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ABSTRACT 

Drought stress would be impact to plant growth, one of them its the physiological aspects of the plant. The plant’s 

physiological response to drought stress may vary by genotipe. This study aims to determine the physiological response of 

several local paddy genotypes from Kampar on drought conditions induced by polyethylene glycol. This research has been 

conducted in Genetics and Breeding Laboratory as well as in plastic house of Faculty of Agriculture and Animal Science 

State Islamic University of Sultan Syarif Kasim Riau. This research used a Completely Randomized Design Factorial with 

3 replications. The first factor is 10 local paddy genotypes from Kampar namely: Kuniong, Buyuong, Arofah, Darman, 

Tolulawuok, Buyuong Putioh, Kuniong Tinggi, Sirok, Owun and Gadin. The second factor is two levels of concentration 

of Polyethylene Glycol (PEG) solution, namely: 0% and 20%. The observed variables were: chlorophyll a concentration, 

chlorophyll b concentration, total chlorophyll concentration, stomata count and Relative Water Content (RWC). The results 

of this study indicate that the Kuniong genotype can keep RWC high. Administration of PEG concentration of 0% and 

20% had an effect on all parameters except on chlorophyll a and total chlorophyll parameters. Interaction between 

Buyuong genotype and 20% PEG concentration showed paddy plants that could adapt to drought stress conditions.  

 
Keywords: genotype, Kampar, paddy, physiological response, polyethilene glycol. 

 

INTRODUCTION 

Paddy (Oryza sativa L.) is a staple food that plays 

an important role in Indonesia. Paddy is also a rice-

producing commodity as the most widely used source of 

carbohydrates for energy sources for living things. The 

number of food demand for rice also increases with the 

increase of population. The per capita need of rice per day 

in Indonesia in 2014 is 839.51 kcal, then the daily 

requirement of rice per capita increase in 2015 is 842.42 

kcal. Therefore, the availability of rice becomes very 

important for the Indonesian nation. Lately a lot of news 

about drought disaster in various fields along with all the 

losses it caused. This is one of the main problems in 

developing rice crops, especially rice paddy. Very bad rice 

conditions caused by drought may pose a threat to rice 

production. Area of paddy field in Indonesia in 2015, 

covering an area of 14,115,475 Ha. The total area of rice 

field in Riau Province is 85,062 Ha, 5,949 Ha from 85,062 

Ha of paddy rice field in Riau is in Kampar Regency. The 

highest rice field area is located in Kuok Subdistrict, 

which is 940 Ha [1-5]. 

The drought stresses on plants affect all aspects 

of growth, which include physiological, biochemical, 

anatomical and morphological processes [6]. The 

measurement of physiological characters such as 

chlorophyll content and stomatal density is one of the 

approaches to study the effect of water shortage on growth 

and production because these parameters are closely 

related to photosynthesis process. Physiological 

characteristics associated with resistance to drought stress 

include decreased transpiration by reducing the amount of 

stomata and increasing photosynthesis by increasing 

chlorophyll content [7]. Physiologically, drought stress 

causes a decrease in photosynthetic rate caused by 

stomatal closure thereby reducing carbon dioxide uptake 

and decreased electron transport and phosphorylation 

capacity in leaf chloroplasts [8]. 

Several previous research results indicate that 

there is a difference in total chlorophyll concentration, 

chlorophyll a, and chlorophyll b of paddy leaf at the time 

of water shortage [9]. Subsequent research revealed total 

chlorophyll content and chlorophyll a can be used as an 

indicator of drought stress [10]. Plants that can maintain 

their water potential even in drought stress can be regarded 

as drought resistant plants [11]. The threat of drought 

conditions can still be overcome by intensification and use 

of drought tolerant paddy varieties. The need for a new 

alternative to sustainable farming systems, such as 

drought-tolerant plants, will provide an important practical 

solution for tackling the limited availability of water [12]. 

High yielding paddy varieties that have proven their 

tolerance to drought are Inpari 18, Inpari 19, and Inpari 20 

[13]. 

Plant breeders make various efforts to obtain 

local paddy genotypes that have tolerant properties of 

drought stress. The existence of diverse paddy genotypes 

is the capital for breeders as a material for assembling and 

obtaining drought-tolerant superior varieties [14]. Various 

local paddy genotypes are still cultivated for generations 

in the Kuok subdistrict so that it can be said that the Kuok 
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Subdistrict includes the center of diversity genotipe of 

local paddy. Several local paddy genotypes in Kuok 

Subdistrict have not known the level of tolerance to 

drought, especially about physiological character in 

drought stress condition. 

