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Abstract: Salinity is one of the major environmental factors limiting growth and productivity of rice plants. This
study was designed to analyze the effects of salinity on plant growth and yield components of rice at different
growth stages. A greenhouse experiment was conducted in Rasht, North of Iran during 2010 growing season
to determine the effect of different salinity levels on some yield components. Treatments were four levels of
saline water with electrical conductivities at 2, 4, 6 and 8 dS m™' and four growth stages: tillering, panicle
initiation, panicle emergence and ripening. The experimental design was a complete block design with three
replications. Results showed that increase in water salinity significantly decreased panicle length, number of
filled grains per panicle and panicle weight but effect of different salinity levels on number of grains per panicle,
number of empty grains per panicle, number of spikelets per panicle and panicle sterility was not significant.
Control treatment irrigated by fresh water (at 1 dS m™") had the longest panicle length, most number of filled
grains per panicle and most panicle weight and after that were salinities of 2, 4, 6 and 8 dS m™". In different
growth stages of rice, all yield components were different; so that different growth stages had different
sensitivity to salinity. Primary growth stages, it means tillering and panicle initiation showed more sensitivity
to salinity than final growth stages (panicle emergence and ripening). Therefore, irrigation with saltwater at the

final growth stages of rice, has less negative effect on the plant growth.
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INTRODUCTION

In recent years, salinity concerns are increasing in
rice (Oryza sativa L.) producing areas of Iran, where direct
water-seeded system is dominant. Soil salinity is a major
limitation to agricultural productivity in many parts of the
world, especially in arid and semi-arid areas [1, 2].
Salinity inhibits plant growth by lowering soil water
potential, causing ion toxicity and ionic imbalance within
the tissues [1-3]. Ion concentration in leaves, an important
parameter for assessing salt damage, depends on ion
uptake, translocation and plant growth. Plant growth
vigor, e.g. plant height or shoot biomass, was reported to
have dilution effects on sodium accumulation in leaves of
rice [4, 5]. Salinity appears to affect two plant processes:
water relations and ionic relations. During initial exposure
to salinity, plants experience water stress, which in turn
reduces leaf expansion. During long-term exposure to
salinity, plants experience ionic stress, which can lead to
premature senescence of adult leaves and thus a

reduction in the photosynthetic area available to support
continued growth [6, 7]. Salinity also causes imbalance of
the cellular ions, resulting in ion toxicity [8-11].

The negative response of plants to low water
potential may prevail in saline soils, while single ion
toxicity or nutritional unbalance maybe particularly severe
in sodic soils [12]. A metabolic adaptation to low water
potentials is increased cell osmotic pressure, which can be
achieved through the accumulation in the cytoplasm of
osmotic compatible solutes, such as sorbitol, mannitol
and proline. Osmolytes in halophytes include uptake
ions so that halophytes need to divert less energy to
the production of osmotic compatible solutes [13, 14].
Most plants suffer salt injury at concentration equivalent
of electrical conductivity of the soil saturation extract
(EC,) of 4 dS m™" or higher. At such a level of salinity,
plant growth is restricted even though enough water may
be present in the root zone [15]. Plants under saline
conditions show alterations in physiological processes.
This involves diversion in photosynthesis, respiration
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and hormonal regulation, accumulation of solutes as
well as various defense and adaptive mechanisms
regulated at the molecular level including gene expression
[16]. Crop yields start declining when pH of the soil
solution exceeds 8.5 or ECe value goes above 4 dS m™".
At higher ECe values the crop yields are reduced so
drastically that crop cultivation is not economical without
soil amendments [17]. In halophyte, or tolerant plants,
there are several defense mechanisms, such as
osmoregulation, ion homeostasis, antioxidant and
hormonal systems, which help plants to stay alive and
continue developing, prior to their reproductive stages
[18-22]. Sugars are compatible solutes which accumulate
in plant tissues that are exposed to abiotic stresses, such
as, water deficit, extreme temperatures and salt stress.
The accumulation of sugars may play an important role in
the plant defensive mechanisms of osmoregulation and
energy preservation [23-25]. Most of our crops are
salt-sensitive. Consequently, salinity is an ever-present
threat to agriculture, especially in areas where secondary
salinisation has developed through irrigation or
deforestation [26]. Different plant species under
halophytic group through evolution have adapted to
cope with salinity stress. Adaptive potential of the
cereal crop to salt stress is very insignificant for their
culture in the salt affected land [27].

