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RESH moringa leaf extract (MLE) was applied and its impact

was assessed on growth as well as some physiological and
biochemical parameters of fenugreek (Trigonellafoenum-graecum)
grown under four levels (0, 50, 100 and 200 mM) of NaCl. Salinity
decreased growth criteria, the contents of photosynthetic pigments,
organic solutes (except proline), total phenols, K*, Ca®", Mg%, the
ratio of K*/Na* and Ca?*/Na* and peroxidase (POD) activity. On the
other hand, salinity stress boosted the contents of proline, Na*, Cl
malonaldehyde (MDA), the activity of catalase (CAT) and ascorbate
peroxidase (APX). Interestingly, superoxide dismutase (SOD) activity
remained unchanged under salinity levels. Foliar application of MLE
ameliorated the negative impact of salinity to considerable extent by
enhancing growth traits and all above parameters except Na*, Cl and
MDA. Under saline concentrations, foliar application with MLE led to
the appearance of new 12 polypeptides. The 39, 21, 19, 17 and 16 kDa
protein bands that were absent under the influence of salinity occurred
under the combined effect of salinity and MLE. These results
proposed that foliar application of MLE could mitigate the harmful
effect of salinity on fenugreek and the strategy may be employed to
enhance the crop production in saline soils.

Keywords: Antioxidant enzymes, Moringa leaf extract, Na Cl,
Osmolytes, Protein patterns, Trigonellafoenum-graecum.

Environmental constraints like increased salinity have stern effects on plant
growth and development with consequences being much evident in arid and
semiarid regions of the globe where salinity has proven to be a major problem
(Abdel Latef and Miransari, 2014; Ahmad et al., 2015; Liu and et al., 2016).
Among the prime reasons that cause further aggravation in this environmental
constraint is the excessive use of saline water for irrigation purposes thereby
converting the arable land into asalinized wasteland. It has been reported that
near about 5 to 7% of total universal land is salt affected and is expected to
increase in near future (Ruiz-Lozano et al., 2012). Salinity imposes both osmotic
and ionic effects thereby causing reductions in normal growth through
deleterious impact on the important physiological and bio-chemical processes
such as photosynthesis and ion balance (Porcel et al., 2012; Igbal et al., 2015;
Ahmad et al., 2016). Salinity triggered alterations in photosynthetic capacity is
associated with the perturbations in carbon and nitrogen metabolism.

Correspondence : Email: moawad76@gmail.com; arafat. moawad@sci.svu.edu




158 A.A. ABDEL LATEF etal.

Accumulation of osmotically compatible osmolytes including proline,
glycine betaine, total free amino acids, soluble protein and soluble sugar reduces
noxious impact of stress by maintaining the tissue water balance (Abdel Latef
and Tran, 2016; Ahmad et al., 2016 and Liu et al., 2016). However, more
precisely, under salt stress regimes efficient and screened nutrient uptake and
subsequent accumulation of ions like sodium (Na*), chloride (CI") and potassium
(K™ contribute more towards osmoregulation.

Plant phenolics represent a vast group of secondary metabolites mainly
comprising phenylpropanoids, flavonoids, tannins, coumarins and lignin precursors
(Wilfred and Nicholson, 2006). At certain optimal concentration, phenolic
compounds can protect plant metabolism through their active involvement in
preventing oxidative damage through free radical scavenging and enhancing
membrane stability (Arora et al., 2000; Verstraeten et al., 2003 and Michalak, 2006).

Presence of high salt concentrations in the soil solution initiates formation of
reactive oxygen species (ROS) (including superoxide, hydroxyl and peroxide
radicals) and their over accumulation result in oxidative pressure thereby
affecting important macromolecules like lipids, proteins, chlorophylls and DNA
(Abdel Latef and Chaoxing, 2011 and Ahmad et al., 2016). In order to
circumvent the stress induced deleterious effects, plants employ different
mechanisms. Among these are included the up-regulation of antioxidant
enzymes and the accumulation of osmotic constituents (Ahanger et al., 2015).
Antioxidant defense includes superoxide dismutase (SOD), catalase (CAT),
peroxidase (POD) and ascorbate peroxidase (APX) which mediate the removal
of ROS to provide protection to cell and the cellular functioning under stressful
conditions by reducing the oxidative damage (Abdel Latef, 2010, 2011; Mostofa
et al., 2015 and Ahmad et al., 2016).

Application of plant extracts has been reported to reinforce the growth of
crop plants, however; this stimulatory effect is concentration dependent (Tomar
and Agarwal, 2013; Tomar et al., 2015). Chemicals released by plants show
diverse variation with age and the difference in impact much depends on the
plant part. Moringa (Moringa oleifera)leaves are well-known as vegetable from
Moringnance family and are rich in vitamins, particularly A and C, iron,
calcium, carotenes and phenolics (Foidl et al., 2001; Rady et al., 2013;Yasmeen
et al., 2013a,b; Rady and Mohamed, 2015). Leaf extracts of moringa show
potential antioxidant properties (Siddhuraju and Becker, 2003; Nouman et al.,
2014a). In addition, extracts of moringa possess sufficient quantity of cytokinins
(Rady et al., 2013, Rady and Mohamed, 2015). Albeit knowledge about the
mineral richness, presence of sugars, amino acids, increased antioxidant potential
and presence of phytohormones like cytokinins in moringa extracts is available
(Nouman et al., 2014b), but scanty reports are available discussing the
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amelioration of salt stress by moringa extracts. Application of nutrient,
metabolite, vitamin and hormone rich moringa extracts to plants can be
beneficial from the stress perspectives that mostly hamper the synthesis of such
important metabolites.

Legumes show altered nitrogen fixation, metabolism and growth in response
to abiotic stressors (Abdel Latef and Ahmad, 2015). Fenugreek
(Trigonellafoenum-graecum L.) is a self-pollinating annual forage legume within
the family Fabaceae and it is used as a cover crop, green manure and forage crop
in addition to its wide importance as a medicinal herb. Biochemical constituents
like steroids, saponins, polysaccharides and alkaloids contribute to its medicinal
and pharmaceutical importance for treatment of ailments like diabetes and
hyperglycaemia (Srinivasan, 2006; Zandi et al., 2015).

The aim of the present work is to study: (1) impact of NaCl on growth,
photosynthetic pigments, primary and secondary metabolites, mineral uptake,
oxidative stress, antioxidant machinery and protein profile of fenugreek plants,
(2) possible ameliorative role of moringa leaf extract (MLE) in NaCl stressed-
fenugreek plantsthrough the modulation of the above mentioned characteristics.

Materials and Methods

Preparation of MLE

MLE was prepared by collecting young fresh leaves harvested from moringa
(Moringa oleifera Lam.) tree grown in Aswan botanical garden, Aswan, Egypt.
Leaves were washed to remove the dust and then frozen in refrigerator at 4°C for
two days (lgbal, 2014). Leaves were pulverized in a manual juicer and the
extract was filtered through muslin cloth to remove the cellular debris (Igbal,
2014). Then, the extract was centrifuged at 8,000 x g for 15 min and the
supernatant was taken and diluted 25 times (MLE25) for usage as foliar spray.

