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Abstract: Drought stress is a major factor in reduce growth, development and production of plants. Stress 
was applied with polyethylene glycol (PEG) 6000 and water potentials were: zero (control), -0.15 (PEG 
10%), -0.49 (PEG 20%), -1.03 (PEG 30%) and -1.76 (PEG40%) MPa. The solutes accumulation of two 
maize (Zea mays L.) cultivars -704 and 301- were determined after drought stress. In our experiments, a 
higher amount of soluble sugars and a lower amount of starch were found under stress. Soluble sugars 
concentration increased (from 1.18 to 1.90 times) in roots and shoots of both varieties when the studied 
varieties were subjected to drought stress, but starch content were significantly (p<0.05) decreased (from 
16 to 84%) in both varieties. This suggests that sugars play an important role in Osmotic Adjustment (OA) 
in maize. The free proline level also increased (from 1.56 to 3.13 times) in response to drought stress and 
the increase in 704 var. was higher than 301 var. It seems to proline may play a role in minimizing the 
damage caused by dehydration. Increase of proline content in shoots was higher than roots, but increase of 
soluble sugar content and decrease of starch content in roots was higher than shoots. 
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INTRODUCTION

Plants resort many adaptive strategies in response 
to abiotic environmental stresses such as dehydration 
and excessive osmotic pressure. These adaptive
mechanisms include changes in physiological and
biochemical processes. Among them, the accumulation
of compatible solutes according to the metabolic
responses has drawn much attention. Adaptation to all 
these stresses is associated with metabolic adjustments 
that lead to the accumulation of several organic solutes 
like sugars, polyols, betaines and proline [1]. 

The compatible solutes may be classified into two 
categories: one is nitrogen-containing compounds such 
as proline and other amino acids, quaternary
ammonium compounds and polyamines and the other is 
hydroxy compounds, such as sucrose, polyhydric
alcohols and oligosaccharides [2]. 

Osmotic adjustment is effected by accumulation of
free amino acids, proline and sugars in the roots and 
shoots.

Accumulation of proline is a widespread plant
response to environmental stresses, including low water
potential. Proline has a clear role as an osmoticum. In 
particular, because of its zwitterionic, high hydrophilic 
characteristics, proline acts as a "compatible solute", 
i.e. one that can accumulate to high concentrations in 
the cell cytoplasm without interfering with cellular

structure or metabolism [1, 3]. There is presently no 
clear agreement about the function of drought-induced
accumulation, although a role in osmoregulation seems 
likely [3]. Other functions of proline accumulation have 
also been proposed, including statabilization of
macromolecules, a sink of carbon and nitrogen for use 
after relief of water deficit [3-4], radical detoxification 
[5] and regulation of cellular redux status by proline 
metabolism [6].

The metabolic source of the Pro accumulated at 
low ?w is unclear. One potential mechanism is an
increase in Pro synthesis. Two possible pathways of Pro 
synthesis, one using Glu and the other using Orn as a 
precursor, have been shown to exist in plants [7].
Studies of Pro metabolism have suggested that Pro 
synthesis from Glu can increase in response to low ?w
[8]. In addition to increased Pro synthesis, decreased 
Pro catabolism could also contribute to Pro
accumulation at low ?w.

There are several reports on carbohydrate
accumulation during various abiotic stresses in the
temperate grasses and cereals from the Gramineae
family where long term carbohydrate storage occurs 
during reproductive development [9]. Accumulation of 
sugars in different parts of plants is enhanced in
response to the variety of environmental stresses [10].

Various authors point to the role of soluble sugars 
in   the  protection  against  stresses.  Metabolisation  of 



World Appl. Sci. J., 3 (3): 448-453, 2008

449

storage reserves in the endosperm of cereal seeds is 
tightly regulated and has a primary pivotal role in the 
interactions among sugars, ABA and gibberellin
pathways responsible for the response to drought [11]. 
A central role of sugars depend not only on direct 
involvement in the synthesis of other compounds,
production of energy but also on stabilization of
membranes [12], action as regulators of gene
expression [13] and signal molecules [14, 15]. 

