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Abstract. Pasaribu SA, Basyuni M, Purba E, Hasanah Y. 2021. Drought tolerance selection of GT1 rubber seedlings with the addition of 
polyethylene glycol (PEG) 6000. Biodiversitas 22: 394-400. Tolerance of the rootstock of rubber to drought stress is not optimal. The 
root system can therefore be used as an indicator of drought tolerance to inhibit the growth of the plant. A good root system of rubber 
rootstocks is thought to help the plants acquire greater resistance to drought stress. Polyethylene glycol 6000 osmotic solution controls 
the water potential in the growing medium. This study aimed to analyze the effect of PEG 6000 osmotic solution (0%; 7.5%; and 15% 
concentration) on rubber seedlings leading to the development of morphological characters and sensitivity index. GT1 (Gondang Tapen 
1) rubber seeds to be used as planting material were collected from the seed source garden of PT Socfin Indonesia. The study was 

carried out from January to February 2019, using a non-factorial randomized block design. The morphological characters observed were 
tapped root length, shoot height, the increased rate of taproot length, shoot height increase rate, ratio of taproot length, and shoot height. 
Data were analyzed using analysis of variance, discriminant, and drought stress sensitivity index. The results showed that the addition of 
PEG 6000 in planting media in vitro significantly influenced the character of the rate of increase of taproot length. The sensitivity index 
of taproot increase rate and the ratio of taproot length and shoot height was moderate at 7.5% level. By contrast, the addition of PEG 
6000 in planting media in vitro did not significantly impact it. The present study suggested that the rate of increase of taproot length was 
a distinguishing character showing the initial tolerance level of the GT1 seedlings to drought.  
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INTRODUCTION 

Rootstock in the multiplication of rubber seedlings is 

still used nowadays, with other approaches, still at the 

development research stage. Drought-tolerant rootstock is 

very helpful for rubber growth and is essential for accurate 

detection of drought stress. Early detection of drought stress 

can be carried out by osmotic materials, such as polyethylene 

glycol (PEG) 6000. PEG 6000 is a flexible polymer that 

can dissolve in water and methanol, has a low toxic content, 

and can also make the media dry. PEG 6000 can be used 

for drought stress simulations which can duplicate water 
potential levels (Verlues et al. 2006). Simulated drought 

stress can be imposed on hydroponics systems by two 

methods. First, the nutrient solution can be supplemented 

by PEG in order to reduce the osmotic potential of the 

medium, which is subject to many conditions and precautions. 

Secondly, the nutrient solution level can be allowed to be 

drawn down by transpiration or actively reducing its level, 

so that only the lower part of the root will be immersed in 

the solution. Under sufficient evaporative demand, such 

plants will not be able to absorb enough water and stress 

symptoms will develop (https://plantstress.com/drought). 

The solution of PEG 6000 at a concentration 5-20% for 
in vitro has been reported to inhibit the osmotic potential 

with soil conditions in the field capacity of some plants, 

such as wheat (Öztürk et al. 2016; Faisal et al. 2019), 

barley (Mapikasari et al. 2017; Hellal et al. 2018), rice 

(Nazirah et al. 2015; Abiri et al. 2016; Widyastuti et al. 

2016; Akbar et al. 2018; Purbajanti et al. 2019), soybean 

(Savitri 2010; Zuyasna et al. 2016), eggplant (Sinaga et al. 

2015), plantain (Irawan et al. 2015). A few studies report 

the application of PEG 6000 on the rubber plant. 

The early vegetative phase of plants observed with 

drought stress showed that the length of the roots is long, 

with many branches and large volumes (Sobrado 2007). 

The rootstock root system can be used as an indicator to 

observe the ability of adaptation to the environment. The 
effects of drought stress include obstruction of plant 

growth, such that the growth rate of the girth and thickness 

is late, with the time to open tapping taking a long time (> 

six years). The development of drought-tolerant rootstocks 

is believed to prepare a strong root system under stress 

conditions (Daslin et al. 2009). 

