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ABSTRACT- Although inter-variety variability for salt tolerance has been reported in bread
wheat plants, little information is available on the genetic control of ion contents and biomass
yield under saline conditions. A diallel cross, including reciprocals of two salt tolerant, two
moderately tolerant and two sensitive Iranian and exotic bread wheat varieties, was analyzed to
investigate the inheritance of ion contents in young leaves at the seedling stage, and biomass
yield (BY) and stress tolerance index (STI) at maturity. Specific reciprocal effects were also
studied in F, populations derived from some F; reciprocal crosses. The materials were evaluated
in a gravel culture under high salinity (EC=22.5 dSm™) and non-stress (control) conditions.
Dominance gene effects were more important for Na', K™ concentrations, K'/Na" ratio and BY
in control, but both additive and non-additive effects were observed for BY, K* concentration
and STI in salt stress condition. Significant general and specific maternal effects were observed
in F; generations for all traits, except for BY in the saline condition. Significant general and
specific reciprocal effects indicated cytoplasmic and cytoplasmic x nuclear genes interaction in
the response to salt tolerance, respectively. The most tolerant parent, ‘Roshan’ was the best
combiner parent for related salt tolerant traits followed by ‘Kharchia’. The results obtained from
maternal effects in F; and F, generations indicated that ‘Roshan’ was more salt tolerant when
used as a female parent. Some crosses in the tolerancexsensitive, tolerancextolerance and
moderately tolerantxsensitive groups proved to be the best combinations for obtaining desirable
segregants for salt tolerance based on their per se performances, specific combining ability and
heterotic effects.

Keywords: Bread wheat, Combining ability, Heterosis, Ion content, Salinity tolerance, Stress
tolerance index

INTRODUCTION

Salt stress is a serious problem in arid and semi-arid regions and continues to be one of
the most complex traits for plant physiologists, geneticists and breeders (9). Wheat
physiological processes differ in their response to salt stress from one physiological
stage to another (28). Complex physiological-genetic relationships of salt tolerance must
be used to select superior genotype(s) with high agronomic performance. Since salt
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tolerance has a complex inheritance, different selection criteria have been reported based
on shoot and/or root ion contents (7, 11, 29 and 34) , organic solutes (18, 23) and
agronomic traits (1, 14 and 24) to select for salinity tolerance. Breeders must evaluate
many lines during selection for salt tolerance because identification of a plant with all
the related genes is difficult (23). In large breeding programs with thousands of
segregating lines yield selection is difficult. It is therefore important to use physiological
parameterswhich show a relationship with yield and its components as selection criteria
for salt tolerance (27).

In durum wheat Munns and James (27) found that genotypes with the lowest Na"
concentrations produced the greatest dry matter. Other works on bread and durum
wheat, showed that salt tolerance is associated with low rates of transport of Na' to
shoots with high selectivity for K" over Na" and therefore, K'/Na" ratio in young leaves
is suggested as an important factor (7, 19, 31). K'/Na' ratio is controlled by a gene (or
genes) located on chromosome 4D of bread wheat (10) and has been linked to molecular
markers on the distal third of chromosome 4DL (6). The enhanced K'/Na' ratio in
Lophopyrum elongatum is affected by genes on most of the chromosomes (30). Genetic
studies of the populations developed from crosses between wheat genotypes with low
and high Na' uptake indicated two major gene loci controlling leaf-blade Na"
accumulation (26).

Stress tolerance index (STI) has also been proposed as a more important indicator
of stress tolerance which can be used to identify genotypes that produce high yields
under both non-stress and stress environments (8 and 33). STI is estimated based on
geometric mean productivity and the stress intensity value.

Genotypic variations for salt tolerance have been reported under saline
conditions in bread and durum wheat (14, 24, 25, 31, 32 and 35). For example,
differences between bread wheat genotypes with contrasting rates of Na' uptake were
estimated to be up to 98% by Munns (25). However, less attention has been given to
genetic sources of physiological traits such as Na" and K" concentrations and K'/Na"
ratio in leaves, probably because these traits are much more difficult to quantify.
Although powerful new molecular tools manipulating genetic resources are available,
the applications of the new approaches are not yet fully utilized to introduce new genes
for tolerance into current cultivars of wheat (28)

Nuclear or cytoplasmic effects are important factors in the provision of the
adaptation of plants to environmental conditions. The role of cytoplasm has been
reported in the inheritance of aluminum tolerance (21) and cold resistance (3) in wheat
plants. However, its role in the salinity tolerance of wheat has been less investigated.
The use of crosses between wheat varieties that were broadly different in salt tolerance,
as a source of novel germplasm for improving salinity tolerance, provides an opportunity
to investigate genetic diversity and to estimate the genetic parameters for use in breeding
programs. Hayman’s analysis (16) for full diallel crosses provides appropriate
information and tests of significance of genetic components.

