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                               Introduction 

Soil salinity is a major concern to agriculture all over 

the world because it affects almost all plant functions. 

More than 6% of the world’s land and one third of the 

world's irrigated land are significantly affected by soil 

salinity (Flowers and Yeo, 1995; FAO, 2008). A study 

shows that soil salinity has affected more than 100 

million hectares of agricultural land worldwide (Athar 

and Ashraf, 2009). Salinity effects are more prominent 

in arid and semiarid regions where limited rainfall, and 

high evapotranspiration and temperature associated 

with poor water and soil management (Azevedo Neto 

et al., 2006; Jaleel et al., 2008).  

Agriculture is the most important sector of 

Bangladesh’s economy. Physiological stress in plants 

due to salinity is the major factor reducing crop yields 

in coastal areas of Bangladesh. The coastal areas of 

Bangladesh cover about 30% of the cultivable lands of 

the country. About 1.06 million hectares of land in 

Bangladesh are affected by salinity (SRDI, 2010). 

Increased soil salinity due to climate change would 

significantly reduce food grain production. According 

to the IPCC (2007), crop production may fall by 10-

30% by 2050 in Bangladesh due to climate change.  

Salt accumulation in plants causes osmotic stress and 

ionic toxicity, and induces nutritional deficiencies 
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(Hasegawa et al., 2000; Munns, 2002; Zhu, 2003). Salt 

stress disturbs cytoplasmic K+/Na+ homeostasis, 

causing an increase in Na+ to K+ ratio in the cytosol 

(Zhu, 2003). Further, salt stress can trigger oxidative 

stress due to the accumulation of reactive oxygen 

species. Plants have evolved a variety of adaptive 

mechanisms to respond to salt stress. One of the main 

adaptive mechanisms to salt stress in plants is the 

accumulation of compatible solutes. Proline is the most 

common compatible solute that occurs in a wide 

variety of plants. Increased levels of proline 

accumulated in plants correlate with improved salt 

tolerance (Hasegawa et al., 2000; Okuma et al., 2004; 

Ashraf and Foolad, 2007). Inorganic nutrients such as 

N, P and K play essential roles in plant metabolism. In 

addition to its role as an osmoprotectant, proline 

counteracts the adverse effects of various stresses on 

plants by affecting uptake and accumulation of 

inorganic nutrients (Ali et al., 2008) and reducing 

cellular damages and increasing antioxidant defense 

systems (Hoque et al., 2008; Banu et al., 2009). 

Soil salinization is a major process of land degradation 

that decreases soil fertility and crop productivity. 

Appropriate management strategies with suitable 

cultivars having higher yield potential could contribute 

to the improvement of crop production in saline areas. 

In addition to the management practices, exogenous 

application of proline is a novel approach to minimize 

the adverse effects of salt stress on crop plants. So far, 

no report is available in Bangladesh about the role of 

proline in the mitigation of salt stress in plants. Maize 

is the third important cereal crop in Bangladesh after 

rice and wheat. In Bangladesh, maize can be grown in 

different agro-climatic zones round the year. Maize can 

contribute significantly towards solving food problems 

and thereby play a gainful role in economy of the 

country. Therefore, the present study aimed to evaluate 

the role of exogenous proline in nutrient uptake and 

improving yield of maize under salt stress conditions.  

 

 

Material and Methods 

Soil Collection and Pot Preparation: Two pot 

experiments were carried out at Net-house of the 

Department of Soil Science, Bangladesh Agricultural 

University (BAU), Mymensingh. Soils were collected 

from the Soil Science Field Laboratory, BAU. Equal 

size plastic pots were prepared with 8 kg soils. The soil 

was silt loam having pH 6.15, electrical conductivity 

(EC) 0.17 dS/m, exchangeable Na 0.35 meq/100 g soil, 

total N 0.11% and organic matter 1.90%. 

