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Abstract 

Soil salinity and sodicity has become a severe threat to ensure food security in the developing world. 

Increasing salinity had significant impact on food production and more agricultural lands are expected to 

become salt affected due to climate change. Cereals contribute mainly to food production and growing 

grain crops on saline and sodic soils require adoption of different strategies for sustainable crop 

production. Based on the above view an experiment were undertaken at Anbil Dharmalingam 

Agricultural College and Research Institute, Navalurkuttapattu, Trichy to study the effect of seed priming 

on alleviating sodicity stress. The following two rice varieties TNAU Rice TRY 3 and I.W. Ponni seeds 

were primed with 1% KCl, 1% mixture of CaSO4+ZnSO4+FeSO4, GA3 20 ppm, +Azophos 1 % + 

Pseudomonas fluorescens 1.0 %, 1% mixture of KCl+ CaSO4+ZnSO4+FeSO4 +GA320 ppm +Azophos 

1.0 % + Pseudomonas fluorescens 1.0 % individually as well as combinations followed by foliar spray of 

0.5% ZnSO4, 2 % DAP and 2% cowpea pulse sprout extract at active tillering stage. Among the different 

combinations of priming tried, the seeds primed with 1% mixture of CaSO4 + ZnSO4 + FeSO4 + GA3 20 

ppm + Azophos 1% followed by 0.5 % foliar spray of ZnSO4 at active tillering stage recorded the 

improved biochemical and physiological constituents such as proline content (744.5 µ g-1), soluble 

protein content (8.63 mg g-1). Nitrate reductase (21.3 µ moles NO-
2 g-1 h-1) chlorophyll (1.800 mg g-1) and 

chlorophyll stability index (60.3). 

 

Keywords: Sodicity, priming, proline, chlorophyll and chlorophyll stability index 

 

Introduction 

Rice is grown in more than 154 million hectares in the world in a wide range of ecosystems 

under varying temperatures and water regimes in India and it occupies an area of 44 million 

hectares. While the population of rice consumers is increasing at a rate of  

1.8 per cent annually, the population grow at a rate of 1.5 per cent every year. Hence,  

the rice requirement by the year 2025 would be about 125 million tons  
[1]. A total of 800 million hectares of land throughout the world are salt affected either by 

salinity (397 million hectares) or by sodicity (434 million hectares). In Asia alone, 21.5 million 

hectares of land area is thought to be salt affected, of which 12 million hectares is due to saline 

and the remaining 9.5 million hectares is due to alkaline / sodic conditions. In India, 

approximately 8.6 million hectares of agricultural land is affected by varying degrees of salt 

related problems and of which about 3.4 million hectares is under sodic soils. Rice is 

susceptible to salt stress [2] particularly during the early seedling stage [3]. Salinity affects the 

seed germination by creating osmotic stress due to reduced water uptake or through ionic 

imbalance due to toxic effects of sodium (Na+) and chloride (Cl-) ions [4]. Salinity also upsets 

plant hormone level and reduces the utilization of seed reserves [5]. Salinity induced stress 

inhibited seed germination constraints to achieve uniform seedling stand in rice [6] and 

ultimately diminishes economic yield and quality of produce [7]. The exogenous application of 

osmolytes, osmoprotectants or plant hormones through foliar or seed is a good option to 

alleviate the adverse effects of salinity stress on crops [8]. To alleviate salt problem one of the 

seed enhancement techniques is seed priming.  

Seed priming is a controlled hydration process that involves exposing seeds to low water 

potentials that restrict germination, but permits pre germinative physiological and biochemical 

changes to occur [9, 10]. Upon rehydration, primed seeds may exhibit faster rate of germination, 

more uniform emergence, greater tolerance to environmental stresses, and reduced dormancy 

in many species [11].  
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Micronutrient deficiencies are very common under salt stress 

owing to high pH [12] Foliar application might be better than 

soil application because ion imbalance and uptake problem 

happened under saline soil condition. Soil or foliar application 

of the three micronutrient Zn+2, Fe+2, Mn+2 partially alleviates 

the adverse effects of salinity on yield and yield components 

of salt stressed plants [13]. The research work under sodic soil 

in seed priming is negligible based on the above view the 

research work is undertaken to study the effect of priming in 

salt affected soil. 

