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Table 2- Chemical properties of cow manure
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Table 3- Meteorological data for the area tested in the years 2014-15
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°C
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Maximum
temperature 2015 21.6 28.7 347 368 355 26.46 25.8 17.01 11.58 13.76 11.22 17.12
(°C)
Lo (1:5ke 2014 145 21.2 269 29.1 26 24.8 151 9.7 33 4.4 7.3 10.9
Mean
temperature 2015 14.9 21.4 269 29.7 27.8 21.88 18.57 11.19 6.01 7.29 5.21 12.09
(°C)
Ul ggee 2014 28.2 26.6 0.4 0 2.8 0.4 13.8 17.6 16 12.7 13.7 58.4
Slalo
Total
monthly 2015 261 238 0.3 0 0 0 16.9 42.4 10.5 5 2.9 73.7
precipitation
(mm)
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Table 4- Results of analysis variance (mean square) for yield components of Roselle affected by different treatments

AL g0 dlawd AL goj08 dlasd
o et @R Wy, b Bl g5 g%
"")‘»"‘ﬁ’" GZL"’ B % p) s ‘_;Lo‘ u"’l’
s fvari ©d;! Plant Numbers of lateral "
ource or variance df height branch Bolls number of the Bolls number of the
main branch lateral branch
5,55 Replicate 2 145.5* 5.333* 36.75** 4.69ns
ladss Nutrient 3 770.0%* 9.657** 45.82** 1654**
sl dax | ,Ss5 ReplicatexNutrient 6 96.36* 0.074ns 1.880ns 231.8**
&,k Irrigation 2 1771** 6.812** 393/8** 710.0**
«,WI%,,$s ReplicatexIrrigation 4 95.72* 0.020ns 1.312ns 36.19ns
WX clayiss NutrientxIrrigation 6 90.19* 4.969%* 32.97** 192.4*
L3 Error 12 23.13 0.9282 3.025 47.55
Sl cu i CV (%) - 6 17.8 10.2 19.5

Msine il dgzg pis g doyd B gV Jlaisl maw )d (65 gixe b LS (i 54y NS g s e
** * and ns significant difference over control at p< 0.01 and p< 0.05 and not significantly respectively
Bliseo oW lowd e Ol 1 15U Codd i3 gl (29,00 8LS 3 Sdes glia (o (1Slo dunlie -0 Joua
Table 5- Results of mean comparisons of yield components of Roselle affected by different treatments

ALG g0jef dani ad L 5098 laad

. . olS gl Sl AL Dy
Sl sz ! : . b ol
. L Plant height ~ Numbers of lateral N
Nutrient Irrigation (cm) branch/plant Bolls number of Bolls number of
the main branch  the lateral branch
! b /v'_ 68.00cd 4.50bc 8.50d 10.00d
30% of Water requirements
aals ! b /V'_ 93.50ab 3.50c 16.00bc 20.50cd
Control 70% of Water requirements
S 7 92.50ab 5.00abc 24.50a 23.50bcd
100% of Water requirements
o S 7Y 67.00cd 4.00¢ 15.00bc 29.00bcd
30% of Water requirements
3 25 o S V- 83.00abc 4.83bc 19.67ab 27.50bcd
Cow manure 70% of Water requirements
ol - . 100.5a 5.50abc 25.50a 37.50bc
100% of Water requirements
! b A\“~_ 59.50d 4.50bc 12.50cd 29.50bcd
30% of Water requirements
thed 355 o STV 72.00cd 8.00ab 16.00bc 39.00bc
Chemical fertilizer 70% of Water requirements
o ST 72.50cd 5.50abc 15.50bc 65.50a
100% of Water requirements
o S 7Y 77.00bcd 5.50abc 8.00d 46.00ab
s 35555 355 30% of Water requirements
obowds 365+ 595 > Ty,
Cow manure + o STV 90.50ab 5.67abc 19.83ab 48.50ab
70% of Water requirements
Chemical fertilizer s
ol AN 100.3a 8.50a 24.00a 48.50ab

100% of Water requirements

)5 0y gty Jlats] o 53 (5S35 903l b (6o sne glis St By (gl (sl Sils gt o 3
Similar letter in each column indicate no significant difference at 5% probability level using Duncan's multiple range test.
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Table 6- Results of analysis variance (mean square) of Roselle yield affected by different treatments

Gl dpas plosily O B pae glosily

o . Seis 3 ,Sos L . .
Oyt é-'lw &35l an o a3 b:gfw.«g} :_,Slo.c Sl u”b*’ 0j9€ 03¢5 Cannns §
Source of variance df Boll div vield Biomass yield Harvest index Boll water use Biomass water
vy efficiency use efficiency
;1,55 Replicate 2 109959** 1167180** 13.74** 0.0016** 0.0176**
<l isNutrient 3 431775** 8238414** 41.27** 0.0072** 0.1416**
Replicate* Nutrient
s .5 6 3127ns 7607** 0.3738ns 0.00008ns 0.0001**
Slis )| S
k! Irrigation 2 93758** 9346317** 5.945** 0.0152** 2.084**
Replicate* Irrigation
Ul <5 4 1458ns 8360** 0.0794ns 0.0001* 0.0019**
ol S5
Nutrient* Irrigation
Uit el i 6 2738ns 161629** 0.9758ns 0.0011** 0.0224**
Solwl Ll
s Error 12 2301 149 0.5578 0.00005 0.000002
Slyess oy CV. (%) - 8.3 20.0 9.2 10.15 16.0

Msize il dgzg pis g 2o)d B 9V Jleisl pdaw )d (65 gixe b LS (s 54y NS g 2 e
** * and ns significant difference over control at p< 0.01 and p< 0.05 and not significantly respectively.

o g sl ooy e oS slas il
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Table 7- Results of mean comparisons of yield components of Roselle affected by different treatments

. [ -y Lol [ Lol
259 3 SNos 0387 s 1 3 cudhy AL = )-".‘".u 7" )'“““"u ?
Wl Y BS'_’W’““) )5 u“"ld o )'ftu"": 59 8395 Sy §
- lomass yie arvest index Boll water use Biomass water
Treatments ?
BOELS rgayll)eld (kg.ha™) (%) efficiency use efficiency
) (kg.m™) (kg.m™)
Nutrient cla,dss
aals 325.5¢ 4875d 6.68c 0.04c 0.59¢
Control
S 572.2b 5839b 9.72b 0.07b 0.72b
Cow manure
et 255 555.2b 5789c 9.52b 0.07b 0.71b
Chemical fertilizer
loosd 365+ (555 258
Cow manure + Chemical 860.1a 7197a 11.91a 0.11a 0.89a
fertilizer
Irrigation (s,L
30% of Water 497.5¢ 5392¢ 8.76b 0.11a 1.21a
requirements
70% of Water 564.5b 5439b 10.16a 0.05b 0.51b
requirements
100% of Water 672.7a 6944a 9.45ab 0.04c 0.46¢

requirements

Wl o> iy Sl s )3 S a3l b (gl stne Sl S e By gl Sl 5t
Similar letter in each column indicate no significant difference at 5% probability level using Duncan's multiple range test
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(N J52) 3eis 35100 1y 035
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0l Al ey (ol )bl 4 o ay ol ol 5l s
am il Bl 1y ol Bpae plesily couly wled sl 3,Sdes
Ghorbani Nasrabad and Hezargaribi, 2010; Akbari )
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e doly 5l ol s iy 0 48T Wsses lu 56 (GO, 2005
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Table 8- Results of mean comparisons of interaction of different treatments on yield of Roselle

Sis 3 Slos o TR b s ylosdly Ol B pan Glosily
{LYREY LS)L}!i 37V ”?wa“) N 5368 f 8367 Cannnd 3
: - 5 Biomass Cadild < § )
Nutrient Irrigation Boll dry ylield yield Harves:[ Boll water use Biomass water
kg.ha -1 . efficiency use efficiency
(kg.ha™) (kgha®)  index (%) gt o
BIRYAR
30% of Water 259.4f 4311i 6.02e 0.06de 0.96¢
requirements
aals B AT
70% of Water 328.6ef 4253] 7.66¢de 0.03fg 0.41i
Control .
requirements
EIYATE
100% of Water 388.5def 6062e 6.36de 0.03g 0.40i
requirements
30% of Water 479.6de 53399 8.92hcd 0.11b 1.19b
- requirements
L59l5 J9§ LJ )LJ XV'
Cow manure 70%of Water 555.2cd 5356fg 10.34abc 0.05ef 0.51f
requirements
EBNVATE
100% of Water 682.0bc 6824c 9.91abc 0.05efg 0.45h
requirements
B A S
30% of Water 443.8de 5397f 8.13hcd 0.10bc 1.20b
requirements
- L;ii ;L.: AR
Cherﬁ:ﬁ‘eﬁi lizer 70% _of Water 535.4cd 4999h 10.68ab 0.05¢efg 0.48g
requirements
BIVARE
100% of Water 686.5bc 6969b 9.74abc 0.05efg 0.46gh
requirements
R A R
30% of Water 807.5ab 6710d 11.96a 0.18a 1.49a
requirements
tlond 355+ 555 358 PERAS
Cow manure + 70% of Water 939.0ab 6961b 11.98a 0.08cd 0.66d
Chemical fertilizer requirements
EIRVARE
100% of Water 934.0a 7920a 11.78a 0.06de 0.53e

requirements

55 daoyd iy Jlesn] grda p3 4S3ld (yg05l b ()l ime cglis S yniie Gy syl sla Sk giw p 4
Similar letter in each column indicate no significant difference at 5% probability level using Duncan's multiple range test
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Introduction: Roselle (Hibiscus sabdariffa L.) as a member of Malvaceae family is a subtropical medicinal
plant. This plant is self-pollinated and sensitive to cold. Bolls of Roselle are used in food and pharmaceutical
industries. One of the most important purpose to achieve high quality and quantity yield is evaluation of
nutritional systems and irrigation management for plants. The use of chemicals in the production of medicinal
plants in addition to environmental pollution, decreases the quality of drug. Furthermore, sustainable agriculture,
by replacing organic fertilizers with chemical fertilizers, increasing the efficiency of inputs such as water, and
fertility and soil health, preserving the environment and increasing product quality and protect resources.
Drought stress is one of the most important problems in crop production in arid and semi-arid regions of the
world. Effective management of nutrition and irrigation and planting of drought resistant plants is one of the
effective proceeding to increase water use efficiency in semi-arid regions. Roselle is relatively drought-tolerant
plants, so that cultivation of this plant is common in Sistan and Baluchestan province of Iran. So, studying the
ecological and agronomic needs of this plant in new areas is important. This experiment was conducted to
evaluate the yield and yield components of this plant in response to application of nutritional resources and
irrigation management.

Materials and Methods: In order to study the yield and water use efficiency for Roselle (Hibiscus sabdariffa),
an experiment was conducted with 12 treatments as strip plot based on complete block design with three
replications at Research Station, Faculty of Agriculture, Ferdowsi University of Mashhad, Iran, in year 2014-
2015. Experimental factors included: nutritional management in four levels (chemical fertilizer, cow manure,
cow manure+ chemical fertilizer and control) and irrigation management in three level (30, 70 and 100% of
water requirement of Roselle). Roselle seeds were planted in seedling trays at greenhouse in February 2014.
Then seedlings transferred to field in last April 2015. The distance between rows and plants were 75 and 25 cm,
respectively. Chemical fertilizer (150, 100 and 200 kg.ha™ Triple super phosphate, Potassium sulfate and Urea,
respectively), and cow manure (32 ton.ha™) were used at depth of 30 cm. Then, different water requirement of
Roselle is determined and the water volume of irrigation will be recorded in each irrigation cycle by the contour,
furthermore, water use efficiency was calculated. Statistical analysis of the data was performed by using of
Minitab Ver.16. Also, means comparison were compared by Duncan multiple range test at 5% level.

