
 

 
 
 
 

 

1203 

 

Arab Univ. J. Agric. Sci., Ain Shams Univ., Cairo, Egypt 

28(4), 1203-1223, 2020 
http://ajs.journals.ekb.egWebsite:  

 
 
 
 

 

 

 

Application of Methyl Jasmonate and Chitosan on Behavior of “Anna” 
Apple Seedlings Grown under Water and Heat Stress Conditions 

[86] 
Samah I Nasr1*, Ghada M Soliman2  

1- Higher Institute for Agriculture Co-Operation, P.O. Box. 198, Hadayek Shoubra, Cairo, Egypt . 
2- Horticulture Research Institute, Agriculture Research Centre, Giza, Egypt . 
    

 

*Corresponding author: Samah55adel@yahoo.com 
 

Received 14 October, 2020     Accepted 4 November, 2020 

 
Abstract 

 

The role of methyl jasmonate and chitosan ap-

plication as anti- stress materials on responses of 

“Anna” apple seedlings grown under water and heat 

stresses was evaluated during 2018 and 2019 sea-

sons. Anna" apple seedling were exposed to three 

levels of water regiem reated to avaialable (100, 80 

and 60%), kept in the plastic greenhouse conditions 

at 45 ± 2°C., and treated with MeJA at 1.0 and 2.0 

mM as well as chitosan at 0.5 and 1.0 %. Vegetative 

growth parameters, leaf mineral contents, chemical 

constituents and physiological attributes were det-

crmined through out the development of apple 

seedling abiotic stress. Vegetative growth parame-

ters including plant height (cm), average stem diam-

eters (cm), total number of leaves/ plant, leaf area 

(cm2), number of branches/plant and shoot lengths 

(cm), fresh and dry weights (g/plant) greatly affected 

with both studied factors. Application of methyl 

jasmonate at 2.0 mM and chitosan at 1.0 % com-

bined with irrigation with  the three levels of recom-

mended water regien (100, 80 and 60%), were su-

perior than other treatments or untreated one  in re-

cording the highest values of all vegetative growth 

parameters in both seasons. All anti -stress materi-

als were effective in increasing apple seedlings lev-

els of macro (N, P and K) and micro (Fe, Zn, Mn and 

Cu) elements compared to untreated apple seed-

lings.  However, chitosan treatment at 1.0 % in com-

bination with all water regiems were more effective 

in improving the nutrition status of treated seedlings.  

Additionally, high values of total chlorophyll and car-

bohydrates were achieved by apple seedlings irri-

gated with 100% of water regiem and sprayed with 

higher concentration from chitosan or methyl 

jasmonate materials. On the other hand, the un-

treated seedlings under all irrigation water regiems 

recorded the least values in this respect. On the 

contrary, the treatments of 2.0 mM methyl 

jasmonate and 1.0 % chitosan under heat and water 

stress conditions were effective in reducing proline 

amino acid, glycine betaine and phenolic com-

pounds contents values which is similar to the apple 

seedling did not expose to stresses.  Generally, it 

could be concluded that spraying apple seedlings 

with methyl jasmonate at 2.0 mM and chitosan at 

1.0 % in combination with all water regiem consid-

ered a good horticulture application to alleviation of 

a biotic stress (water and heat). 
 

Keywords: Apple seedlings, Methyl jasmonate, 

Chitosan, Biotic stress, Proline, Phenolic com-

pounds  
 
 

1 Introduction 
 

The apple (Malus domestica Borkh.) is native to 

South East Asia, it is one of the most paramount   

and broadly grown fruit plants in the temperate zone 

in the world. Apple the most popular and favorite de-

ciduous fruit cultivated in Egypt. "Anna" cultivar the 

most essential and preferred apple cultivars Egypt. 

The past few years, the cultivated area of "Anna" 

apple mounted rapidly in reclaimed lands. The root-

stock has possibility to have an influence on the 

properties of scion (growth, productivity, fruit quality 

in addition to resistance to all type of stress). The 

rootstock has the ability to tolerate partial or com-

pletely drought is the best part for budding as, the 

amount of water transferred from the roots to the 

buds is controlled through the xylem vessels (Wang 

et al 2012). 

To increase production and high fruit quality for 

deciduous fruit trees, the irrigation water should be 

managed. But in many regions of the world water 
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resources may not be sufficient to achieve maxi-

mum yield and higher reverting. For these reasons, 

these problems may worsen in the future; where wa-

ter resources are becoming limited worldwide and 

will not be sufficient to meet the population increase 

(Postel 1998). Reduction irrigation water due to high 

competition from users (Fereres and Evans 2006), 

and around the world where agricultural irrigation 

consumes at least 85% of all water used (Jury and 

Vaux 2007). Therefore, it is necessary to study the 

consequences of water scarcity in deciduous fruit 

trees and work to solve those using techniques that 

limit this scarcity (Mikhael and Mady 2007).  

The deficit of organized irrigation is considered 

an essential technique of saving water and its meth-

ods have been evolved to enhance control of vege-

tative growth in high-density orchards in order to ac-

quire the optimal productivity and rise fruit quality. 

Generally, deficit of regular irrigation is applied 

through a period of slow fruit growth. Hence, it's far 

useful for decreasing rapid vegetative growth and 

loss of nutrients during leaching in addition to the 

availability of irrigation water (Soliman et al 2018). A 

major problem in many arid and semi-arid regions is 

water stress, as Egypt, where plants are exposure 

to prolonged or less to water deficit (Boyer 1982). 

Also, can be described as the ratio between the 

amount of water required for plant growth and the 

water available in its environment, (Fang and Xiong 

2015). 

Water stress lowers the potential of the plant 

due to the trouble of its physiological activity result-

ing from the lack of water consumption (Budak et al 

2013). In general, drought stress acts to destroy and 

degrade chloroplasts and reduce the chlorophyll 

content and enzyme activity in the Calvin cycle dur-

ing photosynthesis (Monakhova and Chernyader 

2002). Likewise, Mafakheri et al (2010) reported de-

creased leaf chlorophyll content due to drought-in-

duced stress. Intervention with the cellular metabo-

lism of the plant is correlatied with the decomposi-

tion of proteins (Sakata et al 2014). In another study, 

Farouk and Ramadan (2012) believe that plants go 

along with the drought in dry circumstance toward 

different ways such as closing the stomata, osmotic 

regulation and the accumulation of compatible solu-

ble materials with dryness. Proline as an osmotic 

regulator plays a major role in maintaining water bal-

ance, protein stability, stabilizing membranes also 

the protein synthesis system, providing carbon and 

nitrogen storage for growth after reducing stress 

and relief the risk of production of reactive oxygen 

species (Bllinger and Larer 1987, Verbruggen and 

Hermans 2008). Soluble polysaccharides play as an 

osmotic regulator, cell membrane stabilizers, and a 

control device for cellular swellings. Also, plants 

with a high value of soluble sugar can efficiently re-

spond to drought stress through osmotic modifica-

tion (Slama et al 2007). 

Global warming resulting from the high concen-

tration of carbon dioxide in the atmosphere in com-

bination with  other greenhouse gases is endanger-

ing agriculture and other industries that use the nat-

ural environment (IPCC 2001).High temperature is 

one of the main environmental factors affecting 

plant  growth and productivity (Havaux 1993). Expo-

sure of plants to changing temperatures has a pro-

found effect on plant metabolism (Chaitanya and 

Sundar 2001). Also, high temperature stress rea-

sons a few physiological, biochemical and molecu-

lar modifications in plant metabolism which includes 

protein denaturation, lipid liquefaction and derange-

ment of membrane integrity (Levitt 1980). However, 

Tsuchida et al (2011) confirmed that heat stress pre-

vent growth and carbohydrate accumulation, many 

of the modifications that appear through acclimation 

to heat stress are reversible, but if the stress is too 

severe, changes are irreversible and may even lead 

to death. The stress induced by high temperature 

influence the internal anatomy at the tissue and cell 

level as well as the subcellular level. All these 

changes under heat stress cause decrease plant 

growth and productivity.  Glycine betaine (GB) is ac-

tivated under several biotic stress which acts as a 

good solvent in plants in such stressful situations 

(Sakamoto and Murata 2002). Under stress condi-

tions, glycine betaine production capacity varies 

from species plant (Ashraf and Foolad 2007, Naz et 

al 2018). 

Chitosan is a natural polymer resulted from of 

chitin, which has great capacity in action exchange 

in acid solutions and has great resemblance with 

metallic ions (Ravi Kumar 2000),  which is the 2nd 

most plenteous polysaccharide found in nature after 

cellulose .Chitosan has been visible as non-danger-

ous biodegradable, (Itoh et al 2013). In agriculture 

has been proven to stimulate growth and activate 

the protection mechanisms in plants (Rinaudo 

2006). Chitosan is protection responses correlated 

to various types of stresses (biotic and abiotic).  