To cope with the detrimental effects of salt stress,
plants have evolved many biochemical and molecular
mechanisms. Some of the biochemical strategies are (i)
selective buildup or exclusion of salt ions, (ii) control of
ion uptake by roots and transport into leaves, (iii) ion
compartmentalization (iv) synthesis of compatible
osmolytes, (v) alteration in photosynthetic pathway, (vi)
changes in membrane structure, (vii) induction of
antioxidative enzymes and (viii) stimulation of
phytohormones [28, 29].

Rice fields often lack drainage facilities, or drain from
one field to the other, thus building up salt levels during
the season. Salt stress may, therefore, occur throughout
the growing season and may coincide with susceptible
growth stages of the rice crop [30, 31]. Rice has been
identified as a salt susceptible and water deficit
susceptible plant species, demonstrating negative effects,
including, leaf necrosis, burning, stunting, flower sterility
and yield loss [16, 19, 32, 33]. One important deleterious
effect of elevated salinity is leaf senescence; young
seedlings and plants at the flowering stage seem to be
more sensitive than those at more mature growth stages
[34]. Differential sensitivity during growth stages is one
of the major issues in the management of saline water for
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irrigation [35]. Many reports of rice showed effects of
salinity at early stage. Lutts et al. [34] reported that rice is
more sensitive to salinity at the reproductive stage, but
the reason is poorly known. Rice belongs to be very salt
sensitive plant species during the early seedling stage,
gains resistance during vegetative growth and again
becomes sensitive during pollination and fertilization
[16, 36].

Although rice is one of the most important food
crops in the world, both economically and nutritionally, it
ranks among the most sensitive to salinity [37, 38].
Salinity affects irrigated rice in various ways. Germination
can fail or may be delayed, crop establishment, dry matter
production and leaf area development may be
decreased, seed set can decrease and sterility increase
[31, 39]. It has been well documented that salinity affects
rice seedling growth and decreases seedling
establishment [32-34]. Salinity also affects rice grain yield
and yield components such as spikelet number and tiller
number [40]. A wide range of variation in stress responses
due to salinity between and within rice varieties has been
reported [5]. Asch and Wopereis [31] studied the effect of
field-grown irrigated rice cultivars to varying levels of
floodwater salinity and reported that floodwater electrical
conductivity (EC) reduced germination rate for the most
susceptible cultivar by as much as 50% and yield by 80%
for the highest salinity level imposed. Also, Salinity
strongly reduced spikelet number per panicle, 1000 grain
weight and increased sterility, regardless of season and
development stage. Ceuppens et al. [41] and Ceuppens
and Wopereis [42] conducted thousands of soil salinity
measurements in the delta to investigate the relation
between cropping system and soil salinity. Their results
illustrated that rice cropping reduced soil salinity, even
when practised without drainage, due to the effect of the
ponded water layer on the soil surface in irrigated paddy
fields, blocking capillary rise of salts from the saline water
table.

The objectives of this study were to determine the
effects of salt levels and stress durations on some yield
components of rice and reciprocal effectiveness of
different level of salinity and growth stages on these
factors.

MATERIALS AND METHODS

In order to study about the influence of irrigating
water salinity in different growth stages of rice
(Oryza sativa L.), Hashemi cultivar, a greenhouse
experiment was conducted from May to July 2010 at the
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Rice Research Institute, Rasht, Iran. The region altitude is
32 meter and its geographical coordinates is latitude
37° 12' N and longitude 49° 38' E. This study aimed to find
the influence of salinity on rice growth and the best time
to irrigate with saline water.