In vitro selection for resistance to drought stress has 

comparative advantages, including shorter selection, lack 

of need for large space, and easy control. Types of 

rootstock seeds that are widely available in the field 

include GT1 (Gondang Tapen 1) seeds. The initial 

characters were needed to understand the effect of PEG 
6000 osmotic solution on the morphological characters and 

sensitivity index. Therefore, the present study aimed to 

investigate the effect of PEG 6000 osmotic solution (0%; 

7.5%; and 15% concentration) on rubber seedlings to the 

https://plantstress.com/drought


PASARIBU et al. – Drought tolerance in GT1 rubber seedlings 

 

395 

development of morphological characters (taproot length, 

shoot height, taproot length increase rate, shoot height 

increase rate, a ratio of taproot length and shoot height) and 

sensitivity index. 

MATERIALS AND METHODS 

Study area 

The research area is the greenhouse of Experimental 

Garden Sungei Putih Research Center, Rubber Research 

Institute, Medan, North Sumatra, Indonesia, at an altitude 

of 80 m above sea level. 

Plant materials  

Ten years’ GT1 seeds were used as plant materials, 

collected from PT. Socfin Indonesia seed source garden. 

The GT1 seed before germination is depicted in Figure 2. 

Chemicals   

Ingredients for planting media included MS (Murashige 

and Skoog 1962), NaOH 1N, PEG 6000, chloroform, 

methanol, aquadest, and ethanol.   

Procedures 

The seeds were germinated in sand media for 14 days. 

Planting media was ¼ MS (1963) liquid. The pH of the 
planting medium was measured by adding NaOH 1N to set 

the media pH to 5.8. PEG 6000 was added to each 

treatment with concentrations of 0%, 7.5%, and 15%. The 

planting medium was made aseptic. Initially, the media was 

made in the laboratory, filled in a greenhouse, put into an 

aquarium and equipped with an aerator. The experimental 

unit consisted of three treatments, comprising the 

differences in the concentration of PEG 6000 (0%, 7.5%, 

and 15%). Each treatment was repeated thrice and each 

replication consisted of 15 plants. Initially, the seeds were 

germinated in the sand medium for ± 14 days and 
thereafter, the germinated seeds were put into liquid 

planting medium ¼ MS + several concentrations of PEG 

6000 and observed for a week (Figure 4). The characters 

observed were taproot length (cm), shoot height (cm), 

taproot length and shoot height ratio, taproot length 

increase rate (cm), and shoot height increase rate (cm). The 

length of the taproot was measured using a fabric meter, 

from the neck root to the tip of the taproot for six days. The 

shoot height was measured using a fabric meter from the  

growing point to the root neck for six days. The ratio of 

taproot length and shoots was measured by comparing the 

value of the length of the taproot and shoot height.  

Data analysis 

The analysis of data was performed with a variety of 

analysis, according to the experimental design used. 

Drought stress sensitivity index (SSI) (Widyastuti et al. 

2016)) was calculated by the formula:  

 

SSI = (1-Yc/Yo)/(1-XC/Xo)   
 

Where: Yc: an average of certain genotypes under 

drought stress conditions, Yo:  an average of genotypes 

under optimum conditions, Xc: an average of all genotypes 

under drought stress conditions, and Xo:  an average of all 

genotypes under optimum conditions.  

The criterion for determining the tolerance level to 

drought stress was this: if the SSI value is 0.5, then the 

genotype is tolerant if 0.5 < SSI ≤ 1.0, the genotype is 

moderate, and if SSI> 1.0 then the genotype is sensitive 

(Widyastuti et al. 2016). SSI value was used as the basis 
for determining the classification of the tolerance 

characteristics of the drought seeds tested. The software 

used for variance analysis and discriminant analysis was 

Microsoft Excel 2010 and Minitab-16. The study was 

arranged using a non-factorial randomized block design, 

with some concentrations of PEG 6000 (0%, 7.5%, and 

15%), replicated thrice. When testing the variance 

obtained, significantly different treatments were performed 

with the Tukey test. 

