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Table 1- Results of physical and chemical analysis of soil at the test site
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43 33 24 307 0.07 0.8 7.2
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Table 2- Results of analysis of variance of evaluated traits in bean plant under the influence of drought stress, bio fertilizer and
phosphorus fertilizer
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Table 3- Comparison of the mean of the main effects of treatments on the studied traits in beans
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The means that have a common letter in each column do not have a significant difference according to Duncan test at the level of 5%.

olS ady malidl el olde slge iz o olS Culd, ©)ad
Norouzi masir et al., 2019; ) 552 o o0& msli

(Rahimzadeh et al., 2013
JolS 55Lel 9 (B0 S al> o y0 (5 Lol @b bl o iy
Oliee & o Hind 095 LS ;5 p Sl ) -

Jloss 58 55 Ol 2 yeS g dwl Cawds dusyo VY 5 o /NYY

S s g
2 eSS YO By e g (2 al>ye o gl ol
JONCIEVRENE PRV FUIR R WY Y § BN SONPTRN X v
YO By an b 200 al>yo o (65ll whad g JulS (5 L]
() JSi) ais sanline (5 o dme B! liSa ;o o SolS
i)l o b (Soo5 bl o 5 (sdie olse 4y L5 a5 ol
o 5l esliul jo oL il ecels Yl 365 5 L8

SgaS y dzgi 8 Jolei SGonimo Ll is cplog— b o

Ay

P St 5 s 1515 Gt by g ol
3 S i )5 ) 355 5 i 355 w5 i
bl s (izred g s Fe i) b ol
5 e A1 5 0 o ginn s 58 5 (S5 15
AV Jgu2) 095 )10 e (o 32 9550 Sl jles

Ry (Sl 095 0,5 Jleud jo aS ols lis @L..s
Crms 45 dal Gy oy 1V oY i @ ity ) b cllale
IRl ae 3 WA fliee (G 055 3 )8 pae jlos &
Sebl slalSlas slo iagh jo laass (¥ Jaaz) ol ol
S i e 8y S e sl S, sl sl
OLLS & Comd (6551 b ool il (ol )0 ady; jad
soloe Ho ady ) ol ails el Hladse (pl Lol ooid s

Ca3i 5 158 hams 2l Gl Slid 0asiS > (slags 55T,



N SSiS bl e 0 (Phaseolus vulgaris L) Lol ailo g adlu iy I3 polic Clalé ) 9 (o biowd 995 7l (oavy 0

ity oo )3 )kl el (8L oS ol ol S 0, ol

Wb oo alS Sy 50 ol ez g aia ) by o] G e
.(Zarehmanesh et al., 2021)

OFull irrigation s s Lo

g Sis byl by Jian; 085 @ (65,9liS OY gaze oS
Ghadirnezhad Shiade ) s oo Coie gwly S_idaas

Grord i yolie 5l S laie 4 4 s (et al., 2023

® cut off in flowering stage _auls ;s al> 0 yo i

W cut off in pod formation stage _ss &M al> e yo s

0.14
i S 012
g 01
3 £ 0.08
:i S 0.06
~ o 0.04
N )
3 g 0.02
x o
S )3 p,Sls YO
25kg. ha

LS 3 pSelS 0 S 3 pSeksT Y
50 kg. ha 100 kg. ha
JEERNG

Phosphorus fertilizer

Lutgd oS 30 iy yusd 550 1 g (S GRaT 1) S

Figure 1- Effect of drought stress and phosphorus on root phosphorus content in bean plant
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Figure 2- Effect of drought stress and bio-fertilizer on root potassium in bean plants
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Abstract

Introduction: Legumes are the second most important food source in the world after cereals. Beans
are very effective in stabilizing nitrogen and fertility of agricultural soil due to their coexistence with
bacteria, and large amounts of nitrogen are added to the soil every year after harvesting this plant.
Environmental factors, especially drought stress conditions, play a major role in the quantitative and
qualitative characteristics of crops. Reduction of available water, especially at the beginning of the
flowering stage and the occurrence of drought stress in legumes, while reducing the rate of vegetative
growth and shortening the stage of reproductive growth has a negative effect on grain quality.
Nutritional deficiencies in plants cause them to be sensitive to environmental stresses. Excessive use
of chemical fertilizers in agriculture to provide the phosphate needed by plants has always caused
adverse environmental effects and has led to a decline in the quality of agricultural products. However,
the use of biofertilizers has many benefits over chemical fertilizers. Therefore, considering the
importance of the above, the purpose of this study is to investigate the role of biofertilizer and
phosphorus fertilizer on bean plant elements in drought stress conditions.

Materials and Methods: An experimental split-split plot with three replications was performed to
investigate the effect of bio-fertilizer and phosphate fertilizer application on nutrient uptake in roots,
stems, and seeds of beans under drought stress in season 2016-2017 in Ilam city. Treatments included
three levels of irrigation interruption (non-stress conditions, cut off in flowering stage, and cut off in
pod formation stage) in the main plot and three levels of phosphate fertilizer (25, 50, and 100 kg. ha')
and application and non-application of biofertilizer. Drought stress treatment in this experiment was
performed by stopping irrigation in two stages of full flowering and podding. All phosphorus fertilizer
related to each treatment was applied to the ground at once during cultivation. After germination and
establishment of the plants in the 2-4 leaf stage, the plants were thinned and one plant was kept in
each pile. Weed control was done manually in two stages before flowering.

Results and Discussion: The results showed that the highest nitrogen concentrations in roots, stems,
and seeds under non-stress conditions (full irrigation) were 1.12, 1.77, and 3.19%, respectively. Also,
the lowest nitrogen concentrations of roots, stems, and seeds in the cut-off flowering stage were 0.92,
1.46, and 2.63%, respectively. The mean comparison results showed that the highest grain nitrogen
concentration in non-stress conditions (full irrigation) was 3.19%, which increased by 21.29%
compared to the cut-off irrigation treatment at the flowering stage. The results showed that the highest
concentration of root potassium in the conditions of irrigation interruption in the flowering stage and
biofertilizer application was 2.63% and the lowest was obtained in the treatment without stress and
non-application of biofertilizer (2%). The average comparison results showed that the highest
concentration of potassium in the stem was obtained in the condition of cut off irrigation in the
flowering stage at the rate of 4.35% and the lowest amount was obtained in the full irrigation at the
rate of 3.60%. The results showed that in the treatment of biofertilizer application, the highest
concentration of phosphorus in the grain was 0.265 percent, while the lowest in the treatment of non-
application of biofertilizer was 0.226 percent.
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Conclusion:The application of phosphate fertilizer significantly increased the absorption of elements.
The application of biofertilizer also significantly increased the concentration of nitrogen, potassium,
and phosphorus in bean plants. In general, the results of this study showed that the use of biofertilizer

and phosphate fertilizer could reduce the adverse effects of drought stress on bean plants and increase
the absorption of elements in bean organs.

Keywords: Flowering stage, Nitrogen, Phosphorus, Pod formation stage, Potassium
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Table 1- Physicochemical properties of soil in experiment site
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TNV EC pH
Potassium Phosphorus Clay Silt Sand Organic carbon
(mg kg*) (%) (dsm™)

148 54 14 30 56 0.35 145 4.04 8.2
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Chlorophyll a = (12.25 A663.2) - (2.79 A646.8)
Chlorophyll b = (21.51 A646.8) - (5.1 A663.2)

Carotenoides = (100 A470 — 1.8 chl. a - 85.02 chl. b)/19
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Table 2- Analysis of variance for physiological and morphological characteristics of cotton affected by pix and benzylaminopurine

foliar application

I azo° ; ; - c ey e asLholasi dg ) 0)ed Sl
e 2l eol5i a Judg 5 b dg s wdebg)lf g gl No.of lateral  No.of bl
5 o. of latera 0. of bolls per
Source of variation Chlorophyll a Chlorophyll b Carotenoid Plant height P
df branches plant
A
o 2 0.22 0.09 8.12 1.56 0.64 0.16
Replication
. 1 0.86 1.79 45.36 620.16 1.36 0.38
Pix
ooz yeel
i ] 4 2.04" 3.32" 69.57™ 17.71 0.91 1.62%
Benzylaminopurine
Ozt sl i3t x oS X X N L B
Benzylaminopurine x Pix 4 0.32 0.33 6.60 31.91 247 4.22
Uas
18 0.18 0.10 1.64 8.57 0.34 0.43
Error
5.37 6.32 7.52 9.47 7.44 9.26
CV (%)

O B S i PRV A < S POy
* Significant at P < 0.05, ™" Significant at P < 0.01

Y Jgos aldl

Table 2 continued

139 cyassbo . S > L
o any 039 u-&-’ - 5398 ooy e sSlos R oy
et gl T oj9¢ , s 39lgw cails
o &ol3T b Seed cotton . &
Source of variation Average boll . Biological Harvest .
df ) Open bolls yield . . Lint
weight yield index
A
o 2 0.21 145.39 70303.18 394333.33 12.65 20.76
Replication
pi 1 0.67 541.28 171507.67 33334.43 48.41 131.04
ix
ous sl Jish - N "
. . 4 0.26 7.93 662897.36 662000.00 109.36 711
Benzylaminopurine
Om sl Jarix S N . = . -
Benzylaminopurine < Pix 4 1.36 229.26 386619.12 923453.35 25.94 142.04
Uas
18 0.13 58.99 38138.93 221740.74 30.02 11.62
Error
8.23 10.53 9.89 9.58 12.26 11.68
CV (%)

R B S N P VAl o S POy
* Significant at P < 0.05, ™ Significant at P < 0.01
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Table 3- Effect of pix foliar application on chlorophyll a content and harvest index of cotton

oS (ol Sl a Judg ,l5
Chlorophyll a (mg g FW)

Pix foliar application

c«.&leﬁ oa:l.m‘:

Harvest index (%)

Sl poe
No foliar application
oS Al Jge

Pix foliar application

43.43a

4597 a

W55l (6l pre glas (P[4 0) SSls slassls v O905) @llas sl S pie By o lyls JBlos g o g0 aS e Sle
Means within columns followed by the same letter are not significantly different at P < 0.05, according to Duncan's multiple range test
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Table 4- Effect of benzylaminopurine foliar application on chlorophyll a content and harvest index of cotton

Shg sl oy cdale

Benzylaminopurine concentration (mg )

Chlorophyll a (mg g FW)

a Judg s cabils y pas L

Harvest index (%)

0

5

25

50

100

7.24b 46.88 a
7.44b 4551a
7.54b 46.44 a
8.52a 4750 a
8.36 a 37.17¢c

W, (g o e igles (PS /- 0) (SSls (slarals aiz (g0l Billae ol S piie B> G gl JBlas ygiw o 0 4 ola .Sl
Means within columns followed by the same letter are not significantly different at P < 0.05, according to Duncan's multiple range test
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Figure 1- Interaction effect between pix foliar application and benzylaminopurine concentration on chlorophyll b content

EBAP=0 OBAP=5mg/l fBAP=25mgll

OBAP=50 mg/l ®BAP=100 mg/l

g 25 - a
ab bc
LL
< 20 - ¢ bc bc bc
v >
2 E 15 d d
“31 = e
2 10 A
[
<
S °]
0
(g dslas pe o sty sl
No foliar application Pix foliar application
oS ol Joloxo

Pix foliar application

M9 9,15 Slosmn 1 (5239 el bt LS 5 Sy (£l J g il 31T JSC

Figure 2- Interaction effect between pix foliar application and benzylaminopurine concentration on caretenoid content
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Figure 3- Interaction effect between pix foliar application and benzylaminopurine concentration on plant height
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Figure 4- Interaction effect between pix foliar application and benzylaminopurine concentration on number of bolls per plant
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Abstract

Introduction: Cotton (Gossypium hirsutum L.) is the most widely used natural fiber and the most
important dual-purpose industrial plant in the world. Delayed transplanting of cotton using early
cultivars is one of the effective methods to increase the cultivated area and increase the production of
this strategic crop. Plant growth regulators can be effective in the source-sink balance in different
plants and are progressively used to increase yield in many plants. Cytokinins are one of the most
important plant growth regulators, which increase cell division and differentiation, reduce the effect
of terminal dominance, increase leaf surface development, increase the number of lateral branches,
increase mobility of nutrients, prevent chlorophyll decomposition, and prevent aging. Growth
regulators containing mepiquat chloride, such as pix, reduce vegetative growth in cotton by
preventing the synthesis of gibberellic acid. Controlling the growth of cotton as a result of the use of
pix, allocates the photosynthetic assimilates to the fruit organs and growing bolls, which increases the
weight of the bolls.

Materials and Methods: To investigate the effect of foliar application of 6-benzylaminopurine and
pix on the growth and yield of cotton (cv. May 344) in delayed transplanting, a factorial experiment
was conducted in a randomized complete block design with three replications in Sabzevar during
2020. The factors studied were foliar application of pix at two levels of no foliar application and foliar
application at the rate of 1.5 liters per hectare and 6-benzylaminopurine (BAP) foliar application at
five concentrations of 0, 5, 25, 50 and 100 mg I™*. May 344 cotton cultivar was used in this experiment.
Results and Discussion: The results showed that foliar application of pix significantly increased the
content of chlorophyll a compared to the no foliar application conditions. Foliar application with
concentrations of 50 and 100 mg I"* BAP also caused a significant increase in the content of
chlorophyll a compared to the no foliar application conditions. The highest content of chlorophyll a
was observed in the concentration of 50 mg I BAP, which had an increase of 17.7% compared to the
control treatment. The highest height of the plant (67.9 cm) was obtained by foliar application of 25
mg I"* BAP alone, which showed an increase of 15.1% compared to the control. The lowest plant
height (51.6 cm) was also observed in the treatment of foliar application of pix along with 100 mg I**
BAP. Foliar application of pix along with 25 mg I BAP produced the highest number of bolls per
plant, which was 29.8% higher than the control. The highest average boll weight (5.4 g) and the
highest percentage of open bolls (83.8%) were obtained in the foliar application treatment of pix with
100 mg I BAP, which was not significantly different from the control treatment. Foliar application
of 1.5 liters per hectare of pix alone produced the highest seed cotton yield (2754.3 kg ha™), which
had a 40.2% increase compared to the control. The highest biological yield was produced in the foliar
application treatment of PI1X along with 5 mg I* of BAP, which had an increase of 26.5% compared
to the control treatment. The lowest biological yield was obtained in the treatment of foliar application
with 100 mg I* of BAP, which was not significantly different from the control treatment. The highest
percentage of lint (52.2%) was observed in the pix foliar application treatment along with 50 mg 1™
BAP, which showed an increase of 20.3% compared to the control.
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Conclusion: According to the results, foliar application of 1.5 liters per hectare of pix is

recommended to produce high seed cotton yield and increase the percentage of lint in delayed
transplanting cotton.

Keywords: Carotenoid, Chlorophyll, Cytokinin, Delayed planting, Mepiquat chloride
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Table 1- Geographical and climatic location of the test site
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Rainy days
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Average 14.3 21.3 259 304 29.5 26.5
temperature (°C)
Lo 3llas jiSlas
Absolute 30 36.3 423 413 426 39.7
maximum
temperature (°C)
Lo las JBlas>
Absolute 2.4 55 9.8 15.3 15.8 104
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temperature (°C)
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Table 2- Physical and chemical characteristics of experimental field soil at a depth of 30 cm
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. Electrical conductivity (ds Nitrogen Absorbable phosphorus Absorbable potassium
Soil texture pH 4 4 4
m>) (%) (mg Kg™) (mg Kg™)
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’ 7.7 0.87 0.11 13 280
Clay-Loamy
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Table 3- Analysis results of sheep manure used in the experimental farm
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pH Electrical conductivity (ds m™®)  Nitrogen (%) Absorbable phosphorus (mg Kgl) Absorbable potassium (mg Kg™)
7.76 0.54 0.71 8600 17500
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Figure 3- The effect of manure application and sowing date on changes in the relative growth rate of yarrow
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Table 4- The results of analysis of variance (mean square) of the effect of manure and sowing date on some growth traits of

yarrow plant
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Table 5- Comparison of the average effect of manure application and sowing date on some growth characteristics of yarrow plant
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Abstract

Introduction: Medicinal plants have a significant contribution in the production of existing
medicines. Yarrow plant is one of the most important medicinal plants. The goal of the global
community is to move towards sustainable agriculture, in order to reduce or eliminate chemical inputs
and achieve performance stability and reduce adverse environmental effects. Sowing date is one of
the factors that play a fundamental role in achieving the right conditions during the growth period to
obtain the maximum yield of the plant. Finding the right level of fertilizer and the best sowing date it
will help farmers to grow it as well as possible Therefore, the purpose of this research was to
investigate the effect of sowing date and fertilizer levels on some growth characteristics of yarrow.
Materials and Methods: This research was carried out in the organic agriculture form in Campus of
Agriculture and Natural Resources at Razi University in 2019-2020. The experiment was conducted
in the form of split plots based on complete blocks design in three replications. Experimental
treatments included four levels of farmyard manure (zero, 10, 20, 30 ton ha™*) as the main factor and
three sowing dates (April 15, May 4, and May 24) as sub factors. The examined traits included leaf
area index, total dry weight, crop growth rate, relative growth rate and grain yield. Traits were
measured in two ways: destructive and final sampling. Destructive traits started about 50 days after
planting the seedlings in the ground. To calculate the crop growth rate and relative growth rate the
derivation method from the total dry weight equation was used. At the time of harvest, in order to
measure the yield after removing the marginal effects, 5 plants were randomly picked from each plot
and then the plants were transferred to the laboratory. After drying the samples, the grain yield was
measured. Finally, data analysis was done using SAS software version 4.9 and Duncan's multiple
range test (P<0.05) was used to compare the mean of the data.

