
World Applied Sciences Journal 29 (12): 1559-1565, 2014
ISSN 1818-4952
© IDOSI Publications, 2014
DOI: 10.5829/idosi.wasj.2014.29.12.13971

Corresponding Author: Nazia Kausar, Department of Botany, University of Gujrat, Gujrat, Paksitan

1559

Effect of Exogenous Applications of Glycine Betaine on
Growth and Gaseous Exchange Attributes of

Two Maize (Zea mays L.) Cultivars under Saline Conditions

Nazia Kausar, Khalid Nawaz, Khalid Hussain, Khizar Hayat Bhatti,
Ejaz Hussain Siddiqi and Aqsa Tallat

Department of Botany, University of Gujrat, Gujrat, Paksitan

Abstract: Maize (Zea mays L.) is the third most important cereal crop after wheat and rice and use as staple food
in many region of world. This experiment was conducted at University of Gujrat-Paksitan to observe that
whether the glycine betaine exogenous application induce the salt tolerance in maize cultivars or not? On the
basis of results of the present studies it can be concluded that Salt stress greatly affect growth and gaseous
exchange parametrs both maize cultivars but exogenous application of glycinebetaine ameliorates the harmful
effects of salt stress. However the 100mM GB spray was more affective than 50mM GB application. As whole
the glycine betaine induced the salt tolerance in both cultivars of maize under saline enviornment.
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INTRODUCTION drought and salt-tolerant angiosperms [15].

Maize (Zea mays L.) is the third most important cereal affects of salt stress by (i) preserving the osmotic balance
crop after wheat and rice and use as staple food in many [16] (ii) stabilizing the structure of key proteins such as
region of world [1]. In Pakistan maize grow on about 974.3 Rubisco [17] (iii) protecting the photosynthetic apparatus,
million hectares with annual production of 3706.9 million such as, reaction centre complexes [18] and (iv)
tons [2]. Salt stress is one of the major abiotic stresses functioning as radical oxygen scavengers [19], thereby
that inhibit the plant growth [3]. Salt induced structural promoting the photosynthetic capacity during salt or
and ultra structural changes in plant cells [4-6]. Salinity drought stress. Positive effects of exogenous application
effects the growth development, respiration and protein of GB on plant growth and final crop yield under salt
synthesis of plants [7, 8]. Biochemical, physiological, stress have been reported in many crops [20]. GB
morphological and anatomical characteristics of crop accumulates in response to stress in many crops,
species are also directly affected by salinity [9-10]. including spinach, barley, tomato, potato, rice, carrot and

Plants have various morphological and physiological sorghum [10].
adaptations to reduce salt stress problem [11]. A quit Hence, the present studies were conducted to
common strategy is the accumulation of improve the salt tolerance of two maize varieties by foliar
metabolites/osmolytes also called as compatible solutes application of GB at seedling stage.
that protect the plants against various environmental
stresses [12]. These compounds have vital role in osmotic MATERIALS AND METHODS
adjustment, protection of cellular macromolecules,
maintenance of cellular pH, detoxification of the cells and This study was conducted to induce salt tolerance in
scavenging of free radicals [13, 14]. two maize cultivars by foliar application of Glycinebetaine

Glycinebetaine, a quaternary ammonium compound, at seedling stage. The experiment was conducted in
is one of the most efficient compatible solutes and is growth chamber of Botany Lab University of Gujrat,
found in a wide range of living organisms and some Gujrat-Pakistan.

Glycinebetaine protects the plant cells against the adverse
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The seeds of two maize cultivars were obtained from improved  the  root  and  shoot length of both cultivars
Botany department of University of Gujrat. River sand (Fig. 2, 3) 100mM GB level was more effective in V  as
was used as growth medium. Six seeds were sown in each compared to 50mM. 50mM increase root whereas 100mM
pot; before sowing the sand was washed with adequate increase both shoot and root length.
amount of distill water to remove the salt present in it.
After sowing, 20ml full strength Hoagland’s solution was Root and Shoot Fresh Weight (g): Fresh weight of the
given to each pot. Plants were thinned after full root and shoot significantly (P<0.001) reduced under the
germination and only healthy four plants were selected. salt stress but application of glycinebetaine at two levels
Salt (NaCl) treatment (10 dS m ) was applied after 10 days 50mM and 100mM enhance this growth attributes but1

of  germination.  Three  levels  (0mM, 50mM and 100mM) both cultivars differed significantly with respect to this
of  Glycine  betaine  were  applied  as  foliar  spray  after parameter (Fig. 4, 5).
two weeks  of  germination. The experiment was laid out
in a Completely Randomized Design (CRD) with 4 Root and Shoot Dry Weight (g): Root and shoot dry
replicates. weight  of  both  maize  cultivars  was  significantly

