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Abstract:

ackground: Salinity is among the most damaging abiotic stresses for rice production which
limits its growing area. The present research was conducted to evaluate five rice varieties for
salinity tolerance at seedling stage.
Methods: Experiment was conducted in triplicate and in two sets. One set was grown as a control
(non-stress) and other as salt stressed. Salt stress of 15 dS/m was applied to one set of rice seedlings
under controlled conditions. Data for different growth related morpho-physiological traits, i.e.
germination percentage, root and shoot length, seedling fresh and dry weight, Na* and K*uptake were
recorded after 15 days of seedling emergence under control as well as salinity condition.
Results: Significant differences were observed among the genotypes under both the treatments and
interaction of the evaluated traits suggested a significant variability among the rice genotypes under
salt stress. NIAB-IRRI-9, Basmati-198 and KSK-133 were proved to be relatively salt tolerant varieties
as they showed good performance for the recorded parameters. However, Basmati-385 was observed
a salt sensitive variety due to highest reduction in seedling fresh and dry weight along with the
maximum Na+ uptake.
Conclusion: Based on obtained results, it was concluded that the evaluated morpho-physiological
traits were useful to screen rice cultivars for salinity stress. In addition, NIAB-IRRI-9, Basmati-198
and KSK-133 can be used in breeding programs as tolerant check and Basmati-385 can be used as
sensitive check.
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Introduction

Rice is an imperative cereal crop of Pakistan and
cultivated on an area of 2.891 million hectares with a
production of 7.005 million tonnes and average yield of
2,423 Kg/Ha [1]. In Pakistan, rice is the second largest
cereal food crop and a major export commodity. Its
exports earned foreign exchange of US$ 1.53 billion
during July-March 2014-15 [2].

Salinity is amongst the foremost challenges faced by
agriculture [3]. More than 30% of arable land is affected
by salts stress that limits the distribution and
productivity of crops [4,5]. High salinity injects Na+ or
Cl- in plants and causes necrosis and burning of leaf tips
[6]. Salinity limits the germination of seed, survival of
seedlings and giving rise to uneconomical crop stand
[7]. Higher level of salinity reduces the shoot weight,
number of leaves, plant height, root length and surface
area of roots [8,9].

Rice is a salinity sensitive crop, but the level of salinity
tolerance varies in different varieties of rice [10]. The
extent of salinity varies depending upon the plant
growth stage. In most of the cultivars, more damage is
done at germination and early growth stages [11],
indicating that salinity has negative effect on plant early
growth stages. It also affects the germination time, root
index, root and shoot length [12, 13].

In salt stress, sodium ions enter the plant cell and causes
ionic stress to plant [14, 15]. Since plants cannot move
from one place to another to mitigate salt stress so
nature has gifted them with different mechanisms of
salinity tolerance. Na* to K* ratio confers salt tolerance
in rice [16]. Under saline conditions when there is a
higher level of Na+ present in the root zone, plant alters
its ion uptake and tolerant genotypes maintain a lower
ratio of Na* to Ca’, Mg" and high level of K* while
susceptible genotypes could not maintain it [17].
Screening on the basis of these parameters can provide
plant material that has the ability to tolerate stress and
give better yield under saline conditions.

Primary objective of this study was to assess the response
of different growth parameters in five rice varieties
against salt stress. Secondary objective of this study was
to identify salt tolerant rice varieties on the basis of
seedling based morpho-physiological characters.

Methods

Five genotypes of Basmati rice were sown in the
greenhouse of Department of Plant Breeding &
Genetics, University of Agriculture, Faisalabad, Pakistan
during the growing season of 2013-2014 to find out the
effect of salinity stress on various growth related
morphological parameters of rice.

Mean minimum and maximum temperature in the
green house was maintained by electric heaters during
day and night time at 25-32°C respectively. Seeds of two
sets were grown in plastic pots filled with sand in the
completely randomized design (CRD) in triplicate (15
seeds per replication). Salt stress of 15 dS/m was applied
to one set of pots. The other set was treated as control.

