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Abstract: Salinity is a major problem in irrigated areas of lower Karkheh River Basin (LKRB) of Iran where high
groundwater level has compounded the situation. Use of salt-tolerant genotypes, such as high yielding salt-
tolerant wheat varieties, is a potential short-term consideration to address the growing salinity problem in the
area. In a three-year field study, five salt-tolerant wheat varieties-Roshan, Kavir, Akbari, Bam and Sistan-along
with two local wheat cultivars (Chamran and Verinak) were evaluated for their mean productivity on salt-affected
soils of the Dasht-e Azadegan. The experimental design was randomized complete block design with three
replications. Statistical analysis of combined grain yield for 3 years showed that yield performance of the
genotypes varied significantly. Among the genotypes, Sistan and Verinak produced the highest and lowest
grain yield, respectively, regardless of the years. The mean grain yield of Sistan, Kavir, Bam, Chamran, Roshan,
Akbari and Verinak were 472.4, 446.5, 441.8, 426.3, 405.8, 393.2 and 324.7 g.m , respectively. Salt-tolerant2

varieties produced more grain yield than the local varieties by 15%. Grain yields of salt-tolerant varieties were
significantly correlated with number of kernel per spike and biological yield. Relationship of grain yield and
some other traits such as number of spike and harvest index were not significant. Based on these results, we
propose that Bam, Sistan and Kavir could be considered as the new high yielding cultivars of wheat for salt-
affected area of the LKRB.

Key words: Wheat  Salt-tolerant varieties  Karkheh River Basin

INTRODUCTION salt-tolerant varieties of different crops could be used as

Salinity and water-logging have common occurrence relying on these soils for their livelihoods [2]. 
in lower reaches of several river basins throughout the Many crops are known to be salt-tolerant [3]. Some of
world affecting agricultural production and the livelihoods them also show intra-specific variation in response to
of the affected communities [1]. The same applies to lower salinity [4-6]. There are evidences that suggest
Karkheh River Basin (LKRB) of Iran. Generally speaking, considerable intra-specific diversity among wheat
main cause of soil salinity in the lower KRB is high water- genotypes with regard to their ability to withstand
table,  often  less  than 2.0  m/  usually 1.2-3.0 m below the ambient salinity [7, 8]. Previous studies carried out
soil surface. If left alone, the problem is likely to worsen elsewhere have shown that some varieties of wheat are
with the current plans for expansion of irrigation more salt-tolerant than the others and could be used as
networks. Efforts being made to overcome salinity and genetic materials for further selection and cultivation on
water-logging problems consist of engineering solutions salt-affected and waterlogged areas [9, 10]. 
such as installation of drainage system to manage the Elsewhere in Iran, efforts have been made to develop
drainage effluent generated by the irrigated agriculture. and release salt-tolerant wheat varieties. In this respect,
However, this is a long-term strategy as drainage varieties such as Roshan, Kavir, Bam (a double haploid
installation is expensive and the areas under salt-affected line) and Sistan and Akbari have been released for salt-
and waterlogged soils are expanding because of affected areas. The objective of this study was to evaluate
inappropriate on-farm water and soil management. growth response of these salt-tolerant varieties along with
Alternatively, selection and cultivation of high yielding local wheat cultivars in the salt-affected areas of LKRB.

an interim strategy to fulfill the needs of the communities
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MATERIALS AND METHODS To determine grain and straw yield of each genotype,

This study was conducted at Dasht-e Azadegan in The data collected were subjected to variance analysis
Khuzestan province during 2005-2008. Dasht-e Azadegan using SAS software. 
is located in  the  LKRB  and  lies  between  31° 04' 35"  to
31° 51' 39" north latitude and 47° 46' 34? to 48° 35' 12" east RESULTS AND DISCUSSIONS
longitude.