Results and Discussion: The results showed that with the increase in the levels of animal manure
application, the leaf area index, the crop growth rate and the total dry weight increased in all three
sowing dates. So that the highest (3.15, 5.83 g m? d* and 810 g m?, respectively) and the lowest leaf
area index, crop growth rate and total dry weight (1.185, 0.44 g m? d* and 87 g m?, respectively)
were observed the treatment of the first sowing date and 30 ton ha™ animal manure application and
the treatment of the third sowing date and 0 ton ha™* animal manure application, respectively. Animal
manure had a significant effect on grain yield so the highest (1.7 g m®) and the lowest (0.2 g m?)
grain yield were observed in the treatment of the first sowing date and 30 ton ha™ of animal manure
application and 0 ton ha™ animal manure application and the third sowing date, respectively.
Conclusion: The results showed that for the yarrow plant, with the increase of sheep manure up to 30
tons per hectare and the sowing date of April 15, the studied growth characteristics such as leaf area
index, total dry weight, crop growth rate, and relative growth ratio increased. Also, the sowing date
of April 15 and the use of 30 tons of manure per hectare had a significant effect on the seed yield.
According to the obtained results, the sowing date of April 15 was suitable which increased the growth
period of yarrow plant. Therefore, using animal manures instead of chemical fertilizers can be a
suitable alternative to increase yield and avoid the environmental harm of chemical fertilizers.
Keywords: Crop growth rate, Grain yield, Leaf area index, Relative growth rate, Total dry weight
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Table 2- Analysis of variance for some studied traits under water and stress conditions
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Capsule fresh weight Economic yield Capsule dry weight
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2 2.77 0.86 0.22
Block
G)L.ﬁ'l
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ns, * and **: Non-significant and significant at the 5% and 1% levels of probability respectively.
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Table 3- Analysis of variance for other studied traits under water and stress conditions
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capsules per plant
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ns, * and **: Non-significant and significant at the 5% and 1% levels of probability respectively
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Table 4- Comparison of mean of traits in the study of drought stress tolerance of sesame
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Table 5- Means of traits of sesame genotypes in water and drought stress conditions
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Table 6- Drought stress tolerance and susceptibility indices in the studied sesame genotypes
LX) 4y 4y 4y 4y s 4y
YS YP SSI STI TOL MP GMP HARM
Genotype Rank Rank Rank Rank Rank Rank
1 0.14 058 0.07 11 0.027 2 0.44 7 0.65 2 0.28 2 122 12
2 1.32 25 -0.21 7 1.12 11 1.18 11 3.16 10 1.81 11 0.61 9
3 191 489 -0.86 2 1.05 10 -0.29 2 2.57 8 1.75 10 -0.16 2
4 1.94 1.62 -0.50 4 1.57 13 0.43 6 3.34 13 2.14 13 0.19 5
5 0.17  0.30 0.25 14 0.017 1 0.13 5 0.38 1 0.22 1 0.55 8
6 2.98 1.87 -1.27 1 1.90 14 -1.11 1 3.36 14 2.36 14 -0.45 1
7 1.62 1.38 -0.85 3 0.76 7 -0.24 3 2.19 5 1.49 7 -0.16 3
8 1.77 2.37 -0.18 8 1.43 12 0.60 8 3.25 12 2.04 12 0.28 6
9 112 1.77 -0.43 5 0.67 6 0.65 9 2.33 6 1.40 6 0.44 7
10 1.003 2.69 -0.31 6 0.92 9 1.68 13 3.19 11 1.64 9 091 11
11 090 093 -0.057 10 0.286 5 0.03 4 1.38 4 091 5 0.032 4
12 0.35 2.36 0.16 12 0.282 4 2.01 14 2.53 7 0.90 4 1.48 13
13 1.15 2.33 -0.17 9 091 8 1.18 12 2.90 9 1.63 8 0.67 10
14 012 0091 0.18 13 0.037 3 0.79 10 0.97 3 0.33 3 1.53 14
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Table 7- Correlation coefficients between yield and tolerance and susceptibility indices in study of drought tolerance in the studied

sesame genotypes

YS YP SSI STI TOL MP GMP

YP 0.746™
SSI -0.38n 0.308"s

STI 0.905™ 0.925™ 0.017ns

TOL 0.097ns 0.735™ 0.850™ 0.461"
MP 0.853™ 0.984™ 0.139ns 0.967™ 0.602"

GMP 0.93™ 0.935™ -0.03ns 0.983™ 0.447ms 0.983™

HARM -0.43ns 0.270"s 0.979™ -0.048"s 0.841ns 0.096"

Aoy ) g ao,0 B izl mhaw jo s poe B 0929 g o s i baims lid oS 4y, 1o

ns, * and **: Non-significant and significant at the 5% and 1% levels of probability respectively.
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Table 8- Eigen values and Eigen vectors of components analysis of tolerance - susceptibility indices in study of drought tolerance in

sesame genotypes

o5 il 5l
i ouibyly g polie ailgo
HARM  GMP TOL SSI YS Variance
Proportion Variance Eigen value Component
(%)
-0.020 0.482 0.237 0474 0.000 0.442 53 53 4.24 1
0.575 -0.018 0500 0.005 0577 -0.223 -0.169 90.1 37 2.96 2
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Figure 1- Drawing bi-plot based on first and second components for 14 sesame genotypes by using drought stress index
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Abstract

Introduction: Sesame (Sesamum indicum L.) is an annual plant and an ancient plant that has been
cultivated in Asia and Africa for about 7500 years. Sesame seeds contains 40-60% oil and for this
reason, it is cultivated as an oil plant in many countries. Drought is a serious problem for crop
production in arid and semi-arid regions of the world. One of the most important research programs
in drought management in different plants is the identification and grouping of sensitive, drought-
tolerant genotypes. Mehran region in Ilam province is one of the sesame growing regions in the
country. Therefore, the purpose of this study was to cultivate sesame cultivars in Mehran under
drought non- stress and stress conditions in order to identify superior cultivars in terms of yield and
tolerance to drought stress.

Materials and Methods: 14 sesame cultivars were planted in the form of a split-plot design based
on a randomized complete block with three replications in the Agricultural Research Farm of Ilam
University in Mehran. The main factor of irrigation levels included irrigation after 100 mm of
evaporation from the class a pan (conventional irrigation) and irrigation after 200 mm of evaporation
from the class a pan, and the secondary factor was the studied sesame genotypes. Traits were
measured based on 10 plants harvested from two central lines and taking into account the marginal
effect. The measured traits were economic yield and number of capsules per plant, number of sub-
branches, number of leaves, capsule length, capsule width, capsule weight and plant height. In order
to determine resistant and sensitive cultivars to stress, various indices related to stress resistance were
calculated.

Results and Discussion: The studied genotypes showed a significant difference in terms of the traits
measured in the conditions of no stress and drought stress. The results of the table show that the effect
of irrigation for the characteristics of capsule fresh weight, seed weight and capsule width showed a
significant difference at the level of 1% and for capsule dry weight and plant height showed a
significant difference at the level of 5%. Which indicates that the studied traits change under stress
conditions. Other traits did not have significant differences. In the evaluation of tolerance to drought
stress in different genotypes of sesame, plant height, biological yield and grain yield per surface unit
decreased significantly with increasing drought stress intensity. According to the correlation of
performance under stress (YS) and no stress (YP) conditions with drought tolerance indices, GMP,
STl and MP indices have a correlation coefficient of 0.93, 0.905 and 0.853, respectively. Performance
as the best indicators of drought tolerance in stress conditions and MP, GMP, ST1 and TOL indicators
with correlation coefficient of 0.984, 0.935, 0.925 and 0.735 respectively with performance as the
best indicator. The tolerances were under stress-free conditions. These indices can be used to identify
genotypes tolerant to water stress with high yield. Based on this, Holeil variety is introduced as the
most tolerant variety to drought stress.

Conclusion: In water conditions, the cultivar Yellow white had the highest yield and the cultivar
Nashkofa had the lowest yield. Under stress conditions, Holeil variety had the highest yield and
Nazmultib had the lowest yield. GMP, STI and MP indices had the highest correlation with
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performance in water and stress conditions and therefore were chosen as the best indices. Based on
this, Holeil variety is introduced as the most tolerant variety to drought stress.

Keywords: Correlation, Drought tolerance index, Holeil, Yield
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Table 1- Physical and chemical properties of soil
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Table 2- Anions and cations in soil sample (meq.L%)
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Table 3- Analysis of variance of qualitative traits and cadmium in soil, root and shoots
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S.0.V = Chlorophyll a Chlorophyll b Carotenoid Shoots cadmium . R
d.f cadmium cadmium
25 g5 1 12572 0.48%  5000.36™ 8.688" 260.33"  0.0854"
Chelator types
25 D sl 3 755.49™ 981.20" 222.26™ 20.76™ 770.58™ 0.512™
Chelator levels
”’A‘?E Ty 2 1389.121™ 167.63™ 722.35™ 130.69™ 4106.44™ 2.086™
Cadmium levels
oS U golaw XoaiST I g5 3 287.05™ 407.33™ 2037.32™ 0.325" 1.993ms 0.295™
Chelator typesx Chelator levels
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""JLE;:,Sf&’ 48 5142.43 44611 628.44 0.1713 1.34 0.0168
St oy - 4.12 1.66 5.17 0.414 1.16 0.129

Coefficient of Variance (%)

Qo0 S g g Jleizl ok 1o lo cre oS 5 4 T ¢ s e 8 NS
ns: not significant; * and **: significant at five and one percent probability levels, respectively
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Table 4- Means comparison of qualitative traits and cadmium in soil, root and shoots
2 ¢ 2 g g 3 e e a g 6*;‘ - g .
EE gEb gET gfe off Py git g2f g0
s ¢ £z ¢ #£f & £3% £I% £y Fgg £z £ o
2% &2 % &Eiqg REY ORTy wil FE o oZEY ZEY
S o = 2 J%‘E— £ & <“i %K “E 8 S22y S E ¢ “E &
g ‘e = \E‘ s = - 5 2 5 & =
0 84533 a 416.66 de 589 bc 0.523 k 2.23k 0.197 f
0 15 490 def 364 efg 270.3fg 2.227 hi 6.10 k 0.367 ef
30 255 hi 302.33 ghi 349.3 ef 3.123 ef 17.18 h 1.137 ab
0 852.66 a 520.33 ¢ 640.6 b 0.593] 2.231 0.197 f
0.5 15 760 ab 390 def 648 ab 2.267 gh 1797 h 1.017 b
EDTA 30 312.33 ghi 315 ghi 447.6 ef 5.100d 33.70c 1.190a
0 843.66 a 586.33b 623.3ab 0.697 j 2501 0.220 f
1 15 418.33 efg 391 def 393 ef 3.467e 23.77f 0.930 cd
30 360.33 ghi 343.6 fgh 488.3 ef 6.833 b 37.98b 0.793 cd
0 878.33 a 426.3d 655.6 a 0.767 2.001 0.267 ef
15 15 810 a 414.3d 425.6 ef 4.560 d 29.53d 0.263 ef
30 467.33 ef 318 ghi 553.3 de 8.57a 40.03 a 0.123 f
0 519 de 650.3b 575d 0.4271 1.971 0.263 ef
0 15 396.66 efg 222.6 kl 594 bc 1.837i 5101 0.320 ef
30 185.33 j 205.31 213649 2.707g 7.841 0.950 ¢
0 669.66 bc 752 a 564.6d 0.457 ki 2.141 0.300 ef
0.5 15 359.66 ghi 357 ghi 586 d 1.860 i 14979 0.753d
PIOA 30 219.6 j 236 jki 2453 f 3.107 f 2753¢ 1.090 ab
0 680.66 bc 7373 a 595.6 bc 0.580 jk 2471 0.277 ef
1 15 368 fgh 249.6 jki 629.6 ab 2.597¢g 20.23¢g 0.170 f
30 231ij 250.6 jkI 253.3 ef 5.583 ¢ 29.77d 0.763d
0 596.33 cd 594.6 bc 623.3¢c 0.697 j 1.86 | 0.267 ef
15 15 413 efg 286.3 ijk 2646 f 3.513e 2447 f 0.200 f
30 249.33 hi 264.3 jki 371 ef 7.03b 31.27d 0.503 e

55 (5l e BB doyo gy Jleim s 4o 4SSl (glaials axz ygel bl s il g (gl (slaSilie (g 8 0
In each column, the means with similar letters, according to Duncan's Multiple Range Test, did not differ significantly at the five percent
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Abstract

Introduction: Today, soil pollution is one of the important environmental issues that must be taken
into consideration. Industrial activities cause pollution and accumulation of heavy metals in the soil.
The rate of absorption of pollutants, especially heavy metals, by different plants is different. If
resistant plants can be found that are able to reduce some of the pollution in water or soil, they can be
used to remove pollution from polluted sources. Heavy metals are considered as an important
environmental problem due to their toxicity, cumulative effects, long persistence time in the
environment, carcinogenicity and non-degradability. Chemical phytoremediation is a method in
which different chelating agents are used to increase the absorption of metals by the plant. The
purpose of this research is to investigate the ability of morale as a weed with a wide geographical
spread in the country, to absorb cadmium metal pollution.

Material and Methods: This research was carried out in the agricultural year of 2018-2019 in the
greenhouse of agricultural Research Institute of Zabul University, located in Zahak city, with a
geographic location of 61 41 east longitude and 30° and 54' north latitude and an altitude of 483
meters above sea level. The research was carried out as a factorial experiment in the form of a
completely randomized design with three replications. The experimental treatments include EDTA
and PIOA chelate at four levels (0, 0.5, 1 and 1.5 mg/kg of soil) as the first and second factors,
respectively, and cadmium at three levels (0, 15 and 30 mg/kg of soil) from the source of cadmium
nitrate as the third factor. This research aims to investigate the phytoremediation ability of Morale in
the presence of EDTA and PIOA chelating agents in a selected soil from the drainage area of zabol
in the form of a pot test on a soil contaminated with cadmium, in the greenhouse of the agricultural
research institute was done of the zabol university. In each pot, 4 morale seedlings prepared from the
treasury of Zabol University Agricultural Research Institute were planted at a depth of 10 cm.
Analysis of data was done using SAS software version 9.1. The mean comparison of the treatments
was analyzed using Duncan's multiple range test at the 5% level.

Results and Discussion: The application of chelating agent increased chlorophyll a in all treatments
affected by cadmium, so that the highest amount of chlorophyll a (878.33 mg/g) was in the treatment
of 1.5 mg/kg EDTA and soil without cadmium, which ratio It showed an increase of about 3.75%
compared to the control (without chelating agent and without cadmium). The highest amount of
cadmium in aerial parts (8.57 mg/kg) corresponds to the treatment containing 1.5 mg/kg of EDTA
chelated and soil with 30 mg/kg of cadmium and the lowest amount of cadmium in aerial parts (0.427
mg/kg) was related to the control treatment (without chelating agent and without cadmium). The
application of chelating agent increased root cadmium in all treatments under the influence of
cadmium, in a way that showed an increase of about 94.42% compared to the control (without
chelating agent and without cadmium).

Conclusion: In sum, the results of this research show that the Morale plant is a plant resistant to soil
pollution and can tolerate the levels of pollution to a certain extent. Refinement and separation of
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cadmium metal from the soil was done better by the plant. Due to the high tendency of EDTA to bind
to metals, when EDTA is used in high concentrations. It has a potential effect on the release of metals
from the solid phase by forming soluble complexes, and the formation of EDTA complexes with
metals in the soil solution may advance the balance of precipitation and absorption towards the
dissolution of metals.

Keywords: Chlorophyll, Heavy metals, Root cadmium, Shoots
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! Colony forming units
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! Cellulitis microorganisms
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1 Mean weight diameter

2 Soil aggregates stability
3 Dispersion clay

4 Farm capacity
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Table 1- Physical and chemical characteristics of experimental soil
e yiolsl s>y Slade &5 o3l g,
Parameters Unit Amount Method
Aol
t _ 79 (Jones Jr, 1973) o pH
pHe
S @dsmy 25 (Jones Jr, 1973) i EC
ECe
O35 4 OS Sumd
- 95 -
C/N
7.
o o B 0.38 (Walkley and Black, 1934) s - ISl
Organic carbon
o ) 30 -
Sand
o o " ~
Clay
() 28 -
Silt
= - = (Bouyoucos, 1962) (s yies,0un
Texture Clay
o 15 g
CaCos Titration
85 oers o 0.04 (Bremner, 1982) Jlalxs
Total nitrogen
s BB s (mg kg 5.9 (Olsen, 1954) .14
Available phosphorus
i el ogid
i el mokeh S ol

Available potassium

Flame photometric

o)l sl (b sl (Shg 3l (B p - Jgu

Table 2- Some chemical characteristics of experimental treatments

St ) Sogad S| oSl o goS S5 o3Il hg s
Parameters Unit Humic acid Rumen compost Method
VO 5590
(dSm%) 5 13 -
EC
Vi Aol
- 8 6.7 -
pH
7.
oS %) 40 57 (Walkley and Black, 1934) <53 - ISl
Organic carbon
s (%) 3.2 4 (Bremner, 1982) Jlalxs’
Total nitrogen
u_d (%) 0.46 05 (Olsen, 1954) gl
Available phosphorus
o JB ey Syegid oeld
(%) 2 2.9

Available potassium

Flame photometric

sl S S5 sle Shg oame 50 (0<0.01) 5)ls
s b b by 2 5o sine sl AT Sagen ap

S S5 SS9 5 iled] Sl
o le aS ols s Woools o uilyylg aniod guls

re 53l Ll Jlie 5l g 4neSs CongaS § Saged S
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(Khalil et al., 2011)
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Figure 1- The effect of treatments on mean weight diameter aggregate wet (A) and mean weight diameter aggregate dry (B). S0 and
S1: 0 and 5 t ha'rumen. HO and H1: 0 and 5 mg kg™ humic acid. Different letters show significant differences among treatments at
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Rumen compost

p<0.05. Error bars indicate standard deviation (n=3).
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Figure 2- The effect of treatments on soil aggregates stability (A), dispersion clay (B), and farm capacity (C). SO and S1: 0 and 5 t ha
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Rumen compost

'rumen. HO and H1: 0 and 5 mg kg™! humic acid. Different letters show significant differences among treatments at p<0.05. Error

bars indicate standard deviation (n=3).
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Table 3- The results of analysis variance between data

SV
Rumen compost Humic acid Rumen X Humic Error CcvV
soll ax o
1 1 1 18 -
df
balass g lul as
7417 145" 16.33" 2.52 5.2
AS
S BB . . .
0.46 0.40 0.06 0.006 8.4
DC
=hy Cedsb Cugh, . =
0.03 0.00 ns 0.00 0.00 6.88
FC
5 S Al s Sl
0.05™ 0.13" 0.002" 0.00 5.61
MWD wet
Sas SIS b il
< 0.93" 0.61" 0.02" 0.004 3.25
8 MWD dry
S
a gsfﬁ)gff‘“ oS
= 129" 22" 5.4 0.25 4.09
3 BR
G D39 (529,55 0095 Canm - " .
& 495 187 16 2 5.87
N MBN
‘@\ O 29,50 00 Can - . R
; 4985 320 222 31 11
£ MBC
5 ojsrs N . L
N 1.25 0.45 0.26 0.02 10
o rewd BB b o N .
b 0.004 0.001 0.00 0.00 3.6
g - - -
0.54 9.35 0.21 0.01 6
K
EUTRVow
0.4™ 0.09™ 0.02™ 0.00 8
pH
04 ¥ (339 . . .
. 40221 17013 396 33.7 12
Tuber wet weight

Sl goe )‘.»L O3 NS ooV Jleizl e 10 (g lo cire i oy O Jloixl mhaws jo (g0 Jre
* Significance at 5% probability level, ** Significance at 1% probability level, n.s. without significant effect.
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S G j SS9 2 oilejl Sless 5T

CwgeaS a5 ols s eools (pu il lg 4y 325 2ol
Sloian 55l ol Hlite 515 Songan doul 5 4raS 5
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(Erol and Coskan, 2016). wiss oo S a0g3
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Table 4- The effect of rumen compost and humic acid on soil biological parameters

AoSd ComwgroS Srogud o 29550 i 039545 (529,540 0395 Cammn O (29,50 009 S
Rumen compost Humic acid BR MBN MBC
mg CO; kg dry
" ~ soil mg N kg dry soil mg C kg* dry soil
0 HO 8.65¢ 18.93¢ 83.43¢
H1 11.51¢ 22.88¢ 96.83"
- HO 14.25° 26.38° 118.352
H1 15.212 33.602 119.562

DSB8 (5 0 g i doSh CawgeaS S1 5 SO (FLSD 6=0.05) arsly oo (5 5 st sl 036 (5 LT L 51 i 10 10 5 jie g > (sl (sl neSilee

£ 5205 koo & 5 sho Soogen s HI 5 HO

The means with common letters in each column are not statistically significant (FLSD ¢=0.05). SO and S1: 0 and 5 t ha-1rumen. HO and H1:

0 and 5 mg kg-1 humic acid.
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Table 5- The effect of rumen compost and humic acid on some soil chemistry parameters and turnip yield

Gt g0’ KWW olS 5 ,Slos N
PR S Sevogud (0af 5 1339) % ool SE el SE phd °::l):
Rumen Humic Plant yield pH K p N
compost acid (tuber wet weight)
: : (gm? (mg kg™) (mg kg™ (%)
SO HO 864.5¢ 7.762 255.24 7.9¢ 0.065¢
H1 921.4¢ 7.682 312.1° 10.5° 0.073¢
S1 HO 950.8° 7.45¢ 285.4¢ 10.8° 0.08°
H1 1061.12 7.38¢ 324.8° 11.92 0.0822

LSS 50 (50 5 Hho deSd CawgeaS $S1 5 SO (FLSD 0=0.05) aril so (5,0 cne B 231 (5 )Ll ks 5l (g o 10 S e By > sl (sloySilee

kS 2 05 (e 8 g o Singen ol HI 5 HO

The means with common letters in each column are not statistically significant (FLSD ¢=0.05). SO and S1: 0 and 5 t ha-1rumen. HO and H1:

0 and 5 mg kg-1 humic acid.
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MWDdry 1
MWDwet 1

AS 1

DC 1

FC -0.08 1

MBC 0.3 0.08 | 0.04 | -0.07 1

MBN -0.2 0.3 0.08 -0.09 0.75" 1

BR 0.7 0.3 -0.3 1

N 0.1 0.09 | 0.07 0.04 | 0.73" v 1

P 0.03 0.1 0.1 0.2 0.71" 0.4 1

K 0.3 0.06 | -0.07 -0.08 0.2 0.3 0.65° | 03 | -0.2 1

pH 0.04 | -0.1 -0.3 0.07 0.2 03 | -02 -0.5 1
ol 5, Slee | 0.65° | 0.53° 1
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Figure 3- Pearson correlation matrix between measured variables. MWDwet: average diameter of soil particles in the wet sieve.

