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Abstract Tacca leontopetaloides known as Polynesian arrowroot is a wild tuberous perennial 

herb. In addition, T. leontopetaloides is a valuable plant not only as staple food but also as a 

medicinal herb. Nonetheless, there are very few literatures and research on the potential of this 

plant. In this study, the effect of polyethylene glycol (PEG) as stress osmoticum in T. 

leontopetaloides cultured in vitro on growth and proline accumulation was investigated. The 

shoot culture of T. leontopetaloides was subjected to six levels of PEG concentrations (2.5; 5; 

7.5; 10; 12.5 and 15%). Growth parameter was evaluated by observing shoot height, number of 

shoots, number of leaves and number of roots for 6 weeks of culture. After 6 weeks of culture, 

fresh weight and proline content were determined. The results showed that number of shoots 

and number of leaves increased after 2.5% PEG treatment while number of roots increased after 

5% PEG treatment. Conversely, higher concentrations of PEG inhibited growth. In line with 

this, culture fresh weight decreased along with the increase of PEG concentrations. To 

summarize, the growth of culture decreased along with the increase of PEG concentrations. In 

contrast, proline concentration increased along with the increase of PEG concentrations. 

 

Keywords: Growth, in vitro, polyethylene glycol (PEG), proline content, Tacca 

leontopetaloides 

 

Introduction 
 

Plant growth and metabolism are influenced by abiotic and biotic factors. 

Plants are frequently exposed to stress condition such as heavy metal toxicity, 

nutrient availability, salinity, temperature and water stress (Búfalo et al., 2016). 

Water stress is a major abiotic factor that limits crop productivity, restrict plant 

distribution, growth, and yield (Silva et al., 2016). The insufficient water status 

in plant leads to water-deficit stress or commonly known as drought stress. 

Moreover, drought or water-deficit stress is not only caused by water shortage 
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but can also be influenced by an environmental change such as low temperature 

and salinity. Hence, plants are share multitude of molecular substance in 

response to these stresses (Hirt and Shinozaki, 2004). Basically, there are two 

principal strategies in response to water stress. The first one is that the plant 

synthesizes osmoprotectant molecules to prevent damage during water stress 

and the second one is repair mechanism during rehydration (Hirt and Shinozaki, 

2004). 

Osmoprotectant molecule could be characterized in three types. First, 

osmoprotectant containing ammonium compounds such as polyamines, b-

alanine, betaine, and choline-O-sulfate. Second, osmoprotectant containing 

sugar and sugar alcohols such as trehalose, fructan, mannitol, and sorbitol. 

Lastly, osmoprotectant containing amino acids such as proline and ectoine 

(Singh et al., 2015). Proline is a proteinogenic amino acid with an exceptional 

conformational rigidity, and essential for primary metabolism. Proline 

accumulated in the cytoplasm and was reported to accumulate during 

conditions of drought, high salinity, high light and UV radiation, heavy metals, 

oxidative stress and in response to biotic stresses (Szabados and Savouré, 2010). 

In addition, proline regulates different metabolic processes such as stabilizing 

sub-cellular structure including membranes and proteins (Singh et al., 2015) 

and relieve cytoplasmic acidosis (Hoque et al., 2008). 

Numerous studies have been conducted by using polyethylene glycol 

(PEG) as osmotic agent in tissue culture such as in wheat (Bajji et al., 2002), 

atriplex (Martínez et al., 2005), soybean (Hamayun et al., 2010), pigeonpea 

(Kumar et al., 2011), rice (Wu et al., 2015), tomato (George et al., 2015) and 

castor bean (Silva et al., 2016). PEG is a neutral polymer and is available in 

different molecular mass (Zyl and Kennedy, 1983), and it has been used for 

some research on plant water stress (Ahmad et al., 2007; Bajji et al., 2002; 

Dami and Hughes, 1997; George et al., 2015; Hamayun et al., 2010; Kumar et 

al., 2011; Martínez et al., 2005; Meneses et al., 2011; Wu et al., 2015; Xu et al., 

2013; Zyl and Kennedy, 1983). PEG is frequently used in plant culture research 

because it is chemically inert, does not enter the cell, does not cause toxicity. 

Hence it is satisfactorily simulating the drought effects (Rai et al., 2011). The 

molecular weight of PEG used for the study of water stress were various i.e. 

PEG-4000 (Wu et al., 2015; Zyl and Kennedy, 1983), PEG-6000 (George et al., 

2015; Meneses et al., 2011) and PEG-10000 (Hamayun et al., 2010; Martínez 

et al., 2005; Mohamed and Tawfik, 2006). 

