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Abstract

A pot-culture study was undertaken to investigate the possible role of Methyl jasmonate (MeJA)-
treatment on the earlier vegetative growth stage and different chemical constituents of maize cul-
tivar (Giza-2) plants subjected to water stress. The grains were divided into two groups: first
group was pre-soaked in water, and the second one was pre-soaked in 50 pM Me]JA for 8 h. The
plants were subjected to different levels of water field capacity (WFC) 65%, 55% and 45%. The
results showed that pre-soaking maize grains with MeJA led to increases in plant growth criteria
evident in terms of plant height, fresh and dry weight of plant. The pigment levels concomitantly
with total carbohydrates, total soluble sugar, polysaccharides, as well as free amino acids, proline
and total protein content were markedly increased. Moreover, the application of the investigated
Me]JA significantly improved growth hormone in terms of IAA. In contrast ABA level was markedly
declined in maize plant. The activities of oxidative CAT, POX and SOD were also increased with
MeJA. In addition, the N, P and K content was increased significantly in shoot. As a conclusion,
soaking maize grains with MeJA could alleviate the harmful effects of water stress.
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1. Introduction

Maize is an important staple C4 food crop in many countries of the world and it accounts for around 712 million
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metric tons in 2006. Corn is very susceptible to drought damage due to the plant’s requirement for water for cell
elongation and its inability to delay vegetative growth. The amount of yield loss that occurs during dry weather
depends on what growth stage the corn is in and how severe the dry conditions become [1].

Drought is one of the most serious world-wide problems for agriculture. It refers to the absence of adequate
moisture required for a plant to grow normally and complete its life cycle [2]. Four-tenths of the world’s agri-
cultural land lies in arid or semi-arid regions. Water stress is one of the most important environmental stresses
that can regulate plant growth and development, limit plant production, and alter the physiological and bio-
chemical properties of plants. Plants can respond and adapt water stress by altering their cellular metabolism to
invoke various defence mechanisms [3] and [4]. It involves the synthesis and accumulation of small compatible
solutes (osmolytes), such as proline, glycine betaine, sugars and some inorganic ions [5]. These compounds help
the cells to maintain their dehydrated state and the structural integrity of the membranes so as to provide resis-
tance against drought and cellular dehydration [6]. In addition, drought stress often leads to the accumulation of
reactive oxygen species (ROS). Excessive ROS production can cause oxidative stress to the photosynthetic ap-
paratus seriously impair the normal function of cells [7].

Phytohormones are part of signaling pathways or their presence may stimulate signaling reactions or mole-
cules that are responsible for plants to response stresses. A class of phytohormones, jasmonates derived from the
metabolism of membrane fatty acids, attracted considerable attention [8]. Methyl jasmonate (MeJA) is a natu-
rally occurring plant growth regulator which can affect many morphological, physiological and biochemical
processes in plants [9] [10]. MeJA is generally considered to inhibit stomatal opening, cell division, plant
growth and photosynthetic activities [11]. Foliar application of MeJA modulates several physiological responses,
leading to improved resistance against abiotic stresses [12]. However, the role of MeJA in protecting plants from
various abiotic stresses has been controversial. For instance, MeJA was reported to improve resistance against
drought in rice [13]. Exogenously applied, jasmonates elicit several different physiological responses to stress
and therefore increase plant resistance [12] [14]. The octadecanoic pathway represents the series of metabolic
steps through which jasmonates are synthesized following oxidation of linolenic acid [15]. Phyto-hormones are
in a prominent position, playing important regulatory roles in plant physiology [16] [17]. The alleviation of oxi-
dative damage and increase resistance to environmental stresses, at critical growth stages of plant, are often cor-
related with an efficient antioxidative system.

The present work aimed to determine the role of Methyl jasmonate (MeJA) in increasing maize plants resis-
tance to water stress.

