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ABSTRACT 
 
Four rice genotypes Binadhan-8, PBRC-37, NERICA-1 and NERICA-10 were evaluated under four 
levels of salinity, i.e., control, 6, 9 and 12 dSm-1 to understand their effects on flag leaf chlorophyll 
content and yield attributes of these genotypes. The experiment was established under polythene 
shade to avoid rain water in the pot yard of Crop Physiology Division, Bangladesh Institute of 
Nuclear Agriculture, Mymensingh. NERICA-1 produced the highest grain yield hill-1 due to higher 
number of panicle hill-1, panicle length and 1000 grain weight against salinity (average of 0, 6, 9 
and 12 dSm-1) which was followed by PBRC-37. The interaction effect of different levels of salinity 
and genotypes on different parameters (effective tillers hill-1, filled grains hill-1 and grain wt. hill-1) 
decreased slowly from control to 9 dSm-1 and then after it decreased sharply at 12 dSm-1. NERICA-
1 and PBRC-37 were relatively high yielding at 12 dSm-1 compared to other two genotypes. Flag 
leaf chlorophyll a, chlorophyll b and total chlorophyll content were high in NERICA-1 and 
NERICA-10 compared to Binadhan-8 and PBRC-37. NERICA-1 and NERICA-10 showed higher 
chlorophyll a, chlorophyll b and total chlorophyll than Binadhan-8 and PBRC-37 in all salinity 
levels showed their higher chlorophyll stability against salinity. Furthermore, NERICA-1 and 
PBRC-37 showed salt tolerance up to 9 dSm-1 where NERICA-1 and NERICA-10 showed higher 
chlorophyll stability than Binadhan-8 and PBRC-37 against salinity.  
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I. Introduction 

 
Salinity is a global problem for agriculture including Bangladesh. According to salinity survey findings, 
salinity monitoring information and interpretation of Land and Soil Resource Utilization Guide 
(Upazilla Nirdeshika, sub-district manual), about 0.170 million hectares (20.4%) new land has been 
affected by various degrees of salinity during last three decades which is increasing due to rising sea 
level (Ahsan, 2000). The staple food of Bangladesh is rice which can grow hardly in saline land due to 
adverse physiological activity in rice plant. Chlorophyll is a major component of plant which captures 
sunlight and it plays a major role to produce carbohydrate for plant by photosynthesis  (Streitweiser & 
Heathcock, 1981; Stryer, 1975). Chen & Filippis (2001) numerous physiological responses of plant to 
salt stress including cellular and whole plant responses. Structural components of plants including leaf 
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structure that undergo changes due to salinity are intimately linked to physiological and biochemical 
activities of the plant (Cushman & Bohnert, 1995; Bohnert & Jensen, 1996). The main causes of growth 
reduction under salt stress may be the unfavorable morphological structures changes in association 
with physiological modifications. Accumulation of salt in growing leaves has been correlated with 
photosynthetic reduction and with ultra-structural and metabolic damages and consequent death of 
leaves (Yeo & Flowers, 1986). Another reason for reduction in starch concentration in plant tissue is 
the direct effects of decreased CO2 assimilation caused by reduction in stomatal conductance and 
content of chlorophyll in plant tissue under salt stress (Moradi & Ismail, 2007). Chlorophyll acts as key 
component in the metabolic activities of the plant and finally to the yield. It is the major light 
absorbing pigments of the plants (Lehninger, 1982). Flag leaves play a major role in synthesis and 
translocation of photo assimilates to the rice seeds, affecting grain yield. Removal of the rice flag leaf at 
any stage after panicle emergence was reported to cause significant reduction in grain yield (Singh & 
Ghosh, 1981). About 45% of rice grain yield losses due to removal of flag leaf (Abou-Khalifa et al., 
2008). According to Mae (1997), 60–90% of total carbon in the panicles at harvest is derived from 
photosynthesis after heading, while 80% or more of nitrogen (N) in the panicles at harvest is absorbed 
before heading and remobilized from vegetative organs. The effects of salinity on chlorophyll synthesis 
and integrity seems to vary with the level of salt stress, as few reports suggested an accelerated rate of 
biosynthesis and higher concentrations during vegetative growth (Asch et al., 2000; Santo, 2004), 
however, significant differences between genotypes were sometimes observed regarding the effects of 
salt stress on chlorophyll concentration in leaves (Rout et al., 1997; Datta et al., 2009). However, 
detailed studies on genetic differences in these traits are still scanty. This article evaluated the 
variation in chlorophyll concentration in rice genotypes known to contrast in their tolerance to salt 
stress and to further investigate whether these changes are associated with tolerance. 
 