Polynesian arrowroot (Tacca leontopetaloides (L.) Kuntze Syn. T. 

pinnatifida Forst, T. involucrata Schum and Thonn.) is tropical flowering plant 

species and recently were grouped into Dioscoreaceae family (Caddick et al., 

2002; Zhang et al., 2011). Physicochemical analysis from T. leontopetaloides 
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starch revealed that the starch is relatively more resistant to compression 

compared with those of potato and maize starch. This peculiar attribute of 

Tacca starch could make it be used for pharmaceutical excipient comparable to 

maize starch in tablet formulation (Kunle et al., 2003). T. leontopetaloides is 

often found behind seashore and associated with beach vegetation, savannas, 

secondary forest, grassy slopes and under the shade of coconut plantations (Lim, 

2016).  Therefore, this plant is suspected to be more tolerant against osmotic 

stresses such as drought and salinity. For this reason, it is essential to develop 

bioassays to screen T. leontopetaloides genotypes for drought tolerance. The 

tissue culture methodology of T. leontopetaloides has been successfully done 

(Martin et al., 2012b) and thus the objective of this study was to investigate the 

effect of PEG addition as osmotic agent on growth and proline content of T. 

leontopetaloides in vitro culture. 

 

Materials and methods  

 

Plant culture materials and PEG treatment 

 

Two-months old T. leontopetaloides shoots were excised, and the corms 

were isolated. The corms were subcultured in MS medium (Murashige and 

Skoog, 1962) added with 0.5 ppm Benzyl Amino Purine (BAP), 30 g/L sucrose 

and supplemented with various concentration of PEG (MW 4000) at 0; 2.5; 5; 

7.5; 10; 12.5 and 15%, respectively. The medium was solidified with 8 g/L agar 

and pH was adjusted to 5.8 with 1N KOH. The medium was autoclaved at 121 
0
C and 103 kPa for 15 min. Four shoots were placed in each culture jar per 

treatment with 6 replicates. The cultures were incubated at 25 ± 2 
0
C under 

continuous light provided by cool white fluorescent tube with 1000-1400 lux 

light intensity. 

 

Growth Parameters 

 

The height of shoots, number of shoots, and number of roots per explant 

were recorded every week until 6 weeks after culture. The shoot fresh weight 

per explant was also recorded after 6 weeks in culture. All data were analyzed 

by variance analysis (ANOVA), followed by Duncan’s Multiple Range Test 

(DMRT) at 5% probability from the mean comparison. 
 

Determination of Proline concentration 
 

After six weeks of culture, whole parts of explants were harvested for 

proline analysis. Pure L-Proline (Phytotech, product id: p698) was used as a 
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standard for proline quantification. The proline assay was determined as 

described by Bates et al. (1973) with slight modification. Acid-ninhydrin 

reagent was made by warming 1.25 g ninhydrin in 30 mL of glacial acetic acid 

and 20 mL of 6 M phosphoric acid until it dissolved. Roughly weigh 0.5 g of 

plant material and homogenized using mortar in 10 mL of 3% sulfosalicylic 

acid and filtered by Whatman no.2 filter paper. Two mL of filtrate was reacted 

with 2 mL acid-ninhydrin reagent and 2 mL of glacial acetic acid in a test tube 

for 1 h at 100 
o
C and the reaction was terminated in an ice bath. Four (4) mL 

toluene was added to the reaction tube, stirred for 15-20 seconds, and the 

chromophore containing toluene was aspirated. Warm the chromophore to 

room temperature and read absorbance at 520 nm with toluene as a blank. The 

proline concentration was determined based on a standard curve and calculated 

on a fresh weight basis as follows: [(µg proline/mL x mL toluene)/115.5 

µg/µmole] / [(g sample)/5] = µmoles proline / g of fresh weight material. 

 

Results  

 

The addition of PEG into culture medium caused an inhibiting effect on 

shoot height of T. leontopetaloides culture. Table 1 showed that the shoots 

height decrease was noticeable in the first week of culture. In the first week of 

culture, shoot height of control culture was already significantly different with 

PEG treatment. This data trend was continued until the end of the observation 

(6
th

 week).  

 

Table 1. The effect of PEG with various concentrations on shoot height (cm) of 

T. leontopetaloides in vitro culture. 

 
Description: Mean ± s.e. followed by the same letter in the same column are not significantly 

different by Duncan's multiple range test at α = 5%. 