In this study we have used Na" and K" contents, K'/Na" ratio of young leaves at
seedling stage, biomass dry yield (BY) and STI at maturity for six bread wheat cultivars
(2 exotic and 4 Iranian) and their full set of diallel crosses, to characterize the
inheritance of salt tolerance as measured by the above mentioned traits and to investigate
general and specific reciprocal effects in F; hybrids and specific reciprocal effects in F,
populations derived from some F; hybrids, and to estimate general combining ability
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(GCA) effects of parents and specific combining ability (SCA) effects of their crosses.

MATERIALS AND METHODS

Two exotic bread wheat cultivars: Shorawaki (SH) and Kharchia (KH) and four Iranian
cultivars: Roshan (RO), Ghods (GH), Alvand (AL) and Niknejad (NI) were intermitted
in all combinations, including reciprocals, to form a complete diallel mating design. In
order to evaluate specific reciprocal effects in F, generations, seeds of some direct and
reciprocal F; hybrids were sown and harvested at maturity stage. Based on biomass
yield (BY) and Fernandez (8) stress tolerance index (STI), RO and KH were rated as salt
tolerant, NI and SH as moderately salt tolerant, and AL and GH as salt sensitive
genotypes (5). Seeds of each generation were surface-sterilized with 0.5% sodium
hypochlorite solution, rinsed with deionised water and germinated for three days. Four
uniformly germinated seeds of the parents and their F; generations, as one replicate,
were planted into a pot (3030 cm) containing truly washed gravel. The germinated
seeds of F, populations were planted in trays containing gravel. Seedlings were irrigated
on the first day with half strength-Hoagland’s solution (17) and raised to full strength
after one week. In the salt-stress treatment, when leaf two of each genotype appeared
(four to seven days after planting), 25 mM NaCl was added to the irrigation solution
daily to obtain a final electrical conductivity of 20-22.5 dSm™. Furthermore CaCl, was
added to bring up the molar ratio of Na":Ca*" to 20:1. The pH was adjusted to seven
with HCl. For the non-stress treatment, parents and F; generations (but not F,
populatons) were planted in the same way as the salinity treatment, but irrigated with
Hoagland’s solution. Plants were grown in the greenhouse with average day/night
temperatures of 28°C /22°C and relative humidity of 60-70 %. The photoperiod was 14
h and the light source was fluorescent-incandescent lamps with PAR of 414 umol m?S™.
The experimental design of each growing condition for parents and F; hybrids was a
completely randomized design with three replications. F, populations were evaluated
only under salinity condition without replication.

When leaf four appeared (15-20 days after salt treatment) the blades of leaves
two and three were harvested, washed with distilled water, and dried at 70°C for two
days. The samples were weighed and incinerated at 500°C for three to four hours and
treated with HCI. Sodium and K" were analyzed by flame photometry. The measurement
of Na" and K™ was adjusted in comparison to a standard sample curve and finally, the
ratio of K'/Na" was calculated.

All maturity data were recorded on dry biomass yield (BY). The salt tolerance
indices (STI) of F; and parents were calculated for BY based on the equation (1) given
by Fernandez (8):

STI = {%} (1)

where Ys and Yr are the biomass yields of a genotype under salt stress and non stress
conditions, respectively and Y7 is the mean biomass yield over all genotypes evaluated
under non stress conditions. Prior to analysis of variance, data for element contents were
subjected to tests of normality using Q-Q plot (20). Genetic analysis was performed
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using Hayman’s (16) analysis. General combining ability (GCA) effects of parents and
specific combining ability (SCA) effects of crosses were calculated using Method 1,
Model 1 of Griffing (1956). Specific and general reciprocal effects of parents and F,
generations were determined based on Cockerham and Weir (4). Also specific reciprocal
effects of F, populations were examined using Student’s ¢ test. Finally, heterosis,
measured as the difference of F; mean from its high-parental mean, was calculated for
each cross.