One method used to test tolerant paddy plants or 

not in drought stress conditions is by using polyethylene 

glycol (PEG). PEG is one of the compounds that can be 

used in the screening of drought resistant plants [15]. 

Potential water of plants will be reduced by the addition of 

Polyethylene Glycol so that there is water shortage in 

plants [9]. Therefore, the use of PEG in the drought 

tolerant test in plants is very effective and efficient as the 

stimulation of drought conditions that can inhibit the 

absorption of water by cells or plant tissue causing water 

shortage crops [14]. Based on this background, we have 

conducted a study titled "Physiological Response of 

Several Local Paddy Genotypes from Kampar Induced by 

Polyethylene Glycol". 

This research aims to: (a) to know the effect of 

genotype on physiological response of local paddy from 

Kampar on induced drought conditions with polyethylene 

glycol, (b) to know the effect of polyethylene glycol 

concentration on physiological response of local paddy 

from Kampar on drought condition induced by 

polyethylene glycol and (c) to know the effect of the 

interaction between genotype and the concentration of 

polyethylene glycol on physiological response of local 

paddy from Kampar on drought conditions induced by 

polyethylene glycol. 

 

MATERIAL AND METHOD 

This research has been conducted in Genetics and 

Breeding Laboratory and in plastic house of Faculty of 

Agriculture and Animal Science State Islamic University 

of Sultan Syarif Kasim Riau, Jalan H.R. Soebrantas No. 

155 KM. 15 Simpang Baru, Pekanbaru. The study was 

conducted from March to May 2017. The research 

materials used are local rice seedlings from Kuok 

Subdistrict Kampar Regency, 95% alcohol, soil, bokashi 

chicken manure, rice husk, polyethylene glycol (PEG) 

6000, aquades, clear nettles and gandasil D fertilizer. 

Equipment used are spectrophotometer, cuvet, mortar and 

pestel, plastic clip, analytical scales, measuring cups, 

beaker, centrifuge, centrifuge tube, spatula, styrofoam, 

tissue, stationery, label paper, scissors, stirrer, plastic tub, 

microscope, plastic cup, mask, glove, oven, camera, 

masking tape, glass preparation, PE plastic, 0.5 cm 

diameter printer, cutter, ruller, refrigerator and plastic 

cushion board. 

This research is experiment using Randomized 

Complete Design (RCD) which consists of two factors. 

The first factor is the genotype of local rice from Kuok 

Subdistrict, Kampar Regency (G) consisting of ten 

genotypes, namely: G1=Kuniong, G2=Buyuong, 

G3=Arofah, G4=Darman, G5=Tolulawuok, G6=Buyuong 

Putioh, G7=Kuniong Tinggi, G8=Sirok, G9=Owun, 

G10=Gadin. The second factor is the concentration of 

PEG (P) solution consisting of two levels, namely: 

P1=without PEG, P2=20% equals to -0.67 MPa or 6.7 bar 

or semi-permanent wilted ground water condition. 

From these two factors, 20 treatment 

combinations were obtained. Each treatment was repeated 

three times so that there were 60 experimental units.  

Local paddy seed is obtained through survey and 

exploration in Kuok Subdistrict, Kampar Regency. 

Nursery media used in this study were soil, bokashi 

chicken manure and husk with a ratio of 5: 1: 1. The 

planting medium was put into a tub of ten tubs in 

accordance with the number of local paddy genotypes 

used. The seeds are soaked in salt water solution with a 

concentration of 200 grams of salt per 1 liter of water. The 

floating seeds are discarded because they are not good 

anymore. Good seed drained, then washed with clean 

water and then soaked with clean water for 24 hours. The 

soaking water is changed every 12 hours. Immersion is 

meant to solve dormancy. Seeds are seeded on a water-

soaked medium in a plastic tub that is not perforated, so 

the water splashed is only lost due to evapotranspiration. It 

aims to reduce the decrease of water loss in rice field 

crops. The seedbed is done for 21 days [9]. Preparation of 

PEG solution was performed in accordance with PEG 

concentration treatment in this study, i.e. 0% (without 

PEG) and 20%. The solvent used in this study was a basal 

medium used when plants were transferred to plastic cups. 

