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ABSTRACT— During the 2019 and 2020 seasons, an experiment was conducted at the Karada water 

requirements research station, Kafr El-Sheikh Governorate, Water Management Research Institute, National 

Water Research Center, Egypt, to investigate the effects of skipping irrigations at various growth stages and 

foliar spraying by indole acetic acid (IAA) on the quantitative and qualitative characteristics of the rice cultivar 

Giza 179. A split-plot design with four replications was used. Main plots were devoted to water treatments 

i.e., I1= traditional irrigation (control) full irrigation during the season, I2= skipping two irrigation during the 

tillering stage, I3= skipping two irrigation during the flowering stage, I4= skipping one irrigation at tillering, 

and one at heading stage I5= skipping one irrigation at tillering and one irrigation at ripening stages and I6= 

skipping two irrigation during ripening stage. Subplot treatments were devoted to foliar spraying of (IAA), 

i.e., So= spraying with water (control), S1= 50 mg l-1 of IAA, and S2= 75 mg l-1 of IAA. The results showed 

that flowering stage was the most vulnerable to the stress of water shortage and escaping irrigation at this 

stage caused a marked decrease in chlorophyll content in leaves, relative water content (RWC %), flag leaf 

area, yield, and its components, while increased proline content, peroxidase and catalyse enzymes content in 

the two growing seasons. Additionally, traditional irrigation had the greatest mean values for seasonal water 

use and water productivity. 
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1. INTRODUCTION 

Rice provides more than half of the world's food needs. [36], In Egypt, the rice crop is a major water consumer, 

and continual flooding is a traditional irrigation technique. Rice covered area in Egypt of 700000 ha [14] 

under the conventional flooded system, rice plants require more than 20,000 m3 ha-1 of irrigation water, which 

is more than three to four times what they require for biological purposes [19]. Consequently, the poor water 

productivity in situations of irrigated rice refers to water losses [2], [3]. In many parts of the world, The 

worldwide water resource crisis is not the only factor affecting the availability of irrigation water for 

agriculture, especially for the production of rice. [10], but also by rising urban and industrial demand [9]. Rice 

production requires significantly more water than that of other crops worldwide; it is estimated that irrigated 

rice uses roughly 40% of the water utilized globally specifically for irrigation [8], [16]. One of the most main 

challenges to Egypt's rice production is the shortage of irrigation water for some rice varieties grown at the 

end of irrigation canals in the northern Nile Delta, which results in drought conditions at different growth 

stages [1]. Rice under severe water stress causes 48–94% yield losses during the reproductive stage. [20] and 

60% in the grain-filling stage [4]. Rice plants respond to drought by reducing the production of new tillers 

and leaves, reducing leaf elongation, rolling existing leaves, and promoting leaf death [32]. The impact of 

irrigation stress on rice yield also depends on the growth stages, with mid-tillering, flowering, and panicle 
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initiation recognized as the mainly sensitive stages [34]. Plants exposed to abiotic stresses including drought 

lead to superior oxidative stress with the overproduction of reactive oxygen species (ROS), which are 

extremely toxic and cause damage to proteins, lipids, carbohydrates, and DNA [15]. Single molecules known 

as plant hormones regulate all aspects of growth and development in plants, including cell division, 

enlargement, flowering, seed germination, dormancy, abscission, and numerous metabolic processes. They 

are vital for plants to be resistant to various environmental conditions [28]. One of the most prevalent and 

significant plant auxins is indole-3-acetic acid (IAA), which was one of the first plant hormones to be 

identified and plays a crucial role in pathogenesis, multicellularity, and settling [6]. Therefore, the purpose of 

this study is to find out how exogenous indole acetic acid (IAA) spraying affects rice growth, yield, 

physiological changes, and water relations under water stress conditions. 