RESULTS AND DISCUSSION

Hayman’s (16) analysis (Table 1) showed both additive (a) and dominance (b) effects to
be highly significant for all studied traits in both environments. Based on the
components of variance (Table 1) dominance gene effects were more important for Na",
K', K'/Na", and BY in the control, while both additive and dominance gene effects were
important for K*, BY and STI in the saline condition. These results were also confirmed
by 26°g/(2 o’g + o”s) which are given in Table 1. Singh and Chatrath (36) reported that
dominance gene effects were important in the inheritance of yield, but for plant height
additive gene effects were relatively more important in some wheat crosses under saline
condition. As shown in Table 1, all characters showed directional dominance (b;),
dominance effects common to the progeny of a particular parent (b;), and dominance
effects specific to a particular cross (bs). The differences between reciprocal crosses (c
and d) were clearly significant for all traits except for BY in the saline condition (Table 1).

Salt treatment affected general reciprocal effects (Table 2) of SH, Al, and RO for
Na' concentration, SH, and AL for K™ concentration, SH, GH, and RO for K'/Na" ratio,
and AL, for BY. SH showed significant maternal effects tending toward higher Na" and
lower K, K'/Na" ratio in the saline condition and STI, and BY in both conditions.
However, RO had significant general reciprocal effects tending toward lower Na'" and
higher K'/Na" ratio in the saline condition and high STI and BY in both conditions. KH
showed no significant maternal effect for any of the studied traits in either condition,
except for STI which was negative and significant. AL had positive and significant
maternal effects for Na' and K concentrations only in the control condition and a
negative and significant effect for BY in the salinity treatment. No significant maternal
effect was observed for GH in either condition, except for K'/Na" ratio in the control
treatment.

NI showed significant general maternal effects for low Na“ and high K’
concentrations and K'/Na' ratio in both conditions. General maternal effects are related
to extra-nuclear factors including various sorts of cytoplasmic effects and genes, pre-
and postnatal maternal environment, and common external environment of sibs (4).
Therefore, based on our results, RO and NI were more useful female parents for
improving salt tolerance.

Specific reciprocal effects for F; crosses are given in Table 3. There was no clear
concordance between specific reciprocal effects in the control with those in the saline
condition. Highest reciprocal differences were observed in both control and saline
conditions for BY. More than 50% of the crosses showed significant specific reciprocal
effects in the control treatment, but no significant specific reciprocal effect was observed
in the saline condition. In the saline condition, crosses SHXAL, ALXRO and GHxNI for
Na’, K" concentrations and K'/Na" ratio; SHXGH, SHxRO, KHxAL and ALXNI for
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Na" and K'/Na" ratio; and ROxNI for Na" and K" had significant specific reciprocal
effects. Only crosses ALXRO and KHxAL had positive and significant specific
reciprocal effects for STI. Specific reciprocal effects are thought to represent
interactions between nuclear and extra-nuclear factors (2). The highest interaction was
observed for Na" concentration in both conditions and the lowest for BY in the saline
condition. In the same line With these results Singh and Singh (37) reported that there
was no significant reciprocal effect for biological yield in some crosses of spring wheat
grown under saline conditions. In contrast, Salam et al (35) reported no major maternal
factors influencing ion accumulation in some F; hybrids of wheat plants. In addition,
reciprocal effects for salt tolerance have been reported among some rice crosses (12).
These results showed that parental selection as male or female for some genotypes is an
important factor in hybridization programs to improve salt tolerance.

Table 1. Diallel analysis for ion contents, biomass yield (BY) and stress tolerance index (STI) in
control and saline conditions

Mean Square

Na* K K'/Na* BY
Source df Control Salinity Control Salinity Control  Salinity = Control Salinity STI
a 5 0.1839%* 0.3076** 0.2425** 0.2718** 18.279** 1.1721** 1.8895** 2.0823** 2.0896**