The basal medium used is 0.025% Gandasil D solution 

containing N (20%), P2O5 (15%), K2O (15%), MgSO4 

(1%), Mn, B, Cu, Co, Zn, aneurine, lactoflavine and 

nicotinic acid amide [9]. The 21-day-old germination plant 

was selected by selecting seeds that grow well and have 3-

4 leaflets, then the seedlings were cultured on medium in 

the form of PEG mixture and basal medium as many as 

three stalks in one culture container [16]. This culturing is 

done on plastic cups for 2 days. Observations were made 

after two days of PEG administration. The parameters 

observed are: 

 

Chlorophyll a, chlorophyll b and total chlorophyll 

The concentration of chlorophyll on paddy leaf 

was determined by leaf banding samples for each 

treatment taken as much as 0.1 g, mashed with mortar and 

pestel, then extracted with 95% alcohol by 12 ml until all 

dissolved chlorophyll to measure chlorophyll content on 

paddy leaves. Then centrifuged 4,000 rpm for 10 minutes. 

The concentrations of chlorophyll a, chlorophyll b and 

total chlorophyll were calculated using the Lichtenthaler 

and Buschmann [17] method as follows. 

 

Chlorophyll a (mg/l) = 13.36 A664,2 - 5,19 A648,6 

Chlorophyll b (mg/l) = 27.43 A648,6 - 8,12 A664,2 

Total chlorophyll (mg/l) = 5.23 A664,2 + 22,24 A684,6 

 

Number of stomata 

The method used to look at this is the replica 

method as follows: the leaf that has been taken is cleaned 

with a tissue to remove the dust or dirt, then rub the 

underside of the leaf with clear nail and leave for 10 

minutes, spread dry nail polish with clear tape and trim, 

tape open slowly then pasted on glass preparations, then 
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label according to treatment. This observation is done by 

using a microscope with magnification 40× [18]. The 

number of stomata was calculated on the five field of view 

of each treatment [19]. 

 

Relative water content (RWC) 

RWC observation is determined by taking 

samples of plant leaves that have fully developed with a 

diameter of 0.5 cm as many as ten sheets. Furthermore, 

weighing the wet weight, then soaking in water for 4 hours 

and then weighed the saturated weight to obtain the 

maximum of turgidity. After that heated in oven for 12 

hours at 65 
o
C and then weighed to know the dry weight. 

RWC is calculated by the formula as follows [20]: 

 RWC =  Wf − WdWt − Wd × 100 

Description: 

RWC  = relative water content 

Wf  = fresh weight of sample 

Wt  = weight of sample after reaching maximum of 

turgidity 

Wd  = dry weight of sample 

 

The data obtained were analyzed using analysis 

of variance (ANOVA) and the significant result was 

continue by Duncan Multiple Range Test (DMRT) at α = 
5%. 

 

RESULT AND DISCUSSIONS 

 

Chlorophyll a concentration  
The results showed that genotype, PEG 

concentration and interaction between genotype and PEG 

concentration did not significantly affect chlorophyll a. 

The concentration of chlorophyll a in the genotype 

treatment ranged from 11.03 mg/l - 17.49 mg/l. Treatment 

The concentration of PEG also had no significant effect on 

the concentration of chlorophyll a. The concentration of 

chlorophyll a ranges from 13.95 to 14.62 mg/l. The results 

of this study differed from that of Nio [10] that 

chlorophyll a in IR 64 cultivar was significantly different 

in the drought stress -1 atm induced by polyethylene 

glycol of 6.9 mg/l. However, in long bean plants (Vigna 

sinensis) the concentration of chlorophyll a had no 

significant effect after different available water treatment 

levels were available [21]. 

The unpublished effect of genotype treatment and 

PEG concentration was thought to be due to plant genetic 

factors and environmental factors. According to Nio [22] 

drought stress from mild to severe levels affects the 

photosynthetic biochemical reactions, resulting in a 

decreased rate of photosynthesis. Based on Nio [10] 

research, IR 64 paddy plants that experienced drought 

stress for three weeks in the early phase of plant growth 

decreased the concentration of chlorophyll a compared to 

control plants. However, in the study of Banyo et al. [9], 

an increase in chlorophyll a concentration of IR 64 and 

Serayu cultivars after being induced drought stress 

induced with polyethylene glycol for two days in the 

initial phase of plant growth. Therefore, the physiological 

response of paddy plants to chlorophyll a concentrations is 

different due to genetic material, plant age at the time of 

stress and long drought stress is given. 