 

Materials and Methods 

The study was conducted to find out the effect of seed 

priming on biochemical constituents of rice seeds. Genetically 

pure rice seeds of two varieties viz. TNAU Rice TRY 3 and 

Improved White Ponni obtained from the Department of Plant 

Breeding and Genetics, ADAC&RI, Trichy formed the basic 

materials for the study. The bio-control agent Pseudomonas 

fluorescens obtained from the Department of Plant Protection, 

ADAC&RI, Trichy and liquid bio-fertilizer Azophos obtained 

from the Department of Agricultural Microbiology, TNAU, 

Coimbatore were used for this study. The Soil type is Clay 

loam, the sieved soil were analysed for Mechanical 

composition viz. Coarse sand (%) 4.04, Fine sand (%) 5.03, 

Silt (%) 21.00,Clay (%)68.50 and Chemical composition viz. 

pH- 9.5 EC (dSm-1) 0.45 ESP (%)20.31 Exc. Ca+Mg (c mol 

kg-1) 14.12, Exc. Na (c mol kg-1) 10.14, Available nitrogen 

(kg ha-1) 189, Available phosphorus (kg ha-1) 15.33 Available 

potassium (kg ha-1) 364. The Experiment were laid out in 

Split design with Main plot consisting of two varieties M1 -

TNAU Rice TRY 3 M2- Improved White Ponni. Sub plot; S1 - 

Control S2 -Seed priming with 1 % mixture of 

CaSO4+ZnSO4+FeSO4 S3 -Seed priming with 1% mixture of 

CaSO4+ZnSO4+FeSO4 + GA3 20 ppm +Azophos 1.0 % S4 -

Seed priming with 1% mixture of KCl + CaSO4+ ZnSO4+ 

FeSO4 + GA3 20 ppm+Azophos 1.0 % S5 -Seed priming with 

1% mixture of KCl + CaSO4+ ZnSO4+ FeSO4 + GA3 20 ppm 

+ Azophos 1.0% + Pseudomonas fluorescens 1.0 % S6 - Seed 

priming with 1% mixture of CaSO4 + ZnSO4 + FeSO4 + foliar 

spray of 0.5% FeSO4 S7- Seed priming with 1% mixture of 

CaSO4 + ZnSO4 + FeSO4 + GA3 20 ppm + Azophos 1% + 

foliar spray of 0.5% ZnSO4 S8 -Seed priming with 1% 

mixture of KCl + CaSO4 + ZnSO4 + FeSO4 + GA3 20 

+Azophos +1% foliar spray of 2 % DAP 

 S9 -Seed priming with 1 % mixture of KCl + CaSO4 + ZnSO4 

+ FeSO4 + GA3 20 ppm +Azophos 1% +Pseudomonas 

fluorescens 1% + foliar spray of 2% cowpea pulse sprout 

extract with three replications, spacing of 20 x 10 cm with 

plot size -3 x 3m.   

 

Chlorophyll content (Chlorophyll ‘a’, Chlorophyll ‘b’, 

and total chlorophyll) 

For estimation of chlorophyll 250 mg of leaf sample was 

taken and transferred to a pestle and mortar. The sample was 

macerated with 10 ml of 80% acetone, centrifuged the content 

at 3000 rpm for 10 minutes. The optical density measured at 

645, 652 and 663 nm by an Optima UV-VIS 

spectrophotometer (Model SP-3000). The chlorophyll content 

of the sample was expressed as mg g-1 of fresh weight [14]. 