15 0.1573** 0.2732*%*  0.2535** 0.0772%*% 25.418** 1.4205%*% 1.2754** 0.6503** 0.6296**
1 0.7184** 0.8703** 0.2448** 0.0008** 15.641** 4.6106%* 7.5095** 1.0728%* 1.7317**

b3 9  0.1349** 0.2798** 0.3331** 0.1136** 20.271*%* 1.5150** 0.9960** 0.7122** (.6232**
¢ 5 0.0281** 0.1796** 0.1785%*% 0.0414** 03.092** 1.3999** 0.6882**  0.0265 0.2964**
d 10 0.0470** 0.2118** 0.5261** 0.0246** 04.048** 1.6831** 0.4318**  0.0301 0.1704**
Error 72 0.0016 0.0058 0.0093 0.0190 0.0819 0.6083 0.0339 0.0831 0.0900
o’g 0.0001 0.0012 0.0028 0.0057 0.1020 0.0060 0.0181 0.0362 0.0328
o’s 0.0242 0.0517 0.0293 0.0131 3.9470 0.2580 0.2308 0.1009 0.1011

26°g/(2 6°g + ’s) 0.0082 0.0444 0.1605 0.4653 0.0491 0.0444 0.1356 0.4178 0.3935

ng and o’s are variance components of general and specific combining abilities, respectively.
** Significant at 0.01 probability level. a, additive effects, b, dominance effects, b1, directional
dominance, b2, dominance effects of a particular parent, b3, dominance effects of a particular cross, c,
general reciprocal effects and d, specific reciprocal effects

Table 4 shows the means and significant levels of # tests in direct and reciprocal crosses
of F, populations derived from some F; hybrids for Na’, K" concentrations, K'/Na" ratio
and BY. As shown, F, reciprocal crosses of AL x RO differed significantly for Na’, K
concentrations and the K'/Na' ratio. RO x NI cross for K'/Na" ratio; SH xAL cross for
Na" and K’ concentrations; and finally KH x AL for the K'/Na' ratio showed a
significant specific reciprocal effect. As with the results of specific reciprocal effect in
F, generations under salinity condition (Table 3), there were no significant differences
between F, reciprocal crosses for BY.
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Table 2. Estimated general reciprocal effects (C;) for Na*, K, K'/Na", BY and STI of parents in
control and saline conditions

Na'(mM/g DW) K'(mM/g DW) K'/Na* BY(g)
Parents Control Salinity Control Salinity Control Salinity Control Salinity STI
Shorawaki 0,014 0.545%* -0.296  -0.289** 1.142  -1.743** -1.257** -0.225** -0.336*
Kharchia 057 0157 0121  -0.044 0175 0430 -0597  -0.117  -0.292*

Alvand 0.150*  0.091 0.424*  -0.092  -0.888  -0.412  -0.055  -0.160* -0.065
Ghods 0.031 0216  -0296  -0.064  -2.673* -0.086 0.632 0.100 0.130
Roshan 0.071 -0.414%  -0.271 0.169  -1.389 1.365%  1.019*  0.295%*  0.476%*
Niknejad g ypgex _0.503%%  0.559** 0.320** 3.633** 1311* 0258  0.107  0.087
SE (C) 0.035 0.122 0.112 0.062 0.638 0.341 0.240 0.057 0.087

SE (G;i-Cp  0.050 0.173 0.159 0.087 0.902 0.482 0.339 0.081 0.123

* and ** Significantly different from zero at P=0.05 and P= 0.01 probability levels, respectively

In comparison with F; reciprocal crosses (Table 3) most of the F, reciprocal
crosses showed no significant specific reciprocal effect at least for one of the measured
traits under saline conditions. Seeds of F; hybrids may prove soft and weakened with a
smaller size and their vigor is dependent on the female parent (22). This will diminish
their sprouting and germination energy in such a way that the F; plants slow down their
growth on early developmental stages. Grieve and Francois (15) concluded that initial
seed size has a significant role in the salt tolerance of wheat plants; bigger and heavier
seeds in their experiment showed more tolerance than smaller seeds. The results of
general and specific maternal effects in F; hybrids may be affected by these limitations.

The best selected parents and crosses based on their per se performances,
combining abilities and high parental heterosis are given in Table 5. RO proved to be the
best combiner for K'/Na", BY and STI and had the second or third rank order for K and
Na' concentrations based on its GCA effects. KH was a good combining parent for all
traits except K. AL showed positive and significant GCA effects for K concentration,
BY and STI. SH was a good combining parent only for Na" concentration.

