
 
IJAAR 2 (2014) 77-82     ISSN     2053-1265 

 

  
 

Proline and total soluble sugar content at the vegetative 
phase of six corn cultivars from Kisar Island Maluku, 

grown under drought stress conditions 
 

Hermalina Sinay* and Ritha Lusian Karuwal 

 
Biology Departement, Faculty of Teaching and Education, Pattimura University, Ambon Maluku, Indonesia. 

 

Article History  ABSTRACT 
Received 11 April, 2014 
Received in revised form 11 

May, 2014 
Accepted 16 May, 2014 
 
Key words:  
Proline, 
Soluble sugar, 
Corn cultivars, 
Drought stress. 
 
 
 
 
 
 
 
 
 
 
 
Article Type: 

Full Length Research Article 

 An experiment was carried out to investigate the effect of drought stress on 
proline and total soluble sugar content of six corn cultivars from Kisar Island, 
Maluku Indonesia, at the vegetative phase grown under drought stress 
conditions. Factorial randomized block design including two treatments was 
used. The first experiment was laid out to study the relationships between nine 
varieties of corn cultivars. While the second experiment was to studied drought 
stress by watering the cultivars in intervals. The treatments were: I0, (control / 
every two days); I1, (every 8 days); and I2, (every 12 days). Each treatment had 
two replicates. Six local cutivars were obtained from Kisar Island namely: ruby 
brown cob, red blood, waxy, early maturing yellow, yellow and white. While three 
cultivars were obtained from the Research Institute of Corn and Cereals in Maros 
South Sulawesi. These were used as “check cultivars”. Variables measured were 
proline and total soluble sugar content in the corn leaf at 25 days after planting. 
Proline content analysis was done according to Bates Method, while total 
soluble sugar analysis was done using Anthrone method. Data collected were 
analyzed using analysis of variance (ANOVA) at significance level of α<0.5%, 
followed by the Duncan multiple range test. The results obtained show that 
drought stress affected proline and total soluble sugar content of corn cultivars 
from Kisar Island. The highest level of proline and total soluble sugar was 
obtained from the yellow cultivars and white cultivars, respectively. For both, 
prolline and total soluble sugar content at the same drought stress treatment, 
the lowest level was obtained from the Srikandi cultivar. 

©2014 BluePen Journals Ltd. All rights reserved 

 
 
INTRODUCTION 
 
Corn is a food that has an important role both in 
industries and as a staple food in many countries all over 
the world (Khayatnezhad et al., 2011; Naghavi et al., 
2013). Maluku is a province in Indonesia that has 
available land mass for corn development. Susanto and 
Sirappa (2005) proposed that potential area for corn 
development is about 852.020 ha and the average corn 
production   is   17.191   tons/year.   Maluku   Institute   of 
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Agriculture and Technology (2011) reported that West 
South-east Maluku Regency is one of the major 
contributors to corn production in Maluku, and in addition 
to that, Alfons et al. (2003) conducted exploration and 
documentation of germplasm of corn and found out that 
there are seven local corn cultivars  specific to this island, 
namely: Ruby brown cob, ruby white cob, red blood, 
white, waxy, early maturing yellow and yellow. Water 
deficit is a major problem in this regions, such that  crops 
like corn is subjected to periodic water deficits.  

It is well known that one of the environmental factors 
that could influence growth, development  and production
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Table 1. Combination of corn cultivars and drought stress treatment. 
 

Corn cultivar (K) 
Watering intervals of treatment   (I) 

I0 (every 2 days) I1 (every 8 days) I2 (every 12 days) 

K1 K1I0 K1I1 K1I2 

K2 K2I0 K2I1 K2I2 

K3 K3I0 K3I1 K3I2 

K4 K4I0 K4I1 K4I2 

K5 K5I0 K5I1 K5I2 

K6 K6I0 K6I1 K6I2 

K7 K7I0 K7I1 K7I2 

K8 K8I0 K8I1 K8I2 

K9 K9I0 K9I1 K9I2 

 
 
 
of many holticultural plants including corn is drought 
(Bahar and Yildirim, 2010; Batlang, 2010; Krasensky  and  
Jonak, 2012; Lipiec et al., 2013). This is understandable 
because water is the main constituent components of 
living organisms, including corn as a crop.  When faced 
with certain environmental conditions such as drought, 
some plants have the ability to adapt to the environment 
where they are grown (Lisar et al., 2012).  

Testing or selection of corn tolerance to drought can be 
simulated in a laboratory or greenhouse condition  
(Effendi and Azrai, 2008;  Effendi, 2009; Effendi et al., 
2010) with a set of watering intervals (Ciptaningtyas et 
al., 2010). This process is necessary due to many factors 
such as unpredictable changes in the weather condition 
that can affect the experiment in the field and make the 
selection unsuccessful (Effendi et al., 2010).  

