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Abstract: The current study was carried out in Shandaweel Agricultural Research Station in Sohag governorate, Egypt, during the 

two growing seasons 2017/2018 and 2018/2019. The purpose of this research is to investigate the influence of melatonin(30 ppm), 

salicylic acid (200 ppm), mycorrhizal fungi inoculation (250 spores), and the combination of melatonin (30 ppm) + mycorrhizal 

fungi inoculation (250 spores), and salicylic acid (200 ppm) + mycorrhizal fungi inoculation (250 spores) treatments on growth 

parameters and physiological activitiesof wheat (Triticum aestivum L cv. Shandaweel1), which subjected to three water irrigation 

levels (5476 (I100%), 4380 (I80%) and 3285 (I60%) m3 ha-1 compared to the control (untreated plants). The results showed that the 

decreasing irrigation water amount from 5476 m3 ha-1 (I100%) to 3285 m3 ha-1 (I60%) caused a significant decrease of relative water 

content, membrane stability index, leaf area duration, crop growth rate, relative growth rate and net assimilation rate of wheat in 

both seasons, respectively. According to our findings, the use of melatonin, salicylic acid, and mycorrhizal fungal treatments singly 

or in combination reduced the deleterious effects of water stress on all of the aforementioned parameters. 

Keywords: Growth parameters, Melatonin, Mycorrhizal fungi, Salicylic acid, Water stress, Wheat.  

  

1. Introduction 

Wheat is considered one of the most important strategic 

cereals for human nutrition. Egypt's wheat planted area was 

1.44 million hectares, producing 9.38 million metric tons in 

2020/2021 growing season[1].Drought is a notable factor that 

limits growth and development of plant as salt stress[2]. Water 

stress severely decreased the yield of wheat [3,4]. Egypt's 

water scarcity has surpassed the 1000 m3/capita/year mark. In 

this context, the water scarcity in Egypt will be down to a level 

500 m3/capita/year due to the expected population predictions 

for 2025 [5]. As a result, limiting the amount of irrigation 

water used for agriculture will contribute to solving this 

problem and optimize the beneficial effects of the existing 

irrigation water to satisfy the rising food demands of the 

growing population. In the meantime, irrigation with less water 

than the optimum crop requirements are a water-saving 

method[6].Water scarcity has a negative impact on all stages of 

plant growth, but it is most noticeable during the reproductive 

stage as well as duringthe grain filling period, which results in 

adecrease in grains and grain size in cereal crops such as 

wheat[4,7].Moreover, water stress affects various physiological 

and metabolic changes, which inhibits the growth and 

development of plants[8,9]. In this respect, wheat productivity 

and quality has been reduced in the arid and semiarid areas 

[10]. Water stress applied to wheat plants at various phases of 

development lowered the percentage of membrane stability 

index and leaf relative water content [11,12]. 

Applying plant growth regulators exogenously is thought to 

be a potential strategy for increasing crop resilience to water 

stress.Melatonin (N-acetyl-5-methoxytryptamine) is a low 

molecular weight chemical with an indole ring structure. It is 

present in living organisms from bacteria to mammals 

[13,14].Melatonin plays a significant role in various types of 

stress resistance [15]. Exogenous melatonin administration 

improved various physiological functions, including root 

development, seed germination, photosynthesis, blooming, leaf 

withering, and fruit maturity[16-18].Also, several studies have 

been reported that melatonin mediates plant response to 

various environmental stressors conditions, which include 

drought, salt, inadequate nutrients, toxicity of heavy metals, 

cold, heat, and UV-B irradiation[19-22]. 

Salicylic Acid (SA, 2-hydroxybenzoic acid) is an essential 

signaling molecule that modulates plant responses to 

environmental stresses [4,23-26]. Recently, SA regulatedmany 

of plant physiological processes such as: growth, development, 

flowering, stomata closure, photosynthesis, transpiration and 

ions transport [27]. Previous studies demonstrated that 

exogenous salicylic acid might alleviate the negative effects of 

salt and drought stress in wheat [28,29].Useful plant-microbe 

interaction to improve crop yield and quality is a long-term 

strategy for achieving environmentally friendly agricultural 

production[30].Due to the growing world population and 

scarecenessof arable water for agriculture, the increasing 

productivity and quality of crops is necessary in the future[31]. 

