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Introduction to the Persian Journal of Agroecology

It is very appropriate that a new Journal of Agroecology has appeared in a part of the world that
history tells us is where some of the earliest organized crop farmers and animal managers in the
world first began their work. The traditional farmers of the Persian region are famous for their
ability to design and manage sustainable agroecosystems, making them some of the first
agroecologists. Their extensive knowledge about water conservation, dryland farming, irrigation,
crop and animal domestication, to name a just few of their abilities, have long served as models of
wise natural resource management under limiting environmental conditions.

Traditional agroecosystems have developed in the region that are complex systems of
interrelated activities focused on the work of each household unit, and their relationships with local
communities. Crop farming, animal husbandry, and local handicrafts all combine to provide year-
round participation of the entire family. A large variety of animal and plant products, available
throughout the year, provide food security that withstands major environmental limitation
(especially from drought) and socio-economic uncertainty (especially from market fluctuations).
But perhaps most importantly, many farmers of the region live and work within the limitations of
the ecological backdrop within which they are located, using local resources and inputs. The
ecological and social sustainability of agriculture in such systems is strongly interdependent.

But modern agriculture in the region, as in most parts of the world today, is rapidly displacing
this local, traditional knowledge. New sources of energy and technology, most often dependent on
non-renewable and costly external inputs, have helped raise yields dramatically. A strong focus
has been placed on production for distribution to distant markets that are not in touch with the local
understanding of the limits to agroecosystem design and management.

Over the past few decades, the long-term costs and liabilities of the introduction of these modern
farming techniques have been documented. Soil and water degradation, loss of agricultural
biodiversity, contamination of air and water by pesticides and fertilizers, and increased pest and
disease resistance to agrichemicals, are just a few of the environmental problems faced by
agriculture today. And the loss of productive agricultural land to urban and industrial development,
the displacement of farmers from the land to the cities, and the frequent hunger and poverty in rural
regions have become all too common problems on the social side of agriculture.

This journal offers a forum for the re-building of a sustainable agriculture for the region. Using
the ecological concepts and principles, local agroecologists can provided a firm foundation for
designing and managing the sustainable agriculture of the future. On the one hand, agroecological
studies of traditional agriculture can point out the strengths and values of local knowledge. On the
other hand, an agroecological analysis of modern agriculture can point out both the strengths as well
as the weaknesses of new technologies. A combination of local knowledge and new understanding,
all tested by an analysis of sustainability, can once again provide the natural resource conserving,
economically sound, and socially equitable agriculture needed for the future.

I congratulate Dr. Alireza Koocheki and Dr. Reza Ghorbani of the Faculty of Agriculture at
Ferdowsi University in Mashhad, Iran, for this big step forward for agroecology and sustainable
food systems. They are both pioneers in this field and a valuable example for students and farmers
of the region.

Steve Gliessman
Ruth and Alfred Heller Professor of Agroecology
University of California, Santa Cruz
March 2010
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Fig. 1- Indicated locations of field research experiment and harvested area of irrigated wheat

adllae 3,90 Pl mio Slpoguad I (S p-) Jgsa
Table 1- Some important characteristic of the studied cultivars

Copoguas Jo e iy o ol
Character Shahriyar  Pishtaz Tajan Chamran
by Jl 2002 2002 1995 1997
Release year
CuiS (gl qunlie 3blLo e e sk ye g P
Suitable areas for cultivation Cold Temperate Humid Tropical
sy enle alies o)lee o)lee o)lee
Growth habit Winter Spring Spring Spring
ab 5 Sles 4:Ske
672 7400 6300 5600
Average of grain yield (kg.ha) 720
Sle> 4 Sl polie polie plie olesdos
Lodging resistance Resistant ~ Resistant Resistant Semi sensitive
b i) & STy polie plie polie 4ol ol
Threshing resistant Resistant ~ Resistant ~ Semi resistant Sensitive
Oz o (sl 12.2 115 12,0 104
Average of grain protein
S e ojs ol 38 44 38 39

Average of 1000- grain weight (g)

Source: SPII (2015)
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Table 2- Specifications of experimental data used for calibrating and validating the model

&l 00 o3l] JLlw dlaas Slod Silie (5> Sle 5L cpuSibe

" Fri%W J 5 .

o3, ] Number of years for Qb up’c W)l Jolas PSlas Annual
. Location . . Wil 2Ll .
Cultivar Lowwly oyl | lat Alt. (m) Mean Tmin Mean rainfall

