
576 

 

 
  AJCS 6(4):576-583 (2012)                                                                                                             ISSN:1835-2707 

 

Protective role of glycinebetaine in maize against drought-induced lipid peroxidation by 

enhancing capacity of antioxidative system 

 
Shakeel Ahmad Anjum

1
, Muhammad Farrukh Saleem

2
, Long-chang Wang

1
*, Muhammad Faisal 

Bilal
2
, Asif Saeed

3
 

 
1
College of Agronomy and Biotechnology, Southwest University, Engineering Research Center of South Upland 

Agriculture, Ministry of Education, P. R. China 
2
Department of Agronomy, University of Agriculture, Faisalabad, Pakistan 

3
Department of Plant Breeding and Genetics, University of Agriculture, Faisalabad, Pakistan 

 

*Corresponding author: wanglc2003@163.com 

 
Abstract 

 

A pot-culture study was performed to investigate the efficacy of glycinebetaine (GB) for drought tolerance in two contrasting maize 

cultivars. Progressive drought stress noticeably reduced the relative leaf water content (RLWC) but increased protein and proline 

concentrations in both cultivars. The reduction in RLWC in DD-60 was lower than ND-95, whereas, the accumulation of protein and 

proline was substantially higher in DD-60 over ND-95 during experimental period. Nonetheless, GB-treatment led to increase in 

RLWC, protein and proline accumulation in DD-60 than ND-95. Prolonged drought stress induced the membrane lipid peroxidation, 

which was more severe in ND-95 than DD-60. GB-treatment substantially ameliorated the lipid peroxidation in DD-60 over ND-95 

under drought stress. The activity of superoxide dismutase (SOD), peroxidase (POD) and catalase (CAT) were substantially 

enhanced in DD-60 than ND-95 with the prolongation of drought stress at beginning and then declined subsequently. These results 

possibly suggest that the DD-60 showed a better protection mechanism against water-induced lipid peroxidation by maintaining 

higher constitutive activities of antioxidant enzymes than ND-95. Nevertheless, GB-treated plants maintained higher antioxidant 

enzymes activity during drought stress than non-GB treated plants, which ultimately enhanced the growth, yield and yield 

components. The foliar application of glycinebetaine only considered advantageous when applied under drought and exhibit 

pronounced effects when applied at flowering. Drought tolerance can be improved in maize by the foliar GB-treatment through 

enhancing the antioxidants capacity. 

 

Keywords: Antioxidant enzymes, Drought stress, Glycinebetaine, Lipid peroxidation, Maize, Proline. 

Abbreviations: CAT- catalase, DD-60- dong dan-60, EL- electrolyte leakage, MDA- malondialdehyde, ND-95- nong da-95, POD- 

peroxidase, ROS- reactive oxygen species, SOD- superoxide dismutase. 

 

Introduction 

 

Environmental stresses provoke numerous plant responses, 

varying from altered gene expression to metabolic processes. 

Maintaining higher plant productivity under environmental 

stresses is plausibly the main challenge facing modern 

agriculture (Gill and Tuteja, 2010). Drought stress is major 

constraint which reduces the productivity of crop plants 

worldwide (Khamssi et al. 2011). Complete understanding of 

physio-biochemical responses of plants to drought is vital for 

improving plant tolerance mechanisms to drought stress 

(Jaleel et al., 2006). Generally, plants experience drought 

stress either when the water supply to roots becomes hard or 

when the transpiration rate becomes very high (Manivannan 

et al., 2007). Plants can avoid drought stress by improving 

water absorption or decreasing transpiration (Ruiz-Sánchez et 

al., 2007). The responses of plants to water deficit are 

observed in forms of phenological responses, morphological 

changes, physiological alterations, and biochemical 

adaptations, such as changes in plant structure, growth rate, 

tissue osmotic potential and antioxidant defenses (Duan et al., 

2007). Osmolytes accumulation is mandatory in plants for 

osmotic adjustment under water limiting conditions. But 

osmolyte accumulation mainly depends upon water status, 

crop growth stage and cultivar (Shao et al., 2006). 