There were following four treatments. application of GB at two levels (50mM and 100mM)

T Control (distill water) saline  conditions.  Exogenous   application   of  100mMo

T 100mM NaCl GB was more effective in V  as compared to in V .1

T 100Mm NaCl + 50mM GB foliar Spray Whereas  at  50mM  GB  increased  the  root  and  shoot2

T 100Mm NaCl + 100mM GB foliar spray dry weight  almost  with  same  rate  in  both  cultivars3

To calculate the plant biomass the plants were
carefully uprooted from the pots and then washed with Number of Leaves: Statistical analysis for variance of data
distills water and separated in to roots and shoot, after showed that salt stress significantly (P<0.001) decreased
that fresh and dry the weights (g) of root and shoot were the number of leaves in both cultivars. But the foliar
recorded. The root length was measured from base to the application of GB increase the number of leaves in both
tip of the longest root and shoot length is measured from cultivars and increase in number of leaves by both levels
the base of the shoot to the youngest leaf. The of GB i.e. 50mM and 100mM was almost same in both
measurement is done with the help of scale. cultivars (Fig. 8).
Measurements regarding gaseous exchange
characteristics were taken using LCA-4 ADC portable Leaf Area (cm ) and Leaf Area Ratio (LAR) (cm  g ):
open system Infrared gas analyzer (IRGA) (Analytical The leaf area and leaf area ratio of the leaves was
development company, Hoddesdon, England). significantly (P<0.001) reduced by salt stress but two

RESULTS glycinebetaine improved the leaf area of both cultivars

Germination %: Analysis of Variance (ANOVA) of data cultivars.  50mM  GB  was  more  effective than 100mM
for germination % shows that salt stress significantly (Fig. 9, 10).
(P<0.001) reduce the germination% of both maize
cultivars. Both cultivars differed significantly with respect Net  CO   Assimilation  (A) and Transpiration Rate (E):
to this attribute. Application of two levels of GB i.e. 50mM
and 100mM showed improvement in germination
percentage under salt stress (Fig. 1).

Root and Shoot Length (cm): Root and Shoot length of
both maize cultivars was significantly (P<0.001) reduce
due to salt stress. However foliar application of GB

1

reduced  by  salt  stress whereas the exogenous

increased the root dry weight of both cultivars under

1 2

(Fig. 6, 7).

2 2 1

i.e.50mM and 100mM levels of exogenously applied

and improvement in leaf area was almost same in both

2

In two cultivars of maize the net CO2 assimilation and
transpiration rate significantly (P<0.001) reduced under
the salt treatment. Both cultivars differed significantly
with respect to this attribute. Whereas the application of
glycinebetaine at two levels 5omM and 100mM increase
the net CO  assimilation and transpiration rate of both2

cultivars (Fig. 11, 12).
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Table 1: Mean Squares of growth attributes of maize under salt and GB applications
 Growth attributes

Germination attributes ----------------------------------------------------------------------------------------------------------------------------------------------
--------------------------- Root Shoot Root fresh Shoot fresh Root dry Shoot dry No of Leaf LAR
Germination% length (cm) length (cm) weight (g) weight (g) weight (g) weight (g) leaves area (cm ) (cm  g )2 2 1

Salt 112.5** 6.21* 40.5* 0.37** 0.01* 1.81** 1.04** 0.28** 6.94** 11309.3**
GB 28.125 4.28 11.28 1.81*** 0.16*** 0.01*** 8.63 0.03 8.92* 20808***ns ns ns ns ns

Var 312.5* 75.34* 5.28 1.47*** 0.03 0.00** 1.10 0.28 128.4*** 27323.04***ns ns ns ns

Salt×GB 50* 30.62** 18.61** 0.13** 0.01** 1.40** 5.37* 0.03** 1.02** 468.18**
Salt×Var 253.13* 3.19 204.02*** 0.45** 0.12** 0.01*** 0.00** 0.28 52.28*** 6484.90*ns ns

GB×Var 50 10.70 1.71 0.62*** 7.17 0.00* 4.91 0.03 1.76 20.76.90ns ns ns ns ns ns ns ns

Salt×GB×Var 3.125 1.67 0.02 0.13 7.91 0.01*** 3.71 0.03 4.58 2207.14ns ns ns ns ns ns ns ns ns

