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Abstract 
Drought is an abiotic stress that limits global rice production. Plastic mulch is one of the ways to 

reduce water consumption. To evaluate the closed water system in the pot, a study was conducted to 

determine the level of reduction of evapotranspiration that did not have an adverse effect on the 

vegetative growth of rice. Experimental treatments included: Treatment 1: 100 % control of 

evapotranspiration (The lid of the pot was always closed), Treatment 2: The pot lid was closed and 

the lid was left open for one hour every day. Treatment 3: The pot lid was closed and the lid was 

left open for one hour every two days, Treatment 4: The pot lid was closed and the lid was left open 

for one hour every three days, Treatment 5 (control): No control of evapotranspiration (pot lid was 

always open). Results showed that the control treatment (no control of evapotranspiration) had the 

lowest plant height, stem diameter, number of leaves per plant, leaf area, leaf relative water content, 

root volume, root weight, leaf fresh weight, leaf dry weight, and water use efficiency compared to 

the evapotranspiration control treatments. 100 % control of evapotranspiration had the lowest water 

consumption. In closed pots, due to the high relative humidity of the air inside the pot, the tendency 

of water molecules to convert from liquid to vapor decreases. Overall, the results of this study 

showed that it is possible to plant crops such as rice in a closed environment in terms of humidity. 
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1. Introduction 

Rice (Oryza sativa L.) is an important 

human food source worldwide. Many efforts 

have been made to maintain the yield of this 

plant (Sibo et al., 2021). Rice fields have high 

evapotranspiration due to flood cultivation. 

Evapotranspiration (ET) refers to the total 

water lost from evaporation through the plant 

growth medium and transpiration from plant 

surfaces (Wang et al., 2021). Among the 

factors controlling evapotranspiration in 

wheat and maize fields, it was found that net 

radiation and surface conductance directly 

controlled evapotranspiration, but the vapor 

pressure deficit indirectly controlled 

evapotranspiration through surface 

conductance (Wang et al., 2022). 

Various ways to reduce evapotranspiration 

in rice have been studied. One of these 

solutions is to use mulches. Plastic mulch is 

one of the most effective mulches in reducing 

evapotranspiration. The effect of pruning 

wastes as organic mulching and plastic 

mulching on evapotranspiration of vineyards 

in a semi-arid climate was investigated. The 

results showed that organic and plastic mulch 

reduced the evapotranspiration of the 

vineyard. Different soil management methods 

did not affect vine transpiration. Organic 

mulch can reduce water shortages under 

drought conditions (López-Urrea et al., 2020). 

Three patterns of film mulching (flat planting 

without mulching (FPNM)), ridge-furrow 

with biodegradable film mulch on the ridge 

(RFBM), and ridge-furrow with plastic film 

mulch on the ridge (RFPM) were examined in 

a maize field. Both RFBM and RFPM 

reduced evaporation, evapotranspiration, and 

evapotranspiration to evapotranspiration ratio 

compared to FPNM, and increased yield and 
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water use efficiency (Fang et al., 2021). The 

use of plastic mulch compared with not using 

plastic mulch in rice increased grain yield by 

20 %, water use efficiency by 106.0 %, and 

irrigation water use efficiency by 519.6 % (Li 

et al., 2007). Plastic mulch reduced thrips 

damage and delayed virus outbreaks in hot 

pepper (Capsicum spp.). The positive effect 

of plastic mulch on the health of hot pepper 

led to improved crop production (Vos et al., 

1995). The plastic film mulch in different 

colors had a maize grain yield increase of 78 

% to 149 % over control. The white plastic 

mulch treatment had a 2 °C higher 

temperature than the control treatment. The 

black plastic mulch had a 0.2  °C lower 

temperature than the control (Haque et al., 

2018). Plastic mulch in maize resulted in 

increased yield, net profit, and cost-benefit 

ratio. Plastic mulch increased global warming 

potential, but reduced greenhouse gas 

emissions. Areas with less than 500 mm of 

rainfall are prone to the use of plastic mulch 

(Zhang et al., 2021b). 