 

2. MATERIALS AND METHODS  

The experiments were conducted at Karada Research Station, Kafr-Elsheikh Governorate, (Latitude: 31°6'N/ 

Longitude: 30° 56' E) of Water Management Research Institute, National Water Research Center, Egypt. The 

region is subtropical humid having moderately hot-dry summers and warm rainy winters. The soil is 

characterized by a clay texture, (sand 24.46 %, silt 30.10 %, clay 45.51 %), and soil pH 7.35. The soil samples 

were randomly selected between 0 to 60 cm under the soil surface, and physical and chemical characteristics 

were analyzed according to [18], [27] Table (1). The Kafr El-Sheikh region's daily climatic records for the 

two growing seasons (2019 and 2020) were obtained at a meteorological station at the Agriculture Research 

Center's, Sakha Research Station, Table (2). 

 

Table (1): Chemical and physical characteristics of site soil (average of two study seasons). 

Depths 
Cations Anions 

Ec pH 
Ca++ Mg ++ Na+ K+ Co3

-- Hco3
- cl- So4-- 

0-15 1.40 3.10 3.70 0.14 - 2.30 2.60 3.44 0.517 7.52 

15-30 2.00 1.40 7.10 0.12 - 3.70 4.00 2.92 0.858 7.49 

30-45 1.90 1.70 8.02 0.10 - 2.00 3.50 6.22 0.930 7.17 

45-60 1.30 2.20 7.40 0.08 - 2.20 2.90 5.88 0.854 7.22 

Depths Clay Silt Sand Texture FC WP AW 

0-15 54.43 25.10 20.47 Clay 45.17 24.55 20.62 

15-30 48.60 26.55 25.15 Clay 44.01 23.92 20.09 

30-45 40.60 34.25 25.15 Clay 39.96 21.71 18.04 

45-60 38.40 34.50 27.10 Clay 39.91 21.69 18.22 

 

Table (2): Some meteorological data for the Kafr El-Sheikh region as a mean of two growing seasons. 

Month 
Tem. (C°) 

R.H.(%) 
WS 

(km/day) 

Pan Evap. 

(mm/day) Max. Min. Mean 

2019 

May 31.9 25.40 28.65 57.15 68.40 682.90 

June 33.00 28.60 30.50 65.75 103.00 845.70 

July 33.50 28.40 30.95 69.80 83.80 807.70 

Aug. 34.20 28.90 31.55 70.65 68.70 682.40 

Sep. 32.40 27.90 30.15 68.15 76.90 589.60 

2020 

May 31.90 23.80 27.85 53.65 114.40 770.30 

June 31.10 25.20 28.15 60.30 111.80 844.10 

July 33.70 27.30 30.50 67.65 101.70 879.00 

Aug. 34.60 28.20 31.40 67.45 92.40 803.00 

Sep. 34.60 27.10 30.85 67.20 93.30 624.20 

Source: Meteorological station at Sakha Agricultural Research Station. 

 

https://www.sagepublisher.com/


ISSN: 18158129 E-ISSN: 18151027 

Volume 19, Issue 02, February, 2023 

 

1457 

 

Rice (Giza 179) was planted by broadcasting method on the 19th May 2019 and 2020 seasons, respectively. 

Four replicates of the experimental treatments were arranged in a split-plot design, main plots (Irrigation 

treatments); I1 - normal irrigation (control) (the common irrigation method in the experimental site) from the 

sowing up to 2 weeks before harvesting, I2 - skip two successive irrigations after 50 days after sowing (DAS) 

(where the plants may be in the tillering growth stage), I3 - skip two successive irrigations after 90 DAS (where 

the plants may be in the head development stage), I4 - skip one irrigation after 50 DAS (tillering stage) and 

one irrigation after 90 DAS (head development stage), I5 - skip one irrigation after 50 DAS (tillering stage) 

and one irrigation after 115 DAS (flowering stage), I6 - skip one irrigation after 90 DAS (head development 

stage) and one irrigation after 115 DAS (flowering stage). Subplot (IAA treatments); S0 - spraying with water 

(control), S1 - foliar application with 50 mg l-1, S2 - foliar application with 75 mg l-1. which applied two times 

after 50 and 65 days after sowing (DAS). The main plot area was 50 m2 (10 m × 5 m), and the plots were 

isolated by ditches 1.5 m wide. At a seeding rate of 142.8 kg ha-1 (60 kg fad-1), seeds were sown, and all 

agronomic trials were saved normally and the same for all treatments as proposed by ARC, Egypt. Rice was 

manually harvested at physiological maturity. 