Chitosan application has an extensive prospect 

that could address the issues regarding stress ad-

aptation. Several research of chitosan mechanism 

below biotic stress were reviewed (Sharif et al 

2018). Chitosan and its oligomers were used as abi-

otic stresses like, water deficit, salinity and heat 

stress (Malerba and Cerana 2015). Chitosan lessen 
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drought stress and encourage, growth through de-

creasing the damaging unfastened radicals accu-

mulation through activating antioxidants and en-

zymes (Malekpoor et al 2016). Also, chitosan in acts 

as jasmonic acid in regulating water use through af-

fecting on stomata aperture (Farouk and Ramadan 

2012). 

Jasmonic acid (3-oxo-2-20-cis-pentenyl-cyclo-

pentane-1-acetic acid, abbreviated as JA) is a 

growth-regulating substance which discovered in 

plant. Jasmonates (JAs) inclusive JA and its chem-

ical analogous classed as fatty acids and recog-

nized as a stress-related hormone that modify es-

sential growth and developmental processes 

(Wasternack and Hause 2013). Jasmonates play an 

essential role in defense mechanisms through pro-

tecting plants from biotic and abiotic stresses 

(Cheong and Choi 2003).   Generally, Jasmonates 

control responses by modifying plant growth and 

development through far-reaching cues (Huber et al 

2005, Motallebi et al 2015). Also, regulate second-

ary plant metabolism, either by stimulating the pro-

duction of toxic compounds. (Moreira et al 2012) or 

by rising the activity and concentration reactive ox-

ygen species to protect against abiotic stresses 

(Anjum et al 2011), consequently increasing the rate 

of recovery from damage (Cao et al 2009). 

Jasmonates can stimulate stomata opening, pre-

vent Rubisco biosynthesis, and affect nitrogen and 

phosphorous uptake and transport of organic matter 

such as glucosen particular, as a signaling mole-

cule, JAs can efficaciously mediate responses to-

wards environmental stresses through inducing a 

sequence of genes expression. (Campos et al 

2014) Jasmonic acid induces a resistance gene as-

sociated with plant resistance as a Campos re-

sponse to external damage (mechanical damage, 

herbivores, and insects) and pathogen infection, 

(Gupta et al 2017). 

The target of this research was to evaluate the 

effect of methyl jasmonate and chitosan applica-

tions on vegetative growth, mineral contents as well 

as Physio-biochemical responses of Anna apple 

seedlings growing under water and heat stresses.  

 

2 Material and Methods 

 

The present work was carried out during the two 

successive seasons 2018 and 2019  in order to 

study the effect of Methyl Jasmonate and Chitosan 

application as anti-water and heat stress materials 

on vegetative growth and chemical constituents, of 

"Anna" apple seedling grafted on MM 106 rootstock. 

The  seedlings chosen for this study were uniform 

size and healthy, one -year-old, transplanted in mid-

January in each season in plastic pots of 45 × 30 

cm (diameter × height) and filled with a soil mixture 

consisting of sand, silt and peat moss (1:1:1),  each 

pots was used for one plant.  The experiment in-

clude two factors (three levels of water stress) and 

(five treatments of anti-stress materials plus control 

treatments).  

Regarding water stress factor, "Anna" apple 

seedlings were selected and divided into three lev-

els of water stress: 

1. The first level. 100 % of supplement water, like 

practice by the local nurseries farmers in the 

studied region (8000 seedlings/fed Irrigated with 

water at rate of 5000 m3/ fed/year the plants irri-

gated three times weekly during the growing sea-

son from March to September and once a week 

during dormancy period. The amount of added 

water each time was estimated 5.78 liter / seed-

ling (625 liter / seedling / year). 

2. The second level, moderate water stress (80% of 

supplement water, 4000 m3/ fed/year) .The 

amount of added water each time was estimated 

4.63 liter / seedling (500 liter / seedling / year).   

3. The third level, severe water stress (60% of sup-

plement water 3000 m3/ fed/year,). The amount 

of added water each time was estimated 3.47 liter 

/ seedling (375 liter / seedling / year). 

Regarding anti-stress materiels, each level of wa-

ter stress Included 6 anti-stress treatments of Me-

thyl Jasmonate and Chitosan (0.0, 1.0 mM and 2.0 

mM MeJA & 0.5% and 1.0 % Chitosan) conducted 

in the plastic greenhouse conditions at 45 ±   °2 C. 

While, control  plants were kept in the Usual green-

house during the experiment  to expose to the water 

stress only. 

Spraying of Methyl Jasmonate and Chitosan 

were carried out at 15th May and repeated on the 

same seedling in mid-June in both studied seasons.   

A split plot design in 4 replicates was followed as 

experimental design, water steers levels put in the 

main plot and anti-stress materiels spraying ar-

ranged in sub – main plot. Consequently, the se-

lected seedlings were divided to eighteen treat-

ments, as follows: 

1. 100 % of supplement water plus spraying of 

MeJA at 1.0 mM.  

2. 100 % of supplement water plus spraying of 

MeJA at 2.0 mM. 

3. 100 % of supplement water plus spraying of Chi-

tosan at 0.5%. 

4. 100 % of supplement water plus spraying of Chi-

tosan at 0.5%. 
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5. 100 % of supplement water without any spraying 

(untreated). The treatments 1 – 5 perform in plas-

tic greenhouse conditions at 45 ±  2 °C.   

6. 100 % of supplement water without any spraying 

and perform in the wooden greenhouse (no 

stress water and heat, named control). 

The same previous treatments were applied at 

the two other levels of water stress (80 and 60% wa-

ter stress). Thus 3 levels of water stress x 6 treat-

ments of anti-stress material x 4 replicates = 72  

seedlings for each season.  The following measure-

ments were recorded: 
 

2.1 Vegetative growth parameters 
 

Plant height (cm), average stem diameters (cm), 

average number of leaves/ seedling, average leaf 

area (cm2), number of branches/ seedling  and 

shoot lengths (cm), were measured both at the be-

ginning of stress treatments (mid-May) as initial 

reading and the end of each growing season (mid - 

Nov.). However, at the end of growing season (mid 

Nov of each season), whole seedlings of Anna ap-

ple were uprooted and cleaned with tap water and 

fresh and dry weights (g) were weighted. 
  

2.2 Leaf mineral contents 
 

Samples of thirty leaves from the middle part of 

shoots were selected at random from each replicate 

after three months of stress application (mid -Au-

gust). The leaves were washed, dried at 70ºC till 

constant weight, grind and digested according to 

(Rebbeca 2004).  
 

2.3 N, P, K, Ca and Mg%  
 

Total nitrogen was determined as percentage 

using the micro-Kjeldahl method as described by 

Wilde et al (1985)  

Potassium content was determined by Flame 

photometer as percentage according to method of 

Jackson (1976). 

Phosphorus content: was estimated as percent-

age the method described by Bringham (1982) 

Magnesium (Mg) and Calcium (Ca contents): 

were determined using an atomicab sorption spec-

trophotometer Chapman and Pratt (1982). 

Fe, Zn, Cu and Mn (ppm): were determined in 

digested solutions and measured using an absorp-

tion spectrophotometer according to Chapman and 

Pratt (1982). 

Chemical constituents: Total chlorophyll 

(mg/100 g fresh weight) was determined according 

to Moran and Porath (1985). Total carbohydrates 

content was determined in dried shoot powder as 

percentage according to Smith et al (1979).  
 

2.4 Physiological attributes 
 

Proline amino acid content (g/g dry weight) 

was measured of the leaves according to Bates et 

al (1973). 

Glycine bectaine content (g/g dry weight) was 

determined of the leaves according to Camilo et al 

(2019). 

Phenolic content (mg/100g fresh weight) was 

determined the leaves according to Singleton and 

Rossi (1965).  
 

Statistical analysis: Data that obtained during 

2018 and 2019 were subjected to analysis of vari-

ance method according to Snedecor and Cochran 

(1990) to assess the program effects. Duncan’s 

Multiple Range tested (Duncan 1955) were used to 

compare differences among means. 
 

3 Results and Discussion 
 

3.1 Vegetative growth parameters 
 

3.1.1 Plant height (cm) and average stem diame-

ter (cm) 
 

Data in Table 1 show the effect of methyl 

jasmonate and Chitosan application in combination 

with water and heat stresses conditions on plant 

height (cm) and average stem diameter (cm) of 

“Anna” apple seedlings during 2018 and 2019 sea-

sons. 
  

