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ABSTRACT
Treatment of maize seedlings with diﬀerent concentrations of sorbitol decreased the rate of germination substantially. Root and shoot length was also reduced by sorbitol treatment, however, decrease in root length was lower
than shoot length. Incubation of leaf segments from maize seedlings grown in continuous light with sorbitol decreased the fresh weight and increased the dry weight in a concentration-dependent manner. Sorbitol treatment
also reduced the total chlorophylls, chlorophyll a as well as chlorophyll b; the decrease in chlorophyll ‘b’ being more
prominent than chlorophyll ‘a’, however, carotenoid content was declined marginally. Supply of sorbitol decreased
the protein and RNA content; however, proline content and in vivo nitrate reductase activity (NRA) were increased.
The results demonstrate an inhibitory eﬀect of sorbitol-induced stress on overall growth in maize. Amongst the
biochemical parameters analysed, chlorophyll, protein and RNA contents were declined, while proline content and
nitrate reductase activity were enhanced with sorbitol treatment.
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Influence of some abiotic factors, such as As and
Cd (Jain and Gadre 1997, Jain et al. 2007), osmotic
or water stress (Lei et al. 2009), and salts (Parvaiz
and Satyavati 2008), on growth and metabolism
of plants has been intensively studied. Droughtinduced osmotic stress triggers a wide range of
perturbations ranging from growth and water status
disruption to the modification of ion transport
and uptake systems (Bajji et al. 2000). Inhibition
of leaf growth is a primary whole plant response
to water stress which has been reported in maize,
barley and rice seedlings (Lu and Neumann 1998).
Amongst other parameters, decline in nitrate reductase activity in Zea mays (Abd-El Baki et al.
2000), reduction in chlorophyll level (Tomati et al.
1978) and decrease in the rate of photosynthesis,
levels of PSII mRNAs and proteins, half-lives of
D1 and D2 proteins in barley leaves and Triticum
aestivum due to osmotic stress (Yuan et al. 2005)
have been reported. Moreover, chloroplastic activities under water stress conditions favour the
formation of reactive oxygen species, which can
cause irreversible damage to the cell. In response
to such oxidative stress, plants adapt themselves
by some changes in their antioxidative system
for scavenging active oxygen (Moran et al. 1994).
Differential response during sorbitol-induced
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stress in drought tolerant and resistant varieties
of maize has been reported in relation to anti
oxidative defence mechanism (Kolarovic et al.
2009). Additionally, plants also accumulate organic
osmolytes and ions, such as proline and K+, during
growth under water deficit conditions.
Sorbitol, a six carbon sugar alcohol, is one of
the most frequently found polyols in plants. It
is a direct product of photosynthesis in mature
leaves, in parallel with sucrose, and both serve
similar functions, such as translocation of carbon
skeletons and energy between sources and sink
organs. Increased transport of polyols, both in the
xylem and phloem, occurs frequently as a result
of salt or drought stress (Noiraud et al. 2001). The
present study was aimed to investigate the changes
in growth and biochemical parameters in maize
subjected to osmotic stress by sorbitol.
MATERIALS AND METHODS
Plant material. Sterilized seeds of Zea mays L.
cv. Ganga Safed-2 were raised in continuous light
for 7–8 days at 26 ± 2°C. They were watered with
half strength Hoagland’s solution containing 5mM
NH4NO3. To analyse growth parameters, sterilized
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maize seeds were grown on filter paper placed in
Petri plates and treated with varying concentrations of sorbitol (0.0M, 0.2M [–0.58 MPa], 0.6M
[–1.78 MPa] and 1.0M [–3.09 MPa]) at 25 ± 3°C in
continuous light supplied with fluorescent tubes
for 4–5 days. For analysis of biochemical parameters, excised primary leaves from light-grown
maize seedlings were treated with different concentrations of sorbitol in continuous light supplied
with fluorescent tubes for 24 h at 25 ± 3°C. Leaf
segments were thoroughly washed with distilled
water prior to analysis.
Estimations and assay. For estimation of pigment content, leaf tissue was extracted with 80%
acetone in cold. The extract was centrifuged and
the absorbance of clear supernatant was measured at 646, 663 and 470 nm. The Chl a, Chl b
and carotenoid content was calculated in µg/ml
using equation of Linchtenthaler and Welburn
(1983). Protein content was estimated with Folin
Ciocalteau reagent according to the method of
Lowry et al. (1951). Proline content was estimated
as described by Bates et al. (1973). Total RNA was
extracted and estimated by the method of Webb
and Levy (1958) using orcinol reagent. In vivo
NRA was assayed by estimating the amount of
nitrite produced and secreted under dark anaerobic
conditions (Srivastava 1974).
The data presented are the average values of
at least three replicate experiments with ± S.E.
Student’s t-test was applied to test the significance
of difference obtained for various treatments.