Pot experiment

Present work was carried out in the wire-house of the experimental farm of
South Valley University, Qena, Egypt during growing season 2014-2015.
Fenugreek seeds were sterilized in 5% sodium hypochlorite (NaOCI) solution for
5 min to avert contamination. Equal number of seeds (15 seed/pot) of fenugreek
were sown in plastic pots (30 cm diameter) filled with 2 kg of dried soil and pots
were arranged in completely randomized design in factorial arrangement with
three replications. The climatic conditions were: mean day/night temperature
cycle of 24/14°C, light 14/10 h and air humidity between 35 % and 70%. Seven
days after germination, seedlings were thinned to five per pot, then the pots were
irrigated with a constant amount of different salt concentrations, i.e., 0, 50, 100
and 200 mM NaCl. The seedlings of both control and NaCl treated pots were
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sprayed with MEL25 after 4 and 10 days of treatment with NaCl levels and the
untreated control plants were sprayed with distilled water only using a hand
spray pump. The MLE25 and NaCl concentrations were selected based on our
preliminary experiment. All pots were supplemented once every week with
Hoagland’s nutrient solution (1/2 strength). Plant samples were collected after 5
weeks of sowing for further experimentation.

Growth measurement

The lengths of root and shoot were measured by manual scale. After
recording fresh weights, roots and shoots were oven dried to constant weight at
80°C for their dry weight.

Determination of photosynthetic pigments

The method of Arnon (1949) was used for determination photosynthetic
pigments in fresh leaves. The absorbance of the extract was measured at 663,
645 and 480 nm.

Determination of osmolytes and total phenols

Soluble sugar content of dry shoot was estimated by the enthrone sulphuric
acid method as described by Badour (1959). The method of Bradford (1976) was
used to estimate soluble protein content of dry shoot. Total free amino acid
contents were measured in dry shoot by Lee and Takahashi (1966) method. The
proline content was estimated in dry shoot according to Bates et al. (1973)
procedure. Total phenols of dry shoot were estimated by Folin-Ciocalteu’s
reagent (Skerget et al., 2005).

Determination of mineral ions

Na* and K" estimation of dry shoot was done by using flame photometer
(Williams and Twine, 1960). Calcium (Ca®") and magnesium (Mg?") of dry shoot
were determined titrimetrically as described by Bower and Hatcher (1962). CI™ of
dry shoot was measured by titration with silver nitrate according to Cotlove (1965).

Determination of malondialdehyde (MDA)
MDA was measured in fresh leaf sample according to the method followed
by Heath and Packer (1968).

Assays of antioxidant enzyme activities

Fresh leaf sample was frozen in liquid nitrogen and grinded in 10 ml of 100
mM phosphate buffer (pH 7.0) containing 0.1mM EDTA and 0.1% polyvinyl
Ipyrrolidone. Homogenate was centrifuged at 15,000 x g at 4 °C for 10 min and
used for estimation of SOD, CAT and POD (Abdel Latef and Tran, 2016). For
estimation of APX, extraction medium was supplemented by 2 mM as corbate
(Ahmad et al., 2016).

Egypt. J. Bot. 57, No. 1 (2017)



FOLIAR APPLICATION OF FRESH MORINGA LEAF EXTRACT ... 161

The activity of SOD (EC 1.15.1.1) was determined by monitoring photo
inhibition of nitro blue tetrazolium (NBT) at 560 nm (Giannopolitis and Ries, 1977).
Amount of enzyme required to cause 50 % inhibition of the reduction of NBT was
considered as one unit. CAT (EC 1.11.1.6) activity was assayed by observation of the
reduction in absorbance at 240 nm as a consequence of H,O, disappearance (Aebi,
1984). POD (EC 1.11.1.7) activity was estimated by determination of the oxidation
of guaiacol in the presence of H,O, at 470 nm (Maehly and Chance, 1954 as
modified by Klapheck et al., 1990). APX (EC 1.11.1.11) activity was measured by
the method followed by Chen and Asada (1992).

Protein electrophoretic studies

Sodium Dodecyl Sulfate-Polyacrylamide Gel Electrophoresis (SDS-PAGE) was
performed to distinguish and fragment total soluble protein for Trigonellafoenum-
graecum leaf samples according to the methods of Lammli (1970).

Statistical analysis

All data shown are the mean values. Data were statistically analyzed by the
analysis of variance (ANOVA) with SAS software (Version 9.1; SAS Institute,
Cary, NC, USA) followed by Duncan’s multiple range test. P<0.05 were
considered as significant. Data represented in the Tables and Figures are meansx
standard deviation (SD) of five independent replicates of each treatment.

Results

Growth traits

Trigonellafoenum-graecum subjected to salinity stress showed considerable
reduction in the growth attributes like root and shoot length, fresh weight (FW)
and dry weight (DW) of root and shoot (Table 1). Relative to untreated control,
200 mM NacCl reduced root and shoot length (54.57% and 41.01%, respectively),
FW ofroot and shoot (53.57% and 43.54%, respectively) and DW of root and
shoot (70.43% and 60.31%, respectively) (Table 1). However, foliar spraying of
MLE significantly enhanced these attributes and also mitigated the negative
impact of salt stress (Table 1). In non-stressed plants, the percent increase in
length, FW and DW by application of MLE was 25.92%, 28.57% and 12.17%,
respectively in root and 40.81%, 76.01% and 42.85%, respectively in shoot as
compared to untreated control (Table 1). In treatment with 200 mM NaCl +
MLE, percent increase in length, FW and DW of root was 39.93%, 69.23% and
73.52%, respectively and 42 %, 46.40% and 80%, respectively in shoot, over the
plants exposed to 200 mM NacCl alone (Table 1).

Photosynthetic pigments

In comparison with untreated control, the values of photosynthetic pigments
gradually lessened with the rise of salinity levels (Fig. 1). The maximum

Egypt. J. Bot. 57, No. 1 (2017)



162 A.A. ABDEL LATEF etal.

reduction in Chl a (38.47%), Chl b (41.86%) or-carotenoids (48.70%) was
pronounced at 200 mM NaCl. Spraying stressed plants by MLE, i.e. 50 mM
NaCl + MLE, 100 mM NaCl + MLE and 200 mM NaCl + MLE significantly
enhanced Chla (37.06%, 20.23% and 24.59%), Chl b (36.75%, 14.83% and 42%)
and carotenoids (40.14%, 30.08% and 64.55%), respectively against the
salinized plants alone (Fig. 1). However, percent increase due to foliar
application of MLE alone was 32.85%, 29.06% and 36.36%, respectively for Chl
a, Chl b and carotenoids over the untreated control (Fig. 1).