2. Materials and Methods
2.1. Plant Materials, Growth and Treatment Conditions

Grains of maize (Zea maize L.) cv. Giza-2 were obtained from Agriculture Research Centre, Ministry of Agri-
culture, Giza, Egypt. Grains were grown in pots (diameter 35 cm and 40 cm depth); each pot contained 7 kg soil.
Soil characteristics were: sandy loam in texture, sand 84.2%, silt 12.9%, clay 2.9%, pH 7.7, EC 0.5 dSm™* and
organic matter 1.2%. Irrigation treatments were given to plants for different levels of water field capacity 65%,
55% and 45%. The grains were divided into two groups, the first group were pre-soaked in distilled water (con-
trol), and the second group were pre soaked in 50uM MeJA for 8 h for each. Seven grains were sown per pot
and were thinned to four after two weeks from planting. Five replicates were used per each treatment.

2.2. The Experimental Design

I. Control and Irrigation Intervals

Irrigation every two days, soil moisture content depleted from 100% to 65% of field capacity.

Irrigation every four days, soil moisture content depleted from 100% to 55% of field capacity.

Irrigation every six days, soil moisture content depleted from 100% to 45% of field capacity.

Il. Methyle jasmonat treatments:

Grains were presoaked in 50 pM MeJA for 8 h and after sowing irrigated every two days, soil moisture con-
tent depleted from 100% to 65% of field capacity.

Grains were presoaked in 50 pM MeJA for 8 h and after sowing irrigated every four days, soil moisture con-
tent depleted from 100% to 55% of field capacity.

Grains were presoaked in 50 uM MeJA for 8 h and after sowing irrigated every six days, soil moisture content
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depleted from 100% to 45% of field capacity. The fertilization with super phosphate (5 g/pot), potassium sulfate
(2.5 g/pot) and urea (6 g/pot) were used. Plants were harvested at 35 days from sowing to take the mor-
phological measurements and determine different biochemical components.

I11. Growth analysis

Samples were taken after 35 days (vegetative stage) from sowing to determine vegetative growth in terms of
morphological parameters, endogenous phytohormones (auxins and abscisic acid), photosynthetic pigment
(chlorophyll a, chlorophyll b and carotenoids), carbohydrate fractions (total soluble sugars, polysaccharides and
total carbohydrates), nitrogen components (proline, total free amino acid, protein), activity of antioxidant en-
zymes (CAT and SOD) and the element composition (Potassium, Sodium and Phosphorus) were determined.

2.3. Photosynthetic Pigments Content

Total chlorophyll a and b and carotenoids contents in fresh leaves were determined using the method of [18].
The fresh tissue was ground in a mortar and pestle using 80% acetone filtrated through Whatman No. 1. The op-
tical density (OD) of the solution was recorded at 662 and 645 nm (for chlorophyll a and b) and 470 nm for ca-
rotenoids, respectively using a spectrophotometer (Shimadzu UV-1700, Tokyo, Japan). Values of photosynthetic
pigments were expressed in mg/100g FW.

2.4. Total Soluble Sugars (TSS) Content

Total soluble sugers (TSS) were extracted by overnight submersion of dry tissue in 10 ml of 80% (v/v) ethanol
at 25°C with periodic shaking, and centrifuged at 600 rpm. The supernatant was evaporated till completely dried
then dissolved in a known volume of distilled water to be ready for determination of soluble carbohydrates [19].
TSS were analyzed by reacting of 0.1 ml of ethanolic extract with 3.0 ml freshly prepared anthrone (150 mg an-
throne + 100 ml 72% H,S0O,) in boiling water bath for ten minutes and reading the cooled samples at 625 nm
using Spekol Spectrocolorimeter VEB Carl Zeiss [20].

2.5. Total Carbohydrates Content

Determination of total carbohydrates was carried out according to [21]. 0.2 - 0.5 g of dried of maize (Zea maize
L.) cv. tissue was placed in a test tube, and then 10 ml of sulphuric acid (LN) was added. The tube was sealed
and placed overnight in an oven at 100°C. The solution was then filtered into a measuring flask (100 ml) and
completed to the mark with distilled water. The total carbohydrates were determined colorimeterically according
to the method of [22] as follows: An aliquot of 1ml of this solution was transferred into test tube and treated
with 1 ml of 5% aqueous phenol solution followed by 5 ml of concentrated sulphuric acid. The tubes were thor-
oughly shaken for ten minutes then placed in a water bath at 23°C - 30°C for 20 minutes. The optical density of
the developed color was measured at 490 nm using Shimadzu spectrophotometer model UV 1201.

