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Abstract. Deli Serdang regency in North Sumatera, Indonesia has a high diversity of local rice 
that has adapted to various climatic and edaphic conditions including drought. Studies on 
tolerance level of various local rice genotypes to drought are important to be carried out. This 
will help plant breeders with germplasms to support rice breeding program. Polyethylene glycol 
(PEG) is a water-soluble compound with high osmotic pressure and unlikely to have specific 
interaction with biological, chemicals and often to be used in the studies of drought stress in plants. 
This experiment was aimed to determine tolerance level of local rice genotypes from Deli Serdang, 
North Sumatera, Indonesia to drought stress. A completely randomized design (CRD) with 3 
replicates were used in this study. The first factor was 23 local rice genotypes and 4 tolerance 
genotypes to drought stress and the second factor was PEG 6000 concentration i.e 0 and 20% 
(w/v). The percentage of germination, plant height, length and number of roots protruding from 
paraffin-wax layer, seedling fresh and dry weight, index of tolerance, probability of resistance, 
and leaf proline content were measured in this study.  Based on morphological and physiological 
characters that measured in this study six local rice genotypes, namely Gemuruh, Ramos Merah, 
Arias, Sialus, Silayur, and Sirabut were categorized as tolerance to drought stress. These resistant 
local rice genotypes were potential to be used for further drought stress studies in paddy field.  
Keywords: local rice; Deli Serdang; drought stress; tolerant 

1. Introduction 

A landrace is a very valuable genetic asset and need to be managed properly. Landrace has 

been cultivated for generations and has adapted well to various climatic conditions. Deli Serdang 

Regency in North Sumatera, Indoneasi has a diversity of rice local that found in several villages. 

However, management and utilization of the rice’s germplasm are still very low which, in the long 

run, may result in a reduction and extinction of the germplasm. This low management and 

utilization of local rice is resulted from low availability if the local rice as well as limited number 

of farmers growing the rice. Therefore, attempts should be made to preserve this germplasm 

collection such as characterization of the existing local rice and improving the characters to 

become new superior varieties (Neeraja et al., 2006). 

The distribution of plant species across places and various environmental conditions is often 

determined by exposure to environmentally-driven stress such as drought. Plant response to 

environmental stress may vary and occurs at different organization levels, from morphological, 

anatomical, cellular, biochemical, and molecular levels (Manavalan et al., 2009; Muñoz & Quiles, 

https://doi.org/10.32530/jaast.v5i1.4
https://creativecommons.org/licenses/by-sa/4.0


  
 

14 
Chaniago et al. 
JAAST 5(1): 13–27 (2021) 

2013). Drought is one of the most serious limiting factor for rice growth  and has resulted in a 

significant decline in rice productivity (Sabar & Arif, 2014). Drought may affect various stages of 

plant growth and development such as seedling vigor (Singh et al., 1999), root depth and density 

(Ludlow & Muchow, 1990; Manavalan et al., 2009), and flowering (Bolaños & Edmeades, 1996). 

Plant morphological changes such as lengthen roots occurred during drought stress. Roots grew 

deeper and reached soil depth for over 20 cm below the surface (Allah et al., 2010) and this to help 

plants to reach water for their growth during the shortage of water (Sujinah & Jamil, 2016). 

Proline content has been widely used as an indicator of plant response to drought (Barunawati 

et al., 2016). Proline is an amino acid that plays important role in preserving nitrogen, acting as an 

osmo-regulator, and protecting certain enzymes. Proline levels were found to increase in response 

to drought stress in the various crops, such as maize (Yang et al., 2014),  wheat (Barunawati et al., 

2016) and rice (Purbajanti et al., 2017; Zain et al., 2014). Proline keeps cell turgor pressure and 

supporting root growth during drought (Zivcak et al., 2016). 

Polyethylene Glycol (PEG) has been widely used in the study of water stress in plants including 

rice (Choi et al., 2000; Swapna & Shylaraj, 2017). PEG is an inert chemical compound, non-toxic, 

and has a high molecular weight (Jiang & Lafitte, 2007), increases the osmotic potential of growing 

medium that may reduce the amount of water intake of seedlings (Jatoi et al., 2014). Studies in 

screening of local rice genotypes from Deli Serdang, North Sumatera, Indonesia to drought stress 

has not yet reported. The experiment reported here used PEG to mimic water stress during the 

growth and development of rice that collected from Deli Serdang, North Sumatera, Indonesia. The 

experiment aimed to determine tolerance level of local rice genotypes from Deli Serdang, North 

Sumatera, Indonesia to drought stress. Some morphological and physiological characters were 

observed in this study. 

2. Methods  

2.1. Rice Genotype Materials  

Experiments were carried out at Laboratory of Plant Physiology and glasshouse of Faculty of 

Agriculture, Universitas Islam Sumatera Utara, Medan, from February to April 2020. Twenty-

three (23) local rice genotypes from Deli Serdang, North Sumetera, Indonesia were subjected to 

the experiment. Four (4) rice varieties categorized as tolerant to drought stress were included as 

control. A two-way factorial design with 27 rice genotypes and two levels of PEG concentrations 

were assigned. Local rice genotypes were Kuku Balam (G1), Siudang (G2), Pandan Wangi (G3), 

Sigambiri Merah (G4), Sigantang (G5), Sibelacan (G6), Gemuruh (G7), Sipingkol (G8), Beras 

Hitam (G9), Sipirok (G10), Merah Wangi (G11), Serang (G12), Ramos Putih (G13), Ramos Merah 

(G14), Arias (G15), Maraisi Merah (G16), Sigambiri Putih (G17),  Sijambi (G18), Tambur Kersik 
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(G19), Sialus (G20), Silayur (G21), Sirabut (G22), Sigimbal (G23). In this study, four rice varieties i.e 

Inpago 8 (G24), Inpago 10 (G25), Inpago 11(G26) dan Inpari 39 (G27) as categorized as tolerant to 

drought stress were used as control. 