TABLE 1. Effect of salt stress and foliar application of moringa leaf extract (MLE)
on root length (cm plant™), shoot length (cm plant™), fresh weight (FW)
of root (g plant™), fresh weight (FW) of shoot (g plant™), dry weight (DW)
of root (g plant™) and dry weight (DW) of shoot (g plant™) of 5- week old
fenugreek plants (Trigonellafoenum-graecum). Data presented are means
+ SD (n=3). Data followed by similar letters are non significantly different
by Duncan’s multiple range test at P < 0.05.

Treatments MLE Root Shoot FW FW DW DW
(NaCl; mM) length length Root shoot root shoot
— MLE 7.33 14.53 0.28 2.71 0.115 0.63
0 +1.07° +1.02° +0.03 +0.08° +0.004° +0.06"
+ MLE 9.23 20.46 0.36 4.77 0.129 0.90
+0.21° +0.40° +0.03 +0.52% +0.004*°  +0.05°
—MLE 5.33 13.13 0.23 2.36 0.076 0.48
50 +0.42%  +067® +£0.02* +£012°® +0011" +0.04°
+ MLE 8.60 17.89 0.33 4.13 0.120 0.85
+0.30° +0.21° +0.05% +0.09° +0.003*  +0.03°
—MLE 443 11.50 0.20 2.07 0.050 0.36
100 +0.21° +1.32° +0.02° +0.20° +0.004° +0.04°
+ MLE 5.55 13.67 0.25 2.52 0.086 0.51
+0.29° +0.23%¢  +0.03™ +0.18% +0.007° +0.04°
—MLE 3.33 8.57 0.13 153 0.034 0.25
200 +0.15 +0.59¢ +0.02¢ +0.09 +0.004f +0.03°
+ MLE 4.66 12.17 0.22 2.24 0.059 0.45
+0.40®  +0457 +003° +007*° +0.005° +0.04c

Organic solutes and total phenols

Exposure of Trigonellafoenum-graecum to salt stress resulted in a marked
decrease in the contents of soluble sugars, soluble proteins, total free amino acids
and total phenols. The concentration 200 mM NaCl recorded the highest reduction
in soluble sugars (45.03%), soluble proteins (35.90%), total free amino acids
(48.70%) and total phenols (38.89%), as compared to the corresponding values of
the untreated control (Table 2). On the other side, an opposite pattern was noticed
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in proline content, where salt stress resulted in dramatically accumulated proline
content with highest accumulation (77.14%) at 200 mM NaCl, compared to control
(Table 2). Application of MLE alone or in combination with salt significantly
elevated the content of the above parameters over those of either the untreated
control or NaCl- stressed plants (Table 2).
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Fig. 1. Effect of salt stress and moringa leaf extract (MLE) on photosynthetic
pigments content of fenugreek (Trigonellafoenum-graecum) leaves. Data
presented are the means + SD (n=3). Data followed by similar letters are not
significantly different by Duncan’s multiple range test at P < 0.05.
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TABLE 2. Effect of salt stress and foliar application of moringa leaf extract (MLE)
on the content of soluble sugars (mg g DW), soluble proteins (mg g*
DW), total free amino acids (mg g™* DW), proline (mg g™ DW) and total
phenols (mg GAE g DW) of fenugreek (Trigonellafoenum-graecum)
shoot. Data presented are the means + SD (n=3). Data followed by similar
letters are non significantly different by Duncan’s multiple range test at P
<0.05. GAE, gallic acid equivalent.

Treatments MLE Soluble Soluble Total free  Proline Total
(NaCl; sugars proteins amino phenols
mM) acids (GAE)

- MLE 54.96 73.72 9.26 0.35 8.87
0 +4,02° +2.74™ +0.38° +0.02 +0.10°

+ MLE 68.36 81.03 12.62 0.45 10.85
+1.60° +3.77° +0.13° +0.04° +0.07°

- MLE 47.86 63.00 8.22 0.43 7.54
50 +2.54° +3.02% +0.12¢ +0.02° +£0.19°

+ MLE 64.35 76.28 11.52 0.55 10.34
+3.47° +5.38% +0.41° +0.03° +0.08°

- MLE 41.90 58.16 6.76 0.51 6.22
100 +1.86° £1.14° +0.46° +0.04 £0.13°

+ MLE 54.30 68.49 8.82 0.71 7.83
+3.66 +3.82% +0.17° +0.10° +0.03°

- MLE 30.21 47.25 4.75 0.62 5.42
200 +4.93¢ +3.24 +0.31f +0.05° +0.10"

+ MLE 44.54 58.75 7.78 0.84 7.02
+4.00° +1.03° +0.22° +0.04° +0.10°

Mineral ions

The data in Table 3 illustrate that, the contents of Na* and CI” were positively
affected by increasing salt stress. Reversibly, the contents of K*, Ca*", and Mg**
were negatively affected by increasing salt stress and attained their lowest values
at the highest salt level (200 mM NaCl). Accordingly, K*/Na" and Ca®*/Na*
ratios were decreased by increasing NaCl concentration. On the other hand,
foliar application of MLE reduced the levels of Na* and CI', and increased the
content of K*, Ca?*, Mg®* as well as K*/Na* and Ca®*/Na’ ratios, compared with
the corresponding MLE-untreated plants (Table 3).

Oxidative stress

Salt stress caused increased content of MDA by 39.76%, 56% and 101.47%
at 50, 100 and 200 mM NacCl, respectively over untreated control (Fig. 2). The
content of MDA was reduced by 25.74%, 29.72%, 28.42% and 36.52% at
0 mM NaCl + MLE, 50 mM NaCl+ MLE, 100mM NaCl + MLE and 200 mM
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NaCl + MLE, respectively, compared to 0 mM NaCl, 50 mM NaCl, 100 mM
NaCland (200 mM NacCl, respectively (Fig. 2).

TABLE 3. Effect of salt stress and foliar application of moringa leaf extract (MLE) on
Na',CI™K*,Ca?*and Mg?* contents each as mg g™ D Was well as the ratios
of K'/Na" and Ca?*/Na* of fenugreek (Trigonellafoenum-graecum) shoot.
Data presented are the means + SD (n=3). Data followed by similar letters
are not significantly different by Duncan’s multiple range test at P < 0.05.