 

The numbers of shoots were increased with the addition of 2.5 to 5% of 

PEG treatment and noticeable in the third week of culture although it is not 

significantly different compared to other treatment (Table 2). The number of 

Control 1.20 ± 0.07 a 1.47 ± 0.13 a 1.60 ± 0.12 a 1.83 ± 0.14 a 2.05 ± 0.16 a 2.42 ± 0.17 a

2.50% 1.10 ± 0.05 ab 1.24 ± 0.06 bc 1.44 ± 0.09 ab 1.65 ± 0.11 a 1.84 ± 0.13 ab 1.98 ± 0.14 b

5% 1.07 ± 0.03 b 1.41 ± 0.08 ab 1.52 ± 0.10 a 1.57 ± 0.09 ab 1.61 ± 0.09 bc 1.66 ± 0.09 c

7.50% 1.02 ± 0.02 b 1.02 ± 0.01 d 1.08 ± 0.05 c 1.15 ± 0.07 cd 1.18 ± 0.07 de 1.29 ± 0.09 de

10% 1.02 ± 0.01 b 1.11 ± 0.04 cd 1.23 ± 0.07 bc 1.34 ± 0.09 bc 1.45 ± 0.10 cd 1.49 ± 0.11 cd

12.50% 1.00 ± 0.00 b 1.05 ± 0.04 d 1.10 ± 0.04 c 1.13 ± 0.05 cd 1.17 ± 0.06 de 1.21 ± 0.07 de

15% 1.00 ± 0.00 b 1.00 ± 0.00 d 1.01 ± 0.01 c 1.04 ± 0.02 d 1.05 ± 0.02 e 1.09 ± 0.04 e

Week(s)

2 3 4 5 6

PEG 

treatment 1
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leaves was noticeably higher on plantlet supplemented with 2.5% PEG in the 

first week of culture and reach the highest number at the end of observation 

(3.50 ± 0.57) although it is not significantly different to the control (Table 3).  

 

Table 2. The effect of PEG with various concentrations on number of shoots of 

T. leontopetaloides in vitro culture. 

 
Description: Mean ± s.e. followed by the same letter in the same column are not significantly 

different by Duncan's multiple range test at α = 5%. 

 

Root formation was firstly recorded in the second week of observation on 

5% PEG treatment, while other treatment, root formation was recorded on the 

3
rd

 and 4
th

 weeks (Table 4). Similar data trend was observed on the roots 

parameter that the number of roots increased from 2.5 to 5% PEG treatment 

compared to the control treatment. The highest numbers of roots per explant 

were obtained at 5% PEG treatment significantly different compared to the 

control (Table 4). PEG treatment from 7.5 up 15% inhibited the root formation 

significantly. The roots were not formed in the 12.5% PEG treatment as shown 

in Table 4. 

 

Table 3. The effect of PEG with various concentrations on number of leaves of 

T. leontopetaloides in vitro culture. 

 
Description: Mean ± s.e. followed by the same letter in the same column are not significantly 

different by Duncan's multiple range test at α = 5%. 

Control 1.00 ± 0.00 b 1.08 ± 0.06 a 1.08 ± 0.06 a 1.08 ± 0.06 bc 1.13 ± 0.07 ab 1.13 ± 0.07 bc

2.50% 1.08 ± 0.06 a 1.13 ± 0.07 a 1.13 ± 0.07 a 1.33 ± 0.14 a 1.38 ± 0.15 a 1.42 ± 0.15 a

5% 1.00 ± 0.00 b 1.08 ± 0.06 a 1.17 ± 0.10 a 1.29 ± 0.19 bc 1.33 ± 0.19 a 1.33 ± 0.19 ab

7.50% 1.00 ± 0.00 b 1.00 ± 0.00 a 1.00 ± 0.00 a 1.00 ± 0.00 b 1.00 ± 0.00 b 1.08 ± 0.06 bc

10% 1.00 ± 0.00 b 1.00 ± 0.00 a 1.04 ± 0.04 a 1.04 ± 0.04 bc 1.04 ± 0.04 b 1.00 ± 0.00 c

12.50% 1.00 ± 0.00 b 1.04 ± 0.04 a 1.00 ± 0.00 a 1.04 ± 0.04 bc 1.04 ± 0.04 b 1.00 ± 0.00 c

15% 1.00 ± 0.00 b 1.00 ± 0.00 a 1.00 ± 0.00 a 1.00 ± 0.00 b 1.00 ± 0.00 b 1.00 ± 0.00 c

4 5 62 3

Week(s)

1

PEG 

treatment

Control 0.50 ± 0.17 b 0.79 ± 0.19 b 1.13 ± 0.21 b 1.63 ± 0.26 abc 2.00 ± 0.32 ab 2.42 ± 0.32 ab

2.50% 1.00 ± 0.30 a 1.58 ± 0.28 a 2.08 ± 0.42 a 2.50 ± 0.50 a 2.92 ± 0.47 a 3.50 ± 0.56 a

5% 0.50 ± 0.12 b 0.96 ± 0.24 b 1.38 ± 0.36 b 1.79 ± 0.47 ab 2.63 ± 0.52 a 2.75 ± 0.62 a

