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Abstract: Few studies have investigated the alkali-based salt resistance aspect of plants. Here, we used 2 pumpkin
cultivars (‘Cucurbita ficifolia Bouch.” and ‘Chuandilong’) to study the growth and physiological response
mechanisms of pumpkin to different levels of NaHCO; stress. After second true leaf development, pumpkin
seedlings were treated with varying levels of NaHCO; stress (0, 30, 60 and 90 mmol/L) during sand culture. The
chlorophyll content, electrolyte leakage, malondialdehyde (MDA) contents, proline contents, soluble sugar contents
and superoxide dismutase (SOD) and peroxidase (POD) activities of both cultivars were investigated. Finally, the
growth and physiological indexes of pumpkin seedlings under NaHCO; stress were explored. The results showed
that the chlorophyll a, chlorophyll b and total chlorophyll of both pumpkin seedlings increased with exposure to low
NaHCO; concentrations (0-30 mmol/L) and then decreased with exposure to 30-90 mmol/LNaHCO; and all reached
their minimum values with exposure to 90 mmol/L NaHCO;. Under the latter stress, the rate of decrease in total
chlorophyll content of ‘C. ficifolia Bouch.” was higher than that of ‘Chuandilong’. However, electrolyte leakage,
MDA content, proline content, soluble sugar content and SOD and POD activities increased with the escalation of
NaHCO; concentration and peaked after exposure to 90 mmol/LNaHCOj;. The rates of increase in electrolyte
leakage and MDA contents of ‘C. ficifolia Bouch.” were higher than those of ‘Chuandilong’ at this NaHCO;
concentration. These results suggested that under greater NaHCO; stress, these pumpkin cultivars showed
significant inhibition of growth, with ‘C. ficifolia Bouch.” being more sensitive than ‘Chuandilong’ to NaHCO;
stress. Injury caused by NaHCOs stress was most likely mitigated by increasing the antioxidant activities of SOD
and POD and accumulating proline and soluble sugar contents to facilitate osmotic adjustment.
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INTRODUCTION

The 2 major environmental factors currently
responsible for reduction of plant productivity are
drought and salinity. Salinity is one of the major
obstacles to increasing production in crop growing
areas throughout the world. The existing salinity
problems are likely to worsen due to rapidly growing
human populations in many countries and increasing
concerns over limited water resources, which forces
growers to use poor quality water for irrigation. Of the
cultivated land, about 9.0x10® ha (60%) are saline and
sodic, which influences plant growth and crop
productivity (Lauchli and Littge, 2002). In China,
about 2.6x10 ha lands experience salinity problems.

In saline and sodic soils, Na', Ca®’, Mg2+ and K*
are the main cations of dissoluble mineral salts and CI',
SO,*, HCOy, COs> and NO; are the corresponding
main anions (L&uchli and Liittge, 2002). We can further
classify neutral salts (NaCl and Na,SO,) and alkaline
salts (NaHCO; and NayCOj), in terms of the
characteristics of the salt ions. Alkaline salts

consequentially elevate the soil pH, which causes plants
to experience the damaging effects of both salt and
alkali stress. Thus, the problem of soil alkalization due
to NaHCOj; and Na,CO; may be more severe than the
problem of soil salinization caused by NaCl and
Na,SO,. However, to date, an increasing number of
reports on distribution, exploitation (Zhao et al., 2002)
and physiological mechanisms (Peng et al., 2004) of
NaCl-based salt resistance of halophytes have been
published, while few studies have been performed on
the alkaline salts resistance aspect of plants (Shi and
Sheng, 2005; Shi and Wang, 2005; Wang ef al., 2011;
Yang, 2012).

Pumpkin (Cucurbita moschata Duch.) is a popular
vegetable and is used as graft material for cucurbit
culture under protected cultivation conditions. With
aggravation of secondary salinization of soil, many
factors that cause an increase in the salt tolerance of
pumpkin have been identified by researching the
physiological responses of pumpkin to salt stress. In the
pumpkin, NaCl stress decreases the fresh weight of
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roots and shoots, the length of the main stem, the
number of functional leaves and increases the MDA
contents and activities of SOD, POD and CAT (Zhou
et al., 2007). In addition, Sun et al. (2008) had found
that Na,CO; stress significantly inhibited the
germination rate and increased the soluble sugar
contents and SOD activities of pumpkin seeds. Zhao
et al. (2006) investigated the difference between the
effects of salt and alkali stress on pumpkin and
indicated that alkali stress had more adverse effects
than salt.