Plant materials and treatments:  Two hybrid maize 

varieties viz. BARI Hybrid Maize-5 and Hybrid Maize 

Pacific-987 were used as plant materials. Nine 

treatment combinations viz. control (no NaCl or 

proline), 25 mM NaCl, 25 mM NaCl+25 mM proline, 

25 mM NaCl+50 mM proline, 25 mM NaCl+100 mM 

proline, 50 mM NaCl, 50 mM NaCl+25 mM proline, 

50 mM NaCl+50 mM proline, 50 mM NaCl+100 mM 

proline were used for the two maize varieties. Three 

maize seeds were sown into each pot. One plant was 

kept in each pot and others were uprooted after 

emergence. The pure salt (NaCl) was used for 

developing salinity. Maize plants were exposed to 

different concentrations of NaCl at vegetative stage (6 

weeks after sowing). On the same day, different doses 

of proline containing 0.1% Tween-20 were sprayed on 

the leaves at a volume of 25 mL per plant as per 

treatment. Similarly, proline was applied at tasseling 

stage as per treatment. The experiment was laid out in a 

completely randomized design with four replications. 

Management practices, crop harvesting and data 

recording:  Normal water was used as irrigation. 

Fertilization and other management practices were 

performed as and when required. The crops were 

harvested at full maturity. Root growth, plant dry 

matter, yield attributes and grain yield were recorded. 

Chlorophyll contents were measured from green 

leaves. N, P, K, S and Na contents were measured from 

grain and straw samples.  
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Determination of chlorophyll content: Chlorophyll 

contents were measured according to Porra et al. 

(1989). Fifteen days after first proline application, 

healthy green leaf was detached from the plants. An 

aliquot amount of leaf was suspended in 10 mL of 80% 

acetone, mixed well and kept at room temperature in 

the dark for 7 days. The supernatant was collected after 

centrifugation at 5000 rpm and the absorbance was 

recorded at 645 and 663 nm in a spectrophotometer.  

Chemical analysis of plant and soil samples: Soil pH, 

EC, exchangeable Na, total N and organic carbon 

content were measured using standard methods. Grain 

and straw samples were analyzed for N, P, K, S and Na 

contents using the methods described by Khanam et al. 

(2001).  

Statistical analysis: Data were analyzed statistically 

using analysis of variance with the help of software 

package MSTAT-C. The significant differences 

between mean values were compared by Duncan’s 

Multiple Range Test. Differences at P<0.05 were 

considered significant. 

Results and discussion 

Root and vegetative growth of maize: Salt stress 

caused a significant reduction in root growth of both 

BARI Hybrid Maize-5 and Hybrid Maize Pacific-987 

(Figure 1A). NaCl stress at 50 mM caused a drastic 

reduction in root growth of both maize varieties. Foliar 

application of proline resulted in a significant increase 

in root growth of both varieties at 25 mM NaCl stress 

but not at 50 mM NaCl stress conditions (Figure 1A). 

Salt stress also caused a significant reduction in plant 

dry matter of BARI Hybrid Maize-5 (Figure 1B). No 

significant changes were observed in dry matter of 

Hybrid Maize Pacific-987 in response to 25 mM NaCl 

stress even application of proline. NaCl stress at 50 

mM caused a drastic decrease in plant dry matter of 

both varieties. Proline application resulted in an 

increase in plant dry matter of BARI Hybrid Maize-5 

under 25 mM NaCl stress, and this increase was 

significant when plants were treated with 50 mM 

proline. At 50 mM NaCl stress, 25 mM proline 

application significantly improved plant growth of  

 

 
Figure 1. Effect of proline on the root (A) and plant 

(B) growth of BARI Hybrid Maize-5 
(BHM-5) and Hybrid Maize Pacific-987 
(HMPacific-987) under salt stress. Values 
represent the mean±SE of four replications. 
For the same maize variety, bars with the 
same letters are not significantly different at 
P<0.05. Treatments are T1: control (no 
NaCl or proline), T2: 25 mM NaCl, T3: 25 
mM NaCl+25 mM proline, T4: 25 mM 
NaCl+50 mM proline, T5: 25 mM 
NaCl+100 mM proline, T6: 50 mM NaCl, 
T7: 50 mM NaCl+25 mM proline, T8: 50 
mM NaCl+50 mM proline, T9: 50 mM 
NaCl+100 mM proline. 
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BARI Hybrid Maize-5 although other doses of proline 

did not influence plant growth of both varieties (Figure 

1B). 