7.50% 0.04 ± 0.04 b 0.08 ± 0.06 c 0.21 ± 0.08 c 0.46 ± 0.15 d 0.79 ± 0.19 c 1.00 ± 0.27 c

10% 0.25 ± 0.11 b 0.63 ± 0.13 b 0.79 ± 0.18 bc 1.25 ± 0.20 bcd 1.25 ± 0.23 bc 1.63 ± 0.25 bc

12.50% 0.21 ± 0.08 b 0.50 ± 0.13 bc 0.67 ± 0.14 bc 0.63 ± 0.18 d 0.67 ± 0.21 c 0.75 ± 0.20 c

15% 0.42 ± 0.10 b 0.58 ± 0.10 bc 0.71 ± 0.13 bc 0.83 ± 0.13 cd 0.92 ± 0.16 c 0.88 ± 0.16 c

5 6

Week(s)

2 3 4

PEG 

treatment 1
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Table 4. The effect of PEG with various concentrations on number of roots of 

T. leontopetaloides in vitro culture. 

 
Description: Mean ± s.e. followed by the same letter in the same column are not significantly 

different by Duncan's multiple range test at α = 5%. 

 

After six weeks in culture (Tables 1-4 and Figure 1), the growth of T. 

leontopetaloides shoots cultures were reduced along with the increase of PEG 

concentrations. The declining of the growth rate was noticed in the second to 

third weeks of culture. In the final week of observation, the growth of T. 

leontopetaloides cultures was qualitatively observed to reduce in the presence 

of PEG from 7.5 up to 15 %.  

 

 
Figure 1. Visual performance of T. leontopetaloides culture after six weeks in 

the treatment medium: (A) MS medium (control); (B) 2.5% PEG; (C) 5% PEG; 

(D) 7.5% PEG; (E) 10% PEG; (F) 12.5% PEG; (G) 15% PEG. The black bar 

indicates 1 cm. 

Control 0.00 ± 0.00 a 0.00 ± 0.00 b 0.00 ± 0.00 b 0.04 ± 0.04 b 0.04 ± 0.04 c 0.42 ± 0.22 bc

2.50% 0.00 ± 0.00 a 0.00 ± 0.00 b 0.04 ± 0.04 b 0.04 ± 0.04 b 0.58 ± 0.21 ab 0.79 ± 0.23 ab

5% 0.00 ± 0.00 a 0.21 ± 0.13 a 0.17 ± 0.10 a 0.50 ± 0.19 a 0.67 ± 0.19 a 1.08 ± 0.28 a

7.50% 0.00 ± 0.00 a 0.00 ± 0.00 b 0.00 ± 0.00 b 0.00 ± 0.00 b 0.00 ± 0.00 c 0.08 ± 0.06 c

10% 0.00 ± 0.00 a 0.00 ± 0.00 b 0.00 ± 0.00 b 0.13 ± 0.09 b 0.25 ± 0.15 bc 0.29 ± 0.15 c

12.50% 0.00 ± 0.00 a 0.04 ± 0.04 b 0.00 ± 0.00 b 0.00 ± 0.00 b 0.00 ± 0.00 c 0.00 ± 0.00 c

15% 0.00 ± 0.00 a 0.00 ± 0.00 b 0.00 ± 0.00 b 0.00 ± 0.00 b 0.00 ± 0.00 c 0.04 ± 0.04 c

2 3 4 5 6

Week(s)

1

PEG 

treatment
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Fresh weight of T. leontopetaloides explant decreased along with the 

increase of PEG concentrations (Fig. 2). The decrease of FW in 2.5 and 5% PEG 

are not significantly different compared to the control, correspondingly the 

decrease of FW was significantly different in 7.5 up 15% PEG treatment 

compared to the control.  

 

 
Figure 2. The effect of PEG on fresh weight and proline of T. leontopetaloides 

in the sixth week after subculture. Bar with different letter is significantly 

different (P=0.05) according to DMRT. 
 

Discussion 
 

The addition of PEG inhibited shoot height (Table 1) and number of 

shoots (Table 2) of T. Leontopetaloides. The shoot height decrease in the 

presence of PEG treatment was also reported by Gopal and Iwama (2007) on 

Solanum tuberosum in vitro culture; Said et al. (2015) on Banana plantlet and 

Siaga et al. (2016) on Solanum melongena plantlet. The decreasing water 

potential caused by PEG greatly suppressed cell elongation as a result of low 

turgor pressure (Piwowarczyk et al., 2014) eventually, resulting in the decrease 

in shoot height. At the end of observation, control, 2.5% and 5% PEG treatment 

were significantly different compared to another PEG treatment. As data shown 

in Table 1, the addition of 2.5% and 5% PEG had already decreased the shoot 

height of T. leontopetaloides culture significantly in the first week of culture. In 

the final weeks of observation, the lowest shoot height was achieved at culture 

treated with 15% PEG treatment at 1.09 ± 0.04 cm while the highest shoot 

height was recorded from control treatment at 2.42 ± 0.17 cm. 