Mycorrhiza is a symbiotic relationship between arbuscular 

mycorrhizal fungi (AMF) and plants. Over 80% of terrestrial 

plants form a symbiotic connection with arbuscular 
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mycorrhizal (AM) fungus [32, 33]. Therefore, the field 

experiments were conducted to investigate the effect of 

application of salicylic acid, melatonin and mycorrhizal fungi 

inoculation, individually or in combinations, on growth 

parameters and physiological activity of wheat crop under 

stress of different irrigationwater levels. 

2. Materials and methods 

At Shandaweel Agricultural Research Station in Sohag 

Governorate, Egypt, a field experiment was carried out over 

two consecutive growing seasons in 2017/2018 and 2018/2019. 

This study was planned to investigate the influence of 

melatonin, salicylic acid, and mycorrhizal fungi individually 

and in combination treatments on some physiological and 

growth parameters of wheat cultivar (L. cv. Shandaweel 1) 

under three irrigation water levels. The soil texture at the 

experimental site was clay loam, and the pH was 7.4. The 

available N, P, and K concentrations in the cultivated layer (0-

30 cm) were 54, 15, and 310 ppm, respectively.The average 

annual temperature andrainfall are 23.5°Cand 1mm, 

respectively. The experiment was laid out ina strip plot 

designwith threereplications. The three irrigationwater levels 

I100%(5476),I80%(4380) andI60%(3285) m3 ha-1occupied the 

horizontal plots, whilethe vertical plots were devoted to the six 

treatments i.e., T1: control (water), T2: melatonin (30 ppm), 

T3: salicylic acid (200 ppm), T4: mycorrhizal fungi, T5: 

salicylic acid (200 ppm) + mycorrhizal fungi and T6: 

melatonin (30 ppm) + mycorrhizal fungi. The sowing method 

was drill. The plot area was 8.4 m2 (2.40×3.5 m), with 12 rows 

spaced 20 cm apart and 3.5 m long.Sowing took place on 25 

November in the two growing seasons. Salicylic acid (200 

ppm) and melatonin (30 ppm) were given foliarly twice, 45 

and 65 days after sowing. At sowing, 250 spores of 

mycorrhizal fungi were inoculated with wheat grains.A local 

strain of Glomus macrocarpum was graciously acquired from 

the plant production department, Faculty of Agriculture (Saba 

Basha).Allother cultural practices were carried out as 

recommended. 

2.1. The studied traits:  

2.1.1. Physiological Parameters 

1- Leaf relative water content (RWC %) 

It wascalculated at mid-grain filling according to Pask et al 

[34]. 

RWC% = [FW - DW] / [TW - DW] × 100. 

where, the FW, DW and TW are the fresh leaf weight, dry leaf 

weight and turgid leaf weight, respectively. 

2- Membrane stability index (MSI %) 

It was calculated at mid-grain filling according to Sairam et 

al.[35]. 

MSI% = 1- [(C1/C2)] x 100 

Where, the C1 and C2 are the electric conductivity at 45 and 

100 oC, respectively. 

2.1.2. Growth parameters 

Two quadratesamples of ground area covered for each plot 

were taken at 90 (t1) and 110 (t2) days after sowing (DAS) to 

estimate the growth parameters as follow. 

Leaf area duration (LAD - day) 

It was calculated according to Hunt [36]. 

LAD = (LAI1 + LAI2) x (t2–t1) x ½  

where, the LAI1 and LAI2 are the leaf area index at time t1 and 

t2, respectively. 

Crop growth rate (CGR - g m-2 day-1) 

It was calculated according toWatson [37]. 