 

Formula for calculation of Chlorophyll ‘a’, ’b’ and Total 

Chlorophyll 

 

Chlorophyll ‘a’= (12.7 x OD at 663) – (2.69 x OD at 645) x 
V 

1000 x W 
 

Chlorophyll ‘b’= (22.9 x OD at 645) – (4.68 x OD at 663) x 
V 

1000 x W 

     

Total Chlorophyll = 
OD at 652 x 1000 

x 
V 

34.5 1000 x W 

 

Where, 

OD = Optical Density  

V = Final volume of supernatant (25 ml) 

W = Weight of the leaf sample taken in gram 

 

Chlorophyll stability index 

Chlorophyll stability index (CSI) in leaf was estimated by 

spectrophotometric method as suggested by Kolyroeas [15]. 

Soluble protein content of leaf was estimated as per the 

method [16]. and expressed as mg g-1 fresh weight and Proline 

content of the leaf was estimated as per the method of Bates et 

al. [17] and expressed as µg g-1 fresh weight. Nitrate reductase 

activity was estimated in fully expanded functional leaves [18] 

and the enzyme activity was expressed as  moles NO-
2 g-1 h-

1. 

The data was analysed through analysis of variance 

(ANOVA) technique for factorial controlled randomized 

design and presented at 5% level of significance (P = 0.05) by 

the procedure prescribed by Panse and Sukhatme [19]. 

 

Results and Discussion 

Emergence and establishment are the two basic requirements 

for quality seeds as they offer scope not only for uniformity in 

the field stand, but also for full exploitation of yield potential 

of crops. Pre sowing seed quality enhancement causes early 

enhanced germination and growth rate of seedlings. At active 

tillering stage, TNAU Rice TRY 3 recorded higher 

chlorophyll content of 1.537 mg g-1 over- Improved White 

Ponni (1.404 mg g-1). Among the sub plot treatments, Seed 

priming with 1% mixture of CaSO4 + ZnSO4 + FeSO4 + GA3 

20 ppm + Azophos 1% + foliar spray of 0.5% ZnSO4 ( S7 ) 

recorded higher chlorophyll content of 1.800 mg g-1 followed 

by Seed priming with 1 % mixture of KCl + CaSO4 + ZnSO4 

+ FeSO4 + GA3 20 ppm +Azophos 1% +Pseudomonas 

fluorescens 1% + foliar spray of 2% cowpea pulse sprout 

extract (S9 ) (1.703 mg g-1) while control (S1) recorded the 

lowest total chlorophyll content (1.225 mg g-1). Interaction of 

main plot with sub plot treatments was significant. M1S7 and 

M1S9 recorded higher total chlorophyll content of 1.940 mg g-

1 and 1.770 mg g-1 while M2S1 recorded (1.173 mg g-1) (Table 

1). Salinity induced chlorophyll reduction and consequently 

the reduction in photosynthesis is well established by many 

researchers in green gram; (20&21) in rice. The reduction in 

chlorophyll content under salinity stress to suppression of 

enzymes responsible for synthesis of chlorophyll under higher 

salt concentrations [22]. Increased chlorophyllase activity and 

interference of salt ions with de novo synthesis of structural 

component proteins of chloroplast are also known to influence  
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the chlorophyll content under salinity stress [23, 24, 25]. TNAU 

Rice TRY 3 variety registered higher total chlorophyll content 

than I.W. Ponni. This increase in chlorophyll content might be 

attributed to increase chlorophyll synthesis by PGR present in 

the priming treatments, promotes cell division and cell 

expansion in expanding leaves [26].  

TNAU Rice TRY 3 recorded higher chlorophyll stability 

index of 63.5 over I.W. Ponni with 47.3. Among the sub plot 

treatments, Seed priming with 1% mixture of CaSO4 + ZnSO4 

+ FeSO4 + GA3 20 ppm + Azophos 1% + foliar spray of 0.5% 

ZnSO4 (S7) recorded higher chlorophyll stability index of 

60.3, followed by Seed priming with 1 % mixture of KCl + 

CaSO4 + ZnSO4 + FeSO4 + GA3 20 ppm +Azophos 1% 

+Pseudomonas fluorescens 1% + foliar spray of 2% cowpea 

pulse sprout extract (S9) recorded 58.8 whereas, control 

recorded 49.3 (Table 2). Chlorophyll stability index (CSI) is 

an important parameter for screening of plant cultivars for 

abiotic stresses including salinity [27]. Significant variation 

was recorded between two varieties as TNAU Rice TRY 3 

recorded higher value for CSI indicating its tolerance for salt 

stress.  