2.2. Germination Test 

Surface sterilization of rice seeds. Rice seeds were washed with running tap water. The seeds 

were then washed with distilled water for three times followed by washing in 70% ethanol for 30 

seconds. The seeds were then washed with 2% NaOCl for 15 minutes. The sterilised seeds were 

immediately washed 4 times with distilled water to get rid of all traces of sterilant and were left to 

dry at room temperature.  

Seed germination. The rice sterilized seeds were soaked in 20% PEG solution (PEG 6000, 

Sigma-Aldrich, Steinheim, Germany) for 60 minutes. Ten seeds were then placed in a 60-mm 

diameter Petri dish with 2 mL of 20% PEG and were kept for germination at room temperature for 

7 days. The control treatment group used sterile water to wet the germinating medium (0% PEG). 

Germination percentage was counted at 7 days after planting. 

2.3. Early Growth of Rice with PEG 

Early growth of rice seedling was observed in a double pot-growing media. Pre-germinated 

rice was transferred onto pots containing paraffin and vaseline mixture (6:4, w/w). The mixture 

was preheated at 70°C and was then poured into a perforated-base plastic pot and let to dry. The 

solid paraffin and vaseline mixture of 3 mm thick was used as a basal bedding of potting mixture 

onto which 200 g of soil and sand mixture (1:1; w/w) was added. Two pre-germinated rice 

seedlings with a 1-cm-long radicle were planted at each pot. Another plastic pot containing 45 mL 

of  Hoagland’s nutrient solution (Harper & Nicholas, 1976) was prepared. The pot containing rice 

seedlings was carefully stacked into a nutrient solution pot so that the base of the seedling pot did 

not reach the nutrient solution. The pots were carefully placed at a wooden rack in a glass house 

and were kept for 4 weeks. Each pot was watered every day with 7 mL of distilled water.   

2.4. Measurement and Data Collection 

Data on plant responses to drought stress were recorded at 28 days after transplanting. Data 

collection includes plant height (PH), number of roots protruding from the paraffin layer (RN), 

length of roots protruding from the paraffin layer (RL), and plant fresh and dry weight (following 

hot-air dried at 70°C for 48 hours to get a constant weight of plant tissue), stress tolerant index 

(Iriany et al., 2005), resistance probability, and leaf proline content. The probability of resistance 

(%) is calculated using a curve of normal standard graph. Total values of area below the curve 

were used for the calculation following (Sauro, 2007).  
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The measurement of proline content was conducted as follows: 0.5 g of leaves were extracted 

with 3 mL of 3% 5-sulphosalicylic acid in a mortar. The leaf extract was then centrifuged at 

21,000× g for 15 min. The clear supernatant was carefully poured into a glass vial prior to adding 

2 mL of 5-sulphosalicylic acid to the residue. The mixture was centrifuged for a second time. The 

second supernatant was poured onto the first supernatant and was thoroughly mixed (so-called a 

final supernatant). Two mL of the final supernatant was mixed with 2 mL of 3% ninhydrin reagent 

and 2 mL of acetic acid glacial. The mixture was then heated at 100°C for 1 hour in a water-bath 

and was cooled in an ice bath. Four mL of toluene was added to the mixture and was mixed for 15 

seconds. Absorbance value of the mixture was measured at 520 nm in a spectrophotometer. The 

proline content of the leaf was expressed in μM/g FW (fresh weight of leaves) (Larkunthod et al., 

2018).  

The tolerance index (TI) was obtained using the following equation (1): 

!" = !"
!# 	%	

!"
$%"		         (1) 

where Yd and Yn respectively represent observed variables under drought and normal conditions. 

Hyd is the highest observed variable under drought conditions. TI ˃ 0.5 = tolerant and TI ˂ 0.5 = 

susceptible (Fernandez, 1993, as cited in  Iriany et al., 2005). 

2.5. Data Analysis 

Analysis of variance was applied to the data and mean separation was calculated according to 

Duncan’s New Multiple Range Test at 5% level. If only the effect of PEG was found to be 

significant, then mean separation was calculated as for t-Dunnet at 5%. 

Table 1. Analysis of variance of 23 landrace rice of Deli Serdang district and 4 rice varieties 
tolerant to drought (germination percentage (GP), plant height (PH), length of roots 
protruding from the paraffin layer (RL), and number of roots protruding from the paraffin 
layer (RN), fresh weight (FW) and dry weight (DW) of plants 

Source of 
Variance 

GP PH RL RN FW DW 

Genotype (G) 16.05* 4.75* 20.83* 2.94 * 21.03* 16.18* 
PEG (P) 855.95* 3.83* 19.90* 1.75 ns 539.87* 83.97* 
G x P 36.45* 0.17ns 14.18* 6.17* 27.45* 17.67* 

Remarks: * (significant); ns (not significant) 

3. Results and Discussion  

The summary of analysis of variance on various observations demonstrated different responses 

to water stress induced by 20% PEG. Responses of germination percentage (GP), plant height 

(PH), length of roots protruding from the paraffin layer (RL), and the number of roots protruding 

from the paraffin layer (RN), fresh weight (FW), and dry weight (DW) of plants are presented in 

Table 1. Rice genotypes (G) significantly affected all variables observed. Water stress (P) affected 

all variables but the number of roots protruding from the paraffin layer (RN). The interaction 
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between rice genotypes and water stress only affected germination percentage (GP), length of roots 

protruding from the paraffin layer (RL), and the number of roots protruding from the paraffin layer 

(RN), fresh weight (FW), and dry weight (DW) of rice plants. 