3.1.2 Plant height (cm) 
 

A decline in plant height had Happened due to 

water stress effect  due to response to water stress 

in both seasons, the highest plant values were rec-

orded  with 100% of recommended water (119.6 cm 

for the 1st season and 131.1cm for the 2nd one), 

while 60%of recommended water gave the lowest 

value (100.9 and 107.1cm for both seasons) .How-

ever, plant height were superior in all treatments 

than untreated ones and the great effect was rec-

orded by MeJA 2.0 mM in both seasons (117.3cm 

for 2018 and 126.8 cm for 2019). However, the un-

treated seedlings were recorded the Least values of 

plant highest (97.8 and 105.3 cm) for 2018 and 2019 

seasons respectively. Interaction values  showed 

that,  the apple seedlings irrigated with 100 %  rec-

ommended water and sprayed with MeJA 2.0 mM 

recorded the highest plant height values  (131.5 cm 

in 2018 and  141.3 cm in 2019), the same finding 

was also found with chitosan  at 1.0 % application 

(127.4 cm in 2018 and 134.9 cm in 2019) with 

slightly differences between them. On the contrary, 



  

AUJASCI, Arab Univ. J. Agric. Sci., 28(4), 2020 

1207 
 

Application of methyl jasmonate and chitosan on behavior of “Anna” 
apple seedlings grown under water and heat stress conditions 

the least interaction values of plant height (94.8 and 

98.3 cm for both seasons) were obtained with un-

treated seedlings irrigated with 60% of recom-

mended dose of irrigation water. 

  

3.1.3 Average stem diameter (cm) 

 

A great effect to both studied factors on increas-

ing average stem diameter of apple seedling was 

recorded in Table 1. It is clear that, the highest sig-

nificant values  stem diameter was found with  100% 

of recommended water (1.51 cm in the 1st season 

and 1.60 cm in the 2nd season), whereas 60 % of 

recommended water recorded the lowest significant 

values in both seasons (1.11&1.17 in 2018 & 2019 

respectively).  

The highest significant value of average stem  

diameter due to applied treatments was obtained  

by MeJA 2.0 mM (1.39 cm for the 1st season and 

1.46 cm for the 2nd one). As well as the apple seed-

lings treated with 1.0% chitosan (1.33 cm for the 1st 

season) or control (1.35&1.42 for both seasons  

respectively) exhibited the higher values of stem di-

ameter. While the lowest significant values were 

recorded with untreated seedling in both seasons 

(1.12 and 1.23 cm respectively). In addition, other 

values were in between the abovementioned two fa-

vorites treatments. 

Interaction effect to both factors showed that, 

seedlings exhibited the highest significant values 

under 100% of recommended water with MeJA 2.0 

mM (1.62cm in the 1st season and 1.71cm in the 2nd 

one) as well as 1% chitosan (1.56 cm for 2018 sea-

son and 1.63 cm for 2019 season). These treat-

ments were considered the preferable, where their 

effect was equal to non-stressful plants (1.53 and 

1.67 cm) for 2018 and 2019 seasons respectively. 

On the contrary , untreated seedlings irrigated with 

recommended water quantity of 60 % gave the low-

est values of stem diameter (0.95 and 1.03cm) in 

season one and two respectively. 

Chitosan stimulates plant growth and develop-

ment as reduces water loss by transpiration (Young 

et al 2005).  Spraying plants with chitosan in this re-

spect, the existence of stomata closure was demon-

strated, indicating that the stimulatory effect of 

growth, after stomata closure could be related to an 

antipruritic effect on the ground (Bittelli et al 2001). 

Conversely, jasmonic acid (JA) and its methyl ester, 

methyl jasmonate, an essential role in plant growth, 

development and response to environmental 

stresses. (Saniewski et al 2003). 

 

 

Table 1. Effect of methyl jasmonate and chitosan application on plant height (cm) and average stem diam-

eter (cm) of “Anna” apple seedlings grown under water and heat stress conditions during 2018 and 2019 

seasons 

 

Treatments 

Plant height (cm) Average stem diameter (cm) 

Recommended water regiem  
Mean 

Recommended water regiem 
Mean  

100 % 80 % 60 % 100 % 80 % 60 % 

             First  Season  

MeJA 1.0 mM  120.2 c 106.3 ef 97.1 hi 107.9  C 1.51 b 1.24 de 1.12 fg 1.29 BC 

MeJA 2.0 mM  131.5 a 114.7 d 105.7 fg 117.3 A 1.62 a 1.37 c 1.17 e-f 1.39 A 

Chitosan  0.5% 112.8  d 104.2 fg 96.4 hi 104.5 D 1.48 b 1.22 de 1.08 g 1.26 C 

Chitosan 1.0 % 127.4 ab 109.5 de 103.9 fg 113.6 B 1.56 ab 1.29 cd 1.14 e-f 1.33 A 

Untreated   101.2 gh 97.3 hi 94.8 i 97.8 E 1.33 c 1.09 fg 0.95 h 1.12 D 

Control  122.6 bc 111.2 de 107.2 ef 113.7 B 1.53 ab 1.33 c 1.19 d-f 1.35  AB 

Mean 119.6 A 107.4 B 100.9 C  1.51 A 1.26 B 1.11 C  

               Second Season 

MeJA 1.0 mM  132.8  b 113.8 f 104.4 hi 117.0  C 1.60 bc 1.30 fg 1.18 hi 1.36  BC 

MeJA 2.0 mM  141.3 a 124.1 cd 115.1 ef 126.8 A 1.71 a 1.42 e 1.25 gh 1.46 A 

Chitosan  0.5% 127.7 c 110.4 fg 102.2 ij 113.4 D 1.54 cd 1.26 f-g 1.14 i 1.31 C 

Chitosan 1.0 % 134.9 b 119.5 de 108.6 gh 121.0 B 1.63ab 1.34 ef 1.19 hi 1.39 B 

Untreated   113.2 fg 104.5 hi 98.3 j 105.3 E 1.45 de 1.20 g-i 1.03 j 1.23 D 

Control  136.7 ab 120.1 d 113.8 f 123.5 B 1.67 ab 1.37 ef 1.22 gh 1.42 AB 

Mean 131.1 A 115.4 B 107.1 C  1.60 A 1.32 B 1.17 C  

▪ Means having the same letter (s) in a column or line are not significantly different at 5% level   

▪ Starting date May 15th    for plant height  (cm) recorded 83.3 and 88 .5 cm  for 2018 and 2019 season 

▪ Starting date May 15th  for stem diameter (cm) recorded 0.84 and 0.89 cm for 2018 and 2019 season 
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3.2 Average number/ seedlings of leaves and av-

erage leaf area (cm2) 
 

3.2.1 Average number of leaves  
 

It is clear from data in Table 2 that, the low con-

centrations of anti-stress materials gave more 

leaves than higher concentrations or control. How-

ever, spraying apple seedlings with 1.0 mM MeJA 

and 0.5% chitosan as well as untreated seedlings 

gave the highest values (203.3, 200.6 and 205.1 in 

1st season & 183.6, 188.9 and 191.6 in 2nd season) 

of the leaves number. However, the 2.0 mM MeJA 

slightly differences than 1% chitosan and the control 

where they recorded the lowest significant values of 

leaves number (190.6, 193.3 and 195.5 in the first 

season) & (176.5, 177.6 and 180.3 in the second 

season) respectively.  

Regarding water regiem effect, it clear that irri-

gated plants with 100% of the recommended water 

(no water stress) exhibited the lowest values of 

leaves number/ plant. Whereas, the highest level of 

water stress (60 %) produced more leaves number 

/ plant for both seasons. 

The highest interaction values (215.5 and 201.5 

leaves/plant) were obtained with unsprayed plants 

and irrigated with 60% recommended water in first 

and second seasons. Under study. However  ,the 

lowest interaction values register with seedlings  ir-

rigated with 100 % of  recommended  water regiem  

and sprayed 2.0 mM MeJA or 1% chitosan (188.00 

& 189.25 and 172.25 &175.00 leaves / plant)  for 

both seasons. It is worth noting that, the leaves of 

these treatments were more freshness and larger in 

size. 
 

3.2.2 Leaf area 
 

It is clear from data in Table 2 that leaf area 

greatly affected with water stress levels and spray-

ing of anti-stress materials, it is noted that leaf area 

took opposite trend to those found in the leaves 

number. Water applied at 100% level exhibited the 

largest leaves in the both seasons (28.9 cm2 in 

2018 and 30.3 cm2 in 2019). However, 60% of wa-

ter regiem negatively affected leaves area values 

which recorded the smallest one (19.0 & 20.9 cm2) 

in 2018 and 2019 seasons respectively. The highest 

significant values of leaf area were recorded with 

2.0 mM MeJA (26.3 and 27.9 cm2), 1% chitosan 

(25.5 and 26.6 cm2) and the control (25.4 and 27.2 

cm2) in the 1st and 2nd seasons respectively. Moreo-

ver, the untreated seedlings recorded the minimal 

values in this respect. Interaction values were 

higher and significant with apple seedlings irrigated 

with 100% recommended water and treated with 

1.0% Chitosan or 2.0 mM MeJA in both studied sea-

sons. On the contrary, untreated apple seedling irri-

gated with 60 % recommended water recorded the 

smallest leaf area. 

The good sized impact of chitosan on plant   

growth may be attributed  to  an  increase in the  en-

zyme  activities  of  nitrogen  metabolism (nitrate  re-

ductive, glutamine  synthetize and protease) and el-

evated photosynthesis which improve the plant  

growth (Mondal et al 2012). However, El-Bassiony 

et al (2014) pronounced that, chitosan result in to 

synthesize plant hormones example gibberellins, 

additionally, it enhances growth through a few sig-

naling pathways associated with auxin biosynthesis 

via a tryptophan in structured  pathway. Moreover, 

chitosan may be due to an increase in the availabil-

ity and uptake of water and important nutrients by 

adjusting cellular osmotic pressure through increas-

ing antioxidants and enzyme action (Guan et al 

2009).  