Table 2: Mean Squares of gas exchange attributes of maize under salt and GB applications
Net CO2 assimilation rate Transpiration rate (E) Stomatal conductance Sub-stomatal CO2 concentration (W.U.E) (µmol
(A) (µmol CO m  s ) (mmol H O m  s ) (gs) (mmol m  s ) (Ci) (µmol mol )  CO / mmol H O)2 2 2 2

2 1 2 1 2 1 1

Salt 0.19** 0.02 639.03** 371.28 0.02**ns ns

GB 3.13 0.00** 2.53 24920.28*** 3.85*ns ns

Var 7.94* 2.70* 8877.78*** 23816.53*** 0.09ns

Salt×GB 0.02* 0.10** 16.63* 6699.03*** 0.01**
Salt×Var 4.79*** 4.36*** 10404.03*** 4062.78*** 0.01ns

GB×Var 0.26 0.25 442.53** 344.531 0.01ns ns ns ns

Salt×GB×Var 0.10 0.07 101.53 1287.78** 3.85ns ns ns ns

Fig. 1: Effect of Exogenous application of glycinebetaine Fig. 3: Effect of Exogenous application of glycinebetaine
(GB) on germination% of two maize cultivars (GB) on Shoot length (cm) of two maize cultivars
under saline conditions under saline conditions

Fig. 2: Effect of Exogenous application of glycinebetaine Fig. 4: Effect of Exogenous application of glycinebetaine
(GB) on Root length (cm) of two maize cultivars (GB)on Root fresh weight (g) of two maize
under saline conditions cultivars under saline conditions
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Fig. 5: Effect of Exogenous application of glycinebetaine
(GB) on Shoot fresh weight (g) of two maize Fig. 8: Effect of Exogenous application of glycinebetaine
cultivars under saline conditions (GB) on no of leaves of two maize cultivars under

Fig. 6: Effect of Exogenous application of glycinebetaine
GB) on root dry weight (g) of two maize cultivars
under saline conditions Fig. 9: Effect of Exogenous application of glycinebetaine

Fig. 7: Effect of Exogenous application of glycinebetaine
(GB) on shoot dry weight (g) of two maize
cultivars under saline conditions Fig. 10: Effect of Exogenous application of

Stomatal Conductance (gs) and Sub-Stomatal CO2 two maize cultivars under saline conditions
concentration (Ci): Stomatal conductance Sub- Stomatal
conductance of two maize cultivars was significantly
(P<0.001) reduced under salt stress and GB exogenous
application in salt stress significantly increased the
stomatal conductance and Sub- Stomatal conductance.
Foliar spray of 50mM GB and 100Mm GB enhance the
stomatal conductance and Sub- Stomatal conductance in
both cultivars under salt stress (Fig. 13, 14).

saline conditions

(GB) on leaf area (cm ) of two maize cultivars2

under saline conditions

glycinebetaine  (GB)on leaf area ratio (cm  g ) of2 1

Water Use Efficiency (W.U.E): Water use efficiency of
both cultivars was significantly reduced (P<0.001) due to
salt stress however foliar application of GB enhanced the
water use efficiency. Both cultivars of maize were almost
equally affected by salt stress but the two different levels
of GB i.e. 50mM and 100mM increase the water use
efficiency (Fig. 15).
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Fig. 11: Effect of Exogenous application of under saline conditions
glycinebetaine  (GB) on Net CO  assimilation rate2

(µmol CO m  s ) of two maize cultivars under2
2 1

saline condition

Fig. 12: Effect of Exogenous application of
glycinebetaine (GB) on transpiration rate (mmol DISCUSSIONS
H O m  s ) of two maize cultivars under saline2

2 1

conditions In present studies the salinity adversely decreased

Fig. 13: Effect of Exogenous application of observed that exogenous application of glycine betaine in
glycinebetaine (GB) on Stomatal conductance salt stress also increased the fresh and dry weight of root
(mmol m  s ) of two maize cultivars under and shoot and similar results were recorded in many2 1

saline conditions earlier  experiments  [24].  By  the  foliar spray   of  glycine

Fig. 14: Effect of Exogenous application of
glycinebetaine (GB) on Sub Stomatal
conductance (µmol mol ) of two  maize cultivars1

Fig. 15: Effect of Exogenous application of
glycinebetaine (GB) on water use efficiency
(µmol CO /mmol H 0) of two maize cultivars2 2

under saline conditions

the rate of germination, growth and plant biomass and
chlorophyll contents. Salt badly affect the most critical
stage that is seed germination stage (Fig. 1) in both maize
cultivars because salt causes ionic toxicity and the decline
in osmotic pressure in cells [21], same result were also
recorded by Tobe et al. [22], but GB increased the seed
germination under salt and normal condition by increases
the osmotic pressure [23].