3.1. Germination Percentage 

Various germination percentages resulted in different tolerance and probability of resistance 

towards water stress under the experimental condition (Table 2). 

All rice genotypes showed 100% of germination in 0% PEG except for G1, G2, and G4. These 

three rice genotypes showed very low germination which might be resulted from low seed viability 

as the seeds had been stored for 6 months after collecting from the field.  In contrast, treatment of 

20% PEG reduced germination and the response varied within genotypes. interestingly our study 

showed that there were 4 local rice genotypes (G14, G16, G21, and G22), germinated similar or higher 

than that of tolerant rice varieties. These 4 local rice genotypes demonstrated their potential to be 

tolerant to drought with a tolerant index of >0.5. 

Table 2. Germination percentage, tolerant index, and the resistant probability of 23 genotypes of 
local rice in Deli Serdang district and 4 varieties of drought-tolerant in response to PEG 

Genotype Germination 
percentage (%) 

Genotype 
Mean 

Toleranc
e Index 

Criteria Resistant 
Probability 

PEG 0 % PEG 20 %    (%) 
Kuku Balam (G1)   20.00 m 13.33 n 16.67 m 0.10 Susceptible 20.80 
Siudang (G2)    33.33 k 13.33 n 23.33 l 0.06 Susceptible   6.20 
Pandan Wangi (G3) 100.00 a 53.33 i 76.67 e 0.31 Susceptible 60.95 
Sigambiri merah (G4)  53.33 i  20.00 m 36.67 k 0.08 Susceptible 13.50 
Sigantang (G5)  100.00 a 33.33 k 66.67 g 0.12 Susceptible 24.45 
Sibelacan (G6)  100.00 a 60..00 h 80.00 d 0.38 Susceptible 64.60 
Gemuruh (G7) 100.00 a 53.00 i 76.67 e 0.30 Susceptible 42.70 
Sipingkol (G8)     93.33 b 40.00 j 66.67 g 0.18 Susceptible 39.05 
Padi Hitam (G9)  100.00 a 26.66 l 63.33 h 0.07 Susceptible   9.85 
Sipirok (G10)    80.00 e 13.33 n 46.67 j 0.02 Susceptible   2.55 
Merah Wangi (G11) 100.00 a 53.33 i 76.67 e 0.30 Susceptible 46.35 
Serang (G12) 100.00 a 60.00 h 80.00 d 0..38 Susceptible 68.25 
Ramos Putih (G13) 100.00 a 53.33 i 76.67 e 0.30 Susceptible 50.00 
Ramos Merah (G14) 80.00 d 93..33 b 88.33 b 0.55 Tolerant 75.55 
Arias (G15) 100.00 a 33.33 k 66.67 g 0.12 Susceptible 28.10 
Maraisi (G16) 100.00 a 73.33 f 86.67 b 0.57 Tolerant 79.20 
Sigambiri Putih (G17) 100.00 a 40.00 j 70.00 f 0.17 Susceptible 31.75 
Sijambi (G18) 100.00 a 53.33 i 76.67 e 0.30 Susceptible 53.65 
Tambur Kersik (G19) 100.00 a 40.00 j 70.00 f 0.17 Susceptible 35.40 
Sialus (G20)   93.33 b 26.66 l 60.00 i 0.08 Susceptible 17.15 
Silayur (G21) 100.00 a 73.33 f 86.67 b 0.57 Tolerant 82.25 
Sirabut (G22) 100.00 a 73.33 f 86.67 b 0.57 Tolerant 86.50 
Sigimbal (G23) 100.00 a 53.33 i 76.67 e 0.30 Susceptible 57.30 
Inpago 8 (G24)* 100.00 a 86.66 c 93.33 a 0.80 Tolerant 97.45 
Inpago 10 (G25)* 100.00 a 73.33 f 86.67 b 0.57 Tolerant 90.15 
Inpago 11 (G26)* 100.00 a 66.66 g 83.33 c 0.48 Susceptible 71.90 
Inpari 39 (G27)* 100.00 a 73.33 f 86.67 b 0.57 Tolerant 93.80 
Mean PEG 90.99 a 50.12 b     

Remarks: * (Control varieties: drought-tolerant), CV = 12.59% 
Mean values within the same column followed by similar small letter are not significantly different at 5% DMRT.  
Criteria of tolerant index: Ti > 0.5 = tolerant and Ti< 0.5 = susceptible 
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3.2. Plant Height 

Water stress created by the application of 20% PEG did not affect the plant height of all rice 

genotypes tested (Table 3). All genotypes were tolerant to water stress except for G1 and G22. 

The tolerant genotypes had a resistant probability of 4.05-93.80%. However, there were 8 local 

rice genotypes (G10, G12, G4, G8, G21, G3, G13, and G5) with a resistant probability of >60% and 

higher than that of 3 tolerant rice varieties (G24, G26, and G27). 