Reproductive growth and grain yield of maize: 

Significant reductions in reproductive growth and grain 

yield of both maize varieties were observed in response 

to NaCl stress (Table 1). Neither BARI Hybrid Maize-

5 nor Hybrid Maize Pacific-987 could produce cob as 

well as grains at 50 mM NaCl stress. Exogenous 

proline resulted in an increase in reproductive growth 

and grain yield of both varieties in response to 25 mM 

NaCl stress. The increasing effect of proline was 

significant on BARI Hybrid Maize-5. At 50 mM NaCl 

stress, BARI Hybrid Maize-5 produced cob and grains 

when plants were treated with 25 mM proline whereas 

Hybrid Maize Pacific-987 did not produce cob even 

application of proline (Table 1). Overall, low dose of 

proline application performed better in increasing 

growth and yield of maize under salt stress conditions 

(Table 1). 

Chlorophyll contents: Significant decreases in 

chlorophyll contents of both varieties were observed in 

response to salt stress (Table 2). NaCl stress at 50 mM 

caused a drastic decrease in chlorophyll-b content of 

BARI Hybrid Maize-5. No chlorophyll contents were 

detected from 50 mM NaCl-treated Hybrid Maize 

Pacific-987 plants because all plants died within 15 

days even proline application. In some cases, proline 

application increased chlorophyll contents in both 

varieties under salt stress but these increases were not 

significant in most cases (Table 2).  

Nutrient uptake: We investigated whether exogenous 

proline influenced nutrient uptake by maize under salt 

stress (Table 3). Salt stress caused reductions in 

nutrient (NPS) uptake by straw and grain of both maize 

varieties. NaCl stress at 50 mM caused a drastic 

decrease in nutrient uptake by straw of both varieties. 

In most cases, exogenous proline resulted in an 

increase in N, P and S uptake by both varieties under 

salt stress. Under salt stress, P uptake by grain was 

approximately 4-fold higher in the presence of proline 

than in its absence (Table 3).  

K+/Na+ ratio: Significant decreases in K+/Na+ ratio in 

grain and straw of both varieties were observed in 

response to salt stress (Figure 2A, B).  

 

 
Figure 2. Straw K+/Na+ (A) and grain K+/Na+ (B) ratio 

in BARI Hybrid Maize-5 (BHM-5) and 
Hybrid Maize Pacific-987 (HMPacific-987) 
influenced by proline under salt stress. “ND” 
indicates data not determined. ND samples 
were not considered for statistical analysis. 
Values represent the mean±SE of four 
replications. For the same maize variety, bars 
with the same letters are not significantly 
different at P<0.05. Treatment details are 
shown in the legend of Figure 1. 
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On the contrary, proline application showed a 

significant increase in grain K+/Na+ ratio in both 

varieties response to salt stress (Figure 2B). In some 

cases, exogenous proline also increased straw K+/Na+ 

ratio in both varieties under salt stress (Figure 2A). 

Table 1. Effect of proline on reproductive growth and grain yield of maize under salt stress 

Treatments BARI Hybrid Maize-5 Hybrid Maize Pacific -987 

Cob 

length 

(cm) 

Cob 

diameter 

(cm) 

Grains/

cob 

(no.) 

100-

grain 

weight 

(g) 

Grain 

weight            

(g/plant) 

Cob 

length 

(cm) 

Cob 

diameter 

(cm) 

Grains/ 

cob 

(no.) 

100-

grain 

weight 

(g) 

Grain 

weight            

(g/plant) 

T1 18.0a 13.3ab 327a 26.9b 85.7a 20.3a 12.9a 283a 27.3b 59.0a 

T2 14.7b 12.4b 263cd 21.7d 54.1c 20.2a 12.4a 237b 27.4b 52.1c 

T3 14.7b 13.2ab 285bc 23.4cd 63.2b 19.2ab 12.9a 282a 26.2c 55.8b 

T4 16.7ab 12.8b 271bcd 26.1bc 61.8b 19.5a 12.3a 275ab 27.9b 54.8bc 

T5 15.7ab 12.3b 287b 25.4bc 61.0b 18.0b 9.5b 42c 35.4a 20.8d 

T6 ND ND ND ND ND ND ND ND ND ND 

T7 11.3c 14.0a 252d 30.1a 50.3c ND ND ND ND ND 

T8 ND ND ND ND ND ND ND ND ND ND 

T9 ND ND ND ND ND ND ND ND ND ND 

SE (±) 0.46 0.22 4.58 0.52 1.96 0.26 0.30 15.9 0.63 2.44 

CV (%) 3.02 1.68 1.63 2.03 3.13 1.35 2.51 7.13 2.17 5.03 

“ND” (not detected) indicates no plants survived during the data recording. ND samples were not considered for 
statistical analysis. Values represent the mean of four replications. Same letter in a column represents insignificant 
difference at P<0.05. Treatment details are shown in the legend of Figure 1.  