Treatments MLE Na* cr? K* ca* Mg®* K'/Na* Ca*/Na*
(NacCl;
mM)

—~MLE 1354 11.08 34.62 10.19 234 257 0.92

0 £1.23%  +£055° +012° +£0.17° +0.10° +0.23° +0.06°
+MLE  10.06 8.60 36.57 13.13 4.27 3.63 153

£019° +0.72" +063* +0.63% +0.16° +0.10° +0.09°
—~MLE 1893 14.68 29.19 9.04 2.02 1.55 0.61

50 +1.96° +0.28° +094° +031® +007 +0.19° +0.03°
+MLE 1331 10.55 35.72 17.79 3.40 2.68 111

£0.33% +053° +062° +026° +0.13° +0.03° +0.07°
—~MLE 2114 17.18 23.54 8.13 1.62 1.11 0.47

100 +1.28° +055° +0.31" +031" +011f +007° +0.02
+MLE  15.33 1253 32.40 9.30 2.05 214 0.74

£032¢ +0.30% +055° +0.08° +0.06° +0.05° +0.04¢
—MLE  27.29 21.61 18.54 6.56 1.25 0.68 0.30

200 +1.28° +055 +087° +0.31° +0.12° +0.06" +0.019
+MLE  17.32 14.67 25.69 8.55 1.81 1.48 0.58

+£0.32° +030° +055° +0.08" +006° +08°  +0.02°
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Fig. 2. Effect of foliar application of moringa leaf extract (MLE) on malonaldehyde
(MDA) content of fenugreek (Trigonellafoenum-graecum) leaves. Data
presented are the means + SD (n=3). Data followed by similar letters are not
significantly different by Duncan’s multiple range test at P< 0.05.
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Activities of antioxidant enzymes

Figure 3A shows that, the value of SOD activity was non significantly changed
at all adopted salinity levels versus untreated control. However, foliar application
of MLE induced a significant increase in SOD activity in non-salinized and
salinized plants compared to non-salinized and salinized plants alone. The
maximum increase (19.37%) in SOD activity was obvious at 200 mM NaCl +
MLE against 200 mM NaCl alone (Fig. 3A). CAT activity was significantly
increased with the rise in salinity levels and the maximum increase of 66.85% was
recorded at 200 mM NaCl over the untreated control (Fig. 3B). Treatment with
MLE further increased CAT activity in stressed plants relative to non-stressed and
stressed plants alone. The maximum value (47.44%) of CAT activity was recorded
at 100 mM NaCl + MLE versus 100 mM NaCl alone (Fig. 3B). Treatment with NaCl
induced a marked and progressive decrease in POD activity, as compared with
untreated control and maximum decrease of 52.35% was recorded at 200 mM NacCl,
as compared to untreated control (Fig. 3C). Application of MLE modulated the POD
activity in stressed plants, compared to non-stressed and stressed plants alone and the
highest modulation (58.27%) was noticed at 200 mM NaCl versus 200 mM NaCl
(Fig. 3C). There was a marked and progressive increment in the activity of APX with
the rise of NaCl concentrations, where maximum increment (36.58%) was
pronounced at 200 mM NaCl (Fig. 3D). Application of MLE further increased APX
activity at all NaCl stress levels and the maximum activity (29.03%) was recorded at
100 mM+MLE, compared to 100 mM NaCl (Fig. 3D).

Protein patterns

A total of 18, 13, 12 and 20 proteins were expressed in the 0, 200 mM NaCl, 0
+ MLE and 200 mM NaCl + MLE treated plants, respectively (Table 4). In the
present study, two types of modifications were observed in the protein patterns of
Trigonellafoenum-graecum leaves, i.e. disappearance of several proteins and
occurrenceof new sets of proteins (Table 4). Two protein bands with molecular
weights 50 and 38 kDa (Table 4) were de novo synthesized in Trigonellafoenum-
graecum plant grown under the influence of 200 mM NaCl. Salinity stress caused
the disappearance of 7 protein bands having molecular weights 51, 39, 25, 21, 19,
17 and 16 kDa (Table 4). In 0 + MLE plants, foliar application with MLE led to
the net synthesis of 5 polypeptides with molecular weights 74, 59, 52, 43 and 35
kDa and disappearance of 11 protein bands with molecular weights 66, 57, 51, 44,
42, 39, 36, 32, 18, 17 and 16 kDa (Table 4). In saline-stressed plants, it was worthy
to notice that MLE application provoked the appearance of 12 polypeptides with
molecular weights 83, 71, 61, 55, 48, 43, 38, 35, 33, 30, 27 and 23 kDa (Table 4).
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Effect of salt stress and foliar application of moringa leaf extract (MLE) on
the activity of (A) superoxide dismutase (SOD), (B) catalase (CAT), (C)
peroxidase (POD) and (D) ascorbate peroxidase (APX) activity of fenugreek
(Trigonellafoenum-graecum) leaves. Data presented are the means + SD
(n=3). Data followed by similar letters are not significantly different by
Duncan’s multiple range test at P< 0.05.
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TABLE 4. Comparative analysis of molecular weight (M.Wt.) and relative front (Ry)
of SDS-PAGE protein profile of fenugreek (Trigonellafoenum-graecum)
leaves under salt stress (200 mM NaCl) and foliar application of moringa

leaf extract (MLE).
200 mM NacCl
M.Wt. (kDa) R¢ 0 200 MM NaCl 0+ MLE +
MLE
83 0.107 +)
74 0.136 )"
71 0.149 +)
66 0.169 + + - -
61 0.194 "
59 0.211 o)
57 0.223 + + - -
55 0.240 +)
52 0.273 )"
51 0.281 + - - -
50 0.285 )"
48 0.306 +)
44 0.351 + + - -
43 0.368 )" +)
42 0.380 + + - -
39 0.405 + - - +
38 0.417 )" )
36 0.446 + + - -
35 0.463 )" +)
33 0.483 +)
32 0.500 + + - -
30 0.529 +)
28 0.570 + + +
27 0.587 + ()
25 0.632 + - + -
24 0.657 + + + +
23 0.678 +)
22 0.727 + + + +
21 0.798 + - + +
20 0.831 + + + +
19 0.868 + - +
18 0.897 + + - -
17 0.963 + - - +
16 0.988 + - - +
Total numbers of bands 18 13 12 20
Number of new bands (+)" 2 5 12
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Discussion

Reduced growth rate in fenugreek plants under the influence of salinity was
reflected as reduction in plant length as well as fresh and dry weights. This might
be due to hampered cell division and cell elongation that is exerted by the presence
of high levels of salts (Azooz et al., 2004 ab; Rady and Mohamed, 2015).
Application of moringa leaf extract (MLE) not only assuaged the negative
deleterious impact of salinity on growth of fenugreek plants but also increased the
attributes considerably when applied alone. Such finding supported the stimulatory
effects of moringa extracts as has been reported by Rady et al. (2013) and Rady
and Mohamed (2015). Application of MLE to salt stressed Phaseolus vulgaris
resulted in improved growth by modulating the metabolism and the water use
efficiency (Howladar, 2014). Priming wheat seeds with extracts of moringa led to
increased growth and biomass (Yasmeen et al., 2013b) by modulating the
metabolite fraction (Imran et al., 2014). Aqueous fresh and dry extracts of plants
show stimulatory impacts on growth through bringing up-regulation in the
activities of various enzymes involved in metabolically important pathways
(Tomar et al., 2015).