 

Chlorophyll b concentration  

The results showed that chlorophyll b 

concentration was influenced by PEG concentration. The 

chlorophyll concentration b in the genotype treatment 

ranged from 7.33 mg/l - 11.70 mg/l. Treatment The 20% 

PEG concentration resulted in the highest chlorophyll b 

concentration of 11.18 mg/l and was significantly from the 

chlorophyll b concentration at treatment of PEG 0% 

concentration of 7.04 mg/l. The real effect on PEG 

concentration treatment is presumably caused by water 

potential PEG 0% concentration is still classified as water 

saturation level, so the roots suffer from oxygen deficiency 

causing plant metabolism to be disturbed. The results of 

this study differed from that of Nio [10] that chlorophyll b 

in IR 64 cultivar paddy did not significantly in the 

drought-1 atm stress treatment induced by polyethylene 

glycol ie 5.8 mg/l and Hendriyani and Setiari [21] 

chlorophyll b in long bean plants (Vigna sinensis) gives no 

significant effect on some water levels available to plants. 

 

Total chlorophyll concentration 

The results showed that genotype, PEG 

concentration and interaction between genotype and PEG 

concentration had no significant effect on total chlorophyll 

concentration. Total chlorophyll concentrations ranged 

from 19.72 mg/l - 27.34 mg/l. Total chlorophyll 

concentration at treatment of PEG concentration 0% ie 

21,65 mg / l, while at treatment of PEG concentration 20% 

that is 25,12 mg/l. The results of this study differed from 

that of Nio [10] that total chlorophyll in IR 64 cultivar was 

significantly in the drought-1 atm stress induced by 

polyethylene glycol i.e. 13 mg/l, but Hendriyani and 

Setiari [21] stated that the provision level different water 

in long bean plants (Vigna sinensis) gives no significant 

effect. 

The unpublished effect of genotype treatment and 

PEG concentration was thought to be due to plant genetic 

factors and environmental factors. According to Nio [22] 

drought stress from mild to severe levels affects the 

photosynthetic biochemical reactions, resulting in a 

decreased rate of photosynthesis. The results of this study 

showed that drought stress treatment gave higher total 

chlorophyll concentration results compared to non-

drought-cropping plants. The results of this study in 

accordance with research Banyo et al. [9] which states that 

there is an increase in total chlorophyll concentrations of 

IR 64 and Serayu cultivars after being induced drought 

stress induced by polyethylene glycol. 
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Table-1. Data analysis of chlorophyll concentrations (a, b and total), number of 

stomata and relative water content. 
 