 

A water pump (HONDA WBK30T, 4HP) was used for irrigation, and the flowmeter measured the amount of 

water used (m3 ha-1). The water-saving (WS) was calculated by subtracting the amount of water applied in 

each irrigation treatment from the amount applied in conventional flooded irrigation treatments (control) (Eq. 

1). 

WS = IWA (I1) – IWA (I2, I3, I4, I5, I6) ….. Eq 1. 

 

Growth parameters: By measuring the length of the tallest plant from the top of the soil to the tip of the panicle, 

plant height (cm) was calculated. Also, the flag leaf area (cm2) was measured by Portable Area Meter (Model 

LI– 3000A). 

 

Yield and yield components: one square meter from the center of each plot was manually harvested, then 

gathered in bundles, and left in the field for air drying, the weight of each bundle was recorded (grains + 

straw), Then, the air-dried bundles were mechanically threshed and grain weight per 1 m2 was recorded in kg 

and finally calculated to (ton ha-1) as an expression of grain yield parameter. 

 

Panicle length (cm): was measured from the underneath of the panicle up to the tip of the main panicle at 

complete maturity. Average panicle weight (g) was calculated by randomly five plants from each subplot. The 

weight of one thousand rough grains (g) was estimated from the subplot after harvesting in grams 

 

Irrigation water productivity (IWP kg m-3): calculated by dividing rice grain yield (kg ha-1) by the total water 

applied (m3 ha-1.). 

 

Chemical analysis: Plant samples were taken randomly from each plot to estimate the following traits; 

Chlorophyll a and b of leaves was recorded according to the method of [24] and measured at 663 and 647 nm 

in a spectrophotometer, the following Eq 2 & 3 were applied to calculate the chlorophyll content of samples 

as mg/g fresh weight. 

Chlorophyll a (Chl. a) = 11.79 E663 – 2.29 E647  …….. Eq 2 

Chlorophyll b (Chl. b) = 20.05 E647 – 4.77 E663 ……. Eq 3 

 

Relative water content (RWC %): calculated according to Eq 4 of [22], where leaf samples were weighed 

(fresh weight; FW) and transferred into sealed flasks then soaked in distilled water for 5 hrs until fully turgid 

at 4o C, surface swabbed and reweighed (turgid weight; TW). Then oven-dried at 70o C for 48 hrs. and 
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reweighed (dry weight; DW). then as follow: 

RWC(%) =
(FW−DW)

(TW−DW)
x100 ……… Eq 4 

 

The proline content of leaves: was determined according to a modification of the method of [5]. A 

spectrophotometer was used to determine its absorbance at 520 nm. Proline content was determined using a 

standard curve and measured in mg/g fresh weight. 

 

Enzyme extraction: A 500 mg leaf sample was frozen in liquid nitrogen and ground finely with a pestle in a 

refrigerated stirrer, and the ice-cold powder was added to 10 mL of phosphate buffer (pH 7.0). The mixture 

was centrifuged at 15,000 × g for 10 min at 4 °C and the floating material was used as an enzyme source for 

catalase (CAT; EC 1.11.1.6), peroxidase (POD; EC 1.11.1.7). 

 

Assay of CAT activity (µmol min-1 g-1 protein): Catalase activity (CAT) was determined according to the 

method described by [11]. The activity of the peroxidase (POX) enzyme was assessed according to Kara and 

Mishra (1976). 