TNAU Rice TRY 3 recorded higher soluble protein content of 

9.57 mg g-1 over I.W. Ponni with 6.13 mg g-1. Among the sub 

plot treatments, S7 recorded higher soluble protein content of 

8.63 mg g-1 followed by S9 with a value of 8.50 mg g-1 while 

control recorded the lowest soluble protein of 7.15 mg g-1. 

The interaction of main plot with sub plot treatments was 

found to be significant. M1S7 recorded higher soluble protein 

content of 10.40 mg g-1 followed by M1S8 and M1S9 with 

10.10 mg g-1 each whereas control M2S1 recorded the lowest 

soluble protein content of 5.40 mg g-1(Table 3). 

Salinity, by and large, depressed protein synthesis, accelerated 

their degradation and disturbed the soluble amino acid protein 

ratio in plants (28, 29, 30 & 31). Breakdown of polysomes 

accompanied by an increased level of NRase was 

demonstrated during salt stress (32 & 33). Moderate salinity 

in some cases might increase total protein but innumerable 

eports revealed a decrease in protein and nucleic acid content 

in root, leaves and embryo axis of mung bean, chickpea, pea 

and cowpea under NaCl and Na2SO4 salinity stress [34].  

Under sodicity condition, at active tillering stage TNAU Rice 

TRY 3 recorded higher proline content of 791.6μg g-1. Among 

the sub plot treatments, S7 recorded higher proline content of 

744.5 μg g-1 which was on par with S9 and S8 treatment, while 

control recorded 685.7μg g-1. (Table 4). The interaction of 

main plot with sub plot treatments was significant. M1S7 

recorded higher proline content of 826.7μg g-1 followed by 

M1S9 (819.7μg g-1) while M2S1 recorded lower proline content 

of 623.0 μg g-1. The study also revealed a considerable 

decline in soluble protein content of the two rice varieties 

TNAU Rice TRY 3 and I.W. Ponni grown under sodicity 

condition without receiving any priming treatments. However, 

the varieties which were imposed with priming treatments, 

responded differentially by showing enhanced level of soluble 

protein. Under sodicity condition, seeds primed with 1 % 

mixture of CaSO4 + ZnSO4 + FeSO4 + GA3 20 ppm + Azophos 

along 1 % with 0.5 % foliar spray of ZnSO4 at active tillering  

stage recorded higher soluble protein over control. The 

soluble protein content of plants is a deciding factor of 

drymatter accumulation thereby increasing the yield and 

could be attributed to the efficiency of RuBpcase at stress 

level [35]. 

Proline accumulation is a universal response of plants to 

various stresses. Proline acts as an osmolyte and helps the 

plants to maintain tissue water potential under all kinds of 

stresses. Proline, as an osmoprotectant, is largely confined to 

the cytoplasm and is mostly absent from the vacuole [36]. It 

plays a key role in the cytoplasm as a scavenger of free 

radicals as well as a mediator in osmotic adjustment and also 

increases the solubility of sparingly soluble proteins. [37, 38, 39] 