Parameters Genotypes 
PEG concentration 

Mean 
0% 20% 

Chlorophyll a 

Concentration* 
Kuniong 15.39 15.29 15.34 

 
Buyuong 15.59 13.19 14.39 

 
Arofah 14.04 15.98 15.01 

 
Darman 12.77 15.52 14.15 

 
Tolulawuok 12.13 9.92 11.03 

 
Buyuong Putioh 12.54 12.26 12.40 

 
Kuniong Tinggi 18.17 10.96 14.56 

 
Sirok 14.40 16.49 15.44 

 
Owun 14.53 11.57 13.05 

 
Gadin 16.66 18.32 17.49 

Mean 
 

14.62 13.95 
 

Chlorophyll b 

Concentration* 
Kuniong 7.50 11.79 9.64 

 
Buyuong 7.41 9.90 8.65 

 
Arofah 6.51 10.85 8.68 

 
Darman 6.18 12.07 9.12 

 
Tolulawuok 5.91 17.48 11.70 

 
Buyuong Putioh 5.97 8.69 7.33 

 
Kuniong Tinggi 9.29 7.98 8.64 

 
Sirok 6.63 12.81 9.72 

 
Owun 7.05 8.48 7.76 

 
Gadin 7.95 11.78 9.87 

Mean 
 

7.04
b
 11.18

a
 

 
Total Chlorophyll 

Concentration* 
Kuniong 22.87 27.07 24.97 

 
Buyuong 22.98 23.07 23.03 

 
Arofah 20.54 26.81 23.67 

 
Darman 18.94 27.57 23.25 

 
Tolulawuok 18.04 27.39 22.71 

 
Buyuong Putioh 18.50 20.93 19.72 

 
Kuniong Tinggi 27.44 18.39 22.91 

 
Sirok 21.02 29.28 25.15 

 
Owun 21.57 20.03 20.80 

 
Gadin 24.60 30.08 27.34 

Mean 
 

21.65 25.06 
 

Number of 

Stomata 
Kuniong 14.73

de
 16.13

cde
 15.43 

 
Buyuong 14.67

de
 13.47

e
 14.07 

 
Arofah 14.27

de
 19.07

abcd
 16.67 
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Darman 14.73

de
 16.33

bcde
 15.53 

 
Tolulawuok 14.33

de
 20.33

abc
 17.33 

 
Buyuong Putioh 14.40

de
 14.60

de
 14.50 

 
Kuniong Tinggi 17.33

bcde
 16.40

bcde
 16.87 

 
Sirok 15.67

cde
 21.33

ab
 18.50 

 
Owun 12.07

e
 22.80

a
 17.43 

 
Gadin 12.53

e
 16.80

bcde
 14.67 

Mean 
 

14.47
a
 17.73

a
 

 
Relative Water 

Content** 
Kuniong 53.33 55.56 54.45

a
 

 
Buyuong 50.00 36.11 43.06

ab
 

 
Arofah 41.11 31.67 36.39

abc
 

 
Darman 24.44 17.78 21.11

bcd
 

 
Tolulawuok 55.56 11.11 33.34

abcd
 

 
Buyuong Putioh 61.11 17.78 39.45

abc
 

 
Kuniong Tinggi 11.11 12.22 11.67

d
 

 
Sirok 6.67 28.89 17.78

cd
 

 
Owun 44.44 19.76 32.10

abcd
 

 
Gadin 33.33 8.33 20.83

cd
 

Mean 
 

38.11
a
 23.92

b
 

 
 

Description: Different superscripts on the same line or lane show a noticeable difference; 

*Data is analyzed using √x transformation; **Data is analyzed using √ (x + 2) transformation 

 

Number of stomata  

The results showed that stomatal count was 

influenced by PEG concentrations and interactions 

between genotypes and PEG concentrations. Plants that 

have low stomata amounts in times of drought are thought 

to have adaptability to water shortages because at a time 

when stomata water shortages will decrease and close. It 

aims to reduce transpiration through stomata so that plants 

can reduce the rate of water shortages through 

transpiration. Based on Table-2 above, it can be seen that 

the genotype that can adapt to drought stress conditions by 

reducing the number of stomata is the Buyuong genotype. 

Stomata with PEG concentrations of 0% and 20% can be 

seen in Figure-1 below. 

 

  
(a) (b) 

 

Figure-1. Stomata (a) PEG concentration 0% (b) PEG concentration 20%. 

 

Figure-1 shows that local rice paddy plants from 

Kampar origin who are given drought-induced drought 

with PEG 20% have smaller stomata size compared to rice 

field crops that are not drought stress. Stomata acts as a 

tool for the adaptation of plants to drought stress by 

reducing the size or number of stomata [8]. 
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Relative water content (RWC) 
The results showed that RWC was influenced by 

genotype and PEG concentration. Genotypes that have a 

high RWC allegedly have high water absorption rate so 

that the need for water will be high as well. This is seen in 

the genotype RWC treated 0% PEG. Water given in the 

culture container will be more quickly absorbed by plants. 

While the highest concentration of PEG concentration has 

the highest RWC is the concentration of 0% polyethylene 

glycol. Local paddy plant with PEG 0% absorbed PEG 

solution in culture container easily so that the PEG 0% 

treatment on PEG had better growth than PEG 20%, while 

in PEG concentration treatment 20% of crops were soil 

that leaf strand the plant's paddy is yellowish. This is 

because PEG solution with a concentration of 20% inhibits 

the absorption of water in plants through the roots. 

Relative Water Content (RWC) is one of the main 

indicators of drought in plants [23, 7]. The PEG-induced 

drought-induced stress treatment led to a decrease in RWC 

values in most of the local paddy genotypes from Kampar. 

The genotypes that experienced RWC decrease after PEG-

induced drought stress for two days were Buyuong 

13.89%, Arofah 9.44%, Darman 6.66%, Tolulawuok 

44.45%, Buyuong Putioh 43.33%, Owun 24.68% and 

Gadin 25%. This shows that the local paddy genotypes 

have decreased the pressure of turgor in order to survive, 

so the cells are smaller than the control plants [23, 24]. 

While the genotype that had increased relative water 

content after being drought-induced stress with 

polyethylene glycol for two days was Kuniong 2.23%, 

Kuniong Tinggi 1.11% and Sirok 22.22%. Plants that can 

maintain their relative moisture value have the ability to 

perform osmotic potential settings [24, 25]. 

 

CONCLUSIONS 
Treatment of genotype gives the same effect on 

all parameters except Relative Water Content. Kuniong is 

a genotype that can keep RWC high. PEG concentration 

gives effect to all parameters except the concentration of 

chlorophyll a and total chlorophyll concentration. 

Buyuong genotype interaction and PEG concentration of 

20% indicate paddy plants that can adapt to drought stress 

conditions. 
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