Results and Discussion: Results indicated significant effects of treatments on most of the traits of Roselle. The
maximum plant height (89.3 cm), number of lateral branch (6. 6 number), dry sepal yield (860.1 kg.ha™),
biomass yield (7197 kg.ha™), harvest index (11.9%) and water use efficiency based on bolls and biomass yield
(0.11 and 0.89 kg.m®) of Roselle obtained in cow manure + chemical fertilizer treatment. Also, providing of
100% of the plant's water requirement induced the highest height (91.5 cm), number of bolls on main and lateral
branch (20.0 and 47.5 number), sepal yield (672.7 kg.ha™) and biomass yield (6944 kg.ha™) of Roselle.
Combined application compared to single application of nutritional sources increased 16, 18, 35, 20 and 20%,
respectively, height, number of lateral branches, bolls yield, biomass yield and harvest index of Roselle.
Furthermore, results of interaction effects showed that application of cow manure + chemical fertilizer with
providing of 100% of the plant's water requirement obtained the maximum number of lateral branch (8.5
number), bolls yield (934 kg.ha™) and biomass yield (7920 kg.ha’? of Roselle. The highest amount of water use
efficiency based on sepal and biomass yield (0.2 and 1.5 kg.m®) obtained by application of cow manure +
chemical fertilizer and providing of 30% of the plant’s water requirement.

Conclusions: Totally, results showed that combined application and providing of 100% of the plant's water
requirement improved the most traits of Roselle. Also, combined application of nutritional sources decreased
water consumption and increased water use efficiency.

Keywords: Boll yield, Cow manure, Harvest index, Irrigation
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Introduction
Recently self-sustaining, diversified, low-input, and energy-efficient agricultural systems like intercropping
have been considered as the efficient way to achieve the sustainability in agriculture. Intercropping as an old
agricultural practice, have been followed especially at the small scale and subsistence farming. It can be defined
as the agricultural practice of growing two or more crops or ecotypes together in the same field. Intercropping
brings diversity of species in the cropping systems, and is considered to make the systems more resilient against
environmental perturbations, thus enhancing food security. It provides high insurance against crop failure,
especially in the extreme weather conditions like temperature stress, drought, flood, frost, pest infestation etc. In
fact, intercropping is claimed to be one of the most significant cropping techniques in sustainable agriculture,
and many researches and reviews attribute its utilization to the number of environmental benefits from
promoting land biodiversity to diversifying agricultural outcome. Legumes after cereals are the second source of
human food and in Iran they are the second most important food. Due to the importance of legume intercropping
in the sustainability of agricultural systems, the objective of the present work was to evaluate the effect of row
intercropping of three bean ecotypes red bean, pinto bean and cowpea bean as replacement series on the
physiological growth indices under climatic conditions of Mashhad.

Materials and Methods

This experiment was conducted based on a randomized complete block design with nine treatments and three
replications at the Agricultural Research Station, Faculty of Agriculture Ferdowsi University of Mashhad during
2016-2017 growing season. Treatments were 75% red bean+ 25% pinto bean, 75% red bean+ 25% cowpea bean,
25% red bean+ 75% pinto bean, 25% red bean+ 75% cowpea bean, 75% pinto bean+ 25% cowpea bean, 75%
cowpea bean+ 25% pinto bean and their monoculture. In order to measure the growth indices, the destructive
samplings were carried out every 14 days from 0.15 m? of row in each plot. All bean ecotypes were harvested by
cutting at the soil surface. The studied indices were leaf area index (LAI), dry matter accumulation (DM), crop
growth rate (CGR), relative growth rate (RGR) and net assimilation rate (NAR).

Results and Discussion

The highest leaf area index for red bean, pinto bean and cowpea ecotypes were observed in their monoculture
with 2.45, 1.45 and 3.60, respectively. The fast period of vegetative growth and dry matter accumulation were
observed at 65-80 days after planting with a small decline afterwards until physiological maturity. The maximum
dry matter accumulation for these ecotypes was obtained in their monoculture. Crop growth rate reached its peak
65 days after emergence followed by a decreasing trend afterwards. The highest crop growth rate was observed
in pinto bean with 27 g m? day™. At the beginning of growth stage, due to more penetration of light into the
canopy and less shadow of the leaves the less respiration, RGR was more and its reduction slope was less. As
time passes and vegetative and reproductive organs grow more, the shadow of leaves on each other increases and
therefore after words RGR decreased. Also, net assimilation rate reached to its peak 60 days after emerging and
decreased.

Conclusions

The results of showed that intercropping of bean ecotypes with increasing plant density, increased the leaf
area index (LAI) and dry matter accumulation (DM) of both crops in monoculture and mixed culture which
could be due to increased vegetation and it's closer to optimum density in mixed culture and better use of
environmental resources. However due to different criteria of these ecotypes associated with better use of water,
radiation and nutrient resources when they are intercropped, physiological growth indices were increased.
Overall following this agroecological practice in cropping systems could keep contribution to move the current
agroecosystems one step towards sustainability
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Table 1- Physical properties and components of van Genuchten the soil layers of the experimental field

e o Py el OsaT Ksar Orc Opwp o
Depth Sand Loam Clay (_) (Cm.day'l) (_) (_) N (cm'l)
(cm) (%) (%) (%)

0-10 14 39 47 0.65 57.54 0.40 0.27 1.23 0.03
10-20 17 39 44 0.62 30.80 0.40 0.30 1.20 0.03
20-30 9 44 47 0.62 0.40 0.41 0.30 2.99 0.06
30-40 11 42 47 0.60 12.40 0.42 0.30 1.17 0.26

585 09 dolee ‘5\>qu1 Glaasli N g glsl (Sgyim colin 3KSAT (ol (50,03 dbais :Gpr (slasyie cud b :9;:(3 gl aais )> Cugb, :GSAT
Osat: Saturation Moisture, 0rc: Farm Capacity, Opywp: Permanent Wilting Point, KSAT: Saturated Hydraulic Conduct, a and n:
Hydrologic Indicators of the Van Genuchten Equation.
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Table 2- Meteorological information from year 2016 and 2017 at the site of the project

Jlas by Slas gbod 2L G G lg L 50
Jw slo Minimum Maximum Wind R o vapor oo
Year Month temperature temperature speed adla}tlop ressure Rainfall
P P pee (KIm2dY P (mm)
(°C) (°C) (ms™) (KPa)
April 9.67 18.80 1.54 343778 1.20 127.4
May 14.92 24.66 1.77 428218 1.84 26.5
2016 June 18.44 28.75 1.59 595321 2.27 48.3
July 20.98 31.28 1.47 609381 2.63 144.8
August 21.43 33.09 1.34 592162 2.73 51.2
September 20.12 31.42 1.29 459063 2.59 164.7
April 8.75 17.96 2.41 383139 1.25 89.4
May 14.34 23.91 2.00 481220 1.81 27.1
2017 June 18.88 28.27 1.82 610828 2.28 9.0
July 20.68 31.08 1.59 607252 2.59 14.7
August 22.14 32.85 1.61 672293 2.70 0
September 21.31 32.20 1.62 527633 2.76 60.5
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The temperature, wind speed, irradiance and air pressure are based on the monthly average in the first six months of the year and
precipitation based on the total rainfall in each month.
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Table 3- Vegetation information. Plant allocation coefficients, specific surface and leaf death rate in the ORYZA2000 model
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Plant Death rate of Special Allocation of dry aerial organs aerial organs aerial organs
growth leaves . leaf area matter to the aerial ~ separation factor to  separation factor to  separation factor to
stage DRLVT (d7) SLA organs leaf shoot panicle
DVS (ha.kg™) FSHTB FLVTB FSTTB FSOTB
0.000 0.000 0.0032 0.500 0.500 0.500 0.000
0.330 0.0025
0.430 0.750
0.500 0.600 0.400
0.600 0.005
0.650 0.002
0.700 0.450 0.550 0.000
1.000 0.045 1.000 0.100 0.700 0.200
1.600 0.050 0.000 0.000 1.000
2.100 0.050 0.001
2.500 0.050 0.001 1.000 0.000 0.000 1.000
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In the growth stages, DVS = 0 is germination stage and DVS = 2 is the physiological maturity stage.
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1- Root Mean Square Error
2- Root Mean Square Error Normalized
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Table 4- Results of simulation of plant components of AquaCrop and ORYZA2000 model (in two years of 2016 -2017)

Saw NRMSE 2 RMD
Number (%) RMSE P(t) R Pmean Omean EF (%)
AquaCrop
ab > Slos
Grain yield 24 9 327 0.31 0.75 3575 3661 0.74 -1.9
(kg.ha'™)
s 3)Sles
Biomass yield 24 5 1038 0.63 0.78 10039 9992 0.77 0.55
(kg-ha™)
ORYZA2000
&l 5, Slos
Grain yield 24 7 275 0.86 0.83 3670 3661 0.81 0.26
(kg.ha")
) 3 Sas
Biomass yield 24 6 580 0.44 0.78 10050 9992 0.74 0.93
(kg-ha™)

w01 0snbis yylie :Omean 00 (&jlodend y23lio Prnean <ot wyd R & 903 P(L) 0ad Jloys Ut Slagyo 3:Sls sy INRMSE s ey o ke 4y RMSE
Jie sylisls Blpsl :RMD (Jue ) :EF
RMSE: root mean square error, NRMSE: root mean square error normalized, P (t): t test, R% explanatory factor, Pmean: simulated
values, Omean: observed values; EF: calculated model efficiency; RMD: Structural deviation of the model.
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Figure 1- Comparison of simulated and measured grain yields compared to 15% confidence lines
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Figure 2- Observed and simulated grain yield values by AquaCrop and ORY ZA2000 models in combined treatment of

plantin
D1, D2, D3: planting date of April, 21

gd

ate and irrigation cycle in rice (Hashemi cultivar).
May, 11™ and May, 31" 11, 12, 13, 14: flooding, 5, 10 and 15 days irrigation cycle,

respectively.
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Figure 3- Observed and simulated biomass yield values by AquaCrop and ORYZA2000 models in combined treatment of
planting date and irrigation cycle in rice (Hashemi cultivar)
D1, D2, D3: planting date of April, 21" May, 11™ and May, 31" 11, 12,13, 14 flooding, 5, 10 and 15 days irrigation cycle,
respectively.
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Figure 4- Comparison of simulated and measured biomass yields compared to 15% confidence lines
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Introduction

Nowadays, food production systems need to be explored for supplying the needs of the world's growing population,
as well as sustainable production in the face of global climate change. In this regard, Cereal's yield has played a
significant role in supporting global food security. The unceasing growth in demand for water in the industrial sector,
drinking water, and reduction in the amount of water available for the agricultural sector has led to a reduction of water
usage in rice, which threatens its production. Crops simulation models can be used to carry out various studies such as
the selection of suitable cultivar and plant, determining the best agricultural management and production capacity of the
area. The purpose of this study was to investigate the ORYZA2000 and AquaCrop accuracy in simulating grain and
biomass yields of rice affected by irrigation and planting dates.
Materials and Methods

To evaluate the ORYZA2000 and AquaCrop models for rice production under irrigation management and planting
date, a split-plot experiment based on a complete randomized block design with three replications was carried out on a
local (Hashemi) cultivar in the years of 2016 and 2017 in the Rice Research Institute of Iran, Rasht. Irrigation interval
was considered as the main factor at four levels including full flooding, 5, 10, and 15 days irrigation intervals, and
transplanting date was assigned to subplot at three levels (April 21st, May 11th, and May 31th). Simulated and observed
values of grain yield and biomass yield were evaluated based on the coefficient of determination, T-test, root mean
square error (RMSE), Model efficiency (EF), Structural deviation of the model (RMD), and normalized root mean
square error (NRMSE).
Results and Discussion

The results showed that normalized root mean square error of the grain yield and biomass yield were 9% and 5%, in
the Aquacrop model and were 7% and 6% in the ORYZA2000 model, respectively. Evaluation of the results showed
that the efficiency of the model and the coefficient of the explanation were above 0.7 and structural deviations were less
than 2% that showed good accuracy in simulating the grain yield and biomass yield during calibration and validation of
models. Evaluation of the amplitude of actual grain yield (3000 to 4761 kg.ha™) and simulated by AquaCrop model
(1741 to 4231 kg.ha®) and ORYZA2000 model (with 2215 to 4766 kg.ha™ range) showed simulated values had
between -15 and 20 percent of error. The results showed that with increasing irrigation intervals, the actual grain yield
decreases. The planting date of April 21% and May 11" (with an average of 3795 and 3820 kg.ha™, respectively) had the
highest yield of grain in two years, and the models also had a predicting of changes in grain yield during calibration and
validation. ORYZA2000 model, due to the high coefficient of explanation and efficiency (0.83 and 0.81, respectively),
has higher accuracy in simulating the grain yield than the AquaCrop model. The results showed that based on the
mentioned equations, the ORYZA2000 model is well able to simulate the effect of environmental conditions including
water shortage, air temperature, time, and intensity of stress during the growth cycle under the influence of irrigation
and planting date on yield production. It seems that due to the better description of plant and soil conditions in the
model and better genetic evaluation, it increased the accuracy of yield estimation in the ORYZA2000 model. Also,
according to the acceptable results obtained in the AquaCrop model, it can be concluded that the mentioned model has a
good simulation of the changes in the plant's water relations under the influence of the interaction effect of planting date
and irrigation intervals.
Conclusions

According to the present study, the ORYZA2000 and Aquacrop models can be used to support the results of
experiments under irrigation management conditions and planting dates.