The genetic material, i.e. NIAB-IRRI-9, KSK-133, Super
Basmati, Basmati-185 and Basmati-198 used in research
was collected from Department of Plant Breeding &
Genetics, University of Agriculture Faisalabad, Pakistan.
Seedling growth response of 15 days old seedlings was
assessed on the basis of different growth related traits,
including germination percentage, root and shoot
lengths, seedling fresh and dry weight, dry matter
percentage, Na" and K* uptake. Root length (cm) was
measured from the root-shoot joint to the end of root tip
with the help of measuring tape. The average data of
different parameters were calculated. Shoot length (cm)
was measured from the root-shoot joint to the upper tip
of leaf with the help of measuring tape. Root-Shoot
length ratio was computed by dividing the root length
by shoot length. Seedling fresh weight (SFW) was
recorded immediately after harvesting to avoid
evaporation. For dry weight (g) estimations, pre-
weighted seedlings were kept at 90°C in brown paper till
complete drying. Seedling dry weight (SDW) was
and K
concentration (mg g' dry weight) of shoot was

measured after complete drying. Na*
determined from a 0.5 g dried digested sample using a
flame photometer (Jenway PFP-7). The experiment was
conducted under completely randomized fashion with
three repeats. The differences between genotypes for the
recorded characters were tested for significance using
standard techniques of Analysis of variance (ANOVA)
by using Statistix 8.1 program. Tuckey’s test at 5% level
of probability was used to test the differences among
mean values [18].
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Results

Mean squares extracted from Analysis of variance at
seedling depicted considerable range and variability for
all the studied traits among the five rice varieties grown
under control and saline conditions (Table 1). The
statistical analysis also showed significant differences for
genotype x environment interactions for different
recorded parameters (Table 1).

Germination percentage was decreased under salt stress
in the genotypes NIAB-IRRI-9, KSK-133 and Basmati-
385 while it was high in Super Basmati and Basmati-198
(Fig. 1A). Highest reduction in germination percentage
was observed in the genotype KSK-133 (34%) followed
by Basmati-385 (27.67%) under salt stress while a little
reduction in germination percentage was observed in
NIAB-IRRI-9 (5%).

Treatment GP RL SL
Control 76.80a 4.62a 9.77a
Salinity 8.40b 3.80b 9.84a
NIAB-IRRI-9 81.83a 4.70a 12.13a
KSK-133 66.33b 4.57a 9.05bc
Super-Bas 67.83b 4.24a 7.91¢
Bas-385 63.50b 3.80a 10.88
Bas-198 83.50a 3.75a 9.05bc
G X E *% *% *%

S.0.V GP RL SL SFW

13 523.3* 1.12% 16.93* 0.007*
G 529.2* 5.00* 0.03™ 0.006*
G*E 330.03* 1.54* 4.70* 0.003*

Where *=significant, ns=non-significant, E= Growing environment, G= Genotypes, G*E = Interaction between genotypes
and environment, GP= Germination percentage, RL= Root length, SL= Shoot length, SFW= Seedling fresh weight, SDW=
Seedling dry weight, R/S= Root to shoot ratio, Na*= Sodium uptake, K*= Potassium uptake

Table 1: Mean squares of rice genotypes for various morpho-physiological parameters under control and salinity

SFW

0.11a
0.08b

0.10b
0.16a
0.09b
0.08b
0.07b

*%

Where GP= Germination percentage, RL= Root length, SL= Shoot length, SFW= Seedling fresh weight, SDW= Seedling dry
weight, R/S= Root to shoot ratio, Na*= Sodium uptake, K*= Potassium uptake

Means sharing same letters are statistically alike at 5% probability
** = Significant at both the levels (P < 0.01 and P < 0.05; NS = Non-significant

Table 2: Combined effects of growing environments on growth parameters of different rice genotypes