Table 2. Chlorophyll contents in maize influenced by proline under salt stress 

Treatments BARI Hybrid Maize 5 Hybrid Maize Pacific 987 

Chlorophyll a 

(µg/ml) 

Chlorophyll b 

(µg/ml) 

Total Chlorophyll 

(µg/ml) 

Chlorophyll a 

(µg/ml) 

Chlorophyll b 

(µg/ml) 

Total Chlorophyll 

(µg/ml) 

T1 7.17a 4.54a 11.7a 6.49a 2.99b 9.48ab 

T2 6.66ab 3.51c 10.2bc 5.66b 2.01c 7.67b 

T3 6.48bc 3.49c 9.97bc 6.56a 3.16b 9.72ab 

T4 6.69ab 3.41c 10.1bc 6.69a 3.51a 10.2a 

T5 6.92ab 4.07b 11.0ab 6.48a 3.03b 9.51ab 

T6 6.03bc 2.36d 8.39d ND ND ND 

T7 5.77c 3.52c 9.30cd ND ND ND 

T8 ND ND ND ND ND ND 

T9 ND ND ND ND ND ND 

SE (±) 0.13 0.11 0.21 0.13 0.10 0.21 

CV (%) 1.95 3.22 2.11 1.96 3.43 2.28 

“ND” (not detected) indicates no plants survived during the estimation of chlorophyll. ND samples were not 
considered for statistical analysis. Values represent the mean of four replications. Same letter in a column represents 
insignificant difference at P<0.05. 
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Accumulation of proline is one of the main adaptive 

mechanisms to salt stress in plants. In addition to its 

role as an osmoprotectant, proline counteracts the 

adverse effects of salt stress by reducing cellular 

damage and increasing antioxidant defense systems 

(Hoque et al., 2007a, b, 2008; Banu et al., 2009; 2010). 

The protective mechanisms of proline have recently 

been reported in plants against various oxidative 

stresses (Hossain et al., 2014). In the present study, 

exogenous proline improved growth and yield of maize 

exposed to NaCl stress. Notably, 25 mM proline 

application remarkably produced grain yield of BARI 

Hybrid Maize-5 at 50 mM NaCl stress (Table 1). There 

are increasing evidences that salinity reduced growth 

and yield of a variety of plants. Conversely, improved 

growth of plants as well as cultured-cells by exogenous 

proline under salt and water stresses have been 

demonstrated by various authors (Ali et al., 2008; 

Hoque et al., 2007a; Banu et al., 2009; Abbas et al., 

2012; Sobahan et al., 2012; Talat et al., 2013).  

Table 3. Effect of proline on nutrient uptake (g/plant) by maize under salt stress 

Treatments BARI Hybrid Maize-5 Hybrid Maize Pacific -987 

Straw 

N 

Grain 

N 

Straw 

P 

Grain 

P 

Straw 

S 

Grain 

S 

Straw 

N 

Grain 

N 

Straw 

P 

Grain 

P 

Straw 

S 

Grain 

S 

T1 1.57e 1.49b 0.05c 0.09b 0.13b 0.11 2.25a 1.29ab 0.14b 0.14c 0.20b 0.11a 

T2 1.72d 1.30c 0.05c 0.07b 0.13b 0.07 1.64d 1.22ab 0.08c 0.09d 0.15c 0.07b 

T3 1.92c 1.63a 0.11ab 0.26a 0.19a 0.08 1.93bc 1.31a 0.11c 0.37b 0.15c 0.08ab 

T4 2.08b 1.14d 0.09b 0.30a 0.18a 0.08 1.99b 1.17b 0.09c 0.42a 0.19bc 0.08ab 

T5 2.25a 1.64a 0.09b 0.27a 0.21a 0.07 1.80cd 0.51c 0.17a 0.12cd 0.25a 0.03c 

T6 0.25g ND 0.01d ND 0.02c ND 0.11e ND 0.01d ND 0.02d ND 

T7 0.91f 1.47b 0.04c 0.27a 0.05c 0.08 0.21e ND 0.01d ND 0.02d ND 

T8 0.17g ND 0.03cd ND 0.02c ND 0.16e ND 0.01d ND 0.03d ND 

T9 0.25g ND 0.01d ND 0.02c ND 0.11e ND 0.01d ND 0.01d ND 

SE (±) 0.14 0.03 0.02 0.02 0.01 NS 0.15 0.05 0.01 0.02 0.02 0.01 

CV (%) 10.97 2.40 22.36 8.64 12.33 5.16 13.42 4.77 18.04 10.52 13.82 6.78 

“ND” indicates data not determined. ND samples were not considered for statistical analysis. Values represent the 
mean of four replications. Same letter in a column represents insignificant difference at P<0.05. Treatment details 
are shown in the legend of Figure 1. 