Keywords: AquaCrop model, Irrigation, ORYZA2000 model, Planting date
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Wil ab ol K ool zezs L)l Cas oS e
5l oolass (g9, asdlllae L (Ruziev, 1973) g0, (Y 5 & Jai>)
2 A olagdy 45 €8S i b g o byl 3 puS A6
chbd 5 ol bulps sl 1) o,Sles cp i wod blys

a1 250 )3 A (g3 gl s x5 4258 Sl (15 Slhao iyl 3UT € Jgae
Table 4- Analysis of variance for agronomical traits in sesame genotypes under non-stress conditions in the augmented design

Mean square Ol o (b

éiu"m 4 NKTY FEEHERIREY SIS TV 5.l LS
Ol 4 I JgunsS JownS &ls . &3 > Shos .
sourceof &7 ol gl o9 Grain Seidew Cwibdy
variation ~ Of  Plantheight ~ Number r;z%ge;e(;f 15228 oil yield Biological ~ Harvest
o . .
capsules capsule weight (%0) yield index
e 29 45.13™ 12.85™ 21.07™ 0.078" 11.02"  69025.49™  1547652" 8.77"
Treatment
s 4 1.235 0.612 5.44 0.01 0.275 4221.33 66133.33 0.44
Error
o po
&l yis - 7.6 10.7 9.3 10.4 7.7 17.5 14.2 17.1
CV (%)

bl oo by Vg 0 praw jd I Gixe gyl gime pas Ty ik g % NS
ns, * and ** are non-significant and significant at the 5% and 1% levels, respectively.
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Table 5- Analysis of variance for agronomical traits in sesame genotypes under drought stress conditions in the augmented

design
Mean square Ol o (b
Lo R "
& . 4, 3 41> dlaxs 32 o 5. 5 < LG
Oyt 14 JgwS dlaws JgunsS oy il
TL] : * YN R YN S 59an Sl
Source of af Number of Number of o9 ] e :
variation : capsules seeds per lOOO_-Sﬁed oil (%) G_ra::jn Blol_oglgécal I—!agvest
capsule weight yie yie index
et 29 39.86™ 14.341™ 14.14" 0.074™ 9.34" 23984.28  714217.9" 8.36™
Treatment
s 4 0.918 1.022 5.096 0.037 0.292 6258.66 2133.33 3.472
Error
Sl 008 8.0362 13.597 8.9504 12.3785 7.9305 18.39 16.07904 17.79
CV (%)

Ll oo do 3 ) 9 0 mhaw )0 45 gime g 45 gixe pis S Sy wa g % NS
ns, * and ** are non-significant and significant at the 5% and 1% levels, respectively.
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25 JounS 53 &l olaws oy i 0UA LY Ol i e
2 b olass e YEIN L lilidl Cuig) (Sid il blyd
byl 30 W bl Coigii b duslie jo o ol lis 1) JamS
olS g9y p» b ikl cuih Ll ao) YAF LS e
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(Mehrabi and Ehsanzadeh, 2010; Dilip et al., .l .
1991)
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5l Jeols gols M8, (Moghnibashi and Razmjoo, 2012)
OlRig 09 b gae 0 0 Jlisl waw )3 &5 35
295 sine &l Jlim (i sy 2 )bl golaw W3S )18
&9y » wldlas (Farahbakhsh and Farahbakhsh, 2014)
(Rezvani Moghaddam et al., 2005; Mehrabi 1>uS oL
olS (59 » adlas pizes 4 and Ehsanzadeh, 2010)
(Nourouzpour and Rezvani Moghaddam, 2006) <lsols
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Table 6- Mean comparison of agronomical traits in sesame genotypes under non-stress conditions

FUCIRYT

S £lis) Slas PREHARIREY s 20wy s,Shos 3 Slos ‘_,aab»
o Plant Joms S 1000- Ry Grain S .
Treatment height Number  Number of seed oil yield Biological Harvest
(cm) of seeds per Weight (%) (Kg.ha™) Yleld_l index
capsules capsule @ (kg.ha™) (%)
Pakistan k.St 98.7a 29.1jl 43.7ik 2.18mn 34.3q 1184mn 8280hk 14.29il
Sabzevar ,lgj.. 79.4Im 37.8ac 52.3ah 2.57f 45.7cf 1604di 8320hk 19.28cd
Afghanistan :kuslsl 77.1m 29.8il 41.9k 2.3In 37.90p 1192mn 62801 18.98d
Dashtestan2 ¥ sy 80.4jm 37.6ad 43.1jk 3.35a 42.7im 1860bc 8480hk 21.93b
Dashtestan5 & s 94.8ad 33.3th 58.4ab 2.569]1 43.1¢l 1500ej 8600gk 17.44dh
T3 syl 97.1ab 30.2ik 47.5dk 2.9bf 39.8no 1372in 8680fj 15.81fj
Khorasan L5 83.8hk 39.1a 53.7af 2.7ek 43.9fj 1856bd 8440hk 21.99b
Kordistan ks s 86.4qi 27.11 43.2jk 2.44jn 38.70p 1176mn 63201 18.61de
Shiraz jl,us 85.9gi 33.7eh 57.5ac 2.569]1 43.5gk 1448fl 9480bg 15.27¢l
Kerman L,s 87.2fi 31.8hj 48.6dk 2.85hg 42.9hm 1380hn 9080dh 15.19¢l
Bushehr s 87.1fi 33.9eh 45.6gk 2.51hm 41.4In 1368in 8680fj 15.76fj
Gorgan 5,5 97.8ab 35.5bf 47.7dk 2.72¢j 43.5gk 1484ek 9880ae 15.02hl
Markazi ;S ,e 87.9eh 27.8Kl 45.7tk 2.15n 37.6p 1148n 61201 18.76de
llam A 79.9km 29.7il 47.3dk 2.45in 38.70p 1324jn 8640gk 15.32fk
Hormozgan 55, 84.7hj 33.8eh 52.9ah 2.571l 44 2ei 1388gm 8960eh 15.49fk
Hamedan i 77.5m 31.9hij 50.7bj 2.83bh 43.7tk 1468ek 8280hk 17.73df
BoyerAhmad  seslyg 91.7ce 28.7k 45.2hk 2.34In 41.9km 1228In 9640af 12.741
Ahvaz  jlgal 94.8ad 36.3ae 43.1jk 2.79ci 42.7im 1372in 63201 21.71bc
Yazd >3 89.1eg 37.4ad 53.6ag 2.91be 46.2be 1868bc 7720jk 24.20ab
Mazandaran /,5;l 97.1ab 36.5ae 49.9bk 2.88hg 44.9dh 1660cf 9640af 17.22dh
Esfahan kil 95.8ac 35.7bf 48.6dk 2.83bh 47.9ab 1520ej 9720ae 15.64fk
YellowWhite cyly sl 83.8hk 29.7il 49.9bk 2.37kn 41.1mn 1248kn 7680k 16.25ei
Jiroftl3 yesd s 94.7ad 34.7dh 47.5dk 2.9bf 46.2be 1624ch 10440ab 15.56fk
Oltan sl 95.1ad 29.1j 51.5bi 2.8ch 42.1jm 1384gn 10480a 13.21kl
D:jf 83.4il 35.4c 48.7dk 3.1ac 46.1be 1780cd 10160ac 17.52dg
Darabl . . .
Yol 79.8km 38.8a 49.1ck 2.74dj 42.2jm 1624cg 8680fi 18.71de
Darab14 .
Vel 86.5fi 37.7ac 59.8a 3.1ac 49.7a 2344a 10120ac 23.16b
SafiAbadl .
Vol 96.9ab 37.5ad 51.6ai 2.71ek 47.3bc 1696¢ce 9720ae 17.45dg
Golpz;yjfgan 87.2fi 35¢cg 52.8ah 2.42jn 43.9fj 1396gm 9200ch 15.17¢l
Varar;]in . . . . .
eelys 83.7il 32.2qi 46.5ek 2.8ch 42.3im 1372in 10040ad 13.66jl
Yekeh Seud
sy 455 94.1bd 38.4ab 53.8ae 3.07ad 46.3bd 2061b 8933eh 23.08b
Shaban _
ol 90.8df 37.3ad 55.2ad 3.15ab 45dg 2059b 7827ik 26.30a

)5 gyl me BB [FuS5 b o yd gy Jless] pdaws j3 SSI yg0il Lawgs ygia 50 S yiidie g )l sl nSSle
Means in each column and for each treatment, followed by a similar letter(s) are not significantly different at 5% of probability level,
using Duncan’s Multiple Range Test.
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Table 7- Mean comparison of agronomical traits in sesame genotypes under stress conditions