 

3.3 Number of branches and shoot length 

 

3.3.1 Number of branches 

 

Number of branches values of Table 3 was af-

fected with all used irrigation treatments, where the 

seedlings irrigated with 100% of recommended wa-

ter achieved  the less shoot number (8.67 &8.13) in 

the both seasons. However irrigation with the least 

amount of recommended water (60 %) produced 

the highest number  of branches  (13.05 and 12.13). 

Regarding the effect of the used treatments, it is 

clear that, methyl jasmonate at 2.0 mM was rec-

orded the lower number of branches / plant (9.17 & 

8.67) than other treatments or untreated. Whereas 

untreated apple seedlings manifest contrary direc-

tion  which were recorded the highest number of 

branches (12.67 & 11.67) in both seasons.  

The interaction values showed that 100% of rec-

ommended water regiem with 2mM of methyl 

jasmonate recorded the lowest number of branches. 

Moreover, irrigation by 80% of water regiem with all 

applied treatments were similar to control seedlings 

in the number of branchs with slightly differences 

between them. On the other hand, all untreated 

seedlings recorded the highest number of branches 

at 60% of recommended. water It is well known that, 

the increase of lateral branches are considered an 

indicator to stress symptoms, so any treatment de-

crease lateral branches values are important due to 

its important role in avoiding stress effect. 
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Application of methyl jasmonate and chitosan on behavior of “Anna” 
apple seedlings grown under water and heat stress conditions 

 

Table 2. Effect of methyl jasmonate and chitosan application on total number of leaves and leaf area (cm2) 

of “Anna” apple seedlings grown under water and heat stresses conditions during 2018 and 2019 seasons 

 

Treatments 

No. leaves/ seedling Leaf area (cm2 ) 

Recommended water regiem 
Mean 

Recommended water regiem 
Mean  

100 % 80 % 60 % 100 % 80 % 60 % 

                       First  Season  

MeJA 1.0 mM  198.25 cd 204.00 bc 207.75 ab 203.3 A 28.1 bc 24.2 e 18.1 gh 23.5 C 

MeJA 2.0 mM  188.00 f 187.50 f 196.25 c-e 190.6 C 29.7 ab 26.4 cd 23.0 ef 26.3 A 

Chitosan  0.5% 198.75cd 200.75b-d 202.25 bc 200.6 AB 28.4 bc 23.5 e 16.4 h 22.8 C 

Chitosan 1.0 % 189.25 ef 194.0 d-f 196.50 c-e 193.3 C 30.9 a 25.3 de 20.0 fg 25.5 A 

Untreated   193.50 d-f 206.25 b 215.50 a 205.1 A 26.7 cd 21.2 f 14.6 i 20. 8 D 

Control  194.75 d-f 192.50d-f 199.25 b-d 195.5 BC 29.3 ab 25.3 de 21.6 f 25.4 A 

Mean 193.8 B 197.5 B 203.0 A  28.9 A 24.4 B 19.0 C  

                       Second Season 

MeJA 1.0 mM  180.25 c-e 183.50 c-e 187.25 cd 183.6 B 30.5 ab 26.3 de 20.9 h 25.9 C 

MeJA 2.0 mM  172.25 f 177.5 ef 179.75 d-f 176.5 C 32.2 a 28.4 bc 23.1 fg 27.9 A 

Chitosan  0.5% 182.50 c-e 188.25 bc 196.0 ab 188.9 A 28.8 bc 24.5 ef 19.8 h 24.4 D 

Chitosan 1.0 % 175.00 ef 176.75 ef 181.4 c-e 177.6 C 31.1 a 27.2cd 21.6 gh 26.6 BC 

Untreated   186.00cd 187.25 cd 201.50 a 191.6 A 27.3 cd 22.7 fg 17.3 i 22.4 E 

Control  176.50 ef 181.00 c-e 183.25 c-e 180.3 BC 31.6 a 27.6 cd 22.5 fg 27.2 AB 

Mean 178.8 B 181.0 B 188.2 A  30.3 A 26.1 B 20.9 C  

▪ Means having the same letter (s) in a column or line are not significantly different at 5% level   

▪ Starting date May 15th  for No. leaves recorded 114.25    and 127.00 leaf   for 2018 and 2019 seasons 

▪ Starting date May 15th for leaf area  recorded 24.3 and  25.6 (cm2 ) for 2018 and 2019 seasons 

 

Table 3. Effect of methyl jasmonate and Chitosan application on number of branches/seedling and shoot 

length (cm) of Anna apple seedlings grown under water and heat stresses conditions during 2018 and 2019 

seasons. 

  

Treatments 

Number of branches/seedling   Shoot length (cm) 

Recommended water regiem 
Mean 

Recommended water regiem 
Mean  

100 % 80 % 60 % 100 % 80 % 60 % 

First  Season  

MeJA 1.0 mM  8.75 fg 11.00 c-e 13.00 bc 10.92 BC 40.2 bc 31.6 fg 25.7 i 32.5 BC 

MeJA 2.0 mM  7.25 g 9.00 e-g 11.25 cd 9.17 D 43.4 a 34.3 ef 27.4 hi 35.2 A  

Chitosan  0.5% 9.25 ef 11.50 cd 14.00 ab 11.58 AB 37.9 cd 29.7 gh 24.4 i 30.7 C 

Chitosan 1.0 % 8.50 fg 10.25 d-f 12.75 bc 10.50 C 38.9 b-d 31.2 fg 26.6 hi 32.2 BC 

Untreated   10.00 d-f 12.75 bc 15.25   a 12.67 A 36.3 de 27.2 hi 21.9 j 28.5 D 

Control  8.25 fg 9.75 d-f 12.00 bc 10.00 CD 41.1 ab 33.6 ef 26.9 hi 33.9 AB 

Mean 8.67 C 10.71 B 13.05 A  39.7 A 31.3 B 25.4 C  

 Second Season  

MeJA 1.0 mM  8.00 hi 10.50 de 12.25 bc 10.25 BC 38.8 ab 33.7 c-e 27.0 g 33.2 AB 

MeJA 2.0 mM  7.25 i 8.50 g-i 10.50 de 8.67 D 40.1 a 35.2 cd 28.2 fg 34.5 A 

Chitosan  0.5% 9.00 f-g 10.25 d-f 13.25 ab 10.83 AB 36.5 bc 31.1 ef 23.9 ab 30.5 C 

Chitosan 1.0 % 7.25 i 9.75 e-g 11.75b-d 9.58 CD 36.4 bc 32.6 de 28.6 fg 32.5 B 

Untreated   9.75 e-g 11.25 cd 14.00 a 11.67 A 31.8  ef 25.8 gh 19.1 i 25.6  C 

Control  7.75 hi 9.00 f-g 11.00 c-e 9.28 CD 39.3 ab 34.9 cd 27.5 g 33.9 AB 

Mean 8.13 C 9.88 B 12.13 C  37.2 A 32.2 B 25.7 C  

▪ Means having the same letter (s) in a column or line are not significantly different at 5% level   

▪ Starting date May 15th  for number of branches  recorded   6.00  and 5.50 for 2018 and 2019 seasons  

▪ Starting date May 15th  recorded for Shoot length (cm)14.5  and  .178 cm  for 2018 and 2019 seasons 
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3.3.2 Shoot length 

 

Table 3 data showed that apple seedlings  irri-

gated with 100 % of recommended water exhibited 

higher values of shoot length (39.7 in the first sea-

son and 37.2 cm in the second season) than those 

irrigated under water stress (80 or 60%). For in-

stance, the plants irrigated with 60 % recommended 

water produced the shortest shoots (25.4 and 25.7 

cm) in both seasons. 

Methyl jasmonate at 2.0 mM and Chitosan at 

1.0% were superior than other treatments or un-

treated  in recording the longest shoots (35.2 & 32.2 

cm in 1st season and 34.5 & 32.5 in 2nd season, 

whereas untreated apple seedlings recorded the 

shortest shoots (28.5 and 25.6) in both seasons  In-

teraction between the two studied factors was sig-

nificant in affecting shoot length of apple seedling, 

where the highest interaction values were recorded 

by apple seedlings irrigated with 100% of recom-

mended water and sprayed 2.0 mM Methyl 

jasmonate. However, the seedlings irrigated with 

60% recommended water and treated with 0.5% 

chitosan or untreated, showed the little effect and 

produced the shortest shoots. 