Table 3.  Plant height, tolerant index, and the resistant probability of 23 genotypes of local rice of 
Deli Serdang district and 4 varieties of drought-tolerant in response to PEG, 4 weeks after 
planting 

Genotype Plant height (cm) Genotype  Tolerant  
Index 

Criteria Resistant 
Probability 

(%) 
PEG 0 % PEG 20 % Mean 

Kuku Balam (G1) 30.00 12.66 21.33 k 0.13 Susceptible 2.55 
Siudang (G2) 35.83 34.33 35.08 ab 0.80 Tolerant 3.05 
Pandan Wangi (G3) 35.00 37.73 36.37 b 0.99 Tolerant 75.55 
Sigambiri merah (G4) 31.00 39.16 35.08 b 1.20 Tolerant 90.15 
Sigantang (G5) 33.66 36.16 34.92 b 0.94 Tolerant 64.60 
Sibelacan (G6) 34.33 34.83 34.58 b 0.86 Tolerant 53.65 
Gemuruh (G7) 29.00 30.66 29.83 ef 0.79 Tolerant 31.75 
Sipingkol (G8)  28.33 36.33 32.33 cd 1.13 Tolerant 86.50 
Padi Hitam (G9) 30.33 32.66 31.50 de 0.85 Tolerant 50.00 
Sipirok (G10) 28.00 40.66 34.33 bc 1.44 Tolerant 97.45 
Merah Wangi (G11) 25.66 26.50 26.08 j 0.66 Tolerant 24.45 
Serang (G12) 34.00 41..00 37.50 a 1.20 Tolerant 93.80 
Ramos Putih (G13) 30.75 34.66 27.58 ghij 0.95 Tolerant 68.25 
Ramos Merah (G14) 29.00 25.66 27.33 hij 0.55 Tolerant 13.50 
Arias (G15) 30.00 34.50 27.25 ij 0.96 Tolerant 71.90 
Maraisi (G16) 31.33 30.83 31.08 def 0.73 Tolerant 28.10 
Sigambiri Putih (G17) 29.33 31.66 30.50 def 0.83 Tolerant 42.70 
Sijambi (G18) 24.33 29.00 26.67 j 0.84 Tolerant 46.35 
Tambur Kersik (G19) 32.33 27.00 29.67 efg 0.54 Tolerant 9.80 
Sialus (G20) 29.66 32.66 31.17 def 0.87 Tolerant 57.30 
Silayur (G21) 26.00 33.00 29.50 efgh 1.02 Tolerant 79.20 
Sirabut (G22) 30.00 13.50 19.50 k 0.15 Susceptible 6.20 
Sigimbal (G23) 33.66 30.00 31.83 de 0.65 Tolerant 20.80 
Inpago 8 (G24)* 26.33 31.66 29.00 fghi 0.92 Tolerant 60.95 
Inpago 10 (G25)* 27.00 33.83 30.42 def 1.03 Tolerant 82.85 
Inpago 11 (G26)* 26.00 24..83 25.42 j 0.57 Tolerant 17.15 
Inpari 39 (G27)* 24.66 28.33 26.50 j 0.79 Tolerant 35.40 
Mean PEG 29.09 a 31.09 b     

Remarks: * (Control varieties: drought-tolerant), CV = 21.64% 
Mean values within the same column followed by similar small letter are not significantly different at 5% DMRT.  
Criteria of tolerant index: Ti > 0.5 = tolerant and Ti< 0.5 = susceptible. 

3.3. Length and Number of Roots Protruding from Paraffin Layer 

Data of length and number of roots protruding from paraffin layer 4 weeks after planting are 

presented in Table 4. Roots of local rice from the 20% PEG treatment group were shorter than that 

of 0% PEG group. Within the treatment group of 20% PEG, local rice genotype Arias (G15) 

demonstrated the longest root, in contrast to genotype Inpago 8 (G24) with the shortest root, 11.0 

and 3.0 cm respectively. Water stress through the application of 20% PEG reduced root length and 

the number of roots of rice variety Inpago 8 (G24), 40 and 75% respectively. Rice var. Inpago 8 is 
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one of drought-tolerant rice varieties used for this experiment. Among all 27 rice genotypes tested, 

there were only 6 genotypes showing water stress tolerance. They were genotypes G2, G4, G7, G8, 

G9, and G15. It was interesting to note that 3 rice varieties tolerant to water stress (G25, G26, and 

G27) had a lower probability to be drought-tolerant with a probability of <60%. 

The number of roots protruding from paraffin layer varied between the rice genotypes. The 

highest number of roots was observed from local rice genotypes G10 and G17 with 4 roots observed 

at each pot. All 4 drought-tolerant rice varieties had a tolerant index lower than 0.5 according to 

the number of roots protruding from paraffin layer. Therefore, these four rice varieties fell into a 

category of susceptible to drought according to their root growth. 

3.4. Plant fresh and dry weight  

In general, PEG-induced water stress reduced plant fresh and dry weight of local rice 

genotypes and 4 drought-tolerant rice varieties (Table 5). According to plant fresh weight, all 23 

local rice genotypes were susceptible to drought with tolerant index was lower than 0.5. However, 

seven genotypes showed a >60% probability of drought-resistant according to plant fresh weight, 

i.eG10 (93.80%), G15 (90.15%), G14 (86.50%), G8 (82.85%), G5 (79.20%), G1 (75.55%) and G12 

(71.90%). A different response was observed in plant dry weight. Six rice genotypes, G3, G6, G11, 

G15, G20 dan G22 were tolerant to water stress. Eight local rice genotypes had a probability to be 

resistant to drought (G6, G22, G15, G20, G11, G3, G2, and G21). Interestingly, G24 (Inpago 8), a 

drought-tolerant rice variety was considered susceptible according to plant fresh and dry weight. 

3.5. Proline Content  

PEG-induced water stress increased proline content in the leaf of local rice genotypes tested 

(Table 6). The highest proline content was observed form rice genotype G21 (6,404 µM/g), 

followed by G19 (5,052 µM/g), G10 (4,517 µM/g), G14 (4,188 µM/g), G1 (4,169 µM/g) and G13 

(4,047 µM/g). The proline content of these six local genotypes was higher than that of four 

drought-tolerant rice varieties. 