o laxi Paldalaai 5 5 o ‘ 3 Slos oasLs
s ol slis JywS JynS &l 3 mla.b,S{.o.c Ss599m) oty
Treatment Plant Number ~ Numberof 1000-seed ~ &*3;  Grainyield  Bjological Harvest
height (cm) of seeds per Weight  Oil (%)  (kg.ha”) Yield index (96)
capsules capsule (9) (kg.ha®) 0
Pakistan = l.sL 87.1ab 21.3mn 38.2gj 1.79 30.30 6249 6320bc 9.87f
Sabzevar = lg;. 67.11 29.2di 47.5ad 2.05ce 40.1bg 876bg 6440b 13.60df
Afghanistan
QMLI 72.8ik 22.7In 36.1j 1.8e 33.4n 644fg 3720t 17.31be
o
Dashtestan2
S~ 69.8KI 31.7¢j 37.8hj 2.86a 38.3gj 1120ab 5960ef 18.79bd
O D
Dashtestan5
Bl 81.2cg 28.1gk 41.3¢j 2.12be 37.9hj 756¢g 6120de 12.35ef
O D
T3 sy 88.7a 26.8ae 41.9bj 2.1be 36.3jl 768ch 5240mn 14.66df
Khorasan  Lls 71.3jk 34.7a 48.1ac 1.95de 39.7¢ch 1020bc 6920a 14.74df
Kordistan ks, 71.9ik 21.4mn 39.7¢j 1.8% 35.6km 672eg 3920s 17.14be
Shiraz 3y 77.6gh 27.5fk 51.1a 2.14be 39.7bh 892bg 5440kl 16.40ce
Kerman s 81.8ce 26.4hl 41.8cj 2.26ae 35.1kn 748cg 49600p 15.08df
Bushehr Jr 77.8gh 28.7¢j 37.9hj 2.28ae 36.7ijkl 764cg 5640hj 13.55df
Gorgan 5,5 89.3a 29.7di 43.73j 2.15be 38.3gj 852bg 5320Im 16.01cf
Markazi &Sy 80.2dg 21.1n 39.6€j 1.83e 33.9mn 660eg 3480u 18.97ad
Ilam M 71.3jk 21.3mn 39.8dj 1.8% 34.9In 692eg 5680gi 12.18ef
Hormozgan 5 ;e,» 73.2ik 29.1di 43.7aj 2.2ae 40.6bf 860bg 4720q 18.22be
Hamedan  luen 69.8KI 26.1il 41.3cj 2.32ae 37.1ik 768cg 5840fg 13.15df
BoyerAhmad
y_\@ly,) 80.9cg 23.6kn 38.9fj 2.04ce 39.3eh 736gd 5480jl 13.43df
Ahvaz  jlsal 87.5ab 31.9ad 37.4ij 2.31ae 40.1bg 812cg 4400r 18.45be
Yazd >3 75.6hi 30.3bg 43.8ai 2.28ae 41.4bc 928be 4280r 21.68ac
Mazand .
e 73.2ik 28.7dj 42.3bj 2422 38.4gi 904bf 5520ik 16.38cf
(S e}
Esfahan oo 83.9bc 29.3di 42.3bj 2.15be 43.6a 808cg 4640q 17.41be
YellowWhite
caly ok 78.2fh 25.1jm 40.1dj 2.05ce 39.8bh 740dg 3880st 19.07ad
Jiroftl3  Wede 83.2cd 29.8ch 39.4ej 2.3ae 43.7a 848hg 5720gh 14.83df
Oltan W, 80.9¢cg 26.3hl 46.9ae 2.1be 39.8bh 780cg 4920p 15.85cf
Darab2 vl 78.7eh 29.1di 40.4cj 2.65ac 41.1bd 1008bd 6240cd 16.15cf
Darabl \ol,b 73.3ik 33.6ac 41.3cj 2.38ae 37.1ik 1016bc 5440kl 18.68hd
Darabl4  y¥ol) 81.7cf 31.3ae 50.1ab 2.72ab 41.3be 1360a 5800fh 23.45ab
SafiAbadl
\I— . 89.8a 33.7ab 43.1aj 2.1be 40.9bf 896bf 5080np 17.64be
Ul oo
Golpayegan .58 80.6¢cg 29.5di 45.1ah 1.98de 41.7ab 784cqg 5440kl 14.41df
Varamin = .l 78.4eh 27.5fk 39.7dj 2.66ac 39.4dh 924be 5120no 18.05be
YekehSeud
i; o 81.5cf 31.42e 45.9af 258ad  412bf  1124ab 67732 16.59bg
Shaban L 73.5ij 31.1af 45.8ag 2.6ad 39.2fh 1127ab 4307r 26.17a

)5 gyl ime BB S5 b o yd gy Jless] paws j3 SSI (yg0il bawgs ygia 50 S yiidie g ) sl nSSle
Means in each column and for each treatment, followed by a similar letter(s) are not significantly different at 5% of probability level,
using Duncan’s Multiple Range Test.
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ol 3l 1) lade o pies” () s g 655 e e il
» P pB) QB iy lie Jlas N5 el olSa RSl
Lulyd 39 5 53 o8 li)) S bl 15 el (i bl
bulyd )3 ladd o5 (oB)l b )l (oYL 3 Sloe (GBS (g 9 A5
ol e sl ) Wyl oYL o Sles il el b LS
3fdes (Sas 15 bulyd > o5 obewis pin S ly MP
.(Fernandez, 1992) uib o canlio oyl diiS o 3dg5 oYL
Iy MP asls (Naeimi et al., 2008) ) Sen 5 (o 4> S|
@ Joxe g Jpaze n oY LS clp awle jle
(Sio-se  )Ken 5 03y dwg aw Bd)S Byme yd Siis
Gy Sy MP asls a5” w5 4i)155 Mardeh et al., 2006)
ORS b &)l 033l (Suts G5 b v e Qb
kS A g GBS (gl Laulpd )3 3 Sles s BB 5 0395 305
il ol
GMP owiid u&ilbe ad Wi -Y

SSE o8 MP asls | awlie » GMP asls
e (GBS e g OIS Lulyd 90 a0 &) alacuiy)
Woohb Hleg Ve Jods 4 dsg bacuih amled 1) Wyl oYL
OryieS (AOA/DFY) liaSl Jlas 9 GMP (i (VWAQ/YOY)
@ Jood lapadls (guyp b e (imggy 5> )l 1) ke
8) 9 J$35> e 395 a5 K38 ol oS glacnY ) (Suis
STI 3 HARM MP GMP (sl asls bl 5 Jsdjo
(Golestani and  wus Cbwl Sus a4 Jooxe slacaisds
PYY Cwig; i ol K> adss > Pakniat, 2007)
Ssca; STl 5 Y1 (MP GMP cla jasls ol 5 Jlo o3
(Boureima et al., 2016) sl o (Suis 4 Joodie cuies]

& Conl cle pl 4 Cuiby jedls b we gl e dayl,

Sflas I Si &) wg gyl LialS L ol ply o aialy Ad) (g9,
adl &S 208 o ciiby adls Gl el (b o SSiglgn
Wil et Wilgy ol 2bj a3 Sles ials cde 4 i3l oyl
P95 9 odd oligS ol (odug) M) 0)9> (St 5 kalpd
a5 Slee ol ol sl ol bl SRS g 53 JgenS
2 b ol Wil e a0 JewS ol ials jl Lsb &
2R Sl e Gl Al e b5 58 g S
Gib 1y oaS ol id a0 Shee dlpl (Sis i5 blys
Sojolon 3,8dee ialS el oS i8] (Sis i S e
ol L1 e o )8 U cod 1) a3 Slas eSS 33)5 o
daly 3y50 0 b o Gl culiby adls « Siglan 3 Sles
o2 gyl A5 Ggd baalpd )3 (g )3 JpuS 2las L 5 Shos
Ofey doyd 5 il 5 Slee « Sy pdaw ilylia 50 b og b me
oS byl 0 it il b e pE g e Suwed
5 48l JouuS dlaad gy 10 JounS dlawi b &g glis)l S
(g > Al ol g by gne g (e (Stuwod dlgn Olise
Moigine pé g (o (Stused (19) 22> g 3o Sy o
W)l (Siumed S g}y, .(Khammar, 2007) b L
(Farahbakhsh and 54 > sxe pe 5 e &b i 555 b
03,5 JiylS oldise (S5 (slaslllas jo .Farahbakhsh, 2014)
g e (Siumed 3,Slos g oli)) o (SiS S bls
ibgs ) et ((Askari et al., 2016) 5l deg by gxe
e (e €9y Juoyd g 4l 3)Slas b glas)) a8 05,8 o lsie
Cadld G pxe g e (Siued &l Jlia 5e b gyl bxe juE o
eyl Koo (gladlas y> .(Lalpantluangi and Pankaj, 2018)
R 9 e (Shuwed gy doyd g JousS > 4l ol L
» .(Bharathi and Vivekanandan, 2009) cuils (gl jixe
5 Cudo (Simmod & 38 15 45" Wdges )55 ylakee Likgh
(Kathiresan and Gnanamurthy, 5,ls 5,Slee b (gl ixe
Jhad 93 > JouS Cuigi Y8 (59, &S 500 (slasllles > .2000)
SNiansad ¢ Juad g3 2 5> a5 Ndged pMlel Dy 18 )S &g 2y
Go S 0,Slas b Wiy 50 JowS S o ()b Gxe g Cue
L s dasp » (Kandasamy et al., 1990) )b 355
&S K390 (St lagl Wy Voo g aouS W VO adlae
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Table 8- Correlation coefficients between grain yield and yield traits of sesame genotypes under non-stress conditions

©lie 1 2 3 4 5 6 78
Traits
1 Plant height
JgusS Slass 0.086™ 1
2 Number of capsules
JgumS 4 &l dlas "
3 Number of seeds per 0.106™ 0.504 1
capsule
I3 5152 09 0145  0.686™  0.367° 1
4 1000-seed weight
G922y 0.157" 07717 06407  0.679™ 1
5 Qil (%)
&”’J 5 °’S"'_°‘ 0.264™  0.224™  0.304"™  0.299™  0.495" 1
6 Biological Yield
Gl pad Lo -0.030™ 06327  0409°  0.6027 0399  -0.414" 1
7 Harvest index
W 2, 8les 0.121™ 08267 06527 0.826" 07547 0228® 0787 1
8 Grain yield

WAdb o dopd N 5 0 e )3 I e g b xe pis Cupd w9 % NS
ns: Non-significant, * and **: Significant at 5% and 1% probability levels, respectively.

O gl s Lo 928 (Slacaigi) 3 Sles Olho 93 Shes (yle (Sumsod Gl o -4 oo
Table 9- Correlation coefficients between grain yield and yield traits of sesame genotypes under stress conditions

ula.m 1 2 3 4 5 6 7 8
Traits
olS glés 1
1 Plant height
JMQL\&; 0_04ns 1
2 Number of capsules
JgmnS 4 &l dlaws -
3 Number of seeds per -0.076™  0.452 1
capsule
I3 5152 09 0107 0595™  0.201™ 1
4 1000-seed weight
09y 22,3 0.101"™  0.6717 04657  0.4477 1
5 Qil (%)
S 5lsn 2 Shos 0042  0.342° 0279 0237  0.196™ 1
6 Biological Yield
Coslayy oL -0.195®  0.385"  0.295™ 05477  0.286™  -0.512" 1
7 Harvest index
<12 3 Slos -0.145"  0.746™ 0573  0.833™ 0530 0.3317 0630 1

8 Grain yield

Wbl o do)d ) 5 0 maw )3 I e g b Sxe pis Cud i i g % NS
ns: Non-significant,* and **: Significant at 5% and 1% probability levels, respectively.
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Table 10- Comparison of different drought tolerance indices for sesame genotypes

PR R s DT s N s
Genotypes ewi g 09 e i bumo 390 oNke oo @ Comls SR i
o o MP o ToL - STI
Yp(kg.ha')  Ys(kg.ha?) GMP SSI

Pakistan oSy 1184 624 904 859.5441 560 1.078829 0.315251
Sabzevar piryom 1604 876 1240 1185.371 728 1.035245 0.599555
Afghanistan kbl 1192 644 918 876.1552 548 1.048625 0.327554
Dashtestan2 v sy 1860 1120 1490 1443.329 740 0.907475 0.888897
Dashtestan5 = & lciss 1500 756 1128 1064.894 744 1.131352 0.483875
Ts3 S5 ol S 1372 768 1070 1026.497 604 1.004151 0.44961
Khorasan ol 1856 1020 1438 1375.907 836 1.027411 0.80779
Kordistan OliwwdyS 1176 672 924 888.9724 504 0.977551 0.337207
Shiraz s 1448 892 1170 1136.493 556 0.875835 0.55113
Kerman ok 1380 748 1064 1015.992 632 1.04461 0.440455
Bushehr By 1368 764 1066 1022.327 604 1.007087 0.445964
Gorgan o85S 1484 852 1168 1124.441 632 0.971403 0.539503
Markazi 3 3% 1148 660 904 870.4482 488 0.969603 0.3233

llam ] 1324 692 1008 957.1875 632 1.088793 0.390944
Hormozgan OB ey 1388 860 1124 1092.557 528 0.867682 0.509341
Hamedan Olden 1468 768 1118 1061.802 700 1.087647 0.481069
BoyerAhmad  seslys 1228 736 982 950.6882 492 0.913867 0.385653
Ahvaz 5l 1372 812 1092 1055.492 560 0.931001 0.475369
Yazd Y 1868 928 1398 1316.626 940 1.147802 0.739683
Mazandaran oyl 1660 904 1282 1225.006 756 1.038795 0.64032
Esfahan Oledol 1520 808 1164 1108.224 712 1.068446 0.524053
YellowWhite <oy ol 1248 740 994 960.9995 508 0.928464 0.394064
Jiroftl3 Wes s 1624 848 1236 1173.521 776 1.089913 0.587628
Oltan oWl 1384 780 1082 1039 604 0.995444 0.460629
Darab2 Yol 1780 1008 1394 1339.492 772 0.989267 0.765598
Darabl Yol 1624 1016 1320 1284517 608 0.853952 0.704045
Darab14 VYol 2344 1360 1852 1785.452 984 0.957533 1.360245
SafiAbadl Vbl ao 1696 896 1296 1232.727 800 1.075921 0.648417
Golpayegan oLls 1396 784 1090 1046.166 612 0.999959 0.467006
Varamin Olys 1372 924 1148 1125.934 448 0.744801 0.540937
YekehSeud dgrw 4S5, 2061 1124 1592.5 1522.026 937 1.036997 0.988473
Shaban Ol 2059 1127 1593 1523.316 932 1.032466 0.99015