GH had no positive and significant GCA effect for any traits. So in comparison
with per se performance, RO was the most salt tolerant parent to be used for the
breeding program followed by KH. ALXRO had the highest SCA effects for all the traits
except for K concentration. Also this cross showed high per se performances for all the
traits, and its high-parent heterosis for Na', K" concentrations, K'/Na', BY and STI were
-31.05%, 9.42%, 9.22%, 18.32% and 9.55%, respectively. Therefore, this cross was the
best combination for all traits and could be used to obtain desirable segregates for salt
tolerance. Furthermore, significant and negative SCA effects were present in crosses of
SH “xNI”, SH °xRO* and SH°xGH" for Na* concentration with high-parent heterosis
of -8.62%, -38.7% and -75.8%, respectively. Nonetheless, the latter two crosses also had
low and significant Na* concentration and positive and significant performances and
high parent heterosis (38.34% and 6.6%, respectively) for K'/Na" ratio. These crosses
had a low rank order for BY and STI, indicating that they were salt tolerant at the
seedling stage. For BY, crosses KH®xAl" and AI°xKH" had high SCA effects (Table 5)
and positive heterosis; RO@XKHQ, KH*AL® and GH°xNI® had high SCA effects but
negative heterosis. SH®xGH® had high SCA and positive heterosis (57.34%) for STI but
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GH’*NI* showed negative heterosis for this trait and its rank order was low based on its
performance.

Table 3. Estimated specific reciprocal effects (d;;) for Na*, K", K'/Na®*, BY of crosses in control and
the saline conditions and ST

Na'(mM/g DW) K'(mM/g DW) K'/Na* BY(g)

Crosses Control Salinity Control Salinity Control Salinity Control Salinity  STI
SHxKH 0.001 0.035 -0.020 0.047 -0.075 -0.034 0.370%*  -0.025 0.055
SHxAL -0.025 -0.324*%*  0.038 0.114* 0.592 0.442**  0.353**  -0.035 0.053
SHxGH 0.039* -0.166%* -0.137 0.016 -1.651**  0.700%*  0.123 0.115 0.078
SHxRO -0.006 -0.096**  0.019 0.024 0.115 0.500%*  0.045 0.125 0.071
SHxNI -0.022 0.008 0.396* 0.089* -0.123 0.139 0.365%*  0.045 0.079
KHxAL 0.025 -0.170**  0.060 -0.035 -0.149 0.371*%*  0.428**  -0.040 0.188**
KHxGH 0.112**  0.107**  0.060 0.059 -0.849* -0.195 -0.047 0.102 0.013
KHxRO -0.130%*  -0.026 0.110 0.080 1.120**  0.204 0.235 -0.023 0.076
KHxNI 0.050* -0.032 -0.130 -0.014 -0.372 0.017 0.350* 0.053 0.069
ALxGH -0.083**  -0.119** -0.155 0.032 0.313 0.184 0.442%*  0.005 0.073
AL*XRO -0.007 -0.071* -0.027 0.118* -0.167 0.596**  0.287* 0.043 0.197**
ALXNI -0.060*%*  -0.396** -0.145 0.021 1.185*%*  0.446**  0.108 0.037 0.035
GHxRO -0.027 -0.059 -0.491*%*  0.045 -0.588 0.038 0.242 0.062 0.073
GHxNI 0.064**  -0.335**  0.555*%*  0.126*%* 1.073**  0.736** -0.355**  0.060 -0.038
ROxNI -0.239*%*  0.162** -0.118 0.098* 1.870%*  -0.027 -0.210 -0.088 -0.059
SE (dy) 0.018 0.032 0.152 0.040 0.334 0.118 0.118 0.064 0.054

SE (djj—dw) 0.026 0.045 0.216 0.056 0.472 0.167 0.166 0.091 0.076

* %% Significantly different from zero at P=0.05 and P= 0.01 probability levels, respectively
SH = Shorawaki; KH = Kharchia; AL = Alvand; GH = Ghods; RO = Roshan; NI = Niknejad

Our results revealed the importance of exploiting both additive and non-additive
effects with dominance superiority for improvement of wheat plants for saline
conditions. Since both additive and non-additive components of genetic variance were
involved in governing the inheritance of these salinity tolerance traits, the most suitable
breeding procedure would be one which emphasizes the additive genetic variance and at
the same time maintains heterozygosity. Therefore, it is desirable to conduct bi-parental
mating, inter-mate desirable segregates, and to practice selection to accumulate
favorable additive genes and simultaneously exploit the dominance variance. Also the
use of tolerant female parent and susceptible male parent is an important factor in
improving salt tolerance of wheat plants.
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Table 4. Means of direct and reciprocal F, generations and probability of significant levels (P) of t
tests for Na*, K, K'/Na" ratios and BY