Salt stress adversely affects biomass of two maize
cultivars (Fig. 2-10). These results are related to previous
studies that salt stress resulted in the limitation of water
absorption, decrease in leaf area and biochemical
processes disturbance [10]. In present studies it was
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betaine the dry weight increased because the 50mM and 2. Anonymous, 2011. Economic survey of Pakistan.
100mM glycine betaine increases the photosynthetic Economic adviser’s wing, finance division,
activity and the metabolic product increases as result Government of Pakistan, Islamabad.
plant biomasses increases. The all previous studies also 3. Ashraf, M. and P.J. Harris. 2004. Potential
showed that GB exogenous application increased plant biochemical indicators of salinity tolerance in plants
biomass under stress conditions [25, 26]. Plant Sci., 166: 3-16.

Thus the salt stress disturbs the plant morphology, 4. Yamane, K., M.S. Rhaman, M. Kawasaki, M.
physiology and homeostasis and decreased the plant Taniguchi and H. Miyake. 2004. Pretreatment with
biomass, growth and development. But the exogenous antioxidants decreases the effects of salt stress on
application of GB improved the plant growth chloroplast ultrastructure in rice leaf segments (Oryza
development, maintains plant cell ion balance and sativa L.). Plant Production Sci., 7: 292-300.
increased the plant biomass. Salt stress severely affect the 5. Miyake,  H.,  Y. Tanaka, M. Sakaue, K. Koketsu and
all exchange attributes e.g. net CO  assimilation, Y. Ishigaki, 2006. Empirical Green’s function2

transpiration rate, stomatal and sub stomatal conductance simulation of broadband ground motions on the
and W.U.E. (Fig. 11-15). The photosynthesis and Net CO Genkai island during the 2005 West Off Fukuoka2

assimilation rate decreased in saline environment because Prefecture earthquake, Earth Planets Space, 58, this
salt block the CO  supply through stomata or mesophyll Issue, pp: 1637-1642.2

resistance and reduce the efficiency of photosynthetic 6. Bruns, S. and C. Hecht-Buchholz. 2007. Licht- und
enzymes [27]. The deposition of salt within the plant elektronenmikroskopische Untersuchungen a Blät
vacuoles decreases the turgor pressure within the cell as tern mehrerer  Kartoffelsorten  nach  Salzgaben zu
a result the plant stomata close and net CO  assimilation verschieden Entwicklungsstadien. J. Exp. Bot..,2

rate also decreases. Exogenous application of GB improve 58(10): 2553-2564.
the net CO assimilation in wheat [18] and Brassica spp., 7. Meloni,   D.A.,    M.A.    Oliva,   C.A.   Martinez  and2

because higher net CO  assimilation rates could in turn J. Cambraia, 2003. Photosynthesis and activity of2

favor  a  higher  biomass  and  higher   crop   yields  [28]. superoxide dismutase, peroxidase and glutathione
In present studies net CO assimilation, transpiration rate reductase in cotton under salt stress. Environ. Exp.2

and W.U.E improve by exogenous application of glycine Bot., 49: 69-76.
betaine under salt stress. GB also have role in stomatal 8. Pal, M., D.K. Singh, L.S. Rao and K.P. Singh, 2004.
and non stomatal factors which regulate the Photosynthetic characteristics and activity of
photosynthesis. GB protects the PSII by stabilizing antioxidant enzymes in salinity tolerant and sensitive
oxygen evolving centers and also causes the reduction of rice cultivars. Indian J. Plant Physiol., 9: 407-412.
oxygen radical scavengers [19]. 9. Chinnusamy, V., A. Jagendorf, J.K. Zhu, 2005.

CONCLUSION plants. Crop Sci., 45: 437-448.

On the basis of results of the present studies it can salinity effects on plants: A Rev. Ecotoxicol. Environ.
be concluded that salt stress negatively affects the Safety, 60: 324-349
growth, morphology and physiology of maize but the 11. Sakamoto, A. and N. Murata. 2001. The use of
exogenous application of glycinebetaine significantly bacterial choline oxidase, a glycinebetaine
ameliorates the harmful effects of salt. 100mM GB synthesizing enzyme, to create stress-resistant
application was affective than 50mM produce the more transgenic plants. Plant Physiol., 125: 180-188.
positive results. As whole the GB induced the salt 12. Yamaguchi-Shinozaki,   K.,    M.    Kasuga,    Q.  Liu,
tolerance in both cultivars of maize. K.  Nakashima,  Y. Sakuma, H. Abe, Z.K. Shinwari,
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