 

  
A B 

Figure 2. Performance GT1 seed before germination. A. Dorsal, 
B. Ventral 

 
 

   
 

Figure 4. A. Seed of GT1 rubber clone; B. Rubber seedling after 14 days is planted in sand medium; C. Rubber seedling is planted in 
liquid medium of ¼ MS + PEG 6000 (0%, 7,5%, 15%) 
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RESULTS AND DISCUSSION 

Taproot length and shoot height 

The average taproot length of each treatment was 6.96 

cm (0%), 3.88 cm (7.5%) and 2.03 cm (15%). The 

observations showed that with regard to the growth of GT1 

seedlings, the growth of fresh-looking taproots was 

indicated by the white color that was different from the 

7.5% and 15% treatments. The tip of the taproot looked 

black and wrinkled (Figure 5) when PEG 6000 was not 

added to the planting media (0%) and when PEG 6000 

(7.5%) was added to the medium. This was illustrated by 
the coefficient variation of 19.14% and 11.57%. When 

15% of PEG 6000 was added to the medium, the root 

growth looked very diverse reflected in the coefficient of 

variation which was equal to 23.99%. The detail of the 

taproot length pattern of GT1 seedlings is displayed in 

Figure 5. 

Besides the taproot length character, another character, 

shoot height, was affected by the addition of PEG 6000. 

The average shoot height of GT1 seedlings after planting 

on ¼ MS medium with PEG 6000 was 10.82 cm (0%), 9.05 

cm (7.5%), and 6.04 cm (15%), respectively. The shoot 
height in this treatment looked varied, as illustrated by the 

coefficient variation either without the addition of PEG 

6000 or after its addition. The growth pattern of shoot 

height of GT1 seedlings of some concentrations of PEG 

6000 is depicted in Figure 5. 

The same pattern between taproot length and shoot 

height is shown in Figures 6 and 7. The analysis variance 

of shoot height showed no significant effect between the 

PEG treatments added to the planting media, while after the 

observation time of six days, significant differences were 

reflected after analysis of variance. A perceptible 

difference was observed between the first three days and 
the next three days. 

Taproot length and shoot height increase rate  

The taproot length increase rate of GT1 seedlings 

observed from the first day to the sixth reflected the same 

pattern. The growth rate seemed to be decreasing, 

especially for the treatment with the addition of PEG 6000 

with medium concentration (7.5% and 15%). The average 

of taproot length increase rate was 1.05 cm (0%), 0.43 cm 

(7.5%) and 0.37 cm (15%), respectively. The diversity of 

the rate of increase in taproot growth was also quite diverse 

among the treatments described by the coefficient of 
variation that was 18.67% (0%), 28.63% (7.5%), and 

43.63% (15%). The pattern of the taproot length increase 

rate is depicted in Figure 6. The analysis variance showed 

significant differences between treatments, seen mainly 

between treatments with and without the addition of PEG 

6000. There was a real effect due to the addition of PEG 

6000, with the increase in taproot length inhibited even 

visually, with the roots of the plant looking increasingly 

blackened and withered. 

A similar pattern was observed in the rate increase of 

shoot height. The same pattern did not reflect the same 

results, as the rate of shoot height increased. After an 

analysis of variance, the addition of PEG 6000 treatment to 

the planting median of the GT1 seedlings showed non-

significant differences between treatments. The difference 

was seen on the day of observation was the difference 

between the observations of the second day and the 

following day. The average rate increase of shoot height 

from the first day to the sixth was 1.87 cm (0%), 1.50 cm 

(7.5%), and 1.01 cm (15%). High diversity was also seen in 

the rate increase of shoot height, as illustrated by the 

coefficient variation for each treatment, namely 46.38% 

(0%), 48.77% (7.5%), and 38.10% (15%). The pattern of 
rate of increase of shoot height is displayed in Figure 8. 

The ratio of taproot length and shoot height 

The ratio of taproot length and shoot height without 

PEG 6000 showed an elevated pattern, unlike the pattern 

with the addition of PEG 6000, especially for the 15% 

concentration. A fairly sloping pattern was very evident. 

The average ratio of taproot length and shoot height of each 

treatment was 29.87% (0%), 64.33% (7.5%), and 45.01% 

(15%). The pattern ratio of taproot length and shoot height 

is shown in Figure 9. Analysis variance of the character 

showed no significant difference between treatments. This 
was thought to be due to the smaller increase in plant parts 

that support the growth and development of plants due to 

the influence of PEG 6000. 