2.6. Proline Content

Proline was assayed according to the method described by [23]. 2 ml of maize tissue extract, 2 ml of acid ninhy-
drin and 2 ml of glacial acetic acid were added and incubated for 1 h in a boiling water bath followed by an ice
bath. The absorbance was measured at 520 nm using Spekol Spectrocolourimeter VEB Carl Zeiss. A standard
curve was obtained using known concentration of authentic proline, following the same procedure.

2.7. Free Amino Acids Content

Free amino acid content was extracted according to the method described by [24]. Free amino acid was deter-
mined with the ninhydrin reagent method [25]. One ml acetate buffer (pH 5.4) and 1 ml chromogenic agent were
added to 1 ml free amino acid maize tissue extract. The mixture was heated in boiling water bath for 15 min af-
ter cooled in tap water, 3 ml ethanol (60% v/v) was added. The absorbance at 570 nm was then monitored using
Spekol Spectrocolourimeter VEB Carl Zeiss.

2.8. Total Protein Content

Total protein concentration of the supernatant was determined according to the method described by [26] with
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bovine serum albumin as a standard. An amount of 2 gm of samples were grinded in mortar with 5 ml of phos-
phate buffer (pH 7.6) and was then transformed to the centrifuge tubes. The homogenate was centrifuged at
8000 rpm for 20 minutes. The supernatant of different samples of maize tissue extract were put in separate tubes.
The volume of all of the samples in tubes were then made equal by adding phosphate buffer solution and the ex-
traction were stored in the refrigerator at 40°C for further analysis. After extraction, 30 pl of different samples
were taken out in separate tubes and were mixed with 70 ul of distilled water separately. In all of these separate
sample tubes 2.9 ml of Coosmassic Brillaint Blue solution was then added and mixed thoroughly. The Total
volume now was 3 ml in each tube. All these tubes were incubated for 5 minutes at room temperature and ab-
sorbance at 600 nm was recorded against the reagent blank. A standard curve of Absorbance (600 nm) versus
Concentration (ug) of protein was calculated.

2.9. Endogenous Phytohormones (Auxins and Abscisic Acid) Content

Extraction, separation and determination of phytohormones (auxins and abscisic acid) were essentially similar to
that adopted by [27] and the Methylation of fresh maize tissue was carried out according to the method de-
scribed [27]. Identification and determination of auxins, and abscisic acid were carried out by gas liquid chro-
matography (5890) with a flame ionization detector [28].

2.10. Assay of Enzymes Activities Content

Enzyme extractions were collected following the method described by [29]. Leaf tissues were homogenized in
ice-cold phosphate buffer (50 mM, pH 7.8), followed by centrifugation at 8,000 rpm and 4°C for 15 min. The
supernatant was used immediately to determine the activities of the following enzymes.

1). Peroxidase (POX, EC 1.11.1.7)

Its activity was assayed by the method of [30]. The reaction mixture used for estimating the peroxidase en-
zyme (POX) contained 2 ml of 0.1 M phosphate buffer (pH 6.8), 1 ml of 0.01 M pyrogallol, 1 ml of 0.005 M
H,0, and 0.5 ml of the enzyme extract. The solution was incubated for 5 min at 25°C after which the reaction
was terminated by adding 1 ml of 2.5 N H,SO,4. The amount of purpurogallin formed was determined by mea-
suring the absorbance at 420 nm against a reagent blank prepared by adding the extract after the addition of 2.5
N H,SO, at the zero time.

2). Superoxide Dismutase (SOD; EC 1.15.1.1)

SOD activity was measured according to [31].

3). Catalase (CAT, EC 1.11.1.6)

Its activity was determined spectrophotometrically by following the decrease in absorbance at 240 nm [29].
The mixture (3 ml) contained 1.9 ml phosphate buffer (50 mM, pH 7.0), 100 ul enzyme extract, and 1 ml 0.3%
H,0,. The reaction was initiated by adding enzyme extract. One unit of CAT activity was defined as the 0.01
deduction in absorbance at 240 nm per minute.