All local rice genotypes studied were tolerant to water stress under the experimental 

condition except for genotypes G2, G4, G5, and G16 according to the value of tolerant index. 

However, a different response was observed for the percentage of drought resistance probability. 

There were nine local rice genotypes with >60% drought resistance probability, i.e. G21 (97.45%), 

G19 (93.80%), G1 (90.15%), G14 (82.85%), G10 (79.20%), G13 (75.55%), G7 (71.90%), G20 (64.60%) 

and G3 (60.95%). Interestingly, these nine local genotypes showed higher probability of drought 

tolerance than that of two drought-tolerant varieties, Inpago 11 (G26) and Inpari 39 (G27). All 

genotypes tested except for Sigambiri Merah and Sigantang increased their proline content in 

response to drought stress. In addition, genotypes Sigambiri Merah and Sigantang showed proline 
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content lower than that of other rice genotype tested, 0.23 and 0.18 respectively. Therefore, one of 

the criteria used to select resistant genotypes to drought at this research is high level of proline. 

Seed germination mostly depends on the metabolic activities and the stimulation of growth 

hormones in seeds. Water availability is necessary for seed germination and insufficient water will 

inhibit the germination process. However, to some extent, drought-resistant seeds may germinate 

and grow under water stress conditions. The research reported here found significant differences 

in the germination rate of local rice tested. Four local rice genotypes were found to be tolerant to 

water stress with a germination rate higher than that of four drought-tolerant varieties, i.e. Ramos 

Merah (93.33%) followed by Silayur, Sirabut, and Marasi with a 73.33% germination rate for each 

genotype. Rice seed treated with PEG absorbed less water as PEG increased the osmotic potential 

of the growing media which resulted a reduction in germination percentage (Jatoi et al., 2014). 

The higher the concentration of PEG applied the lower the germination rate of two varieties of 

black rice tested (Nurmalasari, 2018). 

The plant height of local rice was not affected by PEG under this experimental condition. 

Therefore, plant height would not be a good character to evaluate the drought resistance of rice 

genotype tested. However, it was interesting to note that plant height was higher in PEG-treated 

rice than the control group. This may result from a fast response to water once the seedlings were 

removed to the glass house for further growth. Slow germination process under water stress would 

reserve some of the resources from the endosperm and be used for later growth. In the other hands, 

rice seeds from the control treatment group undergone a high rate of metabolic process during 

germination in the presence of enough water. When these seedlings were removed from the 

glasshouse, they may have needed more energy and resources to adapt to the new environment 

with certain stagnancy in early rapid growth. Research has shown that drought-tolerant rice grew 

quite well with a relatively good plant height (Kumar et al., 2014; Larkunthod et al., 2018; Mejri 

et al., 2016). 

Commonly, plant increases root cell division and elongation to reach water table in the soil 

under water stress. This has been known as one mechanism to adapt to the water deficiency (Allah 

et al., 2010). A significant difference is in the root length and the number of roots protruding from 

paraffin layer at 4 WAP was recorded between the PEG and the control treatment group. Rice 

genotype with a potential to be tolerant to drought had longer roots protruding from the paraffin 

though less amount of roots was recorded. Therefore, the amount of root protruding from the 

paraffin was not good enough to be used as an indicator for drought tolerance.  
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Table 4. Length of roots and number of roots protruding from the paraffin layer, tolerant index, and resistant probability of 23 genotypes of local 
rice of Deli Serdang district and 4 varieties of drought-tolerant in response to PEG, 4 weeks after planting 

Genotype Root length (cm) 
PEG (0%)  PEG (20%) 

Genotype 
Mean 

Toleran
t Index 

Crite
-ria 

Resistant 
Prob (%) 

Root number 
PEG 0%    PEG(20%) 

Genotype 
Mean 

Tolerant 
Index 

Crite-
ria 

Resistant 
Prob (%) 

Kuku Balam (G1) 0.3 opq 0.0 q 0.15 j 0.00 S   2.55 2.00 d 0.00 f 1.00 e 0.00 S 2.55 

Siudang (G2)  0.5 no 6.0 g 3.25 e 6.55 T 97.45 2.00 d 3.00 c 2.50 cd 1.13 T 82.85 

Pandan Wangi (G3) 0.5 nop 1.0 lm 0.75 hij 0.18 S 68.25 5.00 a 3.00 c 4.00 a 0.45 S 53.65 

Sigambiri merah (G4)  0.2 pq 3.0 j 1.60 fg 4.09 T 93.80 1.00 e 2.00 d 1.50 de 1.00 T 71.90 

Sigantang (G5)  0.0   q 0.3 opq 0.15 j 0.00 S   6.20 0.00 f 1.00 e 0.50 g 0.00 S 6.20 

Sibelacan (G6)  8.0 e 1.0 lm 4.50 d 0.01 S 24.45 2.00 d 3.00 c 2.50 cd 1.13 T 86.50 

Gemuruh (G7) 0.7 mno 5.5 h 3.10 e 3.92 T 90.15 1.00 e 2.00 d 1.50 de 1.00 T 75.55 

Sipingkol (G8)   6.0 g 8.23 e 7.12 b 1.03 T 82.85 4.00 b 2.00 d 3.00 b 0.25 S 39.05 

Padi Hitam (G9)  11.0 c 10.0 d 10.50 a 0.82 T 79.20 2.00 d 1.00 e 1.50 de 0.13 S 31.75 