However, to date, little is known about the growth
and physiological response mechanisms of pumpkin to
different levels of NaHCO; stress. In this study, we
describe the effects of NaHCO; stress on the growth,
membrane permeability, MDA contents, proline
contents, soluble sugar contents and antioxidant
enzyme activities of 2 pumpkincultivars. Our data show
that under higher NaHCO; stress, pumpkin cultivars
demonstrated significant inhibition of growth and ‘C.
ficifolia Bouch.” was more sensitive than ‘Chuandilong’
to NaHCOs stress and injury caused by NaHCOj stress
was most likely mitigated by increasing the antioxidant
activities of SOD and POD and increasing proline and
soluble sugar contents.

MATERIALS AND METHODS

Plant materials and NaHCO; concentration
treatments: Two pumpkin cultivars (‘C. ficifolia
Bouch.” and ‘Chuandilong’) were used. Pumpkin seeds
and seedlings were grown in a greenhouse under natural
light conditions at 28-30°C and 60-70% relative
humidity. Pumpkin seeds were disinfected by soaking
in 0.1% HgCl, for 10 min and washing 3 times with
distilled water. Then, seeds were sown in 50 seedling
plug trays filled with a 2:1 (v/v) mixture of peat and
vermiculite. Seven days later, pumpkin seedlings, at the
fully expanded cotyledon stage, were transferred to
plastic pots, which had been filled with coarse beach
sand washed with fresh water before use. Pumpkin
seedlings were irrigated with half-strength Hoagland
nutrient solution every 2 days.

When the second true leaf of the seedlings had
developed completely, thirty-six pots of uniformly
growing seedlings were chosen and randomly divided
into 4 sets, 3 pots per set, each set contained 3
replicates. NaHCO; were dissolved into the nutrient
solution directly and 4 levels of 0 (control), 30, 60 and
90 mmol/L NaHCOj; concentrations were prepared. The
4 treatments levels were applied to the pumpkin
seedlings of 4 sets, respectively.

Determination of physiological indexes: The true
leaves of pumpkin seedlings grown for 7 days under
different NaHCO; treatment conditions were excised
and rapidly frozen in liquid nitrogen for the

determination of physiological indexes. The contents of
Chlorophyll a, Chlorophyll b, total chlorophyll were
analyzed spectrophotometrically using a TUI810
spectrophotometer (Puxi, Beijing, China), according to
the method of Zhang and Qu (2003). Membrane
permeability of the excised leaves was measured as
percentage electrical conductivity, as described by
Alpaslan and Gunes (2001). MDA content was
determined using the thiobarbituric acid reaction, as
described by Sudhakar et al. (2001). Proline content of
the leaves was determined following the method of
Sairam et al. (2002). Soluble sugar content was
quantified by the anthrone sulfuric acid method (Fales,
1951). SOD activity was determined according to the
method of Meloni et al. (2003) and POD activity was
determined using the guaiacol oxidation method of
Zhou et al. (2003).

Statistical analysis: All data were subjected to
Analysis of Variance (ANOVA) using the SPSS
version 10.0 statistical package for Windows. Where
the F-test showed significant differences among means,
Duncan’s multiple range tests were applied, at the 0.05
level of probability, to separate means.

RESULTS

Effects of nahco; stress on chlorophyll contents of
pumpkin seedlings: NaHCO; stress significantly
affected the chlorophyll contents of both pumpkin
cultivars (Table 1). The chlorophyll a, chlorophyll b
and total chlorophyll of both pumpkin cultivars
increased at lower NaHCO; concentration (0-30
mmol/L) and then decreased with increasing levels of
NaHCO; concentration. Chlorophyll a, chlorophyll b
and total chlorophyll levels all reached a minimum
value after exposure to 90 mmol/L NaHCO;. The
contents of chlorophyll a, chlorophyll b and total
chlorophyll in ‘C. ficifolia Bouch.’ increased by 102.11,
54.67 and 85.71%, respectively, over control values
after exposure to 30 mmol/L NaHCO;, whereas those in
‘Chuandilong’ increased by 81.10, 32.59 and 62.16%,
respectively. Moreover the contents of chlorophyll a,
chlorophyll b and total chlorophyll in ‘C. ficifolia
Bouch.” decreased by 51.06, 54.67 and 109.66%,
respectively, of the control values, after exposure to 90
mmol/L  NaHCO;, respectively, whereas those in
‘Chuandilong’ decreased by 59.58%, 37.27 and
103.56%, respectively. Under90 mmol/L. NaHCO;
stress, the rate of decrease in total chlorophyll content
of ‘C. ficifolia Bouch.” was higher than that of
‘Chuandilong’.