Plants growing under salt concentrations show altered synthesis of
photosynthetic pigments. Reduction in the pigments synthesis is the cumulative
effect of several factors such as osmotic stress-induced reduction in water
content, altered mineral uptake and down-regulation in the activities of key
photosynthetic enzymes like &-aminolevulinic acid dehydratase and
protochlorophyllide reductase (Padmaja et al., 1990; Abd-Allah et al., 2015). In
the present study, application of MLE enhanced the chlorophyll contents under
normal and NaCl stressed conditions. Foliar application of moringa leaf extract
to wheat (Yasmeen et al., 2013a) and bean (Howladar, 2014) showed significant
positive effects on chlorophyll pigment components resulting in higher
photosynthesis under normal as well as stressed conditions. Carotenoids were
significantly enhanced due to MLE application which might be assumed to
contribute in protection of macromolecules including proteins, DNA and RNA
from the toxic effects of free radicals (Choudhary et al., 2012; Ahmad et al.,
2015; Abdel Latef and Tran, 2016) by quenching of 'O, generated during
photosynthesis thereby mediating the optimal electron flow (Telfer et al., 2003).

In this work, the reduction in growth, especially at severe salinity, was
connected with diminution in the contents of soluble sugars, soluble protein and
total free amino acids Oppositely increased proline even at the low level of
salinity could have been brought about by high necessities for osmoregulation
and membrane adjustment (Azooz et al., 2015). In the present work, when salt-
stressed Trigonellafoenum-graecum plants were sprayed with MLE, proline
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content was increased, compared with stressed plants alone. This increment in
proline content was linked with a marked increase of other organic solutes
(soluble sugars, soluble protein, and total free amino acids), suggesting an
ameliorating effect and other strategies by which MLE could adjustthe osmotic
potential of Trigonellafoenum-graecum plants and hence increase their resistance
to salinity stress.

Presence of phenols and other active metabolites within the MLE were
assumed to prevent excessive membrane leakage and provide stability to
structures suffering from lipid per oxidation and such promotion of MLE has
also been observed in salt stressed Phaseolus vulgaris (Howladar, 2014). Our
results are also in harmony with those of Yasmeen et al. (2013a) who reported
that accumulation of phenols by MLE application enhanced salt tolerance by
mediating scavenging of ROS and maintaining membrane stability.

Salt stress showed impeded uptake of essential mineral elements in
Trigonellafoenum-graecum plants. Higher concentrations of Na* and CI ions are
deleterious to plant and cause disturbance in the mobility of potassium and calcium
within the plant (Igbal et al., 2015). Several studies have witnessed the antagonistic
relationship of Na* with several other important ions like K* (Tomar andAgarwal,
2013; Ahmad et al., 2014; Abd_Allah et al., 2015; Ahanger et al., 2015). The
present study also revealed an improved uptake of Na® posing a concomitant
negative effect on the uptake of other ions like K*, Ca** and Mg®*. Our results of
reduced uptake of essential mineral ions due to salt stress are in concurrence with
the findings of Kohler et al. (2009) for lettuce, Yasmeen et al. (2013a) for wheat,
Azooz et al. (2015) for okra and Igbal et al. (2015) for Brassica juncea.

Foliar application of MLE not only allayed the negative impact of excess
sodium by restricting its uptake but also caused a significant increase in the
uptake of essential mineral elements including K*, Ca*" and Mg?". Improved K*
uptake has positive control over growth performances through its active
participation in several metabolically important processes like enzyme
activation, osmoregulation, and the selective accumulation of sodium (Tomar
and Agarwal, 2013; Ahmad et al., 2014 and Ahanger et al., 2015). Improvement
in the Mg®* uptake in MLE-treated plants may contribute to improved
chlorophyll pigment synthesis. Plenty of reports are available adjudging
increased K/Na* and Ca®/Na* ratio as an important strategy for stress
amelioration (Azooz et al., 2004b, 2015; Tomar and Agarwal, 2013; Jatav et al.,
2014 and Ahanger et al., 2015). These results suggest a positive effect of MLE
on the uptake of K* and Ca?" and hampering Na* and CI" uptake in fenugreek
plants. Our findings suggested that salt resistance in fenugreek plants is not only
correlated with boost of K*, Ca?*, Mg?", but also with high ratios of K*/Na" and
Ca**/Na* due to MLE application.
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Salt stress-induced enhancement in lipid peroxidation corroborated with the
findings of Rasool et al. (2013), Mostofa et al. (2015) and Ahmad et al. (2016).
In our work, application of MLElessened the production of MDAdepicting
membrane strengthening the effect of the extract and thereby protecting the
biological membrane functioning from oxidative effects of toxic free radical.

In this work, the ineffective change in SOD activity under saline stress might
be due to increased rate of ROS scavenging by the other antioxidant enzymes
(CAT and APX). Consequently, activity of SOD seemed not to be directly in
charge of safeguard against oxidative damage, where as CAT and APX might be
critical to provide defense for Trigonellafoenum-graecumplants when grown
under saline stress conditions. On the other side, the decrease in POD activity in
Trigonellafoenum-graecum exposed to NaCltreatmentsmight be due to the rising
rate of other ROS scavenging enzymes (CAT and APX) suggesting that the
decrease in POD activity was compensated by boosting the activity of CAT and
APX. Application of MLE caused further increase in CAT and APX activity
thereby providing strength to the antioxidant defense system in removal of toxic
ROS. Both CAT and APX are indispensable for improving plant tolerance to
stress through mediating the quick removal of H,0,thus protecting membrane
functioning. Higher activities of CAT and APX in the MLE-sprayed plants was
associated with improved stress tolerance to oxidative damage. Foliar spraying
of MLE stimulated the activity of POD that was however reduced due to salinity
consequently predicted to result in increased production of lignin's and
associated protective compounds that directly or indirectly contribute for
extenuating the oxidative stress induced damage. Increased activities of SOD,
CAT, POD and APX by foliar application with MLE might also help in growth
maintenance through quick scavenging of H,0,. In the present study it could
thus be concluded that application of MLE further strengthened the antioxidant
potential of Trigonellafoenum-graecum and Similar conclusions have been
reported by Yasmeen et al. (2013a) and Howladar (2014) in wheat and bean
plants subjected to salt stress, respectively.

Considerable differential changes were observed in the expression patterns of
the proteins conferred as alteration in the de novo synthesis of proteins of different
molecular masses (Ahmad et al., 2014). In this investigation, expression of specific
proteins in response to saline stress (200 mM NaCl) might result in the protection
of macromolecules like DNA damage and work for substantial repair of stress
affected molecules (Oliveira et al., 2015). The disappearance of certain
polypeptides under saline stress may be related to suppression of their synthesis,
inhibition of mMRNA transcription, increase in RNAase activity, dissociation of
polysomes and differential turnover (Riccardi et al., 1998; Beltagi et al., 2008 and
Abdel Latef, 2011). It is worthy to mention that 39, 21, 19, 17 and 16 kDa protein
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bands disappeared under salt stress, but were initiated again by the foliar
application with MLE that might play a key role in signaling of plant adaptive
responses to salinity.