MWDdry: average diameter of soil particles in the dry sieve. AS: percentage of stability of soil particles. DC: Dispersible clay

percentage. FC: field capacity moisture. MBC: microbial biomass carbon. MBN: microbial biomass nitrogen. BR: soil microbial

respiration. N, P, K: nitrogen, phosphorus, and potassium elements.
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Abstract

Introduction: In the arid and semi-arid lands of Iran, due to calcareousness, lack of nutrients that can
be absorbed by plants, unsuitable physical conditions of the soil, and the salinity of the soil, it is very
important to pay attention to organic fertilizers and soil microorganisms to improve these lands. This
experiment was conducted with the aim of investigating the effect of compost obtained from the
contents of sheep rumen and humic acid on the physical, chemical, and biological properties of the
soil and the performance of the turnip plant in saline, sodic, and calcareous soil with a clay texture.
Materials and Methods: This study was conducted in clay-textured soil from the Meianjolgae of the
Neyshabur plain (Shahrabad village), with a saline soil (ECe: 9.1 dS m™) and 15% lime. In this study,
two levels of compost with rumen contents of zero and 5 tons per hectare (S0: 0 ton/ha and S1: 5
ton/ha) and two levels of humic acid of zero and 5 mg/kg (HO: 0 mg/kg and H1: 5 mg/kg) were used.
To prepare rumen compost, 200 kg of fresh rumen contents were mixed with 10% wheat straw and
processed according to standard composting methods. The experiment was conducted in the form of
a completely randomized design with a factorial arrangement. The experiment was conducted in field
conditions in one-square-meter plots with a border distance of half a meter. The experimental
treatments were randomly added to the experimental plots and were completely mixed with the soil
to a depth of 30 cm. 10 white turnip plants were planted in each plot and kept in the field for 3
months.Irrigation was done every 15 days and the plant was kept in the field for 4 months.

Results and Discussion: The results showed that the experimental treatments (rumen compost and
humic acid) had a significant effect on improving the physical parameters of the soil, including
increasing the weighted average diameter of the soil grains in wet (MWDwet) and dry (MWDdry)
conditions, respectively (83 and 44 percent). 62% increase in the stability of soil grains (AS). They
had a 46% reduction in soil dispersible clay (DC). The simple effect of humic acid did not have a
significant effect on soil moisture retention capacity, but the simple effect of rumen compost increased
the soil moisture retention capacity by 33% in the case of field crop capacity (FC). The effect of
experimental treatments on rumen compost and humic acid improved soil biological parameters. The
interaction effect of rumen compost and humic acid increased microbial biomass carbon (MBC) and
microbial biomass nitrogen (MBN) respectively (43% and 77%) and increased soil microbial
respiration (BR) by 75%. Rumen compost and humic acid had a positive and significant effect on
improving soil chemical parameters. Rumen compost and humic acid decreased the pH of the soil and
increased the availability of nitrogen, phosphorus, and potassium nutrients in the soil. The use of
rumen compost and humic acid increased the yield of turnip plants. The simultaneous application of
rumen contents compost and humic acid had the greatest effect on increasing turnip yield (22%)
compared to the control.

Conclusion: According to the obtained results, rumen compost and humic acid improved the physical
and biological properties of the soil, followed by an increase in the availability of nitrogen,
phosphorus, and potassium nutrients in the soil, and finally increased the yield of the turnip plant.
Due to the nature of rumen compost, because it has a relatively acidic pH, the presence of beneficial
microorganisms that increase the availability of soil nutrients, and fibrous fibers that maintain soil
moisture, improve adverse soil conditions, and increase plant performance. It became a turnip. Humic
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acid is an aromatic compound that plays a good role in chelating soil nutrients. It seems that
combining humic acid with rumen compost increases the effectiveness of rumen compost in
improving soil conditions. And rumen compost preserves humic acid from leaching.

Keywords: Aggregate stability, Microbial respiration, Microbial population, Nutrient elements
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Abstract

Introduction: The Calotropis procera Aiton plant is a valuable and effective medicinal species used
to treat various diseases, including as an anti-carminative and for indigestion, as well as for anticancer
and anticonvulsant treatments. This species naturally inhabits fragmented habitats in southern Iran,
particularly near the coasts of the Persian Gulf and the Oman Sea, in the arid and semi-arid regions
of Sistan and Baluchistan, Khuzestan, Bushehr, and Hormozgan. On the other hand, due to the
discovery of adverse effects caused by chemical drugs, people have turned their attention towards
using medicinal plants. The health of agricultural products, especially medicinal plants, has special
importance. The symbiosis of plants with mycorrhiza can be lead to improve of the root development
and will affect on the absorption of water and nutrients. Aim of this study was investigate the effects
of symbiosis between C. procera Aiton. with three different species of mycorrhizal on some
phytochemical and antioxidant activity, and content of potassium, phosphorus, and sodium in shoots
of C. procera Aiton.

Materials and Methods: This research was conducted in the greenhouse of the Horticultural Science
Department, University of Zabol, Zabol, Iran. Transplants were cultured in the soil medium in pot
condition. This experiment was carried out in a completely randomized design with four treatments
include inoculation with three different mycorrhizal fungi (Glomus intraradicese, Glomus
fasiculatum, and Glomus mosseae) and control (without inoculation) and three replicate. Meusered
indices were assessed 8 weeks after transplanting. Measured parameters include; growth indices such
as fresh and dry weight of root and shoot, and phytochemical indices are chlorophyll a and b,
Carotenoid, phenol, flavonoid, antioxidant activity, protein, and concentration of potassium,
phosphorus, and sodium in shoots. Data were analyzed by ANOVA test using JMP, and means were
compared using the LSD test at P<0.01.

Results and Discussion: The results of variance analysis were shown significant effects of
mycorrhizal symbiosis on all investigated indices (P < 0.01). Also, means comparison shows a
significant difference between the effects of different mycorrhiza species. The highest content of
chlorophyll a and carotenoid was obtained in symbiosis with G. mossae, and the highest content of
chlorophyll b existed in symbiosis with G. fasiculatum and G. intraradicese. In this regard, it has
been found that mycorrhizal symbiosis leads to an increase in water absorption, and an improvement
in the absorption of nutrients by the plant, thereby leading to an increase in chlorophyll synthesis
enzymes activity. symbiosis of G. fasiculatum had the highest effects on increasing phenol and
antioxidant activity. increase in antioxidant activity leading to strong suppression of reactive oxygen
species, which ultimately increases the remedial capability of C. procera Aiton. The highest amount
of flavonoid was observed in the condition of symbiosis with G. intraradicese and G. fasiculatum, and
the highest content of protein was observed in condition of symbiosis with G. fasiculatum and G.
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mossae. Symbiosis with the G. intraradicese significantly increased the concentration of potassium
and phosphorus in shoots of C. procera Aiton, while symbiosis with G. mossae causes to a significant
increase in sodium concentration. Generally, the results of the current study were shown that
symbiosis with G. fasiculatum and G. intraradicese are more useful than symbiosis with G. mossae.
The symbiosis of plants with mycorrhiza fungi increases the volume and length of their roots, as a
result of which the roots have more contact with the soil, and the amount of water and nutrient
absorption from the soil increases.

Conclusion: results of the current study demonstrate that the phytochemical, antioxidant activity, and
concentration of potassium and phosphorus and sodium have differed among extract and shoots
related to symbiosis of C. procera Aiton and species of fungi. And symbiosis with G. fasiculatum had
the greatest effect in increasing the production of secondary metabolites.

Keywords: Antioxidant, Essential oil, Inoculation, Secondary metabolite, Yield
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Table 2- ANOVA for some morhpo-physiological traits of Cyamposis tetragonoloba

PHERIR®Y

L e ol Job  ¥9n o L SUS Gj9 S 1)
o )0 Wig gli S o . slelad Jé b ) aday Job
i gl 1 ag 50 N . Sy ad,
sl Plant No. of Reduction /oS! Root
S.0.V . No. of pods Pod Total Dry weight Dry weight
df  height seeds per . sugar PPO length
per plant length protein of leaf of root
pod
A GESRY} N N N N n n N N . .
202 18.1 2.10 3.18 50.3 0.155 0.973 0.0005 0.0004 59.6
Drought stress (D)
e - . - - - - .
. 64.3 17.4 0.445m 0.816"™ 22.1 0.044 0.069 0.0001 ™ 0.000005" 0.970
Spraying (S)
X Sid i
b sl=e 4 222 0.889 ns 0.057" 0.210"™ 0.284" 0.003" 0.026 ™ 0.000006 " 0.000001" 0.131"
D xS
Uas-
E 18 9.04 3.11 0.184 0.324 1.45 0.002 0.009  0.000009 0.000002 0.172
rror
8.15 13.34 10.26 11.01 10.78 3.61 15.94 13.04 4.28 3.18
CV (%)

ns, * and **: non-significant, significant in 5% and 1% level, respectively
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Table 3— Mean comparisons of drought stress effect on studied traits in Cyamposis tetragonoloba
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Plant height . Dry weight Dry weight of

Drought stress No. of pods No. of seeds length  protein sugar length
(cm) 1 1 of leaf root

based on FC (%) per plant per pod (cm)  (mg gFW™) (mg gFW™) . . (cm)

(gplant’) (gplant’)

70 4232 1482 4732 5.842 13.22 1.09¢ 0.0312 0.026 ¢ 10.2¢

50 346° 12.8° 4.00° 4,940 11.7° 1.29°b 0.022° 0.035° 13.7¢b

30 33.6° 12.0° 3.82° 4720 8.60 ¢ 1352 0.016 ¢ 0.0393 15.22

5105 50085 LLSD ygejl (bl 5 o j3 0 gelans yo (5lo dne GBS (S e B> (sl (slapaSilie
Means that have a same letter, have not significantly different together at 5% based on LSD test.
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Table 4—- Mean comparisons of spraying effect on studied traits in Cyamposis tetragonoloba

. e U ol sl wd Sy Sl (38
b gl=e Wy gl . 55 e ady Jsb
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3 %0) (cm) No.ofpodsper 0 oFW) sar ; (cm)
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‘“L:beu- A
[Tl f
. 34.30 11.9° 9.450 1.16° 0.019°¢ 12.6°
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Sl Sy 58]
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el L0 S
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CaCOs;
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Means that have a same letter, have not significantly different together at 5% based on LSD test.
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Figure 1- Mean comparisons of spraying effect on studied traits in Cyamposis tetragonoloba
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Means that have a same letter, have not significantly different together at 5% based on LSD test.
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Abstract

Introduction: Guar (Cyamopsis tetragonoloba) is an annual plant from the legume family and
tolerant to salinity and drought, which can be used as an alternative product in low water plains.
Ascorbic acid is one of the antioxidants involved in the defense mechanisms of plants against various
stresses, including drought, which plays a role in ROS detoxification. Calcium is also an essential
element for plant growth, which, despite being immobile, has many electrochemical, structural and
catalytic functions in plants. It has been reported that calcium ions can increase drought tolerance in
plants by participating in the drought signal transduction process and stimulating abscisic acid
synthesis. Therefore, this research was conducted with the aim of investigating the effect of foliar
spraying of ascorbic acid and calcium on some morpho-physiological traits of guar under drought
stress conditions.

Materials and Methods: In order to investigate the morpho-physiological responses of guar to foliar
application of ascorbic acid and calcium under drought stress conditions, a factorial experiment was
conducted with two factors in the form of a randomized complete block design with three replications
in the research greenhouse of Saravan Higher Education Complex in 2020. The experimental
treatments included three levels of drought stress (70, 50 and 30% of field capacity) and three levels
of foliar application (no foliar application, foliar application with calcium carbonate and ascorbic acid
with a concentration of 3%o).

Results and Discussion: The results showed that in 50 and 30% of the field capacity, compared to
the treatment of 70% of the field capacity, plant height, number of pods per plant, number of seeds
per pod, pod length, leaf dry weight and total protein showed a decreasing trend, but traits of reducing
sugar, Polyphenol oxidase (PPO) enzyme activity and root length showed an increasing trend. The
increase of reducing sugars is considered a mechanism to deal with drought in plants because reducing
sugars are osmolytes that play a role in plant cells as regulators of the osmotic potential of the
intracellular environment. Similarly, the increase in PPO activity during drought stress is justified by
the increase in radical oxygen species generated during this stress, because the increase in the activity
of antioxidant compounds as a defense mechanism is essential to maintain cellular processes and
prevent the damaging effects of free radicals on plant physiological processes. Foliar application with
ascorbic acid did not significantly change plant height and number of pods per plant compared to non-
sprayed plants but increased leaf dry weight, total protein, reducing sugar and root length by 22%,
11%, and 21%, respectively. While, calcium foliar application significantly increased plant height,
number of pods per plant and leaf dry weight by 16%, 24%, and 42%, respectively compared to non-
foliar application and 8.5%, 12%, and 17.5% compared to foliar application with ascorbic acid, but
total protein, reducing sugar, root length and dry weight of root remained statistically unchanged in
calcium spraying respect to foliar application with ascorbic acid. However, both ascorbic acid and
calcium application than no-foliar application showed a significant increase in the amount of total
protein, reducing sugar, root length and dry weight of root and a decrease in PPO enzyme activity.
The decrease in PPO activity can be considered as a result of reducing the harmful effects of drought
stress caused by the application of calcium and ascorbic acid.
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Conclusion: In general, it seems that the availability of moisture in less than 70% of the field capacity
has caused the formation of mechanisms to deal with drought stress in the guar, but foliar application
with ascorbic acid and calcium can somewhat to be effective in modulating the effects of drought

stress on this plant.

Keywords: Dry weight of root, Field capacity, Polyphenol oxidase, Reducing sugar, Total protein
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Table 1- List of the investigated barley genotypes

4l 0 b
Code Pedigree
Gl Jolge (Check 1)
G2 Bahman/3/MAKOUEE//ZARJOW/80-5151
G3 ALGER/(CI10117/CHOYO../3/Makouee/4/STB-12
G4 Comp.Cr229//As46/Pro/3/Srs/4/Express/5/D10*2
G5 ZARJOW/80-5151//Makouee*2
G6 MAKOUEE/3/ZARJOW/80-5151//Bahman
G7 Radical/Birgit//Pamir-154/3/Rhn-03//L.527/NK1272
G8 CALI92/ROBUST//IND16301
G9 Radical/Birgit//Pamir-154/3/Rhn-03//L.527/NK1272
G10 Yousef/4 /82S:510/3/Arinar/Aths//DS 29
Gl1 Courlis/Rhn-03//Karoon
G12 Bereke-54/3/Rhn-03//L.527/NK1272
G13 Comp.Cr229//As46/Pro/3/Srs/4/Express/5/D10*2
Gl4 Pamir-147/Sonata/8/Alpha/Durra/7/P101/5/3896/...
G15 Courlis/Rhn-03//Karoon
G16 (D-16)Bda/Rhn-03//ICB-107766/3/Y ousef
G17 Sonata/8/Api/CM67//Hma-03/4/Cq/Cm//Apm/3/...
G18 Nadawa/Rhn-03//Birka
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L Factor analysis and ideotype design via best linear unbiased
prediction
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Table 2- Mathematic relations for calculated tolerance and susceptible drought indices

@, Jge Tl ol &
No. Formula Selection pattern Index Reference
1 TOL= Yp ‘Ys Minimum value Rosielle and Hamblin (1981)
Tolerance Index
Y, +Ys . bawgin (59042 . .
2 MP = ——= Maximum value - Rosielle and Hamblin (1981)
2 Mean Productivity
S50 (s el
3 GMP= /Y xY, Maximum value Geometric Mean Fernandez (1992)
Productivity
HM= 2(YsxY,) Saigelo 1 Kileo
4 - Maximum value Bidinger et al. (1978
(Ys+Ye) Harmonic Mean g ( )
_ 1(Ye/Y,) S S ol
5 SI= ———= Minimum value Stress Susceptibility Fischer and Maurer (1978)
1-(Ys/Ye)
Index
STI= YixYP : G JeS e Lo
6 2 Maximum value Fernandez (1992)
(YP) Stress Tolerance Index
yi= Ys _ o Slos asls _
7 = Maximum value . Gavuzzi et al. (1997)
Ys Yield Index
Y o Sles 5 Il (asls
— SRk 2>
8 YSI= > Maximum value . ’ . Bouslama and Schapaugh (1984)
Yp Yield Stability Index
I= (Ys/YP) . (e S Ll )
9 vV Maximum value Fischer et al. (1979)

Relative Stress Index




Y0

iy 35 S sl wlwl p Suis (i 4 Jexe (Hordeum vulgare L.) o> sbocaisghl obwbis

b sy oo S5 &4 g, ul 51T Jgaz) Sl gy 2 0590
Dy algss HUAH g0 (Sis 4 Joile slocaigi
o bl o g At plE ) g gl e 55l
ol ol Cwoay el as cwlon s 3155 Sus
Khalili et al., 2014; Sharifi-) o5 ls ccillae iagh
Alhosseini and Taherian, 2019; Cai et al., 2020;

(Faiziasl et al., 2022

il 3 ySdos 5 o il ylg 42 520
olo plzi allw g5 glaosls S o il )lg 4520 b
S eonlp odle 09 Jlocine gl g Lo (Jlow 5]
isinn 55 aaoma x Jlw x a3 ol x gy Blice
3,590 9,3 VWY alo o Shee (gl Ol pads o o .20y
SLecadsl) m (S5 E95 Sgzrg eadadpl i a5 a5

Jlw 9 b (St A8 Lyl d 4 gy S5 5lead b))

92 02U 3yl Saisi] 5o (SUS idd g i pue byl 5o dild 0 ;5o S o (il ylg g jxi - T Jgur

Table 3- Combined analysis of variance for grain yield under control and drought stress conditions in investigated barley

genotypes
Ol i @alio &3l a0 Olas po (uKiloo o duzrgi (yuily ylg oy
S.0.V df MS EV (%)
Jls
1 220.25%%* 52.67
Year (Y)
) 1 59.17%* 14.15
Environment (E)
baoe x Lo
1 15.56 " 3.72
Y xE
(arzeo 5 JLo) 1,155
N 8 0.14
Replication / (Y & E)
’ 17 1.64 6.67
Genotype (G)
Jbo X 3553 o
’ 17 0.96 3.90
GxY
e x el
17 0.38" 1.54
GxE
’ 17 0.84 341
YXExG
Uas
136 0.42
Error
13.13
CV (%)
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ns, *, ** and *** indicated non-significant and significant at P < 0.05, P < 0.01, and P < 0.001, respectively
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Table 4- Values for susceptible and tolerance drought indices in the 18 investigated barley genotypes in the first year