Na*(mM/g DW) K'(mM/g DW) K'/Na* BY(g)
Direct Recip- P  Direct Recip- P Direct Recip- P Direct Recip- P
rocal rocal rocal rocal

SHxKH 0.215 0.265 0.120 0.566 0.662 0.254 2.590 2.500 0.412 3.250 2.980 0.140
SHxAL 0.324 0552 0.031 0.756 0.578 0.042 2.330 1.040 0.055 2.950 2.550 0.345
SHxGH 0.298 0.301 0.180 0.621 0.563 0.421 2.080 1.870 0.154 2.260 1.980 0235
SHxNI  0.238 0.205 0.120 0.320 0.304 0.110 1.818 1.418 0.236 1.739 1.645 0.125
KHxAL 0.354 0.256 0.072 (0.554 0.742 0.035 1.560 2.900 0.041 1.980 2.250 0.405
KHxNI  0.231 0.251 0.320 0.398 0.404 0.095 3.457 3.333 0.320 2.930 2.789 0.410
ALXGH 0.452 0.363 0.072 0.662 0.604 0.364 1.460 1.660 0.124 1.950 2.220 0.120
ALXRO (.102 0.204 0.003 0.820 0.735 0.041 8.040 3.650 0.000 4.220 3.910 0.085
ALXNI  0.322 0.378 0.256 0.654 0.666 0.523 2.030 1.760 0.074 2420 1.980 0.068
GHxRO 0.221 0.335 0.058 0.578 0.498 0.095 2.620 1.490 0.231 3.330 0.278 0.201
ROxNI  0.354 0.225 0.120 0.742 0.701 0.125 2.100 3.120 0.024 2.980 3.330 0.150

SH=Shorawaki, KH = Kharchia; AL, = Alvand; GH = Ghods; RO = Roshan; NI = Niknejad

Table 5. The best selected parents and crosses for different traits under high salt stress condition

Best parents based on Best crosses based on
Character Gcea Performance Sca Performance
Na* SH -0.115 RO 0.365 AL x RO -0.266 SH x GH 0.302
mM/g DW KH -0.058 NI 0.413 SH x NI -0.228 SH x RO 0.354
RO -0.035 KH 0.450 SH x GH -0.077 AL x RO 0.409
SH x RO -0.073
Range -0.115-0.114 0.365-0.536 -0.266-0.367 0.302-1.492
K" AL 0.129 AL 1.057 KH x AL 0.1959 KH x AL 1.216
mM/g DW RO 0.061 KH 0.988 AL x NI 0.153 AL x RO 1.167
RO 0.943 SH x RO 0.082 AL x NI 1.150
RO x NI 0.077
K'/Na* RO 0.224 RO 2.590 AL x RO 0.537 AL x RO 2.853
SH 0.131 KH 2.200 SH x RO 0.378 SH x RO 2.773
KH 0.069 NI 1.988 SH x GH 0.366 SH x GH 2.569
SH x NI 0.240
Range -0.240-0.224 1.552-2.590 -0.684-0.537 0.457-2.853
BY RO 0.314 RO 1.56 AL x RO 0.533 AL x RO 1.910
Na* SH -0.115 RO 0.365 AL x RO -0.266 SH x GH 0.302
AL 0.128 KH 1.11 KH x AL 0.310 RO x KH 1.520
KH 0.090 SH 1.00 KH x RO 0.204 AL x KH 1.430
GH x NI 0.166
Range -0.243-0.314 0.83-1.56 -0.373-0.533 0.33-1.91
STI RO 0.371 RO 1.61 AL x RO 0.613 AL x RO 1.780
AL 0.090 KH 0.94 SH x GH 0.133 KH x RO 1.130
KH 0.046 NI 0.72 GH x NI 0.111 KH x AL 0.740
Range -0.201-0.371 0.46-1.61 -0.409-0.613 0.13-1.78

SH = Shorawaki; KH = Kharchia; AL = Alvand; GH = Ghods; RO = Roshan; NI = Niknejad
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