The results of the present investigation demonstrate the decrease in growth parameters of maize
seedlings due to osmotic stress imposed by sorbitol.
Thus, the treatment of maize seeds with 0.6M and
1.0M sorbitol completely suppressed the germination rate; however, there was 25% reduction in the
germination rate at 0.2M sorbitol (Figure 1). Similar
findings involving a marked decrease in germination due to NaCl and draught treatment were
reported earlier in Sorghum bicolor (L.) Moench
seeds (Sharma et al. 2004). Other growth parameters
affected by osmotic stress are root and shoot lengths
with the shoot length being decreased more than the
root length (Figure 2). Incubation of leaf segments
with different concentrations of sorbitol decreased
the fresh weight in a concentration-dependent
manner, but increased the dry weight (Figure 3).
An increase in dry weight of leaf segments may be
due to accumulation of sorbitol. It has been found
that unlike polyethelene glycol, sorbitol enters the
cell wall space (Flores and Galston 1984).
Photosynthetic pigments determine the physiological status of the plants. A decrease in total
chlorophyll and carotenoid contents has been
shown in the seedling of Lentil genotypes with the
rise in the level of salt stress (Singh et al. 2004).
In the present study, pigment analysis demonstrates a concentration-dependent reduction in
total chlorophylls, chlorophyll ‘a’ and chlorophyll
‘b’ in maize leaf segments subjected to osmotic

Figure 1. Effect of different concentrations of sorbitol
on germination rate in maize seedlings

Figure 2. Effect of different concentrations of sorbitol
on root and shoot length in maize seedlings
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Maize seeds were grown on filter paper sheets in Petri
plates treated with different concentrations of sorbitol.
Distilled water was used as control. Germination rate
was calculated on day 3. The plates were incubated at
25 ± 3°C in continuous light for 3 days
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Figure 3. Effect of different concentrations of sorbitol
on fresh weight and dry weight. Leaf segments were
floated on distilled water and different concentrations
of sorbitol for 24 h in continuous light intensity of
30 W/m 2 at 25 ± 3°C. Prior to the treatment, weight of
the leaf segments was 0.2 g

stress (Table 1A and 1B). Due to a higher reduction in chlorophyll ‘b’ than in chlorophyll ‘a’ at
all concentrations of sorbitol, chl a/b ratio was
found to be higher. Hence, structural changes of
the photosynthetic apparatus in leaves are likely,
which may include loss of chloroplast membranes,

excessive swelling, and distortion of the lamellae vesiculation and appearance of lipid droplets
(Kaiser et al. 1981).
Experimental stress could evoke compensatory metabolic changes through modification
and modulation of the quantity and quality of
proteins (Ramagopal 1987). A concentration-dependent decrease in protein content under osmotic
stress in the present study (Table 2) could be due
to enhanced proteolysis and decreased protein
synthesis, respectively, which decreased the total
amount of biosynthesized proteins. High protease
activity of water-stressed maize plants compared
to control plants was reported by Thakur and
Thakur (1987). Reduction in RNA content was
also observed
with increasing concentration of
�
sorbitol (Table 2). Reduced RNA synthesis with
increased water stress was previously reported
by He et al. (1999) in wheat leaves; they also suggested upregulation of chloroplast RNAase as one
of the possible reason for the degradation of RNA.
Furthermore, many researchers showed that the
ribosomes and the proportion of polyribosomes
decreased remarkably during water stress (Scott
et al. 1979, Mason et al. 1988).
Stress imposition by sorbitol resulted in an increased proline level (Figure 4). There was more
than four-fold rise in proline content at the highest
concentration of sorbitol used. In general, water

Table 1A. Effect of different concentrations of sorbitol on total chlorophylls and carotenoids in maize leaf segments
Sorbitol concentration (M)

Total chlorophylls (µg/ml)

0.0

8.6 ± 1.42 (100)