Mean Sl 1530.875 859.7083

o 4 led ol e Comlas Gl jesls gl YL

Mo o8 ooyl adl e S G5 4 jled ol (o ol

TOL (Siid & Joowi yad b =Y
slle D9l gy AT (9l g (S IS llyd 90 e cod
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IS o (s i 4 Jeie Glagis) JhS gyl
MP, sl jedls Hlade cpyde &5 olcws; s b
wilis 5y 5 osllas glacuses 2zils |, HARM § GMP, STI
Zabet and Samadzadeh, ) odljues Lo pls ¢ byl dese 0
scsgs Jlop lulyd 3 &8 K35 plyie oiagyy > (2014
@lor g Ol b ) el e leyin 9 W b
(0 JS3) ST 5 YS YP (g jl3ges 51 o3litl 1539 iy
PB) 355 s C 5 A 09,5 5 & 1 5 Luly 31, s
F LAYy (il lajuw 0 leld F ks
B A 69,5 ) lad g 3gmw 45 ) dbl as OF Gl o oyl
wlold 4 B ST Lasls & wad e ol ol oass,s
5 it G5 Ll g 5m 50 YU el oSk U iy
2 pB)) ity 3,Shes b3 Sl o] (VL polio 5 05 (A5 (190
STI 5YS ,YP (camdus jlge 5 oolisin] cusl [Siid a5 Loyl
5565 bauoss Lugl 3 ooy, s 1A 5,5 sl paseis oy
Cuol 428)5 )148 oolazwls 50 (Fernandez, 1992)
Jead glagadlid g 3 Slas (s ool (Shausad ooy 53
S5 5 Jooi slagasli 5 3,Slee o o3k (Koo
STI 4 TOL,GMP, MP (claasls &5 sl olis souS j»
Sisod YP L SSI asli .5)ls gyl dime 5 Casto SKivuran
Sy g e (Nirad YS b g )3 dne 8 9 Cute
b obdsinn 5 Cuto (Siawod MP adls (V) Jois) el
byl ine b g (siie Sivsad (pizxan 5 STI 9 TOL, GMP
TOL, b gyl ine 5 Cuto Sinsed GMP asls .cusls SSI
o ine g g shte  Siusan SSI jadls b Lol cuils STI g MP
STI  GMP, MP | cute  Siwwed TOL _asls .cush
s g Cuto (Stued SSI L g jbidne g Cute (Stuen
R g e (Sed o SSI asls b ol gyl e
Cato Siusan TOL L Ll cuils STI s GMP, MP L (4)l5 sixe
TOL 3 GMP, MP L STI Josss el .cadls (o3 gime i
siie Sisan SSIL Lol ol L 1y gyl ime g o Siuran
BS99 (St A Laalyd 53 0 Sles By (63 ixe 18 4
5 Vb Siwwen TOL 4 STI, GMP, MP sy asls L
Osh klpd 3 0 Slee G (Stuwen ol ()l ine
3 ol 5 (St 4 Joos sy b (S8 5 5 A5
b asld oy pcuslio TOL 4 STI, GMP, MP cla jaslis oS
Oer 5 S wiea w8 clagaigl 05 Jue sl
GMP, (la =3Lls oS sl Hlbl 55 (Kargar et al., 2004)
3 3,5kes 5 Sy b (g i 5 Cuto (Sisan STI 5 MP
ooli5 (Rezaeizad, 2007) ol sls, )b Jeore balud 40

5 o5 buls 93 ym Lol 5,Slee cgls i)y (6,58 TOL
loss 4 barpe padld (ol ol polie ol g8 S5 (e
St 4y Josie glolags glolid (gl (swlio jhes jasls ol
,S0as byl 90y 0 &S o)b demg olayles 1y Al S
O bled g0 s gl o Sles po BMB) 5 Wyl b
oA ol Jhde bl gia g aBlie o LIS oo 9 SiS
oS ol L laioee s allas a5 MEb 0 (AT 4 Jeod
o e 93 a0 &S olacwisl) asds » TOL e3ls
0 bad &S slacyis; Wyl u’.ing 0,8 0as LS oy 5 (Suid
Cusl gl S o ddgi oYL b 0)Sloe (Sl i byl yd
oadls wlel  Glsal (Ramirez-Vallejo and Kelly, 1998)
A5 g Lulyd )3 o 2980 (Bl B JS crge il oo
(Rosielle and Hamblin, 1981) wiS' o WJg (col 5,Sles
:SSI uoét.w -£

2 25 ]y bjles 5Sles (5)luk g pa3LS jledlatal L
0 cnl VL palle g0 oy GBS (9 9 5 Laald 9
3 e Wbl o i 4 byjlog ol (o Comolus goniad LS
o) o Gl g 0dgr asld Hlade opyde sl (VAFA) L
015 (628 SSI e a5 bl sl o 2L i 4 boylags
ol e ol pdlie a5 SSI Lasls wlel p ol jieS
(Choukan et al., sl o (a5 & o8y YU Jooo (godindlis
LY Ohls o omels 4 barye adls oyl ol solie 2006)
ol eolaiel b Sne ey bl o cADY 5 +/VFF olde
@ @y goh ) Jeote y les (lacip) lye (el
LU (Naderi et al., 2000) 5,5 asio gl 3 Slee Jowils
ol slne losay (el oyl o ABl dag 50 &S )
il ged (Sl (15 4 oo plB)] Lol (ol
STI (Swid Lo a3 Jooi (ad i -0

65 Jged 5l W8y e ln (iS4 Jeow el
» by s 3 Slee 5 80ke 5l edlawwl L (Fernandez, 1992)
YL jlie 5 e (S A5 9 AT oph ks
Vo Jodo 4 dog b a0 Cgllao ST S 4y Jood aslis
OS5 Jezs et ls lise oy VIYESY Hlade L VY Gl les
09 g S S bl 93 a3 e cpl g Wb 1) (Suis
cush ) iS4 Jeod el OI)’.:A RS UL....SL
90y 10 3, Slee gy b (godimd L jhals cpl &S (</¥VOY)
o O s (Zali et al., 2016) o )Ken o JI5 bl o Lo
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9 i oo bl 0wl 0Sles b jlo pme (Siwod (o yidy
ey Jug Gl Sr sbpadly plyea amil i
WL2)S Byme Jooxie

PCA Lo sladii}s 43 323

2, Bl 5 olejen yobods W asls plos 5l oolizl cas

odlawl PCA Lol slaadlie & 4 jo0 I (Sid Lild 4 Jetio

sT\

b YL b 5 Cute (Siusen ST 3 GMP, MP asls 58

Poor-) l)Kea 5 diclowl jo 5yl baro g3y 3 3 Sas
MP,  slo edls o5 acily pMel (Esmaeili et al., 2014
3fdas b (s (15 9 A5 e kaulyd 93 » > STI 3 GMP
sl cpl olol g g Sl (g)bbne § Cute (Siuwer il
2 Fr sbanly plysd Gl (Joxe 0395 5 W Ll an)ly
Soleimani et al., ) oen § (Slosho LS0d Syre Saj
«S'|,HARM 4 MP, GMP, STI (slo yoslis ¢ s> 4o (2017
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Figure 1- Three-dimensional graph of STI, YS, YP
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Table 11- Correlation coefficient between tolerance indices with seed yield in normal (YP) and stress condition (YS)

Traitselw 1 2 3 4 > ° !
O O baee 3 3,8l 1
1YP
S 0 ke 20 Slee g g gagr 1
2YS
1300 bawsio el 0.992" 0974 1
3MP
R 0.984” 0984~  0.999™ 1
4 GMP
Joos ool 0919 0724 0861”7 08357 1
5TOL
e ?;g;r ol 0.140™  -0.211™  0.013® 0.036™ 0.515" 1
J?Z{},m o= 0977”0979 09927 0994 0826  -0.035" 1

Wb o Jopd V5 0 e )3 I e g b dxe ple Cui g s g % NS
ns: Non-significant * and **: Significant at 5% and 1% probability levels, respectively.
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(olad o 4S5 MY Gl slacwyg; a5 ob lis oM gl
e S ol 4 basye slaylyy ygle jo luls o ¥ Ol
WSyl ), 3STI 5 YS, YP, GMP, MP _ixy S_is & Jooo
o Jeod e slapas L b dulie 3 sl nl (riozen
& Jooo &S a2 o L pl 9 )b (gyuin bl YP & Siis
Lagl YL o yShos el & juten Vil lacaigiy ool o (St
Nl (S (slaisss A8l so sllas )l bl 5
bl e (Sid o e (lacSe] 53S0 g plwd)S
h e b glad 3 pls)l g 05 nl lpien IS psbas
Cdly (s d S Lo (S g9 2929 5 (S
Ul =ik, (Eshghi et al., 2011) | lSen 5 2is
9252 2929 (AU (S5 95 Lacigh) o 45 N2 )8
1y s S 5 i3 AUV Legoomo pod 5 sl ool (sl ailge

IS (oo 45

RUOY o gl dilge o3 45 3l oLt 4350 5 Lols gl

P (VY Jgin) a00,S ang 1y odly o 25350 lyusi 5l s
1 6L 5l badlge plo Bis 5 Jol ailhe 93 1 ookl ©)ygw
@b ol adlge 93 bl ol S 05 4l Olpess e
b 5 Jol adle 93 (bl O3 b cplpln )5 (oYL
93,5 angi |y laodly Ol 5l oy AVAS adlie sl (VY USCS)
GMP, MP, YS, (Lo pasls b (o Vb b 5 Cuto (Siuvon
oanld ol (YU polde oS pl & dog b ol L STI 5 YP
ol b Jol 4dlhe it dlaly 4 do5 b g ol cuenl b Lo ()
Pl ) laeiss w8 bl |y o1 @Y ol ST pasls
S S g A5 G glalasee ) (YL 3 )Sles &S oS (o
P bayo 93 53 3, Slas Jouiliy adlgo 1y ol gyl 51 sl
395 dan 1y o g0 s 1 o) VW/EF pod ddlie .05 o
5SSI slaaslo Ly (oYL 5 coe (Stran 53l (ol
905 eseli oo i 4 ol adlie 1) ] 950! 5l wcusls TOL

A5 > ol sadlae dy 4300 51 ol 03ug (61d413 50 g (eSS Mo )d (il ylg 0599 e - VY Jous
Table 12- Eigenvalues, variance, cumulative percentages, and eigenvectors associated to the principal components in sesame