2.11. Mineral Contents

N and P were determined using Spekol Spectrocolourimeter VEB Carl Zeiss. While, K content was estimated by
flame photometer according to the method described by [32].

Statistical analysis: the obtained data were treated statistically using the one-way analysis of variance as de-
scribed by [33]. Means were compared by LSD at 5% using Spss program version 16.

3. Results and Discussion
3.1. Vegetative Growth

Table 1 shows the effect of MeJA on growth criteria of maize plants at different levels of soil drought stress.
Plants grown under 55% or 45% of water field capacity led to marked decreases in all morphological parameters
studied (plant height, fresh and dry weight of shoots) when compared to plants grown under the level of 65% of
water holding capacity. Pre-soaking of maize grains with 50 pM MeJA increased all growth criteria under dif-
ferent water levels. The maximum increases in all growth criteria were obtained by using 65% water field ca-
pacity. Drought, being the most important environmental stress, severely hampers plant growth and develop-
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Table 1. Effect of Methyl jasmonate (MeJA) on growth criteria and chlorophyll content of maize plant subjected to differ-
ent levels of water field capacity.

Shoot length Freshweight  Dry weight of Chlorophyll a Chlorophyll b Carotinoids

Treatment (cm) of shoot (g) shoot (g) (mm%?gfhr;sh (mvgé?gfr:’ssh (mvgé?gfr:’ssh

WFC - - - -
65% 52.8b 240b 26.2b 3.9b 1.83a 0.95b
55% 46.2c 200.3c 23.5bc 3.3c 1.61b 0.71c
45% 35.3e 140.0e 16.3d 2.1d 1.13d 0.45d
65% 58.5a 275.2a 30.3a 4.8a 1.95a 1.62a

>0 n 5% 50.30 228.0b 24.7b 3.9 1.76ab 1.45a
45% 40.5d 185.6d 21.2c 3.6bc 1.38¢c 1.01b

ment, limits plant production and the performance of crop plants, more than any other environmental factor. It is
now becoming evident that, methyl jasmonate can act as a true plant hormone, which mediates in various as-
pects of development and stress responses. [11] and [34] stated that the application of MeJA to a plant evokes a
wide variety of morphological, physiological and biochemical responses to stress. Growth is one of the most
drought sensitive processes due to the reduction in turgor pressure [35]. [11] mentioned that water deficit sub-
stantially reduced the plant height, the lowest node height, leaf area, stem diameter, number of nodes and
branches plausibly by decreasing the soil’s water potential in soybean plant.

3.2. Photosynthetic Pigments Contents

Data in (Table 1) show the response of photosynthetic pigment of maize leaves, grains pre-soaked with MeJA
and subjected to different levels of WFC in soils. The level 65% of WFC led to considerable increases in chlo-
rophyll a, chlorophyll b and carotenoids contents while decrease of the WFC to 45% led to decreases in all pho-
tosynthetic fractions as compared to 65%. The results showed that plants treated with MeJA led to increases in
photosynthetic pigments at all levels of drought stress when compared to the corresponding control plants.
Drought stress might reduce leaf net photosynthetic assimilation by both stomatal and metabolic limitations [36].
In addition, many studies were reported that stomatal effects were major under moderate stresses, but biochemi-
cal limitations are quantitatively important during leaf ageing or during severe drought [37]. Increasing drought
stress causes a reduction in chlorophyll contents (Table 1). These results could be in harmony with those ob-
tained by [38] who suggested that the source of reducing energy for ROS scavenging during stress accompanied
by suppression of photosynthetic apparatus. In addition, [39] attributed the reduction in chlorophyll content to
the suppression of specific enzymes that are responsible for the synthesis of photosynthetic pigments. The re-
duction in chlorophyll contents in response to drought stress was mainly due to the stomatal closure due to ABA
increase in cowpea plants [40].

