
Abstract—Salinity affects rice crop from sowing to harvesting; 
subsequently the rice area and production is decreasing with passage 
of time. The effect of salinity on rice and salinity relieving role of 
GA3 (150 ppm) was observed on two salt tolerant rice cvs. (Pokkali 
and MR219) grown in various salt concentration (0, 50, 100, 150 and 
200 mM) in glass house condition. A unit increase in salt 
concentration significantly decreased important yield components 
and consequently grain yield. Plants of MR219 grown in severe 
salinity stress (150 and 200 mM) could not initiate/form panicles and 
thus grains. However, Pokkali showed tolerance but, recorded low 
number of panicles and filled grains. Therefore, in the severe saline 
condition, GA3 could not play its salinity alleviating role, whereas, 
its impact was consistent in moderate salinity stress (50 and 100 
mM). 
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I. INTRODUCTION 
ALINITY is becoming a serious problem in several parts 
of the world limiting the productivity of agricultural crops. 
Total area under salinity is about 953 million ha covering 

about 8 percent of the land surface [1]. Approximately 6% of 
the world’s land area, which is equivalent to 800 million 
hectares, is affected either by salinity or sodicity, Thus, it is 
contributing 3 hectares of additional arable land each minute 
worldwide [2]. In addition, salinity affects 20% of the world’s 
irrigated land, which accounts for one-third of the world food 
production [3]. This progressive loss of arable land has 
potentially serious consequences for the expanding global 
population, which is steadily increasing towards seven billion, 
and set to increase by a further 50% by 2050 [4]. 

In salt affected soils, especially NaCl readily dissolves in 
water to yield the toxic ions, sodium (Na+) and chloride (Cl-) 
through inducing osmotic stress [5]. Salinity and sodicity can 
reduce plant growth and alter ionic relations by ionic osmotic 
effects and oxidative stress [6]. The reduced water potential in 
saline habitat creates the plant a two-edged problem: a 
corresponding water and ion stress.  
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The salt-resistant species often possess special features to 
remove NaCl from the cytoplasm [7], uptake, accumulation of 
Na+ and Cl- into the different plant organs is highly controlled 
[8]. Rice (Oryza sativa L.) is a salt sensitive monocot [9] and 
widely grown crop in tropical and subtropical regions [10]. It 
is one of the main staple foods for nearly two-thirds of the 
population of the world [11]. With the rapid growth in 
population, high rice consumption, degradation of soil and 
water quality around the globe have focused urgent attention to 
understand the response of this important crop towards abiotic 
stresses e.g salinity which is directly related in reduction of its 
yield [12]. The harmful effects of salinity could be corrected 
by treating plants improve crop performance under normal 
conditions.  

A few studies have, however, demonstrated the ability of 
GA3 to overcome adverse effects of NaCl stress [14].  This 
research, therefore, was conducted to determine how GA3 and salt 
tolerant rice cultivars can alleviate the adverse effects of 
varying salt concentrations for the enhancement of rice yield. 

II. MATERIAL AND METHODS 
The study conducted at the glasshouse, Universiti Putra 

Malaysia during 2010-2011. The two salt tolerant rice cvs. 
(Pokkali and MR219) were treated with GA3 (150 ppm foliar 
spray) under five salinity levels (0, 50, 100, 150 and 200 mM). 
Earthen pots (24.5cm dia. and 28cm depth) were filled with 10 
kg plough layer brought from rice growing area of Perak, 
Malaysia. Five seedlings at the age of 22 days were 
transplanted in each pot. After two weeks of transplanting, the 
solutions of 50 to 200 mM NaCl were applied and renewed 
after every 2 days. However, control (0 mM) received tap 
water. Two weeks after the inception of the salinity treatments, 
plants were sprayed with GA3 @ 150 ppm mixed with Tween-
20 (0.1%) as the surfactant at 5 pm to avoid evaporation. The 
soil was prior mixed thoroughly with urea, triple supper 
phosphate (TSP) and muriate of potash (MOP) @ 120, 70, and 
80 kg ha-1 respectively. Whole TSP and MOP, and ¼th urea 
were added during the pot preparation. The remaining urea 
was split applied during 3-leaf, active tillering, booting and 
heading stages. At harvest of crop, total number of tillers, 
panicles, filled and unfilled grains per panicle were counted. 
Same plants were used for panicle length, which was measured 
through measuring scale. The filled, unfilled and 1000 grains 
were determined by weighing them on digital top loading 
balance. The panicles were threshed for the determination of 
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grain yield per pot. The statistical analyses were performed 
using variance technique and LSD test at P≤ 0.05 to compare 
the differences among treatments means [15], using Statistical 
Analysis System software version 9.2. 