The great effect to chitosan could be attributed 

to its stimulate effect on physiological pathways 

vigrour growth vegetative and finally followed by 

translocation of net assimilation from source (roots) 

to sink (fruits) organs. The improvement in plant vig-

our could be explained by improving mechanism of 

photosynthetic process (Khan et al 2002). Inaddi-

tion, the favourable effect to chitosan in escaping 

from the disorder effect to water difict or less water 

quality on yield and quality is attributed to the in-

crease of conductivity of stomata and final product 

of photosynthetic CO2-fixation pathway under water 

stress (Khan et al 2002). However. Mondal et al 

(2013) explained the great role to chitosan through 

reduction in transpiration to bound water. The ob-

tained data are in harmony with Wang (2012) who 

indicated to the great to methyl jasmonate in redu-

ing water losses throught leaves pores in water  

stressed  irrigated . Additionally , Rohwer and Erwin 

(2008),  explained the reduction  of  water losses 

throught apical shoots suffering from water stress in 

response to  methyl jasmonate treatments due to 

the regulation role to methyl jasmonate on clouser 

of stomata system followed by promoting  ability  of 

different plant  organs for water use. 
 

3.3.3 Fresh and dry weights of seedlings 
 

Table 4 showed that the fresh and dry weights 

of apple seedling greatly affected with the both  

studied factors during the two studied seasons. Irri-

gated apple seedlings with 100% of  recommended 

water was recorded higher values of fresh and dry 

weight (255.4, 109.5 g/seedling for 2018 season 

and 277.7, 115.9 g/ seedling for 2019 season) than 

those irrigated with 60% of recommended water 

(188.8 , 74.9 g/ seedling in 2018 season and 203.2, 

78.2 g/seedling in 2019 season).  

Application of anti-stress treatments greatly im-

proved both fresh and dry weights of apple seed-

lings where they were similar to the control or better. 

Methyl jasmonate at 2.0 mM was superior than oth-

ers  where it achieved the highest significant values 

of fresh and dry weight (236.0 & 99.2 g in the 1st 

season  and  251.9 & 103.4 g  in 2nd season) re-

spectively. Slightly differences were recorded be-

tween the control and chitosan at 1.0% in their im-

pact  on both fresh and dry weights which comes af-

ter the previous treatment. Whereas the untreated 

plants recorded lowest values (187.4, 77.1 g and 

199.9, 80.9 g in both seasons respectively). 

Interaction values were significant in most 

cases, where the high-concentration of both methyl 

jasmonate and chitosan treatments under all levels 

of water recommended led to protecting plants from 

water and heat stress. However, the fresh and dry 

weights values of these treatments were identical 

with the plants growing in normal conditions without 

water stress or heat stress (control treatment). The 

highest interaction values of fresh and dry weights 

were combined  with the seedlings irrigated 100 % 

of water regiem  and sprayed by with 2mM MeJA  

(286.2, 122.5 g and 297.8,127.5 g), 1.0% chitosan  

(270.3, 123.6 g and 287.6, 123.6 g) and control  

(263.4, 119.7g and 289.3, 120.3 g)  in the 1st and 

2nd seasons respectively . On the contrary, the un-

treated seedlings with 60% of water stress recorded 

the lowest significant value (161.9 & 65.8 in 2018 

and 173.8 & 67.9 g in 2019). 

The improving  role to  chitosan   on  plant de-

velopment could be explained by the promoting ef-

fect to  chitosan on  physiological pathways and 

hastening the  transportation  of  nitrogen  in  the  

active  leaves  which  perfected  plant vigourus   

(Gornik  et  al  2008). In addition Balusamy et al 

(2015) montioned that spraying of exogenous MeJA 

was effective in leves wounding recorery of Panax 

ginseng leaves from wounding. However, Moreira et 

al (2012) reported that methyl jasmonate will be 

used as a chemical elicitor in younger conifer trees 

to increase its ability to resist stress conditions 

through rising seedlings survival percentage. 

 



  

AUJASCI, Arab Univ. J. Agric. Sci., 28(4), 2020 

1211 
 

Application of methyl jasmonate and chitosan on behavior of “Anna” 
apple seedlings grown under water and heat stress conditions 

 

Table 4. Effect of methyl jasmonate and chitosan application on plant fresh weight (g) and plant dry weight 

(g) of “Anna” apple seedlings grown under water and heat stresses conditions during 2018 and 2019 sea-

sons. 

 

Treatments 

Plant fresh weight (g)  Plant dry weight (g)   

Recommended water regiem 
Mean 

Recommended water regiem 
Mean  

100 % 80 % 60 % 100 % 80 % 60 % 

First  Season  

MeJA 1.0 mM  254.9 bc 217.4 e 191.4  fg 221.2 C 106.2 b 89.1 de 74.2 g 89.8 C 

MeJA 2.0 mM  286.2 a 220.1 de 201.6 ef 236.0 A 122.5 a 95.7 cd 79.3 fg 99.2 A 

Chitosan  0.5% 239.4 cd 203.1 ef 181.5 g 208.2 D 101.9 bc 83.6 ef 72.2 gh 85.9 D 

Chitosan 1.0 % 270.3 ab 217.5 e 195.6 fg 227.8 BC 114.8 a 93.6 cd 78.6 fg 95.1 B 

Untreated   218.4 d 181.8 g 161.9 h 187.4 E 91.8 d 73.7 gh 65.8 h 77.1 E 

Control  263.4 b 237.4 cd 200.8 ef 233.9 AB 119.7 a 92.0 d 79.4 fg 97.0 AB 

Mean 255.4 A 212.9 B 188.8 C  109.5 A 87.9 B 74.9 C  

Second Season 

MeJA 1.0 mM  274.3 b 231.3 cd 201.1 ef 235.6 C 112.4 b 94.0 cd 78.7 fg 95.0 C 

MeJA 2.0 mM  297.8 a 246.4 c 211.6 e 251.9 A 127.5 a 101.1 c 81.6 fg 103.4 A 

Chitosan  0.5% 282.0 ab 231.8 cd 205.0 ef 239.6 BC 115.1 b 92.3 de 76.1 g 94.5 C 

Chitosan 1.0 % 287.6 ab 236.5 cd 210.7 e 244.9 AB 123.6 a 96.6 cd 79.2 fg 99.8 B 

Untreated   235.4 cd 190.4 fg 173.8 g 199.9 D 96.2 cd 78.5 fg 67.9 h 80.9 D 

Control  289.3 ab 241.3 c 217.1 de 249.2 A 120.3 ab 94.6 cd 85.4 ef 100.1 AB 

Mean 277.7 A 229.6 B 203.2 C  115.9 A 92.9 B 78.2 C  

▪ Means having the same letter (s) in a column or line are not significantly different at 5% level   

▪ Starting date May 15th  Fresh weight (g)  recorded   156.2 and 172.3 (g)  for 2018 and 2019 seasons 

▪ Starting date May 15th  dry weight (g)  recorded  67.18  and 72.37  (g)   for 2018 and 2019 seasons 

 

3.4 Leaf mineral contents 
  

3.4.1 N, P, K , Ca and Mg%  
 

3.4.1.1 N, P and K (%) 
 
 
 

Data in Table 5 show the effect of two types of 

stresses (heat or water), anti-stress treatments and 

their interactions on N, P and K% of apple seed-

lings. The highest values of N, P and K% were ap-

peared with apple seedlings irrigated with 100% of 

recommended water (2.64, 2.71 % for N, 0.25, 0.30 

% for P and 1.95, 2.23 % for K in 2018 and 2019 

seasons respectively.  

Leaf mineral contents were decreased with per-

sistent water stress (60%) where  recorded the low-

est values of the mineral element. However, all anti -

stress treatments were effective in increasing of N, 

P and K levels compared to untreated seedlings, 

methyl jasmonate at 2.0 mM and chitosan at 1.0 % 

treatments were more effective in this respect than 

other. Low concentrations of anti- stress material af-

fected on the level mineral elements with medium 

values slightly less than the control and high than 

the untreated seedlings. Interaction between the 

two studied factors was significant in most cases, 

where the highest values of N, P and K were rec-

orded by apple seedlings irrigated with 100% water 

regiems and sprayed with the 1.0 % chitosan in first 

season of study. However, the least interaction val-

ues of N, P and K were recorded by untreated 

“Anna” apple seedlings and irrigated with 60% of the 

water quantity. 
 