SDW R/S Na* K*
8.67* 0.04* 5000.39* 434.99%
8.00* 0.06* 458.72* 78.93*
4.09* 0.008* 937.09* 351.19*

SDwW R/S Na* K*
0.04a 0.49a 37.06b 21.46b
0.03b 0.40b 44.88a 24.70a
0.03a 0.39b 30.51c 22.30b
0.04a 0.52ab 14.32¢ 30.99a
0.04a 0.56a 83.40a 31.48a
0.04a 0.36b 57.03b 11.09¢
0.03a 0.42ab 19.62d 19.55b
ok NS ok %

Germination Percentage
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Figure 1 (A): Comparison of means under control and salt stress for Germination percentage
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Figure 1 (B): Comparison of means under control and salt stress for Root Length
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Figure 1 (C): Comparison of means under control and salt stress for Shoot Length
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Figure 1 (D): Comparison of means under control and salt stress for Root/Shoot length ratio
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Figure 2 (A): Comparison of means under control and salt stress for Seedling Fresh Weight
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Figure 2 (B): Comparison of means under control and salt stress for Seedling Dry Weight (g)
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Figure 2 (C): Comparison of means under control and salt stress for Na* concentration
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Figure 2 (D): Comparison of means under control and salt stress for K* concentration

Root length was generally reduced under salinity stress
in all genotypes except Basmati-198 (Fig. 1B). Highest
percent reduction in root length was observed in
genotype NIAB-IRRI-9 (40.66%) under salt stress
followed by KSK-133 (25%) and highest root length (5.9
cm) was also observed in the same genotype NIAB-
IRRI-9 under control (Fig. 1B). Similarly, significant
differences were observed among the genotypes for
shoot length (Fig. 1). Highest shoot length was observed
in the genotype NIAB-IRRI-9 under control (13.5 cm)
and saline conditions (10.8 cm) while lowest shoot
length was observed in Super Basmati under control

@ Advancements in Life Sciences | www.als-journal.com | August 2015 | Volume 2 | Issue 4

(7.4 cm) and saline conditions (10.5 cm). In the present
study, significant variation was observed among the
genotypes for root/shoot ratio under salt stress as
compared to control (Table 2). Root/shoot ratio was
decreased under salt stress in all genotypes except
Basmati-385 (sensitive variety). Highest root/shoot ratio
under control condition was observed in Super Basmati
(0.62) followed by KSK-133 (0.61).

SFW was reduced in all genotypes under salt stress
except Basmati-198 (Fig. 2A) and statistically significant
differences were observed for fresh weight under salt
stress as compared to control (Table 1).
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Highest reduction in SFW under salt stress was observed
in genotype Basmati-385 (54.5%) followed by Super
Basmati (20%). Seedling dry weight was reduced under
salt stress in all genotypes except KSK-133 (Figure 2)
and significant variation was observed among all the
genotypes (Table: 1). Highest SDW was observed in
Basmati-385 (0.06 g) under control conditions. Highest
reduction (66.66%) in SDW was also observed in the
genotype Basmati-385followed by Super Basmati (60%)
under salt stress.

Significant differences were observed among the
genotypes for Na* uptake under salt stress (Table: 1, Fig.
2). Highest Na* concentration was observed in the
genotype Basmati-385 and it was 142% higher under salt
stress as compared to control while lowest Na* uptake
was observed in the genotype KSK-133 under saline
conditions. In the current study, significant variation for
K* uptake was observed in all genotypes (Table: 1). K*
uptake was increased under salt stress in the genotypes
NIAB-IRRI-9, KSK-133 and Basmati-385 while it
decreased in Super Basmati and Basmati-198 (Fig. 2).

Discussion

Agriculture in Pakistan is facing multiple problems
regarding yield and other factors [19-22]. Different
strategies are also showing up against those problems
[23-25]. Salinity has been one of the major abiotic stress
in agriculture and limiting crop growing area and
production worldwide [26]. Rice crop is sensitive to
salinity particularly during the seedling growth stage
[27]. Therefore, screening of rice for salinity tolerance at
seedling stage is important for the improvement of rice
production under saline environment [28]. Effect of salt
stress on different seedling based growth parameters was
reported in different crops [29-31].