Sipirok (G10)  1.2 l 1.0 lm 1.10 gh 0.07 S 60.95 2.00 d 4.00 b 3.00 b 2.00 T 90.15 

Merah Wangi (G11) 0.5 nop 0.5 nop 0.50 hij 0.04 S 46.35 1.00 e 1.00 e 1.00 e 0.25 S 42.70 

Serang (G12) 2.0 k 2.0 k 2.00 f 0.01 S 28.10 3.00 c 1.00 e 2.00 d 0.08 S 28.10 

Ramos Putih (G13) 0.5 nop 0.4 nopq 0.45 ij 0.02 S 39.05 1.00 e 1.00 e 1.00 e 0.25 S 46.35 

Ramos Merah (G14) 0.5 nop 1.0 lm 0.75 hij 0.18 S 71.90 1.00 e 3.00 c 2.00 d 2.25 T 93.80 

Arias (G15) 10.0 d 11.0 c 10.50 a 1.10 T 86.50 3.00 c 3.00 c 3.00 b 0.75 T 64.60 
Maraisi (G16) 1.0 lm 0.8 lmn 0.90 hi 0.05 S 53.65 1.00 e 2.00 d 1.50 de 1.00 T 79.20 

Sigambiri Putih (G17) 0.5 nop 1.0 lm 0.75 hij 0.18 S 75.55 1.00 e 4.00 b 2.50 cd 4.00 T 97.45 

Sijambi (G18) 1.0 lm 0.8 lmn 0.90 hi 0.06 S 57.30 3.00 c 3.00 c 3.00 b 0.75 T 68.25 

Tambur Kersik (G19) 20.0 a 0.0 q 10.00 a 0.00 S   9.85 1.00 e 0.00 f 0.50 f 0.00 S 9.85 

Sialus (G20) 7.0 f 1.0 lm 4.00 d 0.01 S 31.75 5.00 a 2.00 d 3.50 ab 0.20 S 35.40 

Silayur (G21) 0.5 nop 0.5 nop 0.0 hij 0.04 S 50.00 2.00 d 2.00 d 2.00 d 0.50 T 57.30 

Sirabut (G22) 12.0 b 0.0 q 6.00 c 0.00 S 13.50 2.00 d 0.00 f 1.00 e 0.00 S 13.50 

Sigimbal (G23) 0.5 nop 0.3 opq 0.40 ij 0.01 S 35.40 2.00 d 2.00 d 2.00 d 0.50 T 60.95 

Inpago 8 (G24)* 5.0 i 3.0 j 4.00 d 0.16 S 64.60 4.00 b 1.00 e 2.50 cd 0.06 S 24.45 

Inpago 10 (G25)* 1.0 lm 0.5 nop 0.75 hij 0.02 S 42.70 1.00 e 1.00 e 1.00 e 0.25 S 50.00 

Inpago 11 (G26)* 0.5 nop 0.0 q 0.25 j 0.00 S 17.15 1.00 e 0.00 f 0.50 f 0.00 S 17.15 

Inpari 39 (G27)* 0.5 nop 0   q 0.25 j 0.00 S 20.80 1.00 e 0.00 f 0.50 f 0.00 S 20.80 

Mean PEG 3.39 a 2.18  b     2.00 1.74     
Remarks: * (Control varieties: drought-tolerant). Mean values within the same column followed by similar small letter are not significantly different at 5% DMRT.  
Criteria of tolerant index: Ti > 0.5 = tolerant (T) and Ti < 0.5 = susceptible (S). CV for root length = 21.85%; CV for root number = 26.68% 
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Table 5. Plant fresh and dry weight, tolerant index, and resistant probability of 23 genotypes of local rice of Deli Serdang district and 4 varieties of 
drought-tolerant in response to PEG, 4 weeks after planting 

Genotype Fresh weight (g) 
PEG (0%)     PEG (20%) 

Genotype 
Mean 

Toleran
t Index 

Crite
-ria 

Resistant 
Prob (% ) 

Dry weight (g) 
PEG 0%   PEG 20% 

Genotype 
Mean 

Tolerant 
Index 

Crite-
ria 

Resistant 
Prob (%) 

Kuku Balam (G1) 0.46 c 0.16 q 0.31 b 0.29 S 75.55 0.16 b 0.10 g 0.13 a 0.42 S 53.65 

Siudang (G2)  0.25 l 0.13 u 0.19 ij 0.25 S 60.95 0.12 e 0.09 h 0.11 c 0.45 S 64.60 

Pandan Wangi (G3) 0.16 q 0.11 w 0.14 m 0.15 S 17.15 0.08 i 0.08 i 0.08 k 0.53 T 68.25 

Sigambiri merah (G4)  0.32 g 0.10 w 0.21 gh 0.21 S 46.35 0.12 e 0.07 j 0.10 cd 0.27 S 35.40 

Sigantang (G5)  0.48 b 0.10 w 0.29 cd 0.29 S 79.20 0.17 a 0.08 i 0.13 a 0.25 S 24.45 

Sibelacan (G6)  0.21 o 0.13 u 0.17 kl 0.22 S 50.00 0.08 i 0.11 f 0.10 cd 1.01 T 93.80 

Gemuruh (G7) 0.17 q 0.10 w 0.14 m 0.14 S 13.50 0.07 j 0.05 l 0.06 fg 0.24 S 20.80 

Sipingkol (G8)   0.30 i 0.14 t 0.22 fg 0.31 S 82.85 0.13 d 0.09 h 0.11 c 0.42 S 57.30 

Padi Hitam (G9)  0.26 jk 0.12 v 0.19 ij 0.23 S 53.65 0.13 d 0.07 j 0.10 ij 0.25 S 28.10 