CGR = [(W2-W1)/ (t2-t1)]×1/Ag m-2 day-1 

where, the W1 and W2 are the total dry weight per m2 (g) at 

time t1 and t2, respectively and the A is the ground area 

covered by the m2. 

Relative Growth Rate (RGR g g-1 day-1): 

It was calculated according to Blackman [38]. 

RGR = (loge W2 – loge W1) /(t2 - t1) g g-1 day-1 

where, the W1 and W2 are the total dry weights per m2 (g) at 

time t1 and t2, respectively. 

Net assimilation rate (NAR - g m-2 day-1) 

It was calculated according to Watson [37]. 
NAR = (W2 - W1) (Loge L2–loge L1)/(t2 – t1) (L2 – L1)g m-2 day-1. 

where, the L1 and L2 are the Leaf area (m2) of land area at time 

t1 and t2, while W1 and W2 are the total dry weights per m2 (g) 

at time t1 and t2, respectively. 

2.2. Statistical analysis: 

All collected data during the two growing seasons were 

subjected to appropriate statistical analysis in a strip plot 

design.The means of treatments were compared using least 

significant difference test (L.S.D) at p< 0.05 and <0.01 of 

probability as reported bySteel and Torrie[39]. 

3. Results and Discussion 

3.1. Analysis of variance 

Separate analyses of variance for each of the studied traits 

in each of the two growing seasons are presented in Tables1 

and 2. Data showed highly significant differences between the 

three irrigation water levels as well as between the six applied 

treatments i.e., control (untreated plants),melatonin 

(ME),salicylic acid (SA), mycorrhizal fungi (MF),salicylic acid 

+ mycorrhizal fungi(SA + MF) and melatonin + mycorrhizal 

fungi (ME + MF)on relative water content (RWC%), 

membrane stability index (MSI%), leaf area duration (LAD), 

crop growth rate (CGR), relative growth rate (RGR) and net 

assimilation rate (NAR) in both seasons.The interaction effect 

between the three irrigation levels and the applied treatments 

(control, ME, SA, MF, SA + MF and ME + MF) was 

significant for those above-mentioned traits, except net 

assimilation rate in 2017/2018 season (Tables 1 and 2). 

3.2. Physiological Parameters 

3.2.1. Effect of irrigation water levels  

Water stress is a notable factor that affects the 

physiological processes of wheat.The results illustrated in 

Table 3 indicated that the highest values of relative water 

content (RWC %) and membrane stability index (MSI %) traits 
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Table 1. Analysis of variance for the studied traits in wheat growing season 2017/2018. 

S.O.V D. F. 
Traits 

RWC MSI LAD CGR RGR NAR 

Rep 3 3.91 8.86 14.92 3.21 1.09 0.02 

Irrigation (I) 2 642.75** 373.92** 1681.70** 184.82** 7.35** 0.45** 

Error a 6 1.79 1.30 4.83 1.09 0.07 0.01 

Treatments (T) 5 68.14** 101.63** 1024.60** 79.88** 2.48** 0.31** 

Error b 15 2.66 4.28 16.37 1.27 2.73 0.01 

I×T 10 8.79* 12.48* 46.87* 4.65* 3.91* 0.01ns 

Error c 30 3.76 5.53 17.48 2.09 2.68 0.01 

RWC: relative water content, MSI: membrane stability index, LAD: leaf area duration (day), CGR: crop growth rate (g m-2 day-1), RGR: relative 

growth rate (g g-1 day-1) and NAR: net assimilation rate (g m-2 day-1). 

*, ** and ns refer to significant at 0.05, 0.01 and non-significant, respectively.  

Table 2. Analysis of variance for the studied traits in wheat growing season 2018/2019. 