III. RESULTS AND DISCUSSION 
Panicles per plant: The comparison among the cultivars 

shown severe effect of higher salt concentration (150-200 
mM) and cultivars MR219 was not able to produce panicles, 
whereas, Pokkali recorded few panicles. In non-saline or low 
saline condition (50 mM), both the cultivars had better 
performance. Correlation between different salt concentrations 
and GA3 treatment showed more number of panicles per plant 
in GA3 treated plants. The decreasing trend in panicles per 
plant was observed noted with a unit increase in salt 
concentration without GA3 treatment. The trend analysis 
indicated salinity alleviating role of GA3 treatment and it was 
consistent in response to salt concentrations (Table 1a & Fig. 
1-i). As observed in this study, no panicle initiation occurred 
in MR219 due to severity of salt stress, which might be due to 
reduction in foliage and transportation of total assimilates to 
the growing region. Due to the differential competition in 
carbohydrate supply between vegetative growth and its low 
distribution to the developing panicles [16], reduced viability 
of pollen under stress condition, thus resulting failure of seed 
set [17]. Before the appearance of panicle, salinity affected the 
number of tillers and thus, influenced the number of panicle 
and weight from the period of three leaves to booting [18]. 
Kiani et al. [19] reported that water or soil salinity affected 
plant's function (production), the number of panicle per square 
meter, the weight of thousand grains, the number of grains 
within panicles and also harvest index.   

Panicle length (cm): The effectiveness of different salt 
concentration significantly reduced panicle length of MR219 
and Pokkali. Compared to control (tap water), the rice 
cultivars grown in saline condition (50 and 100 mM) reduced 
panicle length of MR219. However, Pokkali had satisfactory 
length of panicles in 150 and 200 mM salt concentrations. It 
has also been reported that if any cultivars is salt sensitive, 
then panicle length is significantly reduced [20]. Correlation 
between different salt concentrations and GA3 treatment 
showed declined trend of panicle length in high salt 
concentration although GA3 treatment was applied (Table 1a 
& Fig. 1-ii).  There is strong evidence that different 
concentrations of GA3 are required at different stages of plant 
growth during the plant life cycle [21]. 
 Filled and unfilled grains per panicle: The results for filled 
and unfilled grains per panicle showed that the plants grown in 
tap water or in 50 mM salt concentration equally produced 
higher filled grains in MR219 grown. Salt concentration 
beyond 100 mM inhibited reproductive stage of MR219 and 
plants could not form panicle and thus filled grains. Similar 
situation was observed in Pokkali. In contrast, unfilled grains 
were higher in higher salt concentration in both the cultivars. 
Correlation analysis showed declined trend in filled grains and 
inclined trend in unfilled grains with a unit increase in salt 
concentration. GA3 treatment enhanced filled grains per 
panicle. The reason for non-formation of more unfilled grains 