Calibration Evaluation ong- at (9] Tmax (°C) (mm)
< 4 5 49.78 34.72 1703 7.1 20.8 333
Arak
)l
. 2 3 48.42 38.33 1314 2.2 15.9 224
Ardebil
81
o 3 3 52.63 30.90 2300 6.2 19.6 323
Eqlid
O‘M
4 4 48.41 34.14 1678 6.5 21.1 376
Hamedan
e 1 2 45.00 3856 1103 5.5 18.7 290
Khoy
L Y -
Al Hese 4 5 59.63 3624 999 8.6 21.9 252
Shahriyar ~ Mashhad
PR
K 3 4 46.50 36.97 1300 5.6 19.9 294
Miandoab
095 4 4 5259 3570 1279 6.9 21.3 316
Qazvin
f’w 4 4 46.24 38.12 1361 7.2 18.2 280
Tabriz
409
8 1 2 45.55 37.66 1230 5.1 17.6 326
Uromich
s
. 2 3 48.52 36.66 1659 4.0 18.0 300
Zanjan
rox 3 3 4876  33.92 1629 8.3 21.4 453
Broujerd
bl
e 3 3 51.71 32.52 1550 9.2 23.5 126
Esfahan
olisle S
3 47.15 34.35 1319 6.1 22.8 436
iy Kermanshah
Pishtaz el 3 50.63 3624 999 8.6 21.9 252
Mashhad
spelds
3 58.80 36.27 1213 6.8 22.0 243
Neyshabour
o 2 2 52.70 29.78 1596 8.0 25.1 322
Zarqan
Wiy
) 4 4 55.21 37.27 37 12.8 24.6 450
Gonbad
et .55
o Bt 4 4 5441 3691 0 12.7 22,9 587
Tajan Gorgan
i
Lok 4 4 47.78 39.60 73 9.8 20.6 277
Parsabad
NS
I 5 6 48.74 31.34 23 17.9 33.0 209
Olyex Ahwaz
ol
Chamran ~° 5 6 5430 2879 1098 14.4 29.8 251

Darab
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Jsis
5 6 4838  32.40 143 16.1 323 389
Dezful
)
Hen 5 5 60.72 2723 591 19.3 34.2 113
Iranshahr
SUlp 5
5 6 4828 3344 1148 9.1 25.3 495
Khorramabad
Hi 4 5 61.54  31.89 489 14.7 29.7 58
Zabol

liseo 3ble )3 S (aleond 9 (Kb SS9 -Y Jgsa
Table 3- Soil physico-chemical properties of different locations

Location Clay Silt Sand Permanent <=l Saturation Bulk density Organic H
(%) (%) (%) wilting point Field capacity (g-em™) carbon (%) P
Shl 23.1 344 425 0.14 0.26 0.40 1.40 0.67 8.4
Arak
3! 240 32.6 434 0.15 0.27 0.40 1.32 1.02 7.8
Ardebil
5! 225 327 4438 0.14 0.26 0.40 1.36 0.77 8.2
Eqlid
Ol 21.6 34.1 443 0.13 0.25 0.40 1.41 0.74 8.2
Hamedan
s 23.8 343 419 0.14 0.27 0.40 1.41 0.97 7.8
Khoy
e 20.1 36.0 439 0.12 0.25 0.39 1.33 0.86 8.3
Mashhad
Clavle 277 339 384 0.17 0.29 0.41 1.43 0.77 7.7
Miandoab
C’”’? 248 31.8 434 0.15 0.27 0.40 1.37 0.99 7.7
Qazvin
e 23.8 353 409 0.14 0.27 0.40 1.41 0.66 8.1
Tabriz
d0g,l 234 33.6 43.0 0.14 0.26 0.40 1.39 0.76 7.6
Uromieh
Ol”?” 23.1 33.0 439 0.14 0.26 0.40 1.42 0.74 8.0
Zanjan
a’??"" 248 327 425 0.15 0.27 0.40 1.42 0.64 8.0
Broujerd
o] 21.7 342 441 0.13 0.25 0.40 1.41 0.64 8.5
Esfahan
oLdle,s 26.7 332 40.1 0.16 0.29 0.41 1.43 0.75 8.2
Kermanshah
sl 204 36.0 43.6 0.12 0.25 0.39 1.38 0.57 8.4
Neyshabour
b5 237 32.6 437 0.14 0.26 0.40 1.44 0.70 8.2
Zarqan
.l 17.6 309 51.5 0.11 0.22 0.39 1.51 0.67 7.8
Gonbad
o85S 243 335 422 0.15 0.27 0.40 1.42 2.38 6.6
Gorgan
ol 21.0 335 455 0.13 0.25 0.39 1.52 0.66 7.6

Parsabad
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il 24 343 433 0.14
Ahwaz
<l 227 333 440 0.14
Darab
I3 242 335 423 0.15
Dezful
AR e 316 446 0.14
Iranshahr
SLless 280 343 377 0.17
Khorramabad
‘.
g 21.8 30.6 476 0.13
Zabol