Evaluation of plant tolerance to drought stress can be 
done by identifying the physiological characteristics 
necessary tolerance (Nio Song and Banyo, 2011). This is 
an indicator use often in attempt to select resistant 
varieties or tolerance to drought (Chaves et al., 2003; 
Bartles and Chandler, 2007; McCann and Huang, 2008; 
Nio Song and Banyo, 2011). Physiological responses that 
can be used is organic matter accumulation in the 
cytosol, like osmolyte, to maintain turgor pressure inside 
the cell.  

Some of the organic material that accumulates in plant 
tissues including corn as a response to drought stress, 
are proline and soluble sugar (Farhad et al., 2011; Liu et 
al., 2011; Moaveni, 2011). This is the same for corn 
cultivars from Kisar Island according to Alfons et al. 
(2003)’s characterization. From 2003 till date, no 
scientific research have been done on corn cultivars, 
especially to reveal its potential as a drought-tolerant 
cultivar. On the other hand, understanding  physiological 
behavior of corn cultivars under drought conditions may 
results in predicting drought tolerant cultivars of corn. 
Keeping in view these facts, this research was designed 
to evaluate the physiological  response  of  corn  cultivars 

such as the content of proline and total soluble sugars in 
the corn leaves, at the vegetative growth phase under 
drought stress conditions.  
 
 
MATERIALS AND METHODS 
 
The experiment was conducted in a greenhouse at the 
Biology Education Programe, Pattimura University 
Ambon. Factorial randomized block design was used in 
this research with two factors and two replicates. The first 
factor was corn cultivars with nine varieties (six local 
cultivars from Kisar Island namely: K1: ruby brown cob, 
K2: red blood, K3: waxy, K4: early maturing yellow, K5: 
yellow,  and  K6: white. And three check cultivars from the 
Research Institute of Corn and Cereals in Maros South 
Sulawesi namely K7: anoman, K8: lamuru, and K9: 
srikandi). While the second factor was drought stress 
treatment with three level namely: (I0: control every 2 
days, I1: every 8 days, and I2: every 12 days). The 
combination of this treatment is as shown in Table 1.  

Seed of six local corn cultivars were obtained from 
farmers in Keitaru Kisar. While the three varieties of 
drought-tolerant corn cultivars (as checks for comparison 
of resistance to drought stress) are cultivars that have 
been released by the Government and obtained from the 
Production and Marketing Units, Research Institute of 
Corn and Cereals, Maros in South Sulawesi. The soil 
used was obtained from Taeno Rumahtiga village, 
screened of dirts and litter, dried and filtered. 250 g of the 
soil was poured into polythene bags with diameter of 18 x 
12 cm and two healthy seeds of corn were planted in 
each polythene bag at a depth of 2 cm. This was 
maintained for 25 days after planting. Supply of water 
was done in accordance with combination treatments 
from the first day of planting. The collection of corn leaf 
for proline and total soluble sugar analysis was done 25 
days after planting. The leaves that were used for proline 
and total soluble  sugar  analyses  were  the  second  leaf  
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from the bud. 
 
 
Proline content analysis 
 
Proline content was measured following the Bates 
method (Bates et al., 1973; Mohammadkhani and 
Heidari, 2008). 1 g of the fresh leaf was crushed using 
mortar and pestle; and was homogenized with 5 ml of 3% 
sulfosalicylic acid. The homogenate was centrifuged at 
6,000 rpm for 15 min. 1 ml of the supernatant was taken 
and 1 ml of nynhidrin and 1 ml of acetic acid were added 
to it. This was heated in waterbath for 1 h and was 
incubated in ice for 5 min. 2 ml of the solution was taken 
and extracted with 2 ml of toluene and quickly shaken 
with a vortex until chromoporm was formed. The upper 
phase of the chromoporm was taken and the absorbance 
was measured with a spectrophotometer at   520 nm. To 
determine the proline content of corn cultivars, a standard 
curve was made using pure proline. The content of 
proline was expressed in units of μmol/g freshweight 
(μmol/g FW). 
 