The experiments were laid out in a two factorial
arrangement in a randomized complete block design and
replicated three times. Treatments in this research had
four levels of saline water: 2, 4, 6, 8 dS m™" and it had four
times to impel salinity: tillering stage (vegetative), panicle
initiation (reproductive), from panicle emergence to the
end of flowering stage (panicle emergence) and from the
end of flowering stage to harvesting stage (ripening
stage). In addition of the treatments of the project, a
treatment with ordinary water (EC<1 dS m™) conducted
in all growth stages.

Dates of rice cultivation stages in the considered
project were: date of transplanting, May 23, date of
impelling salinity in tillering stage, June 6, date of
impelling salinity in panicle initiation, June 17, date of
impelling salinity in panicle emergence, June 27, date of
impelling salinity in ripening stage, July 23. To conduct
the experiment, 3 transplants provided in normal condition
were cultivated in pots with diameter and deepness of
25 cm. During 7 days after transplanting, all treatments
were irrigated with ordinary water. Then, treatments of the
project started by flooded irrigation in 5 cm height of
water. After each growth stage, leaching with ordinary
water was done and irrigation with ordinary water
finished. All agricultural operations conducted commonly
and equally in the region.

Considered salinities provided using pure NaCl and
CaSO, in ratio of 2:1. To provide different salinities, basic
water was provided firstly. 100 liters of ordinary water
(EC<1 dS m™") was mixed with 425 g NaCl and 215 g
CaSO, to provide basic water. To provide 2 dS m™
salinity, 10 liters of basic water was mixed with 90 liters
ordinary water. 4 dS m™' salinity provided with 35 liters
basic water and 65 liters ordinary water. 6 dS m™ salinity
provided with 60 liters basic water and 40 liters ordinary
water. Finally, to provide 8 dS m” salinity, 86 liters basic
water was mixed with 22 liters ordinary water.

Fertilizer was given to the treatments on the May 26
and June 24. Fertilizer was a mixed of 6 kg urea
(with 46% N), 8 kg potassium sulfate (with 50% K,0)
and 6 kg triple super phosphate (with 46% P,0;) which
was added to treatments adequately. There was a leaching
stage with ordinary water to prevent accumulation of salt
on the July 21. After crop is ripped, agricultural traits such
as panicle length, number of grains per panicle, number of
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filled grains per panicle, number of empty grains per
panicle, number of spikelets per panicle, panicle sterility
and panicle weight were measured.

The obtained data of yield components were
statistically analyzed using SAS computer software [43].
The Duncun's multiple range test was also performed to
identify the homogenous sets of data.

RESULTS AND DISCUSSION

Panicle Length: Results in variance analysis (Table 1)
showed that different growth stages had different
sensitivity to salinity and effect of different growth stages
and also effect of different salinities on panicle length was
significant (P<0.01). High effectiveness of salinity on
length of rice panicle has been reported by many
researchers [44]. Soil salinity is a major environmental
stress that adversely affects plant growth and metabolism.
Salt salinity affects plant physiology through changes of
the water and ionic status in the cells [7, 18, 45, 46].
With regard to the conclusions of panicle length
comparison (Table 2), control treatment irrigated by fresh
water (at 1 dS m™") had the longest panicle length, i.e.
24.95 cm; after which the longest panicle length belonged
to treatments of 2, 4, 6 and 8 dS m™', respectively. These
conclusions show that increase in water salinity
decreases length of rice panicle. The least panicle length
was 19.68 cm which obtained at 8 dS m™' salinity which
had 21% decrease in compare with control treatment.
Panicle length, spikelet number per panicle and grain yield
were significantly reduced after salt treatments [40, 47].
In different growth stages of rice, length of rice
panicle was different; the longest panicle length belonged
to ripening (23.54 cm) and the shortest length belonged to
tillering stage (19.53 c¢m). Tillering and panicle initiation
were the most sensitive stages to salinity, so that panicle
length was 19.53 and 20.00 c¢m in tillering and panicle
initiation respectively after which panicle emergence and
ripening were placed with panicle length of 23.37 and
23.45 cm respectively. Considering effectiveness on
panicle length, ripening stage showed the least sensitivity
to salinity and after that were panicle emergence, panicle
initiation and tillering stages, respectively. Generally,
initial growth stages of rice, i.e. tillering and panicle
initiation, had more sensitivity to salinity in compare with
final growth stages, i.e. panicle emergence and ripening.
Asch and Wopereis [31] reported that among the
particularly sensitive stages investigated here, the early
reproductive stage, i.e. during 2 weeks around panicle
initiation was more affected than flowering or seedling
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Table 1: Analysis of variance for yield components as affected by salinity levels at different growth stages