S.O.V D. F. 
Traits 

RWC MSI LAD CGR RGR NAR 

Rep 3 9.43 2.73 19.47 1.095 8.76 0.005 

Irrigation (I) 2 514.72** 312.94** 2257.04** 169.76** 8.68** 0.39** 

Error a 6 4.62 1.51 5.08 0.96 0.06 0.002 

Treatments (T) 5 90.01** 155.55** 1285.94** 123.51** 3.45** 0.45** 

Error b 15 4.45 2.23 11.31 1.01 1.23 0.002 

I×T 10 6.67* 12.38* 43.31* 4.02* 2.41* 0.01* 

Error c 30 2.89 4.96 14.2 1.85 1.08 0.003 

RWC: relative water content, MSI: membrane stability index, LAD: leaf area duration (day), CGR: crop growth rate (g m-2 day-1), RGR: relative 

growth rate (g g-1 day-1) and NAR:  net assimilation rate (g m-2 day-1). 

*, ** refer to significant at 0.05, 0.01, respectively.  

 

were obtained under 100%of irrigation water amount (I100%), 

while the lowest values were recorded under 60%of 

irrigation water amount (I60%). Reducing irrigation water 

from5476 m3 ha-1(I100%) to 4380m3 ha-1 (I80%) significantly 

reduced RWC%by 3.59 and 2.27%as well as MSI% by 2.99 

and 3.92% in 2017/2018 and 2018/2019 seasons, 

respectively. On the other hand, decreasing irrigation water 

amount from 5476 m3 ha-1 (I100%) to 3285m3 ha-1 (I60%) 

significantly reduced RWC% by 10.31 and 10.6% and 

MSI% by 8.32 and 9.00% in 2017/2018 and 2018/2019 

seasons, respectively. The results stated that the reduction in 

RWC% and MSI% increased in response to decreasing 

irrigation water amount. Reduced irrigation water resulted in 

lower RWC% and MSI% [11-12, 40].Moreover, Azmat et 

al.[41]found that the drought severely decreased the water 

status of wheat seedlings depicted by reduced RWC than that 

of the optimum irrigated plants. Drought stress impacts the 

integrity of the cell membrane, as evidenced by the reduced 

value of MSI%[42]. 

3.2.2. Effect of Melatonin, salicylic acid, and mycorrhizal 

fungi treatments  

Data in Table 4 showed that all treatments of melatonin 

(ME), salicylic acid (SA) and mycorrhizal fungi (MF) and 

the combination of ME + MF and SA + MF significantly 

increased RWC% and MSI% traits as compared to the 

control (untreated plants).The highest mean values of 

RWC% (87.95 and 88.66%) and MSI% (87.04 and 87.50%) 

were recorded in wheat plants treated with SA + MF in 

2017/2018 and 2018/2019 seasons, respectively. However, 

SA + MF treatment was statistically similar with that of ME 

+ MF treatment in 2017/2018 season and with SA treatment 

in 2018/2019 season for RWC%, while it was statistically 

similar with ME + MF treatment in the second season for 

MSI%. In contrast, the lowest mean values of RWC% (80.32 

and 82.15%) and MSI (77.17 and 79.67%) were noted with 

the untreated plants in 2017/2018 and 2018/2019 seasons, 

respectively. Data presented in Figure 1 and 2 showed that 

application of ME, SA, MF, SA + MF and ME + MF 

treatments significantly increased RWC ( 3.61 and 3.68 %), ( 

5.48 and 6.43 %), (3.90 and 5.48 %), (9.50 and 7.92 %) and 

(8.11 and 7.12 %), and MSI by (4.21 and 2.94 %), (7.72 and 

5.36 %), (5.74 and 3.58 %), (12.79 and 9.83 %) and (11.07 

and 8.46 %) compared to the control in 2017/2018 and 

2018/2019 seasons, respectively. These results reported that 

treated wheat plantsbysalicylic acid, melatonin and 

mycorrhizal fungi as well as their combinations could 

regulate RWC%as well as MSI% under water stress 

conditions.These results are consistent with those obtained 

by Sofy [11].In this context, exogenous application of SA 

promotes the buildup of Ca+2, which helps maintain 

membrane stability [43].RWC% in wheat plants treated with 
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AMF was substantially higher [44]. Cui et al. [45] found that 

melatonin affects water balance and cell turgor in wheat 

seedlings in response to drought stress. Furthermore, 

melatonin's unique role in epidermal cell proliferation may 

aid to reduce plant water loss. Therefore, treated wheat 

plants by SA + MF and ME + MF could improvewheat 

productivity, particularly in dryland areas. 
 