Fernandez’s grouping

pattern

Code Yp Ys TOL MP GMP HM SSI STI YI YSI RSI

Gl 419 4.02 0.17 4.10 4.10 4.10 0.20 0.88 115 0.96 1.20 A
G2 4.22 2.63 1.59 342 3.33 3.24 1.88 058 075 0.62 0.78 B
G3 4.40 2.68 1.72 3.54 3.44 3.33 1.95 0.62 0.77 061 0.76 B
G4 4.44 4.05 0.39 424 424 4.24 0.44 0.94 116 091 1.14 A
G5 4.38 3.36 1.02 3.87 3.83 3.80 1.16 0.77 0.96 0.77 0.96 B
G6 411 3.05 1.06 3.58 3.54 3.50 1.28 066 087 0.74 0.93 B
G7 461 2.70 1.92 3.65 3.53 3.40 2.07 065 077 058 0.73 B
G8 4.20 3.50 0.70 3.85 3.83 3.81 0.83 0.77 1.00 0.83 1.04 A
G9 4.75 3.61 1.15 4.18 414 4.10 1.20 0.90 1.03 0.76 0.95 A
G10 3.85 3.26 0.58 3.56 3.54 3.53 0.76 066 094 085 1.06 D
G11 4.37 3.82 0.55 4.09 4.08 4.07 0.63 0.88 1.09 0.87 1.09 A
G12 4.32 2.86 1.46 3.59 351 3.44 1.68 065 082 0.66 0.83 B
G13 4.64 4.56 0.08 4.60 4.60 4.60 0.09 111 131 0.98 1.23 A
G14 412 4.10 0.02 411 411 411 0.02 0.89 1.18 1.00 1.25 A
G15 4.78 3.40 1.38 4.09 4.03 3.97 1.44 085 097 071 0.89 B
G16 4.27 4.35 -0.07 431 431 431 -0.08  0.97 1.25 1.02 1.27 A
G17 4.49 3.68 0.81 4.09 4.07 4.05 0.90 0.87 1.06 0.82 1.03 A
G18 4.45 3.20 1.26 3.82 3.77 3.72 1.40 0.75 092 0.72 0.90 B

Jbs 5l edalo st ol 63y S5 (w2 yoliaiods

5 Jood lagasls 51 G 5e L 5l ead (o) p lacads)
w5 plosl Al 50 slaosls (ol Sl (sl
31 ol anoay g gl .cuload z,0f Jooo )0 o
4 Cos G18 3 G13 G4 Gl slacsg; YP Lasls s
5 G4 gy 9 o polie (s gl boudgs nlw
5 sl o Shee 2 YL slyls G16 5 G11 ol jom 4y G13
b jasli ples L 51 G106 gy ing (YS) i Lol
56 GL3 Cgs o alolids 5 Colgis lorea YP 52 &
e Hlgeas TOL 5> 4y Lo asl o plas L )
SB 51 G105 G4 slacdsy ane 5 olsal cigs
4 s Y1 g STI HM GMP MP .YS YD sla asLis

Aoy Jeoe louig) 50

= Sz Sl 5l enelcssn mli pgo Jlo 5o

g Sglite Cowl w5 Joz slo ezl s L jlea
slecsgs s YP Lk 51 G18 3 G13 (G4 Gl slacsss
o Skae slyls lacaigis b 4 cae G13 5 G11 G7 (G4
Scsiss om 5o (YS) sy (25 Lyl 0 )0 (6 5Vk alls
Oy YP joan o sl i alls L 51 G7 sai o)
$looatlh 5l 56 G gy b lulid o 5
opdemie Hlsisas Y1 5 STIHM .GMP .MP .Ys .Yp
A5V 5l 5 G135 GLL (oigis 99 o (alwlid
Ole 4 wians plolcd Jootie udigl e b asLs
5 STIHM GMP MP Y5 cla_aslis [k 5| G1L S0
ogdle G11 alie G13 55 5 o9 Jp sy 552 Y
S 75 JB 550 55 YP L jlead S5 sl

(O Jguz) cils L:a;ﬁ.';jjj o a



FYY i 35 sl bl Sl 5 4 Jexie (Hordeum vulgare L) > sboouigih o lwbis

90 Jlw 53 92 0ol il 35l i il WA 5o (id5 &1 Joord 9 Sl slap Ll piolio -0 Jguar

Table 5- Values for susceptible and tolerance drought indices in the 18 investigated barley genotypes in the second year

Fernandez’s
Code Yp Ys TOL MP GMP HM SSI STI YI YSI RSI .
grouping pattern
Gl 734 474 2.60 6.04 5.90 5.76 1.91 081 0.89 065 0.79 B
G2 7.00 540 1.60 6.20 6.15 6.10 1.23 0.88 1.01 0.77 095 B
G3 7.08 5.40 1.68 6.24 6.18 6.13 1.28 0.89 1.01 076 0.94 B
G4 7.78 6.13 1.65 6.96 6.91 6.86 1.14 111 1.15 079 097 A
G5 6.07 517 090 5.2 5.60 558 080 073 097 085 1.05 D
G6 6.32 546 086 589 5.87 586 073 080 102 086 1.06 D
G7 6.40 6.79 -039 6.60 6.59 659 -033 101 127 106 130 C
G8 593 442 151 5.18 5.12 5.06 1.37 061 0.83 0.75 0.92 D
G9 6.40 560 080 6.00 5.99 597 067 083 105 088 1.07 C
G10 516 4.35 0.81 4.76 4.74 4.72 0.84 052 0.82 0.84 1.04 D
G11 700 5.70 1.30 6.35 6.32 6.28 1.00 0.93 1.07 0.81 1.00 A
G12 5.79 5.49 0.30 5.64 5.64 5.64 0.28 0.74 1.03 0.95 1.16 C
G13 7.48 5.93 1.55 6.71 6.66 6.62 112 1.03 111 079 097 A
G14 6.49 5.22 1.27 5.86 5.82 5.79 1.05 079 0.98 080 0.99 B
G15 6.21 5.06 1.15 5.64 5.61 5.58 1.00 073 095 0.81 1.00 D
G16 6.43 567 076 6.05 6.04 603 064 085 106 088 1.08 C
G17 592 4.18 1.74 5.05 4.97 4.90 1.58 058 0.78 071 0.87 D
G18 7.19 5.36 1.83 6.28 6.21 6.14 1.37 0.90 1.00 0.75 0.92 B
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Table 6- Values for susceptible and tolerance drought indices in the 18 investigated barley genotypes based on two-years data

Fernandez’s
Code Yp Ys TOL MP GMP HM SSI STI YI YSI RSI grouping
pattern
G1 5.76 4.38 1.38 5.07 5.02 4.98 1.25 0.85 0.99 0.76 0.94 B
G2 5.61 4.02 1.59 4.82 4.75 4.68 1.48 0.76 0.91 0.72 0.89 B
G3 5.74 4.04 1.70 4.89 4.82 4.74 1.54 0.78 0.92 0.70 0.87 B
G4 6.11 5.09 1.02 5.60 5.58 5.55 0.87 1.04 1.15 0.83 1.03 A
G5 5.22 4.26 0.96 4.74 4.72 4.69 0.96 0.75 0.97 0.82 1.01 D
G6 5.22 4.26 0.96 4.74 4.72 4.69 0.96 0.75 0.97 0.82 1.01 D
G7 5.51 4.74 0.77 5.13 511 5.10 0.73 0.88 1.07 0.86 1.06 A
G8 5.07 3.96 111 4.52 4.48 4.45 1.14 0.67 0.90 0.78 0.97 D
G9 5.58 4.6 0.98 5.09 5.07 5.04 0.92 0.86 1.04 0.82 1.02 A
G10 451 3.81 0.70 4.16 4.15 4.13 0.81 0.58 0.86 0.84 1.05 D
Gl1 5.69 4.76 0.93 5.23 5.20 5.18 0.85 0.91 1.08 0.84 1.04 A
G12 5.05 4.18 0.87 4.62 4.59 4.57 0.90 0.71 0.95 0.83 1.02 D
G13 6.06 5.25 0.81 5.66 5.64 5.63 0.70 1.07 1.19 0.87 1.07 A
Gl4 5.31 4.66 0.65 4.99 4.97 4.96 0.64 0.83 1.06 0.88 1.09 B
G15 5.49 423 1.26 4.86 4.82 4.78 1.20 0.78 0.96 0.77 0.95 D
G16 5.35 5.01 0.34 5.18 5.18 5.17 0.33 0.90 1.13 0.94 1.16 B
G17 5.21 3.93 1.28 4.57 4.52 4.48 1.28 0.69 0.89 0.75 0.93 D
G18 5.82 4.28 1.54 5.05 4.99 4.93 1.38 0.84 0.97 0.74 0.91 B
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Figure 1- Heat-maps rendered based on the Pearson’s correlation coefficients between grain yields under control and stress

conditions with drought tolerance and susceptible indices for the first year (A), second year (B), and average two-year data (C)
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Abstract

Introduction: Drought stress or water deficit has been known as one of the most important abiotic
stresses so it considerably is decreased crop production. Barley (Hordeum vulgare L.) is the fourth
most important cereal crop in the world after wheat, rice and corn. Among cereals, barley is the most
tolerant crop against abiotic stresses and due to this capability is cultivated in a wide range of climates.
The objective of the current study was to identify the superior drought-tolerant genotypes using grain
yield and several yield-based indices of tolerance and susceptibility by applying various multivariate
selection models.

Materials and Methods: In the present study a set of promising genotypes of barley including 17
new genotypes along with a Jolge cultivar (as a check) was investigated through two separate
experiments based on a randomized complete block design (RCBD) with three replications at the
Cereal research station, Seed and Plant Improvement Institute, Karaj, Iran during two consecutive
growing seasons (2019-2020 and 2020-2021) cropping seasons. After sowing, the number of
irrigations was one time in autumn and five times in spring. Drought stress treatment was applied
after anthesis, and irrigation was stopped for all stressed plot until seed repining stage. After collecting
experimental data and estimating grain yield, several yield-based drought tolerance and susceptible
indices were calculated. A heatmap-based correlation method was used to investigate association
among calculated indices and grain yield data. Then three selection indices such as multi-trait
genotype-ideotype distance index (MGIDI), factor analysis and ideotype design via best linear
unbiased prediction (FAI-BLUP), and Smith-Hazel (SH) were exploited to identify the most tolerant-
genotypes. All statistical analyses were computed using iPASTIC and R softwares.

Results and Discussion: Based on combined analysis of variance for grain yield data showed
significant differences for year, environment, and genotype main effects, as well as, the interaction
effects for year x genotype, and year x environment x genotype. The result obtained from screening
barley genotypes using drought tolerance and susceptible indices revealed good repeatability so that
some of the investigated genotypes appeared in the same pattern in each year of experiments. Based
on the Spearman’s correlation coefficients, grain yields (Yp and Ys) positively and significantly
correlated with MP, GMP, and STI indices in the first year. In the second year, a positive and
significant correlation was observed between grain yields with STI, MP, GMP, and HM indices.
Based on the averaged two-year data, grain yields significantly and positively correlated with HM,
STI, MP, and GMP indices, supporting the repeatability of our findings. To identify the most tolerant
genotypes based on multi-indices, we used three multi-trait selection indices such as MGIDI, FAI-
BLUP, and SH. Accordingly, genotypes numbers G7, G9, and G16 for the first year, G4, G13, and
G17 for the second year, and three genotypes G7, G13, and G16 over two years were selected as
superior genotypes using the MGIDI index. Based on the FAI-BLUP index, the following genotypes
were identified as the most tolerant genotypes: G7, G9, and G17 in the first year; G4, G9, and G13 in
the second year; G7, G13, and G16 in over two years. The result of screening genotypes using the
Smith-Hazel index showed that three sets of genotypes including G4/G7/G13, G13/G14/G16, and
G2/G3/G18 were identified as the high-yielding and most tolerant genotypes in each year and



FAY i 35 sl bl Sl 5 4 Jexie (Hordeum vulgare L) > sboouigih o lwbis

averaged two years, respectively. The venn-plot rendered based on three selection indices revealed
that genotype numbers G7 and G13 were superior genotypes in the first and second years.

Conclusion: In conclusion, our results indicated that G13
“Comp.Cr229//As46/Pro/3/Srs/4/Express/5/D10*2” with the highest grain yield in both control and
drought stress conditions as well as the best ranking pattern for all drought tolerance indices can be a
candidate as a superior drought-tolerant genotype for further studies before commercial introduction.

Keywords: Correlation coefficient, Grain yield, MGIDI index, Multivariate models
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69y = bt QTL A LS 50 (g sl ooy
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2 AH e55505,5 55, QTWGAHE) QTL S oo S o
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Olye 4 el g el (5,58 & Josio GlalS 51 (G 9>
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Lol 5l (Saade et al., 2018) el eglits 9= g0,
ATl (S35 oz Sdo S (59— 43 Joo0
=S )5 LIS 698 4 Joov )3 F5e alS slaanl
Luli 5 cou oS Sline 05,18 Aiugy £935 5 o
LS L (Hosseinirad et al., 2021) & .5 s 1,3 Joe
Soete | £y Blio (lgi oo (sl ps 1o Sla s,
5 &oloz el a5l 5 slagnY bl 6l (Jy st
5ol b osb oo (ool aid iy sla s & on s
2 Y Sz b s3I At ags «JSge slo Sl
At e 3By bl 0 o3y ISl BLS 51 5
5 5550 sl S5 ull s o550 (S35 sloas
ol 3t oslizial 5 QTL) (oo 955 oo b ool 05330
s s Sl (MAS) Slis SaS 4 i3S sl
350 O 2 hlS 5 00 ndy el (Aol slaasls r 4yl
QTL 4 ;s .(Mahdinejad et al., 2014) .l azsl,
55 51 =0 Sl slap il o bS] s Gloiea
Slhao (origid dhgn £95 9 9hk0 (5SS slapSe (S
SSilas 28g .(Phillinpa, 1998) o3l oo 1,3, alaly (o5
) o8 Slio 0utsS S (slags b e, Sl
2 S R S 4 ST Bl 43l (Smg)
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R3S A by e o Sl adnle i3S e
sbaci (Dudley, 1997) s ) salss 055 lade oy i
Sl S Pl (gly wyiws 50 5 Ak (05l LQTL
4 bgye Slio (Suij Guliwl Gas ek ie b bLs | o
(Rabiei et al., 2014) cwl 25 4 Jozs
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250 gladlas jo iz en cwl sl alol @l., 2009
ol QTL <SG 35 ol 5l J—ol> slaassbls s (5o,
lazals al> o 50 (650 & Jox 6l TH pgj509,5 55,
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Table 1- Physical and chemical properties of the soil of the area before the experiment

) <olas 0395 SJToole S oS 5 hd by a0y o
S sl ananl
RSpLin] Nitrogen Organic matter Organic carbon Total P Total K 0539 35
Soil texture pH
EC (ds/m) (%) (ppm) CIN
= oy
7.68 0.71 0.127 2.79 1.755 32.47 401.66 245
Clay loam

1 - Wageningen
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alow o &l slass g aig ;o alw slaws (o o Jxe oo
4 Yol (< VY 5=+ /BY ey & 25 g Jloy Ll ,0)
Al (5t S G ol (5 3gid Slge s Jdo
GialS aloiw o 4o oah LSz slaails slass ol by col
s (I3 (gme (Ao (Kot a5 et Al o0
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50 Az ool o (S an Glie n SYLL(HIYO 5 /N F
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(Al ;o ls olaxs § gy 40 Al olows) o gli1 g &l
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o Vb (S (Mohammadi and Baom, 2008)
JrsS sQTL LSS e Judo a0 sl (See Slas
S g5 ez 5k Lol ol (Sigey S ar b oasss
WS 25 1) (95 9k) Slio plw g5 lgi oo Cido

Slade 5 Coale 4y by e wledbl (Siahsar et al., 2008)
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Table 2- Combined analysis of variance of barley double haploid lines and their parents (NurexTremois) for the agronomic traits

- : b= s [} -
3 E £ 3 5 3 = 5
2 252 = £ .8 g = o > & s A3 %g k)
3> §_ e 3z 38 32 1§ 2% 38 5% i
5 O 25 $2 WE S E 3% £ 28 L= 45 A
2 un ‘,? n e X E “’l‘ O N 8 % ’2\ S, < c R T Py T
: 9 ~N 5 2 8 o O "l = 2 e e H 2 9 2 5
kS S o z ° 3 xR O Q. O < 3 g o
R = £ 3 S [=} S
P4 z —
Lo - 10681 - - - - . 116892
. 1 2.7 - 1.6 374 2.7 475 0.71ns 9.38 N
Environment
2 0.03"s 5.04 ns 0.005 s 0.17ns 0.035 s 15.7" 65.66 ™ 3.44 s 3544 s
Rep (ENV)
x )1,S5) Sels
(e
44 0.035" 5.24 1 0.07 s 0.25m 0.035 6.05 1.004 ns 1.381s 2218
Block (Rep x
ENV)
D) - - - - - - - - 74421
137 0.18 139 1.45 7.79 0.18 21.93 7.21 24.33 -
Genotype
Lo x i) N N = = N N 12285
137 0.05 34.2 0.33 1.63 0.05 6.45 0.71s 0.8ns -
Genotype x ENV
Uas
230 0.029 45 0.06 0.31 0.028 4.49 1.06 1.53 1967
Error
5.56 2.26 4.03 3.76 7.37 8.59 7.26 3.31 2.17
CV (%)
O 2
R? 86.8 97 94 96 87 84 0.84 92 97

aoy8 ) 50 Jlisl mhaw ;o jls jixe g o pixe e ol Ay T g F NS

s, *and ™: Non-significant and significant at the 5% and 1% probability levels, respectively.
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Table 3- Phenotypic correlations of the studied traits in barley double haploid lines and their parents (NurexTremois) for normal

(above diagonal) and salt stress conditions (below diagonal)

: ~— 3 = B L -
3 - £t 335 1342 5
. >E 3% 3% 3 1% 2% 3§ 33 3
Cduo g = 3 3 3 = B B . S 5 £ D = = =4
2 32 2EF J: 4E 3: 3:F sz %
. ‘= X = v, S 5 2 = £ 3 £ AN~ =
Trait N ‘s 0= o © “3‘ £ 9 = e s 2 ¥ 2 =
xS £ z @2 % 3 s < g e
2z = 2 2 S S
Wgr ,o dzeiy olass
. 1 -0.21" -0.06 -0.09 1.00™ -0.77™ -0.06 -0.24™ 0.19"
No. of tiller/plant
Gos glas )|
. -0.017 1 0.47™ 0.25™ -0.21" 0.3 0.24™ -0.09 0.05
Height of plant
o;éL.\:.T
-0.014 0.33™ 1 -0.72™ -0.06 0.18" 0.16" -0.23™ -0.02
No. of node
o Sike Jsbo . - .
. -0.011 0.36 -0.75 1 -0.09 0.04 0.01 0.17 0.06
Length of internode
gy o dlw olass
. 1.00™ -0.017 -0.014 -0.012 1 -0.77 -0.06 -0.24™ 0.19"
No. of spike/plant
Al [ als slass
. i -0.57™ 0.2" 0.12 0.03 -0.57™ 1 0.16" -0.06 0.29™
No. of grains/spike
S,y Jsb .
0.048 0.16 0.05 0.07 0.05 0.04 1 -0.02 0.16
Awn length
A BUCIT) . . . . X .
. . -0.29 -0.23 -0.25 0.09 -0.29 -0.17 -0.04 1 0.25
1000-grain weight
ails o Slee
L 0.54™ 0.007 -0.08 0.08 0.54™ 0.11 0.09 0.16" 1
Grain yield

*and ™ Significant at the 5% and 1% probability levels, respectively.
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e o VA B PIFY (s lase g0 50 (GCV)  Sos3
VOIF G YIY o PCV) (o358 Olndd o b 0oy g 09
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Suiss 95 g Dlas S j0 e jeS i85 snums Ll
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Table 4- Descriptive statistics of agronomic traits in barley double haploid lines and their parents (NurexTremois) for normal

condition

s N s ) N

3 E £ 3 5§ 3 = 5

< N - — -— o—
25 2% 4% 3 3% 2% 3§ 33 3
35 3 3 2 = 2 e 3 £ 3 £ 2 £ = >
g~ = = ™ 3: = © = < N = -3‘ ‘= a £
5 E xE W S 2 £ T T - & 2 E
~N s 2 = o © “3‘ = 2 = = z 2 % 5 &
b A 4 o 2 kY < . < < 8 T 0