 

Statistical analysis: According to [31], the gathered data were statistically examined, and mean comparisons 

were carried out using computer programming procedures (stat graphics, v.4.2 software). 

 

3. Results 

Irrigation water applied (IWA) and water-saving (WS): Traditional irrigation (I1) obtains the maximum 

amounts of 12496 m3 ha-1, (5248 m3 fad-1) & 12557 m3 ha-1, (5274 m3 fad-1) of IWA while skipping two 

successive irrigations at the tillering development stage (I2) achieves the lowest amounts (11736 m3 ha-1 (4929 

m3 fad-1) & 11752 m3 ha-1 (4936 m3 fad-1) in first and second seasons, respectively,  in terms of water saving, 

skipping two successive irrigations during the tillering growth stage (I2) was the most effective 759.63 m3 ha-

1 (319 m3 fad-1)  and 805.55 m3 ha-1 (338 m3 fad-1) in the first and second seasons, respectively, as compared 

to the traditional irrigation Fig. (1). The plant growth hormone (IAA) foliar application, on the other hand, did 

not affect the water applied. By analyzing the interaction between treatments, it is suggested that full irrigation 

(I1) and foliar application of plant hormone IAA at any concentration, i.e. (0, 50, 75 ml g-1) can save around 

6 % of irrigation water. In other words, under any IAA utilized concentration, i.e. (0, 50, 75 ml g-1), treatments 

can be arranged in descending order in terms of water savings as follows, I2 > I3 ≥ I4 > I6> I5. Fig. (2). 

 

 
Fig. (1): IWA and WS as a result of irrigation treatments during two seasons. 
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Fig. (2): IWA and WS as a result of the interaction between irrigation and IAA treatments (average of two 

seasons). 

 

Growth Parameters: It was clear that the vegetative growth indices including plant height and flag leaf area 

responded differently to different water treatments, Table (3), therefore the results showed that skipping two 

irrigation (I3) during the flowering stage was the most sensitive stage to water stress. The tallest plants (103.47 

& 104.22 cm) and the highest leaf area (28.39 & 27.48 cm2) were obtained under full irrigation (I1) in the two 

studied seasons, respectively. Regarding foliar spraying of exogenous IAA caused noticeable improvements 

in previous parameters at the rate of 75 mg l-1 (S2). 

 

Table (3): irrigation treatments and foliar spraying by IAA effect on growth parameters during the two 

growing seasons. 

Treatments  
Plant height (Cm) Flag leaf area (Cm2) 

2019 2020 2019 2020 

I1  103.47 104.22 28.39 27.48 

I2  100.77 102.00 27.26 26.25 

I3  82.44 83.33 19.74 19.51 

I4  90.47 91.33 21.22 20.39 

I5  92.00 93.00 22.33 21.54 

I6  94.22 95.66 25.27 24.28 

F-test  ** ** ** ** 

LSD at 0.5  0.726 0.910 0.096 0.245 

S0  93.44 94.44 23.98 23.13 

S1  93.89 95.05 24.06 23.26 

S2  94.36 95.27 24.12 23.31 

F-test  ** ** ** ** 

LSD at 0.5  0.513 0.644 0.068 0.173 

F-test  ** ** ** ** 

LSD at 0.5  2.827 2.859 0.604 0.273 

*,** and N.S. indicate P< 0.05, P<0.01, and not significant, respectively. 

 

Yield and yield components: Irrigation treatments have significant effects on panicle weight and 1000-grain 

weight, While it was not significant on panicle length in both seasons. The tallest panicle length, greatest 

panicle weight, and greatest 1000-grain weight were achieved with traditional irrigation (11), while, the lowest 

values were achieved by skipping two consecutive irrigations at the flowering stage (I3) which was more 

sensitive to water stress. Better values were achieved by applying water stress in the tillering stage than the 

other water stress treatments. On the other side, plant growth hormone i.e. IAA has a significant effect on 

panicle weight and 1000 grain weight while it was not significant on panicle length in both seasons. The data 

concludes that the values of yield components obtained from foliar spraying of IAA were better than the values 
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obtained from the control, it increased gradually with increasing the concentration of IAA, Table (4). 