Sensitivity index 

The sensitivity index value is used to determine the 

tolerance value of a plant to sub-optimal environmental 

conditions. This value was obtained from the comparison 

of the average character recorded genotype, compared to 

the average of the characters from all the treatments used, 

but this value was still used as an estimator to classify the 

GT1 seedlings into the tolerant group. The sensitivity index 

values of the five characters observed are displayed in 
Table 1. The sensitivity index value in 7.5% level showed 

two characters classified as moderate, namely, tap root 

increase rate (0.7) and taproot length and shoot height ratio 

(0.8), while the other characters (taproot length, shoot 

height, shoot increase rate) are classified as susceptible. 

The sensitivity index value at the 15% level concentration 

indicates that all characters observed are classified as 

susceptible to the PEG 6000 treatment applied. 

The visualization of root and shoot of GT1 after PEG 

6000 treatments 

The visual observations of the addition of PEG 6000 on 
planting media with three different concentrations were 

significantly different. At 0% concentration, the GT1 

seedlings could grow and develop well, as indicated by root 

and shoot looking fresh. At 7.5% concentration, the growth 

of seedlings was disrupted, which is seen in the taproots 

starting to wilt and turn black; however, the shoot still 

looked fresh. At 15 % concentration, the growth of 

seedlings was completely disrupted by increasingly 

damaged taproots (withering and blackening) as well as 

buds that also look withered. The visual appearance of the 

rubber seedlings is depicted in Figure 10. 
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Table 1. Sensitivity index values of GT1 seedlings to taproot 
length, shoot height, taproot increase rate, shoot height increase, 

and ratio of taproot length and shoot height on ¼ MS medium to 
which were added various concentrations of PEG 6000 
 

Observed character 
Sensitivity index 

7.5% 15% 

Taproot length 1.2 1.3 

Shoot height 1.1 1.2 
Taproot increase rate 0.7 1.2 
Shoot height increase rate  2.0 2.9 
Taproot length and shoot height ratio 0.8 1.3 

 
 
 

 
 
 

 
 0%,  7.50%,  15% 

 
Figure 5. Taproot length of GT1 seedling for six days on ¼ MS 
medium with various added concentrations of PEG 6000. Data are 
represented as mean ± SD. Means with the same letter are not 
significantly different for each other (P < 0.05) using Tukey test 

 
 
 
 
 

 
 0%,  7.50%,  15% 

 
Figure 6. The shoot height of GT1 seedlings for six days on ¼ 
MS medium with various concentrations of PEG 6000 added to it. 

Data are represented as mean ± SD. Means with the same letter 
are not significantly different for each other (P < 0.05) using 
Tukey test. 

 
 0%,  7.50%,  15% 

Figure 7. The increased rate of taproot length of GT1 seedlings in 
¼ MS medium to which were added various concentrations of 

PEG 6000. Data are represented as mean ± SD. Means with the 
same letter are not significantly different for each other (P < 0.05) 
using Tukey test 
 
 

 
 0%,  7.50%,  15% 

Figure 8. The increased rate of shoot height of GT1 seedlings on 
¼ MS medium to which were added various concentrations of 
PEG 6000. Data are represented as mean ± SD. Means with the 
same letter are not significantly different for each other (P < 0.05) 

using Tukey test 
 
 

 
 0%,  7.50%,  15% 

 
Figure 9. The ratio of taproot length and shoot height of GT1 
seedlings on ¼ MS medium to which were added various 

concentrations of PEG 6000. Data are represented as mean ± SD. 
Means with the same letter are not significantly different for each 
other (P < 0.05) using Tukey test 
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 A B C  

 
Figure 10. The visualization of roots and shoots of GT1 seedling on ¼ MS medium, to which were added various concentrations of 
PEG 6000 on 0% (A), 7.5% (B), and 15% (C) 

 

 

 

Discussion 

This was a simulation by polyethylene glycol (PEG) of 

water stress-induced on plants (Meher et al. 2018). Duman 

(2006) showed that water stress decreases the percentage of 

radicle and plumule length in the germination of seed. Crop 

germination and seedling growth are very important for the 

early establishment of plants under water stress conditions 

(Islam et al. 2018). Growth reduction is a significant 

parameter for evaluating the tolerance to water stress. This 

circumstance occurred because growth was directly related 

to mass, and the possible damage to mass when a plant is 
water-stressed. It is a basic parameter when differentiating 

tolerant genotypes too (Vanhove et al. 2012). 