3.3. Total Soluble Sugar, Polysaccharides and Total Carbohydrate

The effect of MeJA on the total soluble sugar (TSS), polysaccharides and total carbohydrates of maize plant un-
der drought stress are shown in Figure 1. Data demonstrate that up to 55% field capacity led to marked increase
in total soluble sugars compared to plants grown under 65% of field capacity. On the other hand, MeJA treat-
ment caused significant increases in total soluble sugar, polysaccharides and total carbohydrate at the level 65,
55 and 45% of WFC, as compared with the corresponding untreated plants. MeJA treatment combined with 55%
of SWHC was the most effective treatment as compared with the corresponding control. The data herein re-
vealed that pre-soaking grains with MeJA stimulated the accumulation of total soluble sugars, polysaccharides
and total carbohydrate. The increase in sugar concentration may be a result from the degradation of starch, [41].
Starch may play an important role in accumulation of soluble sugars in cells. Starch depletion may occur in re-
sponse to drought stress [42]. The concentrations of soluble sugars increased at the same time as a decrease in
the starch concentration was observed by [15]. The tolerance mechanism in water deficit may be associated with
accumulation of osmoprotectants such as soluble sugars. The accumulation of soluble sugars is strongly corre-
lated to the acquisition of drought tolerance in plants [43].
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Figure 1. Effect of Methyl jasmonate (MeJA) on TSS, Polysaccharides and total car-
bohydrates contents (as mg/g dry wt) of maize plant subjected to different levels of
water field capacity.

3.4. Proline, Free Amino Acids and Protein Contents

Data illustrated in Figure 2 shows that MeJA increased proline, free amino acids content and total protein com-
pared to the corresponding untreated plant. Data also revealed that decrease WFC led to marked increases of
free amino acids contents compared to plants grown under 65% of WFC. In the main time, decrease of WFC
down to 45% led to marked increase in proline content compared to plants grown under 55% or 65% of WFC.
On the other hand, total protein content considerably increase with decreasing in the WFC. The exposure of
maize plant to drought stress induced an accumulation of free amino acids and degradation of total protein
(Figure 2). These results are in agreement with those reported by [44] [45]. These results can be attributed to the
decrease in protein synthesis and/or to the increase in its degradation. Many functions have been postulated for
proline accumulation in plant tissues, proline and free amino acids could be involved in the osmotic adjustment
of plants [46]. and could also be a protective agent of enzymes and membranes [47]. Amino acid accumulation
occurs not only under salinity but also under drought stress in higher plants [48]. Increased levels of specific
amino acids had a beneficial effect during stress acclimation [49]. When plant subjected to drought stress plants
maintain their water content by accumulation of compatible organic solutes act as osmoprotectants, such as
proline, in their cytoplasm [50]. Proline also functions as hydroxyl radical scavenger [51]. [52] showed that the
proline content was higher in drought stressed shoot tips and it was the highest in the stressed shoot tips supple-
mented with MeJA. Similarly, [11] asserted that MeJA application further enhanced the proline contents and
also helped to maintain relative water content in drought stressed soybean plants as compared with the respec-
tive controls. Crop plants react to water deficiency leading to tolerance against drought stress by changing some
physiological and biochemical attributes [53], therefore, treatment of banana shoot tips with MeJA caused an
increase in proline accumulation as a physiological change which might be associated with the strategies which
match the plant in order to withstand drought stress conditions.

3.5.Indole Acetic Acid (IAA) and Absisic Acid Content

Data in Figure 3 show the variation in 1AA in response to Pre-soaking plant with MeJA. The WFC of 45%
caused marked decreases in IAA and increased ABA content as compared with those of the corresponding con-
trols, while WFC up to 65% led to significant increases in IAA and decreased ABA content. There is slight in-
crease in IAA combined with reduction in inhibitor ABA in response to MeJA. Pre-soaking grains with MeJA
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Figure 2. Effect of Methyl jasmonate (MeJA) on proline, free amino acid and protein contents
(as mg/g dry wt) of maize plant subjected to different levels of water field capacity.
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Figure 3. Effect of Methyl Jasmonate (MeJA) on ABA and IAA contents (as mg/g dry wt) of maize
plant subjected to different levels of water field capacity.

increased growth promoters accompanied with reduction in ABA as compared with control plant. It could be
concluded that this increase might be due to the role of endogenous hormone in stimulating cell division and/or
the cell enlargement and this in turn improved plant growth. In this connection, [54] reported that MeJA pro-
moted plant growth via increase in IAA and cytokinins under no stress conditions. Moreover, [55] found that the
JA treatment caused accumulation of both ABA and IAA in wheat seedlings.Drought stress increases abscisic
acid (ABA) levels in maize reproductive tissue, and the change was correlated with a decreased kernel set [56].
An increase in abscisic acid (ABA) content was due to osmotic stress which played a central role in the plant
response to drought [57].