Panicle  Number of grains ~ Number of filled =~ Number of empty =~ Number of spikelets Panicle Panicle
Sources of variation length per panicle grains per panicle  grains per panicle  per panicle sterility weight
df Mean squares
Replication 2 2.19 23.3™ 154.99 4.23 0.63™ 323.32m 0.15"
Growth stages (GS) 3 54.93" 610.82" 1028.65" 373.88™ 217 1211.83"  0.98™
Salinity levels (SL) 3 21.39™ 216.93™ 350.90™ 17.46™ 1.31™ 154.77™ 0.29™
GS x SL 9 6.15™ 73.65™ 115.86™ 38.95™ 0.69™ 416.94™ 0.12
Error 3 2.80™ 79.90™ 74.53" 1456.00™ 0.63™ 253.46™ 0.04"
CV% 7.74 19.25 25.01 50.11 14.72 82.10 21.93
Note: * and ** respectively indicate significance at 5% and 1% levels; ns: nonsignificant
Table 2: Mean comparison of salinity levels at different growth stages affected on yield components of rice
Number of Number of filled Number of empty Number of spikelets ~ Panicle Panicle
Panicle length  grains per panicle grains per panicle  grains per panicle per panicle sterility weight
Salinity levels (dS/m)
2 22.65a 49.21a 37.77a 13.15a 5.6la 14.63a 0.96ab
4 22.34a 48.98a 39.73a 13.07a 5.62a 20.56a 1.10a
6 21.77a 47.39a 32.98ab 15.65a 5.44a 19.18a 1.03a
8 19.68a 40.17a 27.61b 13.74a 4.92a 23.47a 0.74b
Growth stages
Tillering 19.53b 38.41c 29.34b 10.50b 4.98a 19.43a 0.74b
Panicle initiation 20.00b 42.64c 24.13b 2191a 5.08a 33.59a 0.68b
Panicle emergence 23.37a 50.94ab 42.90a 9.70b 5.71a 10.99b 1.17a
Ripening 23.54a 53.76a 41.74a 13.49 5.81a 13.84b 1.24a
Control 24.95 52.95 44.92 23.19 5.63 4.36 1.11

The same letters are not significantly different in each column (p<0.05) by Duncan's test

stage, particularly in  the hot dry season.
Vegetative growth in rice is less affected than grain
production [16, 39].

In a comparison of reciprocal effectiveness of
different level of salinity and growth stages, it was found
that the highest panicle length was 24.95 cm in control
treatment and the shortest panicle length was15.52 cm in
tillering at 8 dS m™' salinity.

Number of Grains per Panicle: With regard to the
conclusion of variance analysis (Table 1), effect of
different growth stages on number of grains per panicle
was significant (P<0.01) but effect of different levels of
salinity was not significant (p<0.05). High effectiveness of
salinity on total grains of rice has been reported by many
researchers [48]. Primary branches per panicle, panicle
length, spikelets per panicle, number of filled spikelets and
seed weight per panicle were significantly reduced by
salinity [40].

Conclusions obtained by comparison of number of
grains per panicle (Table 2) showed that control treatment
by fresh water irrigation (at 1 dS m™' salinity) had the
most number of grains per panicle, i.e. 52.95 after which
were treatments of 2, 4, 6 and 8 dS m™' salinity; however

there was not any significant difference between these
treatments. The least number of grains per panicle was
40.17 in treatment at 8 dS m™" salinity which has 24%
decrease in compare with control treatment. Therefore,
high salinity decreased total grains per panicle of rice.
Number of grains per panicle was different in different
growth stages of rice.