& - e s u:’
JURIER 33 3,5kes 33 3,5os oadls sl . el e X
adlje o9 oyl Cumulative €™ bz o buzme bagle (ke . @Gl
Component  Ejgen  Variance % i i TST LS VR Ve TOoL o uw-’
values Yp(kg.ha?)  Ys(kg.hal) ~ MP GMP SSlI GSST'“"I
1 5.66 80.85 80.85 0.414 0.403 0.417 0.416 0.38 -0.0164 0.418
2 1.235 17.64 98.49 0.086 -0.20 -0.045 -0.082 0.368 0.897 -0.067
-4 2 0 2 4
< SsI
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Figure 2- Drawing bi-plot based on first and second components for 32 sesame genotypes
(1- Pakistan, 2- Sabzevar, 3- Afghanistan, 4- Dashtestan2, 5- Dashtestan5, 6- Ts3, 7- Khorasan, 8- Kordistan, 9- Shiraz, 10-
Kerman, 11- Bushehr, 12- Gorgan, 13- Markazi, 14- llam, 15- Hormozgan, 16- Hamedan, 17- BoyerAhmad, 18- Ahvaz, 19-
Yazd, 20- Mazandaran, 21- Esfahan, 22- YellowWhite, 23- Jiroft13, 24- Oltan, 25-Darab2, 26- Darabl, 27- Darab14, 28-
SafiAbadl, 29- Golpayegan, 30- Varamin, 31- YekehSeud, 32- Shaban)
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MP, liw , o (FarshadFar, 2000) STI s MP, TOL
(FarshadFar et >4 53 sLasy Y STl 4GMP, HM
WY gladed 4 i 4 S 05,8 pMel (Askari et al., 2016)
g Jley bulyd p3 atwd a9 93 )3 i ian ) oS Cg)
W obb gl imeio sl 3 d5od (Sl ol i
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@l ga a5l
SSI, i amsdlas by 3 5, Slos (sLiso yr ooy
Mg 43§l ool L, STI ,TOL, GMP ,MP
g (Ward, 1963) wa b g0 seg, SWard o, ¢ (;iwS)
ool (ml a8 (Y JS8) 003 oy abogayo oS00
oYl pol o gy e omod g b >0 93 & YL,
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Figure 3- Dendrogram of measured traits means for 32 sesame genotypes by using the Ward method
(1- Pakistan, 2- Sabzevar, 3- Afghanistan, 4- Dashtestan2, 5- Dashtestan5, 6- Ts3, 7- Khorasan, 8- Kordistan, 9- Shiraz, 10-
Kerman, 11- Bushehr, 12- Gorgan, 13- Markazi, 14- llam, 15- Hormozgan, 16- Hamedan, 17- BoyerAhmad, 18- Ahvaz, 19-
Yazd, 20- Mazandaran, 21- Esfahan, 22- YellowWhite, 23- Jiroft13, 24- Oltan, 25-Darab2, 26- Darabl, 27- Darab14, 28-
SafiAbadl, 29- Golpayegan, 30- Varamin, 31- YekehSeud, 32- Shaban)
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Introduction

Sesame is one of the oldest crops. Ethiopia is commonly accepted as the origin of domestic sesame. Sesame

is a diploid (2n = 26) plant that grows as a bush. Sesame has a special place among oil plants due to its high oil
content and quality as well as its high oil durability. Drought stress is a condition that cells and tissues are in a
state where their inflammation is incomplete. In other words, dehydration occurs when the amount of
transpiration exceeds the amount of water absorbed. Drought is one of the most important causes of declining
agricultural productivity worldwide. Drought has destructive and detrimental effects on different stages of plant
growth and reduces yield and yield components in sesame genotypes. Due to the serious problem of limited
water resources and drought and its effect on yield reduction, this study to evaluate drought tolerance of sesame
genotypes based on tolerance indices to identify and group sensitive, tolerant and resistant genotypes and select
resistant genotypes and identify correlations of related traits. Drought tolerance was performed through field
studies.

Materials and Methods

In order to evaluate the genetic diversity of different sesame genotypes under non-stress and drought stress
conditions, an Augmented design was conducted in three blocks on 32 genotypes in the southeastern fields of
Bojnourd in 2018. Genotypes used were obtained from Karaj Seed and Plant Breeding Research Institute in the
amount of 1.5 grams per sample. In this experiment, one plot of land was allocated to the drought stress
environment and the other to the stress-free environment. The distance between these two environments was
considered to be five meters so that the humidity of the two adjacent environments did not affect each other.
With the onset of stress flowering on the target medium, application and irrigation of the dry stress plot based on
200 mm and the non-stress plot based on 100 mm evaporation from the pan was performed. Cumulative
evaporation from the pan determined the arrival time of irrigation in each of the environments. SAS PLUS
software for calculating variance analysis, principal component analysis and mean comparison, S-PLUS
software for drawing 3D and bipod diagrams, SPSS software for calculating the correlation of traits and
correlation of tolerance indices and cluster tolerance analysis, respectively, from EXCEL Action was taken.

Results and Discussion

The studied genotypes showed a significant difference at the level of 1% probability in terms of traits
measured under non-stress and drought stress conditions, which indicated genetic diversity and the possibility of
selecting drought tolerant genotypes. Darab 14 genotype with 2344 kg.ha™ had the highest grain yield and the
Markazi genotype with 1148 kg.ha™ had the lowest grain yield in non-stress conditions. Under drought stress
conditions, Darab 14 genotype with 1360 kg.ha™ had the highest grain yield which showed a 58% decrease
compared to non-stress conditions. Also, the lowest grain yield was observed in Pakistani genotype with 624
kg.ha*, which was 53% less than non-stress conditions. Based on the results, Darab 14 genotype showed the
highest values of MP, GMP, TOL and STI tolerance indices and the correlation analysis between yield under
stress and non stress conditions with drought tolerance indices also showed that STI, GMP, MP and TOL indices
the most suitable indices are for screening sesame genotype. Using three-dimensional diagrams of YS, YP and
STI, the genotypes were divided into two groups A and C under drought stress conditions. In order to investigate
the correlation between different agronomic traits in comparing the grain yield of genotypes and determine their
relationships, a simple correlation was calculated in both non-stress and drought stress environments, which
showed a positive and significant correlation between yield and yield components in both conditions.

Conclusions
This study showed that comparison genotypes significant differences in terms of measurable traits in non-
stress and drought stress conditions. Using MP, GMP, TOL, SSI and STI indices, genotypes can be separated to

1- Ph.D. student, Department of Agronomy and Plant Breeding, Birjand Branch, Isalmic Azad University, Birjand, Iran
2- Associated Professor of Agronomy and Plant Breeding Department, Birjand Branch, Islamic Azad University,
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(*- Corresponding Author Email: r.baradaran@yahoo.com)
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a large extent based on stress tolerance. Based on these indices and considering the performance in two
environmental conditions Darab 14, Shaban and Yekehsaud is were identified as the most tolerant.

Keywords: Sesame, Tolerant cultivars, Water requirement, Yield
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Figure 1- Monthly rainfall, pan evaporation (E), sunshine duration, mean minimum and maximum air temperatures (T yin
and T .y, respectively) and relative humidity (RH) during 2017- 2018 growing season
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Table 1- Physical and chemical characteristics of the soil in 0-30 cm depth

. =, o ladio
Characteristics S Unii A:nount
Sand o % 38.67
Silt cdow % 44,54
Clay o) % 16.79
0.c I oS % 0.99
o.M oo % 1.70
EC Sepsllcgla el dSm™ 1.08
pH EVRW 7.47
Total N IS o5k % 0.09
Available K oo b sy mgLkg™ 325
Available P oopos b6 aud  mgkg? 11
Fe ol mgkg? 5.55
Mn 35 mgkg? 16.31
Cu o mgkg?t 1.46
Zn <9, mgkg? 0.73
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Table 3- Effects of irrigation regime, N fertilizer and silicon on chlorophyll index, spikes length, plant height, spike no. m*
and seed no. per spike of triticale

TR Jsb gWs Lo Sl FHERIREY)
Irrigati i ol a2 Jidy I5 ries oo &0 g3 et 52
rrigation regime Sowlmd) Chlorophvil Spike Plant Soike No Grain no. per
indeE( y length height P m?2 ' spike
(mm) (cm)
Without water stress & OR5 e 52.2a 74.7a 839a 374.1a 33.6a
With water stress & oS L 53.6a 72.1a 79.1a 352.0a 30.3a
N fertilizer 03955 395
N, wlsf 426¢ 38.0¢c 49.6 ¢ 2425¢ 23.4b
N1go y.o EE 55.6 b 81.0b 915hb 397.7b 349a
N1s50 Vo ¥ 60.5a 101.3a 103.4a 449.1a 375a
Silicon application Oalaw 3 1,18
0 mM Jals 50.7b 709a 80.4a 364.4a 30.7a
3mM Moo oo ¥ 55.1a 759a 825a 361.7a 33.1a

{30L2) iy 5555 oSS o E 5 0> gy Sl s 3 3 sine ST 5la (shatls iz 9ol bl 2 s 2 53 e g b sl Sk

DSR2 ()35 p)S5hS 10 ¥ LSy oy py Sk Ve EE
Means in each column followed by the same letters are not significantly different at 5% probability level using Duncan’s multiple
range test. N, no nitrogen fertilizer (control); N1qq, 100 kg N ha™; Nyso, 150 kg N ha* and mM, millimolar.
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Table 4- Interaction effect of irrigation regime x nitrogen on 1000-grain weight, biomass yield, harvest index and

grain yield of triticale

< (W] oy 09 ")“SJ“‘ ‘-’”Lw 3)?*"
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Irrigation Nfertilizer — jg % 255 <l Biomass sl Grain
regime 1000-grain weight yield Harvest index yield
0,
(g) (kg.ha'l) (/0) (kg.ha'l)
_‘ No £l 40.2a 5342 d 4322 2301 d
“ Without Nioo V.. EE 40.2a 13350 be 419a 5592 b
water stress Niso \a- ¥ 40.4a 17228 a 412a 7098 a
_ N Eanls 33.1b 4756 d 36.2b 1737e
slos b
With N10o Voo EE 316D 12576 ¢ 32.7¢ 4128 ¢
water stress Nyso V- ¥ 25.8¢ 13720 b 28.0d 3833 ¢
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The Means in each column followed by the same letters are not significantly different at 5% probability level using Duncan's

multiple range test. Ng, no nitrogen fertilizer (control); Ny, 100 kgN.ha™; N;s0, 150 kgN.ha™.
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Table 5- Interaction effect of irrigation regime x silicon application on 1000-grain weight, biomass yield, harvest index and
grain yield of triticale

PR 039 5 Slos ol 5 Slos
Irri;a tion 095w 352,18 ails 52 8395 Gt § Cadls &l
regime Sll.lCOI.l 1000-grain Biomass Harvest Grain
application weight yield1 index yield1
. (® (kg.ha™) (%) (kg.ha™)
s - S 40.4 a 12115 a 415a 4973 a
ﬁllvhi);:oﬁiu\{ Without silicon
oK ££
water stress il b 40.1a 11831 a 42.7 a 5021 a
With silicon
£
sy S 28.6d 9994 ¢ 29.7¢ 2860 ¢
Lﬁ\‘N o b Without silicon
! . ££
water stress ) 3L7¢ 10706 b 34.8b 3604 b
With silicon
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The Means in each column followed by the same letters are not significantly different at 5% probability level using
Duncan's multiple range test. Ng, no nitrogen fertilizer (control); Nygo, 100 kg N ha®; Nyso, 150 kg N hat
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Introduction

In the dry climate of southern Iran including Fars province, most precipitation occurs in winter, thus winter

cereals such as triticale (Triticosecale Wittmack) experience water shortage at booting, flowering and grain
filling stages in spring. The booting, flowering and grain filling periods are the most sensitive stages to water
deficit. Nitrogen fertilizer application is a farmer’s common practice to increase yield, but its performance
depends mainly on soil water status than the amount and timing of N applications. On the other hand, matching
N fertilization with crop water availability is essential for achieving acceptable grain yield. Farmers of southern
Iran use N fertilizer beyond the recommended rate. High N fertilizer application in dry areas that water
availability limitations frequently occurred during the grain filling stage of cereals increased severity of water
stress. Some authors reported that the silicon application reduces the destructive effects of drought stress by
physiological, biochemical, and physical mechanisms (Hattori et al., 2005). Therefore, silicon foliar application
may decrease water stress severity, especially in high N crops. Therefore, the aims of this study were to
investigate the effects of silicon foliar application, different N rates and irrigation regimes on triticale yield in an
arid area of southern Iran (Fars province).