 
Analysis of total soluble sugar content  
 
Total soluble sugar content was measured based on the 
Anthrone method (Irigoyen et al., 1992). 0.5 g of the fresh 
leaf was crushed in a mortar and 5 ml of 80% hot alcohol 
was added to it. The mixture was centrifuged at 9000 g 
for 15 min (6000 rpm). The supernatant obtained was 
separated into another test tube and 12.5 ml of 80% 
alcohol was added to it. 1 ml of the solution was taken 
and 1 ml of 0.2% anthrone was added. The mixture was 
heated in a waterbath at 100°C for 10 min. The reaction 
was terminated by incubating the mixture on ice for 5 
min. Total soluble sugar content was determined using a 
spectrophotometer at 620 nm. Calculation of the total 
soluble sugar content was done by creating a standard 
curve using a standard glucose and was expressed in 
μg/g freshweight (μg/g FW).  
 
 

Data analyses 
 

The data obtained were analyzed using ANOVA to 
determine the effect of drought stress on the corn 
responses. Means comparison was conducted using the 
Duncan's multiple range test (DMRT) at the significant 
level of α<5%. ANOVA and DMRT was performed by 
Statistical Analysis System (SAS) version of 9.0 (SAS 
Institute Inc, Cary NC, USA). 
 
 

RESULTS AND DISCUSSION  
 

In general, the result  of  proline  and  total  soluble  sugar 

 
 
 
 
content with the highest value was obtained in the 
drought stress treatment of I2 (12 days watering interval), 
and the lowest in the Control (Io: every 2 days watering 
interval) (Table 2). The highest proline content in I2 
drought stress treatment (every 12 days watering 
intervals) was obtained in the yellow cultivar (K5: 215.63 
μmol/g FW), and the lowest in srikandi cultivar (K9: 30.50 
μmol/g FW), while the total soluble sugar content with 
highest value was obtained in K6 cultivar (white: 9948.08 
µg/g FW), and the lowest in K9 cultivar (srikandi: 262.48 
µg/g FW). These results indicate that the proline and total 
soluble sugar content in the leaves was significantly 
(P<0.05) increased due to the increase in the level of 
drought stress.  

The differences in the responses to drought stress 
among the nine selected corn cultivars show that each 
cultivar has different ability to synthesis proline and total 
soluble sugar with an increase in drought stress 
treatment. Corn is very sensitive to water stress 
(Shaddad et al., 2011). This is the same for the local corn 
cultivars from Kisar Island, although these cultivars are 
local cultivars that naturally grow in the same habitat, but 
their resistance to drought has not yet been studied and 
therefore is not well known. This difference in response is 
also likely to be due to the genetic differences among the 
corn cultivars (both the local and the hybrid corn cultivars 
from Research Institute of Corn and Cereals).  

It can be seen from Table 2 that lower proline and total 
soluble sugar contents was recorded in the I2 drought 
stress treatment obtained from srikandi cultivar. 

One of the special interests in this research is that the 
srikandi cultivar is recomended by the Research Institute 
of Corn and Cereals as drought resistant or tolerant; but 
in this research, srikandi cultivar did not demonstrate the 
ability of being drought tolerant based on the proline and 
total soluble sugar content. This is understandable 
because the tolerance indicator used for the selection of 
srikandi cultivar by Research Institute of Corn and 
Cereals was because of its yield and this selection 
criterium was not examined in this research. 

The results obtained from the analysis of variance for 
total soluble sugar (Table 3) revealed that corn cultivars, 
drought stress treatment (through watering intervals) and 
their interaction significantly (P<0.05) affect proline and 
total soluble sugar content of corn leaf. According to 
Umezawa et al. (2006) and Krasensky and Jonak (2012), 
plants have the ability to accumulate non-toxic 
compounds such as proline which protects cells damage 
due to low water potential of cells, which is a way of 
adaptation of plants to drought stress tolerance.  

When plants are faced by drought stress, the osmotic 
pressure of the plant cell regulates many process through 
the accumulation of non-toxic solutes inside the cell 
(Lisar et al., 2012; and Lipiec et al., 2013). This osmolit 
accumulation occurs because the cell water potential 
decrease   thereby    increasing    the    concentration    of
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Table 2. Level of proline and total soluble sugar  content of the corn leaf. 
 

Drought stress treatment I0 I1 I2 

Cultivar Proline (µmol/g FW) 
Total soluble sugar 

(µg/g FW) 
Proline (µmol/g FW) 

Total soluble sugar 
(µg/g FW) 

Proline (µmol/g FW) 
Total soluble sugar 

(µg/g FW) 