Free proline accumulation was generally more in the most 

tolerant cultivars, suggesting its correlation with salinity 

tolerance of the plants [40]. The proline accumulation was 

maximum in TNAU Rice TRY 3 than I.W. Ponni under 

sodicity condition. The priming treatments 1 % mixture of 

CaSO4 + ZnSO4 + FeSO4 + GA3 20 ppm +Azophos1 % along 

with 0.5 % foliar spray of ZnSO4 help to increasing the level 

of proline accumulation. The maximum proline accumulation 

could be attributed to non-incorporation of free amino acid, 

proline into protein synthesis due to salt stress or the 

breakdown of the existing protein molecules into various 

constituent amino acids [41]. M1 recorded higher nitrate 

reductase activity of 22.5 μ moles No2 g-1h-1over M2 with 11.6 

μ moles No2 g-1h-1. Among the sub plot treatments, S7 

recorded 21.3 μ moles No2 g-1h-1 followed by S9 with 19.5 μ 

molesNo2 g-1h-1whereas control recorded 14.2 μ moles No2 g-

1h-1. Among the interaction treatments, M1S7 and M1S9 

recorded 28.4 and 25.2 μ moles No2 g-1h-1 while M2S1 

recorded 8.8 μ moles No2 g-11h-1(Table 5.)  

In plants, nitrogen assimilation is regulated by the activation 

of the enzyme, nitrate reductase. This enzyme plays a 

constructive role in nitrogen utilization by the plants through 

nitrogen metabolism and which is the most affected enzyme 

by salinity. Salinity may strongly affect the overall nitrate 

assimilation process because nitrate is required to induce 

nitrate reductase, the key enzyme of nitrate assimilation 

process [42]. Sodicity stress reduced nitrate reductase activity 

in leaves of the two rice cultivars, with more adverse effect on 

I.W. Ponni. The priming treatments, particularly PGRs play 

their beneficial role in improving the overall biochemical 

processes, which are generally inhibited by stress conditions. 

Under sodicity condition seeds primed with 1 % mixture of 

CaSO4 + ZnSO4 + FeSO4 + GA3 20 ppm +Azophos 1 % along 

with foliar spray of 0.5 % ZnSO4 per cent increase over the 

control. The decreased NRase activity in salt sensitive rice 

cultivars is possibly due to the inhibition of enzyme induction 

under salinization [43]. 

 

Conclusion  

Under sodic soil condition the seeds primed with 1% mixture 

of CaSO4 + ZnSO4 + FeSO4 + GA3 20 ppm + Azophos 1% 

followed by 0.5 % foliar spray of ZnSO4 at active tillering 

stage recorded the improved physiological and biochemical 

constituents. 



 

~ 1093 ~ 

International Journal of Chemical Studies 

Table 1: Effect of seed priming and foliar spray on Total chlorophyll (mg g-1) in leaf at active tillering stage in rice varieties of TNAU Rice 

TRY 3 and I. W. Ponni under sodicity condition. 
 

Treatments Sodicity 

 M1 M2 Mean 

S1 1.277 1.173 1.225 

S2 1.351 1.230 1.300 

S3 1.454 1.360 1.407 

S4 1.372 1.262 1.320 

S5 1.592 1.479 1.535 

S6 1.401 1.308 1.354 

S7 1.940 1.650 1.800 

S8 1.680 1.540 1.610 

S9 1.770 1.635 1.703 

Mean 1.537 1.404  

 M S M x S S x M 

SEd 0.020 0.021 0.034 0.026 

CD (P=0.05) 0.084 0.043 0.103 0.061 

 
Table 2: Effect of seed priming and foliar spray on chlorophyll 

stability index (%) in leaf at active tillering stage in rice varieties of 

TNAU Rice TRY 3 and I. W. Ponni under sodicity conditions. 
 

Treatments Sodicity 

 M1 M2 Mean 

S1 55.6 42.3 49.3 

S2 62.0 44.6 53.3 

S3 63.5 46.5 55.0 

S4 61.5 44.8 53.1 

S5 65.3 48.3 56.8 

S6 62.5 45.6 54.0 

S7 68.3 52.3 60.3 

S8 66.7 50.3 58.5 

S9 66.5 51.1 58.8 

Mean 63.53 47.30  

 M S M x S S x M 

SEd 0.800 1.080 1.645 1.321 

CD (P=0.05) 3.442 2.197 NS NS 

 
Table 3: Effect of seed priming and foliar spray on soluble protein 

activity (mg g-1) in leaf at active tillering stage in rice varieties of 

TNAU Rice TRY 3 and I.W. Ponni under sodicity condition. 
 