Materials and Methods

This research was conducted at the experimental farm of the Darab Agricultural Faculty of Shiraz University.
A split factorial experiment in a randomized complete block design with three replications was carried out in the
2017-2018 growing season. Treatments included two levels of irrigation as the main plots [normal irrigation;
irrigation based on the plant's water requirement up to the physiological maturity (IRy) and deficit irrigation;
irrigation based on the plant's water requirement up to the anthesis stage (cutting of irrigation after anthesis)
(IRp))]. Also, sub plots were two levels of silicon foliar application [0, and 3 mM] and three N fertilizer levels
[No, no nitrogen fertilizer (control); Ny, 100 kg N ha™; Nyso, 150 kg N ha™]. Biological yield, grain yield, yield
components, plant height, spike length and chlorophyll index of flag leaf were measured. Then, the harvest index
(HI) was calculated. Data were analyzed by using SAS 9.1 software (SAS Institute, 2004) and the means were
compared using Duncan’s multiple range test at 5% probability level.

Results and Discussion

The results showed that the IR, could cause severe water stress in the grain-filling period of the triticale life
cycle and consequently reduction of 1000-grain weight, number of grains per spike and number of fertile tillers
per m®. However, this reduction was more severe for 1000- grain weight than the other grain yield components
and was not constant in different N fertilizer levels (18%, 21% and 36% reduction for Ny, N1g9 and Niso kg N
ha™). Foliar silicon application decreased severity of late-season water stress and consequently improved 1000-
seed weight, chlorophyll index, biological yield and finally HI and grain yield. With respect to grain yield, under
IRy conditions, the highest grain yield was achieved by Nisq. Water stress decreased grain yield as a function of
N fertilizer (24%, 26% and 46% reduction for No, N1go and Niso kg N ha). Therefore, application of Ny could
be acceptable for IR, conditions.

Conclusions

According to the results of this study, the highest triticale grain yield (7098 kg ha™) achieved by N150 in
normal irrigation. The IRDI significantly decreased triticale grain yield at all N levels as compared with IRN.
However, this reduction was different in N fertilizer rates (24%, 26% and 46% reduction for NO, N100 and
N150). Therefore, the highest grain yield under IRDI conditions (4128 kg ha™) was observed in N100.
Therefore, with respect to environmental and economical considerations application of 100 and 150 kg N ha™
were recommended for late-season water stress and normal irrigation conditions, respectively. Silicon foliar
application decreased the severity of water stress and consequently increased grain yield (26%) under IRDI
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conditions. Therefore, the application of 3 mM of silicon at the anthesis stage is recommended for farms of
triticale that expose to late-season water stress in southern Iran (Fars province).

Keywords: Biomass yield, Chlorophyll, Harvest index, Mean kernel weight
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Table 1- Meteorological data at two planting regions
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Figure 1- The interaction effect of planting region and weed control on quinoa plant height
Means with the same letters are not significantly difference according to LSD test at p<0.05.
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Figure 2- The effect of planting pattern on number of leaves per plant (a) and leaf area index (b)
Means with the same letter are not significantly difference according to LSD test at p<0.05. MQ: quinoa sole cropping and D5, D10,

D15, D20 and D30 letters are intercropping patterns of quinoa: potato at densities of 5:5, 10:5, 15:5, 20:5 and 30:5 plants per m?,
respectively.
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Figure 3- The interaction effect of region and planting pattern on average of grains weight per plant
Means with the same letters are not significantly difference by using LSD test at p<0.05. MQ: quinoa sole cropping and D5, D10,

D15, D20 and D30 letters are intercropping patterns of quinoa:

potato at densities of 5:5, 10:5, 15:5, 20:5 and 30:5 plants per m,

respectively.
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Figure 4- The interaction effect of weeds control and planting pattern on weeds density at flowering and prior- harvest times
Means with the same letters are not significantly difference by using LSD test at p<0.05. MQ: quinoa sole cropping; MP: potato sole

cropping and D5, D10, D15, D20 and D30 letters are intercropping patterns of quinoa: potato at densities of 5:5, 10:5, 15:5, 20:5 and
30:5 plants per m™, respectively.
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Figure 5- The effect of planting pattern on yield tuber
Means with the same letters are not significantly different by using LSD test at p<0.05. MP: potato sole cropping and D5, D10, D15,

D20 and D30 letters are intercropping patterns of quinoa: potato at densities of 5:5, 10:5, 15:5, 20:5 and 30:5 plants per m?,
respectively.
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Table 5- Total land equivalent ratio (LER) of quinoa and potato in intercropping treatments
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Ds 0.89 1.07
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Do Control 1.53 1.80
Do 2.05 2.10
Ds 0.90 0.92
Do . 1.19 1.25
Do oSl 1.34 1.46
Dy Herbicide 1.64 1.85
Dao 1.99 2.05
D, 0.99 0.85
Dio i 1.06 112
Dis G0y 1.38 1.44
Do Manual weeding 1.67 1.87
Do 1.96 2.01
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D5, D10, D15, D20 and D30 letters are intercropping patterns of quinoa: potato at densities of 5:5, 10:5, 15:5, 20:5 and 30:5 plants
per m, respectively.
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Introduction

Intercropping system is the growth of two or more crops at the same time, which can lead to decreases in the
risk of total crop reduction and increases in yield with control of weeds. Quinoa (Chenopodium quinoa willd.) is
a pseudo cereal with high nutritional value which is approximately a new crop in Iran. So, this research was
conducted to assess the effects of additive intercropping of quinoa and potato (Solanum tubersum L.), and the
methods of weeds control on yield and yield components of quinoa var. Titicaca in Jiroft and Kahnooj regions.
Materials and Methods

This study was carried out as split plot based on a randomized complete block design (RCBD) with four
replications at Jiroft and Kahnooj regions. Therefore, weeds control treatments including control (no-hoeing),
manual weeding (twice within 30 days after planting) and paraquat herbicide (3 days after planting of quinoa)
were arranged in the main plots, wh|Ie additive intercropping patterns at five Ievels (Q:P in the levels of 5:5,
10:5, 15:5, 20 5 and 30:5 plants per m?), quinoa sole croppmg (30 plants per m?) and potato sole cropping (5
plants per m?) were located in sub-plots. The effects of quinoa and potato intercropping on plant height, leaves
number per plant, leaf area, flowering time, spike maturity and quinoa harvest time, average of grain weight per
plant, grain yield and density of weeds as well as potato tuber yield were measured at both regions. Data were
analyzed as combined analysis of variance (ANOVA) using SAS ver. 9.2. Means were compared using the least
significant difference (LSD) at the 5% level (P = 0.05).
Results and Discussion

The results showed that the effects of quinoa and potato intercropping had significant effects on some
characteristics of quinoa including leaves number per plant, leaf area, average of grain weight per plant, grain
yield of quinoa, tuber yield of potato and density of weeds. However, intercropping had no effect on some
characteristics of quinoa such as plant height, flowering time, spike maturity and quinoa harvest time. Based on
the results the highest (19 g per plant) and lowest (13.9 g per plant) average of grain weight per plant were
obtamed in 20:5 and 5:5 plants per m™ treatments, respectively. Whereas the highest grain yield (4957 and 4863
kg.ha') were obtained in sole quinoa and 30:5 plants per m™ treatments, respectively. The studied growth
characteristics and grain rate per plant in Kahnooj were greater than those in Jiroft. Total land equivalent ratio
(LER) index mcreased with mcreasmg qumoa density in intercropping. The highest total LER was obtained in
30:5 plants per m?treatment in Kahnooj region. Moreover, the effect of manual weeding of weeds on the studied
properties were more than that of the application of paraquat herbicide. The results also showed that the
intercropping of quinoa and potato led to decreases in density of weeds at both flowering and before harvesting
times. So that, the lowest densny of weeds was related to the intercropping of quinoa and potato with densities of
20:5 and 30:5 plants per m™ treatments. Whereas the highest rate of density of weeds were related to the sole
cropping of quinoa and potato treatments, respectively. Moreover, the results showed that intercropping resulted
in greater tuber yield of potato, so that the highest potato tuber yield was obtained in 30:5 treatments.
Conclusions

Based on the results, although the highest average grains per plant was obtained in the intercropping of 20:5
treatment, the yield of quinoa decreased with the intercropping of quinoa and potato compared with the quinoa
sole cropping. Also, the additive intercropping led to decrease in the density of weeds. Although, it seems that
for quinoa cropping the climate of Kahnooj is more suitable than Jiroft, the intercropping of potato and quinoa is
suitable for Kahnooj and Jiroft regions.

Keywords: Manual weeding, Multiple-cropping system, Paraquat, Sole cropping, Weeds density
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Introduction

Quinoa (Chenopodium quinoa Wild) is native to the Andean region of South America. Various genotypes of

quinoa have a high diversity regarding different traits such as sensitivity to daylength, seed size and color,
nutritional and anti - nutritional value of seeds, tolerance to biological and non - nutritional stresses. Considering
the development goals of the quinoa, the need for new genotypes is very tangible. Fortunately, new genotypes of
quinoa have become available that have not been studied domestically. Therefore, the purpose of this study is to
investigate the quantitative and qualitative characteristics of these genotypes and to study their compatibility
with spring cultivation in Karaj region. The results of this study provide the basis for deciding the next steps of
research and development on these genotypes.

Materials and Methods

In this study, 13 new genotypes of quinoa including Atlas, EQ 101, EQ 102, EQ103, EQ104, EQ105, EQ106,
Amiralla Marangani, Amiralla Sacaca, Blanka Dejunine, Kancolla, Salsada Inia and Rosada De Huncaya, have
been studied in a randomized complete block design with three replications for two years (2018-2019) at Seed
and Plant Improvement Institute, Karaj. Genotypes with the prefix EQ were obtained from Canada, Atlas
genotype from the Netherlands and the rest of the genotypes from Peru. Each plot consisted of three rows with
500 cm length and 60 cm x 10 cm of plant density. The distances between replications and planting plots per
replication were 180 cm and 200 cm. Data were analyzed using SAS software and means were compared using
the least significant difference (LSD) at the 5% level (P = 0.05).

Results and Discussion

The results showed that all traits except days to germination were significantly affected by genotype.
However, plant height, inflorescence length, stem diameter, oil percentage and days to maturity did not affect by
genotype interaction per year. The effect of year was also significant for grain yield, days to pollination, saponin
content and oil percentage. Different origin (from Peru, Canada and the Netherlands) and different
morphological characteristics of the studied genotypes caused significant differences in different traits. The
EQ101 genotype, showed the highest grain yield and plant height, highest protein content and the lowest amount
of saponin. While Marangani genotype with an average yield of 796.78 kg ha™* had the lowest yield. EQ103 was
the earliest and Marangani, Kancolla, Rosada and Salsada genotype were the late genotypes, respectively. On the
other hand, EQ105 genotype revealed the highest seed oil content. Marangani genotype had the thickest shoot
among all genotypes. Canadian Genotypes have lower levels of saponin than Peruvian genotypes. EQ101 with
saponin content of 0.48 mg g™* (0.04%) had the lowest saponin content and among the studied genotypes in this
study, it is the only genotype that belong to sweet quinoa cultivars.