Plastic mulching led to higher growth and 

higher yield than non-mulch treatments in 

chili pepper production in semi-arid 

environments with sandy loam soils. 

Increased crop yield and growth were due to 

suitable soil temperature and moisture 

conditions (Adekaldu et al., 2021). 

The application of two types of plastic and 

straw mulch in a wheat field was compared. It 

was observed that straw strip mulching was 

slightly different from plastic mulch in terms 

of grain yield, straw yield, and soil moisture 

storage. Because straw mulch is cheaper and 

more environmentally friendly, the use of this 

treatment is recommended (Chai et al., 2021). 

In autumn and winter, yellow and silver 

plastic mulches increased the growth of 

tomato plants. In autumn and winter 

cultivation, green and silver plastic coatings 

increased the yield and number of fruits. 

Therefore, depending on the growing season, 

mulch has certain effects on plant growth and 

tomato yield (Mendonça et al., 2021). 

The Watergy project includes a humid air 

solar system that follows the principle of a 

closed two-phase thermosyphon. The 

combination of evaporation and condensation 

allows solar thermal energy to be used much 

more efficiently (Zaragoza et al., 2006). 

Watergy prototype in a closed greenhouse 

reduced water and energy consumption. 

Beans (Phaseolus vulgaris), okra 

(Abelmoschus esculentus), and kenaf 

(Abelmoschus cannabinus), remained healthy 

inside the greenhouse in all seasons and this 

closed greenhouse improved production 

compared to traditional open greenhouses and 

reduced water consumption by 80 % 

(Zaragoza and Buchholz, 2008). 

Rice is a plant with high water 

requirements and its cultivation is usually 

limited to humid areas. Cultivation of this 

plant in arid and semi-arid regions of the 

world destroys water resources and has no 

economic or environmental justification. One 

of the ways to reduce evapotranspiration in 

rice is to use a closed culture system so that 

due to the high relative humidity around the 

plant, the rate of evapotranspiration is reduced. 

This may only be possible in the vegetative 

stage of the plant due to potential problems 

for the plant. Therefore, this study aimed to 

determine the level of reduction of 

evapotranspiration that did not have an 

adverse effect on the vegetative growth of rice. 

 

2. Materials and Methods 

This research was conducted as a pot 

experiment based on a completely 

randomized design with three replications on 

rice plants at Razi University in 2018. For this 

purpose, fifteen pots were considered, each of 

which was filled with field soil. To control 

evapotranspiration, a plastic pot with a lid that 

was transparent to light was used so that the 

photosynthesis of the plant was not disturbed. 

On 4/14/2018, each plastic pot with a height 

of 5 cm was filled with soil. Then 25 rice 

seeds were sown per pot. After germination, 

seedlings were thinned to the desired number. 

The light, temperature, etc. were the same for 

all treatments. 

Experimental treatments included: 

Treatment 1: 100 % control of 

evapotranspiration (The lid of the pot was 

always closed), Treatment 2: The pot lid was 

closed and the lid was left open for one hour 

every day. Treatment 3: The pot lid was 

closed and the lid was left open for one hour 

every two days, Treatment 4: The pot lid was 

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/polymeric-films
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closed and the lid was left open for one hour 

every three days, Treatment 5 (control): No 

control of evapotranspiration (pot lid was 

always open). 

Irrigation time was determined according 

to soil appearance. To do this, before the dark 

color due to moisture in the soil changes and 

the soil comes out of the flooded state, 

irrigation was carried out by flooding so that 

some water (about 1 cm) was collected on the 

soil surface. On 5/7/2018, 0.4 g of urea 

fertilizer was dissolved in 10 ml of water and 

added to the treatments. 

On 5/26/2018, the plants were harvested. 

Plant height, number of leaves per plant, stem 

diameter, leaf area, root fresh weight, root 

volume, leaf fresh weight, leaf dry weight, 

leaf relative water content, water consumption, 

and water use efficiency were measured. 