Accumulation of osmolytes such as proline, helps 

maintaining cell water status, sub-cellular structures and 

protecting membranes and proteins from the denaturing 

effects of the osmotic stress (Ashraf and Foolad, 2007). The 

improved level of accumulated proline in crop plants is 

generally correlated with drought tolerance. Relative leaf 

water content (RLWC) is an integrative index of plant water 

status which is used to evaluate the tolerance to water stress. 

Reduction in RLWC under drought stress leads to stomatal 

closure (Gindaba et al., 2004), which further resulting in 

decreased CO2 assimilation. Core consequence of drought 

stress is the loss of balance between the generation and 

scavenging of reactive oxygen species (Smirnoff, 1998). 

Drought stress mediates reactive oxygen species (ROS), such 

as superoxide radical (O2•−), hydroxy radical (•OH), 

hydrogen peroxide (H2O2) and alkoxyradical (RO•) (Munne-

Bosch and Penuelas, 2003). ROS are considered immensely 

reactive and can drastically harm plants by lipid peroxidation, 

protein deterioration, DNA fragmentation and eventually cell 

death (Farooq et al., 2008). Drought-induced generation of 

ROS increase the contents of malondialdehyde (MDA), 

which is considered as a suitable marker for membrane lipid 

peroxidation. A decrease in membrane stability indicates the 
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degree of lipid peroxidation caused by ROS. Membrane lipid 

peroxidation can lead to the destruction of cellular integrity, 

cell dysfunction and ultimately survival of plants. In response 

to these drought-induced indicators that cross talk with each 

other, plants have developed a series of enzymatic and non-

enzymatic antioxidant system to cope with drought stress 

(Ali et al., 2008). This dynamic mechanism comprise of 

various diverse antioxidant enzymes, such as superoxide 

dismutase (SOD), peroxidases (POD), ascorbate peroxidase 

(APX), glutathione reductase (GR) and catalase (CAT) and 

some low-molecular-weight non-enzyme antioxidants, such 

as ascorbic acid and reduced glutathione (GSH). The 

enzymatic antioxidants may directly dismutase ROS or may 

function in collaboration with a non-enzymatic antioxidants. 

Maintaining a relative higher antioxidants activity may lead 

to drought tolerance by improving the capacity to cope with 

ROS (Sharma and Dubey, 2005). Maize is one of the most 

important food crops in the world. During growing period, 

maize plants are extensively subjected to drought stress (Tai 

et al. 2011). Glycinebetaine (GB), a member of the 

compatible solutes, is found to be actively associated in 

plants as a defensive response to adverse conditions of 

salinity, drought, chilling or heat stress (Farooq et al., 2008). 

It occurs abundantly in many crop plants including spinach 

(Weigel et al., 1986), and bean (Gadallah, 1999). However, 

many important crop plants, like maize, potato, tomato, and 

eggplant lack the capability to synthesize GB in adequate 

amounts (Zwart et al., 2003), and its exogenous application 

becomes imperative to induce stress tolerance. Ali and 

Asharaf (2011) reported improved seed and seed oil quality 

of maize by exogenous GB under water deficit conditions. 

Nonetheless, to the best of our knowledge, no study have 

been undertaken to unravel the potential of GB in improving 

the drought tolerance in maize by improving growth, yield, 

photosynthesis, pigments, and antioxidants. Therefore, the 

present study was designed to investigate the protective role 

of GB in inducing the drought tolerance in two contrasting 

maize cultivars. 

 

Results 

 

Growth and yield 

 
The growth and yield related traits of maize was drastically 

impaired under drought stress in both maize cultivars, 

however, this impairment was lower in DD-60 as compared 

to ND-95, while maximum growth and yield attributes were 

recorded in plants raised under well watered conditions. 

Exogenous application of GB under drought stress conditions 

in DD-60 improved the leaf area (7.32%), 100 kernels wt. 

(10.92%) biological yield/plant (15.41%), grain yield/plant 

(20.51%) and harvest index (5.44%), whereas the values for 

ND-95 were 5.53%, 6.81%, 9.20%, 13.73%, 4.83%, 

respectively. The growth and yield enhancement effect of GB 

was more pronounced in DD-60 under water stress conditions 

than ND-95 (Table 1). 