might be effect of high salt concentration which had adverse 
effect on pollen formation. In this case, GA3 showed an 
alleviating effect over salt concentrations, but its response was 
upto 100 mM salt concentration (Table 1a & Fig. 1-iii; iv). 
Similarly, adverse effects of salinity on the number of filled 
panicle were reported by several researchers [22; 23; 24; 19]. 
Plant grown in salt stress conditions, the thickness of 
assimilate conducting pathway is reduced [13], and leaves start 
behaving as sinks rather than sources [25]. This causes 
inhibition of assimilate movement towards the developing 
reproductive organs, which might be the reason for decrease in 
filled grains per panicle. On the other hand, these adverse 
effects of high salinity were alleviated by the hormone 
treatment, primarily by rejuvenation of the sink potential and 
enhancement of the duration or rate of dry mass accumulation 
in developing reproductive organs [26]. Regarding role of 
GA3, Islam et al. [27] also reported that it increased the 
number of normal kernels percentage. The reason might be the 
longer functionality of the vascular bundles in different parts 
of the panicle, which have resulted in an efficient translocation 
of photosynthates to grain formation [28]. 

Weight of filled and unfilled grains: In MR219 no data 
could be record due non-formation of panicles in the plants 
grown in 150 and 100 mM salt concentration. However, both 
MR219 and Pokkali recorded higher weight of filled grains per 
panicle when plants received tap water followed by 50 mM 
salt concentration. However, further increase in salt 
concentration (150-200 mM) significantly diminished weight 
of filled grains and increased weight of unfilled grains. 
Correlation studies for weight of filled grains per panicle 
showed declined trend in weight of filled grains with more 
weight of unfilled grains with the unit increase in salt 
concentration. GA3 treatment has salinity alleviating role and 
was consistent with various salt concentrations and supported 
plants to record increased weight of filled grains in the 
panicles (Table 1b & Fig.  v; vi). Zeng and Shannon [12] also 
reported that salinity significantly affected weight of grain per 
panicle. Clermont-Dauphin et al. [29] were also in the view 
that the number and weight of filled grains per panicle are 
most sensitive yield components to salinity. Similarly, 
Mohamood et al. [30] observed that increasing salinity 
significantly reduced grain filling capacity. In addition of 
pollen’s lifetime, its fertility decreases significantly due to 
salinity. These results agree with the results of Davies [26] and 
Magome et al. [31] stating that GA3 mediated increase in the 
number of grains. They have also demonstrated the 
involvement of gibberellins in the induction and promotion of 
flowering in many plants. 

1000 grain weight: The GA3 treatment applied in 50 and 
100 mM salt concentration had more weight of 1000 grains. 
However, plant grown without GA3 showed decreasing trend 
of 1000 grain weight. The GA3 line also indicated an 
alleviating effect over different salt concentrations and 
supported plants to record higher weight of 1000 (Table 1b & 
Fig. 2.vii). High influence of salinity on the weight of 1000 
kernels was reported by several researchers [32; 23; 33]. 
Similar results were also found by Kiani et al. [19].  that water 
or soil salinity reduced 1000 grain weight to some extent in 50 

International Journal of Chemical, Environmental & Biological Sciences (IJCEBS) Volume 1, Issue 2 (2013) ISSN 2320 –4087 (Online)

331



and 100 mM salt concentrations. In this study, GA3 treatment 
in saline condition showed salinity relieving impact and 
increased the weight of 1000 grains of both MR219 and 
Pokkali. Similarly, Liuling et al. [34] reported that a 60 mg/L 
GA3 spray to wheat plants increased grain weight. 