Chlorophyll is one of the most important pigment 

components of a plant. Chlorophyll content may vary 

with varying salt concentration, affecting plant growth 

and development. Salt stress significantly decreased 

chlorophyll contents in both maize varieties. Proline 

application did not remarkably affect chlorophyll 

contents in BARI Hybrid Maize-5 induced by salt 

stress although increased chlorophyll contents in 

Hybrid Maize Pacific-987 were observed by proline 

under salt stress (Table 2). Reduction in chlorophyll 

content has been reported in plants in response to salt  

 

stress (Ali et al., 2004; Islam et al., 2007; Sobahan et 

al., 2012; Talat et al., 2013). Conversely, exogenous 

application of proline increased chlorophyll content in 

a variety of plants reported by several authors 

(Deivanai et al., 2011; Sobahan et al., 2012; Talat et 

al., 2013).   

Inorganic nutrients such as N, P and S play essential 

roles in plant metabolism. In addition to osmotic 

adjustment, genotypic differences in inorganic ion 

uptake under salinity have implications for maintaining 

adequate nutrition related to salinity tolerance 

mechanisms. There are evidences that proline 
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minimizes the harmful effects of various stresses on 

plants by affecting uptake and accumulation of 

inorganic nutrients (Ali et al., 2008). Salt stress 

reduced nutrient (NPS) uptake by both maize varieties 

while exogenous proline increased nutrient uptake by 

maize under salt stress. It is significant to note that P 

uptake by grain was much higher when maize was 

grown at salt stress with exogenous proline (Table 3). 

Exogenous proline has been shown to increase nutrient 

uptake (NPK), thereby mitigating adverse effects of 

water stress in maize (Ali et al., 2008). Abd El-Samad 

et al. (2011) have shown that proline treatments 

enhanced nutrient uptake in maize and broad bean 

plants under salt stress. 

Salinity imposes ionic toxicity to plants, leading to 

nutrition disorder. It has been reported that salt stress 

causes increased uptake of Na+ and Cl-, and decreased 

uptake of essential cations particularly K+ (Khan et al., 

2003). Salt tolerance is directly associated with K 

contents because of its involvement in osmotic 

regulation and competition with Na. Proline has an 

added advantage under soil salinity as it may lower 

down Na uptake and increase K uptake, thereby 

protecting plants from the detrimental effects of Na. 

There are reports that exogenously supplied proline 

reduces Na+ accumulation and increases K+/Na+ ratio 

in plants under salt stress (Ahmed et al., 2011; Abd El-

Samad et al., 2011; Nounjan et al., 2012; Sobahan et 

al., 2012). In this study, salinity decreased K+/Na+ ratio 

in both maize varieties whereas this K+/Na+ ratio 

increased by proline application at 25 mM NaCl stress. 

Additionally, 25 mM proline maintained a higher grain 

K+/Na+ ratio in BARI Hybrid Maize-5 during 50 mM 

NaCl stress (Figure 2B). These results show that 

exogenous proline could contribute to the reduction of 

Na uptake as well as increment of K uptake during 

salinity stress. 

Conclusions 

Salt stress caused a reduction in growth and yield of 

both maize varieties. High salt stress drastically 

reduced the growth of maize. Exogenous proline 

significantly improved growth and yield of BARI 

Hybrid Maize-5 in response to salt stress. Furthermore, 

BARI Hybrid Maize-5 conferred tolerance to high salt 

stress when proline was applied exogenously. The 

present study suggests that exogenous application of 

proline ameliorates the adverse effects of salt stress on 

maize by increasing the K+/Na+ ratio and uptake of 

nutrients particularly P. However, the protective 

mechanisms of proline in plant responses to salinity 

remain to be elucidated. Better understanding about the 

biochemical and physiological mechanisms of proline 

is crucial for plant tolerance mechanisms to salinity.  
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