Alterations in gene expression and translation under stressed condition can
result in expression of stress responsive proteins and hence induce stress tolerance.
Proteins expressed differentially can contribute to maintain the genome stability
and integrity, thereby contributing for the enhanced genome plasticity in changing
environment (Waterworth et al., 2011). Proteins are ubiquitous for modulating the
biosynthesis of important hormones and controlling the signaling pathways
especially via transcription factors (Stone et al., 2007; Lyzenga et al., 2011).
Increased de novo synthesis of proteins due to moringa application might
contribute to stress tolerance of Trigonellafoenum- graecum by modulating the
tolerance response. Impact of MLE on protein expression are still poorly under
stood and further proteomic studies can provide information on the influence of
MLE on plant metabolism under salt stress.

Conclusions

Salinity stress caused alterations in normal growth of Trigonellafoenum-
graecum by affecting physiological and biochemical parameters under study.
Foliar application of MLE improved growth by boosting the contents of
photosynthetic pigments, osmolytes, total phenols, K*, Ca®*, Mg®*, as well as the
K'/Na* and Ca®"/Na* and the antioxidant enzyme (SOD, CAT, POD and APX)
activities. In addition to lowering the accumulation of Na* and MDA contents.
Differential expression of proteins in salinity stressed plants with and without
MLE application strongly justified a positive role of MLE in stress amelioration.
Therefore, it could be concluded that MLE has a role in the alleviation of
negative impacts of salinity stress. Thus, we recommend that foliar spray of
MLE might be a useful strategy for enhancing Trigonellafoenum-graecum plant
tolerance when exposed to salinity stress. Additionally, this technigue is easy to
apply and is eco-friendly and could be accepted by farmers to be used in the field
to improve the growth and yield of plants.

References

Abd_Allah, E.F., Hashem, A., Algarawi, A.A., Bahkali, A.H. and Alwhibi, M.S.
(2015) Enhancing growth performance and systemic acquired resistance of medicinal
plant Sesbania sesban (L.) Merr using arbuscular mycorrhizal fungi under salt stress.
Saudi Journal of Biological Sciences 22, 274-283.

Abdel Latef, A.A. (2010) Changes of antioxidative enzymes in salinity tolerance among
different wheat cultivars.Cereal Research Communications 38, 43-55.

Egypt. J. Bot. 57, No. 1 (2017)



FOLIAR APPLICATION OF FRESH MORINGA LEAF EXTRACT ... 173

Abdel Latef, A.A. (2011) Ameliorative effect of calcium chloride on growth, antioxidant
enzymes, protein patterns and some metabolic activities of canola (Brassica napusL.)
under seawater stress. Journal of Plant Nutrition 34, 1303-1320.

Abdel Latef, A.A. and Ahmad, P. (2015) Legumes and Breeding under Abiotic Stress:
(An Overview). In: Paravaiz A, Azooz MM. "Legumes Under Environmental Stress:
Yield, Improvement and Adaptation”. John Willey & Sons, Ltd.pp: 1-20.

Abdel Latef, A.A. and Chaoxing, H. (2011) Effect of arbuscularmycorrhizal fungi on
growth, mineral nutrition, antioxidant enzymes activity and fruit yield of tomato
grown under salinity stress. Scientia Horticulturae 127, 228— 233.

Abdel Latef, A.A. and Chaoxing, H. (2014) Does the inoculation with Glomusmos seae
improve salt tolerance in pepper plants? Journal of Plant Growth Regulation 33, 644-
653.

Abdel Latef, A.A. and Miransari, M. (2014) The role of arbuscular mycorrhizal fungi in
alleviation of salt stress.Use of microbes for the alleviation of soil stresses. Springer
Science+Business Media, New York, USA, pp. 23-38.

Abdel Latef, A.A. and Tran L-S.P. (2016) Impacts of priming with silicon on the growth
and tolerance of maize plants to alkaline stress. Frontiers in Plant Science 7, 243.

Aebi, H. (1984) Catalase in vitro. Methods in Enzymology 105, 121-126.

Ahanger, M.A., Agarwal, R.M., Tomar, N.S. and Shrivastava, M. (2015). Potassium
induces positive changes in nitrogen metabolism and antioxidant system of oat (Avena
sativa L cultivar Kent). Journal of Plant Interaction 10, 211-223.

Ahmad, P., Abdel Latef, A.A., Hashem, A., Abd_Allah, E.F., Gucel, S. and Tran L-
S.P. (2016) Nitric oxide mitigates salt stress by regulating levels of osmolytes and
antioxidant enzymes in chickpea. Frontiers in Plant Science 7, 347.

Ahmad, P., Hashem, A., Abd-Allah, E.F., Algarawi, A.A., John, R., Egamberdieva,
D. and Gucel, S. (2015) Role of Trichoderma harzianum in mitigating NaCl stress in
Indian mustard (Brassica juncea L) through antioxidative defense system. Frontiers
in Plant Science 6, 868.

Ahmad, P., Ashraf, M., Azooz, M.M., Rasool, S. and Akram, N.A. (2014) Potassium
starvation induced oxidative stress and antioxidant defense responses in Brassica
juncea. Journal of Plant Interaction 9, 1-9.

Arnon, D.J. (1949) Copper enzymes in isolated chloroplasts.Polyphenoloxidase in Beta
vulgaris.Plant Physiology 24, 1-15.

Arora, A., Byrem, T.M., Nair, M.G. and Strasburg, G.M. (2000) Modulation of
liposomal membrane fluidity by flavonoids and isoflavonoids.Archives in
Biochemistry and Biophysics 373, 102-109.

Egypt. J. Bot. 57, No. 1 (2017)



174 A.A. ABDEL LATEF et al.

Azooz, M.M., Shaddad, M.A. and Abdel-Latef, A.A. (2004a) The accumulation and
compartmentation of proline in relation to salt tolerance of three sorghum
cultivars.Indian Journal of Plant Physiology 9, 1-8.

Azo0z, M.M., Shaddad, M.A. and Abdel-Latef, A.A. (2004b) Leaf growth and K*/ Na*
ratio as an indication of the salt tolerance of three sorghum cultivars grown under
salinity stress and IAA treatment. Acta Agronomica Hungarica 52, 287-296.

Azooz, M.M., Metwally, A. and Abou-Elhamd, M.F. (2015) Jasmonate-induced
tolerance of Hassawi okra seedlings to salinity in brackish water. Acta Physiologiae
Plantarum 37, 1-13.

Badour, S.S.A. (1959) Analytisch—chemischeUntersuchung des Kaliummangelsbei
Chlorella im Vergleichmitanderen Mangelzust™ anden. [Analytical-chemical
investigation of potassium deficiency in Chlorella in comparison with other
deficiencies]. Ph.D. Dissertation, Géttingen University, Gottingen, Germany.

Bates, L.S., Wladren, P.R. and Tear, D.T. (1973) Rapid determination of free proline
for water-stress studies. Plant and Soil 39, 205-207.