Table 3. Means of relative water content (RWC) and membrane 

stability index (MSI) traits under the three irrigation water levels in 

the two growing seasons 2017/2018 and 2018/2019. 

Treatments 

Traits 

RWC (%) MSI (%) 

2017/18 2018/19 2017/18 2018/19 

I100% 88.52 90.30 85.74 87.44 

I80% 85.34 88.25 83.18 84.01 

I60% 79.39 80.49 78.61 79.57 

LSD at 

0.05 
1.52 0.95 0.87 0.81 

Table 4. Means of relative water content (RWC) and membrane 

stability index (MSI) affected by melatonin (ME), salicylic acid 

(SA) and mycorrhizal fungi (MF) treatments in the two growing 

seasons 2017/018 and 2018/019. 

Treatments 

Traits 

RWC (%) MSI (%) 

2017/18 2018/19 2017/18 2018/19 

Control 80.32 82.15 77.17 79.67 

ME 83.22 85.17 80.42 82.01 

SA 84.72 87.43 83.13 83.94 

MF 83.45 86.65 81.60 82.52 

SA+MF 87.95 88.66 87.04 87.50 

ME+MF 86.83 88.00 85.71 86.41 

LSD at 

0.05 
1.84 1.42 1.30 1.80 

 

 

Fig.1. Increments of relative water content (RWC) under effect of 

ME, SA, MF, SA+MF and ME+MF compared to the control in 

2017/018 and 2018/019 seasons. 

Fig.2. Increments of membrane stability index (MSI), under effect 

of ME, SA, MF, SA+MF and ME+MF compared to the control in 

2017/018 and 2018/019 seasons. 

3.2.3. Effect of Interaction 

The mean values of RWC% and MSI% for the 

interaction effect between the three irrigation levels and the 

applied treatments, namely control, ME, SA, MF, SA + MF 

and ME + MF are presented in Table 5. The highest mean 

values of RWC% (91.52 and 92.89%) were recorded under 

the combination of I100%irrigation level and ME + MF 

treatment in 2017/2018 season andSA + MF treatment in 

2018/2019 season. While the lowest mean values of RWC% 

(73.13 and 79.30%) were obtained under the combination of 

I60% irrigation level and control treatment in the first and 

second seasons, respectively. Regarding to membrane 

stability index, SA + MF treatment of wheat under I100% 

irrigation water level had the highest values of MSI% (90.02 

and 90.73%), while the lowest values of MSI% were 

recorded under the combination effect of low water 

irrigation level (I60%)and control plants in the first and 

secondseasons, respectively. Moreover, SA + MF treatment 

or ME + MF treatment significantly increased RWC and 

MSI compared to the control treatment and gave the highest 

values under all the three levels of irrigationwater.These 

results showed that treating wheat plants with SA + MF or 

ME + MF treatments significantly reduced the negative 

effects of irrigation water deficit on RWC% and MSI%. 

These findings are like to results reported by other workers, 

which demonstrating that SA, ME, and MF, and their 

combination treatments of wheat plants are very efficient in 

mitigating the harmful effects of environmental stresses 

including water stress [11, 41, 46-47]. 

