L.S.D. at 5% 0.165 0.343 0.066 0.0028

- Values are means of three replicates in each treatment.
- Means values in each column followed by the same letter are not significantly different (P < 0.05).
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Enzyme activity in cucumber

leaves

Enzyme activity of cucumber leaves
including catalase (CAT), peroxidase
(POX) and superoxide dismutase (SOD)
were markedly increased compared to
control in response to foliar application
of MLE, in both seasons (Table 10).
These results is in a harmony with Zaki &
Rady (2015) reported that MLE (30)
application used as seed soaking or
foliar spray were caused significant
increase in the antioxidant enzymes
glutathione reductase (GR), superoxide
dismutase (SOD) and ascorbate
peroxidase (APX) in common bean
(Phaseolus vulgaris L.) plants. This
extract of Moringa can prevent oxidative
effect and afford significant protection
against oxidative damage by modulate
the gene expression responsible for
metabolic processes and defense
system.

Conclusion

In this study, foliar application of
moringa leaf extract (MLE) had the ability
to promote the vegetative growth and
physiological traits of cucumber
(Cucumis sativus L.) leading to the
positive enhancement in the yield and
nutritional quality of cucumber fruits.
This promotion of the physiological traits
of cucumber plants was accompanied by
an increase in the endogenous hormone
levels and enzymes activity. Our study
proved and support the assumption that
MLE might be utilized as effective natural
and most importantly safe bio-stimulants
to reduce the wuse of synthetic
agrochemicals in organic agricultural
production and consequently
substitution of hazard chemicals by
natural ones in the production of high-
quality vegetables and fruits.

Disclosure statement

No potential conflict of interest was
reported by the authors.

Table 10: Enzymes activity (ug g'1 FW h'1) of cucumber leaves in response to moringa
leaf extract (MLE) during 2017 and 2018 seasons.

Season 2017

Season 2018

Treatments

CAT POX SOD CAT POX SOD
Control 93.86c 137.34d 219.49d 9965d 128.01c 205.27d
MLE 1:40 133.25b 183.36¢c 24711c 156.66c 189.02b 263.68c
MLE 1:30 138.11a 189.75b 258.35b 165.21b 194.43a 270.32b
MLE 1:20 141.32a 194.82a 26521a 171.69a 198.85a 279.11a
L.S.D. at 5% 3.25 2,99 5.65 3.61 4.59 5.99

POX: Peroxidase, CAT: Catalase, SOD: Superoxide dismutase
- Values are means of three replicates in each treatment.
- Means values in each column followed by the same letter are not significantly different (P < 0.05).
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