The most number of grains per panicle was 53.76 in
ripening stage and the least average was 38.41 in tillering
stage. Tillering stage was the most sensitive to salinity
after which were panicle initiation (42.64), panicle
emergence (50.94) and ripening (53.76). Therefore initial
stages of plant growth had more sensitivity to salinity but
the final stages were more resistant. Seedlings and the
reproductive stages are very sensitive to salinity, while
germination is relatively tolerant [11, 35, 49]. Zeng and
Shannon [49] showed that salinity caused a significant
reduction in seedling growth very soon after planting.

With regard to Fig. 1, which surveys reciprocal effect
of different levels of salinity on growth stages, the most
number of grains per panicle which was 56.42 belonged to
ripening stage at 2 dS m™' salinity and the least average
which was 27.72 belonged to tillering stage at 8 dS m™
salinity.
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Number of Filled Grains per Panicle: Conclusions of
variance analysis of number of filled grains per panicle
(Table 1) showed that different growth stages of rice
showed different sensitivity to salinity. Effect of different
growth stages and also different levels of salinity on
number of filled grains per panicle was significant
(P<0.01). Similar conclusions have been reported by other
researchers [48]. Lots of regions in north of Iran are
affected by salinity due to different reasons such as
proximity to sea.

Conclusion of mean comparison of number of filled
grains per panicle (Table 2) showed that control treatment
irrigated by fresh water (1 dS m™") had the most number of
filled grains per panicle (44.92) and then treatments of 2,
4 and 6 dS m™' salinity placed in the same statistical class
which respectively showed the following average amount
of filled grains per panicle: 37.77, 39.73 and 32.98. The
least number of filled grains per panicle amounted 27.61,
was observed at 8 dS m™" which showed 38% decrease in
compare with control treatment. Therefore increased
salinity resulted in decreased number of filled grains per
panicle. In the other words, salinity decreases yield

through decreasing amount of filled grains per panicle.
Mahmood et al. [50] studied the effect of salinity levels
on rice and stated that increased salinity significantly
reduced the grain number per panicle. Over all mean grain
number per panicle were 112.6, 61.7 and 52.0 in control, 5.2
dS m~"and 10.5 dS m™' salinity levels, respectively.

In different growth stages, number of filled grains per
panicle was different. The most number of filled grains per
panicle amounted 42.90, observed in panicle emergence
and the least average amounted 24.13, was observed in
panicle initiation. Tillering and panicle initiation were the
most sensitive stages to salinity with number of filled
grains per panicle of 29.34 and 24.13 respectively placing
in class b. Panicle emergence and ripening stages with
number of filled grains per panicle of 42.90 and 41.74
showed less sensitivity to salinity and placed in class a.
Therefore, primary growth stages, i.e. tillering and panicle
initiation showed more sensitivity to salinity in compare
with final growth stages, i.e. panicle emergence and
ripening. Most crop plants are salt tolerant at germination
but salt sensitive during emergence and vegetative
development [38]. The literature indicates that rice is
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sensitive to salinity, particularly during the seedling
stage [51]. Of course, Khan et al. [44] reported that
rice was more salt tolerant at germination than at other
stages.

In survey on interaction effect of different levels of
salinity and growth stages (Fig. 2), it was observed that
the most number of filled grains per panicle amounted to
44.92 was belonged to control treatment and treatment of
2 dS m™' salinity in panicle emergence stage and the least
average was in tillering stage at 8 dS m™' salinity
amounted to 12.30.

Number of Empty Grains per Panicle: Effect of
different growth stages on number of empty grains
per panicle was significant (P<0.01) but effect of
different levels of salinity was not significant (P<0.05)
(Table 1). High effectiveness of salinity on number of
grains has been reported by many researchers [48].
Salinity of water or soil increases emptiness in panicle
[48].

With regard to the conclusions obtained through
comparison of average mean of empty grains per panicle
(Table 2), it was found that control treatment which
irrigated by fresh water (at 1 dS m™' salinity) had the most
number of empty grains per panicle, i.e. 23.19, after which
were treatments at 6, 8, 2 and 4 dS m™' salinity,
respectively. Therefore when salinity increased, number
of empty grains per panicle deceased; however there was
not any significant difference among different levels of
salinities. So effectiveness of salinity on yield decrease is
not included from increase in number of empty grains per
panicle, because salinity decreased number of empty
grains per panicle.