Effects of NaHCOj stress on electrolyte leakage and
MDA contents of pumpkin seedlings: The electrolyte
leakage and MDA contents of the two pumpkin
cultivars  increased with  increasing NaHCO;
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Table 1: Effects of NaHCOs stress on chlorophyll contents of pumpkin seedlings

Chlorophyll a content Chlorophyll b content Total chlorophyll
Materials NaHCO; (mmol/L) (mg/g) (mg/g) content (mg/g)
“C. ficifolia Bouch.’ 0 5.68b 3.00b 8.68¢c
30 11.48a 4.64a 16.12a
60 6.49b 3.31b 9.80b
90 2.78¢ 1.36¢ 4.14d
‘Chuandilong’ 0 7.67¢c 4.91b 12.58¢c
30 13.89a 6.51a 20.40a
60 11.10b 5.31b 16.41b
90 3.10d 3.08¢c 6.18d
Lower case letters indicate significant differences at p<0.05
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Fig. 1: Effects of NaHCOs; stress on electrolyte leakage and MDA contents of pumpkin seedlings
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Fig. 2: Effects of NaHCOs; stress on proline and soluble sugar contents of pumpkin seedlings

concentrations. The increased rate in electrolyte leakage
of ‘C. ficifolia Bouch.” was higher than that of
‘Chuandilong’ with 90 mmol/L NaHCOj; concentration.
For instance, the electrolyte leakage of ‘C. ficifolia
Bouch.” increased by 39.99%, while those of
‘Chuandilong’ increased by 34.09% over the control
(Fig. 1). Under NaHCO; stress, MDA contents of ‘C.
ficifolia Bouch.” were higher than those of
‘Chuandilong’. In comparison to the control, the MDA
contents of ‘C. ficifolia Bouch.” and ‘Chuandilong’
increased by 62.73 and 44.87% with 90 mmol/L
NaHCO; concentration, respectively (Fig. 1).

Effects of NaHCO; stress on the proline and soluble
sugar contents of pumpkin seedlings: Effects of
NaHCO; stress on the proline and soluble sugar
contents of pumpkin seedlings were shown in Fig. 2.
NaHCO; stress progressively increased the proline and
soluble sugar contents of both pumpkin cultivars. With
the increase in NaHCO; concentration, more proline
and soluble sugar contents accumulated in ‘C. ficifolia
Bouch.” than in ‘Chuandilong’. Specifically, the proline
contents and soluble sugar contentswas 1.56- and 2.50-
fold higher than those of the control for ‘C. ficifolia
Bouch.’ after exposure to 90 mmol/L NaHCO;
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Fig. 3: Effects of NaHCO; stress on SOD and POD activities of pumpkin seedlings

concentration and 1.31-and 2.55-fold higher,

respectively, for ‘Chuandilong’.

Effects of NaHCO; stress on the activities of SOD
and POD of pumpkin seedlings: Figure 3 shows the
changes in SOD and POD; the activities of SOD and
POD in the 2 pumpkin cultivars exhibited similar
trends, viz., an increase with increasing NaHCOj stress.
In comparison to the control, the activities of SOD and
POD in ‘C. ficifolia Bouch.’increased by 109.12 and
123.94%, respectively, after exposure to 90 mmol/L
NaHCO; concentration, while those in ‘Chuandilong’
increased by 87.72 and 135.06%, respectively. The
SOD activities in “C. ficifolia Bouch.” were higher than
those of ‘Chuandilong’ under NaHCOj stress, but POD
activities were lower.