The part of the plant that absorbs water and nutrients is 

the root. Factors that affect the amount of water absorbed 

by plants are the water content in the soil, water stored in 

the soil, and the ability of plant roots to absorb water. 

Roots in plants that are water-deficient will increase the 

extent and depth of the root system to absorb water. 

Analysis variance of taproot length showed a difference 

between the three treatments, indicating that PEG 6000 had 

affected the taproot length in each treatment. Generally, as 
seen from the average and the coefficient of variation, the 

growth of taproots began to be stunted, with growth of 

taproot length decreasing with the treatment of PEG 6000 

with concentrations of 7.5% and 15%. Plants with a good 

tolerance level to water stress showed a relatively small 

percentage of loss of root length and shoot length (Nazirah 

et al. 2016). 

The seedling height of rice genotypes decreased due to 

water stress level, in response to five levels of water stress 

caused by PEG-6000 @ 0, 5, 10, 15, and 20%. Increased 

water tension, in all genotypes, lowered germination from 

95.8% in control to 6.6 % in the top-level (20% PEG) 
(Islam et al. 2018). Water stress weakens seed germination 

(Swain et al. 2014) and the height of the seedling (Sokoto 

and Muhammad 2014). The higher concentration of PEG 

6000 lowers growth value, emergence value, germination 

energy, and the relative germination value on all rice 

cultivars (Purbajanti et al. 2019). The length of the main 

root in the first three youngest roots related to phytomers 
(Pr1-Pr3) was increased in Binadhan-11 and reduced in 

Binadhan-7, as long as BRRI 71 was under 5% PEG 

treatment, compared to control. This result concluded that 

the length of the new root Binadhan-11 could have 

increased due to environmental stress. The lateral length of 

the L-type root was also increased by 2.03 fold in 

Binadhan-11 under PEG 5%, compared to energy. The 

density and length of the root hairs increased substantially 
at first-order lateral roots in Binadhan-11 and slightly more 

than PEG 5% compared to control, which mainly has a role 

in the root area (Hannan et al. 2020). 

The results of the analysis of variance indicated that the 

germination and seedling growth parameters used in this 

experiment can aid in the discrimination between tolerant 

and susceptible cultivars of lettuce, when evaluated for 

water stress with PEG 6000 (Liu et al. 2017). 

Based on the sensitivity index values, the observed 

characters were classified as sensitive groups (SSI> 1). SSI 

values indicated that the genotypes tested under sub-
optimum conditions did not show a large decrease so that it 

could be said that the genotype was not tolerant (Akbar et 

al. 2018). The level of sensitivity of rice to water stress 

varies with terms, space, severity, and growth stadia of the 

rice variety (Sokoto and Muhammad 2014). Based on the 

water stress sensitivity index (SSI) on the variable 

germination percentage, seminal root length, shoot length, 

sprout length, seminal root dry weight, dry shoot weights, 

and seed vigor, the treatment PEG 6000 concentration of 

25% shows diversity tolerance of rice genotypes to drought 

stress (Widyastuti et al. 2016). The seedling vigor index is 

an appropriate selection criterion for drought tolerance, as 
it allows the classification of genotypes as tolerant, 

moderately tolerant, moderately susceptible, and 

susceptible (Koskosidis et al. 2020).  
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Drought avoidance and drought tolerance are two 

mechanisms by which plants adapt under water stress. As 

these mechanisms are difficult to evaluate separately in 

field experiments using hydroponic culture, we studied the 

genetic control of drought tolerance without the effect of 

drought avoidance (Kato et al. 2008).  