 

Table (4): irrigation treatments and foliar spraying by IAA effects on yield components during the two 

growing seasons. 

Treatments  
Panicle length (Cm) Panicle weight (g) 1000-grain wt.(g) 

2019 2020 2019 2020 2019 2020 

I1  19.44 19.19 94.50 95.54 25.19 25.67 

I2  17.73 18.44 91.22 92.40 23.41 23.89 

I3  17.25 17.95 81.53 82.65 19.34 19.60 

I4  18.89 19.43 85.11 86.26 19.75 20.06 

I5  18.43 19.57 87.54 88.59 20.65 20.92 

I6  17.22 17.46 89.03 90.20 21.41 21.69 

F-test  NS NS ** ** ** ** 

LSD at 0.5  -- --- 0.477 0.454 0.085 0.121 

S0  17.63 18.05 88.09 89.10 21.01 21.38 

S1  18.04 18.67 88.10 89.19 21.69 22.05 

S2  18.81 19.30 88.28 89.53 22.17 22.49 

F-test  NS NS ** ** ** ** 

LSD at 0.5  ---- ---- 0.337 0.321 0.108 0.136 

Interaction (I x S)  

F Test NS NS ** ** ** ** 

LSD at 0.5  --- --- 1.041 1.045 0.265 0.335 

*,** and N.S. indicate P< 0.05, P<0.01, and not significant, respectively. 

 

Grain yield: Irrigation treatments have a significant effect on rice grain yield in both seasons. The response of 

rice yield varies with the drought stress in growth stages and is reduced gradually towards the end of the 

season, being most sensitive at the heading stage, Fig. (3A). Also, plant growth hormone has significant effects 

on rice grain yield in both seasons. Foliar application of plant growth hormone (IAA) has better values of rice 

grain yield. IAA, 75 mg l-1, and IAA, 50 ml g-1 increase the grain yield by about (5.66 % and 11.83 %) in 

comparison to the control, respectively, Fig. (3B). Regarding the effect of the interaction between irrigation 

and plant hormone treatments, it can observe that due to the non-significant differences between them, it is 

possible to skip irrigation in the late stages of growth where the yield reduction decreases in these stages. 

Also, in the tillering stage, it observes that yield reduction is almost non-existent. It notice also that the use of 

IAA can overcome the reduction of water stress in the growth stages in comparison to without applying it. 

(Table 5 & Fig.4).  
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Fig. (3): Grain yield (ton ha.-1) and yield reduction % as affected by irrigation treatments (A), and due to 

application of IAA (B). 

 

Table (5): Grain yield as a result of the interaction between irrigation treatments and IAA treatments. 

Treatments 
2019 2020 

Grain Yield  yield reduction  Grain Yield  yield reduction  

I1  4.59  0.00  4.62  0.00  

I2  4.18  8.96  4.26  7.73  

I3  2.98  34.97  3.04  34.18  

I4  3.65  20.41  3.70  19.86  

I5  3.75  18.36  4.02  12.88  

I6  4.03  12.17  4.10  11.19  

F-Test  **  NS **  NS 

LSD at 0.5  9.49  --  9.86  --  

S0  3.70  0.00  3.74  0.00  

S1  3.87  -4.64  3.95  -5.66  

S2  4.02  -8.52  4.18  -11.83  

F-Test  **  NS **  NS 

LSD at 0.5  2.84  --  3.98  --  

Interaction treatments (I1xS0)  

F-Test  NS  NS NS  NS 

LSD at 0.5  --  --  --  --  

*,** and N.S. indicate P< 0.05, P<0.01, and not significant, respectively. 