3.4.1.2 Ca and Mg %  
 

As it is illustrated in Table 6, it is clear that the 

two studied factors greatly increased nutritions sta-

tus represented in Ca and Mg levels in apple seed-

lings. Irrigation with 100% of recommended water 

exhibited the highest Ca% and Mg% in both studied 

seasons, compared to those plants irrigated with 

80% or 60% of recommended water. All applied 

treatments recorded high values of Ca% and Mg% 

than untreated ones, chitosan at 1.0% and 

jasmonate at 2.0 mM as well as the control treat-

ments were effective in improving Ca% and Mg% of 

apple seedlings, 1.0% chitosan achieved highest 

values of 1.74 and 1.79 Ca%, 0.40 &0.45 Mg% for 

2018 and 2019 seasons. Interaction values were 

higher with the two added anti-stress treatments 

(2.0 mMJA and 1% chitosan) in combination with 

100% of water regiem followed by the same treat-

ments with 80% of water regiem. 
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Application of methyl jasmonate and chitosan on behavior of “Anna” 
apple seedlings grown under water and heat stress conditions 

Table 6. Effect of methyl jasmonate and chitosan application on leaf calcium and magnesium content 

(g/100g dry wt) of “Anna” apple seedlings grown under water and heat stresses conditions during 2018 and 

2019 seasons 

 

Treatments 

Calcium %  Magnesium % 

Recommended water regiem 
Mean 

Recommended water regiem 
Mean 

100 % 80 % 60 % 100 % 80 % 60 % 

First  Season  

MeJA 1.0 mM  1.75 cd 1.60 de 1.37 f 1.59  C 0.43 cd 0.34 ef 0.30 fg 0.36 B 

MeJA 2.0 mM  1.92 ab 1.62 de 1.46 ef 1.67 AB 0.52 a 0.46 bc 0.31 fg 0.43 A 

Chitosan  0.5% 1.83 bc 1.55 ef 1.42 f 1.60 BC 0.44 bc 0.37 de 0.27 g 0.36 B 

Chitosan 1.0 % 2.08 a 1.75 cd 1.40 f 1.74 A 0.46 bc 0.41 cd 0.33 ef 0.40 A 

Untreated   1.61 de 1.47 ef 1.18 g 1.42 D 0.36 de 0.28 g 0.21 h 0.28 C 

Control  1.98 ab 1.66 cd 1.47 ef 1.70 AB 0.49 ab 0.42 cd 0.35 ef 0.42 A 

Mean 1.86 A 1.61 B 1.38 C  0.45 A 0.38 B 0.30 C  

 Second Season  

MeJA 1.0 mM  1.97 bc 1.56 ef 1.32 gh 1.62 B 0.48 c 0.40 de 0.31 f 0.42 C 

MeJA 2.0 mM  2.13 ab 1.82 cd 1.50 fg 1.82 A 0.58 ab 0.48 c 0.39 de 0.48 A 

Chitosan  0.5% 2.05 ab 1.63 ef 1.27 hi 1.65 B 0.53 b 0.42 cd 0.34 f 0.43 BC 

Chitosan 1.0 % 2.21 a 1.84 cd 1.33 gh 1.79 A 0.55 b 0.44 cd 0.35 ef 0.45 AB 

Untreated   1.74 de 1.39 gh 1.11 i 1.41 C 0.44 cd 0.31 f 0.23 g 0.33 D 

Control  2.24 a 1.78 c-e 1.42 f-h 1.81 A 0.61 a 0.45 cd 0.36 ef 0.48 A 

Mean 2.06 A 1.67 B 1.33 B  0.55 A 0.43 B 0.33 C  

▪ Means having the same letter (s) in a column or line are not significantly different at 5% level   

 

 

 

 

3.4.1.3 Fe, Zn, Mn and Cu (ppm)  

 
In this regard in Tables 7 and 8 it is clear that   

Fe, Zn, Mn and Cu levels in apple seedlings greatly 

affected with both water stress and spraying of two 

anti-stresses martials. However, irrigated with 100% 

of the recommended water exhibited the highest 

Mn, Fe, Zn and Cu (ppm) in the two studied seasons 

with clear significant effects between them, mean-

while, plants irrigated with 60 % of  recommended 

water recorded the lowest values. Moreover, 2.0 

mM JA and 1.0% chitosan recorded the highest val-

ues of the four micro elements than other treat-

ments or untreated in both studied seasons. How-

ever, no significant differences were obtained be-

tween the two mentioned treatments and the control 

seedling in this respect. 

Interaction between the two studied factors was 

significant in most cases, the highest interaction  

values for Fe and Zn were achieved by seedlings 

irrigated with 100 % water regiem and sprayed with 

higher concentration from chitosan or jasmonate 

materials. On the other hand the untreated seed-

lings under all irrigation water regiems recorded the 

least values in all the mentioned micro elements In 

this respect, Shehata et  al (2012)  mentioned that  

chitosan application significantly  elevated N and P 

concentrations in addition to a few micro-nutrients  

(Fe,  Zn,  Cu  and  Mn)  contents in fruits. El-Miniawy 

et al (2013) clarified that nitrogen content of leaves 

recorded   increase with chitosan application com-

pared with the control plant.  Saif Eldeen et al (2014) 

showed that treated artichoke plants with chitosan 

significantly increased N and P contents, total sug-

ars and% protein, compared to the untreated plants. 

Farouk and Abd El Mohsen (2011) confirmed that 

use of chitosan at   250 mg / liter led to a significant 

increase in nitrogen and Phosphoru contents. 

Jasmones act in the crop plant as a plant growth 

regulator and influence morphological, physiologi-

cal and biochemical processes, associated with 

stress tolerance. It additionally activates plant pro-

tection mechanisms in reaction to various patho-

gens and environmental stresses. (Anjum et al 

2011). 
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Table 7. Effect of methyl jasmonate and chitosan application on leaf iron and manganese content (ppm) of 

“Anna” apple seedlings grown under water and heat stresses conditions during 2018 and 2019 seasons 

 

Treatments 

Fe (ppm)  Mn (ppm)  

Recommended water regiem 
Mean 

Recommended water regiem 
Mean  

100 % 80 % 60 % 100 % 80 % 60 % 

First  Season  

MeJA 1.0 mM  165.7c-e 151.4 ef 119.7 h 145.6 B 76.3 b-d 60.7 fg 55.8 gh 64.3 B 

MeJA 2.0 mM  194.7 a 176.0 a-c 142.4 fg 171.0 A 88.4 a 71.3 de 57.4 gh 72.3 A 

Chitosan  0.5% 172.2 a-c 156.7 d-f 128.1gh 152.3 B 73.0 c-e 61.9 fg 51.2 h 62.0 B 

Chitosan 1.0 % 183.3 ab 163.9b-d 138.6 fg 161.9 A 80.4 a-c 66.1 ef 54.1 gh 66.9 AB 

Untreated   151.0 ef 131.8 gh 101.2 i 128.0 C 68.5 de 56.4 gh 40.8 i 55.2 C 

Control  187.8 ab 169.3b-d 146.5 fg 167.8 A 83.1 ab 68.3 de 59.9 fg 70.4 A 

Mean 175.7 A 158.2 B 129.0 C  78.3 A 64.1 B 53.2 C  

Second Season 

MeJA 1.0 mM  197.5 a-c 166.3 e-g 126.5 ij 163.4 BC 68.7 bc 60.7 d-f 50.6 gh 60.0 B 

MeJA 2.0 mM  213.2 a 188.4 cd 151.2gh 184.3 A 79.5 a 64.8 cd 53.8 f-g 66.0 A 

Chitosan  0.5% 193.8 b-d 156.5 f-g 120.4 jk 156.9 C 70.9 bc 58.3 ef 47.2 hi 58.8 B 

Chitosan 1.0 % 207.8 ab 171.4 ef 139.0 hi 172.7 B 81.7 a 66.9 cd 56.5 e-g 68.4 A 

Untreated   174.2 d-f 140.5 hi 105.7 k 140.1 D 63.1 c-e 52.4 f-g 41.7 i 52.4 C 

Control  203.1 a-c 178.6 de 159.2fg 180.3 A 76.9 ab 63.4 c-e 55.9 e-g 65.5 A 

Mean 198.3 A 167.0 B 133.5 B  73.5 A 61.1 B 51.0 C  

▪ Means having the same letter (s) in a column or line are not significantly different at 5% level  

 

 

 

Table 8. Effect of methyl jasmonate and chitosan application on leaf zine and cupper content (ppm) of “Anna” 

apple seedlings grown under water and heat stresses conditions during 2018 and 2019 seasons. 

 

Treatments 

Zn  (ppm) Cu (ppm) 

Recommended water regiem 
Mean 

Recommended water regiem 
Mean  

100 % 80 % 60 % 100 % 80 % 60 % 

First  Season  

MeJA 1.0 mM  45.0  bc 36.4 ef 30.9 gh 37.4 B 9.32 bc 7.33 ef 5.65 hi 7.43 B 

MeJA 2.0 mM  47.2 ab 39.3 de 34.8 fg 40.4 A 10.65 a 8.47 cd 6.00 hi 8.37 A 

Chitosan  0.5% 42.9 cd 34.7 fg 29.2 h 35.6 B 9.11 b-d 7.76 ef 5.17 ij 7.18 B 

Chitosan 1.0 % 50.3 a 41.8 cd 32.7 f-h 41.6 A 9.53 a-c 7.83 ef 5.33 h-j 7.56 B 

Untreated   38.7 de 31.7 gh 25.0 i 31.8 C 7.74 ef 6.52 gh 4.26 j 6.17 C 

Control  48.9 a 40.5 d 35.6 ef 41.7 A 10.24 ab 8.11 d-f 6.15 g-i 8.17 A 

Mean 45.5 A 37.4 B 31.5 C  9.30 A 7.57 B 5.53 C  

Second Season 

MeJA 1.0 mM  50.0 b 44.1 de 35.4  gh 43.2 C 11.29 ab 9.06 cd 7.11 f 9.15 B 

MeJA 2.0 mM  55.3 a 48.3 bc 40.5 ef 48.0 A 12.11 a 9.77 cd 7.82 ef 9.90 A 

Chitosan  0.5% 48.6 bc 41.2 ef 33.6 h 41.1 C 10.22 bc 8.53 de 6.84 fg 8.53 C 

Chitosan 1.0 % 56.9 a 45.1 cd 36.9 gh 46.3 AB 10.86 b 8.92 de 7.35 f 9.04 BC 

Untreated   43.8 de 38.5 fg 28.2 i 36.8 D 9.67 cd 7.43 f 5.72 g 7.61 D 

Control  54.1 a 46.3 b-d 37.3 f-h 45.9 B 12.02 a 9.28 cd 7.91 ef 9.74 A 

Mean 51.2 A 43.9 B 35.7 C  11.03 A 8.83 B 7.13 C  

▪ Means having the same letter (s) in a column or line are not significantly different at 5% level  
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3.5 Chemical constituents 

 

3.5.1 Total Carbohydrates (%)     

 

It is clear from data in Table 9 that, total carbo-

hydrates (%) clearly affected with methyl jasmonate 

and chitosan treatments as well as anti-stress ma-

terials than untreated ones in both studied seasons. 