Research related to the use of PEG 6000 to simulate 

drought tolerance on rubber plant rootstock is quite limited. 
PEG 6000 (15%, 25%, 35%) was used to assess the 
resistance of RRIM 600 clones to drought stress by soaking 

the seeds for 7 days in the solution. The assessment was 

performed on the physiological characters (superoxide 

dismutase, catalase, soluble sugar, proline, hydrogen 

peroxide, and superoxide free radical (Xianhai et al. 2010). 

The results of this study are expected to be used as an 

initial assessment for rootstock to be used during budding, 

especially if the rubber plantation is to be opened in real 

areas that are classified as dry. Similar research can 

continue to evaluate the recommended rootstock seeds 

other than the GT 1 clone, namely PB 260, RRIC 100 and 
AVROS 2037. 

PEG 6000 can be used as a stimulant in rubber plants 

(Andriyanto and Darojat, 2016; Rahayu et al. 2017), for 

preserving the vigor and viability of rubber seeds during 

storage (Lubis et al. 2016; Charloq et al. 2017), co-

extraction of DNA and RNA from rubber plant (Zewei An 

et al. 2012), surfactant ingredients (Ismayana et al. 2017), 

Mechanical wounding (Tian et al. 2015).  

PEG 6000 is used for simulations of drought stress 

carried out on perennial and annual crops. It is hence hoped 

that these things can be used as a reference in developing a 

method of testing rubber planting materials, so that they are 
tolerant of drought stress during the germination stage.  

In this study, there was a negative effect on the 

visualization of roots and shoots of germinated rubber. 

Initially, the root tip began to look black, wrinkled, and 

finally burned. When the roots are damaged, the shoots 

begin to wither and eventually burn, turning black. The 

higher the PEG 6000 concentration applied to the planting 

medium, the greater and faster is the process of plant tissue 

destruction. Another factor that is also related to visual 

character is index sensitivity. Polyethylene glycol-induced 

drought had a generally negative effect on seedling 
morphological characters indicated by plumule and radicle 

length, number of adventitious roots as well as seedling 

biomass, and water content. The values of the sensitivity 

index trait implied that germination parameters were 

generally affected by drought more intensively than 

membrane characteristics and finally came the antioxidant 

enzymes with the least degree of suppression when 

applying stress (Mickky and Aldesuquy, 2017). Prolonged 

drought stress dramatically decreased growth and 

photosynthetic capacity of three alfalfa varieties, after a 12-

day period of drought stress simulated by −1.2 MPa 

polyethylene glycol (PEG-6000) (Zhang et al. 2019). 
The germination velocity, seed height, wet weight, dry 

weight, and sensitivity index were seen to be lower in 

sunflower plants with the addition of PEG 6000 to the 

planting medium during the drought stress simulation 

(Razzaq et al. 2017). PEG 6000 added to the planting 

medium as much as 20% causes the potential of media 

water to be lower than the potential of cell water, so that 

the macronutrient compounds in the media cannot move 

into the cell by osmosis and consequently the soybean 

shoots cannot grow and develop (Zuyasna et al. 2016). 

PEG 6000 decreased seed germination when water stress 

occurred and also delayed cassia germination 

(Safarnejad,2008). PEG 6000 added to spinach media (20% 

and 30%) significantly decreased the number of leaves, wet 

weight and dry weight (Annisa et al. 2020). The viability 
and vigor are different between each cultivar observed 

during water stress levels, after cotton treatment of 

potentials water with PEG 6000 (Carlos et al. 2011). Lower 

growth was seen in maize roots due to Cu (≥ 300 μM) and 

in shoots due to PEG 6000 (10%) (Mamta and Meeta, 

2019). The germination percentage of tomatoes decreased 

with increasing PEG 6000 treatments (–0,5 Mpa) (Marilyn 

et al. 2018). Increase in PEG concentrations caused a 

decrease in germination, with an increase in the ratio of 

roots to shoots of Gossypium (Megha et al. 2017).  

In conclusion, the rate of increase of taproot length is a 
distinguishing characteristic that can be applied to assess 

the initial tolerance level of the GT1 seedlings to drought. 

Index sensitivity value shows that the characters of taproot 

increase rate and the ratio of taproot length and shoot 

height are moderate at a 7.5% level. 
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