0.26

0.26

0.27

0.26

0.30

0.25

0.40 1.58 0.46 8.2
0.40 1.39 0.73 8.1
0.40 1.62 0.56 8.0
0.40 1.48 0.63 8.2
0.41 1.45 0.77 8.3
0.39 1.52 0.57 8.1
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Table 4- Main genetic coefficients used in model for different wheat cultivars

Al gy ) Ak s e o8 e
Parameter definition Unit Parameter Shahriyar Pishtaz Tajan Chamran
J{S ol
ek s - VSEN 2.05 100 1.00 1.00
Sensitivity to vernalization
mwShsels - PPSEN 5.7 52 49 438
Sensitivity to photoperiod
J5 ST B 3l 5153 3,90 59 e
Thermal time from emergence to the end of °C P1 300 280 270 250
juvenile
Sy B IS 518 9y 515 3590 g 42
Thermal time from beginning of grain filling to °C P5 720 780 700 720
maturity
95 sk ol
© PHINT 85 83 82 80
Phyllochron interval ¢
Al D g Egpb loj )0 Bl 59 il dlas
Coefficient of kernel number per stem weight at ~ kernels.stem weight ' GRNO 37 36 28 34
the beginning of linear grain filling
4y Ay sy @Sl 4 4
kernel™. MXFIL 1.8 2.6 2.4 2.4
Potential kernel growth rate mg kernel ".day
Blo S5 led S g Jemiliy
Potential final dry weight of a single tiller g STMMX 3 3 3 3
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1- Parameterization
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Table 5- Calibration results for DSSAT-Nwheat in predicting anthesis day, maturity day, and grain yield for four wheat

cultivars
A@:‘é‘ °::? Ufc;uﬁlfls‘ 39 . _Swil 6 «—;»li 5‘159; &l 3,Skos
. _— nthesis day after planting aturity day after planting R 1
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Observed Simulated Observed Simulated Observed Simulated
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Average 147 147 191 192 4466 4618
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Fig. 2- Observed versus simulated anthesis day after planting with the DSSAT-Nwheat model for wheat cultivars a)

Shahriyar, b) Pishtaz, c¢) Tajan, and d) Chamran
Line 1:1 and statistics for evaluating model performance were shown in each graph.
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Fig. 3- Observed versus simulated maturity day after planting with the DSSAT-Nwheat model for wheat cultivars a)
Shahriyar, b) Pishtaz, c¢) Tajan, and d) Chamran
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Line 1:1 and statistics for evaluating model performance were shown in each graph.

CERES- L.J‘)“’d‘l"“’Sd" A-@(M“9J~A>)AJ4.QJGA»°9.>).> fJ“f WS)L.)““"’

Sl yieS) oYL cdo b Jao &S W30 ()15 g (g jlwanas Wheat

55 |y pS pLE ) U5

Jod Jolpo (whalin 1Sle Jo )y V-
sl 03903 (& jlwdpudds ddlaio

Ol paS 08) Yoz 4l 3 Shoe (oxiuw)lisl @l (izeen

U o0 o8y sl ;e 40,550 0FA IRMSE jlde oS sl
blod 5l (Hg 9 ysite Glyez 08, (sl JUS 53 p)Soks ATY
S pgbdn e )55 YL b il jliy o8) NRMSE
Mo Vel 5 SasS Cui gy plB,l aily 5 Slas (¢l d g NRMSE
JS5) amd oo Hlis s 1y gl IS B> a8 3gy /A 5 YL
Gyl 55955 Uy (Kiani et al., 2004) o, Kan 5 LS (f



OVY ol oonlBl 3Ll 31 g cinbs ;> DSSAT-Nwheat Jus golor (il 3! ooyl 5o 5 256

a. Shahriyar 1:1
RMSE=702
8000 -
CV (%)=12.4
d=0.83
P ME=0.50 s o
2 co00 | R2=0.51 O a
iﬂ n=39 v. A nédl g
-~ v
E o Location:
- o ® Arak
< 4000 - > O Ardebil
= v Eqlid
= A Hamedan
E | Khoy
7 A4 O Mashhad

2000 - 4 Miandoab
<& Qazvin
A Tabriz
v Uromieh
® Zanjan

0 ; ; ; ;
0 2000 4000 6000 8000
Observed Yield (kg.ha™)
¢. Tajan 1:1
| RMSE=568
8000 CV (%)=13.0
d=0.85
- M§=0A34
= R“=0.59
-:.ﬂ 6000 | =12
=
<
= |
E i
>~
= 4000 - Ay
2
=
=
£ ® .
@