 

 
Fig. (4): Average grain yield and yield reduction results from the interaction between irrigation treatments 

and foliar spraying 

 

Irrigation water productivity (IWP): According to the results, the optimum productivity of irrigation water (kg 

m-3) was achieved by irrigation treatment (I2) in both seasons, while the lowest productivity was achieved by 

irrigation treatment (I1) in the first season and (I3) in the second season. The foliar application of the 75 and 

50 IAA yielded good results compared to the control (S0) in both seasons, with the IWP of 0.9 kg m-3 for the 

75 mg L-1 as the mean for both seasons, and 0.8 kg m-3 for 50 mg L-1 as an average of both seasons. In terms 
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of the interaction between treatments, stress irrigation technology combined with foliar application of plant 

hormone IAA can yield superior results in each growth stage than control (S0). It was also noted that IAA, 75 

with skipping irrigation at the tillering stage and the ripening stage produced better outcomes, as did IAA, 75 

with traditional irrigation (without stress), and that all of them outperformed the control treatment (traditional 

irrigation and without foliar application of plant hormone IAA). Stress irrigation during the heading stage 

without foliar application of IAA plant hormone yielded a lower result. (Fig. 5). 

 

Table (6): The interaction effects of irrigation and IAA treatments on irrigation water productivity (kg ha-1). 

Treatments 
Irrigation Water Productivity 

2019 2020 

I1 0.87 0.88 

I2 0.85 0.94 

I3 0.60 0.92 

I4 0.73 0.92 

I5 0.74 0.91 

I6 0.80 0.91 

S0 0.65 0.65 

S1 0.79 0.81 

S2 0.88 0.91 

 

 
Fig. (5): Average of IWP affected by the interaction between irrigation treatments and foliar spraying 

 

Chemical analysis; Chlorophyll content of leaves: Water stress caused a significant decrease in chlorophyll 

content (Chl. a, Chl. b, Chl. a+b, and Chl. a/b) during the two growing seasons (Table 7). The highest values 

of chlorophyll content were observed with traditional irrigation (I1), while the skipping two irrigation at the 

flowering stage recorded the lowest chlorophyll content during the two seasons. Also, significant differences 

were achieved with foliar application on chlorophyll content. The values of chlorophyll content of rice leaves 

increased with increasing the concentration of the foliar application of IAA, in which 75 mg l-1 of IAA 

produced higher chlorophyll content compared to other treatments. Concerning, the interaction between 

irrigation and IAA treatments, significant effects were observed on the chlorophyll content, the highest values 

of chlorophyll content were achieved with full irrigation (I1) and uses of the 75 mg l-1 of IAA in the two 

growing seasons. Also, it can notice that, in underwater stress, the foliar spraying of IAA at 75 mg l-1 can 

improve the concentration of chlorophyll content of rice leaves under skipping two irrigations at different 

growth stages, (Fig. 6).  

 

Table (7): irrigation treatments and foliar spraying effects chlorophyll content during the two growing 

seasons. 

Treatments 

Chl. a  

(mg g-1 FW) 

Chl. B 

(mg g-1 FW) 

Chl. a+b 

(mg g-1 FW) 

Chl. a/b 

(mg g-1 FW) 

2019 2020 2019 2020 2019 2020 2019 2020 
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I1 2.449 2.545 1.734 1.698 4.182 4.430 1.412 1.498 