 

Relative leaf water contents (RLWC) 

 
Over the experimental period, the progressive drought stress 

caused subsequent reduction in RLWC of maize plants as 

compared to well water control. The RLWC of the DD-60 

dropped from 89.14% at 4 d water stress to 50.36% at 20 d 

stress. Nonetheless, the same values for ND-95 were 87.08% 

at 4 d stress, and 44.63% at 20 d water stress (Fig 1). 

Moreover, drought-induced decrease in RLWC of maize 

plants was found to be increased by exogenous application of 

GB under drought as well as well-water conditions. However, 

the positive effect of GB on maize plants was more 

pronounced in water-stressed plants than non-stressed. 

 

Proline accumulation 

 
Free proline content in leaves of both cultivars shown in Fig 

1. Under progressive drought stress the proline concentration 

in the leaves of both maize varieties enhanced at beginning of 

drought stress up to 12 d stress and then declined sharply on 

20 d stress, this decline was severe between 12-16 d stress, 

and slight between 16-20 d stress in both cultivars. However, 

constitutive level of proline was higher in DD-60 over ND-95.  

Proline content in leaves of both cultivars showed an increase 

with GB application from 4 to 20 d stress with higher 

promotion under drought stressed conditions. 

 

Protein 

 
Under drought stress total soluble protein content in the 

leaves of both maize varieties first increased slowly up to 8 d 

stress but rapidly between 8 to 12 d stress, and then decreased 

and recorded minimum on 20 d stress. There was a linear 

reduction in protein content with increased water deficit in 

both cultivars. DD-60 was able to maintain higher protein 

contents at all days of water deprivation against ND-95. The 

combination of GB along with drought stress led to 

pronounced production of protein in DD-60, but very small 

increase in ND-95 upon drought treatment (Fig 1).  

 

Malondialdehyde (MDA) contents and electrolyte leakage 

(EL) 

 
Drought-stressed soybean plants exhibited membrane lipid 

peroxidation, measured as MDA content, manifesting 

possible damage by ROS. Membrane damage was assessed 

by determining EL. Under water stress, the levels of MDA 

and EL content in both maize cultivars increased 

subsequently with the progression of water stress. MDA 

levels increased slightly in both varieties at mild stress levels 

upto 12 d stress and then rose with sharply in leaf tissues 

between 12-20 days. However, the MDA and EL content was 

higher in ND-95 over DD-60 under drought stress conditions. 

Exogenous GB application significantly decreased MDA and 

EL levels and led to drought amelioration (Fig 2).  

 

Antioxidative enzyme activities 

 
Drought stress induced different changes in the anti-oxidative 

enzyme activities. Water-stressed plants showed higher SOD 

activity in both cultivars as compared to well-water control. 

However, DD-60 exhibited higher accumulation of SOD at 4, 

8, 12, 16, and 20 d stress over ND-95. Exogenous application 

of GB further enhanced the SOD activity under drought as 

well as well watered control (Fig 3). However, the GB effect 

in improving SOD activity was more pronounced under 

water-stress condition than control. The POD activity in 

drought stress group was higher than that of non-stress group 

in both cultivars. The POD activity in both cultivars 

increased at the onset of drought stress upto 16 d stress and 

then declined rapidly with the prolongation of drought stress 

as estimated on 20 d stress. However, the decline was severe 

in ND-95 than DD-95. GB-treatment further enhanced the 

POD activity under drought as well as well watered control 

(Fig 3). However, the GB effect in improving POD activity 

was  more  pronounced  under  water-stress  condition   than  
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Table 1. Growth and yield attributes of two maize varieties as affected by exogenous application of glycinebetaine (GB) under 

drought. 