2000 - .
Location:
® Gonbad
v  Gorgan
W Parsabad

0 ; ; ; ;
0 2000 4000 6000 8000
Observed Yield (kg.ha™)

b. Pishtaz 1:1
| RMSE=627
8000 1 v/ (%)=10.9
d=0.84
~ ME=0.51 o
's R?=0.53 ©
&h 6000 | n=17 v/ Ve
]
= ot M
2
- v/ &0
= 4000
&
=
E Location:
7] ® Broujerd
2000 + v  Esfahan
B Kermanshah
< Mashhad
A Neyshabour
O Zargan
0 T T T T
0 2000 4000 6000 8000
Observed Yield (kg.ha™)
d. Chamran 11
| RMSE=933
8000 CV (%)=18.6 A
d=0.83 A
-~ ME=0.12 A
' R%=0.56 v
= 6000 | =34
o0 v
< - »
= ° om
= [ 35%
- o< v
] 4000 - 0 -
=
5 ® o
E L] Location:
7] o0 ® Ahwaz
2000 - o v Darab
B Dezful
< Iranshahr
A Khorramabad
O Zabol
0 T T T T
0 2000 4000 6000 8000

Observed Yield (kg.ha™)

Ol (d g o529 (€ 3l (B (s (@ 08 ) 0 22 liie dild 5, 5dos Jslho 45 ouwd (6 jlwvdund dild 5,Slos —£ JSu5
Fig. 4- Observed versus simulated grain yields with the DSSAT-Nwheat model for wheat cultivars a) Shahriyar, b) Pishtaz, c)
Tajan, and d) Chamran
ol o 03l i S5 omyliel gl (glel (sla ol 9 VoY bt
Line 1:1 and statistics for evaluating model performance were shown in each graph.
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Table 6- Summary of model calibration for predicting anthesis and maturity days and grain yield for four wheat cultivars

©lio 2 bof PIPIS iy o olre
Variable Evaluation stat Shahriyar Pishtaz Tajan Chamran

S By RMSE 2.62 2.59 2.60 3.78
Anthesis day nRMSE (%) 1.51 1.49 1.50 2.18
d 0.99 0.98 1.00 0.99

R2(1:1) 0.98 0.96 0.99 0.98

Sy U ) RMSE 2.98 3.24 2.74 3.49
Maturity day nRMSE (%) 1.36 1.48 1.25 1.59
d 0.99 0.98 1.00 1.00

R2(1:1) 0.97 0.91 0.99 0.99

&b 5, Sles RMSE 708 559 536 722
Grain yield nRMSE (%) 12.6 9.9 9.5 12.8
d 0.65 0.77 0.84 0.90

R2(1:1) 0.19 0.45 0.57 0.71
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Introduction

Crop models can integrate the complex interactions of soil properties, climatic conditions, crop management
practices, and crop genetic characteristics. One of the main aspects of crop simulation models is the possibility to
use them across various environmental and management conditions, provided that they have been evaluated
under a wide range of growing conditions. The Decision Support System for Agrotechnology Transfer (DSSAT)
modeling platform is leading crop modeling system that is widely applied in various environments. Testing crop
models under various temperature environments are essential to apply models to climate impact studies. The
objective of this study was the testing and evaluation of DSSAT-Nwheat model across a wide range of climate
conditions in Iran.

Materials and Methods

Nwheat model, which recently integrated into DSSAT, was evaluated for four wheat cultivars using
observations from field experiments included a wide range of climate and management. Cultivars were
Shahriyar, Pishtaz, Tajan, and Chamran cultivated in cold, temperate, humid and tropical regions in Iran,
respectively. The locations represent four different wheat mega-environments, a concept used by wheat breeders
for testing cultivars. The management information used at each site was obtained from the Seed and Plant
Improvement Institute. Daily weather data, management events, and soil characteristics imported to DSSAT. The
performance of the DSSAT-Nwheat during the calibration and evaluation was assessed using different statistics,
Root Mean Square Error (RMSE), Normalized Root Mean Square Error (nRMSE), Willmott’s index (d), and
coefficient of determination (R?) of a 1:1 regression line. A sensitivity analysis was conducted using 30 years of
observed weather data from Tabriz, Mashhad, Gorgan, and Ahwaz. For the sensitivity analysis scenarios, the
temperaturewas increased by 3, 6, and 9°C, and atmospheric CO, concentration levels were set at 360, 540, and
720 ppm.