Heights values of total carbohydrates (33.10 and 

37.70%) were obtained with methyl jasmonate at 

2.0 mM in the two studied seasons respectively. 

However, the chitosan treatments at 1.0% in-

creased the accumulation of carbohydrates per-

centage slightly lower in the control plants (did not 

expos to heat stress) in first season of study.  

In general, the percentage of total carbohy-

drates in apple seedling decreased gradually with 

increasing water stress levels.  However, irrigation 

with 100% of supplementary water regiem showed 

the maximum values (35.64 and 40.33 %) of carbo-

hydrates, while irrigation with 60 % gave the lowest 

values (22.85 and 27.29%) during the two seasons  

regardless of the used treatments. Interaction val-

ues showed that the plants irrigation with 100% of 

supplementary water regiem and sprayed with high 

concentrations of methyl jasmonate or chitosan 

showed slightly higher values of total carbohydrates 

was superior without significant differences with the 

control (plants not exposed to any stress). 

In this respect, Lisar et al (2012) confirmed that, 

carbohydrates accumulation became reduced par-

allel with degree of water deficit, possibly because 

of plant under drought stress became tended to hold 

soluble sugars than convert to carbohydrates likely 

attributed to her position in osmotic adjustment. 

Moreover, the decrease of potassium level under 

stresses leads to a decrease in the metabolism of 

carbohydrates, as it plays an important role in the 

transport of sugars and the formation of starch and 

carbohydrates. However,  Mohamed and Tanany 

(2016) counseled that stressed plant is not able to 

supply, energy needed to convert sugars to carbo-

hydrates. Finally, the received findings agreed with 

EL-Tanahy et al (2012), who indicated that total car-

bohydrates significantly increased with chitosan 

 

spraying at high concentration in compare with low 

dose or water spray. Fu et al (2017) quote that, both 

drought stress or water deficit impact on reducing 

turgor pressure, rising ion toxicity and inhibiting pho-

tosynthesis. Several researches cleared that the in-

crease in the endogenous methyl jasmonate con-

tent substance became speedy after drought stress. 

However with prolongation of the stress it reduced 

to the basal degree. Also, Qiu et al (2014) deter-

mined that the use of methyl jasmonate resulted in 

an increase carbohydrates, sugars, total soluble 

sugar, free amino acids, protein contents, and anti-

oxidant enzymes. 

 

3.5.2 Total chlorophyll (mg/100g F.wt) 

 

Data in Table 9 showed an evident effect to both 

studied factors on total chlorophyll   of "Anna " apple 

seedlings. The plants exposure only to heat stress 

without water stress (100 % recommended water) 

exhibited the higher significant values of total chlo-

rophyll in both studied seasons, compared to those 

plants subjected to water stress (80 or 60%). The 

highest total chlorophyll (1.55 and 1.67 mg/100g 

Leaves F.wt) were obtained with 2.0 mM methyl 

jasmonate in first and second seasons, respec-

tively, followed by the treatment chitosan at 1.0%  

which was  similar to  the control  plants . However, 

the other treatments recorded less value than these 

in the mentioned treatments with significant differ-

ences between them. The highest interaction values 

of total chlorophyll were achieved by plants treated 

by 2.0 mM methyl jasmonate irrigated with different 

water regiem levels than other anti-stresses treat-

ments or untreated plant in the same stress condi-

tion. 

Mohamed et al (2018) reported that, chitosan 

application mitigate, water stress thought impact on 

photosynthetic pigments and increment chlorophyll 

content through increasing cytokines level which 

stimulate chlorophyll synthesis. Beside found that, 

extremely increased in each N and K level   in plant 

shoots applied with chitosan that can be play an es-

sential role in increasing chloroplasts number per 

cell and raised the level of chlorophyll synthesis. 
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Table 9. Effect of methyl jasmonate and chitosan application on total carbohydrates (%) and total chlorophyll 

(mg/g leaves F.wt) of Anna apple seedlings grown under water and heat stresses conditions during 2018 

and 2019 seasons 

 

Treatments 

Total Carbohydrates 

 (%)     

Total chlorophyll   

(mg/100g F.wt) 

Recommended water regiem 
Mean 

Recommended water regiem 
Mean  

100 % 80 % 60 % 100 % 80 % 60 % 

First  Season  

MeJA 1.0 mM  33.85cd 29.11 ef 21.75 h 28.24 C 1.71 ab 1.41 de 1.11 gh 1.41 BC 

MeJA 2.0 mM  39.75 a 33.00 cd 26.55 fg 33.10 A  1.86 a 1.52 cd 1.27 e-g 1.55 A 

Chitosan  0.5% 35.42 bc 28.14 ef 22.13 h 28.56 C 1.64 bc 1.34 d-f 0.980 hi 1.32 C 

Chitosan 1.0 % 36.26 a-c 33.83 cd 24.14 gh 30.41 B 1.75 ab 1.37 de 1.18 fg 1.43 B 

Untreated   30.11 de 24.46 gh 17.31 i 23.96 D 1.44 cd 1.16 f-h 0.815 i 1.14 D 

Control  38.45 ab 32.60 cd 25.24 fg 32.10 A 1.78 ab 1.45cd 1.23 e-g 1.49 AB 

Mean 35.64 A 29.32 B 22.85 C  1.70 A 1.38 B 1.10 C  

Second Season 

MeJA 1.0 mM  37.60 bc 34.26 cd 26.92 h 32.93 BC 1.75 bc 1.52  de 1.17 gh 1.48  BC 

MeJA 2.0 mM  45.13 a 37.52 bc 30.44d-g 37.70 A 1.91 ab 1.66 cd 1.43 ef 1.67 A 

Chitosan  0.5% 38.53 b 31.64 de 27.25 gh 32.47C 1.72 bc 1.46 e 1.05 gh 1.41 C 

Chitosan 1.0 % 42.54 a 33.75 cd 27.71e-h 34.67 B 1.83 ab 1.51 de 1.25 f 1.53 B 

Untreated   34.25 cd 28.71e-h 22.15 i 28.37 D 1.70 b-d 1.22 fg 0.921 h 1.28 D 

Control  43.93 a 36.16 bc 29.26e-h 36.45 A 1.97 a 1.58 c-e 1.39 ef 1.65 A 

Mean 40.33 A 33.67 B 27.29 C  1.81 A 1.49 B 1.20 C  

Means having the same letter (s) in a column or line are not significantly different at 5% level   

 

 

 

3.6 Physiological attributes 

 

3.6.1 Proline amino acid content (g/g dry 

weight)  

 

It is evident from data in Table 10 that proline 

contents were significantly increased with increas-

ing water stress levels. Un-stressed irrigated water 

plants recorded (70.6 & 62.1 g proline/g d.wt) com-

pared to (136.0 & 118.6g proline/g d.wt) for 60% 

water stress in both seasons .All the applied treat-

ments were effective in reducing proline amino acid 

levels than those in the untreated ones. Minimum 

values of proline amino acid contents were recorded 

in plants treated with 2.0 mM methyl jasmonate 

whereas, maximum values were observed with un-

treated plants.   Interaction values showed that, the 

least values of proline were recorded by apple seed-

lings treated with 2.0 mM MeJA, under 100 % rec-

ommended water regiem .It is worth that, all apple 

seedlings treated with MeJA at 2.0 mM are similar 

to the control in giving the lowest values of proline 

values under all water regiems levels. In the con-

trast, the highest interaction values of proline amino 

acid obtained with the low concentrations of anti – 

stress materials (1.0 mM methyl jasmonate and 

0.5% chitosan) as well as untreated apple seedlings 

under different stresses conditions for both sea-

sons.  