Cultivars Treatments Leaf area (cm2) 100 kernels wt. (g) Biological yield/plant(g) Grain yield/plant (g) Harvest index (%) 

W 234.48±3.08 a 29.48±0.87 b 314.33±4.35 b 171.11±3.05 b 54.92±0.91 ab 

WGB 243.92±2.00 a 31.14±0.62 a 336.31±2.90 a 187.33±3.27 a 55.98±0.55 a 

D 197.84±3.37 c 24.55±0.73 d 233.67±2.90 d 125.86±2.34 d 51.25±0.47 c 
DD-60 

DGB 212.33±1.76 b 27.23±0.31 c 269.69±4.01 c 151.67±2.71 c 54.04±0.44 bc 

W 231.00±5.03 a 29.17±0.44 a 206.31±1.66 b 158.02±2.43 b 52.51±0.62 ab 

WGB 243.73±2.55 a 30.17±0.73 a 316.39±0.96 a 171.11±1.45 a 53.91±0.58 a 

D 192.67±2.73 c 23.33±0.88 b 212.32±1.72 d 117.32±3.54 d 48.04±0.43 c 
ND-95 

DGB 203.33±2.85 b 24.92±0.62 b 231.85±3.22 c 133.43±1.23 c 50.32±0.19 bc 
W: well-water, WGB: glycinebetaine (GB) application in well water conditions, D: drought stress, DGB: glycinebetaine (GB) in drought conditions. Values 

in the table are mean ± SE.  Values followed by the same letter within columns are not significantly different according to Newman–Keuls test (P < 0.05). 
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                                                                         Days after glycinebetaine application 

 

 

Fig 1. Influence of glycinebetaine (GB) application on relative leaf water contents, proline and total soluble protein of two 

maize cultivars (DD-60 and ND-95) under drought ± SE. W: well-water, WGB: glycinebetaine (GB) in well water 

conditions, D: drought stress, DGB: glycinebetaine (GB) in drought conditions. 

 

 

 

 

 



579 

 

control. Consequently, the drought stress in combination with 

GB-treatment resulted in highest POD activity over control. 

CAT activity improved in both maize varieties exposed to 

drought stress. The prolongation of drought stress was 

accompanied first by the increase and then decline of CAT 

activity, the CAT activity rose until 12 d stress in both 

cultivars then declined sharply as recorded on 20 d stress. GB 

application increased the activity of CAT under drought 

stress in both cultivars (Fig 3). Consequently, the CAT 

activity was higher in water stress but highest when GB was 

applied in water stress. The transient increase in CAT activity 

during initial periods of water stress might has protected the 

maize plants from oxidative injury but the scavenging 

function of CAT was hampered with prolonged drought 

stress. 

 
Discussion 

 
The improvement in drought tolerance capacity of plants is 

imperative to alleviate future threats to foods security in the 

world. This is important from agricultural point of view since 

the occurrence of stress is erratic and plants may be exposed 

to drought stress at any time during their growth period. In 

our study, the leaf area was severely suppressed by drought 

stress, which is in agreement with Shahenshah and Isoda 

(2010) who reported 63% and 45% reduction in leaf area for 

cotton and peanut, respectively. This reduced lead area was 

improved by foliar GB-treatment along with biological yield 

and grain yield. In our study, harvest index decreased under 

drought stress which is an important trait associated with 

crop yield which reflects the partitioning of photosynthesis 

(Pirzad et al. 2011). Moreover, the RLWC in leaves of both 

maize cultivars decreased with the exacerbation of water 

deprivation. Nevertheless, the reduction was considerably 

less in DD-60 against ND-95, suggesting that the high 

RLWC could help the tolerant genotype to perform physio-

biochemical processes more efficiently under water stress 

conditions than susceptible genotype. Drought-induced 

reduction in RLWC was improved by GB application which 

is in accordance with Lv et al. (2007) who opined that GB 

may not only protect the integrity of the cell membrane from 

drought stress damage, but also involved in osmotic 

adjustment. GB-treated plants maintained high RLWC 

possibly due to the improved osmotic adjustment. The 

change in protein synthesis or degradation is one of the main 

metabolic mechanisms, which may substantially affect 

drought tolerance of plants (Jiang and Huang, 2002). The 

initial increase in total soluble proteins during drought stress 

could be due to the expression of new stress proteins, but the 

decrease could be due to a severe decrease in photosynthesis 

(data not shown). In present investigation, the subsequent 

improved soluble protein concentration in both maize 

cultivars under drought stress is in accordance with earlier 

findings of drought-induced accumulation of proteins to 

drought stress (Jiang and Huang, 2002). However, drought-

induced decrease in soluble protein has also been reported in 

cotton (Parida et al., 2007). Proline is thought to play 

adaptive roles in inducing osmotic adjustment and protecting 

subcellular structures in stressed plants.  