Results and Discussion

Evaluation results showed that DSSAT-Nwheat model simulated planting to anthesis and planting to maturity
accurately with RMSE values less than four days, nRMSE less than 3%, and d index close to one. Also,
evaluation of grain yield showed that RMSE varied from 568 kg ha'! for Tajan cultivar up to 933 kg ha'! for
Chamran cultivar. In general, nRMSE and d index for grain yield were less than 20% and higher than 0.8,
respectively, which showed good calibration accuracy. In DSSAT-Nwheat model, the specific heat stress
function explains heat stress effects during grain filling on grain yield in cultivars. Chamran cultivar is somewhat
resistant to end season heat stress, so the DSSAT-Nwheat model underestimated in the warm regions. Because
the cultivars differ regarding resistance to the end season heat stress, crop models need to consider cultivar-
specific tolerance to heat stress to better simulate temperature effects on wheat cropping systems. The response
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of the model to the increase in temperature was different in regions and levels of CO, concentrations. Elevated
atmospheric CO: concentrations lessened some of the adverse effects of high temperature. Therefore, the
sensitivity analysis of DSSAT-Nwheat model to temperature variations and elevated atmospheric CO»
concentrations showed that the model could be used in studies of climate change impacts on wheat production.
This model can be employed to explore the integrated effects of temperature, atmospheric CO.concentrations,
water, nutrients, and agronomic management practices in a range of wheat growing environments.

Conclusion

The results of this study showed that the DSSAT-Nwheat model had reliably good performance under a wide
range of management and environmental conditions. This calibrated model can now be used for assessing
impacts of various agronomic management strategies and decisions in wheat cropping systems under current and
anticipated climate change. But more importantly is the calibration method and using a large number of
climatological data to calibrate.

Keywords: Climate change, Developmental stages, Genetic coefficients, Modeling, Sensitivity analysis
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Table 1- Soil physicochemical properties

cdl 039 S oy S Sl Colan g ]
Texture N (%) P(mg.kg!) K (mg.kg™) EC (dS.m™) pH
L‘l““ ey 0.045 30 200 24 7.6
Silt-loam
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4- Lack of fit
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1- Response- surface methodology
2- Full quadratic regression
3- Face centered
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Table 2- Coefficients and treatments designed for one replicate in order to performance a central composite design

ol o PEL S
S Sl S Coefficients Values
Replication COTI;;?:;(;::;S &b Cwils 11,5 &b Cils o515
Irrigation (x;)  Plant density (x1)  Irrigation (m>ha')  Plant density (plants.m™)
1 1 -1 -1 6000 5
1 2 0 -1 10000 5
1 3 +1 -1 14000 5
1 4 -1 0 6000 7
1 5 0 0 10000 7
1 6 0 0 10000 7
1 7 0 0 10000 7
1 8 0 0 10000 7
1 9 0 0 10000 7
1 10 +1 0 14000 7
1 11 -1 +1 6000 9
1 12 0 +1 10000 9
1 13 +1 +1 14000 9
3 5 551 Sl s oS 3 ol s gl e 5 ) eV
+1, -1, and 0: indicates up, down and mean level of each factor.
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Table 3- Analysis of variance (full quadratic regression model) for yield and WUE of maize under different treatments of
irrigation and plant density

&l 2, Ses S 590am 3,5dos ol dpas l,8
gove gy Y13 ;3 sy Grain yield Biological yield WUE
8.0.V. df P-vame  CEr O pyie  CRr oS pvane Clr oSl
Mean squares Mean squares Mean squares
05 ‘.J'M 6 0.0001 232305 0.0001 1781782 0.0001 0.069
Regression
S
1 0.337 3128 0.72 6327 0.371 0.003
Blocks
%5'145 2 0.0001 522069 0.0001 4772844 0.0001 0.079
Linear
» e 2 0.0001 158515 0.001 523295 0.0001 0.117
Square
blice f‘ 1 0.007 29537 0.182 92085 0.031 0.019
Interaction
s 19 3228 47933 0.0034
Error
Al 'P'm. 11 0.784 2529 0.33 25608 0.69 0.0029
Lack of fit
N 8 4189 78629 0.0041
Pure error

Wly G2 yuiio 53 JolS 93 djd (Fopm ) 5 Adlae (Sl Lo w0 g gam S ) o - € Jgaa
Table 4- Regression coefficients and R? of the full quadratic regression equation in dependent variables

&l oy
o @ls 5, Sl 3 Sdes Ol S pan )5
Coefficients Grain yield Biological yield WUE
P-Value Coef. (SE) P-Value Coef. (SE) P-Value Coef. (SE¥)

ao 0.0001 1176.9(x16.7) 0.0001 3887.4(x64.3) 0.0001 1.18(+0.017)

aj 0.005 52.4(+16.4) 0.0001 348.8(+£63.2) 0.031 0.04(x0.017)

a 0.0001 290.3(=16.4) 0.0001 820.9(+63.2) 0.0001 -0.11(=0.017)

a3 0.0001 -116.9(£24.2) 0.549 -56.9(=93.2) 0.0001 -0.13(%0.025)

as 0.0001 -148.8(£24.2) 0.001 -3773(+93.2) 0.001 -0.10(=0.025)

as 0.007 60.8(x20.1) 0.182 10.3(x77.4) 0.031 0.05(0.021)