In our research, similar to number of shoots parameter (Table 2), number 

of leaves increased with the addition of 2.5 up to 5% PEG (Table 3). Siaga et 

al., (2016) also reported an increase of eggplant leaves number treated with 10% 

PEG. This phenomenon could be a physiological response of the plant because 
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PEG lowered the osmotic pressure, thus the plant may try to cope the osmotic 

stress with more transpiration by forming more leaves and root. The growth 

inhibition effect on number of leaves was strongly seen at 7.5 up to 15% PEG 

treatments. The lowest numbers of leaves recorded were from 12.5% PEG 

treatment. Piwowarczyk et al. (2014) reported that on several genotypes of 

Lathyrus had increased shoot multiplication rate at 5% PEG treatment. At the 

end of observations in the sixth week of culture, culture with PEG treatment 

from 10 to 15% inhibited the formation of new shoots, while the highest 

number of shoots was recorded from 2.5% PEG treatment significantly 

different from the control treatment. The lowest number of shoots was recorded 

from 10, 12.5, and 15% PEG treatment at 1.00 ± 0.00. Additionally, limited 

changes were recorded during the whole period of observation at 10–15% PEG 

treatments, indicating there are no new shoots formed in high PEG 

concentration treatment. High PEG concentration induces drought stress to the 

plant and could lead to a decrease of IAA (indole-3-acetic acid) levels in the 

plant (Cui et al., 2016; Li et al., 2011), thus resulting in inhibition of shoot and 

root formation as indicated in our present study (Tables 2 and 4).  

The growth of T. leontopetaloides was reduced after PEG treatment. Our 

results were confirmed by previous study on using PEG for inducing water 

stress (Al-Bahrany, 2002; Joshi et al., 2011; Kumar et al., 2011; Rao and FTZ, 

2013; Silva et al., 2016). Polyethylene glycol added to the medium would 

mimic the effect of water stress because it reduces the water potential of the 

medium (Rai et al., 2011). This condition would lead to the reduction of 

nutrient and water absorption by the root (Suharjo, 2012). Since the explants 

were depending on sucrose as the only source of carbon in the medium, the 

reduced water uptake and nutrient will reduce carbon intake and eventually will 

lead to reduce the growth of explants significantly. 

The decrease in T. leontopetaloides biomass indicated that the culture has 

the ability to sustain their water content to mild stress, whereas this ability lost 

under severe stress treatment. A similar result was reported in pigeon pea 

(Kumar et al., 2011) where the plant was able to maintain growth under PEG 

mild stress. This result also confirmed the previous study reported that an 

increase in drought stress by PEG was accompanied by a steep decline in 

moisture content of the tissues (Joshi et al., 2011). The highest fresh weight 

was obtained from control treatment (0.86 ± 0.12 g) while the lowest fresh 

weight was obtained from 15% PEG treatment (0.25 ± 0.03 g). In contrary, 

proline content increased along with the increase of PEG concentrations. The 

highest proline content was obtained from 15% PEG treatment (1.68 µg/g FW), 

while the lowest proline content was obtained from control treatment (6.86 

µg/g FW) (Figure 2). 
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Growth analysis is a fundamental characterization to assess plant’s 

responses to environmental stress (He and Cramer, 1993). The high-molecular-

weight PEG has been used to study in vitro induction water deficit because it 

reduces the osmotic potential of the medium (Rai et al., 2011), thus inducing 

water stress that adversely affected the growth of the plantlets. In our present 

study osmotic stress induced by PEG from 7.5 to 15% resulted in decrease of 

growth significantly as data shown in Tables 1-4 and Figure 2. In lower level of 

PEG (at 2.5 – 5% PEG) the cultures were able to maintain growth as shown in 

Tables 1-4. Number of shoots and number of leaves were slightly higher 

compared to the control, although it was not significantly different. 

Interestingly the root numbers increased significantly in the present of 5% PEG. 

This result was similar to research finding in germination of cotton cultivar that 

had radicle length increased in the presence of low level of PEG (Meneses et al., 

2011).  

It has been shown that proline has a key role in stabilizing cellular protein 

and membranes in the presence of high concentration of osmoticum (Rudolph 

et al., 1986). In our previous work, proline concentrations increased in the 

presence of stress osmoticum (NaCl) (Martin et al., 2012a; Martin et al., 2015). 