) S = B =] e =

4 - ? Z Z —
Nure (P1) 3.23 101.17 6.16 16.4 2.48 245 11.7 36.8 2194.68
Tremois (P2) 3.08 103.25 5.74 18.02 2.3 275 14.01 38.68 2385.28
P:-P, 0.14 2.07 0.41 1.6 0.14 3" 2.25 1.88 190.59
=(P1+P2)/2%, 3.15 102.2 5.95 17.2 24 26 12.9 37.74 2289.98
Wors 2.36 785 4.88 11.87 1.6 20 10.8 31.2 1653.78
Bors 3.47 116.3 8.7 20.45 2.7 33 18.2 455 2526.9
Range 1.11 37.87 38 8.57 1.1 13 73 14.3 873.14
Epus 2.97 98.45 6.3 15.7 2.2 25.6 14.25 375 2055.1
SDoks 0.24 7.12 0.67 1.66 0.24 2.4 1.4 2.7 164.1
CVors 8.05 7.23 10.65 10.56 10.7 9.5 9.7 7.2 7.98
—XpXpps -0.18 -3.75 0.35 -1.5 0.2 0.4 1.35 -0.24 -234.88
GGN=Wpi-W5 -0.72 -22.67 -0.86 -4.53 0.7 -4.5 0.9 5.6 -540.9
GGp=Bou-Br 0.24 13.05 2.54 2.43 0.22 55 4.19 6.82 141.62
GCV(%) 7.28 7.01 10.2 10.23 9.73 7.79 8.57 6.8 7.91
PCV(%) 8.68 7.3 10.97 10.83 116 9.34 10.9 7.54 8.18
GC (5%) 0.37 13.56 1.23 3.13 0.37 3.44 1.98 476 325.06
h2 70.4 90.6 86.19 88.8 70.4 69.7 62.1 81.6 93.4

#*

g oy e Bp lly oy 5oy Wy scaclas adshle oY o igs Bprs taslas alshle (Y (5o Wops ooy V g0 Jlaiol o 10 )l e ol 54y %
0 (sl (K55 003k GO 152398 £45 m yo POV 1S5 £33 5 GOV siuiio Sz 15 (S5 0y GG 1 ghin gz ) (Sei 2,8y GCN

(wo3a> Spdy &)lg N2 (5T as s
*and ™: Significant at the 5% and 1% probability levels, respectively. Wpns, DH with minimum trait value; Bpps, DH with maximum trait
value; W,, parent with lower trait value; By, parent with higher trait value; GGy, downward genetic gain; GGp, upward genetic gain; GCV,
genotypic coefficient of variation; PCV, phenotypic coefficient of variation; GC5%, genetic gain for 5% selection index; h2, narrow sense
heritability.
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Table 5- Descriptive statistics of agronomic traits in barley double haploid lines and their parents (NurexTremois) for salt stress

condition

- 3 = : 9 -

3 = £ 1§ 34 5
s B = = - 3 = EC) 2 & = N =
- 3% 3% 3% 33 2: 3% 5: %
§ = w = D 3 2 - 2 5 N2 3 £ =
= = W ] 2 3 2 2k g = - £ 2 =
n: FE o2 BE oaZ Y2 d: 2% 2%
. S = z @ 2 N < 2 g 0

2 2 E 3 8 -8 =

4 4 —
Nure (P1) 3.022 88.4 6.2 14.27 2.27 25 12 36.16 2048.02
Tremois (P2) 3.056 95.3 6.4 14.9 2.3 26 12.38 37.95 2203.85
Pi-P, 0.034 6.87 0.2 0.65 0.034 1.0" 0.39 1.78 155.8
=(P1+P2)/2%, 3.04 91.88 6.3 14.6 229 25.5 12.19 37.06 2125.94
Wors 25 67.12 4.47 10.3 1.7 16 9.6 317 1694.6
Bows 3.9 104.7 8.67 19.4 3.2 32 17.8 45,5 2391.7
Range 1.45 376 4.2 9.05 1.45 16 8.2 13.7 697.1
Epus 3.13 89.2 6.4 14.05 2.38 23.65 14.1 37.2 2025.5
SDos 0.29 7.2 0.7 1.5 0.29 33 1.53 26 157.8
CVors 9.4 8.13 11.4 11 12.3 13.97 10.8 7.08 7.8
—XpXpps 0.09 -2.68 0.1 -0.55 0.09 -1.85 1.91 0.14 -100.44
GGN=Wop-W5p -0.52 -21.28 -1.73 -3.97 -0.57 -9 2.4 -4.46 -353.42
GGp=Bou-Bp 0.84 9.4 2.27 45 0.9 6 5.42 7.55 187.85
GCV/(%) 8.14 7.9 10.99 10.6 10.71 11.9 9.3 6.62 7.59
PCV(%) 10.35 8.26 11.7 11.25 13.6 15.6 12.08 7.42 79
GC (5%) 0.414 14.01 1.36 2.89 0.41 4.43 2.1 454 304.39
h2 61.9 92.09 88.2 88.7 61.9 58 59.6 79.7 91.7

ally oy e By ally o 5oy Wy caelas adshle Y o g Boris tcaclae asble uVY 50 Wops oy V50 Jlaio! s 10 o e b gy % 9 *
O sy (S5 003k GCB% ¢ 928 £55 o PCV ¢ S5 £95 o GOV tiiine gz 10 (Sit) & iy GGp ¢ e S j0 (S5 & iy GGy

*

(wo3a> Spdy &)lg N2 (T as s

and **: Significant at the 5% and 1% probability levels, respectively. Wpns, DH with minimum trait value; Bpns, DH with maximum trait

value; W,, parent with lower trait value; B, parent with higher trait value; GGy, downward genetic gain; GGp, upward genetic gain; GCV,
genotypic coefficient of variation; PCV, phenotypic coefficient of variation; GC5%, genetic gain for 5% selection index; h?, narrow sense

heritability.
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Table 6- QTLs of the studied traits in double haploid lines of barley and their parents (NurexTremois) under normal and salt stress

conditions
) (!5 MT 51 .
S 0 oF Cardge LoD ) (1) oy o 8
" SIS 095 SILES oy S0 OTL Allellc‘ efffect R
Trait QTL Linkage N ¢ mark OTL (additive)
raits earest marker pe . i . .
Group . o Jloy o Jloy o Jloy
position
Stress Normal Stress Normal Stress Normal
Wg ,o Aoty olaws
) QntlHna 1H bPb-4813-1H 31 - 2.8 - -0.09 - 9
No. of tiller/plant
QntlHnb 1H E41M38_206-1H 46.2 - 2.7 - 0.1 - 8
Gos glas )|
_ Qpht2Hs 2H bPb-1154-2H 147.2 2.9 - 2.72 - 9.8 -
Plant height
o; slass
Qnn7Hs H bPb-1209-7H 46.5 25 - -0.22 - 8 -
No. of node
gy o dlw olass
. QnslHna 1H bPb-4813-1H 31 - 2.84 - -0.09 - 9
No. of spikes/plant
Qns1Hnb 1H E41M38_206-1H 46.2 - 2.77 - 0.1 - 8
Al o als slass
. . Qng2H 2H bPb-8737-2H 110.8 5.04 4.02 -1.32 -0.92 15 12
No. of grains/spike
Qng5HN 5H bPb-9147-5H 168.7 - 357 - 0.89 - 10
QallHs 1H bPb-1541-1H 55.1 2.8 - -0.48 - 9 -
Awn length
ails s Slee
o Qgy2Hsa 2H bPb-5942-2H 142.8 2.79 - -50.3 - 9 -
Grain yield
Qgy2Hsh 2H HvCSG-2H 152.3 3.75 - -54.88 - 11 -
Qgy2Hsc 2H bPb-4092-2H 154.6 2.75 - -49.48 - 9 -
Qgy3Hn 3H bPb-2324-3H 52.1 - 2.87 - -49.2 - 9
ELBUZINIT
. . Qtgwl1H 1H WMC1ES8-1H 112.6 4.02 4.18 1.01 1.02 12 13
1000-grain weight
Qtgw3Hn 3H bPb-9207-3H 179.5 - 2.9 - 1.1 - 8

a5 QTL ;o lawgi a5 o558 il lg doyo = R2(/) sl ools (2ol381 1) cio Jlade Nure JTaS amo po lis Coutte oialjdl e slesiw s Jlx>! LOD

9050

LOD: The likelihood of odds; Positive value indicate that the” Nure” allele increases the trait value; R? (%)= Percentage of phenotypic variance

explained by the QTLs.

VEVIY Comga 15 5 2H pgi3m5,5 o9, ol ol wli 3
S8 bPD-1154-2H S5 Suo5 50 ¢ o5 g0 sl
VY 5 UA Loyl alisg 0 00id (s (o8 il ylg aiils
R e s e

(S y9=5 G5 g Jloy Ll )0 w0 Silee Job Ciio sl
QTL G byl 90 (nSKlis yo Sy i caly <QTL
YYIY caBss ,0 IH pg59609,5 (59, — (QilIHM)
E39M61_247-1H Sl _Se05 5 5 o530 5l
DS e a5 e 95 5o, 1 as al alulis
gy = [FY Lzl 51 lls QTL oyl

ol QTL S 5 Lyl 4 05 sl i (51,

IS g5 5l oo y0 VY gaazme 10 ouls b6 QTL

Loylys jo a0 ged e Jlog Iyl o 1) gy jo doeiy olaws
2 as I 0w olwls QTL g0 cao ol lp Jboy
Cio opl glp GQTL e Ll i 90 . Kke 5 2 Loyl
&3y 2 90 ,» QntIHNb s QntlHNa LQTL s il
&Of ulf)s.n‘suLw f?/f 9 A\ Ls‘Lbolivl} )é 1H Pﬁ)}“j)s
sbasi E41IM38_206-1H 4 bPb-4813-1H sl Sl
o dalyl 0 QTL g0 ggemme 10 &g gl o (g

o olels (QPht2HM) Lyl o0 . Sile 5 (QPht2HS)
QTL g0 2 .0 cdl (QTL (Jloy byl s jo a5 Jl> 50
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€55 31023 VW ggame jo g urials L8 TH pg5905,5
5 7Y lacaadse ;0 LQTL cnl wisged axzgi | (uisid
DPD- (slo S5 & psone 15 s 5 5 (S g0 55w FAIY
slQTL o _uls 13 EA1IM38_206-1H , 4813-1H
IV gl S il S gl sas Ll
W5l Jol> cael_ae aSsblas Curex aalllas jo iy
Slaei Ch o gl 5,5 i s Gairdner  CM72
TH s 5H dH slaessses,S 55, 2 QTLY wigy yo ali o
5 ool ol ogles .(Xue et al., 2009b) wos olwbs
Sy9e Sz @olis s 4 Yol Lo gl b aioss ol

\ML’LSA oolawl

5 O sga sl FPIO comdge ;5 TH pg3909,S (55, 2 a5 o
ol casls 18 csls |18 bPD-1209-7TH Silis & j9lxe 4o
o33 £33 5l oy A 50—+ YT ilsdl 5l ells QTL
SQTL cio cnl ly Jloy Ll ) 0908 azsi |, JS
QTL < Lyl 90 puKlo jo oS Jlo o ais oLl s
Sl 50 G 905l OVIA Comdge ;5 BH pg3905,5 s,
E55 5l ao,0 4 a5 00 5 e pes DPD-UNK3-6H Sl
g 1Y i3 51 aLls QTL oyl g duzrgi |, (opuiaid
slass ca o gl (QnsIHND , QnslHna) QTL 4o

g 5 alps jo o Ll by Lulpd jo g y0 alis
i il GQTL e o ol glp Lol 90 (. Klee
6oy 250 2 Jley bulb o ea s oLl s slQTL

byl s 90 (puSileo 51y (NurexTremois) b cplly g 9 ciclan duigl Gacp )0 o)y 090 Slao SWQTL -V Jgux

Table 7- QTLs of the studied traits in double haploid lines of barley and their parents (NurexTremois) for the mean of two

conditions
s': ’0 e _ . . _ RZ
o OIS Sy QUL e (hal53h) ST 51 s
. QTL Linkage . LOD . . R’% Total R?
Traits Nearest marker QTL position Allelic effect (additive)
Group %
Gy gl )|
. Qpht2Hm 2H bPb-1154-2H 147.2 3.378 -2.66 11 11
Plant height
o Silea Jobo
Internode QillHm 1H E39M61_247-1H 73.2 2.8 -0.43 9 9
length
e)f slass
QnnéHmM 6H bPb-unk3-6H 57.8 3.2 0.29 9 9
No. of node
5o als slass
aw
Qng2Hma 2H E42M38_235-2H 109.6 4.9 -1.06 16 25
No. of
grains/spike
Qng2Hmb 2H E42M38_210-2H 118.3 2.7 -0.7 9
als e o3
1000-grain ~ QtgwlHm 1H WMC1E8-1H 112.6 412 0.98 12 21
weight
Qtgw3Hm 3H bPb-5864-3H 180.5 2.9 1.09 9

a5 QTL ;o lawgs a5 o5gid uillg doyo = R2(/) sl ools iol38l 1) cio Jlade NUre JT a5 amo o lis Cotte oialjdl 3l slesin s Jlx>! LOD

9050

LOD: The likelihood of odds; Positive value indicate that the” Nure” allele increases the trait value; R? (%)= Percentage of phenotypic variance

explained by the QTLs.

(Qng2Hmb s Qng2HMa) Ll o g0 . Sleo ,o QTL g0
S5y e Fa LQTL Jls Ll,o 55 woa oo
VEAIY 5 VY /A sl LS 5o BH g 2H slaps;jsms,S
bPb- 4 bPb-8737-2H slo S5 v IS 5 5l

YO ¢ VO VY sga alw ,o als slaws o lQTL

9 G o5 e Jloy bl d oy s ga ]y JS g9 jlaas e
by Ll 50 QTL 55 wivged g 25 Ll 5 99 :Sile
Qng2H) i byl ,0 QTL G «QngSHN 3 Qng2H)
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sbazis (Qgy2Hsc 5 Qgy2Hsh Qgy2Hsa) QTL 4.
I)G:,,,J}:_é&_:.‘:)'lm)o‘\ 5 Y4 oSS Egesne 50 a8 Wl

9, QTL a2 (gy5—0 s Ll & 10 0idgel 4> g
VOF/E g VOVIY AFY/A slaol Sula ;o 5 2H pyj909,8

bPR-5942- slo Sl ii Son5 10 wud iy g 590 il
ol oo sl 1,5 bPb-4092-2H 3 HYCSG-2H 2H
ol emied Ol Slaey0 % 5 V) A s sas QTL
Jley dayly s jo oad Ll QTL wisged i 1) Caio
3 OB 5l BT/ (S8 Consdge )3 5 3H pgi909,5 s,
30 wSlee yo cails 1,3 DPD-2324-3H Sl & jgle yo
30 0is saal i GQTL als o Slee ci o gl L),
ablis ;o (NurexTremoise) ¢ oz yuod 4l bo
u.)‘ 50 REC ‘le_wL__w 4H '95)9&5)5 SS9y 2 @LQQTL
sb)ﬂ‘)& 6‘1.3 0d QS'L“’L"“’ LgL(bQTL Slaws O oo axllao
, (Tondelli et al., 2014) cxls 1,3 2H a55509,5 (53,
£93505,5 595 (sant 2y50 o LQTL 251 55 Lo sl
Yzt a5 3,8 blaiul i ol oo cnlply sl 15 2H
5,00 513 2H p53509,8 (59, 9,8 oS S slas
oo, VY g IV VY goeme y0 ails Llie 55 QTL
Jloy bul,—b yo coija ], cho ol IS (oeigid Ol ess
ol 90 idged Gt Ll 90 (Sl g (550 A
Jloy bal,o po asls Jle 055 coao sl QTL w2l
Ly, 5,0 QTL axly oKl S (Qtgw3HN 5 QtgwlH)
9& L).jal_..o ‘5‘).1 QTL .\_‘>‘3 ol_fal: 9& 9 (thWlH) uw.u
Lyls o was oleles (Qtgw3HmM 3 QtgwlHmM) Lol
2 3H 5 TH Glapsises S 55, o e LQTL (ol Jlo
b i ooy ) 50 8l VYA/D 5 MV Y/F slaplSe
WY oCus S g ails 1,3 bPb-9207-3H s WMCLES-1H
59 - N0gad e |y G ol peTgd Sl s a0 A
L ‘1H '39)9.@9)5 S99y 03— QS'l_wL'_w QTL su,v.u Ja;l)_..u
D50 a1y o oyl £035 jlas,0 VY g cils I3 1H
S9y 0a—5 @LLA—M'“ LQLQQTL chu‘)_..u 9& U,SL..A (5‘/“

oo oLl QTL (s Lyl o axals )3 9147-5H
bPb-8737-2H il i & jglomoe 40 2H pg5909,5 (59,
obacs QTL g0 (o byl b 90 Sl j0 0505 Sbaids
5V U5 sl lSe 13 o San g 2H po39eg,S (35, o0
5 E42M38_235-2H cla,Sil 5 & jgloma ,0 VYA
Sl s 51,5 QTL o sl 1,3 E42M38_210-2H
Sts @jglme o 2355 Jloy Ll 99 50,0 QNG2H
oS azals ,150/-% 5 ¥/-Y 1, LOD L bPb-8737-2H
heze Ll 34 QTL (ol g (el o onima s
ol Sglae
Sh—o (slp 92 S Coxex 59y 2 laddlls o
$9y 2 2QTL Jloy byl & o als v o ails slass
2 @LQTL ((Sis 25 Ll 3 )3 5 SH (slapgiges S
Jabbari ) was olwls 6H 5 5H 3H slapg;ges,S 5,
Jams cLQTL LS cgm —tmgyy o (et al., 2018
5 ClIPPEr 3% 31 Jol> sihls bls Cune 53 15,5 &
&l 5o 159 9 aliaw yo als olaw s 1, Sahara 3771
Slti @jglae )3 2H pg5909,5 53, S e QTL S
> &b (Barati et al., 2017) s_s oLl Vrsl
M o 4y o olulis LQTL jo oglas b5
Kue e) el 5,53 4 Joii 53 92 Glotune oioi
.al., 2009b
P Sy Jsb cio 6l QTL waly oSlr S s
2 a8 J e os olwbos QallHs) o,es i ol i
o ol s GQTL ot Lyl 59 (Sibeo 5 oy Lol
2 1H pg5909,5 (59, 00— ol wl 5 QTL 000,55 2él
bPh-1541- Sl & yslme 15 5 5 30 sl DO/ Copnge
Sges a1y IS Luieid g0 jlas e 4 g cily (13 1H
ok Sliliae s o5 o Sy Jbo ks sl
Craz ;5 AH 5 2H slapgises S 55, »+ 2leQTL

ol Morex 4 Steptoe 5 5l Juol> cacliae wishle
4 oglas (Fakheri and Mehravaran, 2013) o
lacares Solis s 4 Vel ous slalis slaolSl>
ool aslllae 590
eloles QTL [l e ;o ails 8 Shee Cio (sl
oiis Lyl 50 9 (QQYZHN) QTL G Jle i byl o o
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YY) ol cLQTL 55 il g s dtmnran Slio Liyl3il
&3, DPD-4813-1H L5 o5 50 o5 50 8l
)b ulf)}‘o‘suLw f?/Y oLil} LngQTL uj)]) ).)‘ )A) 9 4)9;
1IH pg5509,5 59, E4IM38_206-1H Sil_os  Soop
008 1S slades slagys Ylaxs a5 cl ol saimsyles
Lol 485518 pgi909,8 5l (g cnl 5o ails 0 Shes 152
5 sl b 5 goly; olass Jol i Yaane LQTL