R? 95.79 92.15 86.26

S5y el pd Jlme slbs ISE
SE: standard error of regression coefticient
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Fig. 1- Response- surface for grain yield of maize with different plant density and irrigation levels
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Table 5- The mean of observed and fitted values of maize yield and WUE as affected by irrigation and plant density

slosi &l 3,Sos Selm 3y es I b pan 2,5
Treatment Grain yield (g.m?) Biological yield (g.m) WUE (kg.m*)
SedlS w3 S i el o3l saalio N
Plant density Irrigation . . . LX Vg 9 [XVXE W
(plants.m?) (m’.ha™") - o o o Fitted Observed
(x1) (x2) Fitted Observed Fitted Observed
5 6000 629.3 640.2 2390.8 2425.5 1.07 1.07
5 10000 107.6 983.0 3481.8 3454.2 1.01 0.99
5 14000 1083.3 1102.0 3818.0 3811.0 0.76 0.79
7 6000 737.8 719.5 2689.2 2663.4 1.18 1.2
7 10000 1176.9 1160.4 3887.4 3986.0 1.18 1.17
7 10000 1176.9 1197.1 3887.4 3546.3 1.18 1.20
7 10000 1176.9 1143.5 3887.4 39354 1.18 1.14
7 10000 1176.9 1208.4 3887.4 3780.2 1.18 1.21
7 10000 1176.9 1217.5 3887.4 4157.5 1.18 1.22
7 14000 1318.4 1294.5 4330.9 4388.4 0.97 0.93
9 6000 612.5 620.0 2873.8 2865.0 1.05 1.03
9 10000 1112.3 1094.5 4179.3 4238.5 1.09 1.10
9 14000 1314.6 1324.9 4730.1 4679.7 0.93 0.95
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Fig. 2- Response- surface for biological yield of maize with different plant density and irrigation levels
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Introduction

Water and plant density have a complex interaction. Determination of optimum density is an effective
strategy to improve the efficiency of available resources usage and to increase the yield per unit area. Despite
extensive research on the effects of different levels of irrigation and plant density for different crops, including
corn, information on the optimization of these resources, using response-surface methodology (RSM) is scarce.
Therefore, the objective of this study was to determine the optimal level of irrigation and plant density in corn
production based on central composite design (CCD).

Materials and Methods

An experiment was conducted by using response-surface methodology with the central composite design and
two replications on corn at the Research Farm of Ferdowsi University of Mashhad, during the 2015 growing
season. The experimental treatments were the highest and lowest levels of irrigation volume (6000 and 14000 m-
3.ha!) and plant density (5 and 9 plants.m?). Grain yield (Gy), biological yield (By) and water use efficiency
(WUE) were measured as response variables in a full quadratic polynomial model. Consumption rate of
irrigation and density were optimized based on three scenarios: economic, environmental and eco-environmental.

Grain yield of corn and WUE were considered as the main factors to determine the optimum level of treatments
under the economical and environmental scenarios, respectively. In the eco-environmental scenario, the main
factor was WUE and grain yield.

Results and Discussion

The results indicated that at low level of irrigation (6000 m’.ha') plant density and grain yield correlated
with others as quadratic so that by increasing the density from 5 to 7 plants.m?,grain yield first increased and
then decreased with enhancing density to 9 plants.m?.It seems that at low levels of irrigation, reduction and
enhancement of plant density, respectively, as a result of increasing evaporation from soil surface and increasing
competition in resource uptake (light and water) has reduced grain yield. Grain yield at high levels of irrigation
showed a relatively linear relationship with incrementing plant density, and the highest grain yield with 1324.9
g.m?was obtained from treatment of 14000 m?.ha! of water and density of 9 plants.m. Nevertheless, the results
of model fitting showed that the highest grain yield with 1318.4 g.m?> was attained from the density of 7
plants.m? and 14000 m3.ha'! of water. Therefore, it seems that with the simultaneous enhancement in plant
density and irrigation, vegetative growth due to lack of light has increased, as a result of grain yield than
optimum densities (7 plants.m?) has shown a decrease.