Different growth stages showed various sensitivities
to salinity considering effectiveness of number of empty
grains per panicle (Table 2). Panicle initiation stage
showed the most emptiness, so located in class a so that
its number of empty grains per panicle was 21.92.
Ripening, tillering and panicle emergence stages all
located in the next class (class b) so that their number of
empty grains per panicle was as follow respectively:
13.49, 10.50 and 9.70. Therefore, considering effect on
empty grains, the most sensitive stage on salinity was
panicle initiation after which were ripening, tillering and
panicle emergence stages, respectively. Reproductive
development is considered less sensitive to salt stress
than vegetative growth [38]. Salt stress in rice can reduce
seedling emergence and when imposed at early vegetative
stages, it reduces tillers and grain-bearing panicles
leading to low yields [38].

Survey on reciprocal effect of different levels of
salinities and growth stages (Fig. 3) has shown that the
most number of empty grains per panicle was 27.77
occurred in panicle initiation at 6 dS m™' salinity and the
least amount was 6.76 occurred in tillering stage at 2 dS
m™" salinity.

Number of Spikelets per Panicle: Conclusions obtained
through variance analysis (Table 1) showed that different
growth stages had different sensitivity to salinity,
considering effective on number of spikelets per panicle.
Effective of different growth stages on number of
spikelets per panicle was significant but effect of different
levels of salinity was not significant (P<0.05). Yield sink
capacity per plant was defined as the product of tiller
number per plant, spikelet number per panicle, fertility and
kernel weight [52]. High effectiveness of salinity on
number of spikelets has been reported by many
researchers [31]. In reproductive growth stage, salinity
decreases filled spikelet. Regardless that which season it
is, salinity decreases numbers of spikelet in any stages
but the most sensitive stage is panicle initiation [31].

With regard to the conclusions of comparing number
of spikelets per panicle (Table 2), control treatment had
the most average (5.63) and after that were treatments of
4,2, 6 and 8 dS m™', respectively. The least number of
spikelets per panicle was 4.92 at 8 dS m™' salinity;
however there were not any significant differences
between different levels of salinity. Zeng and Shannon
[49] studied the effect of salinity on rice and reported that
tiller number per plant and spikelet number per panicle
were the most salinity-sensitive yield components,
showing highly significant linear responses to salinity.
These two yield components contributed the most
variation to grain yield under salinity stress, based on
stepwise analysis.

In different growth stages of rice, number of spikelets
per panicle was different; the most number of spikelets per
panicle was 5.81 in ripening stage and the least amount of
it was 4.98 in tillering stage. Ripening stage showed the
least sensitivity to salinity and after that were panicle
emergence (5.71), panicle initiation (5.08) and tillering
(4.98), respectively. Therefore primary growth stages were
more sensitive to salinity considering effect on number of
spikelets but final stages were more resistant. Seedling
and reproductive stage tolerance are independent to each
other [53]. Germination, active tillering and maturity are
considered to be less sensitive to salinity than the
seedling stage, early reproductive stage, pollination and
seed formation [54].
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In a survey on reciprocal effect of different salinity
levels and growth stages (Fig. 4), the most number of
spikelets per panicle was 6.10 in ripening stage at 8 dS m™'
salinity and the least average was 4.17 in tillering stage at
8 dS m™"' salinity.

Panicle Sterility: Conclusions of variance analysis
(Table 1) showed that effective of different growth stages
on sterility of panicle was significant (P<0.01) but effect of
different levels of salinity was not significant (P<0.05).
There is only one flower structure in each spikelet that will
develop into a rice kernel after fertilization and filling [49].
High effectiveness of salinity on rice and sensitivity of
rice to salinity has been reported by many researchers
[31, 48]. Beatriz [48] reported that water or soil salinity
increased panicle sterility. Salinity also delayed the
emergence of panicle and flowering [40] and decreased
seed set through reduced pollen viability [39, 40].