Plant height was measured with a ruler. 

Caliper was used to measure stem diameter. 

To measure the relative water content of the 

leaves, first, the fresh leaf weight was 

measured with a digital scale with milligram 

accuracy immediately after cutting the last 

developed leaf of the plant. Then, to calculate 

the turgid weight of the leaf, the leaves were 

placed in distilled water at room temperature 

for 24 hours. Immediately after the leaves 

were removed from the distilled water, their 

surface moisture was dried with the help of a 

tissue and their turgid weight was measured. 

Finally, the leaves were dried in an oven at 75 

° C for 24 hours. The relative water content of 

the leaves was obtained using the formula of 

Moradi et al. (2016) as follows: 
RWC (%) = (FW – DW / TW - DW) × 100% (1) 

where, RWC, FW, DW, and TW are leaf 

relative water content, leaf fresh weight, leaf 

dry weight, and leaf turgid weight, 

respectively. 

The relationship presented by Heidari and 

Kahrizi (2018) was used to measure the leaf 

area of rice after measuring the length and 

width of the leaf as follows: 
Leaf area (cm2)=leaf length (cm)×leaf width 

(cm)×0.7 
(2) 

The water used in each irrigation time was 

measured with a graduated container and the 

total was recorded as water consumption per 

pot. To measure water use efficiency (WUE), 

the following equation was used (Heidari et 

al., 2022): 

WUE (mg/ml) = Plant biomass (mg) / Water 

consumption (ml) 
(3) 

A graduated cylinder was used to measure 

root volume. In this way, after filling the 

graduated cylinder with water and measuring 

the initial volume of water in the graduated 

cylinder, the fresh roots of the plant were 

submerged in water, and immediately the 

number related to the change of water volume 

was measured. The volume of water 

transferred was equivalent to the volume of 

roots (Böhm, 2012). 

The data obtained from the experiment 

were analyzed by SAS software. Mean data 

were compared with the LSD test at a 

probability level of 0.05. Excel program was 

used to draw the charts. 

 

3. Results and Discussion 

Mean data comparison showed that the 

treatment of no control of evapotranspiration 

(control) had the lowest plant height (Fig. 1a), 

stem diameter (Fig. 1b), and the number of 

leaves per plant (Fig. 1c) of rice compared to 

other methods of evapotranspiration control. 

Polyethylene mulch increased soil moisture, 

soil temperature, and EC and decreased 

phosphorus, thereby reducing plant growth 

(root length, root diameter, relative growth 

rate of plant height and leaf area, and shoot 

and root biomass) and fruit yield in tomato 

(Zhang et al., 2019). Ridge-furrow with 

plastic mulching compared to traditional 

irrigation planting reduced the plant height of 

maize and increased its resistance to stem 

loading (Li and Li, 2021). Ridge-furrow 

plastic mulching increased soil moisture, leaf 

growth, and water use efficiency in maize 

(Zhang et al., 2021c). It seems that the loss of 

moisture by evaporation and transpiration has 

reduced the morphological characteristics of 

rice such as plant height, stem diameter, and 

the number of leaves per plant. The plastic 

cover of the pot prevents the loss of moisture 

and improves the growth characteristics of the 

plant. 
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Fig. 1. Mean comparisons for the effect of 

evapotranspiration control treatments on some 

morphophysiological traits in rice. a: Plant height, 

b: Stem diameter, c: Leaf number per plant, d: 

Leaf area, e: Leaf relative water content, and f: 

Water consumption. T1: 100 % control of 

evapotranspiration (The lid of the pot was always 

closed), T2: The pot lid was closed and the lid 

was left open for one hour every day. T3: The pot 

lid was closed and the lid was left open for one 

hour every two days, T4: The pot lid was closed 

and the lid was left open for one hour every three 

days, and T5: Control, no control of 

evapotranspiration (pot lid was always open). 