I2 2.322 2.458 1.651 1.621 3.973 4.080 1.408 1.516 

I3 1.922 1.990 1.209 1.212 3.131 3.202 1.590 1.644 

I4 2.065 2.135 1.316 1.329 3.382 3.464 1.570 1.604 

I5 2.127 2.167 1.399 1.430 3.527 3.597 1.520 1.545 

I6 2.181 2.193 1.541 1.583 3.722 3.777 1.417 1.390 

F test ** ** ** ** ** ** ** ** 

LSD at 0.5 0.025 0.043 0.164 0.166 0.0262 0.048 0.0345 0.0322 

S0 2.174 2.240 1.470 1.473 3.650 3.716 1.491 1.526 

S1 2.179 2.251 1.473 1.474 3.653 3.725 1.490 1.536 

S2 2.180 2.253 1.482 1.476 3.356 3.728 1.478 1.536 

F-test ** ** ** ** ** ** ** ** 

LSD at 0.5 0.017 0.0304 0.0102 0.0117 0.0185 0.0341 0.0173 0.022 

*,** and N.S. indicate P< 0.05, P<0.01, and not significant, respectively. 

 

 
Fig. (6): Chl. (a) and Chl. (b) [mg g-1 F.w.] as affected by the interaction between irrigation and IAA 

treatments during two seasons. 

 

RWC and proline content: Significant effects between water stress treatments on RWC, and proline content. 

Traditional irrigation achieved the highest values for such parameters in the two growing seasons. Skipping 

irrigations at different growth stages caused a gradual decrease in RWC. On the contrary, the proline content 

attains a significant increase during the two studied seasons. foliar spraying showed significant effects on all 

mentioned parameters and improved these characteristics, especially with plants sprayed with 75 mg l-1 of 

IAA, (Table 8). 

 

Table (8): irrigation and foliar spraying effects on RWC and proline content of leaves during the two 

growing seasons. 

Treatments  
RWC (%)  Proline (mg g-1 FW)  

2019 2020 2019 2020 

I1  73.37 71.51 0.265 0.271 

I2  72.03 70.95 0.299 0.306 

I3  64.87 64.09 0.394 0.405 

I4  66.83 66.59 0.389 0.393 

I5  68.73 58.85 0.368 0.374 

I6  70.30 70.19 0.342 0.349 

F-test  ** ** ** ** 

LSD at 0.5  0.109 0..229 0.006 0.006 

S0  69.33 68.66 0.343 0.349 

S1  69.35 68.66 0.344 0.352 

S2  69.38 68.77 0.342 0.348 

F-test  ** ** ** ** 
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LSD at 0.5  0.08 0.16 0.004 0.004 

Interaction (I x S) 

F-test ** ** ** ** 

LSD at 0.5 0.157 0.402 2.264 2.875 

*,** and N.S. indicate P< 0.05, P<0.01, and not significant, respectively. 

 

Concerning the interaction between treatments, the results revealed that full irrigation with spraying plants 

with IAA at 75 mg l-1 recorded the highest values of RWC (74.64 & 72.67 %) without significant differences 

with skipping two irrigation at tillering stage (I2) when sprayed with IAA at 75 mg l-1 RWC (72.43 & 71.98 

%) during the two seasons, respectively. On the other hand, the highest values of proline were recorded by 

skipping two irrigation during the flowering stage (I3) when sprayed by IAA at 75 mg l-1 (0.437 & 0.448 mg 

g-1 FW) during the two studied seasons, respectively. 

 

Antioxidant defense systems (peroxidase (POD) and catalase (CAT)): Increasing water stress at different 

growth stages caused a noticeable raising in the antioxidant system. I3 recorded the higher values of POD and 

CAT during the two growing seasons. Application of IAA at 75 mg l-1 caused a significant increase in POD 

and CAT enzymes during the two seasons, (Figs. 7 & 8). 

 

                
Fig. (7): Effect of irrigation and IAA treatments on POD during two seasons. 

 

              
Fig. (8): Effect of irrigation and IAA treatments on CAT during two seasons. 

 

4. Discussion 

Water stress causes several morpho-physiological and biochemical traits which are negative to plant growth 

and productivity [33]. Many physiological indicators in rice plants (Giza 179 cultivar) were analyzed in this 

study. Plants under water scarcity have less photosynthetic activity and have a smaller and shorter leaf area 
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[36]. Water stress reduces yield and consequently spike length and number of grains per spike at various 

growth stages [29]. a higher loss in grain production due to water stress at the flowering growth stage was 

mainly caused by a decrease in the percentage of productive panicles and filled grains, as well as the decrease 

in tiller numbers, [17]. 