 

II. Materials and Methods 
 

A pot experiment was carried out at Bangladesh institute of Nuclear Agriculture (BINA) pot 
experiment yard with four rice genotypes viz. Binadhan-8, PBRC-37, NERICA-1 and NERICA-10 in Boro 
season 2012. The experiment was conducted following completely randomized design with four 
replications. To establish the experiment perforated pots were filled up with 8 kg well mixed soil with 
cow dung and fertilizer @ 50 N, 25 P and 25 K mg kg-1 of soil. A polythene shade was established above 
the experiment area to avoid the rain water. Eight filled pots were placed in each glass fibre tray and 
the tray was filled with water up to the neck of the pot. Sprouted three seeds were sown in each pot. 
Raw salt collected from sea shore was used to achieve the EC in the experiment. Four levels of salinity 
viz. 0, 6, 9 and 12dSm-1were imposed at maximum tillering stage and remained up to the harvest. 
Chlorophyll content was determined from the flag leaf samples at flowering stage using the method of 
Coombs et al. (1985). Chlorophyll was extracted from fresh flag leaves (0.05 g) by grinding the sample 
with 10 ml 80% acetone in a mortar. The mixture was then centrifuged at 5000 rpm for 10 minutes. 
The supernatant was collected and taken to read for absorbance at 663 and 645 nanometers. The 
amount of chlorophyll was calculated using the following formulae suggested by Coombs et al. (1985). 
 

Chlorophyll a = 12.7× D663–2.69 × D645 

Chlorophyll b = 22.90 × D645 –4.68 × D663 

Total Chlorophyll = 20.2 × D645 + 8.02 × D663 

 
Yield and yield attributes data have been collected at final harvest and analyzed statistically following 
Completely Randomized Design by MSTAT-C computer package programme developed by Russel 
(1986). The treatment means were adjudged by Duncan's Multiple Range Test (DMRT). 
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III. Results and Discussion 
 
Higher plant height, number of panicle hill-1, panicle length, 1000 grain weight resulting higher grain 
weight hill-1 in NERICA-1 which was followed by PBRC-37 and NERICA-10. Binadhan-8 recorded the 
lowest grain yield hill-1 due to lower panicle hill-1, panicle length and 1000 grain weight. NERICA-10 
and NERICA-1 produced higher unfilled grain panicle-1 than Binadhan-8 and PBRC-37 (Table 01).  
 
Plant height, total tiller hill-1, panicle hill-1, filled grain and grain wt. hill-1 decreased significantly with 
increasing salinity level except panicle length and unfilled grain panicle-1 due to the effect of different 
levels of salinity. Reduction rate of different yield contributing characters compare to control revealed 
that most of the parameters decreased slowly from control to 9dSm-1 and after that it reduced sharply 
but length of panicle  not reduce mass more up to 12dS m-1. The highest reduction rate compared to 
control was observed in grain weight hill-1 (38-77%) where the minimum in panicle length (3.25-
4.22%). The loss of potential spikelet has been attributed to a competition for carbohydrate supply 
between vegetative growth and developing panicles and among spikelet within panicle (Murty & 
murty, 1982; Zeng & Shannon, 2000b). Maas and Grieve (1990) observed reduction of spikelet and 
kernel number per spike under the influence of root zone salinity. Salinity often reduces shoot growth 
more than root growth and can reduce the number of florets per ear, increase sterility and affect the 
time of flowering and maturity in rice (Lauchli & Epstein, 1990; Khatun et. al., 1995; Lauchli & Grattan, 
2007). Results indicated that increase in salinity decreases grain yield drastically due to decrease in 
no. of panicle hill-1, filled grain panicle-1 and 1000 grain weight. High effectiveness of salinity on 
number of grains has been reported by many researchers (Beatriz et. al., 2001). The yield components 
of rice plant were seriously affected by salinity (Zeng & Shannon, 2000a). Salinity of water or soil 
decreases number of grains in panicle (Beatriz et al., 2001). Mahmood et al. (2009) studied the effect 
of salinity on rice and stated that increasing salinity significantly reduced the grain filling capacity. 
Panicle length was the highest at 9dSm-1 Binadhan-8. Thus, results revealed that NERICA-1 and PBRC-
37 were found relatively better under salinity up to 12dSm-1 with respect to yield and yield attributes. 
 