Treatments Sodicity 

 M1 M2 Mean 

S1 8.90 5.40 7.15 

S2 8.70 5.70 7.22 

S3 9.60 6.10 7.83 

S4 8.80 6.20 7.52 

S5 10.0 6.20 8.12 

S6 9.40 5.60 7.50 

S7 10.40 6.90 8.63 

S8 10.10 6.40 8.25 

S9 10.10 6.70 8.50 

Mean 9.57 6.13  

 M S M x S S x M 

SEd 0.12 0.15 0.24 0.19 

CD (P=0.05) 0.51 0.31 0.67 0.44 

 

Table 4: Effect of seed priming and foliar spray on proline activity 

(μg g-1) in leaf at active tillering stage in rice varieties of TNAU Rice 

TRY 3 and I.W. Ponni under sodicity condition. 
 

Treatments Sodicity 

 M1 M2 Mean 

S1 748.3 623.0 685.7 

S2 762.0 634.3 698.2 

S3 787.7 645.0 716.3 

S4 784.3 629.7 707.0 

S5 796.3 653.7 725.0 

S6 788.3 653.7 721.0 

S7 826.7 662.3 744.5 

S8 810.3 655.7 733.0 

S9 819.7 662.3 741.0 

Mean 791.6 646.6  

 M S M x S S x M 

SEd 9.91 5.81 12.6 7.11 

CD (P=0.05) 42.6 11.83 46.2 16.73 

 
Table 5: Effect of seed priming and foliar spray on nitrate reductase 

activity (µ moles NO-
2 g-1 h-1) in leaf at active tillering stage in rice 

varieties of TNAU Rice TRY 3 and I.W. Ponni under sodicity 

condition. 
 

Treatments Sodicity 

 M1 M2 Mean 

S1 19.6 8.8 14.2 

S2 20.5 9.8 15.2 

S3 21.1 11.6 16.4 

S4 19.8 9.6 14.7 

S5 23.3 12.7 18.1 

S6 20.7 11.0 15.9 

S7 28.4 14.2 21.3 

S8 24.0 13.4 18.7 

S9 25.2 13.7 19.5 

Mean 22.5 11.6  

 M S M x S S x M 

SEd 0.25 0.53 0.74 0.64 

CD (P=0.05) 1.08 1.07 1.80 1.51 

 



 

~ 1094 ~ 

International Journal of Chemical Studies 

References 

1. Ahmad J, Bano M. The effect of sodium chloride on 

physiology of cotyledons and mobilization of reserved 

food in Cicer arietinum. Pak. J. Bot. 1992; 24:40-48. 

2. Ali YZ, Aslam Ashraf MY, Tahir GR. Effect of salinity 

on chlorophyll concentration, leaf area, yield and yield 

component of rice genotypes grown under saline 

environment. Int J Environ Sci Technol. 2004; 1:221-

225.  

3. Ali RG, Khan MO, Bakhsh A, Gurmani AH. Effect of 

micronutrients (Zn, Cu, Fe, Mn) on the rice yield and 

soil/plant concentration. Sarhad J. Agric. 2003; 

19(3):383-390. 

4. Almansouri M, Kinet JM and Lutts S. Effect of salt and 

osmotic stresses on germination in durum wheat 

(Triticum durum). Plant soil. 2001; 231:243-254.  

5. Ashraf M, Athar HR, Harris PJC, Won TRK. Some 

prospective strategies for improving crop salt tolerance. 

Adv. Agron. 2008; 97:45-110.  

6. Ashraf M, Rasul E. Salt tolerance of mungbean (Vigna 

radiata) at two growth stages. Plant and Soil. 1988; 

110:63-67. 

7. Bar-Nun N, Poljakoff-Mayber A. Inter-varietal 

differences in the amino acid composition of pea roots as 

related to their response to salinity. Ann. Bot. 1979; 

44:309-314. 