Soluble sugar content proved to be a better marker 
for selecting improvement of drought tolerance in
durum wheat (Triticum durum Desf.) than was proline 
content [16]. In this experiment, only the total sugar 
content was determined without the identification of 
specific sugar components.

In order to look into drought stress induced
biochemical changes and to elucidate adaptive
mechanisms at the cellular level, we used different 
concentrations of polyethylene glycol 6000 as
osmoticum  to  investigate  the status of carbohydrate 
and proline pools in maize seedlings grown under
normal  and  high  stress  media. We intended to find 
out  whether  the  accumulation  of proline is important 
in  stress  tolerance? This experiment were undertaken 
to  check  whether  differences in  stress tolerance 
among cultivars also exist in the quantity of
carbohydrate accumulation. 

MATERIALS AND METHODS

Plant materials and growth conditions: This study 
was conducted at biochemistry laboratory, Department 
of Biology, Urmia University, Iran, during the spring of 
2007. Two genotypes of maize (Zea mays L.) - var.704 
and var.301- were used. The seeds of both cultivars 
were germinated in Petri dishes on two layers of filter 
paper at 25ºC in an incubator. After three days, the 
seedlings transferred to plastic pots (15 cm diameter, 20 
cm depth) filled with sand and irrigated with half
strength of Hoagland nutrient solution. Six-days
seedlings were removed from the sand, washed with tap 
water, dried and transferred to hydroponics culture of 
aerated test tubes containing polyethylene glycol 6000 
solutions of 10, 20, 30 and 40% strengths to achieve 
water deficit levels of -0.15, -4.9, -1.03 and -1.76 MPa, 
respectively  [17-19] as treatments and aerated test 
tubes containing half strength Hoagland nutrient
solution  which  served  as  control. Stress was applied 
for 24 hours.

Measurement of proline contents:  Free proline
accumulation was determined using the method of
Bates et al. [20]. 0.04 gram dry weight of roots and 
shoots  was  homogenized  with  3%  sulfosalicylic acid 

and after 72h that proline was released; the homogenate 
was centrifuged at 3000 g for 20 min. The supernatant 
was treated with acetic and acid ninhydrin, boiled for 1 
hour and then absorbance at 520 nm was determined by 
Uv-visible spectrophotometer (Biochrom S 2100).
Contents of proline were exp ressed as mg g −1 DW. 

Measurement of soluble sugars content: Soluble
sugars were determined based on the method of phenol-
sulfuric acid [21]. 0.5 g fresh weight of roots and shoots 
was homogenized with deionized water, extract was 
filtered and the extract treated with 5% phenol and 98% 
sulfuric acid, mixture remained for 1h and then
absorbance at 485 nm was determined by
spectrophotometer (Biochrom S 2100). Contents of
soluble sugar were expressed as mg g−1 FW. 

Measurement of starch content: Starch content
determined using the method of phenol-sulfuric acid 
[21]. Sediment of extract that filtered in sugar content 
dried, weighted and boiled with deionized water.
Supernatant used for measurement of starch content. 

Statistical analysis: The mean values of proline,
soluble sugar and starch content were taken from the 
measurements of four replicates and the "Standard
Error" of the means was calculated. One-way ANOVA 
was applied to determine the significance of the results 
between different treatments and then Turkey’s
multiple range tests (p < 0.05) were performed. All the 
statistical analyses were done using the Statistical
Package for Social Sciences (SPSS) for Windows
(version 13.0).

RESULTS AND DISSCUSION

Effects of drought stress on proline content: Proline
content of both varieties was elevated linearly with 
increase of water deficiet. In water potential -1.76 MPa 
(PEG 40%), roots proline content increased 3.13 fold in 
704 var. and 2.70 fold in 301 var. and shoots proline 
content increased 3.10 fold in 704 var. and 2.74 fold in 
301 var. as compared to the control plants. Increase of 
proline content in 704 var. was higher than in 301 var. 
and in shoots was higher than in roots (Fig. 1). 