Carotenoids (µg/ml)
1.12 ± 0.13 (100)

0.2

7.08 ± 1.23 (82)

1.09 ± 0.17 (97)

0.6

6.88 ± 0.96 (80)

1.08 ± 0.10 (97)

1.0

6.17 ± 0.69 (72)

1.05 ± 0.11 (94)

Leaf segments were floated on different concentrations of sorbitol for 24 h in continuous light intensity of
30 W/m 2 at 25 ± 3°C. Values relative to control are given in parentheses
Table 1B. Effect of different concentrations of sorbitol on chlorophyll a, chlorophyll b and chlorophyll a/b ratio
in maize leaf segments
Sorbitol conc. (M)

Chl a (µg/ml)

Chl b (µg/ml)

Chl a/b ratio

0.0

5.69 ± 0.95 (100)

2.91 ± 0.47 (100)

1.95 ± 2.01 (100)

0.2

5.02 ± 0.92 (88)

2.06 ± 0.31 (71)

2.43 ± 2.96 (125)

0.6

4.86 ± 0.71 (85)

2.02 ± 0.25 (69)

2.40 ± 2.84 (123)

1.0

4.20 ± 0.47 (74)

1.97 ±

0.22 S (68)

2.13 ± 2.13 (109)

s = P < 0.05; same as in Table 1
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Table 2. Effect of different concentrations of sorbitol on total protein, total RNA and NRA in maize leaf segments
Total protein (mg/g FW)

Total RNA (mg/g FW)

0.0

Sorbitol conc. (M)

8.58 ± 0.30 (100)

10.42 ± 0.49 (100)

0.2

6.21 ±

0.20 S (72)

0.6

4.64 ± 0.15 S (50)

1.0

3.22 ±

0.15 S

7.53 ±

(38)

0.35 S

NRA (nmoles NO2 formed/h/g FW)

(72)

310.86 ± 32.64 (100)

554.82 ± 50.36 S (178)

5.26 ± 0.19 S (50)

924.92 ± 68.8 S (297)

4.47 ±

463.91 ± 54.99 (149)

0.16 S

(43)

Same as in Table 1

stress has been known to increase free proline in
the leaves (Stewart et al. 1966). Further, enhanced
proteolysis has been shown to increase proline
levels under osmotic stress (Pandey et al. 2004).
Plant growing in stress conditions (for example
osmotic stress) need to produce specific proteins
having higher proline content (hydroxyprolinerich glycopeptide or proline-rich glycopeptide)
(Battaglia et al. 2006, Ueda et al. 2007). The high
content of free proline inhibits proline biosynthesis
in plants growing under heavy metal contamination
(Štefl and Vašáková 1982). Effect of this change
is subsequently contributed to higher production
of glutamic acid, which stressed plants (stress
by heavy metals) need to create phytochelatins
(Pavlíková et al. 2007, 2008).
Nitrate reductase, a key enzyme of nitrate assimilation, is correlated with the overall nitrogen
status of the system. Decline in NRA due to water
deficit was reported in several systems (Larson et
al 1989, Foyer et al. 1998, Bertamini et al. 2006).
However, in this study when sorbitol was supplied
to the leaf segments, in vivo NRA was stimulated at
all the concentrations with the increase being more
at 0.6M sorbitol (Table 2). An increase in NO level
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2

REFERENCES
Abd-El Baki G.K., Siefritz F., Man H.-M., Weiner H., Kaldenhoff
R., Kaiser W.M. (2000): Nitrate reductase in Zea mays L. under
salinity. Plant, Cell and Environment, 23: 515–521.
Bajji M., Lutts S., Kinet J.M. (2000): Physiological changes after
exposure to and recovery from polyethylene glycol-induced
water deficit in callus cultures issued from durum wheat (Triticum durum Desf.) cultivars differing in drought resistance.
Journal of Plant Physiology, 156: 75–83.
Bates L.S., Waldren R.P., Teare I.D. (1973): Rapid determination of free proline for water stress studies. Plant and Soil,
39: 205–207.
Battaglia M., Solorzano R.M., Hernandez M. (2007): Proline-rich
cell wall proteins accumulate in growing regions and phloem
tissue in response to water deficit in common bean seedlings.
Planta, 225: 1121–1133.