K1 25.78
bc

 46.7
abc

 38.2
b
 72.48

abc
 50.36

ab
 1475.68

abc
 

K2 17.64
bc

 78.56
ab

 19.89
b
 445.65

ab
 58.64

ab
 1728.08

a
 

K3 21.16
bc

 29.68
ab

 31.22
b
 127.68

ab
 122.7

ab
 1567.68

ab
 

K4 8.06
ac

 28.48
bd

 105.63
ab

 107.28
b
 205 .37

a
 314.48

ad
 

K5 8.94
ac

 130.88
bcd

 170.74
ab

 309.68
bcd

 215.63
a
 572.08

abcd
 

K6 2.05
bc

 54.88
bcd

 24.48
b
 205.28

bcd
 97.22

ab
 9948.08

abcd
 

K7 12.7 
bc

 141.68
bcd

 21.58
b
 200.08

bcd
 113.82

 ab
 375.28

acd
 

K8 6.98
bc

 14.08
bd

 31.47
b
 114.8

bd
 37.38

ab
 434.88

bd
 

K9 12.2
bc

 134.8
bd

 30.02
b
 156.88

 bd
 30.50

ab
 262.48

ad
 

 

K1, Ruby brown cob; K2, red blood; K3, waxy; K4, early maturing yellow; K5, yellow; K6,  white; K7, anoman; K8, lamuru; K9, srikandi. Io (control), Every 2 days of watering interval; I1, every 8 days of 

watering interval; I2, every 12 days of watering interval. Numbers followed by the same letter in the column means not significantly different according to DMRT at α<0.05, N=2. 
 
 
 
Table 3. Analysis of variance of proline and soluble sugar level of corn leaf. 

 

Level of variance 

dF Number of squares Mean squares F-value F-table 

proline 
Total soluble 

sugar 
proline 

Total soluble 
sugar 

proline 
Total soluble 

sugar 
proline 

Total soluble 
sugar 

Proline 

(α<0.05) 

Total soluble 
sugar 

group 26 26 236493.136 12198102.18 9095.889 469157.78 9.00* 8.99* <0.0001 <0.0001 

Cultivars (K) 8 8 95244.407 1409802.28 11905.559 261186.153 11.78* 5.00* <0.0001 0.0007 

Drought stress (I) 2 2 68861.186 4579208.347 34430.593 2289604.173 34.07* 43.85* <0.0001 <0.0001 

Interaction (K-I) 16 16 72387.542 5529404.611 4524.221 345587.778 4.48* 6.62* 0.0003 0.001 

Error 27 27 27283.795 2089489.227 1010.510 52214.90     

Total 53 53 263776.932        
 

*Significantly different  at α<0.05. 

 
 
 
dissolved material to maintain turgidity of the cell. 
Moreover,  compatible solutes prevent interaction 
between the ions and cellular components by 
replacing the water molecules around the 
component, thus preventing destabilization  during 

drought. Osmolit accumulation is also due to 
increased biosynthesis without degradation (Lisar 
et al., 2012).  

These results are in accordance with what was 
stated  by  Irigoyen  et  al.  (1992)  that  the  sugar 

content in leaves of the plant can increase under 
drought conditions. Arabzadeh (2012) stated that 
the sugar dissolves compatible metabolites and 
absortion increases with increased drought stress 
and reduced soil water content. Moreover,  one  of
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the mechanisms plants use to withstand drought stress is 
by regulating osmotic potential of the cell, especially if 
drought stress increase gradually from mild stress to 
severe one (Lisar et al., 2012, Lipiec et al., 2013; 
Naghavi et al., 2013).  

Osmotic cell potential can be adjusted by increasing 
the concentration of total soluble sugar which can 
decrease water potential of cells without inhibiting the 
function of the enzyme and does not reduce turgidity of 
the cell. Sugar accumulation in drought stress conditions 
helps to maintain the stability of the membrane, prevent 
and protect membrane fusion and; keep protein so as to 
remain functional (Xonostle-Cazares et al., 2011; 
Arabzadeh, 2012; Lisar et al., 2012; Lipiec et al., 2013).  
 
 
Conclusion 
 
According to the results obtained, it can be conclude that:  
 

 Drought stress treatment using watering intervals has 
 significant effect on the proline and total soluble 
 sugar content of corn leaf at the vegetative phase 
 grown under drought stress conditions  

 Increase in the level of proline and total soluble sugar 
 content of all cultivars was highly significant (α<0.05) 
 with increase of drought stress. 

 In the I2 drought stress treatment, highest level of 
 proline content was obtained in the yellow cultivar, 
 while total soluble sugar content with highest value 
 was obtained in the white cultivar. For both, prolline 
 and total soluble sugar content at the same drought 
 stress treatment, the lowest level was obtained in the 
 srikandi cultivar.     

 The differences in the proline and total soluble sugar 
 content among cultivars can be used as a suitable 
 selection indicator for drought tolerance of these corn 
 cultivars. 

 Through multi-location trials, the local corn cultivars 
 from Kisar Island can be used for further 
 development to obtain local corn cultivars tolerant to 
 drought. 
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