Cao 4 oyl 5l (S o g b an b den o5 aiil
el e o s 598 &l il Lagyl 5l golass Lais
a0l Gaisid 65y » S SIL cLQTL oLl s
sl o (Khalili and Mohammadian, 2016) 55
Olyge 4 Y 5l mig LOD g V- 51 YL R? 6lls sWQTL
2 Beho ol )0 Nigbse (Byre 1S5 g 558 sQTL
S35 QTL sse Vo] (eSibea 5 byl 90 50
Loy, jo calcws jo dils slows s (gl ol olulios Jl
5 @QNG2H) 2H p55505,5 59, QTL & 25 5 Jlo
2 6,50 QTL iz en s bPD-8737-2H Sl i & jgle
S)glome 53 (QNGIHN) SH 555055 (59, (Jloy Ll
Qiog 51 S,y 9 6ed slQTL DHPb-9147-5H L
QTL & s byl o dils o Slae Cbo slp iz o2
o glp g HVCSG-2H Kilis & jglxe 4o (QQY2HSD)
4 QtgwlH) QTL G Jloy Lal, o yo adls e 59
S8, 9698 sQTL WMCILES-1H Sl s & jglne
QTL e ws glis )| ciro sl edmal 59 (0Sls po i
o slp DPP-1154-2H Kilis & jgle 4o (Qpht2HM)
&sglme 5o (QNY2ZHMA) QTL G ali w0 adls sloss
S wily Jsa 59 Cho (gl 5 E42M38_235-2H Sl
‘WMCI1E8-1H L5 & jglome 4o (QtgwlHmM) QTL
A5 QTL G jedly wog ¢ 315,55 658 sLQTL
QNGZHMA) 459y ;0 al s dloss 4 bgy o caalllas ol jo
AL Sglme 19 2H 555095 59, Ll 3 55 (eSilis o
V25l Gt a5 09 /2 Ll LOD L E42M38_235-2H

WMCLES- slo St 355 1 5 5 o il VA0
VY o it LQTL oyl ocxsls 1,3 bPb-5864-3H 4 1H
SLQTL woges azgi |y U5 (oigid Oyt Slao 0 45
Jbey Ll yd )3 QUGWIH) TH pg5905,5 (55, 0 (olulits
oS widg HSe o2 WMCLES-1H ,Silis & slome ;o (25
ol eols Sglizte dae Ll 50 QTL cnl jollss 51 ol
095 Srollr (o p uz slaslllae jo oS > o
s o)l S92 ez 50 dild a9 d o 0uisS S
5 OB gesl VoAV alsld )3 2H pgj509 S 59, » QTL
OB 550, 8lo YO/ A alols j0 4H pg3509,5 (59, QTL
.(Koochakpour et al., 2021) el oo olulils
a5 B S5 iz ol Ol o wls o Sles (l5>]
AR Lol o el 5 (S alse 5 baoma il oo
L LSeps .(Farokhzadeh et al., 2019) o, 5 =

(5 (e p93909,5 0 (59, » QTL 50 Sligyen
i3l SIS g ol co ot ) Cio 50 o s
st 5 Cude (S wer 00iS 4> LQTL ol 4y by ye

a3l Sl gl a8 Sl v LQTL .ccl Glaws oy

S5 v sQTL 5 tuie S
e S e (sl assglize 2yl ISl gl ls as
QTL w> Jleea (Farokhzadehet al., 2019) ssb o
Sl S (5o 5l 355 on Slis SV (Sorad Sl

LQQT O JMQTL Sgzg pais Jdoay oo o cars

. 0‘(5‘)‘5 o ""“J. S

Gz ol o (Fakheri and Mehravaran, 2013) ol .
adg yo aliwolasd g iy dzy dlaw Ola o gly
Y\ ol 0 OnslHna , QntlHna Seope slQTL
FLIY oL ;0 QnslHnb 5 OntlHND 4 550 sl
b sl osalie IH pg5009 5 (535, 2 10l s9a sl
YL (S odimo s a5 oy aline Lasdi el 331 ol 31
Slao (miyp ;0 500 (Bdod 10 .03l g0 Cio 50 (pl
Jmol> 9> el adshla slacnY Conex ;0 (Sujdlsd 50
Caio 90 ol GLQTL JlSe oo SteptoexMorex 55
.(Fakheri and Mehravaran, 2013) cel oo conlice
Al 90 om s Jdoan LeQTL lSee
, (Farokhzadeh et al., 2020) ol 5 S 9,55

SOl o (Sed o950l Sl o6 S
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A o8 docais; ;0 St Jsb 5 als Jlia 55 (i
amiy ol Ci o g0 4 b e QTL 08 5,18 e
a5 B0y SLwSs oKl slyls gy jo ali s slaws g aigy o
ol ol oo Slas cpl o (San ¢ 500 oasms oyl
Lo o QTL G Ladd oo oLl QTL sue Y 51 Gaéss
Sl bl s as o 50 (QIGWIH) &ils e )59 cio o
Lol SLas S 4 235 )0 (ol 4035 5 092
it 5 i SlopSo 5 ol 53 inlej] S5 ol
S Lz 0,5 Ojs—o b LQTL gluly () cu
ade el il slalae 1ol cLQTL & Shcwss
Sl S e Se—biee bue 5o Gdsy Sl Sl g
Qng5HN ONng2H Jul i 58 5 51 5,5 QTL Y ( Gubms
s Qng2Hma Qpht2Hm QtgwlH Qgy2Hsb
LOD 5\ 5l 5YLR? gl )ls a5 oi oLl QtgwlHm
wslllas ol o 31,5 QTL o sa ol aise ¥ 5 YL
98 ke ;0 (QNY2ZHMA) aigy jo alo s olosy 4w by yo
E42M38_235- ,Siles &)5lome 19 2H pg5905,5 (59, Ll p
blg 5l Ao, V8 5l i a5 56 ¥/2 L 1, LOD L 2H
g dig ;0 doiy olaws GLQTL sged amgi ) S omigid
o] Ko oo Sog e v GQTL g ;o aliw slaxs
Mo Sra 1 S 59 ol a5 el ol oaims Lt
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Abstract

Introduction: Salinity is one of the main obstacles to increasing crop yield. The most severe problems
in soil salinity occur in arid and semiarid regions. Barley (Hordeum vulgare L.) is widely planting in
the arid and semiarid regions. It is the fourth most important cereal crop worldwide, and it has a long
history as a model for genetic studies. It is the most salt tolerant cereal. Salt tolerance in crop plants
is a genetic and physiological complex trait and is controlled by several quantitative trait loci. Both
genetic diversity and the adaptation to a broad spectrum of micro-ecological conditions including
water availability, temperature, soil type and altitude have strongly influenced the development of
salt tolerance in barley.

Materials and Methods: In order to identify genomic regions controlling the agro-morphological
characteristics and markers linked to them under normal and salinity stress conditions, an experiment
with 136 double haploid lines of barley and their parents (Nure and Tremois) was conducted based
on alpha lattice design with two replications at the Agricultural Research Center of Zabol, during
2020-2021 crop year. Agronomic traits were including tiller number per plant, spike number per plant,
grain number per spike, awn length, internode length, node number, plant height, 1000-grain weight
and grain yield. The combined analysis of variance, correlation coefficients between the traits and
descriptive statistics calculated for normal and salt stress conditions. The data were analyses by the
SAS (ver. 9.2) statistical software. QTL analysis was conducted by composite interval mapping (CIM)
method using QTL Cartographer v2.5 for each of the normal and stress conditions and their averages
separately (with threshold value (LOD) 2.5, minimum distance 2 cM between QTL).

Result and Discussion: The combined analysis of variance indicated significant differences among
the genotypes for all studied traits. This indicates high levels of genetic diversity in this population.
Since the population is double haploid lines, therefore, the diversity observed in this population is
often caused by additive effects. Maximum correlations were observed between grain yield with tiller
number, as well as spike number per plant. The high correlation between the traits may be due to the
similar loci controlling QTLs or due to their linkage. According to the table of descriptive statistics,
the studied double haploids are representative of all the possible double haploids resulting from the
crossing of Tremois and Nure, and the studied traits are controlled by the additive effects of genes. In
total, 24 QTL loci were identified for the studied traits: 9 QTLs were obtained under normal
conditions, 8 QTLs were identified under stress conditions, and 7 QTLs were identified in the average
of the two conditions. These QTLs explained 8 to 16% of the phenotypic variance (R2). The LOD
value ranged of 2.5 - 5.04. The highest and lowest LOD values were related to QTLs of number of
seeds per spike on chromosome 2H and number of nodes under stress conditions. Regarding marker-
assisted selection, the stability of QTLs across different environments and genetic backgrounds is of
utmost importance. Out of the 24 identified QTLs, only the QTL associated with the thousand seed
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weight trait (Qtgw1H) demonstrated stability, making it suitable for marker selection. The markers
identified for this trait not only exhibit close linkage with the gene responsible for the thousand seed
weight trait but also possess high heritability and are easily detectable. The markers associated with
stable QTLs can be utilized in future studies.

Conclusion: Based on the findings of this research, significant statistical differences were observed
among all genotypes. Transgressive segregation, both high and low, was evident across all traits. Two
traits, namely the number of tillers per plant and the number of spikes per plant, exhibited QTLs at
the same location, indicating a linkage and correlation between these traits. Among the 7 major QTLs
identified in this study, the most prominent one was associated with the number of spikes per plant
(Qng2Hma) on chromosome 2H, linked with marker E42M38_235-2H, which accounted for 16% of
the phenotypic variance. Only one QTL (QtgwlH) for 1000-grain weight, linked with marker
WMCI1ES, was identified as a stable QTL. These genomic regions, once validated across various
genetic backgrounds and environments for salinity tolerance in barley, can be utilized in marker-
assisted breeding.

Keywords: Grain yield, QTL mapping, Salt tolerance, Yeald components
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Figure 1- Average of monthly minimum (hollow circles), maximum temperatures (solid circles), precipitations (dark bars) and

sunshine hours (bright bars) at Mashhad in growing season 2016-17. Arrows indicate the growing period of cucumber in this area.
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Table 1- The results of soil, manure, vermicompost, municipal solid waste compost and plated organic fertilizer properties
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Table 2- Analysis of variance (mean of squares) cucumbers traits affect fertilizer treatments

Job ol a5l sl €58 el olow 039 bwgie 39 0gwo Sy Kgrere
.o . Ae)a
P ad é?L'-“ o &g digs 5o digs 5o 090 LS 690
[CL )
S.0.Vv of Plant Number of main Number of sub Average of Number of fruits Fruit
length branches per plant branches per plant fruit weight per ha yield
Ssb
2 84.14ns 13.28n 3.61" 44 46" 59558796" 1.62m
Block
o
6 1989.49™ 19.21" 7.38" 50.20m 152875508404 43.80™
Treatment
s
12 400.75 6.23 1.79 18.62 4569331373 7.61
Error
oy
O gt 13.28 25.32 22.09 9.17 12.61 8.76
CV (%)

Aoy S g i Jleil mlaw 10l 5 o e g T o e 2 NS

ns: non-significant and *and ™: significant at the level of five and one percent respectively

olid |y g Job Glime op yicion (solo 255 5 CaigiaS 05

Gy Job 6amo,0 FY g YT BA doups el o b 4 aS wislo
wsls KL 1y gl gime DS vl L aS wio b L&

(Y Jsoz)

Job Gl el salss a4 cois (5965 sl jlos slos
ol b asslis jo 5 oleond 065 jlowd .aiods JLS aig
Lo b )Ls aig Job o000 VT o pxe (ili8l el

(JolS plion 5 055 + G wgiaS 059 slo ) lad (Lo



Al (Cucumis sativus cv. Super DOminus) ,Ls o ,Slos g gy GBS 39 5 o2boonis 9 JT SS9 dunnslio oy
S (o5 5 ) Sleogas (5355 Gilicie o jled ST Y g
Table 3- Effect of different fertilizer treatments on growth characteristics of cucumber
Lo Jeb ol a5l slosy <8 4Ll olaxi 0440 (339 drwgio
Treatments &g digy yo digs yo Average of fruit
Plant length Number of main branches Number of branches weight (g)
(cm) per plant per plant
sl *114c 6.33b 4.33c 173.5a
Control
Jol5" (2 boods 095 152.33ab 10a 5.67bc 192.6a
NPK chemical fertilizer
CawgnoS 5059 153.67ab 11a 6bc 170.3a
Vermicompost
Jol5 (o2 ol 095 + CamwgnoS 2059 180.67a 12.33a 7.67ab 170.7a
Vermicompost + NPK chemical
fertilizer
St by CowgaoS 130.67bc 8.33ab 5¢c 176.5a
solid waste compost Municipal
oo 05 185a 12.67a 8.67a 182.4a
Manure
o ey JT 595 138.67hc 9.33ab 5¢ 175.4a

Plated Organic fertilizer

5 (5l sire glis o e WS Pla g3l bl s ys i Jleil o 10 S e By S Bl gl slaSile g o p0*
*In each column, means with a common letter at the 5% probability level according to LSD test are not significantly different statistically.

Lyl o as ol oleas slasdlas gl da s, 158 ol Jilie
G Il sloogS slojlos jo 5Lt a5 Sloe (laillS
5 s pas o] e oSl o (ol il 055
stlord sl & o S slaoss olie olis coal )b
axgr wab b Gl Jlcp! L (Gul et al., 2007) s
0551 Dsliie MalS glaslls Lyl b glas 30 Lyl aS s S
ool VL Sl ae 50 Ll 5o pliard sloosS (59,00 5
S 0395 JS 9me)3 YO Sgum 0 iz 2 Kos B
3 S (T sbogS) ol 055 5l ooliiul Jol Jlow 5o
Klausner, 1997; Pavlou et al., ) s .5 o )8 oo
o Saee Jg (2007; Van Kessel and Reeves, 2002
Cogh 5 oo 58l s S 0 gl olie oy
Agehara and ) co ol oglate ,Kouss b calises gblis

(Warncke, 2005

g gD £y8 g ol aALS dani
P ol arl b sl 5 5055 slojles 0,8
355 slo )l S (5 9bas (¥ Jgaz) (P=+/+0) o9 Jlo ne
by oS olear—d 095 + CngaS 05 9 (o0

Jdd 4 (CgnS 09 B pmae a5 aiils bl lidoe

0y Gl alié ol gy 5 (Kb Oluogas S5
Uil i ee (Atiyeh etal., 2000) s ,ls Jlss 4 |, oLS
3O CawgaoS coy9 5l ookl Loyl i o ol gud; sle il )l
Singhetal., ) cowl oo 5,155 Same sloosS b auslie
| Ko & 19005 05 31 ol (2008
Seoge ol 5 (2L 0l ) GloosisS oAl g (g o
95w slacallad (ol alwga a5 il CewgieS o)

Arancon et al., ) sg—i o J—ol> 1 5l eolawl ams jo

- 4o -

as o

I oo b Lasdw (5,500 u,.gl_o)i 49 .(2004a
Lo posee dag iSL oz B osle olap—ailS s S
ol 5 ez (emnST WSl o0 LS g e g
oolaiwl byl i jo cazgi BB oo 4y 1) oLS sla yee )90

Arancon et al., 2004b; ) uiiS 0y CwgaaS o)

Fhe ol tugy a0l ol lade 4 a5 (Brown, 1995
oibesl opl @l b gl .(Arancon et al., 2006) el
T slosgS 515 51 50 5als oS glis )| a5 ub ek i
Ol (Gare (sladsS b alie ;0 (50 355 5 (ol 05)
, Ll (Masarirambi et al., 2010) sls L5 5,0 sxe



ol g guw!

iy

CA—)?.QJ 9 l5” é‘}o 009 ‘)L) soLsf ‘Ia_wy LS"M )—@L'«-c
OlalS o Shoe 5y Gl Sl (Sgey9m ad slaclad
» Oezee (Bchman and Metzger, 2008) 55 & »
355 5 ool 055 JLSa jo 3 Vr 0 pl5 A alh gl iles]
Moigine Gl cels (9 s 05 skS Ve e olyem 4y (e
@ J1osS 5l eslaiinl 5 amlis b aslio jo Jals o, 5 elis )|

(Aliyu, 2000) o e

$losless SV Jguz) uily)ly s mll e azg b

P12 0) o9 o g )L LS )0 0gue Slasd 5 (6055
oyl Jlasl 35 o snaliia ¥ S5 0 a5 sblan
355 g CmgraS (29 ( JolS (olond 395 + CigiaS 059
5 o3e OFAFFE 5 - ATTY SYAMAL L sy 4y ol
L1y sylosinme BBl g wisls (lis |y jlade o piny LS
G, YY g FY PV ilidl el cud a5 acals valis

S 5 ogme s

FIVY L aals g oyt a5y 50 ool a5LEVYIYY 5V V/PY
LS @ o 1) ol a5l slaws o 1eS waigy o ool asls
S slas ol i ol iz es (V) Jgaz) wisls olis
AW (6855 slojlos oy s o8 4l b olass
@S 5 ebany (Y Jgoz) o)l 92y (PS2140) (5,0 siee
VIEY 5 APV 5eSiln s o5 4 JolS lpmn s 855 +
(Y Jgaz) il (las |y aigy jo o083 aslb olows oy iy
5 9550 slacadlad ssup b wilgi oo I mlie By
6ol bl olisl 3h cov S Sopd Slogas
a3l oLF s LB SIaé Sulis ggimme (S o O
a3 e plid Oli,F umea (Sarkar et al., 2004) aas
5 2 —olie (3538l Byb 5l CwgaS coyg 0 )l AT
Sgrie & e Al S e slayge 90 gl So iz
Sallaku et al. 2009; ) s5—& o olS (o, Slogas
a5 cwl oo oyl slasdlas yo (Yang et al., 2015
ot 5 (b LSl Sene Gk 5l SgeS (o0 )s
Gz Ll S e Ol o) s,k Ll WS

Number of fruits perha

ol
Control
{f

70000

saticuly Jfagg
Plated organic fertilizer

el ags
Manure

S5 A i g
Municipal solid waste compost

S it 398
NPK chemical fertilizer

o ggaS oa g
‘Vermicompost

el e 398+ Ca gl n g
Vermicompost +NPK chemical
fertilizer

Sl LS 53 ogue Olaxi 5095 sloylod il 5,100y Hloges Y JSi

Figure 2- Radar diagram of the effect of fertilizer treatments on the number of fruits per hectare of cucumber
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Figure 3- Effect of fertilizer treatments on cucumber fruit yield
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Figure 4- Effect of fertilizer treatments on cucumber fruit yield in different stages of harvesting
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Abstract

Introduction: Although the utilization of chemical fertilizers could be viewed as the best solution in
terms of plant productivity, this approach is often inefficient in the long-term. Therefore, application
of organic manures is one of the most important strategies for plant nutrition compared to chemical
fertilizers, especially in ecological management of crops. In recent years, the effect of exogenous
organic amendments on soil properties has received renewed attention. Therefore, the objective of
this study was to investigate the effect of organic and chemical fertilizers on growth characteristics
and cucumber yield.

Materials and Methods: In order to evaluate the effects of different organic and chemical fertilizers
on yield and growth characteristics of cucumber (Cucumis sativus cv. Super Dominus), a field
experiment was conducted based on randomized complete block design with seven treatment and
three replications at the Agricultural Research Station, College of Agriculture, Ferdowsi University
of Mashhad, during growing seasons 2016-2017. The treatments included chemical fertilizer (200 kg
ha* NPK, 100, 50 and 50 kg ha™, respectively), cow manure (40-ton ha™), vermicompost (10-ton ha
1, vermicompost + NPK (including 5-ton ha™ vermicompost + 100 kg ha™* NPK, 50, 25 and 25 kg
ha!, respectively), municipal solid waste compost (10-ton ha™), plated organic fertilizer (10-ton ha™)
and no fertilizer. The traits such as plant length, number of main and sub branches, average fruit
weight, number of fruits and the fruit yield per hectare were evaluated. Analysis of variance was
performed by SAS 9.4 software, and means of different treatments were compared by LSD test at the
probability level of 5%.