Proline

Bertamini M., Zulini L., Muthuchelian K., Nedunchezhian N.
(2006): Effect of water deficit on photosynthetic and other

1.5

physiological responses in grapevine (Vitis vinifera L. cv. Riesling) plants. Photosynthetica, 44: 151–154.

1

Flores H.E ., Galston A .W. (1984): Osmotic stress-induced
polyamine accumulation in cereal leaves. 1. Physiological parameters of the response. Plant Physiology, 75: 102–109.

0.5

Foyer C.H., Valadier M.H., Migge A., Becker T.H. (1998): Droughtinduced effects on nitrate reductase activity and mRNA and on

0
0

0.2

0.6

1

Sorbitol concentration (M)

Figure 4. Effect of different concentrations of sorbitol
on proline content in maize leaf segments. Leaf segments were floated on distilled water and different
concentrations of sorbitol for 24 h in continuous light
of intensity of 30 W/m at 25 ± 3°C

266

as well as NRA due to supply of PEG has been observed in pea and wheat roots (Kolbert et al. 2005).
This suggests that higher NRA increases the NO
level under osmotic stress. The results demonstrate
an inhibitory effect of sorbitol-induced stress on
overall growth and photosynthetic pigments in
maize; to overcome the stress possible ways may
involve osmolyte and/or NO accumulation.

the coordination of nitrogen and carbon metabolism in maize
leaves. Plant Physiology, 117: 283–292.
He J.X., An L.Z., Lin H.H., Liang H.G. (1999): Evidence for transcriptional and post-transcriptional control of protein synthesis in
water-stressed wheat leaves: a quantitative analysis of messenger
and ribosomal RNA. Journal of Plant Physiology, 155: 63–69.
Jain M., Gadre (Puranik) R. (1997): Effect of As on chlorophyll
and protein contents and enzymic activities in greening maize
tissues. Water, Air and Soil Pollution, 93: 109–115.

PLANT SOIL ENVIRON., 56, 2010 (6): 263–267

Jain M., Pal M., Gupta P., Gadre R. (2007): Effect of cadmium on
chlorophyll biosynthesis and enzymes of nitrogen assimilation
in greening maize leaf segments: role of 2-oxoglutarate. Indian
Journal of Experimental Biology, 45: 385–389.
Kaiser W.M., Kaiser G., Prachaub P.K., Wildman S.C., Heber U.
(1981): Photosynthesis under osmotic stress. Inhibition of photosynthesis of intact chloroplasts, protoplasts, and leaf slices
at high osmotic potentials. Planta, 153: 416–422.
Kolarovic L., Valentovic P., Luxova M., Gasparokova O. (2009):
Changes in antioxidants and cell damage in heterotrophic maize
seedlings differing in drought sensitivity after exposure to shortterm osmotic stress. Plant Growth Regulation, 59: 21–26.
Kolbert Z., Bartha B., Erdei L. (2005): Generation of nitric oxide
in roots of Pisum sativum, Triticum aestivum and Petroselinum
crispum plants under osmotic and drought stress. Acta Biologica
Szegediensis. Proceedings of the 8 th Hungarian Congress on
Plant Physiology and the 6th Hungarian Conference on Photosynthesis, 49: 13–16.
Larsson M., Larsson C.-M., Whitford P.N., Clarkson D.T. (1989):
Influence of osmotic stress on nitrate reductase activity in wheat
(Triticum aestivum L.) and the role of abscisic acid. Journal of
Experimental Botany, 40: 1265–1271.
Lei S., Yunzhou Q., Fengchou J., Changhai S., Chao Y., Yuxin L.,
Mengyu L., Baodi D. (2009): Physiological mechanism contrib-

Pavlíková D., Pavlík M., Staszková L., Tlustoš P., Száková J., Balík
J. (2007): The effect of potentially toxic elements and sewage
sludge on the activity of regulatory enzyme glutamate kinase.
Plant, Soil and Environment, 53: 201–206.
Pavlíková D., Pavlík M., Staszková L., Motyka V., Száková J.,
Tlustoš P., Balík J. (2008): Glutamate kinase as a potential
biomarker of heavy metal stress in plants. Ecotoxicology and
Environmental Safety, 70: 223–230.
Ramagopal S. (1987): Salinity stress induced tissue-specific proteins in barley seedlings. Plant Physiology, 84: 324–331.
Scott N.R., Munns R., Barlow E.W.R. (1979): Polyribosome content
in young and aged wheat leaves subjected to drought. Journal
of Experimental Botany, 30: 905–911.
Sharma A.D., Thakur M., Meenakshi R., Kuldeep S. (2004): Effect
of plant growth hormones and abiotic stresses on germination, growth and phosphatase activities in Sorghum bicolour (L.) Moench seeds. African Journal of Biotechnology, 3:
308–312.
Singh R.A., Roy N.K., Haque M.S. (2004): Studies on photosynthetic pigments, sodium and potassium contents in seedlings of
lentil genotypes under simulated salinity stress. Indian Journal
of Plant Physiology, 9: 90–93.
Srivastava H.S. (1974): In vivo activity of nitrate reductase in
maize seedlings. Indian Journal of Biochemistry and Biophys-