8. Bates LB, Waldren RP, Teare ID. Rapid determination of 

free proline for water stress studies. Plant and Soil. 1973; 

39:205-207. 

9. Bradford KJ. Manipulation of seed water relations via 

osmotic priming to improve germination under stress 

conditions. Hort. Sci. 1986; 21:1105-1112. 

10. Campbell WH. Nitrate reductase structure, function and 

regulation: Bridging the gap between biochemistry and 

physiology. Ann. Rev. Plant Physiol. Plant Mol. Bio. 

1999; 50:277-303. 

11. Caplan A, Claes B, Dekeyser R, Van Montagu M. 

Salinity and drought stress in rice. In: The Impact of 

Biotechnology in Agriculture. Ed. R.S. Sangwan and B.S. 

Sangwan Norrea. Kluwer Academic, Dordrecht, 1990, 

391-402. 

12. Garg BK, Garg OP. Influence of sodium carbonate and 

biocarbonate on photosynthesis and respiration in 

greengram and pea. Current Agriculture. 1985; 9:39-42. 

13. Garg BK, Garg OP. Sodium carbonate and bicarbonate 

induced changes in growth, chlorophyll, nucleic acids 

and protein contents in leaves of Pisum satium. 

Photosynthetica, 1980; 14(4):594-598. 

14. Heydecker W, Coolbear P. Seed treatments for improved 

performance - survey and attempted prognosis. Seed Sci. 

& Technol. 1977; 5:353-425. 

15. Hosseini MK, Powell AA, Bingham IJ. The interaction 

between salinity stress and seed vigor during germination 

of soybeen seeds. Seed Sci. & Technol. 2003; 31:715-

721. 

16. Johnson SE, Lauren JG, Welch RM, Duxbury JM. A 

comparison of the effects of micronutrients seed priming 

and soil fertilization on the mineral nutrition of chickpea 

(Cicer arietinum), lentil (Lens culinaris), rice (Oryza 

sativa) and wheat (Triticum aestivum) in Nepal. Exp. 

Agric. 2005; 41:427-448. 

17. Khan AA. Pre-plant physiological seed conditioning. In 

Horticultural Reviews J. Janick (ed.), John Willey and 

Sons, NY, 1992, 131-181. 

18. Kolyroeas SA. A new method for determining drought 

resistance. Plant Physiol. 1958; 33:232-233. 

19. Li ZK, Xu JL. Breeding for drought and salt tolerant rice 

(Oryza sativa L.) Progress and perspectives. In Advances 

in Molecular Breeding Toward Drought and Salt Tolerant 

Crops (Jenks MA, Hasegawa PM, Jain SM eds). 

Dordrecht, the Netherlands, 2007, Springe, 531-564. 

20. Lowry OH, Rosenbrough NH, Farr A, Randall RJ. 

Protein measurement with Folin phenol reagent. J. Biol. 

Chem. 1951; 193:265-275. 

21. Mahendra kumar R, Surekha K, Padmavathi CH, Subha 

rao LV, Latha PC, et al. Research experiences on system 

of rice intensification and future directions, J. Rice Res. 

2009; 2:61-71. 

22. Marin B, Vieira De Silva J. Influence de la Carence 

hydrique sur la repartition cellulaire de l’acid 

rebonucleique foliaire chenzle contonnier. Physiol. Plant. 

1972; 27:150-155. 

23. Michael Gomez S, Rangasamy P. Correlation and path 

analysis of yield and physiological characters in drought 

resistant rice (Oryza sativa L.).Int. J. Mendel. 2002; 19(1-

2):33-34. 

24. Mc Neil SD, Nuccio ML, Hanson AD. Betaines and 

related osmoprotectants - Targets for metabolic 

engineering of stress resistance. Plant Physiol. 1999; 

120:945-949. 

25. Mukerjee, I. Effect of potassium on proline accumulation 

in maize during wilting. Physiol. Plant. 1974; 31:288-

291. 