    In response to water stress, proline accumulation generally 

occurs in the cytosol where it plays significant role in 

cytoplasmic osmotic adjustment (Anjum et al. 2011a). In our 

study, higher level of proline accumulation in DD-60 over 

ND-95 enabled the water-stressed plants to maintain low 

water potentials. By decreasing water potentials, proline 

accumulation involved in osmoregulation appeared to allow 

additional water to be taken up from the environment, thus 

counteracting the influence of drought stress on the plant 

tissues (Kumar et al., 2003). Moreover, the accumulation of 

proline under drought stress by GB treatment is consistent 

with earlier findings of Hussain et al. (2009). Cell membrane 

integrity undergoes diverse changes such as increase in 

penetrability and decrease in sustainability under drought 

stress (Blokhina et al., 2003). Hence, electrolyte leakage was 

determined to have a deep insight into the membrane stability. 

The increased MDA content under drought stress is 

consistent with Wang et al. (2008), is an indicator of 

oxidative damage to membrane lipids (Ozkur et al., 2009). In 

the present investigation, the lower values of MDA in DD-60 

against ND-95 revealed that at cellular level this genotype 

was better equipped with efficient free radical scavenging 

system that offers protection against lipid peroxidation. The 

GB-treatment substantially reduced the MDA contents in 

DD-60 as compared to ND-95, which led to the cell 

membrane stability by reducing ROS (Farooq et al., 2010). 

GB-mediated reduction of MDA content, provide evidence 

that exogenous GB-treatment substantially ameliorate the 

impacts of drought on membrane integrity and stability in the 

maize plants. Plant water deficit tolerance requires the 

activation of complex anti-oxidative pathways within the 

cells which can contribute to continued plant growth under 

water stress. Once plants are exposed to drought stress, the 

generation and quenching of ROS becomes unsteady. 

    In order to cope with ROS, the plants have evolved a 

battery of antioxidants, such as SOD, POD, and CAT which 

function as an extremely efficient cooperative system (Anjum 

et al., 2011b). It is conspicuous that higher le of antioxidants 

are related to plant drought tolerance (Tahi et al., 2008). SOD 

is considered to form the first line of protection against ROS, 

which catalyzed the superoxide radical (O2
-) to O2 and H2O2 

which are further quenched by diverse antioxidant enzymes 

(Wang et al., 2009), the most important being POD and CAT 

(Gong et al., 2006). POD is found in cytosol, vacuole as well 

as in extracellular space dismutated the H2O2 by oxidation of 

various substrates. POD can act as ROS scavenger and play 

multiple functions owing its higher number of iso-forms 

(Passardi et al., 2005). CAT is abundant in the glyoxysomes 

of lipid storing tissues. CAT eliminated the H2O2 by breaking 

it down to H2O and O2.  SOD activity subsequently increased 

which indicated that it could clean more ROS and decrease 

the degree of membrane lipid peroxidation. Moreover, it has 

been reported that POD, and CAT activities showed an 

increase or maintenance in the early phase of drought and 

then a decrease with progression of water stress (Zhang and 

Kirkham, 1994). Same was true for present findings as with 

increasing severity of water stress, magnitude of POD and 

CAT activity also decreased. DD-60 by maintaining higher 

antioxidants (SOD, POD, and CAT) activity in leaves under 

drought stress may also have higher water retention and 

subsequent stress tolerance. Furthermore, our results suggest 

that GB-treated plants exhibit increased SOD, POD and CAT 

activities, indicating a more efficient quenching of ROS 

which is in accordance with Farooq et al. (2010). In sum, the 

GB-induced drought tolerance likely to be closely associated 

with efficient accumulation of the protein and proline as well 

as the increased capacity of the antioxidative system to 

scavenge reactive oxygen species (ROS) by suppressing 

MDA and EL under drought conditions. The protective role 

of GB was more pronounced in the DD-60 than ND-95. 