uting to efficient use of water in field tomato under different
irrigation. Plant, Soil and Environment, 55: 128–133.
Lichtenthaler H.K., Wellburn A.R. (1983): Determinations of total
carotenoids and chlorophylls a and b of leaf extracts in different
solvents Biochemical Society Translation, 11: 591–592.
Lowry O.H., Roseborough N.J., Farr A.L., Randall R.J. (1951):
Protein measurement with the Folin- phenol reagent. Journal
of Biological Chemistry, 93: 265–275.
Lu Z., Neumann P.M. (1998): Water-stressed maize, barley and rice
seedlings show species diversity in mechanisms of leaf growth
inhibition. Journal of Experimental Botany, 49: 1945–1952.
Mason H.S., Mullet J.E., Boyer J.S. (1988): Polysomes, messenger
RNA, and growth in soybean stems during development and
water stress. Plant Physiology, 86: 725–733.
Moran J.F., Becana M., Iturbe-Ormaetxe I., Frechilla S., Klucas
R.V., Aparicio-Tejo P. (1994): Drought induces oxidative stress
in pea plants. Planta, 194: 346–352.
Noiraud N., Maurousset L., Lemonie R. (2001): Transport of
polyols in higher plants. Plant Physiology and Biochemistry,
39: 717–728.
Pandey R., Agarwal R.M., Jeevratnam K., Sharma G.L. (2004):
Osmotic stress-induced alterations in rice (Oryza sativa L.).
Biologia Plantarum, 42: 79–87.
Parvaiz A., Satyavati S. (2008): Salt stress and phyto-biochemical responses of plants-a review. Plant, Soil and Environment,
54: 89–99.

ics, 11: 230–232.
Štefl M., Vašáková L. (1982): Allosteric regulation of proline-inhibitable glutamate kinase from winter-wheat leaves by L-proline,
adenosine-diphosphate and low temperatures. Collection of
Czechoslovak Chemical Communications, 47: 360–369.
Stewart C.R., Morris C.J., Thompson J.F. (1966): Changes in
amino acid content of excised leaves during incubation II Role
of sugar in the proline accumulation in wilted leaves. Plant
Physiology, 41: 1585–1590.
Thakur P.S., Thakur A. (1987): Protease activity in response to
water stress in two differentially sensitive Zea mays L. cultivars.
Plant Physiology and Biochemistry, 14: 36–40.
Tomati U., Veri G., Galli E. (1978): Effect of water status on
photosynthesis and nitrate reductase activity in maize plants.
Review in Agronomy, 12: 119–122.
Ueda A., Yamamoto-Yamane Y., Takabe T. (2007): Salt stress
enhances proline utilization in the apical region of barley
roots. Biochemical and Biophysical Research Communication, 355: 61–66.
Webb J.M., Levy H.B. (1958): New development in chemical determination of nucleic acids. In: Glick D. (ed): Methods of Biochemical
Analysis. Vol. 6, Interscience Publishers, New York, 1–30.
Yuan S., Liu W.-J., Zhang N.-H., Wang M.-B., Liang H.-G., Lin
H.-H. (2005): Effects of water stress on major photosystem
II gene expression and protein metabolism in barley leaves.
Physiologia Plantarum, 125: 464–473.
Received on November 11, 2009

Corresponding author:
R. Gadre, Devi Ahilya University, School of Biochemistry, Takshashila Campus, Khandwa Road, Indore - 452 017
(M.P.), India
phone: + 91 731 2460 276, e-mail: gdr_rkh@yahoo.co.in

PLANT SOIL ENVIRON., 56, 2010 (6): 263–267

267