The crops were grown in 4.0 × 7.0 m plots with each Soil Analysis: Mineral composition of the experimental
plot containing 18 rows of each variety. The rows were field soils in Dasht-e Azadegan are presented in Table 1.
spaced 0.2 m apart. Prior to sowing date triple super The analyses of soil samples revealed that the soils were
phosphate was mixed into the top 0.25 m of soil at a rate medium to heavy textured and saline-sodic throughout
of 115 kg P/ha. To assure adequate N fertility throughout the 0.9 m profile. One can conclude that this high sodium
the experiment urea was added at the rate of 150 kg N/ha. adsorption ratio in addition to the fine size of soil particles
Herbicides were applied to control weeds whenever may cause reduction in infiltration rate and hydraulic
necessary. conductivity. Low level of organic matter as revealed by

Five salt-tolerant varieties and two local cultivars low nitrogen content is the most obvious fertility
were sown in the plots in November each year. The salt constraints.
tolerant  varieties  were Roshan (old and tall variety),
Kavir (semi-dwarf variety, released in 1996), Bam, Akbari, Root Zone Salinity: Irrigation was applied five times
Sistan (semi-dwarf varieties, released in 2006). The local during the growing season with water diverted from
wheat cultivars were Chamran and Verinak. In total, the Karkheh River. The relatively good-quality of irrigation
experimental design consisted of seven wheat genotypes water leached the salts, which were deposited in the root
replicated three times in a randomized complete blocks zone during the fallow season as a result of high
design. evaporative demand and high water-table. The average

During the growing season, all plots were irrigated at soil salinity for the 0.9 m soil depth during growing
the same time with the same amount of irrigation water. season was 7.2, 5.5 and 9.1 dS/m in 2005, 2006 and 2007,
Three soil cores per block were taken to a depth of 0.9 m respectively. Therefore, crops were affected by salinity
for four times during the growing season. The pre- during the growing season in addition to other
experiment average soil salinities (electrical conductivity environmental stresses (i.e. water-logging and end of the
of soil saturated paste extract, EC ) for the 0.9 m soil depth season heat stress).e

were 7.1, 7.0 and 12.9 dS/m in 2005, 2006 and 2007,
respectively. Irrigation water for the experimental fields Grain Yield: Comparison of mean grain yields for 3 years
was taken directly from the Karkheh river. The electrical showed that Sistan (446.5 g.m ) and Verinak (324.7 g.m )
conductivity of river water was less than 1.5 dS/m. produced the highest and lowest grain yield, respectively.

a 3 m  area was harvested from the center of each plot.2

2 2

Table 1: Physico-chemical properties of soil during 2005-08

Depth(cm) Texture ECe(dS/m) SAR K Na Mg Ca So4 Cl Hco3 K (ava.) (ppm) P (ava.) (ppm) Total N % O.C. % pH+ + 2+ 2+ 2+ - -

2005-06 0-30 L 13.09 16.63 0.89 91.06 28.56 31.44 61.53 81 2.5 102 10.16 0.019 0.22

30-60 SL 9.81 14.46 0.46 70.28 17.72 29.52 65.08 40 2.5 78 - 0.011 0.13

60-90 L 9.57 16.00 0.44 71.9 14.4 26 70.12 30 2.55 84 10.42 - -

2006-07 0-30 L 14.46 15.22 1.03 88.99 26.96 41.44 47.05 107 2.5 150 14.81 0.029 0.34 7.15

30-60 L 9.88 16.05 0.53 73.53 15.24 26.76 64.81 39.00 2.5 96 5.93 - - 7.26

60-90 Si. L 10.88 21.60 0.42 90.92 9.60 25.84 79.10 36.5 2.5 115 7.3 - - 7.32

2007-08 0-30 L 13.08 18.61 1.02 100.1 21.56 36.36 80.60 78.75 3.00 177 20.48 0.02 0.23 7.9

30-60 SI.C.L 11.14 17.82 0.66 85.82 18.40 28.00 85.65 50.70 2.05 217 12.99 0.03 0.31 7.8

60-90 SI.C.L 10.55 22.76 0.32 81.18 10.28 15.16 71.28 48.25 2.50 185 4.30 0.02 0.20 7.8

Table 2: Orthogonal contrasts of mean grain yield for local cultivars and salt-tolerant wheat varieties during 2005-2008

Contrast Sum squares of error

Grain yield of Local vs. salt-tolerant varieties 41000.620*
Grain yield of Bam, Sistan and Kavir vs. other varieties 67411.260**
Grain yield of Bam, Sistan and Kavir vs. Roshan and Akbari 31601.120*

*, **: Significant at the 0.05 and 0.01 probability levels, respectively.
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Table 3: Correlation coefficients among morphological traits, yield and yield components of salt-tolerant varieties

Grain yield Spike length Kernel per spike Kernel weight Number of spikes Biological yield Harvest index