3.3. Growth parameters: 

3.3.1. Effect of Irrigationwater levels  

Results in Table 6 showed a significant effect in response 

to various water irrigation levels for wheat growth 

parameters in both seasons. The highest values of leaf area 

duration (LAD), crop growth rate (CGR), relative growth 

rate (RGR) and net assimilation rate (NAR) traits were 

recorded under 100% of irrigation water amount (5476 m3 

ha-1), while the lowest values were obtained under 60% of 

irrigation water amount (3285 m3 ha-1). As compared to 

100% of irrigation water level, application of 80% of 
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irrigation water level significantly decreased (LAD), (CGR), 

(RGR) and (NAR) by 8.47, 10.35, 10.00 and 5.79% in the 

first season and by 7.43, 8.46, 5.00 and 5.38% in the second 

season, respectively. While application of 60% of irrigation 

water level decreased (LAD), (CGR), (RGR) and (NAR) by 

14.35, 22,61, 20.00 and 13.16% in the first season and 

by12.47, 21.74, 15.00 and 13.23 in the second season, 

respectively. Under effect of drought condition, almost plant 

growth parameters significantly decreased comparing with 

that well water irrigated level (I100%), these results may be 

due to a decrease in soil moisture that affects the movement 

of nutrient in the soil [48].Optimum water irrigation 

application produces a positive effect on crop growth rate 

was reported [49]. 

3.3.2. Effect of Melatonin, salicylic acid, and mycorrhizal 

fungi treatments  

Results presented in Table 7 revealed that the melatonin, 

salicylic acid and mycorrhizal fungi treatments differed 

significantly for growth parameters in the two growin 

seasons. The highest mean values of(LAD), (CGR), (RGR) 

and (NAR) were obtained from plants that treated with SA + 

MF in both seasons and were significant than other 

treatments, except ME + MF treatment for crop growth rate 

in both seasons. Application of ME, SA, MF, SA+MF and 

ME+MF treatments led to increase of leaf area duration by 

(6.52 and 7.20%), (11.78 and 10.91%) , (3.66 and 3.29%), 

(23.99 and 21.97%) and (18.92 and 15.93%), crop growth 

rate by (7.87 and 9.20%), (23.54 and 18.56%), (23.66 and 

17.93%), (44.22 and 35.18%)  and (48.15% 

and32.78%),relative growth rate by  ( 13.33 and 12.5 %), 

(20.00 and 18.75 % ), (20.00 and 18.75% ), (33.33 and 25.00 

%) and (26.67 and 25.00 %), and net assimilation rate by 

(9.93 and 8.52 %),(18.54 and 14.06%), (13.52 and 8.11 %), 

(33.77 and 26.20 %) and (31.13 and 20.36%) as compared 

by control treatment in the first and second seasons, 

respectively (Fig 3,4,5 and 6). On the other hand, the lowest 

mean values of the traits mentioned above were obtained 

with the control treatment in both seasons.Exogenous 

application of SA improved the overall dry and fresh weight 

of wheat plants under stress conditions[50]. This rise in 

wheat dry weight under water stress in response to SA 

treatment shows the activation of antioxidant reactions, 

which protect the plant from harm. [23, 51-52]. Melatonin 

improved wheat drought tolerance by reducing 

photosynthetic inhibition and oxidative damage under 

drought stress.[4, 53]. 

3.3.3. Effect of Interaction 

The interaction of irrigation water levels with melatonin, 

salicylic acid, and mycorrhizal fungal treatments (Table 8) 

was significant for all growth indices except net assimilation 

rate in the first season.The combination of 

I100%irrigationwater level  and SA + MF treatment recorded 

the highest mean values (LAD), (CGR), (RGR) and (NAR) 

in 2017/2018 and 2018/2019 seasons, except forCGR in the 

second season.Furthermore, there are no significant changes 

in growth parameters between the SA + MF and ME + MF 

treatments at the I100% irrigation water level in both seasons, 

except for leaf area duration.In contrast, the I60% irrigation 

water level and control treatment produced the lowest mean 

values of (LAD), (CGR), (RGR) and (NAR) in both 

seasons.Helgi and Rolfe [54]found that spraying SA 

increased LAD, CGR and NAR, which they attributed to its 

role in promoting and influencing cell proliferation, 

development, and differentiation, as well as improving plant 

growth parameters. The increase in growth of wheat plants 

infected with mycorrhizal fungi than that of non-inoculated 

plants was probably indirectly attributable to mycorrhizal 

enhancement of phosphorus uptake, which enhances 

photosynthesis [55]. 