In our present work proline concentrations began to increase at 2.5% and at 

higher than 15% PEG (Figure 2). Similar result was also reported in rice calli 

(Joshi et al., 2011) and pigeon pea (Cajanus cajan) (Kumar et al., 2011). The 

accumulation of proline during drought is related to its basic chemical 

properties whereas proline is the most water-soluble amino acids and exists 

much of the time in zwitterionic state having weak negative and positive 

charges at the carboxylic acid and nitrogen groups, respectively (Verslues and 

Sharma, 2010). In our present work, it seems that proline was effective in 

maintaining growth from 2.5 to 5% PEG as shown in Table 1-4. This was also 

because of characteristic of proline whereas proline capable of maintaining a 

hydration sphere around the biopolymers and maintaining their native state, 

thereby regulating growth under drought and salinity stresses (Gangopadhyay 

and Basu, 2000). Thus, it can be concluded that addition of PEG into the 

medium clearly indicated water stress effect on T. leontopetaloides culture. 

Even though T. leontopetaloides culture could maintain growth from 2.5 to 5% 

PEG, T. leontopetaloides culture was not able to tolerate higher PEG 

concentrations which were from 7.5 to 15%.  
 

Conclusion 
 

PEG concentrations affected T. leontopetaloides grown in vitro.  Shoot 

height and fresh weight of T. leontopetaloides culture decreased along with the 

increase of PEG concentrations, whereas the number of shoots, number of 
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leaves and number of roots slightly increased in the presence of 2.5 up to 5 % 

PEG then decreased at high level of PEG (from 7.5 to 15%). Proline level 

increased along with the increase of PEG concentrations. 

 

Acknowledgments 

 
The authors would like to thank Evan Maulana and Lutvinda Ismanjani for media 

preparation, proline analysis and culture maintenance. This research was funded by DIPA 

Prioritas Nasional LIPI year 2011-2014.  

 

References 
 

Ahmad, M. S. A., Javed, F. and Ashraf, M. (2007). Iso-osmotic effect of NaCl and PEG on 

growth, cations and free proline accumulation in callus tissue of two indica rice (Oryza 

sativa L.) genotypes. Plant Growth Regulation 53:53-63. https://doi.org/10.1007/s10725-

007-9204-0. 

Bajji, M., Kinet, J. M. and Lutts, S. (2002). The use of the electrolyte leakage method for 

assessing cell membrane stability as a water stress tolerance test in durum wheat. Plant 

Growth Regulation 36:61-70. https://doi.org/10.1023/A:1014732714549. 

Búfalo, J., Rodrigues, T. M., de Almeida, L. F. R., Tozin, L. R. dos S., Marques, M. O. M. and 

Boaro, C. S. F. (2016). PEG-induced osmotic stress in Mentha x piperita L.: Structural 

features and metabolic responses. Plant Physiology and Biochemistry 105:174-184. 

https://doi.org/10.1016/J.PLAPHY.2016.04.009. 

Caddick, L., Wilkin, R. P., Rudall, P. J., Hedderson, T. A. J. and Chase, M. W. (2002). Yams 

reclassified : a Recircumscription of Dioscoreaceae and Dioscoreales. Taxon 51:103-114. 

Retrieved from http://www.jstor.org/stable/1554967. 

Cui, Z.-H., Bi, W.-L., Hao, X.-Y., Xu, Y., Li, P.-M., Walker, M. A. and Wang, Q.-C. (2016). 

Responses of In vitro-Grown Plantlets (Vitis vinifera) to Grapevine leafroll-Associated 

Virus-3 and PEG-Induced Drought Stress. Frontiers in Physiology 7:203. 

https://doi.org/10.3389/fphys.2016.00203. 

Dami, I. and Hughes, H. G. (1997). Effects of PEG-induced water stress on in vitro hardening 

of “Valiant” grape. Plant Cell, Tissue and Organ Culture 47:97-101. 

https://doi.org/10.1007/BF02318944. 

Gangopadhyay, G. and Basu, S. (2000). Advances in Plant Physiology - Vol III. (A. 

Hemantaranjan, Ed.). Jodphur, India: Scientific Publ. 

George, S., Minhas, N. M., Jatoi, S. A., Siddiqui, S. U. and Ghafoor, A. (2015). Impact of 

Polyethylene Glycol on Proline and Membrane Stability Index for Water Stress Regime 

in Tomato (Solanum Lycopersicum). Pakistan Journal of Botany 47:835-844. 

Gopal, J. and Iwama, K. (2007). In vitro screening of potato against water-stress mediated 

through sorbitol and polyethylene glycol. Plant Cell Reports 26:693-700. 

https://doi.org/10.1007/s00299-006-0275-6. 