Among amino acids, the accumulation of proline is 
frequently reported in many plants or tissues in
response to a variety of abiotic stresses [6]. In maize 
primary root, for example, the proline level increases as 
much as a hundred fold under a low water potential 
[22]. However, the precise role of proline accumulation 
is still elusive. Whether it is to act as an osmo -regulator
[7], an osmo -protector [23], or a regulator of the redox 
potential of cells [24] has not been decided.
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Fig. 1: Effects of different water potentials on total proline content (mg g−1 DW) in the roots and shoots of two 
maize cultivars. Results are shown as mean±standard error (p<0.05), obtained from four replicates

Fig. 2: Effects of different water potentials on soluble sugar content (mg g−1 FW) in the roots and shoots of two 
maize cultivars. Results are shown as mean±standard error (p<0.05), obtained from four replicates

Accumulation of proline in plants under stress is a 
result of the reciprocal regulation of two pathways:
increased expression of proline synthetic enzymes and 
repressed activity of proline degradation [7, 25]. This 
leads to a "proline cycle", the homeostasis of which 
depends on the physiological state of tissue. Proline 
catabolism is catalyzed by proline dehydrogenase and 
P5C dehydrogenase [25]. Evidence for the transport of 
proline to the root tip, where is accumulates during 
stress, has been reported [26]. The increase of proline in 
severe drought stress in our experiment was consistent 
with them. The data indicate that plants may have
evolved a mechanism to coordinate synthesis,

catabolism and transport activities for the accumulation 
of proline.

During the experiment, we found that 704 var. had 
increase of proline content higher than 301 var. It is 
possible that these differences are due to up-regulation
of proline degrading enzymes such as proline
dehydrogenase (PDH) in drought stressed 704
seedlings. These results prove that proline accumulation 
by 704 seedlings is due to up-regulation of proline 
biosynthesis pathway rather than inhibition of catabolic 
process and that 704 seedlings to keep proline in a high 
lavel consume more energy and substances, but 301 
seedlings  keep  their  proline  constant  in  a  high level 

 704


301

Cultivar

0 -0.15 -0.49 -1.03 -1.76

50.00

60.00

70.00

80.00





















Water potentials (MPa)

 704
 301

Cultivar

0 -0.15 -0.49 -1.03 -1.76

50.00

60.00

70.00

80.00

90.00





















Water potentials (MPa)

 704
 301

Cultivar

0 -0.15 -0.49 -1.03 -1.76
0.50

1.00

1.50

2.00





















Water potentials (MPa)


704


301

Cultivar

0 -0.15 -0.49 -1.03 -1.76

1.00

1.50

2.00

2.50





















Water potentials (MPa)



World Appl. Sci. J., 3 (3): 448-453, 2008

451

Fig. 3: Effects of different water potentials on starch content (mg g−1 FW) in the roots and shoots of two maize 
cultivars. Results are shown as mean±standard error (p<0.05), obtained from four replicates

Fig. 4: Effects of different water potentials on soluble sugar/starch ratio in the roots and shoots of two maize 
cultivars. Results are shown as mean±standard error (p<0.05), obtained from four replicates

because of suitable management and resist in drought 
stress. The means differences of proline content in both 
varieties were significant at the 0.05 level between all 
treatments. It means that 301 var. had higher tolerance 
than 704 var. in severe drought stress. Our present 
results indicate that proline accumulation by repressed 
catabolic pathway under oxidative stress helps plants to 
decrease oxidative damage.

Usually the magnitude of proline accumulation is 
relatively dependent on the levels of carbohydrates [6]. 
Larher et al. [27] mentioned that sucrose was a positive 
effector of proline accumulation.