The regression model could significantly indicate that impact of independent variables on the grain yield,
biological yield and water use efficiency (dependent variable). In economic scenario with considering 8
plants.m? and irrigation of 14000 m*.ha! the maximum of economical yield with 1345.8 g.m? was achieved in
which biological yield and water use efficiency were 4534.7 gr.m? and 0.98 kg.m™ of water, respectively. In
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environmental scenario also the choice of the density of 7 plants.m? and irrigation of 7939 m?.ha'! the highest
water use efficiency (1.21 kg.m?) was attained in which grain yield that was 988.6 g.m2 Based on eco-
environmental scenario with choice of the density of 7.5 plants.m? and irrigation of 10848.5 m’.ha'! the
maximum grain yield and water use efficiency was obtained in 1240.7 gm? and 1.16 kg.m3 of water,
respectively.

Conclusion

Due to lack of water resources and environmental problems caused by the excessive use of water, applying
appropriate management practices such as proper planting density to optimize these resources is essential. The
best way to achieve the highest economic yield and water use efficiency and, to reach sustainable agriculture is
the choice of eco-environmental scenario in which by application of the density of 7.5 plants.m? and irrigation
level of 10848.5 m*.ha'! the maximum grain yield and water use efficiency with 1240.7 g.m? and 1.16 kg.m™ of
water was obtained, respectively.

Keywords: Central composite design, Eco-environmental scenario, Economic yield, Water use efficiency
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1- Leaf area index

2- Crop growth rate

3- Net assimilation rate
4- Leaf area ratio

5- Relative growth rate
6- Specific leaf area
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Ii, I, I3, 14 and Is: are present irrigation at every day, every 5 days, 8 days, 10 days and 15 days, respectively.
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Fig. 2- Interaction of alternating irrigation on total dry weight of rice cultivars
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Ii, I, I3, 14 and Is: are present irrigation at every day, every 5 days, 8 days, 10 days and 15 days, respectively.
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Introduction

Rice (Oryza sativa L.) as the second most important crop globally and provides 80% calorie and 5% protein
requirement of people is Southeast Asia. After wheat, the rice is main food of the Iranian people. This plant is
cultivated in 15 provinces of the country on an area of about 600,000 hectares. Up to 1961 rice production in
Iran was able to answer the internal rice requirement but at present due to population increase and economic
enhancement compared to previous decades, production is less than requirement amount so there are so much
importing rice the moment. Water is most limiting factor for rice production in Iran. Among other crops, rice
with consumption of 80% of Southeast Asia use the highest share of water. About 70% of share of 25% global
regular water is consumed by agriculture and 25-30% of has been in use for rice production. Rice is a large water
consumer and its yield quite depends on climate and thus deficit water as a consequence of it. The main tendency
of the Iranian people is, to consume quality rice cultivars such as Hashemi, Sadri, Ali Kazemi, Sadri Domsiah.
They have a long slender grain and a head rice recovery (HRR) of 60 to 63 percent, an intermediate amylose
content (AC), aroma and elongation qualities. However water is the main limitation of rice cultivation in Iran
and management of water supply, distribution and consumption along with proper yield, has a major role in the
continuation of rice production in Iran. So selection of cultivars compatible with intermittent irrigation
management and at the same time, relatively good quality and higher yield, increases Physical productivity of
water and farmers incomes.

Materials and Methods

This experiment was conducted as split-plot based on complete block design with three replications in Rice
Research Center in 2014 and 2015. The employed treatments consisted of five irrigation levels (permanent flood,
and rotational by 5, 8, 10 and every 15 days) and four cultivars (Khazar, Gilane, Hashemi, and 8431) as main
and sub-factors, respectively. After transplanting, for the first 15 days no irrigation was applied till fully
established of plants. At raining situations, water level was determined before rainfall to prevent more water than
was already determined as treatment. Main ground was two times ploughed. Transplanting was done on 15
April using transplants with 20-25 cm length and have 4 to 5 leaves. Before transferring the transplants, the
transplanted ground was irrigated for easier pull out of transplants and no damage imposed to roots. Trains
including leaf and stem dry weight, leaf area index (LAI), crop growth rate (CGR), net assimilation rate (NAR),
leaf area ratio (LAR), relative growth rate (RGR) and specific leaf area (SLA) were measured at booting stage.

Results and Discussion

Study results showed that the interaction of irrigation and cultivar was significant (p<0.01) for leaf and stem
dry weight, LDW, TDW, and NAR. In addition, LAI, LWR were also significant (p<0.01) for irrigation
treatment. Daily irrigation resulted in highest yield and at no stress condition (daily irrigation) the cultivar 8431
and Hashemi showed the highest and lowest growth respectively. Under 5 and 8 days interval irrigation the
cultivar 8431 showed that highest tolerance to water stress while Hashemi was the weakest ne. Under intensive
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stress (irrigation levels of 10 and 15 days) Khazar showed the highest tolerance but Gilane showed the least
tolerance. Therefore, knowledge of various cultivars response is quite vital for any management to achieve the
highest yield at water-limited conditions.