With regard to the conclusions of mean comparison
of panicle sterility (Table 2), control treatment had
the least panicle sterility (4.36). Increased salinity resulted
in increased panicle sterility. Treatments of 8, 4, 6 and 2 dS
m™' salinity are ranged from the most to the least panicle
sterility. Of course there was not any significant

S
IS

Panicle initiation

Panicle emergence

Ripening

difference between salinity treatments. The most panicle
sterility (23.47) was observed at 8 dS m™' salinity which
had 438% increase in compare with control treatment.
Panicle sterility results in decreased yield; in the other
words salinity decreases grain yield through increasing
panicle sterility. The failure of seed set and the
consequent decrease in yield may be due to a reduction
in pollen viability [36]. Zeng and Shannon [49] showed a
substantial reduction in filled grains at 6 dS/m and higher
suggesting that high salinity was causing some sterility.
Grain growth depends on current assimilation,
remobilization of stored pre-anthesis assimilates and
retranslocation of assimilates to grain after anthesis.
During grain filling, leaf water potential plays an important
role in assimilate production and partitioning [7, 55].
Survey on different rice growth stages showed that
panicle sterility was different; the most amount of panicle
sterility was 33.59 in panicle initiation and the least
amount of it was 10.99 in panicle emergence. Therefore
panicle initiation was the most sensitive stage to salinity
and after that were tillering, ripening and panicle
emergence stages, respectively. In fact primary stages, i.e.
tillering and panicle initiation showed more sensitivity to
salinity in compare with final growth stages. Salt tolerance
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of crops may vary with their growth stage [56]. In general,
cereal plants are the most sensitive to salinity during the
vegetative and early reproductive stages and less
sensitive during flowering and during the grain filling
stage [57].

Survey on reciprocal effect of different levels of
salinity and growth stages (Fig. 5) showed that the most
panicle sterility was 49.19 in panicle initiation at 4 dS m™
salinity and the least sterility was 4.30 in control
treatment.

Panicle Weight: Conclusions of variance analysis
(Table 1) showed that the effectiveness of different levels
of salinity and also effectiveness of different growth
stages on panicle weight was significant (P<0.01).
Panicle weight, tiller numbers per plant and harvest index
are important agronomic characters for the prediction of
final yield in rice. These yield components are severely
affected by salinity [40, 49]. High effectiveness of salinity
on rice and sensitivity of rice to salinity of irrigation water
have been reported by many researchers [33, 49]. While
flowering, rice is very resistant to salinity but it is very
sensitive at the beginning of seedling and reproductive
stages; however it is less sensitive to salinity in tillering
and seed filling [58].

With regard to the conclusions of mean comparison
of panicle weight (Table 2), the most panicle weight was
1.11 g in control treatment. Salinity increase in water of

irrigation decreased panicle weight so that the least
panicle weight was 0.74 g at 8 dS m™' salinity which had
33% decrease in compare with control treatment. Salinity
decreases rice yield through decreasing panicle weight.

Effectiveness of different growth stages on panicle
weight was different. The most panicle weight (1.24 g) was
in ripening stage and the least amount (0.68 g) was in
panicle initiation stage. Therefore panicle initiation
showed the most sensitivity to salinity and after that were
tillering, panicle emergence and ripening stages. In fact,
the primary growth stages, it means tillering and panicle
initiation showed more sensitivity to salinity than final
growth stages (panicle emergence and ripening).
The initial phase of growth reduction is due to an osmotic
effect, is similar to the initial response to water stress and
shows little genotypic differences. The second, slower
effect is the result of salt toxicity in leaves [38].

In a survey on reciprocal effect of different levels of
salinity and growth stages (Fig. 6), it was found that the
most panicle weight was 1.50 g in panicle emergence at 6
dS m™' salinity and the least amount was 0.40 g in tillering
at 8 dS m™' salinity.

CONCLUSION

Therefore, the use of saline water decreased panicle
length, number of filled grains per panicle and panicle
weight but had no effect on number of grains per panicle,
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number of empty grains per panicle, number of spikelets
per panicle and panicle sterility. So saline water decreases
yield components and thus grain yield decreases.
Different growth stages of rice showed different
sensitivity to salinity; so that irrigation with saline water
at the early growth stages has more negative effect on
yield and its components.
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