In this regard, Ashraf and Foulad (2007) Stated 

that, proline is considered an essential amino acid 

in plants, which safeguard plants from different 

stresses and assists getting from stress very speed-

ily. Large quantities of compatible low-molecular-

weight solvents and highly soluble organic com-

pounds accumulate and are usually non-toxic at 

high cellular concentrations. These dissolves pro-

tect plants from stress by contributing to cellular os-

motic modification, detoxification, membrane pro-

tection and enzyme / protein fixation. In general, 

Hayat et al (2012) extracted that, proline accumula-

tion in plant tissues is a sign for biotic and abiotic 

stresses. Basically, proline is an osmotic substance 

appropriate, with cytoplasm and highly soluble in 

water. Therefore, high accumulation of proline 

through water stress helps plants maintain a higher 

internal water content by affecting osmotic capacity, 

which is a factor of water potential, leading to im-

proved resilience to drought.  
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3.6.2 Glycine betaine content (g/g d.wt) 

 

At it shown in Table 10, Anna apple seedlings 

irrigated with 100 % of recommended water regiem 

produced lower glycine betaine values than those 

irrigated with 80 or 60 % of recommended water re-

giem in the two studied seasons.  

The values of glycine betaine under stress con-

ditions generally ranged from (23.1 to 40.3 g/g 

d.wt) and these are generally lower than the accu-

mulated proline values in the same conditions, 

which ranged from (62.1 to 136.0 g/g Leaves d.wt). 

The mechanisms of Glycine betaine biosynthesis 

affected by all used treatments, except the treat-

ment of 2.0 mM MeJA where it was superior than 

others in both studied seasons, followed by the 

treatment  of chitosan at 1.0% with significant differ-

ences between them. 

The maximum interaction values showed that, 

the accumulation of glycine betaine was observed 

with untreated seedlings under the three irrigation 

water stresses conditions which exhibited a gradual 

increase, the level glycine betaine reached to 30.1, 

37.4 and 45.0 g/g d.wt in the first season and (32.7, 

39.2 and 48.0 g/g d.wt) in the second season.  On 

the contrast, the treatment of 2.0 mM  MeJA under  

heat  and water stress levels was effective in reduc-

ing glycine betaine values which is similar to the ap-

ple seedling did not expose to stresses.  

Glycine betaine is classified as an osmolite that 

affects osmotic adaptation and helps protect plants 

under stress conditions. It protects the photosynthe-

sis mechanism and acts as a stabilizer for enzymes 

(Rezaei et al 2012). Additionally, Wei et al (2017) 

stated that glycine betaine maintains a higher pho-

tosynthetic rate, thus increasing the production and 

transmission of sucrose to enhance plant response 

to low phosphate stress. 

Also, Li et al (2017) stated that, chitosan appli-

cation enhanced the production of metabolites and 

amino acids for example proline, aspartic acid, va-

line and serine .The impact of chitosan on plant spe-

cies may follow different mechanisms.  Membrane 

integrity is oftentimes disturbed when the plant is 

subjected of water stress However, chitosan plays 

as a positive regulator in osmotic adaptation and 

minimizing the adverse effect of drought stress 

symptoms (Bistgani et al 2017). 

 

 

 

 

 

 

3.6.3 Phenolic compounds (mg / 100 g F.wt.) 

 

Data in Table 10 show the effect of water  

and heat stresses, MeJA and Chitosan and their  

interactions on phenolic compounds (mg / 100 g 

F.wt.) of Anna apple seedlings. The higher values of 

phenolic compounds were recorded with apple 

seedlings irrigated with 60% of water regiem in both 

studied seasons. However, all applied anti-stress 

materials were effective in decreasing the values of 

phenolic compounds compared to untreated ones. 

The treatments of 2.0 mM MeJA (0.725 & 685 mg / 

100 g F.wt) as well as 1.0 % Chitosan (0.768 &  

0.753 mg / 100 g  F.wt)  were more pronounced as 

anti-stresses  material  in  this respect, which is 

equal to plants that have not been stressed (control 

0.737 & 0.709 mg / 100 g  F.wt)  during first and 

second season respectively. The lowest interaction 

values of phenolic compounds were observed by 

apple seedlings sprayed with the 2.0 mM MeJA & 

1.0 % Chitosan and irrigated with all levels of rec-

ommended  water regiem against contradict trend 

with untreated  apple  seedlings which disclose  the 

highest value.  

Phenolic compounds playes many roles in 

plants physiology suchas the plant growth and de-

velopment, consisting seed germination, biomass 

accumulation, and improvement plant metabolism 

(Naikoo et al 2019). In reaction to abiotic stresses, 

polyphenols are commonly elevated in plants, phe-

nolics confer actually higher tolerance to plants 

against various stress condition such as heavy met-

als, salinity, drought, and temperature (Wang et al 

2019). Plants growing under stress conditions have 

the potential  to produce more phenolic compounds 

than those grown under normal conditions (Ancillotti 

et al 2015). Biosynthesis of phenolic compounds 

under stress is influenced by the change activities 

of various key enzymes (Smirnov et al 2015). Chi-

tosan  is called acquainted elicitor to sign specific 

molecules that  could  act  as  a  stress  messenger  

to  result suitable  reaction  to  stressful  conditions  

(Bistgani  et  al  2017). 

Anjum et al (2011) pronounced that application 

of methyl jasmonate enhanced the proline contents 

and it assisted to maintain relative water content in 

water stressed plants than the control. Jasmonic 

acid regulate stomata opening and closing to re-

duce water loss (Savchenko et al 2014). Foliar ap-

plication of methyl jasmonate to plants increased 

concentration of sugars, flavonoids and phenolic 

compounds to enhance water stress resistance   

ability (Mohamed and Latif 2017). 
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 إستخدام ميثيل جاسيمونات والشيتوزان على سلوك شتلات التفاح "آنا" تأثير 
 التي تنمو تحت ظروف الإجهاد المائي والحراري 
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 ز  ــــــــــــــــالموجـ
   

ستخدام جيسمونات الميثيل والشيتوزان كمواد  إتم تقييم  
جهاد على شتلات تفاح الانا مزروعة تحت مضادة للإ

تم    .2019،  2018اجهاد مائي وحراري خلال موسمين  
نا الى ثلاث مستويات من نظم  الأتعريض شتلات تفاح  

%( تحت ظروف الصوب  100  %، 80%،  60)  الري 
ثم عوملت بمستويين    2± 45حرارة  البلاستيكية عند درجة  

ج الميثيل  يمن  من يم  1،2سمونات  ومستويين  مول 
تم تقدير بعض القياسات الخضرية    %.1،  0.5الشيتوزان  

للأ المعدني  الكيميائية والمحتوي  والمكونات  وراق 
الانا  التفاح  شتلات  تطور  اثناء  الفسيولوجية  والصفات 

البيئي. الاجهاد  اأت  تحت  النمو  قياسات  لخضرى  ثرت 
النبات )سم(، متوسط قطر الساق )سم(،   وتشمل طول 

)سم الورقة  مساحة  /نبات،  الكلى  الاوراق  عدد  2عدد   )
فرع )سم(، الوزن الطازج والجاف  فرع/نبات، طول الأالأ

سمونات يضافة جإ  )جم/نبات( بكلا العاملين المدروسين.
% مع اي 1مول، الشيتوزان بمعدل  يم  2الميثيل بمعدل  

الثلاثمن مستويا الماء  %(   100  %،80%،  60)  ت 
فضل من باقي الاضافات او غير المعاملة حيث أكان  

ثرت أ  سجلت اعلي نمو خضرى خلال موسمي الدراسة.
شتلات  مستوي  زيادة  في  للاجهاد  المضادة  المواد  كل 
التفاح من العناصر الكبري والصغرى مقارنة بالشتلات 

المعاملة ب المعاملة رغم ان  % شيتوزان 1  خدامتسإغير 
دى الي تحسين الحالة الغدائية  أمع كل مستويات الري  

علي  ذوك  للشتلات. الحصول  تم  تقدير أعلك  لي 
التفاح   شتلات  مع  والكربوهيدرات  الكلي  للكلوروفيل 

% مع الرش بالتركيز العالي من كل 100المروية بمعدل  
الميثيل والشيتوزان. العكس سجل   من جيسمونات  علي 

 تا الشان للشتلات غير المعاملة تحذ هاقل مستوي في  
مول جيسمونات  يم  2ثرت المعاملة  أ  كل مستويات الري. 

و الإ1الميثيل  من  كل  تحت  الشيتوزان  المائي %  جهاد 
في   والجليسين  توالحراري  البرولين  مستوي حمض  قليل 

الفينوليةتومس المكونات  تلك تساوت  حيث    وي    مع 
للاجهاد. تعرض  لم  التي  يمكن   الشتلات  سبق  مما 

الشتلات معاملة  ان  من    استنتاج  مول يم  2بكلا 
و الميثيل  مستويات  1جيسمونات  كل  مع  الشيتوزان   %

الإ لمقاومة  جيدة  مؤشرات  يعطي  البيئي الماء  جهاد 
 . )المائي والحرارى(
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