Effects of drought stress on soluble sugar and starch 
contents: Imposition of different PEG treatments to 

both varieties of maize seedlings significantly increased 
total soluble sugar content (Fig. 2). As compare to 
control, a drastic increase was observed in shoots and 
roots. Root soluble sugar content increased 1.78 fold in 
704 var. and 1.90 fold in 301 var. and shoot soluble 
content increased 1.65 fold in 704 var. and 1.60 fold in 
301 var. as compared to control plants. But starch 
content significantly decreased (p<0.05) in roots and
shoots of both varieties. Root starch content decreased 
83% in 704 var. and 79% in 301 var. and shoot starch 
content decreased 68% in 704 var. and 73% in 301 var. 
as compared control plants (Fig. 3). 

The increase in sugar concentration may be a result 
from the degradation of starch [28]. Starch may play an 
important   role  in  accumulation  of  soluble  sugars  in 
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cells. Starch  depletion  in grapevine  leaves  was noted 
by  Patakas  and  Noitsakis  [29]  in  response to 
drought stress, too. In this s tudy, the concentrations of 
soluble  sugars  increased  at  the same time as a 
decrease  in  the  starch  concentration  was  observed.
It means that the raised soluble sugar fraction was 
accompanied  by  a  sharp  decrease in the starch 
fraction  as  the water potential dropped. This change 
increased the soluble sugar/starch ratio in roots and 
shoots of both varieties. The increase of roots soluble 
sugar/starch ratio is sharply in water potential -1.76
MPa,  but  this  ratio increased  gradually in shoots of
both varieties (Fig. 4).

The tolerance mechanism in water-deficit may be 
associated with accumulation of osmoprotectants such 
as proline and soluble sugars. The accumulation of
soluble sugars is strongly correlated to the acquisition 
of drought tolerance in plants [30]. In our study, the 
increase of soluble sugar content in roots of 301 var. 
was higher than 704 var., but the increase in shoots of 
704 var. was higher than 301 var. Therefore, it seems 
that the accumulation rate was not necessarily
correlated with drought tolerance and our results were 
not consistent with them. Root soluble sugar increased 
linearly in both varieties and shoot soluble sugar
increased enormous in water potential -0.49 MPa in 301 
var. and in water potential -1.03 MPa in 704 var. Shoot 
starch content decreased linearly in both varieties and 
root starch content decreased enormous in water
potential -1.76 MPa. The decrease of starch content in 
roots of 704 var. was higher than 301 var. and the 
decrease in shoots of 301 var. was higher than 704 var.

The accumulation of sugars in response to drought 
stress is also quite well documented [1, 16, 31]. The 
concentration of soluble sugars increased under drought 
stress in both cultivars in our study and was consistent 
with them. A complex essential role of soluble sugars in 
plant metabolism is well known as products of
hydrolytic processes, substrates in biosynthesis
processes, energy production but also in a sugar sensing 
and signaling systems. Recently it has been claimed 
that even sugar flux may be a signal for metabolic 
regulation [32]. Protection against dehydration by the 
former sugars was correlated with the increase in shoots 
and roots. Soluble sugars may also function as a typical 
osmoprotectant, stabilizing cellular membranes and
maintaining turgor.

Studies with a variety of plants demonstrate that 
drought induced conversion of hexoses and other
carbohydrates, such as sucrose and starch, into sugar 
alcohols (polyols) and proline [33]. Earlier reports
mentioned that sugars protect the cells during drought 
by two mechanisms. First, the hydroxyl groups of
sugars  may substitute for water to maintain hydrophilic 

interactions    in membranes     and    proteins   during 
dehydration. Thus, sugars interact with proteins and 
membranes through hydrogen-bonding, thereby
preventing protein denaturation [34]. Secondly, sugars 
are a major contributing factor to vitrification, which is 
the formation of a biological glass in the cytoplasm of 
dehydrated cells [34, 35].

Under stress conditions, we postulate that the
depletion of starch with induced plasmolysis will
reduce the volume of cytoplasm. Accumulation of
soluble sugars may be to counter the osmotic stress. 
How metabolic flux of soluble sugars was altered under 
the stress conditions and how should involve
modulation of many enzyme activities in carbohydrate 
metabolic pathways, remains to be investigated.
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