 

Although drought in the late season was the main reason for the lowing yield, drought before or during tillering 

also decreases tiller numbers and panicles per hill, [7]. Increased stress during grain filling and panicle 

initiation stages may be caused by the significant decline in photosynthetic rate, which had a greater impact 

on the filled grains, 1000-grain weight, and grain yield. As a result, the rice yield significantly dropped [26]. 

Where it agrees with the researched chlorophyll content, it demonstrated significant sensitivity to water stress 

in both seasons. The principal reason for the negative impacts of water stress on chlorophyll may be the 

accumulation of abscisic acid in guard cells, which closes stomata and limits gas exchange, hence limiting 

photosynthesis [25]. Reactive oxygen species (ROS), (O2 and H2O2), were consequently produced and 

interacted with the chloroplast membrane, causing lipid peroxidation, chloroplast damage, and loss of 

viability. Also, [13] reported that total chlorophyll dropped as water shortage stress increased, and it did so at 

a rate of (4.2 - 93.6%) compared with plants cultivated in saturated conditions. 

 

Continuously, it can be noticed that proline (non-enzymatic antioxidants) and POD & CAT (enzymatic 

antioxidants) increased significantly under water stress conditions. Proline also preserves the plant from 

various challenges by enhancing the expression of several genes that are crucial for defense response, [23]. 

On the other hand, in addition to developmental processes, Plant hormones are crucial in the response to biotic 

and abiotic stresses. [12] found that auxins have a main role in cell division during the rice grain-filling stage. 

Therefore, these hormones might regulate the grain capacity for the accumulation of carbohydrates. Also, [35] 

cleared that, IAA has a vital role in enhancing the rice grain yield and its components under water stress. 

Auxins are a group of phytohormones that play a clear role in plant growth, development, and defense against 

various biotic and abiotic stresses [30]. 

 

Finally, the research study can conclude that the largest amount of irrigation water was used in I1 during the 

two growing seasons. I1 was higher than that used in I2, I3, I4, I5, and I6 by 328.5, 275, 246, 166, and 211.5 m3 

fed-1, respectively. So, with underwater shortage, it is possible to skip irrigation in the tillering stage where 

the yield reduction decreases in these stages (8.35 Average in two growing seasons), and the water 

productivity was highest among the other drying in growth stages (0.90 average in the two growing seasons), 

and this agreement with (SWRI) concluded that the best time of field drying was during the tillering stage, 

and avoid skipping irrigation in heading stage where has the highest yield reduction decreases (34.6 average 

in two growing seasons) and lowest water productivity (0.76 average in the two growing seasons), agreement 

with [26] concluded that rice yield was critically affected by water stress at the flowering and grain-filling 

stages. So, skipping two consecutive irrigations at any growth stage can affect the rice spikes' length and 

therefore the number of grains per spike. While, skipping one irrigation at one growth stage and another at 

other stages, rice spike length and the number of grains per spike were not greatly affected in comparison with 

traditional irrigation. These almost agree with the conclusion by (Na et al., 2007) who reported that water 

stress resistance occurs at any crop growth stage, with different responses and different mechanisms for 

drought tolerance. It can conclude that stress irrigation technology at different growth stages can help to save 

an average of 4.6 % of the water in both seasons in comparison with full irrigation, and it might result in a 

decrease in the cost of fuel and water pumping, which would indirectly increase farmers' income [21]. 

 

5. Conclusions 

It is possible to obtain a high yield with less applied water when the irrigation stop happens at the vegetative 
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stage with the application of IAA at 75 mg l-1. In general, the application of IAA could be used as a good 

strategy for yield sustainability of rice under water stress conditions. 
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