4. Conclusion 

Farmers in arid and semi-arid locations frequently utilize 

less water than is required to irrigate their crops, resulting in 

a significant drop in crop output. Our results indicated that 

treated wheat plants by melatonin (ME), salicylic acid (SA), 

mycorrhizae fungi (MF) and their combinationscan 

effectively improve the tolerance of wheat to water stress 

through their function in increasing relative water content, 

membrane stability index, leaf area duration, crop growth 

rate, relative growth rate and net assimilation rate.The 

combination application of SA + MF or ME + MF was the 

most effective treatment in mitigating the detrimental effects 

of water stress. Using 80% of irrigation water and combining 

SA + MF or ME + MF could be a beneficial strategy in 

water-stressed areas for increasing wheat productivity and 

water usage efficiency. 

 

Fig. 3. Increments of leaf area duration (day) under effect of ME, 

SA, MF, SA+MF and ME+MF compared to the control in 

2017/018 and 2018/019 seasons. 

 
Fig. 4. Increments of crop growth rate (g m-2 day-1) under effect   

of ME, SA, MF, SA+MF and ME+MF compared to the               

control in 2017/018 and  2017/018 and 2018/019 seasons.

https://sjsci.journals.ekb.eg/


 

©2024 Sohag University    sjsci.journals.ekb.eg  Sohag J. Sci. 2024, 9(3), 334-341 339 

 

Fig. 5. Increments of relative growth rate (g g-1 day-1) under effect 

of ME, SA, MF, SA+MF and ME+MF compared to the control in 

2017/018 and 2018/019 seasons. 
 

 

Fig. 6. Increments of net assimilation rate (g m-2 day-1) under effect 

of ME, SA, MF, SA+MF and ME+MF compared to the control in 

2017/018 and 2018/019 seasons. 

 

Table 5. Means of relative water content (RWC) and membrane stability index (MSI) traits affected by the interaction between the irrigation 

water levels and melatonin (ME), Salicylic acid (SA) and Mycorrhizal fungi (MF) treatments in the two growing seasons 2017/018 and 2018/019. 

Traits RWC (%) MSI (%) 

2017/2018 

Treatments I100% I80% I60% I100% I80% I60% 

Control 84.42 83.41 73.13 82.66 78.28 70.58 

ME 86.49 84.01 79.18 83.69 81.69 75.88 

SA 89.40 84.87 79.90 85.16 84.10 80.14 

MF 87.90 84.71 77.75 84.89 83.58 76.34 

SA+MF 91.38 88.53 83.94 90.02 86.21 84.88 

ME+MF 91.52 86.50 82.47 88.04 85.22 83.86 

F test * * 

LSD at 0.05 2.74 2.65 

2018/2019 

Treatments I100% I80% I60% I100% I80% I60% 

Control 85.64 81.50 79.30 85.16 81.28 72.58 

ME 88.80 86.84 79.87 85.94 82.71 77.38 

SA 91.74 89.75 80.82 87.16 84.37 80.29 

MF 90.43 89.39 80.14 86.64 83.75 77.19 

SA+MF 92.89 91.40 81.69 90.73 86.39 85.38 

ME+MF 92.30 90.60 81.10 89.04 85.57 84.61 

F test * * 

LSD at 0.05 2.49 2.98 

Table 6. Means of growth parameters under the three irrigation water levels in the two growing seasons 2017/018 and 2018/019. 

Treatments 

Traits 

LAD CGR RGR NAR 

2017/ 18 2018/ 19 2017/18 2018/19 2017/ 18 2018/19 2017/ 18 2018/19 

I100% 134.41 133.46 23.48 25.30 0.020 0.020 1.90 2.06 

I80% 123.02 123.54 21.05 23.16 0.018 0.019 1.79 1.95 

I60% 115.12 116.82 18.17 19.80 0.016 0.017 1.65 1.79 

LSD at 0.05 1.59 1.55 0.694 0.74 0.0005 0.0006 0.034 0.06 

LAD, leaf area duration (day); CGR, crop growth rate (g m-2 day-1); RGR, relative growth rate (g g-1 day-1); and NAR, net assimilation rate (g m-2 

day-1). 
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Table 7. Means of growth parameters affected by melatonin (ME), salicylic acid (SA) and mycorrhizal fungi (MF) treatments in the two growing 

seasons 2017/018 and 2018/019. 