Hamayun, M., Khan, S. A., Shinwari, Z. K., Khan, A. L., Ahmad, N. and Lee, I. J. (2010). 

Effect of polyethylene glycol induced drought stress on physio-hormonal attributes of 

soybean. Pakistan Journal of Botany 42:977-986. 

He, T. and Cramer, G. R. (1993). Growth and ion accumulation of two rapid-cycling Brassica 

species differing in salt tolerance. Plant and Soil 153:19-31. 

https://doi.org/10.1007/BF00010541. 



International Journal of Agricultural Technology 2018 Vol. 14(5): 705-716  

 

715 

 

 

 

Hirt, H. and Shinozaki, K. (Eds.). (2004). Plant Responses to Abiotic Stress (Vol. 4). Berlin, 

Heidelberg: Springer Berlin Heidelberg. https://doi.org/10.1007/b84369. 

Hoque, M. A., Banu, M. N. A., Nakamura, Y., Shimoishi, Y. and Murata, Y. (2008). Proline 

and glycinebetaine enhance antioxidant defense and methylglyoxal detoxification systems 

and reduce NaCl-induced damage in cultured tobacco cells. Journal of Plant Physiology 

165:813-824. https://doi.org/10.1016/J.JPLPH.2007.07.013. 

Joshi, R., Shukla, A. and Sairam, R. K. (2011). In vitro screening of rice genotypes for drought 

tolerance using polyethylene glycol. Acta Physiologiae Plantarum 33:2209-2217. 

https://doi.org/10.1007/s11738-011-0760-6. 

Kumar, R. R., Karajol, K. and Naik, G. R. (2011). Effect of Polyethylene Glycol Induced Water 

Stress on Physiological and Biochemical Responses in Pigeonpea (Cajanus cajan L . 

Millsp.). Recent Research in Science and Technology 3:148-152. 

Kunle, O. O., Ibrahim, Y. E., Emeje, M. O., Shaba, S. and Kunle, Y. (2003). Extraction, 

Physicochemical and Compaction Properties of Tacca Starch – a Potential 

Pharmaceutical Excipient. Starch/Stärke, 55:319-325. 

https://doi.org/10.1002/star.200390067. 

Li, Y., Zhao, H., Duan, B., Korpelainen, H. and Li, C. (2011). Effect of drought and ABA on 

growth, photosynthesis and antioxidant system of Cotinus coggygria seedlings under two 

different light conditions. Environmental and Experimental Botany 71:107-113. 

https://doi.org/10.1016/j.envexpbot.2010.11.005. 

Lim, T. K. (2016). Tacca leontopetaloides. In Edible Medicinal and Non-Medicinal Plants (pp. 

301–307). Dordrecht: Springer Netherlands. https://doi.org/10.1007/978-94-017-7276-

1_16. 

Martin, A. F., Azizah, F., Wulandari, D. R. and Ermayanti, T. M. (2012a). The Effect of 

Increase in NaCl Concentration on Growth and Proline Content of Purple Yam 

(Dioscorea alata L.) Grown In Vitro. Annales Bogorienses 16:15-20. 

Martin, A. F., Ermayanti, T. M., Hapsari, B. W. and Rantau, D. E. (2012b). Rapid 

Micropropagation of Tacca leontopetaloides (L.) Kuntze. In The 5th Indonesia 

Biotechnology Conference pp. 240-251. 

Martin, A. F., Hapsari, B. W. and Ermayanti, T. M. (2015). Response of Increasing NaCl 

Concentrations on Growth and Proline Content of Tacca leontopetaloides cultured in 

vitro. Annales Bogorienses 19:1-7. https://doi.org/10.14203/ab.v19i1.81. 

Martínez, J.-P., Kinet, J.-M., Bajji, M. and Lutts, S. (2005). NaCl alleviates polyethylene 

glycol-induced water stress in the halophyte species Atriplex halimus L. Journal of 

Experimental Botany 56:2421-2431. https://doi.org/10.1093/jxb/eri235. 

Meneses, C. H. S. G., Bruno, R. D. L. A., Fernandes, P. D., Pereira, W. E., Lima, L. H. G. D. 

M., Lima, M. M. D. A. and Vidal, M. S. (2011). Germination of cotton cultivar seeds 

under water stress induced by polyethyleneglycol-6000. Scientia Agricola 68:131-138. 

https://doi.org/10.1590/S0103-90162011000200001. 

Mohamed, M. F. and Tawfik, A. A. (2006). Dehydration-induced alterations in growth and 

osmotic potential of callus from six tepary bean lines varying in drought resistance. Plant 

Cell, Tissue and Organ Culture 87:255-262. https://doi.org/10.1007/s11240-006-9159-2. 