DISCUSSION

Soil salinity is a prevalent abiotic stress for plants.
Among the cellular organs of plants, the chloroplast is
relatively sensitive to salt stress. Srivastava et al. (1988)
reported chlorophyll content as one of the parameters of
salt tolerance in crop plants. Hernandez et al. (1995)
observed more chlorophyll degradation in a NaCl-
sensitive pea cultivar as compared to a tolerant cultivar.
In the present study, the contents of chlorophyll a,
chlorophyll b and total chlorophyll in both pumpkin
cultivars all increased with lower NaHCO;
concentrations and then decreased with exposure to
higher concentrations of NaHCO;. Under higher
NaHCO; stress, the rate of decrease in total chlorophyll
contents of ‘C. ficifolia Bouch.” was higher than that of
‘Chuandilong’, which suggested that °C. ficifolia
Bouch.” was more sensitive than ‘Chuandilong’ to
NaHCOs stress.

Membrane permeability is a sensitive test for
determining salt stress and tolerance (Mansour and
Salama, 2004). Higher membrane stability may be
correlated with abiotic stress tolerance (Meloni et al.,
2003). In the present study, electrolyte leakage and

MDA contents increased significantly under higher
NaHCO; stress and the increase was greater in ‘C.
ficifolia Bouch.’ than in ‘Chuandilong’, which indicated
that membrane stability had been destroyed and lipid
peroxidation had occurred and that “C. ficifolia Bouch’.
was more sensitive than ‘Chuandilong’ to NaHCO;
stress.

The accumulation of some organic solutes under
saline conditions has been considered to represent an
adaptation of plants against osmotic stress. Proline and
soluble sugar are the primary substance for osmotic
adjustment in plant cells (Gilbert et al., 1998). Our
results revealed increased proline and soluble sugar
contents under NaHCO; stress, which indicated that
proline and soluble sugar can help lower the osmotic
potential in the plant.

Reactive Oxygen Species (ROS) are easily
produced in plant cells by osmotic stress and can injure
the plant cells if they are not eliminated in time (Zhang
et al, 2005). An efficient antioxidant system is
important in combating salinity stress (Rout and Shaw,
2001). An increase in the activity of antioxidant
enzymes under salt stress could be indicative of an
increased production of ROS and suggests escalation of
a protective mechanism to reduce oxidative damage
triggered by stress. The key enzymes in eliminating
ROS are SOD and POD (Gomez et al., 2004). In our
study, the activities of SOD and POD in the 2 pumpkin
cultivars increased significantly under NaHCO; stress,
which suggested that the antioxidant defense system of
the pumpkin seedlings was enhanced rapidly to
scavenge all ROS generated by NaHCO; stress.

CONCLUSION

In conclusion, under higher NaHCO; stress, the 2
pumpkin cultivars studied here showed significant
inhibition of the growth and ‘C. ficifolia Bouch.” was
more sensitive than ‘Chuandilong’ to NaHCO; stress.
Injury caused by NaHCO; stress was most likely
mitigated by an increase in the antioxidant activities of
SOD and POD and by accumulation of proline and
soluble sugar contents, to facilitate osmotic adjustment.

1644



Adv. J. Food Sci. Technol., 5(12): 1641-1645, 2013

ACKNOWLEDGMENT

This study was supported by Key Scientific and
Technology Research Plan of Henan Province
(No.132102110030), Henan Province Young Teacher
Plan (No.2012GGJS-141) and Key Scientific Research
Plan of the Education Department of Henan Province
(No.13A210285).

REFERENCES

Alpaslan, M. and A. Gunes, 2001. Interactive effects of
boron and salinity stress on the growth, membrane
permeability and mineral composition of tomato
and pumpkin plants. Plant Soil.,236: 123-128.

Fales, F.W., 1951. The assimilation and degradation of
carbohydrates by yeast cells. J. Biol. Chem., 193:
113-124.

Gilbert, G.A., M.V. Gadush, C. Wilson and M.A.
Madore, 1998. Amino acid accumulation in sink
and source tissues of Coleus blumei Benth during
salinity stress. J. Exp. Bot., 149: 107-114.

Gomez, J M., A. Jimenez, E. Olmos and F. Sevilla,
2004. Location and effects of long-term NaCl
stress on superoxide dismutase and ascorbate
peroxidase isoenzymes of pea (Pisum sativum cv.
Puget) chloroplasts. J. Exp. Bot., 55: 119-130.

Hernandez, J.A., E. Olmos, F.J. Corpas, F. Sevilla and
L.A. Delrio, 1995. Salt induced oxidative stress in
chloroplast of pea plants. Plant Sci., 105: 151-167.