Treatments 

Traits 

LAD CGR RGR NAR 

2017/18 2018/19 2017/18 2018/19 2017/18 2017/18 2018/19 2017/18 

Control 112.07 113.40 16.78 19.13 0.015 0.016 1.51 1.71 

ME 119.38 121.57 18.10 20.89 0.017 0.018 1.66 1.86 

SA 125.27 125.77 20.73 22.68 0.018 0.019 1.79 1.96 

MF 116.17 117.13 20.75 22.56 0.018 0.019 1.71 1.85 

SA+MF 138.95 138.31 24.20 25.86 0.020 0.020 2.02 2.16 

ME+MF 133.27 131.47 24.86 25.40 0.019 0.020 1.98 2.06 

LSD at 0.05 2.93 3.52 0.873 0.98 0.001 0.001 0.041 0.087 

LAD, leaf area duration (day); CGR, crop growth rate (g m-2 day-1); RGR: relative growth rate (g g-1 day-1) and NAR, net assimilation rate (g 

m-2 day-1). 

 

Table 8. Means of growth parameters affected by the interaction between the irrigation water levels, and melatonin (ME), Salicylic acid (SA) and 

Mycorrhizal fungi (MF) treatments in the two growing seasons 2017/018 and 2018/019. 

Treatments 

Traits 

LAD CGR RGR NAR 

2017/18 2018/19 2017/18 2018/19 2017/18 2018/19 2017/18 2018/19 

I100%× Control 124.69 125.62 19.88 22.38 0.018 0.020 1.67 1.835 

I100%× ME 128.89 128.94 20.79 23.29 0.019 0.020 1.78 1.975 

I100%× SA 132.20 131.89 22.48 23.60 0.020 0.021 1.86 2.060 

I100%× MF 129.20 129.43 21.81 24.23 0.019 0.019 1.80 1.965 

I100%× SA+MF 151.67 149.44 28.28 28.66 0.021 0.022 2.17 2.300 

I100%× ME+MF 139.83 135.45 27.66 29.66 0.021 0.021 2.13 2.240 

I80%× Control 108.83 110.23 16.64 19.53 0.015 0.016 1.50 1.745 

I80%× ME 120.86 121.33 17.91 21.29 0.017 0.018 1.70 1.895 

I80%× SA 124.01 124.90 20.84 23.59 0.019 0.019 1.83 1.983 

I80%× MF 110.93 112.30 21.43 22.93 0.018 0.019 1.76 1.905 

I80%× SA+MF 138.02 138.17 24.12 26.39 0.020 0.020 1.98 2.140 

I80%× ME+MF 135.45 134.31 25.39 25.22 0.019 0.019 1.96 2.043 

I60%× Control 102.69 104.35 13.82 15.47 0.012 0.013 1.37 1.563 

I60%× ME 108.39 114.44 15.59 18.09 0.015 0.016 1.50 1.710 

I60%×SA 119.60 120.52 18.86 20.86 0.017 0.018 1.67 1.823 

I60%× MF 108.39 109.66 19.02 20.52 0.016 0.017 1.56 1.688 

I60%× SA+MF 127.16 127.31 20.21 22.52 0.018 0.019 1.91 2.048 

I60%× ME+MF 124.53 124.66 21.52 21.31 0.017 0.018 1.85 1.908 

LSD at 0.05 4.86 5.51 1.69 1.82 0.0015 0.0019 0.070 0.123 

LAD, leaf area duration (day); CGR, crop growth rate (g m-2 day-1); RGR, relative growth rate (g g-1 day-1); and NAR, net assimilation rate (g m-2 

day-1) 
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