Means with the same letter are not significantly 

different according to the LSD test at the 

probability level of 5 %. 

 

The control treatment (no control of 

evapotranspiration) had the lowest leaf area 

(Fig. 1d) and the leaf relative water content 

(Fig. 1e) compared to the evapotranspiration 

control treatments. Lafitte (2002) investigated 

the relationship between the leaf relative 

water content and the yield of rice cultivars 

and reported that when drought stress is 

severe, there may be a relationship between 

yield and leaf relative water content, which is 

consistent with the results of this research. 

Because in the present study, the biomass of 

the plant also decreased with the decrease in 

the leaf relative water content. Zhang et al. 

(2023) reported the reduction of rice leaf area 

under drought stress conditions, which is 

consistent with the results of the present study. 

Rice is a plant with high water requirements 

and in addition to providing moisture from 

the soil, it likes high air relative humidity 

(Abeysiriwardena et al., 2002). Hirai et al. 

(2000) reported that high air relative humidity 

increased plant height, leaf length, and leaf 

width in rice seedlings, but decreased leaf 
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emergence rate, number of roots, root length, 

and leaf area. With decreasing plant water 

requirement and not using plastic mulch, the 

leaf relative water content of peppermint 

decreased, while the use of plastic mulch 

increased the leaf relative water content 

(Shahriari et al., 2013). Decreased leaf area in 

100 % evapotranspiration control treatment 

compared to treatment of keeping pot lid open 

every two days for one hour might be due to 

the fact that high air relative humidity in rice-

growing medium could partially prevent 

transpiration and temporarily stop 

photosynthesis (Heidari and Mohammadi, 

2011) or reduced plant growth by increasing 

disease (Jia et al., 2015). Therefore, the 

decrease in leaf area and leaf relative water 

content in rice may be due to air with low 

relative humidity because in other treatments, 

due to the closed environment of the pot, 

probably the air around the plant is almost 

saturated with moisture. Regarding the 

relative water content of the leaf, it can be 

said that the presence of the leaf in the 

medium saturated with moisture can help 

increase the leaf water, and the unsaturated 

environment of moisture can probably reduce 

the relative water content of the leaf by 

transpiration.  

100 % control of evapotranspiration had 

the lowest water consumption (Fig. 1f). In 

closed pots, due to the high relative humidity 

of the air inside the pot, the tendency of water 

molecules to convert from liquid to vapor 

decreases. The mechanism of transfer of 

water molecules from liquid to vapor is such 

that water molecules are connected in groups 

by hydrogen bonding. There are some water 

molecules alone. The ratio of molecules 

attached to single molecules depends on the 

temperature of the environment, and these 

molecules are rapidly changing positions 

between the individual and the bonded state. 

During this displacement, some molecules 

may be out of gravity and evaporate, moving 

faster. The escape of a water molecule is 

called evaporation, and the resulting pressure 

is called water vapor pressure. Water vapor 

pressure depends on the temperature. In a 

closed system, evaporation continues until the 

air is saturated, then stops. As air saturates 

with water vapor, the probability of steam 

molecules colliding with each other due to 

gravity increases, and this is the same factor 

in the formation of fog and dew. Therefore, 

the amount of steam does not exceed a certain 

amount, which is called the saturation 

concentration, and if a larger amount of 

moisture evaporates, it will condense at the 

same amount elsewhere (Meidani, 1991; 

Hlastala, 2006). 

The control treatment (no control of 

evapotranspiration) had the lowest root 

volume (Fig. 2a) and root weight (Fig. 2b) 

compared to the evapotranspiration control 

treatments. Ridge-furrow plastic mulching 

compared to flat planting changed the soil 

moisture pattern and root growth pattern in 

maize. Ridge-furrow plastic mulching 

resulted in increased root growth in the 

surface and middle parts of the soil, which 

was due to the increase in soil moisture 

content and increase in surface moisture 

relative to deep soil moisture (Zhang et al., 

2021a). Results of 36 independent field 

studies showed that plastic mulch increased 

root weight density, root length density, and 

root diameter (Li et al., 2021). It seems that 

better moisture status in evapotranspiration 

control treatments has increased the weight 

and volume of rice roots. 