Beltagi, M.S. (2008) Molecular responses of Bt transgenic corn (Zea mays L.) plants to
salt (NaCl) stress. Australian Journal of Crop Science 2, 57-63.

Bower, C.A. and Hatcher, J.T. (1962) Characterization of salt-affected soils with
respect to sodium. Soil Science 93, 275-280.

Bradford, M.M. (1976) A rapid and sensitive method for the quantitation of microgram
quantities of protein utilizing the principle of protein binding. Analytical Biochemistry
72, 248-254.

Chen, G. and Asada, K. (1992) Inactivation of ascorbate peroxidase by thoils requires
hydrogen peroxide. Plant and Cell Physiology 33, 117-123.

Choudhary, S.P., Oral, H.V., Bhardwaj, R., Yu, J.Q. and Tran, LS. (2012)
Interaction of brassinosteroids and polyamines enhances copper stress tolerance in
Raphanus sativus. Journal of Experimental Botany 63, 5659-5675.

Cotlove, E. (1965) Determination of Cl'in biologicalmaterial. In: Glick D, Ed. "Methods
of Biochemical Analysis". Interscience Pub New York, 277-392.

Foidl, N., Makkar, H.P.S. and Becker, K. (2001) The potential of Moringa oleifera for
agricultural and industrial uses. In: Fugile L (Ed) "The Miracle Tree: The
Multipurpose  Attributes of Moringa". CTA publications Wageningen, The
Netherlands, pp. 45-76.

Giannopolitis, C.N. and Ries, S.K. (1977) Superoxide dismutases. I. Occurrence in
higher plants. Plant Physiology 59, 309-314.

Egypt. J. Bot. 57, No. 1 (2017)



FOLIAR APPLICATION OF FRESH MORINGA LEAF EXTRACT ... 175

Heath, R.L. and Packer, L. (1968) Photoperoxidation in isolated chloroplasts. I.
Kinetics and stoichiometry of fatty acid peroxidation. Archives of Biochemistry and
Biophysics 125, 189-198.

Howladar, S.M. (2014) A novel Moringa oleifera leaf extract can mitigate the stress
effects of salinity and cadmium in bean (Phaseolus vulgaris L.) plants. Ecotoxicology
and Environmental Safety 100, 69-75.

Imran, S., Afzal, S., Amjad, M., Akram, A., Khawar, K.M. and Pretorius, S. (2014)
Seed priming with aqueous plant extracts improved seed germination and seedling
growth under chilling stress in Lentil (Lens culinarisMedik). Acta advances in
agricultural sciences 2, 58-69.

Igbal, M.A. (2014) Improving the growth and yield of Canola (Brassica napus L.) with
seed treatment and foliar sprays of Brassica (Brassica naups L.) and moringa
(Moringa olifera L.) leaf extracts.American-Eurasian Journal of Agricultural and
Environmental Sciences 14, 1067-1073.

Igbal, N., Umar, S. and Khan, N.A. (2015) Nitrogen availability regulates proline and
ethylene production and alleviates salinity stress in mustard (Brassica juncea).
Journal of Plant Physiology 178, 84-91.

Jatav, K.S., Agarwal, R.M., Tomar, N.S. and Tyagi, S.R. (2014) Nitrogen metabolism,
growth and yield responses of wheat (Triticum aestivum L.) to restricted water supply
and varying potassium treatments. Journal of Indian Botanical Society 93, 177-189.

Klapheck, S., Zimmer, I. and Cosse, H. (1990) Scavenging of hydrogen peroxide in the
endosperm of Ricinus communis by ascorbate peroxidase. Plant Cell Physiology 31,
1005-1013.

Laemmli, U.K. (1970) Cleavage of structural proteins during the assembly of the head of
bacteriophage T4. Nature 227, 680-185.

Lee, Y.P. and Takahashi, T. (1966) An improved colorimetric determination of amino
acids with the use of ninhydrin. Analytical Biochemistry 14, 71 — 77.

Liu, W., Zhang, Y., Yuan, X., Xuan, X., Gao, Y. and Yan, Y. (2016) Exogenous
salicylic acid improves salinity tolerance of Nitrariatangutorum. Russian Journal of
Plant Physiology 63, 132-142.

Lyzenga, W.J. and Stone, S.L. (2011) Protein Ubiquitination: An emerging theme in
plant abiotic stress tolerance. Americans Journal of Plant Science and Biotechnology
5, 1-11.

Maehly, A.C. and Chance, B. (1954) The assay of catalase and peroxidase. In: Glick D
(ed) Methods Biochem Anal, vol 1. Interscience Publishers, NY, pp. 357-425.

Egypt. J. Bot. 57, No. 1 (2017)



176 A.A. ABDEL LATEF etal.

Michalak, A. (2006) Phenolic compounds and their antioxidant activity in plants growing
under heavy metal stress. Polish Journal of Environmental Studies 15, 523-530.

Mostofa, M.G., Saegusa, D., Fujita, M. and Tran, L.S. (2015). Hydrogen sulfide
regulates salt tolerance in rice by maintaining Na*/K* balance, mineral homeostasis
and oxidative metabolism under excessive salt stress. Frontiers in Plant Science 6,
1055.

Nouman, W., Basra, S.M.A., Siddiqui, M.T., Yasmeen, A., Gull, T. and Alcayde,
M.A.C. (2014b) Potential of Moringa oleiferalL. as livestock fodder crop: a review.
Turkish Journal of Agriculture and Forestry 38, 1-14.

Nouman, W., Basra, S.M.A., Yasmeen, A., Gull, T., Hussain, S.B., Zubair, M. and
Gul, R. (2014a) Seed priming improves the emergence potential, growth and
antioxidant system of Moringa oleifera under saline conditions. Plant Growth
Regulation 73, 267-278.

Oliveira, T.M., da Silva, F.D., Bonatto, D., Neves, D.M., Morillon, R., Maserti, B.E.,
Filho, M.A.C., Costa, M.G.C., Pirovani, C.P. and Gesteira, A.S. (2015)
Comparative study of the protein profiles of Sunki mandarin and Rangpur lime plants
in response to water deficit. BMC Plant Biology 15, 69.

Padmaja, K., Prasad, D.D.K. and Prasad, A.R.K. (1990) Inhibition of chlorophyll
synthesis in Phaseolus vulgarisseedlings by cadmium acetate. Photosynthetica 24,
399-405.

Porcel, R., Aroca, R. and Ruiz-Lozano, J.M. (2012) Salinity stress alleviation using
arbuscular mycorrhizal fungi. A review. Agronomy for Sustainable Development 32,
181-200.

Rasool, S., Ahmad, A., Siddiqi, T.O. and Ahmad, P. (2013) Changes in growth, lipid
peroxidation and some key antioxidant enzymes in chickpea genotypes under salt
stress. Acta Physiologia Plantarum 35, 1039-1050.