Results and Discussion: The effect of application of different fertilizer treatments was significant
(p<0.05) on the number of main and sub branches of cucumber. So, cow manure treatments and
combination of vermicompost with NPK fertilizer showed the highest number of main and sub
branches. Application of organic materials improves microbial activity and physical properties of the
soil by increasing the water holding capacity in the soil and increasing the content of available plant
nutrients. Therefore, it seems that the higher number of main and sub branches in cow manure
treatment and other organic fertilizers is due to improvement of physical and nutritional conditions of
the soil.

All fertilizer treatments except municipal solid waste compost treatment compared with control
significantly increased the yield of cucumber. So that, vermicompost + NPK, vermicompost, cow
manure and NPK fertilizer showed the highest yield of cucumber with 35.41, 34.44, 34.5 and 31.59
ton ha™, respectively, so increased yield by 47, 42, 33 and 28 percent compared with the control.
However, the results of group comparison of treatments indicated that the yield of cucumber was not
significantly different from that of organic fertilizers compared to NPK fertilizer and vermicompost
+ NPK, suggesting that nutrition management by organic fertilizers alone can be a very good
alternative instead of applying chemical fertilizer in cucumber production. Also reported that
application of organic fertilizers significantly improved the yield of tomato and cucumber.



ol g guw! vY.

Conclusion: The results of this study showed that cucumber growth and yield were significantly
affected by the application of different treatments. So that, the highest and lowest of fruit yield were
obtained in vermicompost + NPK and control treatments with corresponding values of 35.41 and
24.65 ton ha®, respectively. Combined treatment of vermicompost and NPK, cow manure,
vermicompost and NPK fertilizer had best results in this study. Since there was no significant
difference between yields in these treatments and generally organic fertilizers compared to chemical
fertilizer. Hence, given to environmental problems and high cost of chemical fertilizers, the use of
vermicompost and cow manure can lead to good results in cucumber production in the field.

Keywords: Feeding management, Manure, Municipal solid waste compost, Vermicompost
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Table 1- Temperature, relative humidity, evaporation and rainfall at experimental site

Lo
s Cuagb e ..
Temperature (°C) . ) Syl
olo ST Jilas il Rfel:‘mve Evaporation Rainfall (mm)
humidity (%) (mm)
Month Maximun Minimun Mean
\vag \yay \Yag \yay \Yag \yay \Yag \yay \Yag \yay \Yag \yay
2017 2018 2017 2018 2017 2018 2017 2018 2017 2018 2017 2018
IR
32 32 16 17 24 24 34 35 268 266 0 0.81
September
2R
24 23 11 11 17 17 38 53 175 138 4.8 29.12
October
ob!
17 13 6 5 11 9 43 73 89 71 0.64 65.91
November
N
12 11 2 4 7 7 50 62 36 42 4.72 34.32
December
S
9 9 0 0 4 4 54 61 0 0 19.84 61.53
January
e
11 10 2 1 6 5 65 56 0 0 30.62 12.23
February
S
21 13 8 3 15 8 39 59 0 0 1411 91.94
March
098
. 20 18 8 7 14 12 51 57 188 115 45.8 41.86
April
.o '"Q)l
26 28 12 13 18 21 55 44 191 240 57.06 12.03
May
ols >
34 35 17 19 26 28 37 29 334 297 7.23 0.02

June
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Table 2- Physical and chemical properties of the soil in the experimental field during the 2017-18 and 2018-19 cropping seasons

K P N ocC FC PWP Sk cdl
Year pH
(mg kg™) (%) (%) Soil texture
YTas-1vay o o)
256 12.6 0.06 0.58 7.2 33 11
2017-2018 Clay loam
1YY= YaA oy o)
248 12.1 0.05 0.56 7.2 32 10
2018-2019 Clay loam

OC: Organic carbon, FC: Field capacity, PWP: Permanent wilting point.
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1- Shapiro-Wilk Test
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Table 3- Equations used to calculate stress tolerance and susceptibility indices

abyl, abayly o )lols &
Equation Equation No. Reference
TOL=Yp-Ys ) (Rosielle and Hamblin, 1981)
STI = (Ys x Yp)/ (¥p)? 4] (Fernandez, 1992)
SSI=((1 - (Ys/Yp)) /(1 — (Ys/Yp)) ®) (Fischer and Maurer, 1978)
MP = (Yp + Ys) /2 @ (Rosielle and Hamblin, 1981)
GMP = (Yp x Ys)°5 40 (Fernandez, 1992)
HM = 2(Ys x Yp) / (Ys + Yp) Q) (Bidinger et al., 1987)
RSI = (Ys/Yp) / (Ys/¥p) ) (Fischer and Wood, 1979)
YI=Ys/Ys ) (Gavuzzi et al., 1997)
YSI=Ys/Yp amn (Bouslama and Schapaugh, 1984)

S 8kee (Sibee Vs (5 (g Ll )0 oy (saled 0 Shoe (il VP (5 Il yd 50 gy o ,Shae VS (5 (9 ulyd 50 iy o Shae YD
4 C,‘f_uLo ua}L..: :SSI “SE,.}}Q)LQ u..iL.o :HM €590 52 (WD u.:f.:L:.a GMP «5 590 M2 u..f.:L..a :MP ‘J.o:d ua>b :TOL oS Ja.\b..u 59 hwy) @L@

e S el RSl s Slas 5,l0b (a3l :YSE o Slae ol Y2 & Joos a3l STI s
Yp: genotype yield under non-stress condition; Ys: genotype yield under stress condition; Yp: mean yield of all genotypes under non-stress

condition; Ys: mean yield of all genotypes under stress condition; TOL: tolerance index; MP: mean productivity; GMP: geometric mean
productivity; HM: harmonic mean; SSI: stress susceptibility index; STI: stress tolerance index; Y1: yield index; YSI: yield stability index; RSI:

relative stress index.
Ghasemi et ) el oo, Gldl & alises o)) lals
al., 2019; Sadeghinejad et al., 2015; Jazayeri and
=2395 3 go s YU sles 5 oS .(Rezaei, 2006
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Jazayeri) o, oo Lo a0 (5 bl 5118 slap il
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ook 5 o305 adgle 3 Slas oS ols i il ls 42 b
5 ol Esome iz 5 pa— 5 p90 sl (e 40 S—25
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Table 4- Days to flowering of Persian clover genotypes under full irrigation and deficit irrigation regimes during the 2017-18 and

2018-19 cropping seasons

Jw &bl w2, 95 Voex Yo Yo
Year Irrigation regime Genotype Cutl Cut2 Cut3
Pars 228 26 24
LS o] Aleshtar 231 28 21
A Eghlid 231 27 21
> o ull rrigation Harati 222 27 25
=8 Zabol 217 26 24
o Pars 220 24 21
3 O
-« . Aleshtar 225 24 19
Soleles .
Deficit irrigati Eghlid 223 24 19
eficit |rr|gat|on Harati 218 23 21
Zabol 215 24 23
Pars 235 28 26
LS o] Alesh.tar 233 28 26
Ful i Eghlid 238 30 23
: 9 ull irrigation Harati 238 29 27
=8 Zabol 238 30 27
> o
T 3 Pars 222 26 22
- o . Aleshtar 228 26 22
Soleles .
L Eghlid 224 27 21
Deficit |rr|gat|on Harati 228 26 24
Zabol 232 27 24

s bojl sl ylows ).ub o adgle ulgi 6l 63T Of B pan o155 g 036 adgle o ySlos il ylg 435 -0 Jguo
Table 5- Analysis of variance of fresh forage yield and irrigation water-use efficiency for forage production (IWUE-FFY) as affected
by experimental treatments
Mean squares lx yo (il

JUVE PN 0 &9yl az o _
SOV df Vo2 Vi Yoz oo ol bpan 28
o B Cut1 Cut?2 Cut3 Total IWUE-FFY
Jls . = - - 4.820m
1 1605.80 222.33 242.60 4978.61
Year
(JW) S'sb 1.253
4 68.49 9.18 4.10 118.26
Block (Year)
! 0.030"
o 1 921.98"s 828.07"s 720.72"s 7393.71"
Irrigation
bl Jle 0.049"
. 1 56.45" 10.33m 14.55m 65.83"
Year x Irrigation
| glas 0.368
el 4 11.62 6.44 151 28.39
Error a
o) N 0.382
. 4 81.88ns 19.14ns 122.95 39.52ns
Cultivar
5 % Il 2.526"
= d . 4 189.63™ 5.61ns 5.52ns 232.14"
Year x Cultivar
5% g Ll 0.527"
e 4 38.52ns 14,23 12.25" 46.84rs
Irrigation x Cultivar
5 x o] x I 0.377"
o S J _ 4 36.01" 16.45™ 8.79™ 34.43%
Year x Irrigation x Cultivar
2slojl (glas
e 32 12.05 3.60 1.86 11.80 0.134
Error
i
T s - 8.02 8.83 11.75 9.49 9.68
CV (%)

doys w9 o Jlisl mlaw (ol gixe gl pixe e i 4 F g NS
ns: not significant; ** and * represent significant difference at P < 0.01 and P < 0.05, respectively.
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Table 6- Analysis of variance of dry matter yield and irrigation water-use efficiency for dry matter production (IWUE-DMY) as
affected by experimental treatments

Ola po (ufilno
¥ gl EEEESN Mean squares
S.O.V. df. Vo Yoz Yo E oz Sl & pan )5
Cutl Cut 2 Cut3 Total IWUE-DMY
JLs 0.2795*
1 32.76" 10.76™ 11.81" 154.75™
Year
(W) S'sls 0.0276
4 1.93 0.13 0.08 2.67
Block (Year)
3 0.0587"s
o 1 15.81" 5.67m 14.33 102.86"
Irrigation
Skl Jlo 0.0018"™
o 1 1.69™ 0.23n 1.35m 3.93m
Year x lrrigation
| slas 0.0092
ot 4 0.40 0.05 0.03 0.67
Error a
) 0.0083
. 4 1.24ns 0.27ms 3.86™ 0.88"s
Cultivar
w8, % Jls 0.0599™
_ 4 433" 0.24ns 0.11m 5.80™
Year x Cultivar
o3, % oL 0.0174rs
o ) 4 0.56" 0.16m 0.36" 1.34ns
Irrigation x Cultivar
o3, %x 6okl x Jlo 0.0136"
Year x Irrigation x 4 0.72" 0.20" 0.29™ 1.30"
Cultivar
2ol slas
s [
’ 32 0.26 0.07 0.05 0.37 0.0047
Error
- 8.62 9.11 11.20 10.43 10.94
CV (%)

.(Balazadeh et al., 2021) s4c5 o,La!
2 VYY) Jsl Jlw jo S oole o Sl o i
S 5 JalS )T bl 5o el osS1 L (iSa
S5y a5 Ggmvan sl cws a5 cassST o o liee
VY ogam 50 5 oSl s e m sl coseST o Slae
ez Sz oole g 03l adgle o Slac (A Jguz) 09 2o yo
Mg (n i & S97u 4 Sl (LAalS W) pge g p9S ol
00,5 S po—w o7 50 Ol S 5 sl ez 50 4dsle
o, iz oolo o Sloe LS)LHTpS sz 2 (A g Y Jelaz)
g bl by self oo Lol ials lacoig ples
Po ez 00 45 (Sy9b 4 9 ey (w2 050 Slogz
et odalidne (SLES A 4 (5t Commilas 090 Jlo g
S il Cod S oole 8 Sae alS o fasa S

aels a5 W0 )Tl pg0 Sl g pow (2 ;0 (0o, T4/Y)

Qo y w9 S Jleil ma )0 ls gine g o pine i i 4F 9T NS
ns: not significant; ** and * represent significant difference at P < 0.01 and P < 0.05, respectively.

ole g o3l abgle 3 Kot (i 525 5 TS Ll

caieST o (LS jo (3 VY- A gAY/PA s sy oo
S8l oS gl Jlo y3 a5 Jops s el pgs Jlo 5 L5
50 o5l adgle o Sloe o oy (S 0 (S FHIVO 0ds L
5 8hee cp S (A 5 Y Jolaz) sls L ) LTS Ll
2 O OYIAF) ol Jlows o 6)L.:4.—‘r°5 Lyl cox o5l adgle
P OFOIYA) pgs Jlew 10 5 S s g (LS
0 8das G2alS (Y Jgoz) ol adg b o) lawgi (LS
35S Geliize bagd (S 25 Ll d s o b adgle
Nikou et al., 2014; Nematollahi et ) coul sos (5,155
oS bl 5 0 o5 o Slee zalS e @l 2020
Rl ) 0)90 alS g (a0 5 @ @ Olise S
Gl g olS i 5 SRl oS slass pals s el
digle St oole adyy als ol ,o 5 LAl gt
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OFIA L casoST o oo 0 —YAIY 5l Slae ol s
aloz 51A 9V Jolaz) o9 Sglise yidl CussST 0 0o )y0
JLe g Po (> 5O SLid oole o Slae wals oS LYo
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JLw 50 po 2 oy loj 4 a5 semtidy Sl £4540 ()
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Table 7- The interaction of year x drought stress x genotype on fresh forage yield and irrigation water-use efficiency for forage
production of Persian clover, IWUE-FFY (sliced upon the year and irrigation regime)

o3l adgle o Sloc
- ; 1 g glp ol & 1,5
Je bl wss i 933 Fresh forage yield (ton ha™) yé J"’U 45;:“’ e
°)
Year Irrigation regime Genotype Vomz Yoz Vi Egoxo
IWUE-FFY (kg m?)
Cutl Cut2 Cut3 Total
Pars 42.70 20.58 14.11 77.40 7.644
: Aleshtar 44.70 20.81 7.31 78.83 7.786
Jo5 s,L0]
L Eghlid 49.66 25.05 741 82.13 8.112
Full irrigation
Harati 37.85 26.05 18.51 82.41 8.140
> o Zabol 30.21 20.06 15.60 65.88 6.507
a —
=R LSDq.0s 4.23 2.78 2.72 5.36 0.530
o~
T = Pars 35.35 15.48 7.13 57.96 7.634
— N
. Aleshtar 40.36 14.95 4.58 59.90 7.888
G)Lﬁlr“s .
. Eghlid 38.81 17.43 4.00 60.25 7.934
Deficit irrigation
Harati 3331 13.23 741 53.96 7.107
Zabol 27.78 16.16 10.10 54.05 7.118
LSDo .05 2.99 3.77 2.57 6.27 0.826
Pars 51.76 23.66 17.25 92.68 7.733
B Aleshtar 51.50 26.16 17.25 94.91 7.920
Job s,k
L Eghlid 54.83 30.25 12.25 97.33 8.121
Full irrigation
Harati 52.96 26.00 21.00 99.96 8.341
< o Zabol 55.50 27.58 20.25 103.33 8.622
o
‘,T 8 LSDo .5 10.89 4.52 3.36 7.26 0.607
[o0]
E b= Pars 36.46 19.33 9.58 65.38 7.274
-
- Aleshtar 46.66 20.08 7.33 74.08 8.242
G)L.les .
. Eghlid 41.90 20.16 6.91 68.98 7.674
Deficit irrigation
Harati 43.63 2041 12.16 76.21 8.479
Zabol 49.00 20.66 12.41 82.08 9.132
LSDg .05 5.02 2.94 1.06 6.81 0.758
LSDy s (YearxIrrigationxGenotype) 4.61 3.08 2.69 5.71 0.610

Q355 K0S b (gl sire gkl BN 0o p0 O Jlaizl ghaws ;5 LSD (yge3l ol 3 ygiw 12 )0 aline By > (sl slagySilo
The means with similar letters in each column are not statistically significant (LSD, 0=0.05)
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Table 8- The interaction of year x drought stress x genotype on dry matter yield and irrigation water-use efficiency for dry matter

of Persian clover, IWUE-DMY (sliced upon the year and irrigation regime) production

S eolo 8 ,Slac

e glp ol Gpae a8

Jlw 3PS G 95 Dry matter yield (ton ha™) i oole
Year Irrigation regime Genotype Vo2 Yoz Yoz Egoxo
IWUE-DMY (kg m*)
Cut 1 Cut 2 Cut 3 Total
Pars 5.80 273 2.37 1091 1.078
LIS Aleshtar 6.53 3.37 131 11.22 1.108
ST Eghlid 6.48 3.20 1.25 10.93 1.080
Full inrigation Harati 495 3.16 3.00 11.12 1.008
> o Zabol 3.97 2.72 2.40 9.10 0.899
=R LSDogs 0.72 045 0.35 0.99 0.098
i % Pars 491 234 137 8.63 1.136
s Aleshtar 5.61 2.32 0.91 8.85 1.166
T Eghlid 5.33 241 0.90 8.65 1.140
Deficit irrigation Harati 457 2.06 1.46 8.10 1.068
Zabol 3.85 2.36 2.29 8.50 1.120
LSDogs 0.63 0.59 0.37 1.38 0.182
Pars 7.26 3.33 3.29 13.88 1.158
S5 s L Aleshtar 6.87 3.55 3.23 13.65 1.139
T Eghlid 750 4.20 2.36 14.05 1172
Full irrigation Harati 7.52 3.69 3.69 1491 1.244
< o Zabol 7.65 4.03 3.72 15.40 1.285
= Q LSDogs 1.39 0.61 0.65 0.97 0.082
r g Pars 5.17 3.10 1.94 10.21 1137
- TS Aleshtar 6.14 313 1.46 10.73 1.194
T Eghlid 578 3.33 1.36 10.48 1.167
Deficit irrigation Harati 6.05 3.24 244 1173 1.305
Zabol 6.85 3.55 2.67 13.08 1.455
LSDogs 0.91 0.46 0.39 1.19 0.133
LSDg s (YearxIrrigationxGenotype) 0.83 0.55 0.41 1.01 0.114

)l K085 b (g5l sire gkl BB 0o ys O Jloil s 10 LSD (5051 sl g 12 50 ailiie g > slls sl Sile
The means with similar letters in each column are not statistically significant (LSD, 0=0.05).