Grain yield 1
Spike length 0.6349 1*

Kernel per spike 0.5457 0.7496 1* **

Kernel weight 0.4758 0.4531 -0.0058 1ns  ns ns

Number of Spike 0.0567 -0.4911 -0.7477 0.0713 1ns ns ** ns

Biological yield 0.7898 0.1759 0.2642 0.1247 0.2984 1** ns ns ns ns

Harvest index 0.0281 0.4841 0.2870 0.2943 -0.4080 -0.6223 1ns ns ns ns ns *

*, **: Significant at the 0.05 and 0.01 probability levels, respectively. ns: not significant

Fig. 1: Comparison of the number of kernel per spike, that caused yield improvement in salt-tolerant varieties.
spike length and kernel weight of local cultivars As shown in Figure 1, there is an increase in the number
and salt-tolerant varieties of kernel per spike and spike length from old variety

There  were  significant   differences   among local al. [11] concluded that, modern cultivars (semi-dwarfs)
cultivars  vs.  salt-tolerant  varieties  (Table  2).  Salt- allocated more assimilate for spike development. This
tolerant  varieties  produced  more grain yield than the could result in floret survival and therefore more kernels
local  cultivars  by  15%.  The  mean  grain  yield of are formed per spike. Higher number of kernel could be
Sistan,  Kavir,  Bam,  Chamran,  Roshan,  Akbari  and attributed to lower floret mortality [12].

Fig. 2: Comparison of mean biological yield of local
cultivars and salt-tolerant varieties

Verinak were 472.4, 446.5, 441.8, 426.3, 405.8, 393.2 and
324.7  g.m ,  respectively. Generally, Sistan, Kavir and2

Bam produced more grain yield than the other varieties
(Table 2). Among salt-tolerant varieties, Roshan and
Akbari produced lower grain yield. (Table 2). 

Grain yields of salt-tolerant varieties were
significantly correlated with number of kernel per spike
(Table 3). On the other hand, the correlation coefficient
between spike length and number of kernel per spike were
positive and significant (p<0.01, Table 3). Therefore,
number of kernel per spike was the main yield component

(Roshan) to the new salt-tolerant varieties. Shearman et
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Fig. 3: Comparison of mean harvest index of local
cultivars and salt-tolerant varieties 

The  salt-tolerant  varieties  as  well   as  local
cultivars   produced   the   same   mean  kernel  weight
(Fig. 1). Mean Kernel weight of the varieties varied from
35.6 mg to 41.1 mg. Generally, mean kernel weight is a
genetic trait and is not affected by environmental stresses
[11, 13]. However, severe stresses like high levels of
salinity [14] and lodging [13] can markedly reduce mean
kernel weight.

Biological Yield and Harvest Index: Results of this study
show greater biological yields for salt-tolerant varieties
than the local cultivars (Fig. 2). The mean biological yields
of local cultivars and salt-tolerant varieties were 1016.7
and 1232.3 g.m , respectively. Biological yield is also2

highly correlated with grain yield for salt tolerant varieties
(Table 3). 

There was no relationship observed between grain
yield of salt-tolerant varieties and harvest index (Table 3).
The mean harvest index of salt-tolerant varieties as well as
local cultivars varied in the range of 0.35-0.40 (Fig. 3).
However, varieties had different values from one year to
another. This finding is in agreement with the observation
made by Prihar and Stewart [15], who found that for a
given cultivar, different climates may result in different
harvest index values.

According to the results, increase in grain yield of
salt-tolerant wheat varieties was more attributed with the
increase in the number of kernel per spike and biological
yield rather than the harvest index. It seems that yield
improvement for wheat could be obtained without further
increase  in   harvest  index  [16].  The  same  results  were

obtained by Waddington et al. [17]. They concluded that
grain yield of high yielding wheat genotypes was
associated with increase in biological yield and the
number of kernel per spike 

CONCUSIONS

Crop production in the lower areas of Karkheh river
basin is impaired by highly salanized soil and water
resources and water-logging conditions. The long term
solution to the problem is through control of saline
ground water level, which is a time consuming and
expensive task. In short terms, however, production could
be improved through selection of suitable crop species or
varieties for the area. Based on the results of this study
wheat varieties like Bam, Sistan and Kavir were found to
be more productive than the Roshan, Akbari and local
cultivars and could be considered as potential substitutes
for present varieties under saline (also water-logging)
conditions of lower Karkheh river basin. 

This experiment also showed that number of kernel
per spike was the main yield component that caused yield
improvement in salt-tolerant varieties. Further increase in
wheat grain yield under saline conditions could be
obtained by selecting genotypes with higher biological
yield rather than harvest index. 
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