Sipirok (G10)  0.55 a 0.10 w 0.33 a 0.33 S 93.80 0.17 a 0.06 k 0.12 ab 0.14 S   9.85 

Merah Wangi (G11) 0.17 q 0.11 w 0.14 m 0.15 S 20.80 0.06 k 0.07 j 0.07 f 0.54 T 75.55 

Serang (G12) 0.43 e 0.10 w 0.26 e 0.27 S 71.90 0.16 b 0.08 i 0.12 ab 0.27 S 39.05 

Ramos Putih (G13) 0.35 f 0.11 w 0.23 f 0.25 S 64.60 0.09 h 0.06 k 0.08 ef 0.27 S 42.70 

Ramos Merah (G14) 0.45 d 0.11 w 0.28 d 0.31 S 86.50 0.17 a 0.09 h 0.13 a 0.32 S 46.35 

Arias (G15) 0.23 m 0.16 q 0.20 hj 0.31 S 90.15 0.12 e 0.12 e 0.12 ab 0.80 T 86.50 
Maraisi (G16) 0.26 k 0.11 w 0.19 ijk 0.20 S 39.05 0.13 d 0.07 j 0.10 cd 0.25 S 31.75 

Sigambiri Putih (G17) 0.31 h 0.12 v 0.22 g 0.26 S 68.25 0.10 g 0.05 l 0.08 ef 0.17 S 13.50 

Sijambi (G18) 0.22 n 0.10 w 0.16 l 0.16 S 24.45 0.13 d 0.05 l 0.09 e 0.13 S   6.20 

Tambur Kersik (G19) 0.27 j 0.10 w 0.19 ijk 0.19 S 31.75 0.07 j 0.06 k 0.07 f 0.34 S 50.00 

Sialus (G20) 0.10 w 0.10 w 0.10 no 0.10 S 2.55 0.04 m 0.06 k 0.05 g 0.60 T 79.20 

Silayur (G21) 0.10 w 0.10 w 0.10 no 0.10 S 6.20 0.04 m 0.05 l 0.05 g 0.42 S 60.95 

Sirabut (G22) 0.17 q 0.15 s 0.16 l 0.24 S 57.30 0.10 g 0.11 f 0.11 c 0.81 T 90.15 

Sigimbal (G23) 0.22 n 0.10 w 0.16 l 0.16 S 28.10 0.10 g 0.03 n 0.07 f 0.06 S   2.55 

Inpago 8 (G24)* 0.22 n 0.12 v 0.17 kl 0.20 S 42.70 0.08 i 0.05 l 0.07 f 0.21 S 17.15 

Inpago 10 (G25)* 0.23 m 0.11 w 0.17 kl 0.19 S 35.40 0.08 i 0.08 i 0.08 ef 0.53 T 71.90 

Inpago 11 (G26)* 0.13 u 0.11 w 0.12 n 0.13 S 9.85 0.06 k 0.08 i 0.07 f 0.71 T 82.85 

Inpari 39 (G27)* 0.16 q 0.20 p 0.18 jkl 0.36 S 97.45 0.06 k 0.15 c 0.11 c 2.50 T 97.45 

Mean PEG 0.27 a 0.12 b     0.11 a 0.08 b     
Remarks: * (Control varieties: drought-tolerant). Mean values within the same column followed by similar small letter are not significantly different at 5% DMRT.  

Criteria of tolerant index: Ti > 0.5 = tolerant (T) and Ti < 0.5 = susceptible (S), CV for plant fresh weight = 21.02%; CV for plant dry weight = 21.70
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Table 6. Proline content, tolerant index, and resistant probability of 23 genotypes of local 
rice of Deli Serdang district and 4 varieties of drought-tolerant in response to 
PEG, 4 weeks after planting 

Genotype Proline content (µM/g) Genotype Tolerant 
Index 

Criteria Resistant 
Probability 

(%) 
PEG 0 % PEG 20 % Mean 

Kuku Balam (G1) 1.424 4.169 2.79 1.91 Tolerant 90.15 
Siudang (G2)  1.671 2.094 1.88 0.40 Susceptible 13.50 
Pandan Wangi (G3) 2.028 3.672 2.85 1.04 Tolerant 60.95 
Sigambiri merah (G4) 1.869 1.671 1.77 0.23 Susceptible 6.20 
Sigantang (G5) 2.047 1.549 1.79 0.18 Susceptible 2.55 
Sibelacan (G6)  1.963 2.911 2.43 0.67 Tolerant 35.40 
Gemuruh (G7) 1.474 3.324 2.39 1.17 Tolerant 71.90 
Sipingkol (G8)  1.587 2.601 2.09 0.67 Tolerant 39.05 
Padi Hitam (G9)  1.268 2.113 1.69 0.55 Tolerant 28.10 
Sipirok (G10)  2.113 4.517 3.31 1.51 Tolerant 79.20 
Merah Wangi (G11) 1.399 2.263 1.83 0.57 Tolerant 31.75 
Serang (G12) 2.686 2.019 2.35 0.24 Susceptible 9.85 
Ramos Putih (G13) 1.887 4.047 2.96 1.36 Tolerant 75.55 
Ramos Merah (G14) 1.794 4.188 2.99 1.53 Tolerant 82.85 
Arias (G15) 1.352 2.911 2.13 0.98 Tolerant 53.65 
Maraisi (G16) 1.812 2.160 1.98 0.40 Susceptible 17.15 
Sigambiri Putih (G17) 1.681 2.986 2.33 0.83 Tolerant 46.35 
Sijambi (G18) 1.427 2.225 1.82 0.54 Tolerant 24.45 
Tambur Kersik (G19) 1.747 5.052 3.39 2.28 Tolerant 93.80 
Sialus (G20) 1.418 3.155 2.28 1.09 Tolerant 64.60 
Silayur (G21) 1.578 6.404 3.99 4.06 Tolerant 97.45 
Sirabut (G22) 2.620 3.700 3.16 0.82 Tolerant 42.70 
Sigimbal (G23) 1.578 3.005 2.37 0.89 Tolerant 50.00 
Inpago 8 (G24)* 1.427 3.164 2.29 1.09 Tolerant 68.25 
Inpago 10 (G25)* 1.455 3.803 2.62 1.55 Tolerant 86.50 
Inpago 11 (G26)* 1.596 2.272 1.93 0.50 Tolerant 20.80 
Inpari 39 (G27)* 1.887 3.512 2.69 1.02 Tolerant 57.30 
Mean PEG 1.733 3.166 