Among four genotypes, NERICA-1 and NERICA-10 had higher chlorophyll a, chlorophyll b and total 
chlorophyll than Binadhan-8 and PBRC-37 where chlorophyll a/b ratio showed higher in Binadhan-8 
and PBRC-37. Chlorophyll a, total chlorophyll and chlorophyll a/b ratio decreased with increasing of 
salinity level except chlorophyll b (Table 02). The interaction effect of genotypes and salinity levels 
also accounted significant variations at P≤ 0.01 (Figure 01). NERICA-1 measured higher chlorophyll a, 
chlorophyll b and total chlorophyll compared to control in all salinity levels where NERICA-10 as 
counted the highest content of chlorophyll a, chlorophyll b and total chlorophyll up to 9 dSm-1 and then 
it decreased at 12 dSm-1. Concentration of different chlorophyll was found higher under salt stress 
than under control condition which agreed with previous observation (Asch et al., 2000; Santo, 2004). 
Binadhan-8 and PBRC-37 measured increasing trend in chlorophyll a, chlorophyll b and total 
chlorophyll content up to 6 dSm-1 and then after it decreased. Binadhan-8 and PBRC-37 showed higher 
chlorophyll a/b ratio at all levels of salinity than NERICA-1 and NERICA-10. Islam (2001) found less 
chlorophyll b than chlorophyll a in salt affected crops and thus increased the chlorophyll a/b ratio. 
Abdullah et al. (2001) also found a significant reduction in both chlorophyll a and chlorophyll b 
content in different parts of the rice leaves at saline condition in IR 28. Earlier studies have indicated 
larger decline in total chlorophyll b content due to salinity stress in susceptible than tolerant 
genotypes of different crops (Lahiri et al., 1996). Salinity was found to enhance the chlorophyllase 
activity which results in lowering the chlorophyll content (Rao & Rao, 1981; Reddy & Vora, 1986) and 
it may also partly due to interference of salt ions with the de novo synthesis of proteins and the 
structural component of chloroplast. 
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Table 01. Effect of salinity on morphological and yield attributes at reproductive stage in 4 rice 
genotypes 
 

Treatments 
Plant 

Height 
(cm) 

Total 
tiller/hill 

(no.) 

Panicle 
/hill 
(no.) 

Panicle 
length 
(cm) 

Filled 
grain/ 
Panicle 

(no.) 

Unfilled 
grain/ 
panicle 

(no) 

1000 
grain 

wt. (g) 

Grain 
wt./hill 

(g) 

Genotypes  

Binadhan-8 76.44 d 23.88 c 11.69 c 20.79 d 73.73 a 20.65 b 20.53c 7.46c 

PBRC-37 87.13 b 27.81 a 13.13 b 21.18 b 74.3 a 19.65 c 22.06b 8.89b 
NERICA 1 90.44 a 26.5 b 13.56 a 21.61 a 70.86 b 22.38 a 22.31a 10.38a 

NERICA 10 77.66 c 24.13 c 11.69 c 20.91 c 60.9 c 22.08 a 22.13ab 8.39b 
Salinity (dSm-1) 

Control 92.22 a 28.38 a 15 a 21.5 b 89.74 a 13.09 d 25.88 a 15.15a 
6 84.94 b 26.63 b 13.13 b 20.76 c 75.07 b 13.88 c 22.01 b 9.36 b 
9 82.35 c 25.19 c 12.44 c 21.57 a 65.79 c 20.73 b 20.19 c 7.14 c 

12 72.16 d 22.13 d 9.5 d 20.66 d 49.19 d 37.06 a 18.96 d 3.46 d 
Either in genotype or in salinity, in a column figures having similar letter(s) do not differ significantly at 5% level 
of probability by DMRT. 

 
Table 02. Chlorophyll of flag leaf at flowering stage of different rice genotypes as affected by 
salinity 
 

Genotype 
Chlorophyll a  

(mgg-1fw) 
Chlorophyll b  

(mgg-1fw) 
Total Chlorophyll 

(mgg-1fw) 
Chlorophyll a/b 

Binadhan 8 1.990 b 0.686 c 2.675 c 2.905 b 
PBRC-37 1.793 c 0.602 d 2.395 d 2.985a 
Nerica 1 2.243 a 0.827 b 3.070 b 2.717 c 

Nerica 10 2.290 a 0.875 a 3.161 a 2.640 d 
Salinity Level (dSm-1) 

Control 2.105 b 0.734 c 2.838 b 2.922 a 
6 2.190 a 0.789 a 2.980 a 2.813 b 
9 2.003 c 0.742 b 2.743 c 2.714 c 

12 2.017 c 0.724 d 2.740 c 2.798 b 
Either in genotype or in salinity, in a column figures having similar letter(s) do not differ significantly at 5% level 
of probability by DMRT. 
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Figure 01. Interaction effect of Chlorophyll of flag leaf at flowering stage of rice genotypes 
against different levels of salinity (a) Chlorophyll a, (b) Chlorophyll b, (c) Total Chlorophyll and 
(d) Chlorophyll a/b. 
 
 

IV. Conclusion 
 
Results revealed that NERICA-1 and PBRC-37 appeared to be more saline tolerant compared to 
Binadhan-8 and NERICA-10. NERICA-1 and NERICA-10 were found to possess comparatively higher 
chlorophyll content in flag leaf irrespective of changes in salinity level which can be used as breeding 
material for developing high yielding salt tolerant variety. 
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