Murashige, T. and Skoog, F. (1962). A revised medium for rapid growth and bio assays with 

tobacco tissue culture. Physiologia Plantarum 15:473-497. 

Piwowarczyk, B., Kamińska, I. and Rybiński, W. (2014). Influence of PEG generated osmotic 

stress on shoot regeneration and some biochemical parameters in Lathyrus culture. Czech 

Journal of Genetics and Plant Breeding 50:77-83. 

Rai, M. K., Kalia, R. K., Singh, R., Gangola, M. P. and Dhawan, A. K. (2011). Developing 

stress tolerant plants through in vitro selection—An overview of the recent progress. 



716 

 

 

 

Environmental and Experimental Botany 71:89-98. https://doi.org/10.1016/j.envexpbot. 

2010.10.021. 

Rao, S. and FTZ, J. (2013). In vitro selection and characterization of polyethylene glycol (PEG) 

tolerant callus lines and regeneration of plantlets from the selected callus lines in 

sugarcane (Saccharum officinarum L.). Physiology and Molecular Biology of Plants, 

19:261-268. https://doi.org/10.1007/s12298-013-0162-x. 

Rudolph, A. S., Crowe, J. H. and Crowe, L. M. (1986). Effects of three stabilizing agents-

Proline, betaine, and trehalose-on membrane phospholipids. Archives of Biochemistry 

and Biophysics 245:134-143. https://doi.org/10.1016/0003-9861(86)90197-9. 

Said, E. M., Mahmoud, R. A., Al-Akshar, R. and Safwat, G. (2015). Drought Stress Tolerance 

and Enhancement of Banana Plantlets In Vitro. Austin Journal of Biotechnology and 

Bioengineering 2:1040. Retrieved from full text/ajb tube-v2-id1040.pdf. 

Siaga, E., Maharijaya, A. and Rahayu, M. S. (2016). Plant Growth of Eggplant (Solanum 

melongena L .) In Vitro in Drought Stress Polyethylene Glycol ( PEG ). Biovalentia 2:10-

17. 

Silva, M. M. de A., Willadino, L., dos Santos, D. Y. A. C., Oliveira, A. F. M. and Camara, T. R. 

(2016). Response of Ricinus communis L. to in vitro water stress induced by polyethylene 

glycol. Plant Growth Regulation 78:195-204. https://doi.org/10.1007/s10725-015-0085-3. 

Singh, M., Kumar, J., Singh, S., Singh, V. P. and Prasad, S. M. (2015). Roles of 

osmoprotectants in improving salinity and drought tolerance in plants: a review. Reviews 

in Environmental Science and Bio/Technology 14:407-426. 

https://doi.org/10.1007/s11157-015-9372-8. 

Suharjo, U. K. J. (2012). The effect of Polyethylene Glycol ( PEG ) 8000 on the growth of 

seven potato genotypes and their tuber production in vitro. In Proceedings of The Society 

for Indonesian Biodiversity - International Conference pp. 38-42. Society for Indonesian 

Biodiversity. 

Szabados, L. and Savouré, A. (2010). Proline: a multifunctional amino acid. Trends in Plant 

Science 15:89-97. https://doi.org/10.1016/j.tplants.2009.11.009. 

Verslues, P. E. and Sharma, S. (2010). Proline Metabolism and Its Implications for Plant-

Environment Interaction. The Arabidopsis Book 8:e0140. 

https://doi.org/10.1199/tab.0140. 

Wu, J., Zhang, Z., Zhang, Q., Liu, Y., Zhu, B., Cao, J., … Sun, X. (2015). Generation of Wheat 

Transcription Factor FOX Rice Lines and Systematic Screening for Salt and Osmotic 

Stress Tolerance. PLOS ONE, 10:e0132314.  

https://doi.org/10.1371/journal.pone.0132314. 

Xu, W., Jia, L., Shi, W., Liang, J., Zhou, F., Li, Q. and Zhang, J. (2013). Abscisic acid 

accumulation modulates auxin transport in the root tip to enhance proton secretion for 

maintaining root growth under moderate water stress. New Phytologist 197:139-150. 

https://doi.org/10.1111/nph.12004. 

Zhang, L., Li, H.-T., Gao, L.-M., Yang, J.-B., Li, D.-Z., Cannon, C. H. and Li, Q.-J. (2011). 

Phylogeny and Evolution of Bracts and Bracteoles in Tacca (Dioscoreaceae). Journal of 

Integrative Plant Biology 53:901-911. https://doi.org/10.1111/j.1744-7909.2011.01076. 

Zyl, J. L. Van and Kennedy, C. S. (1983). Vine response to water stress induced by 

polyethylene glycol. South African Journal of Enology and Viticulture 4:1-5. 

 

 

(Received: 9 April 2018, accepted: 1 August 2018) 