 Remarks: * (Control varieties: drought-tolerant), CV = 13.09%

Many rice seedlings with high amount of roots protruding from paraffin did not 

reach the Hoagland’s solution and died. We found 6 local rice genotypes tolerant to water 

stress with root longer than that of drought-tolerant varieties control group. The longest 

root (11 cm) was recorded in genotype Arias with 3 roots protruded from paraffin layer. 

Our finding was in accordance with previous study that rice var. Batang Piaman, Cisokan, 

and Ceredek had longer roots in response to water stress (Rahmadianti et al., 2017). A 

similar phenomenon was reported in sorghum. A higher amount of roots protruding form 

paraffin layer was observed from a 20% PEG 6000 treatment group compared to control 

treatment group. Water deficiency affected root length of sorghum. Five out of 10 tested 

sorghum genotypes were drought-tolerant based on their ability to protrude from paraffin 

layer (Chaniago et al., 2017). 

A significant reduction in plant fresh and dry wight was recorded from the 20% 

PEG treatment group. Six local rice were tolerant to drought according to plant dry 
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weight. It was Pandan Wangi, Sibelacan, Merah Wangi, Arias, Sialus dan Sirabut. Water 

stress resulted a reduction in plant growth as reflected by reduction in plant weight 

(Larkunthod et al., 2018; Sulistyo et al., 2016). Water deficiency affects plant 

physiological process leading to morphological changes. Plants respond through a 

reduction in leaf transpiration rate and stomatal enclosure due to loss of cell turgidity 

(Taiz & Zeiger, 2006). Stomatal enclosure inhibits gas exchange, such as CO2 and O2, 

between plants and atmosphere through stomata (Liu et al., 2004) which will in turn 

reduce the photosynthesis and other physiological processes in the plants and will reduce 

biomass in the plant tissue (Sujinah & Jamil, 2016). Reduction in the growth and 

development of rice plants is impaired by physiological and environmental tensions. 

Climate changes and shortage of water has become a major global issue in food 

production. Drought may limit plant growth through alteration in physiological and 

biochemical process at various levels from cellular to a whole plant (Rahim et al., 2020). 

Water balance during cropping seasons determines plant growth and yield. Insufficient 

amount of water reduced yield and farmers’ economic return (Dwiratna et al., 2018). 

However, a certain microorganism such as arbuscular mycorrhizae fungi could facilitate 

plant roots to develop better and acquire soil water table. Some species of arbuscular 

mycorrhizae fungi has demonstrated to be directly involved in the infection and intensify 

root growth of citronella plants in dry area of West Sumatera (Armansyah et al., 2018). 

The proline content increased in response to water stress. Some genotypes showed 

a significant increase in proline content. Local rice genotype Silayur increased its proline 

as much as 75.35% over non-stressed control treatment. Increase in proline content in 

other genotypes varied and 9 genotypes showed an increase for over 50%. Water stress 

as induced by PEG caused negative effect to plants’ growth rate and cell enlargement 

through reduction in the rates of plant hormones and turgor pressure (Inostroza et al., 

2015). Furthermore, drought stress may result in damage of cell membrane through 

stimulation of free radical formation in cells. Cell membrane impairment has also been 

used as a major parameter for cellular response to water stress (Sharifi et al., 2012; Rahim 

et al., 2020). However, a simple method of determining proline content is considered 

enough to determine plant response to water stress. Proline is an amino acid produced by 

plants exposed to drought stress and function as osmo-protectant to adjust cell osmolality 

(Nurmalasari, 2018). Increased level of proline enables drought-stressed plants to keep 

low water potentials, and play major role in maintaining cell turgor pressure and root 

growth (Zivcak et al., 2016). 
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Various criteria might be used to determine whether rice genotypes are susceptible 

or tolerant to PEG-induced drought. Our data demonstrate various response to different 

criterion. For instance, local rice genotype Sirabut was classified as susceptible according 

to its plant height and root length. In contrast, genotype Sirabut showed to be tolerant in 

term of its germination percentage, plant dry weight, and proline content of leaf. The 

highest proline content was observed from genotype Sirabut. Therefore, we combined 

some criteria such as germination percentage, root length, plant dry weight, and proline 

content to determine to local rice genotype tolerant to drought. 

4. Conclusions

Local rice of Deli Serdang subjected to PEG-induced water stress under the 

experimental condition revealed that 6 (six) genotypes were found to be tolerant to 

drought according to the tolerant index and drought-resistant probability, and high proline 

content. The genotypes were Gemuruh, Ramos Merah, Arias, Sialus, Silayur, and Sirabut. 

These six local rice genotypes will be used for further experiment in search for drought 

resistant rice genotypes. 
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