Grain yield per pot: Salinity stress severely affected grain 
yield of both rice cultivars. Among the tested cultivars, 
Pokkali significantly recorded higher grain yield in tap water, 
followed by 50 mM salt concentration treatment in the same 
cultivar. An increase in salt concentration beyond 100 mM, no 
grain yield was found due to non-formation of grains in the 
panicles in MR219. This condition appeared in Pokkali grown 
in 200 mM salt concentration. Correlation between GA3 and 
varying levels of salt concentrations recorded declined 
tendency in grain yield with a unit increase in salt 
concentration. In saline conditions (50 mM), GA3 treatment 
showed higher grain yield per pot. Further increase in salt 
concentration (100 to 200 mM) showed sharp decline in grain 
yield per pot, even though plants were treated with GA3. The 
zero grain yield was observed in high salt concentration (200 
mM) with or without GA3 treatment, which might be due to 
non-formation of filled grains in the panicles and thus grain 
yield record was zero (Table 1b & Fig. 2-viii).    The non-
significant influence of GA3 treatment in all the salt 
concentration treatments was observed in both MR219 and 
Pokkali rice cultivars. Although, the interaction of GA3 x salt 
concentrations was non-significant, but GA3 treatment in 
different salt concentrations slightly increased grain yield due 
to it salinity alleviating effect. Salt tolerance of plants are 
assessed either by the percent biomass production or by grain 
yield in saline versus control conditions over prolonged period 
of time [35].Developing salinity tolerance rice varieties is very 
important approach not only for increasing yields, but also for 
conquering saline soils [36].The high levels of salts can restrict 
or even scupper the rice cultivation, also by the presence of 
some elements in toxic concentrations [37]. In this study, 
decrease in grain yield could be predicted due to reduction in 
all the yield components. Zeng et al. [22] also found that in 
saline condition, grain yield per plant was reduced primarily 
by a reduction in number of tillers per plant, number of 
spikelets per panicle, and the grain weight per panicle. 
Mahmood et al. [30] observed that increasing salinity 
significantly reduced the grain filling capacity, and thus a 
significant reduction in grain yield was noted. Reports are 
available stating that salinity is a serious concern for plant 
stand and the development of yield components [12].  Salinity 
decreases number of grains in panicle and harvest index by 
diminishing grain yield [23]. Kumar and Singh [38] also reported 
a decrease in growth and grain yield due to salt stress, but GA3 
treatment increased both the growth and grain yield under salt 
stress. 

IV. CONCLUSIONS 
Salinity stress significantly affected yield components and 

ultimately yield. The severe salinity stress  (150 and 200 mM) 
inhibited most of the important yield components like panicle 
and grain number and thus plants were not able to initiate the 
panicles. In the severe salinity condition, GA3 also could not 

play its salinity alleviating role. However, both MR219 and 
Pokkali tolerated moderate salinity (50 and 100 mM) and 
application of GA3 performed better in recording higher grain 
yield.  
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Fig. 1.  Relationship between salt concentrations and salinity 
alleviation role of GA3 treatment for (i) tillers per plant, (ii) panicle 

length (cm), (iii) number of filled grains per panicle, and (iv) number 
of unfilled grains per panicle (pooled across the rice cultivars). 
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TABLE  1A.   

YIELD AND YIELD COMPONENTS OF RICE CULTIVARS UNDER THE INFLUENCE 
OF SALT CONCENTRATIONS AND GA3 TREATMENT 

Salt conc. (mM) 
X Cultivar  X GA3 

(150 ppm) 

Panicles / 
plant 

Panicle 
length 
(cm) 