2 Gl (S 5 Sty b Ll 23, e gt
Chaves ) wsb e 14539, Jalye Julo 0 yiton jigis
9o g oy b Houd Sis eole g adgle o Slae (et al., 2009
S9dr e Oyl SroyS )0 Sy ol (e 5 (slgi]
s ,up 59, » —iule;l o (Marshall et al., 2015)
Trifolium ) ;a8 4 (Trifolium repens) o o
S S ol 558 Sas s bl i e (@mbiguum
3,10 S jods 4 o JLSis &y (g iy Jod (55108
T (Slsime (31885 jard (S s bl o
Lii> sb ot 4 S |y 65t S p O Jeuily 3 Sy

(Marshall et al., 2015) .S o

L 59, oo il bas a8 saal i gudod cpl )0

S plocais) 5 by Sge S—iS eole o Sles (2o S
5 8 (Seas 25 3l cod meS Laa; oy Jsb
aS o o,58 58 (6,500 adlae o il (i o Sles
by Gl jaat 0 )Sles ) 090 Jsb I8 L
10 Laasyg, b 4. (Shoushi Dezfuli et al., 2019)

s 813 1y S ST (68 el et 5 byl
ywgis 5 (Chaves et al., 2002) o5l oo JSie (6 ywsgid
oS aitws olbanl B gl alexil en Lol s Jolo 0 g
s (Munns et al., 2006) aub o ol Ses 5 cos
4l el Sl lade a4 slaiyg, Colas mdle L Laylys
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Figure 1- Regression relationship between dry matter yield and number of days to flowering in Persian clover genotypes during the
first (a), second (b) and third (c) cut
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4 .(Zou et al., 2021) sy 0 oLS 0is, sl ol ST,I8
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Sl 5 5y alS el Sy pha s alS L Loaiss,
35l ol 1 ol Bpan LIS tlil Slizrge g oo
Cov a5 ol 155 sladlas o (Balazadehet al., 2021)
4 Cad olosr adg5 (6l o Brae QS o Stz i
Farhadi et al., ) cab ial38l (S o D) sel—s s
(2022
5 S 5 4 e sla el saliaule polie
P i (S—iS a oo il lagaiel sanas,

o 5° ol (F J3a2) abige el 5, 8 (b 5 %08
W oddlie J..M:) 0,99 Jj“‘ uMmlS 4 hg)..as wl....} J}l
S8 Subls 0929 Copmli (b pg e 0 S J 0
595 9 (1l g (w395 p (S 15 Sl 4z b ()
b eze s (F Jsor) Slal jad slacadsi o (2o 5L
5@00&&&:‘_’,0‘5:94_»;)&‘)&5;)@)&
adgle o Sloe ualS lgi oo () JS3) 23 J5 U 59, olaws
BV Sy Ll PR K V- L 1 R W S e
0258 5 s 55 (238 g, s el Las o
Sl 5l (F Jgaz) ols plas Sis 15 a1y Comwls
O, as 5 25U g, olawi o sopliws o alal) oS
3o ddgle o Sloe iSlas () JS8) ccdls 092 Stz oole
b 59, olass op oo L) ) csS1 50 55 LalpS bl
ools yld calises Sladlas (A 5V Jolaz) ol ood (20 5
45 350 (=55 OALS (o395 s (St (5 oS S
SR slaplSe et 51 (Ko plge 4 STy ool
Ghasemi et al., 2019; ) 55, o Jlo— ax 25 Loyl &
Sadeghinejad et al., 2015; Jazayeri and Rezaei,
JeS5 5l laedol 4y 25 51 )18 e bls w2006
Sl Bae (B (Jg oS (o0 SI ,d 0y g ol (S a5
135 Cames gllae lacz 03080l il adgle adgs oS
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(Balazadeh et al., 2021) o salgs
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Slnl jad goawig yo (S 4 Joxi s asls - Jaux

Table 9- Drought tolerance indices in Persian clover genotypes

Eed )] Yp Ys
L L TOL MP GMP HM SSI STI YI YSI RSI
Genotype (ton.ha™) (ton.ha™)
Pars 12.40 9.42 2.98 1091 10.81 10.71 114 057 095 076 0.96
Aleshtar 12.44 9.74 2.70 11.09 11.01 10.93 103 077 099 078 0.99
Eghlid 12.49 9.57 2.92 11.03 10.93 10.84 111 076 097 077 097
Harati 13.02 9.92 3.10 11.47 11.36 11.26 113 082 100 076 0.96
Zabol 12.25 10.79 1.46 11.52 11.50 11.47 057 084 1.09 0.88 1.12

HM (5,50 52 (swii 52 Klo GMP (5,90 0 (5255ke MP ozt (2L :TOL (25 oyl 15 )0 udgih o, Shoe 1Y'S ¢ 2 90y Lyl 1 10 gy o Sles 1Y

csd oS amls RSE o Slae (g Il (a3Ls YSE o Slae sl Y1 os 4 oo ol ST s 4 colus (a3Ls SSI e Sige o (ke
Yp: genotype yield under non-stress condition; Ys: genotype yield under stress condition; TOL: tolerance index; MP: mean productivity; GMP:
geometric mean productivity; HM: harmonic mean; SSI: stress susceptibility index; STI: stress tolerance index; Yl: yield index; YSI: yield

stability index; RSI: relative stress index.
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Table 10- Ranking of Persian clover genotypes based on drought tolerance indices
G 93

Yp Ys TOL MP GMP HM SSI STI YI YSI RSI SR AR SD

Genotype
Pars 4 5 4 5 5 5 5 5 5 5 5 53 4.82 0.40
Aleshtar 3 3 2 3 3 3 2 3 3 2 2 29 2.64 0.50
Eghlid 2 4 3 4 4 4 3 4 4 3 3 38 3.45 0.69
Harati 1 2 5 2 2 2 4 2 2 4 4 30 273 1.27
Zabol 5 1 1 1 1 1 1 1 1 1 1 15 1.36 1.21

:HM €590 4 (WD U"'i’"“’ GMP «559° 22 u.:_f.»L:.a :MP ‘J.o;d U”L" :TOL (S Jailfu JRREerYy a)iLor- 'Ys oM g Ja.\b..u JRREwey ojslo.c Yp
b Jl)pdl :SD ‘Lmd.,.‘i) u_.f.nL..a AR ‘Lmd.,.‘i) Egoa

Yp: genotype yield under non-stress condition; Ys: genotype yield under stress condition; TOL: tolerance index; MP: mean productivity; GMP:
geometric mean productivity; HM: harmonic mean; SSI: stress susceptibility index; STI: stress tolerance index; Y1: yield index; YSI: yield
stability index; RSI: relative stress index; SR: sum of ranks; AR: average of ranks; SD: standard deviation.

oolail Sz oole o Sl g b ol o (Son 450
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Abstract

Introduction: Clover is considered as one of the most important forage crops of the leguminous
family which is appropriate for temperate and humid areas. Insufficient water can severely affect the
production of forage legumes leading to a reduction in yield based on the severity and duration of
drought stress. Due to the relative sensitivity of clover to drought stress, the yield of this crop is
affected by water scarcity, especially in arid and semi-arid regions. One of the effective solutions in
the field of plant breeding for drought resistance is to identify stress-tolerant genotypes. This study
aimed to compare the forage yield and water productivity of Persian clover genotypes under full
irrigation and drought stress conditions, as well as evaluate their drought tolerance.

Materials and Methods: The experiment was conducted as a split plot based on a randomized
complete block design with three replications at the Seed and Plant Improvement Institute, Karaj,
Iran, during the 2017-18 and 2018-19 cropping seasons. Irrigation regimes at two levels (full irrigation
and deficit irrigation with supply 100% and 75% of clover water requirement, respectively) as the
main factor and Persian clover genotypes at five levels (cultivar Pars, and ecotypes Zabol, Aleshtar,
Eghlid, Harati) as sub-factor were evaluated. Each subplot consisted of four rows with a length of five
meters and 50 cm between rows. The planting operation was carried out manually on September 11
of each year with 20 kg ha™ seeding rate. The volume of irrigation water was determined by the
Penman—Monteith method and the counter meter was used to accurately measure and control the
amount of applied water. In the first and second cropping seasons, the total volume of irrigation water
used were equal to 10125 and 11985 for full irrigation and 7594 and 8989 for deficit irrigation
conditions, respectively. In this study, the fresh forage and dry matter yields, irrigation water
efficiency for production of fresh forage and dry matter, the days to flowering, and drought tolerance
indices were investigated. For all three cuts, clover cultivars were harvested at the 10% flowering
stage. To determine the fresh forage yield, the middle four rows of each plot were harvested and
weighed. To determine the dry matter yield, fresh samples (2 kg plot™) were randomly selected and
dried in a forced-air oven at 65 °C. Irrigation water-use efficiency was calculated from the ratio of
yield to the amount of water consumed. The combined analysis of variance was performed using
SASy ;1 and the means were compared by the LSD method at P < 0.05.

Results and Discussion: The fresh forage and dry matter yields in the first, second and third cuttings,
as well as their total and the irrigation water-use efficiency for forage and dry matter production were
significantly affected by the year x irrigation x genotype interaction. Ecotype Harati had the highest
total fresh forage and dry matter yields during three cuts (91.19 and 13.02 ton ha™, respectively) in
full irrigation conditions, whereas, under deficit irrigation conditions, the maximum total fresh forage
and dry matter yields (68.07 and 10.79 ton ha™, respectively) were obtained by ecotype Zabol. The
maximum water-use efficiency (1.455 kg dry matter m™) was obtained in the second year and by
ecotype Zabul under deficit irrigation conditions, whereas the minimum efficiency (0.899 kg dry
matter m) was recorded in the first year under full irrigation conditions and in the ecotype Zabol.
Drought stress treatment in genotypes Pars, Aleshtar, Eghlid, Harati and Zabol compared to full
irrigation caused a decrease in dry matter yield by 24.0, 21.7, 23.4, 23.8 and 11.9%, respectively.
Among the drought tolerance indices, tolerance index (TOL), stress sensitivity index (SSI), yield



890305 9 olibe Ve

stability index (YSI) and relative stress index (RSI) had the highest correlation with yield under full
and defecit irrigation conditions. Based on the mentioned indices and principal components analysis
(PCA), the ecotype Zabul, followed by ecotype Eleshtar were identified as the most tolerant genotypes
to the defecit irrigation stress.

Conclusion: Overall, the results of this experiment demonstrated that in the irrigation water
availability conditions, the ecotype Harati and in the water limitation conditions, the ecotype Zabol
are recommended for cultivation in the semi-arid regions of the country.

Keywords: Deficit irrigation, Dry matter, Ecotype, Fresh forage, Stress sensitivity
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Table 1- Soil chemical characteristics at the experimental site (0-30 cm)
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Figure 3- Changes of relative growth rate per quality of water irrigation (a), zinc fertilizer (b) and barley genotypes
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Figure 4- Changes of crop growth rate per quality of water irrigation (a), zinc fertilizer (b) and barley genotypes
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Abstract

Introduction: Barley is one of the most important sources of livestock feed and is tolerant to drought
and salinity. Salinity of water and soil resources is one of the most important agricultural problems in
Iran. In salinity conditions, the availability of nutrients in the soil solution is reduced due to the high
concentration of chlorine and sodium ions, which leads to disturbance in the nutrition and upsetting
of the balance of plant nutrients. Therefore, the role of proper nutrition in these conditions is very
important to help maintain the balance of nutritional elements and provide the proper growth and
plant performance (Ahmadi et al., 2006). Due to the reduction of fresh water resources and the
increase of fresh water consumption on the other hand, the access to water with suitable quality for
agriculture is very limited (Mahlooji et al., 2018). It is obvious that in such conditions, it is inevitable
to use water of poor quality for the production of agricultural products. Therefore, the current research
was conducted with the aim of studying the effect of chelate and nanozinc solution spraying on the
yield and growth indices of three barley cultivars under irrigation water salinity conditions.
Materials and Methods: In order to investigate the effect of irrigation water salinity and foliar
application of chelate and zinc nano oxide on yield and some growth indices of barley cultivars, an
experiment in the form of a randomized complete block design with arrangement of split blocks with
three replications at the station Rodasht salinity research was conducted in Isfahan.Three water
irrigation quality including wl=control, 1-2 dS/m (low salinity), W2=10 dS/m (common salinity in
the region), W3=18 dS/m (high salinity) were evaluated in vertical factors. The horizontal factors
were foliar spraying including (nano zinc-oxide, chelated zinc, mixture of nano and chelated and
water spraying as a control). Three different barley including (Morocco as a moderate semi sensitive,
Nosrat as a moderate tolerant and Khatam as a tolerant) cultivars spilted within vertical factors.
Statistical analyzes and graphs were performed using SAS and Excel software and comparisons of
means were performed using LSD test.

Results and Discussion: The results showed that with increasing salinity of irrigation water, grain
yield, dry weight (DM), crop growth rate (CGR), leaf area ratio (LAR) and specific leaf area (SLA)
decreased. Foliar application of Zinc element compared with no Zinc increased TDM, RGR, CGR,
LAR and grain yield. Khatam cultivar was superior to Morocco cultivar due to its DM, RGR, CGR,
LAR, SLA and higher grain yield. Among physiological indices, SLA showed a positive and
significant correlation with grain yield (r2 = 0.97). Overall, in order to increase plant growth indices
as well as grain yield of barley under salinity irrigation water, foliar application of zinc fertilizer and
the use of Khatam cultivar (salt-tolerant) is recommended.

Conclusion: In general, the results showed that with increasing irrigation water salinity, grain yield,
total dry weight, crop growth rate, leaf area ratio and specific leaf area of barley decreased. Foliar
application of zinc element compared to check (control) caused an increase in dry weight, relative
growth rate, crop growth rate and leaf area ratio, and grain yield. Khatam variety was more tolerant
to salinity due to its dry weight, relative growth rate, product growth rate and leaf area ratio, specific
leaf area and grain yield compared to other varieties. It seems that the absorption of zinc from the soil
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by the plant roots is disturbed in the saline irrigation conditions, so the plant has shown a positive and
appropriate reaction to the foliar application of zinc, which ultimately increases the growth and yield.
He brought the plant with him. In general, it seems that in order to increase the growth indices and
also the yield of barley grain under irrigation water salinity conditions, foliar feeding with zinc
fertilizer and the use of Khatam variety are recommended.

Keywords: Crop growth rate, Micronutrient, Physiologic indices, Specific leaf area
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Table 1- Values of inputs and outputs in the ecosystem of irrigated wheat and potato cropping systems at the experimental site

Jovers; aslg 0 s (51,5 U & pasS o) pllis
Variable Unit Potato agroecosystem Irrigated wheat agroecosystem
gae
Kg ha! 4570.83 238
Seed
Sl o
hour 398.4 74
Manpower
QYT@.;LLA
. hour 21.33 10.33
Machinery
N
] Liter 218.34 161.34
Fossil Fuels
0395
] Kg hat 212.50 136.66
Nitrogen
prom;
Kg. hat 250.00 71.00
Phosphorus
ol
Kg hat 10500.00 -
Potash
N
kilowatt hours 2215.00 1321.33
Manure
o Kg hat 3.97 2.01
Electricity
e
. Kg hat 0.78 0.53
Herbicide
Ml
. Kg hat 111 0.68
Fungicides
OiSo pi
o Kg hat 1.88
Insecticide
o gdaosy,
. . m3 11478.38 3214.03
Micronutrients
G)L.ﬁ'l *7"'
Irrigation water
7ot
Kg ha? 51480.00 4349.76
Outpu
oo Sles
Seed yield Ka ha 4988
oS 5 Slae gha )
Straw yield
Js o Skee |
. Kg hat 51480
Yield total

9337.76
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Table 2- Energy equations for inputs and outputs in irrigated wheat and potato agricultural ecosystems at the experimental site

2995z A=y oy §5 51 Jolee & a5 6551 Jolee e
Input / Output Unit Energy equivalent Energy equivalent Source
Potato (MJ.ha) Irrigated Wheat
(MJ.ha')
gae Kg 3.60 15.7 Tipi et al., 2009 ; Zangeneh et al., 2010
Seed
Sl G950 hour 1.96 1.96 Ozkan et al., 2007
Manpower
Ylopeile hour 142.7 142.7 Zahedi et al., 2014
Machinery
(ke S g Liter 56.31 56.31 Zahedi et al., 2014 ; Singh et al., 2007
Fossil Fuels
095 Kg 66.14 60.06 Akcaoz et al., 2009
Nitrogen
Shd Kg 12.44 37 Akcaoz et al., 2009
Phosphorus
ol Kg 11.15 6.7 Akcaoz et al., 2009 ; Rajabi et al., 2011
Potash
o oS Kg 0.3 - Soltani et al., 2014
Manure
Wy S kilowatt 12.1 12.1 Singh et al., 2007 ; Kaltsas et al., 2007
Electricity hours
SSale Kg 238 278 Ozkan et al., 2007 ; Tzilivakis et al., 2005
Herbicide
S8 Kg 92 99 Tzilivakis et al., 2005
Fungicides
S e i Kg 199 237 Tzilivakis et al., 2005 ; Ozkan et al., 2007
Insecticide
logdia, Kg 120 - Esengun et al., 2007
Micronutrients
bl o m? 1.02 1.02 Zahedi et al., 2014
Irrigation water
= 14.7 Tipi etal., 2009 ; Singh et al., 2007
Outpu
s 0,Sles Kg 3.6 14.7 Tabatabaeefar et al., 2009 ; Zangeneh et
Seed yield 9.25 al., 2010
oS o ,Slos
Straw yield
J5 o Slee | Tabatabaeefar et al., 2009 ; Zangeneh et
Yield total al., 2010
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Table 3- Input and output of energy in two ecosystems of potato and irrigated wheat at the experimental site

59939 &35 S5 oy dun lie

P 5551 Jolae ¢ s 5 .
[
o o 5551 Jolxo T e ASJ’ s
. &
$0959 /1 =95 Energy Energy equivalent ? sy @
Input / Output equivalent Potato Percentage of total energy Comparing the percentage
Irrigated Wheat (MJ.ha!) consumption of total energy input and
(MJ.hat) output of two ecosystems
' relative to each other
59,9 e poss e pas
Input Potato Wheat Potato Wheat
gae
Seed 3736.6 16454.98 18.29 8.26 77.29 22.70
ee
Sl 6950
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Table 4- Energy indicators in production in two ecosystems of irrigated wheat and potato farming systems at the experimental site
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Table 5 - Comparison of total energy consumption directly, indirectly, renewable and non-renewable in two cropping systems of
irrigated wheat and potato at the experimental site
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1. Direct energy including: fuel, electricity and human power, 2. Indirect energy including irrigation water (extraction from wells), organic

fertilizers, chemical fertilizers, seeds, machinery, pesticides, insecticides and herbicides, 3. Renewable energy including: fertilizers organic,

seed, human power, 4. non-renewable energy including: chemical fertilizers, irrigation water (extraction from wells), pesticides, machinery,

electricity, chemical poisons
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Abstract

Introduction: This study was carried out to assess and compare to energy, management of resources,
especially water and increase the efficiency of irrigated wheat and potato.With the increase in
population and the limitations of production resources in the future, it will be difficult to access energy
sources in sufficient quantity. Efficient use of agricultural energy is one of the important factors in
achieving sustainable agriculture. Sustainability is one of the main components of agricultural
production that leads to food security and utilization of production resources for present and future
generations. The efficiency and stability of crop systems vary according to the type of input energy
management. The study was conducted to evaluate and compares the course of energy, the
productivity of resources, especially water, and increases in the efficiency of irrigated wheat and
potato agroecosystems.

Materials and Methods: At present, in most conventionally managed crop ecosystems, the share of
indirect, non-renewable and commercial energy was higher than direct, renewable and non-
commercial energy...This research was conducted in the crop years of 2017 in Borujerd city, Lorestan
province, in the geographical location of 34° 1’ N latitude and 48° 4’ E longitude. The data used in
this study are collected by questionnaire. The number of samples was determined by Cochran formula.
Accordingly, 130 irrigated wheat farms and 60 potato farms were selecte by stratified random
sampling method. In order to calculate the energy equivalent of inputs and outputs in the two canvases
of irrigated wheat and potato crop system, first the most important inputs and outputs and their energy
equivalent in the two canvases of the system were determined. Then, the equivalent of each input
energy as well as output was calculated by multiplying its raw value by the corresponding energy
conversion factor, the input energy input and the water flow rate in the two potato and irrigated wheat
cropping systems .

Results and Discussion: The total amount of input energy were in potato (92645.73 MJ ha™) and in
irrigated wheat (45215.33 MJ ha™). In terms of electricity, fossil fuel, chemical fertilizers and
irrigation water, the potato agroecosystem had the highest amount of energy consumption. The
consumption of non-renewable and indirect energy from the total input energy was high in both
agroecosystems, especially potato cultivation showed more dependence on these input energies. This
can indicated the instability of the potato agoecosystem compared to irrigated wheat. The amount of
net energy index in the potato cropping system is higher than that of irrigated wheat, and indicates
lower energy loss in potato cultivation. But because of the higher energy consumption efficiency in
irrigated wheat compared to potato cultivation, this indicates the greater than of efficiency of the
irrigated wheat farming system in converting input energy into available energy for yield.
Conclusion: Production systems should not be used for more than of their capacity in order to
generate high revenue. As energy input increases, energy efficiency decreases Proper and efficient
use of available resources increases the sustainability of production Therefore, conventional potato
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production is not sustainable in terms of energy consumption, because a very high percentage of
consumption inputs in the potato production are non-renewable energies.. The consumption of non-
renewable and indirect energy from the total input energy was high in both agroecosystems. The
amount of net energy index in the potato cropping system is higher than that of irrigated wheat, and
indicates lower energy loss in potato cultivation. This can indicated the instability of the potato
Therefore it is suggested the cultivation of irrigated wheat, which was more stable, to the farmers of
the region.Therefore, autumn irrigated wheat cultivation is more practical than spring and summer
potato cultivation, which has a high water requirement and higher cost.

Keywords: Energy efficiency, Fossil fuels, Out puts, Renewable and non-renewable energies,
Sustainability of cultivation system
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