26. Munns R, Tester M. Mechanisms of salinity tolerance. 

Ann Rev Plant Biol. 2008; 59:651-681. 

27. Nicholas JC, Harper JE, Hageman RH. Nitrate reductase 

activity in soybeans. I. Effect of light and temperature. 

Plant Physiol. 1976; 58:731-735. 

28. Nieman RH, Poulson LL. Separation of salt and water 

stress effects on plant growth. Plant Physiol. 1964; 39:1. 

29. Nir I, Poljakoff-Mayber A, Klein B. The effect of water 

stress on the polysome population and the ability to 

incorporate amino acids in maize root tips. Israel J. Bot. 

1970; 19:451-462. 

30. Panse VG, Sukhatme PV. Statistical methods for 

Agricultural workers. ICAR, Publication, New Delhi, 

1985, 327-340.  

31. Prakash L, Prathapasenan G. Interactive effect of salinity 

and putrescine on shoot growth and activity of IAA 

oxidase invertase and amylase of rice (Oryza sativa L.). 

Biochemic and Physiologie der Planzen. 1989; 184:69-

78. 

32. Raja Babu C. Vijayalakshmi C, Mohandas S. Evaluation 

of rice (Oryza sativa L.) genotypes for salt tolerance. J. of 

Food Agric. & Environ. 2005; 3(1):190-194. 

33. Rao GG, Rao RG. Pigment composition and chlorophyll 

activity in pigeonpea (Cajanus indicus S.) and gengelly 

(Sesamum indicum L.) under NaCl salinity. Indian 

Journal of Experimental Biology. 1981; 19:768-770.  

34. Rauser WE, Hanson JB. The metabolic status of RNA in 

soybean roots exposed to saline media. Can. J. Bot. 1966; 

44:759-776. 

35. Reddy MP, Vora AB. Salinity induced changes in 

pigment composition and chlorophyllase activity of 

wheat. Indian J. Plant Physiol. 1986; 29:331-334. 

36. Saradhi PP, Alian Arora S, Prasad KVSK. Proline 

accumulate in plant exposed to UV radiation and protect 

them against UV induced perioxidation. Biochem. 

Biophys. Res. Common. 1995; 209:1-5. 



 

~ 1095 ~ 

International Journal of Chemical Studies 

37. Steddart J.L. Chemical changes in Lolium temulentum L. 

after treatment with (2-chloroethyl) trimethyl ammonium 

chloride (CCC). J. Expl. Bot. 1965; 16:604-613. 

38. Singaraval R, Balasundaram SK, Johnson K. 

Physicochemical characteristics and nutrient status of 

coastal saline soils of Tamil Nadu. J. Ind. Soc. Coastal 

Agric. Res. 14 (1 and 2), 1999, 59-61. 

39. Strogonov BP, Kabanov VV, Rakova NM. Feature of 

protein and nucleic acid metabolism during formative 

changes of plants under conditions of salinisation. Soviet 

Plant Physiol. 1970; 17:324. 

40. Sudhakar C, Reddy PS, Veeranjaneyulu K. Change in 

respiration, its allied enzymes, pigment composition, 

chlorophyllase and hill reaction activity of horse gram 

seedlings under salt stress. Indian J. Plant Physiol. 1991; 

34:171-177. 

41. Sultana N, Ikeda T, Kashem MA. Effect of foliar spray of 

nutrient solutions on production under micronutrient 

constraints. Photosynthesis, dry matter accumulation and 

yield in seawater-stressed rice. Environmental and 

Experimental Botany. 2001; 46(20):129-140. 

42. Yoshida S, Farno DA, Cock JH, Gomez KA. Laboratory 

manual for physiological studies of rice. Int. Rice Res. 

Newslett, 1971, 70. 

43. Zhu Z G Wei, Jliq Qian, J Yu. Silicon alleviates salt 

stress and increases antioxidant enzymes activity in 

leaves of salt-stressed cucumber (Cucumis sativus L.). 

Plant Sci. 2004; 167:527-533. 