Exogenous GB application might be useful strategy to 

improve growth and productivity of maize plants under 

water-stressed conditions.  
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Materials and methods 

 

Plant materials, growth conditions and treatments 

 

A pot study was performed during the February to July 2010 

at College of Agronomy and Biotechnology, Southwest 

University, Chongqing, China. The seeds of two cultivars of 

maize (Zea mays L.), DD-60 and ND-95, were obtained from 

Liaoning Dongya Seed Company Ltd., Liaoning, China. The 

seeds were germinated in PVC nursery trays, five seeds were 

sown in each hill initially, and two uniform seedlings were 

kept when the third leaves were fully expanded. The nursery 

trays were placed in a greenhouse where temperature ranged 

22-31°C and relative humidity 64-72%. Two weeks old 

seedlings were transplanted into plastic pots (34 cm in 

diameter, 24 cm in depth) filled with 13 kg soil composed of 

loam and organic fertilizer by the ratio in 7:3 and 500 g of 

compound fertilizer (N: 15%, P2O5: 5%, K2O: 5%) provided 

by Jiuhe Gufen Youxiang Company, China  was added.  The 

pots were then shifted to rain-protected wire-house after 

transplanting the seedlings. The seedlings were grown with 

normal water supply till heading and then were divided into 

following four groups: (1) W = well-watered and non-GB 

treated, (2) WGB = well watered and GB treated, (3) D = 

drought stressed and non-GB treated and (4) DGB = drought 

stressed and GB treated. Well-watered and drought-stressed 

treatments were maintained at 80% and 35% soil field 

capacity, respectively. The Glycinebetaine (GB) provided by  

Shiying Chemical Plant, Changping, Beijing, was applied @ 

100 mM on the leaves until runoff. The pots were weighed 

daily to maintain the desired soil water levels by adding 

appropriate volumes of water. The temperature in wire-house 

ranged 26.5-35.1°C and relative humidity 68.61-81.4% for 

the entire growth period. 

 

Data Measurement 

 
The chlorophyll contents, RLWC, protein, proline, MDA, 

and the activity of antioxidant enzymes were determined on 4, 

8, 12, 16, and 20 days after onset of water deprivation.  After 

washing, the leaves were frozen in liquid N2 and stored at -75 

°C until biochemical analysis. The remaining plants were 

harvested at maturity for assessing the growth, yield and 

yield components. 

 

Relative leaf water contents (RLWC)  
 

To determine RLWC, fresh leaves (1.5 g) were weighed, and 

then these leaved were placed in water for 20 h to regain full 

turgor then weighed the turgid weight. These leaves were 

dried in oven for 72 h at 70 °C to measure dry weight. 

RLWC was then assessed as: RLWC = [(fresh weight - dry 

weight)/ (turgid weight - dry weight)] x 100. 

 

Free proline estimation 
 

Free proline content was quantified by following the method 

of Bates et al. (1973). Fresh leaf samples (0.5 g) were 

homogenized in 3% (w/v) sulphosalicylic acid, and 

centrifuged at 4000 rpm for 10 min at 4 °C. The supernatant 

was added with acid ninhydrin and glacial acetic acid in a test 

tube. The mixture was heated for 30 min at 98 °C in a water  
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                                                            Days after glycinebetaine application 

 

 

Fig 2. Influence of glycinebetaine (GB) application on malondialdehyde contents and electrolyte leakage of two maize cultivars (DD-

60 and ND-95) under drought ± SE. W: well-water, WGB: glycinebetaine (GB) in well water conditions, D: drought stress, DGB: 

glycinebetaine (GB) in drought conditions 
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bath and then allowed to cool at room temperature. The 

mixture was extracted with toluene and absorbance was 

determined using a UV-visible spectrophotometer at 520 nm. 