In the present study, GP was decreased under salt stress
in the genotypes NIAB-IRRI-9, KSK-133 and Basmati-
385. The results of this study were in agreement with
previous studies [7,12,13] that germination percentage
was seriously affected by salt stress especially in salt
sensitive genotypes. However, it was reported that GP is
not a single good criteria for assessing salinity tolerance
because germination depends upon several other factors
like storing conditions and temperature of seeds and
time of harvesting, etc. [31].

Root is the organ which has direct contact with salt
solution and thus it can be a good selection criteria for
salinity tolerance [32]. In present study, RL was
generally reduced under salinity stress in all genotypes
except Basmati-198.Previously, the decrease in RL was
reported under salt stress in rice [13] and wheat [32]. In
the current study, significant differences were observed
among the genotypes for SL. Various studies [12,13]
have reported the salt stress induced decrease in shoot
length in rice particularly in salt sensitive cultivars.

In the present investigation, significant variation was
observed among the genotypes for root/shoot ratio
under salt stress as compared to control. Root/shoot
ratio was decreased under salt stress in all genotypes
except Basmati-385. Thus, it can be suggested that
root/shoot length ratio has negative relation with salt
tolerance in rice.

High salinity level causes reduced plant growth [33,34]
which ultimately leads to reduced SFW. A similar
response was observed in the current investigation that
SFW was reduced under salt stress in all genotypes
Basmati-198 and
differences were observed for SFW under salt stress as

except statistically ~ significant
compared to control. The current findings agreed with
previous studies [35,36] that salinity reduces the fresh
weight of rice seedlings. Since Basmati-198 was observed
to be a salt tolerant variety and it also maintains high
SFW under salinity. Thus it can be logically inferred that

SEW is a good indicator of salt tolerance.

NaCl stress leads to the reduction in SDW [32]. In the
present study, SDW was reduced under salt stress in all
genotypes except KSK-133 and significant variation was
observed among the genotypes. However, SDW was
least affected in NIAB-IRRI-9 and Basmati-198.Similar
response of rice genotypes was also observed for SDW
under salt stress by other researchers [13] and it was
mentioned that salt stress induced decrease in SDW in
several other crops [29,37,38].

High salinity injects Na* or Cl" in plants which mark
them with necrosis and leaf tip burn [6]. There was a
variable response to Na* uptake by different genotypes
and tolerant genotypes showed less Na" uptake than
sensitive ones [17]. In the present study, significant
differences were observed among the genotypes for Na*
uptake under salt stress (Table: 2, Fig. 2). Highest Na*
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concentration was observed in the genotype Basmati-
385 while lowest Na' uptake was observed in the
genotype KSK-133 under saline conditions. Thus, it can
be inferred that high Na* uptake is related to salt
sensitivity. While K* uptake was increased under salt
stress in the genotypes NIAB-IRRI-9, KSK-133 and
Basmati-385 and it was decreased in Super Basmati and
Basmati-198 (Fig. 2). It was reported that high K+
uptake compensate the deleterious effects of Na* ions in
rice [16].

As limited information is available on the screening of
Basmati rice germplasm against salinity stress at
seedling stage, so this new information may be helpful
to devise a breeding strategy against this menace. Based
on the performance of recorded parameters under saline
conditions the genotypes NIAB-IRRI-9, Basmati-198
and KSK-133 were proved to be relatively salt tolerant
and these can further be evaluated in saline areas. Also
the highest reduction in seedling fresh and dry weight,
maximum Na' uptake and increased ratio of root/shoot
length indicates the salt sensitivity of Basmati-385. It is
that these
physiological parameters were proved to be effective and

suggested seedling based morpho-

this methodology can be used to screen large rice
germplasm for salt tolerance at an early growth stage in
a cost effective manner.
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