The control treatment (no control of 

evapotranspiration) had the lowest leaf fresh 

weight (Fig. 2c) and leaf dry weight (Fig. 2d) 

compared to the evapotranspiration control 

treatments. Leaf anatomy in maize under 

plastic mulch changed compared to without 

mulch. Various parameters in leaves, 

including leaf thickness and mesophilic layer, 

xylem, substomatal chamber, and intercellular 

canal for plastic mulch were significantly 

lower than treatment without mulch. However, 

lower epidermis thickness and phloem area 

were not significantly different between 

mulch and non-mulch treatments. Changes in 

root growth and leaf anatomy led to increased 

photosynthesis, seed yield, and biomass under 

plastic mulching (Niu et al., 2020). The 

improvement in leaf weight in rice 

evapotranspiration control treatments is 

probably due to the improvement of moisture 

conditions for leaf photosynthesis, which has 

led to continued photosynthesis and biomass 

production in the leaves. 

The control treatment (no control of 

evapotranspiration) had the lowest water use 



       93 

Effects of Evapotranspiration Reduction on …   
 

efficiency (Fig. 2e) compared to the 

evapotranspiration control treatments. 

Increasing the water vapor pressure deficit 

reduced the photosynthesis, dry matter 

production, and water use efficiency of potato 

(Solanum tuberosum L.) cultivars (Kaminski 

et al., 2014). No control of evapotranspiration 

causes the plant to use too much moisture. In 

these conditions, the loss of moisture by the 

air is maximized. The control treatment had 

the highest water consumption and the lowest 

dry matter production in rice shoots and roots. 

Mulches act as a barrier to the release of 

water molecules as water vapor from the plant 

environment. The change of water state from 

liquid to vapor occurs faster when there is no 

obstacle in front of it. Plastic mulch in pots, 

like the roof of a greenhouse, prevents water 

molecules from escaping and traps them, 

increasing the relative humidity around the 

plant. The higher the relative humidity of the 

environment, the lower the tendency of water 

molecules to change state from liquid to water 

vapor. At high atmospheric relative humidity 

conditions, atmospheric tension for 

evaporation is usually lower and water use 

efficiency increases (Ben-Asher et al., 2013; 

Fanourakis et al., 2020). 

 

 

 
 

 

 

 

 
Fig. 2. Mean comparisons for the effect of 

evapotranspiration control treatments on root, leaf, 

and water use efficiency in rice. a: Root volume, b: 

Root fresh weight, c: Leaf fresh weight, d: Leaf 

dry weight, and e: Water use efficiency. T1: 100 

% control of evapotranspiration (The lid of the pot 

was always closed), T2: The pot lid was closed 

and the lid was left open for one hour every day. 

T3: The pot lid was closed and the lid was left 

open for one hour every two days, T4: The pot lid 

was closed and the lid was left open for one hour 

every three days, and T5: Control, no control of 

evapotranspiration (pot lid was always open). 

Means with the same letter are not significantly 

different according to the LSD test at the 

probability level of 5 %. 

 

4. Conclusions 

The treatment without controlling 

evapotranspiration had the lowest plant height, 

stem diameter, number of leaves, leaf area, 

leaf relative moisture content, root fresh 

weight, and leaf fresh weight. The 100% 

evapotranspiration control treatment had the 

lowest water consumption and the highest 
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water use efficiency. Overall, the results of 

this study showed that it is possible to plant 

crops such as rice in a closed environment in 

terms of humidity. Reducing the 

evapotranspiration of plants such as rice that 

are adapted to high relative humidity with the 

help of a closed environment such as plastic 

in the field or greenhouse can prevent 

moisture loss in arid and semi-arid regions 

and prevent the destruction of water sources.  
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