 

Lipid peroxidation  

 
The lipid peroxidation was estimated in terms of 

malondialdehyde (MDA), which is an end product of lipid 

peroxidation, as described by De Vos et al. (1991). The leaf 

samples (0.5 g) were homogenized in 10% trichloroacetic 

acid. The homogenate was centrifuged at 15000 g for 5 min 

at 25 °C and 4 mL of 0.5% thiobarbituric acid in 20 % 

trichloroacetic acid was added to 2 mL aliquot of the 

supernatant. MDA content was calculated by absorbance at 

532nm and measurements were corrected for non-specific 

turbidity by subtracting the absorbance at 600 nm. The 

concentration of MDA was calculated using an extinction 

coefficient of 155 µM-1/cm. 

 

Electrolyte leakage 
 

Membrane permeability was estimated by electrolyte leakage 

(EL) according to Valentovic et al., (2006) with a few 

modifications. Leaves samples (0.5 g) were excised, washed 

with deionized water, and placed in test tubes containing 20 

mL distilled ionized water and incubated at 25°C. The 

electrical conductivity of bathing solution (L1) was 

determined. The samples were then autoclaved at 120°C for 

20 min to release all electrolytes, cooled to 25°C and the final 

electrical conductivity (L2) was determined. The EL was 

expressed following the formula EL= (L1/L2) × 100. 

 

Soluble protein and antioxidant enzymes assay 

 
Frozen leaf samples (0.5 g) were ground in liquid nitrogen 

with mortar and pestle and then homogenized in 10 ml 

extraction buffer of 50 mM sodium phosphate buffer (pH 7.0),  
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                                                                              Days  after glycinebetaine application 

 

 

Fig 3. Influence of glycinebetaine (GB) application on superoxide dismutase (SOD), peroxidase (POD) and catalase (CAT) activity of 

two maize cultivars (DD-60 and ND-95) under drought ± SE. W: well-water, WGB: glycinebetaine (GB) in well water conditions, D: 

drought stress, DGB: glycinebetaine (GB) in drought conditions 
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1 mM EDTA-Na2, 2% polyvinylpyrrolidine-40 (PVP-40). 

The homogenate was centrifuged at 11000 g for 15 min at 4 

°C. One millilitre of Bradford solution was added to 100 µL 

crude extract and absorbance was recorded at 595 nm for 

estimation of soluble protein content, according to the 

method of Bradford (1976). The supernatant was collected 

and further used for antioxidant enzymes activity analysis. 

The superoxide dismutase (SOD) activity was determined by 

using assay kits obtained from Nanjing Jiancheng 

Bioengineering Institute, China. Assay for SOD was 

performed according to the protocol described with the assay 

kits. SOD activity was defined as the amount of enzyme 

required for 1 mg tissue proteins in 1 mL of a reaction 

mixture SOD inhibition rates to 50 % as measured at 550 nm. 

The peroxidase (POD) activity was estimated with the help of 

method described by Upadhyaya et al. (1985). The reaction 

mixture containing 3.9 mL of 50 mM phosphate buffer (pH 

7.0) with 28 µL guaiacol, 100 µL enzyme extract and 19 µL 

H2O2. At 420 nm at least 2 min per 30 seconds noted the 

absorbance and used the absorbance change 0.01 as a POD 

activity. The catalase (CAT) activity was assayed by 

following the operational process of ready kits provided by 

Nanjing Jiancheng Bioengineering Institute, China. The kit 

based upon principle that the reaction of CAT decomposing 

H2O2 through adding ammonium molybdate quickly 

suspended and the rest of the H2O2 with ammonium 

molybdate produced a kind of flaxen complex that can read 

in 405 nm.  

 

Growth and yield components 

 
Leaf area of maize plants was measured with Li-3100 leaf 

area meter (Li-Cor, Lincoln, NE) CI-203 (CID, Inc., USA) 

after 17 days of GB application. At harvest 33 plants (11 

plants from each replicate) representing each treatment were 

sampled randomly and quantified to measure the growth, 

yield and yield components. Harvest index (HI) was 

calculated as follow HI (%): (grain yield/biological yield) x 

100. 

 

Statistical analysis 

 
The experiment was laid out in RCBD design with three 

replications of each experimental unit. Data set was 

statistically analyzed by analysis of variance (ANOVA) 

technique using computer software SPSS 16.0 and Newman–

Keuls test was applied for mean separation. Graphical 

presentation of the data was made by Microsoft Excel.  
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