Filled grains 
/ 
panicle 

Unfilled 
grains / 
panicle 

MR219+0+0 9.7 abc 21.3 abc 133.7 a 52.0 b 
MR219+0+GA3 10.7 ab 22.0 á 137.0 a 56.3 b 
Pokkali+0+0 10.0 abc 21.6 ab 123.7 abc 14.0 e 
Pokkali+0+GA3 11.3 a 22.5 á 126.7 abc 15.6 d 
MR219+50+0 7.0   de 20.3 b-e 126.3 abc 38.3 bc 
MR219+50+GA3 8.3   cd 21.0  a-d 132.3 ab 44.3 b 
Pokkali+50+0 9.0   bc 21.6  ab 107.7 cd 37.0 bc 
Pokkali+50+GA3 10.0 abc 21.8  ab 112.0 cd 41.6 b 
MR219+100+0 4.5   fg 18.3  f 111.7 cd 42.0 b 
MR219+100+GA3 5.7   ef 19.3  ef 114.7 bc 45.3 b 
Pokkali+100+0 7.0   de 21.9  ab 89.00 e 41.3 b 
Pokkali+100+GA3 8.7   c 21.5  ab 94.00 e 48.0 b 
MR219+150+0 0.00 i 0.00  g 0.00  g 0.00 d 
MR219+150+GA3 0.00 i 0.00  g 0.00 g 0.00 d 
Pokkali+150+0 6.0  ef 19.6 def 56.7 f 59.6 b 
Pokkali+150 +GA3 6.7  de 20.0 cde 63.7 f 61.3 b 
MR219+200+0 0.00 i 0.00 g 0.00 g 0.00 d 
MR219+200+GA3 0.00 i 0.00 g 0.00 g 0.00 d 
Pokkali+200+0 2.2   h 18.4 f 0.00 g 108.7 a 
Pokkali+200+GA3 3.3   gh 19.0 ef 4.68 g 115.3 á 
SE       0.5529      0.474      5.834  8.244       
LSD 5% 1.580      1.357      16.67      23.56      

 
TABLE 1B 

 YIELD AND YIELD COMPONENTS OF RICE CULTIVARS UNDER THE INFLUENCE 
OF SALT CONCENTRATIONS AND GA3 TREATMENT  

Salt conc. (mM) 
X Cultivar  X 

GA3 (150 ppm) 

Wt. of  
filled 
grains /  
panicle 
(g) 

Wt. of  
unfilled  
grains /  
panicle   
(g) 

Seed index 
(1000 grain 
wt.) 
(g) 

Grain  
yield 
per 
pot 
(g) 

MR219+0+0 2.487 ab 0.29  a-e 25.3 a 59.3 bc 
MR219+0+GA3 2.820 a 0.33 abc 25.7 a 63.2 bc 
Pokkali+0+0 2.350 ab 0.04 ef 23.0 c 198.4 a 
Pokkali+0+GA3 2.760 a 0.07 c-f 24.3 ab 206.7 a 
MR219+50+0 2.273 ab 0.32 a-d 21.8 c 56.9 bc 
MR219+50+GA3 2.363 ab 0.42 a 22.6 c 60.6 bc 
Pokkali+50+0 1.850 abc 0.05 def 19.3 d 75.1 b 
Pokkali+50+GA3 2.183 ab 0.39 ab 21.7 c 74.6 b 
MR219+100+0 2.153 ab 0.14 b-f 18.0 d 20.7 bc 
MR219+100+GA3 2.360 ab 0.20  a-f 19.5 d 25.1 bc 
Pokkali+100+0 1.267 c 0.09 c-f 13.9 f 18.5 bc 
Pokkali+100+GA3 1.490 abc 0.15 a-f 16.9 e 25.6 bc 
MR219+150+0 0.00  d 0.00 f 0.00 h 0.00 c 
MR219+150+GA3 0.00  d 0.00 f 0.00 h 0.00 c 
Pokkali+150+0 0.85  cd 0.13 b-f 7.6  g 4.49 c 
Pokkali+150 +GA3 1.06  cd 0.16  a-f 8.9  g 5.84 c 
MR219+200+0 0.00  d 0.00 f 0.0  h 0.00 c 
MR219+200+GA3 0.00  d 0.00 f 0.0  h 0.00 c 
Pokkali+200+0 0.00  d 0.18 a-f 0.00 h 0.00 c 
Pokkali+200+GA3 0.02  d 0.22 a-f 0.00 h 0.00 c 
SE       0.436      0.082 0.603      19.75 
LSD 5% 1.246      0.233 1.722      56.44      
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Fig. 2 Relationship between salt concentrations and salinity 
alleviation role of GA3 treatment for (v & vi) wt. of filled and un 

filled grains (g) per panicle (vii) 1000 grain wt (g), and (viii) grain 
yield (g) per pot (pooled across the rice cultivars). 
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