Léuchli, A. and U. Liittge, 2002. Salinity in the Soil
Environment. In: Tanji, K.K. (Ed.), Salinity:
Environment-plants-molecules. Kluwer Academic
Publishers, Boston, USA.

Mansour, M.M.F. and K.H.A. Salama, 2004. Cellular
basis of salinity tolerance in plants. Environ. Exp.
Bot., 52: 113-122.

Meloni, D.A., M.A. Oliva, C.A. Martinez and J.
Cambraia, 2003. Photosynthesis and activity of
superoxide dismutase, peroxidase and glutathione
reductase in cotton under salt stress. Environ. Exp.
Bot., 49: 69-76.

Peng, Y.H., Y.F. Zhu, Y.Q. Mao, S.M. Wang, W.A. Su
and Z.C. Tang, 2004. Alkali grass resists salt stress
through high K™ and an endodermis barrier to Na'.
J. Exp. Bot., 55: 939-949.

Rout, N.P. and B.P. Shaw, 2001. Salt tolerance in
aquatic macrophytes: possible involvement of the
antioxidative enzymes. Plant Sci., 160: 415-423.

Sairam, R.K., K.V. Rao and G.C. Srivastava, 2002.
Differential response of wheat genotypes to long
term salinity stress in relation to oxidative stress,
antioxidant activity and osmolyte concentration.
Plant Sci., 163: 1037-1046.

Shi, D.C. and D.L. Wang, 2005. Effects of various salt-
alkali mixed stresses on Aneurolepidium chinense
(Trin.) Kitag. Plant Soil., 271: 15-26.

Shi, D.C. and Y.M. Sheng, 2005. Effect of various salt-
alkaline mixed stress conditions on sunflower
seedlings and analysis of their stress factors.
Environ. Exp. Bot., 54: 8-21.

Srivastava, T.P., S.C. Gupta, P. Lal, P.N. Muralia and
A. Kumar, 1988. Effect of salt stress on
physiological and biochemical parameters of
wheat. Ann. Arid. Zone., 27: 197-204.

Sudhakar, C., A. Lakshmi and S. Giridarakumar, 2001.
Changes in the antioxidant enzyme efficacy in two
high yielding genotypes of mulberry (Morus alba
L.) under NacCl salinity. Plant Sci., 161: 613-619.

Sun, Y.D., X.Z. Li and W.R. Luo, 2008. Physiological
responses and tolerance evaluation of pumpkin to
Na,CO; stress during seed germination. J. Nucl.
Agri. Sci., 22: 875-879.

Wang, H., Z. Wu, Y. Chen, C. Yang and D. Shi, 2011.
Effects of salt and alkali stresses on growth and ion
balance in rice (Oryza sativa L.). Plant Soil
Environ., 57(6): 286-294.

Yang, G.H., 2012. Alkali stress induced the
accumulation and secretion of organic acids in
wheat. Afr. J. Agric. Res., 7(18): 2844-2852.

Zhang, Q.F., Y.Y. Li, C.H. Pang, CM. Lu and B.S.
Wang, 2005. NaCl enhances thylakoid-bound SOD
activity in the leaves of C; halophyte Suaeda salsa
L.. Plant Sci., 168: 423-430.

Zhang, Z.L. and W.Q. Qu, 2003. The Experimental
Guide for Plant Physiology. Higher Education
Press, Beijing, China.

Zhao, K.F., H. Fan and I.A. Ungar, 2002. Survey of
halophytespeciesin China. Plant Sci., 163: 491-498.

Zhao, L., G.L. Chen, W.X. Li and F.G. Lu, 2006.
Physiological reaction of seedling of Cucurbita
moschata under NaCl, Na,SO, and Na,COj; stress.
J. Agri. Univ., Hebei, 29(6): 21-24.

Zhou, J.G., Y.L. Zhu, Z.L. Liu, G.W. Zhang and J.G.
Wang, 2007. Roots physiological and biochemical
characteristics of cucurbita moschata hybrids at
adult plant stage under NaCl stress. Acta Bot. Bor-
Occ. Sin., 10: 2052-2058.

Zhou, Y.H., J.Q. Yu, Q.Q. Qian and L.F. Huang, 2003.
Effects of chilling and low light on pumpkin
seedlings growth and their antioxidative enzyme
activities. Chin. J. Appl. Ecol., 14: 921-924.

1645