Conclusions

The studied genotypes demonstrated significant diversity and differences in all studied traits. In some traits,
the difference between the two groups of genotypes (Canadian or Peruvian) was quite obvious. In this study all
quinoa genotypes were compatible with spring cultivation in Karaj region. Genotypes compatible with spring
(long day) cultivation usually do not have a problem with summer and autumn cultivation and will most likely
be cultivated in all seasons and regions of the country.
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Table 1- Some meteorological properties of the test site over two years (2012-13 and 2014-15)
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Table 2- Two years mean of some physical and chemical properties of the test site soil
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Table 4-Comparison of the mean effect of interaction of treatments on the number of fertile head per square
meter and number of seed in head of safflower
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- In each column means with same letter (s) are not significantly difference by using Duncan multiple rang test at P<0.05 probablity. * G (Goldasht
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Table 5- Mean comparison of the main effect of phosphorus levels on studied trait in safflower
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uptake (kg.ha)
)jmé J9§ C9]aw 92 u"i’L“
Phosphorus ey ey Jbo 93 (5:Ske A ey Jlo 93 (5:Ske NS yrar Jlo Jlo 53 sSiks
Ievelsl 2012 2014  Mean of 2 years 2012 2014 Mean of 2 years 2012 2014 Mean of  Mean of 2 years
(kg.ha™) 2 years
0 4143 31.75° 36.59° 1205.00° 1350.17° 1277.58° 306.94° 366.73"  336.84° 5.33°
50 44.48° 35.30° 39.89° 1715.00°  1944.83° 1829.92° 473.85" 540.31° 507.10° 7.78°
100 49.32* 3551° 42.41% 2087.00*  2281.50° 2184.25% 594.75% 641.23°  617.99° 9.46%
150 39.10° 35.63° 37.36° 1952.00*  2396.67%* 217433 540.63* 707.10*  623.85° 9.86°
200 44.88° 3565 40.27° 1913.00"  2448.33° 2180.67° 517.91* 753.64° 635.78° 10.27°
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- In each column means with same letter(s) are not significantly difference by using Duncan multiple rang test at P<.01probablity.
2 PSS FYF) gy 38des (it S psbots s (39n0 Of gy asslas 9 oy, wo,

boandl a5 035 Jolbs jlSa 53 p)Soks Ver Gpae i (LS
2 (5 Jpi) Bl (s b sine Colis e i s
Jopd U cwl ailb 0Sles b jiiy 84, 2o & ol s
Ol wlie ofsy 3Skes SR S5, calple Wb o)
39 pje (Span 355 gohaw ) (pizred g 58y 93 50 &l 3 Sk
ObSdngh (S beg ol il elie @l (VB JS)
;I las (Jalilian and Heydarzadeh, 2015) cul sas 5,158
398 Gpae dwgan b d90 b (Shy ol «Sui Jole
b Ay Bpan Dgde e Hhud Ao jMe (el alor
0f9) 28es (ll cage Cp sladwl Jhge Rl Jdsa
Ebrahimian and Soleymani, ) .S . 2l 1, K05 5

(2013

Mopd by il ladd oS ol L Wodly S pe wiblg 4z

duglio (1" Jga2) 03)5 s sine 1o pd o Jlein] gaw 53 (s
Ao wB) 2 Eg) oy & cuib oyl Y @l 4 Sle
09y Moy G )gbd g CBAS (o8 5l pudin (g5l e yobay
VO ) Gl «cBAS 18 (89 Ao b awglie ) ddo o8,
b 395 pdlie 3 Jlo (iiSany (pizren (F J9i2) 392 Aoy
Joia) 25,5 hgme dop> gy Jleinl v 53 (29, 3,8k
38des cp e Jgl Jlo ) 48 3 (LS gols (ke dunlio (Y
b oSS Ve e Bpae o 13 (S 53 p)SkS 030) (484,
Spas gaw jl (HiSa )3 pS5kS VOY) g3 Jlo > 5 ,iSa
yaund Byme b 30 Ole el Cowday HliS )3 p,SlS Ve
Ll 3 (63 s I sy 3550as Lialefl Jlu 33 8 50
s 33 (sSiin o 1B Jyi2) Cadls o im0 o
o JUSB p3 pSekS Voo U jho maw g5 89y 28k



FAY

QT @J)Ud&m&uswoﬁ)wqﬁ)ﬁpﬁﬂ 3 ySlos ‘_;..25‘5 ‘obl&o.bs‘sbm‘jﬁ.o

(A)
3,000
2,500
d- 2,000 b 2
27 2 N
35 \
S 1,500
13
23
34 1,000
- 500
5 N
cubuls ddo
(Goldasht) plé) (Soffeh)

Cultivars

(LS 53 p,54LS) gy 3,5 es

()

700

600

Oil Yield (kg.ha)

-
o
=3

s
(Goldasht)

Cultivars

Sy o9, 9 4> 3 Ses 2 08, F1-Y UK
Figurel- The effect of cultivar on seed yield (A), and oil yield (B) of safflower
Column with same letter(s) are not significantly difference by using Duncan multiple test rate at P<0.05 probability.
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Table 6- Comparison mean of the main effect of cultivar on studied indices in safflower

. . . W1y yhud Cds

)le s )13 09 09 2253 Phosphorus u L':ak‘e seed

Treatments 1000- weight seed (g) Oil percent P (kg hf—l)

o5 ¥ yray Jl\l; 9 v“f"z“‘ ¥ yray J'\L/I” s v‘f’;‘ ¥ yray J'\L;I“ ? U‘f ;’"
. ean o ean o ean o
Cultivar 2012 2014 years 2012 2014 years 2012 2014 years
- 48.08%  44.33° 46.20° 25.10°  26.49% 26" 752>  8.10° 7.79°
(Goldasht)

(Soffeh) s 39.61°  25.21° 32.41° 29.31*  30.74° 30° 9.35%¢  9.23% 9.29%

5 (6l gime gl duoyd iy Jloss ] prdaws j3 (Sl (glasely dix 90T bl p it S it gy (gl a5 SlaepSilbe (gt ya =
- In each column means with same letter(s) are not significantly difference by using Duncan multiple rang test at P<.01probablity.
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Figures 2- The effect of safflower cultivars on phosphorus utilization efficiency
Column with same letter (s) are not significantly difference by using Duncan multiple test rate at P<0.05 probability.
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Figure3- The effect of phosphorus levels on use efficiency (A) and uptake efficiency (B) indices in safflower
Colum with same letter (s) are not significantly difference by using Duncan multiple test rate at P<0.05 probability.



YAL OT @I)ls dumﬁuswoﬁ)wd{&)ﬁp@) 3 ySlos J..LS‘, “’_,')l&o.bs‘sbm‘jﬁ.n

3yl i35 al)s) sy a eald il @l eolad]
)5 ol (((Bpae 365 A 4 ald jlag 4 Cuns Jparme
ity 45 Casl ol §1 S gl e ol ) 2 (PRIN, 1996)
395 P59k Br Bpan JITVOIOV Glie 4 dizja 4 04l o
(Y ga) ael Cnay dho o8) (5SS b g US> yind

(433 4 018 Exaua) galih (SOLAT! i 2
5298 Wlelo wae () 1 (o (alie polie digy Co e
Jomaze (o2bail Mg (o2 ol (pl 3 29800 Cguime b
sl 5 so S il So sy (6)lul g Lk L ol
sl anny ol odlaidl 5 )Slos &) ds g b oS Canl (6908
oo sly cg) ol 51 (Kassray,1993) 23,5 s obowis

S5 (3 a5 4y oyl Cond -V Jou>
Figure 7- Benefit to cost ratio in safflower
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Treatments Mean of 2years  |ncreased seed (Extra product (v o
seed yield yield compared pn;e;é)desclg o Costof applied ( oF 22
(kgha ) to control phogphorus BeneIIattitg cost
treatment fertilizer
(G™-0) cuaas— 1255 - - - -
(S™-0) dio — 1301 - - - -
(G-50) cusals -0 1727 472 1458480 55000 26.52
(S-50) 4as -0+ 1933 632 1952880 55000 35,51
(G-100) cusuls =y - 2162 907 2802630 110000 25.48
(5-100) 4ao =+ 2207 906 2799540 110000 25.45
(G-150) cusals—\o- 2122 867 2679030 165000 16.24
(S-150) s —V0- 2226 925 2858250 165000 17.32
(G-200) cusals-Y-- 2130 875 2703750 220000 12.29
(5-200) 4o Y- - 2231 930 2873700 220000 13.10

i 5 logi Yoo (65,9LiS dlos )l5g Lawgi 00yt Caod ool WAV=AA Lo )3 5,15 &l 9k 52 5 logs 5150 00+ ++ Lo 55 Slind yigu 365 4 2 42 Ol gy *
For calculations, the cost of each bag of triple superphosphate fertilizer was 55,000 Tomans and each kg of safflower seeds in 2018-19 was
considered 3090 Tomans based on the price set by the Ministry of Jihad Agriculture. G*(Goldasht) and S**(Soffeh).
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Introduction: Phosphorus is the third most important nutrient in crop production after nitrogen and potassium. It
is involved in all biochemical processes, energetic compounds, and energy transfer mechanisms. Phosphorus
participates in the cellular proteins and cell membrane and nucleic acids. In addition, this element is essential for
seed formation and root development. Also, this element recovery in the first year of application estimates to be
8 to 30%, and after 30 years rarely reaches to 50% and its rest is stabilized in the soil and accumulates
inaccessibly for most plants. Therefore, in the last two decades, scientists have used various methods to improve
the efficiency of phosphorus, including the selection and genetic modification of plants and the adopting
agricultural practices such as determining the optimal amount of phosphorus, the right time and method of
application and the right fertilizer source. In addition, due to the growing trend of vegetable oil consumption and
the high cost of supplying the required oil through imports, the purpose of this study was to determine the
optimal rate of phosphorus and selecting the appropriate efficient cultivar in order to extend oilseed crops
cultivation.

Materials and Methods: In order to study the response of safflower cultivars (Carthamus tinctorius L.), to
phosphorus rates and their efficiency indices, a factorial experiment was conducted in a randomized complete
block design with three replications during 2012-13 and 2014-15 at Safiabad Agricultural Research Center of
Dezful, Khuzestan, Iran. The first factor included five phosphorus levels (0, 50,100, 150 and 200 kg ha™ as
Triple Super Phosphate "TSP"), and the second factor included two cultivars (Goldasht and Soffeh). Safflower
seeds were planted by setting up a sugar beet planter, in a row with a distance of 50 cm between rows and a
distance of 5 cm between plants. Urea and potassium sulfate were uses at 300 and 100 kg ha™, respectively. One-
third of nitrogen and all phosphorus and potassium were used pre planting. The rest of urea fertllizer was applied
as top dressing in two equal splitting rates (beginning of stem and early flowering stages). Before harvesting in
each replication, the number of fertile heads per square meter (in three boxes of one square meter per plot), and
the number of full grains (counting full grains in 20 heads), and after harvesting the weight of 1000 seeds (with
three times counts were calculated in three random groups of 1000 seeds per plot). Finally, number of fertile
heads per square meter, number of seeds per heads, 1000-seed weight, seed and oil yields, seed phosphorus
uptake, and phosphorus efficiency indices were measured.

Results and Discussion: The results showed that the interaction of treatments was significant on the number of
fertile heads per square meter and number of seeds per head. In both cultivars, with increasing phosphorus
application, the mentioned traits increased significantly. The highest number of fertile heads (252 pieces), and
the number of seeds per head (23.17 pieces), were obtained at the level of 150 kg phosphorus ha™. The
interaction between year and phosphorus on 1000-seed weight and seed yield and the interaction between year
and cultlvar on 1000-seed weight were significant. The highest 1000 seed weight (42.41 g), and seed yield (2184
kg ha™), were obtamed by application of 100 kg phosphorus ha™. Seed and oil yields of Soffeh cultivar (1979
and 599 kg ha™, respectively), was superlor to Goldasht cultivar. Also, the results showed that Goldasht cultivar
had higher utlllzatlon efficiency (248 kg kg™), compared to Soffeh cultivar (218 kg kg™*). Phosphorus application
significantly reduced use and uptake efficiency indices (69% and 85%, respectlvely) So that the treatment
without phosphorus application had the highest use and uptake efficiency (1 kg kg™). The difference between use
and uptake efficiency at the level of 50 kg phosphorus ha™ with other phosphorus levels was about 19% and
25%, respectively.

Conclusions: In general due to the highest benefit-to-cost ratlo (35.51) and use and uptake efficiency indices
(0.69 and 0.7 kg .kg™, respectively), application of 50 kg ha™ of phosphorus fertilizer and Soffeh cultivar is
recommended.

Keywords: Benefit to cost ratio, Phosphorus use efficiency, Safflower, Yield components
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