3.6. Enzyme Activities

The changes in the activities of the various enzymes in response to drought stress and MeJA are illustrated in
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(Figure 4). Results indicated that, catalase (CAT), super oxide desmiotase (SOD) and peroxidase (POX) were
slightly increased under stress conditions. Pre-soaking plants with MeJA improved stress resistance by the in-
crease in CAT, SOD and POX activities as compared with corresponding drought stress level. These results are
in agreement with [58] who found that MeJA (50 and 100 puM) promoted increased production of several anti-
oxidative enzymes. It seems that MeJA plays a role in single transduction pathway in oxidative stress by the in-
crease in CAT, SOD and POX activity. [59] reported also that signal transduction by MeJA occurs around 50
pumol and becomes inhibitory at concentration above 100 umol. It has been reported that MeJA mitigated the
ROS effects in straw berry under drought stress and in maize seedlings subjected to paraquat [58]. In strawberry
leaves, it shown that MeJA changed the ratio of membranes fatty acids, which was less, targeted for free radicals
[60]. In order to repair the damage initiated by ROS, plants evolve complex antioxidant metabolism. This in-
cludes enzymes like SOD, CAT, APX, GPX and nonenzymes like ascorbate and glutathione [61]. There is in-
formation that shows MeJA affects on the activity and/or pools of stress enzymes and causes the alleviation of
oxidative stress [62] [63]. [64] reported that the activities of CAT, POX and SOD were increased in the leaves
on account of MeJA treatment. They also mentioned that the application of MeJA further enhanced the activities
of all antioxidant enzymes, both in nonstressed and stressed plants, by supplementing the ROS scavenging me-
chanism. MeJA could induce antioxidant defense activity in plants to remove the possible toxic effects of free
radicals, making the plants more resistant. Mitigation of ROS effects by MeJA was reported in the case of
strawberry under drought stress and in maize seedlings subjected to paraquat [59].

3.7. Mineral Contents

Figure 5 shows that WFC at 65% led to slight increase in both potassium and phosphorus, while 45% WFC led
to a marked decrease in potassium content compared to corresponding plant control. 45% WFC caused marked
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Figure 4. Effect of Methyl jasmonate (MeJA) on enzymatic activity (as pg/g FW) of maize
plant subjected to different levels of water field capacity.
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Figure 5. Effect of Methyl jasmonate (MeJA) on mineral contents Nitrogen (N), Phosphorus
(P) and Potassium (K) as percent of maize plant subjected to different levels of water field ca-
pacity (WFC).

increases in nitrogen percent as compared with the corresponding controls. Drought stress caused considerable
decreases in nitrogen at treatment 65% WFC of soil levels (Figure 5) as compared with the corresponding con-
trol. The results showed that pre-soaking plant with MeJA led to increase in potassium, phosphorus, and nitro-
gen, either in normal conditions or under different drought stress treatments. Potassium plays a key role in plant
metabolism. It activates a range of enzymes, and plays a key role in plant drought stress and has been found to
be the cationic solute which is responsible for stomatal movement in response to changes in bulk leaf water
status [65] [66].

In addition, [67] observed that mild and severe drought stress reduced the uptake of NPK in wheat plants
compared to that of normal conditions. These results are in accordance with those obtained by [68] in wheat
plants. Also [69] indicate that drought stress treatments affected on both NPK percentages and uptakes in stress
tissues negatively compared to untreated plants.

4. Conclusion

In conclusion, Methyl jasmonate improves maize growth growing under drought stress by inducing plants to in-
crease organic osmoprotectants (proline, total soluble sugars and free amino acids), certain growth hormone and
oxidative enzymes activity (peroxidase, superoxide dismutase and catalse).
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