Rady, M.M. and Mohamed, G.F. (2015) Modulation of salt stress effects on the growth,
physio-chemical attributes and yields of Phaseolus vulgaris L. plants by the combined
application of salicylic acid and Moringa oleifera leaf extract. Scientia Horticulturae
193, 105-113.

Rady, M.M., BhavyaVarma, C. and Howladar, S.M. (2013) Common bean (Phaseolus
vulgaris L.) seedlings overcome NaCl stress a result of presoaking in Moringa
oleifera leaf extract. Scientia Horticulturae 162, 63—-70.

Riccardi, F., Gazeau, P., de Vienne, D. and Zivy, M. (1998) Protein changes in

response to progressive water deficit in maize “Quantitative variation and polypeptide
identification”. Plant Physiology 117, 1253-1263.

Egypt. J. Bot. 57, No. 1 (2017)



FOLIAR APPLICATION OF FRESH MORINGA LEAF EXTRACT ... 177

Ruiz-Lozano, J.M., Porcel, R., Azcon, C. and Aroca, R. (2012). Regulation by
Arbuscular mycorrhizae of the integrated physiological response to salinity in plants:
new challenges in physiological and molecular studies. Journal of Experimental
Botany 63, 4033-4044.

Siddhuraju, P. and Becker, K. (2003) Antioxidant properties of various solvent extracts
of total phenolic constituents from three different agroclimatic origins of drumstick
tree (Moringa oleifera Lam.) leaves. Journal of Agricultural and Food Chemistry 51,
2144-2155.

Skerget, M., Kotnik, P., Hadolin, M., Hras, A., Simonic, M. and Knez, Z. (2005)
Phenols, proanthocyanidins, flavones and flavonols in some plant materials and their
antioxidant activities. Food Chemistry 89, 191-198.

Srinivasan, K. (2006) Fenugreek (Trigonellafoenum-graecum): A Review of Health
Beneficial Physiological Effects. Food Reviews International 22, 203-224.

Stone, S.L. and Callis, J. (2007) Ubiquitin ligases mediate growth and development by
promoting protein death. Current Opinion in Plant Biology 10, 624-32.

Telfer, A., Frolov, D., Barber, J., Robert, B. and Pascal, A. (2003) Oxidation of the
two S-carotene molecules in the photosystem |1l reaction center. Biochemistry
42,1008-1015.

Tomar, N.S. and Agarwal, R.M. (2013) Influence of treatment of Jatropha curcasL.
leachates and potassium on growth and phytochemical constituents of wheat (Triticum
aestivumL.). American Journal of Plant Science 4, 1134-1150.

Tomar, N.S., Sharma, M. and Agarwal, R.M. (2015) Phytochemical analysis of
Jatropha curcas L. during different seasons and developmental stages and seedling
growth of wheat Triticum aestivum L) as affected by extracts/leachates of
Jatrophacurcas L. Physiology and Molecular Biology of Plants 21, 83-92.

Verstraeten, S.V., Keen, C.L., Schmitz, H.H., Fraga, C.G. and Oteiza, P.l. (2003)
Flavan-3-ols and procyanidins protect liposomes against lipid oxidation and
disruption of the bilayer structure. Free Radical Biology and Medicine 34, 84-9292.

Waterworth, W.M., Drury, G.E., Bray, C.M. and West, C.E. (2011) Repairing breaks
in the plant genome: the importance of keeping it together. New Physiologist 192,
805-22.

Wilfred, V. and Nicholson, R. (2006) Families of phenolic compounds and means of
classifications. In: Wilfred, V., Nicholson, R. (Eds.), "Phenolic Compound
Biochemistry". Springer, pp. 1-34.

Williams, V. and Twine, S. (1960) Flame photometric method for sodium, potassium
and calcium, In : "Modern Methods of Plant Analysis”, Eds. K. Peach and M. V.
Tracey, pp. 3-5. Berlin: Springer-Verlag.

Egypt. J. Bot. 57, No. 1 (2017)



178 A.A. ABDEL LATEF etal.

Yasmeen, A, Basra, S.M.A., Farooqg, M., Rehman, H., Hussain, N. and Athar, H.R.
(2013a) Exogenous application of moringa leaf extract modulates the antioxidant
enzyme system to improve wheat performance under saline conditions. Plant Growth
Regulation 69, 225-233.

Yasmeen, A., Basra, S.M.A., Wahid, A., Nouman, W. and Hafeez-ur-Rehman
(2013b) Exploring the potential of Moringa oleifera leaf extract (MLE) as a seed
priming agent in improving wheat performance. Turkish Journal of Botany 37, 512-
520.

Zandi, P., Basu, S.K., Khatibani, L.B., Balogun, M.O., Aremu, M.O., Sharma, M.,
Kumar, A., Sengupta, R., Li, X,, Li, Y., Tashi, S., Hedi, A. and Cetzal-Ix, W.
(2015) Fenugreek (Trigonellafoenum-graecum L.) seed: a review of physiological and
biochemical properties and their genetic improvement. Acta Physiologia Plantarum
37,1714,

(Received 23/11/2016;
accepted  20/2/2017)

Egypt. J. Bot. 57, No. 1 (2017)



FOLIAR APPLICATION OF FRESH MORINGA LEAF EXTRACT ... 179

oo il daSlall adsal) 3ol palidae Bl i
L) il b k) agay)

laa aaf Flua g deadi gl 5398 e ¢ cishlline paallve clb e
s — ol Cgia Al — U o gle A0S il ol

Laisall Glosl paldiun G0 Gl Ll dua sl 1
pomsmall 25K (el sine Aa )l g el Al Gl e 3l
ol e @il da skl Gl il iy (Jsede Yoo 5V ee e 00 ()
(Ol Nae Le) A gumall cllill g Al ¢ Lual) Cilyginay saill Y
o psmlinll dusy osielaly a sl s o sulisll s 4ISH Y gl
lall e Sy gl a3l Bl 5 a0 seal) o sl 5 00 sl
2l (513 sllall 5 o 523 aall 5 ol g pall s Baly) (B Aa lall Cas AY)
O plaiad dial) ey paaS s m Gy SuY) a3y WS a3 Jalds g
Clysiue gan i Lkl 30 G Gdised 2uSyl asall ) BLE
bl Y1 (e it dn Al Ly ) sall )0 Gl (B 50 G alal
e Lo Zall) Gluldlly salll CYS Cuead o8 Lla Gy iy da kil
ol G sl ¢ alall o lall s vaall ()i sllall 55U 5 533 suall
syl Gyl ae 50 )Y seda ) s Ul ey sall 3151 el
Dseh () ool Aa gl A sl Wiy sall Gl paliiid o sl
Al dlgal cind el A A VTV € VXY 5 ¥ A g ) Ty )
Aa DUl Loy sl Gyl Galivionas (550 Gl G ) s Can ) 13a il
o2 Juerin) (S5 Adall e dagldl Ll V) e sy o oS

Lale sagaal) (aml Y1 (8 Jaalaall ) D as 3 sl i)

Egypt. J. Bot. 57, No. 1 (2017)