Conclusion
This study showed that permanent flood water is the ideal condition for rice to produce the highest yield. As
time interval of irrigation increased rice plants yield decreased. Under optimum condition, Hashemi showed the
poorest cultivar while 8431 cultivar showed superior across all cultivars. Similar results obtained at irrigation
intervals of 5 and 8 days.

Keywords: Food security, Sustainable yield, Water limitation
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Table 1- Experiments used for parameterization and evaluation of SSM-iCrop model
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Fig. 1- Simulated versus observed fresh potato yield (80% MC) for parameterization (a) and evaluation (b) of the model
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Table 2- Major soils in the main potato production areas in Golestan province based on IFPRI Harvest Choice (Koo & Dimes,

2013)
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Soil code
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Fig. 3- The stage of selection reference weather station (RWS) buffer zone and soil types in buffers based on potato crop area
(According to GYGA protocol). A) GYGA CZs regions and RWS selected based on climate zone, B) Buffer zones with a 100
km radius surrounding a weather station, C) Clipped buffer based on climate zone, D) Potato harvested area into buffer

zone, E) Reference weather station (RWS) buffer zones which selected from the buffer zones according to their covered
potato harvest areas from big to small, and F) Soli types into selected RWS
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Table 3- Cultivated area, actual yield, production and, Share of city potato cultivated area to province (%) (average
2001-2015 years)
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Cit Cultivated area  Actual yield  Production Share of city potato cultivated area to province
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Fig. 4- The relationship between potential yield and total solar radiation (SRAD¢) and radiation received from sowing to
initial tuber growth (SRAD2) and radiation received from the onset of tuber growth to harvesting (SRAD3)
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Table 4- The information of sowing date, day to harvest, and potential yield and GYGA_CZs cods of weather stations.
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Stations Sowing day Da to' Potential Climate Cymulative solar radiation Cumulative solar radiation Cumulative solar radiation
(day from 1Jan) harzes ¢ yield code from sowing to physiological from sowing to beginning from beginning tuber filling
(tha) maturity (MJ.m?) tuber filling (MJ.m2) to harvest time (MJ.m?)
£33 317 194 40.6 6102 2890 1712 1178
Aghtogheh
N ﬁsi‘ L 312 199 52.0 6003 2970 1535 1435
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Ar)j;k}u 338 173 42.3 6102 2715 1522 1193
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b Sl . 325 186 37.1 6102 2705 1620 1085
BehlakeDashli
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o555 o,bl
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Fig. 5- The zoning maps of potential yield, actual yield and yield gap of potato in Golestan province
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Table 5- Potato cultivated area in buffer and climat zone (CZ), actual and potential yield, potential gap yield, relative yield
(RY), attainable yield, exploitable yield gap in its main weater stations and climate zones (CZ) in Golestan province
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Table 6- Potato actual and potential production, potential gap production, relative production (RP) for potential production,

exploitable production, exploitable production gap and RP for exploitable production in its main climate zones (CZ) in
Golestan province
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Table 7- The comparison of GYGA and Interpolation method Based on the number of stations
required, potential yiels, actual yield, and yield gap of Potato in Golestan province
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Introduction

Potato (Solanum tuberosum L.) accounts for the largest share in production of food products after wheat, rice
and corn, which plays an important role in the nutrition and food basket of the world. Currently, the issue of food
security and supplying is very important in different parts of the world and thus prediction of its demand that is
increasing. Also, growing population will intensify this issue too. A key strategy to overcome the nutritional
challenge of the growing population of the world is eliminating the gap between the current achievement in
farms and the yield which can be achieved by using the best cultivars compatible with the environment and the
best water, soil and plant management methods.

Martials and Methods

In this study, potential yield of potato was estimated using the SSM-iCrop2. then the production and yield
gap of potato were investigated with two methods of Global Yield Gap Atlas (GYGA) and Arc GIS software by
interpolation method for Golestan province. For this aim, the information of potato cultivation management in
the province level and the daily data of 23 synoptic weather station as well as their soil data were used.
Meanwhile, potential yield gap analysis protocol (GYGA protocol) was used to identify the main weather
stations named reference weather stations (RWSs) and climates where potato is planted in Golestan province.
Potential yield of potato was estimated within the area covered by each RWS, and then scaled up to the province
level. In order to implement the interpolation method in ArcGIS software, initially, potential yield of 23 stations
in the Golestan province was estimated. Afterwards, the potential and actual yield in the whole province was
estimated using Kriging and IDW methods, respectively.

Results and Discussions

According to the Agricultural Jihad Report, the actual yield of Golestan province (a ten-year average) was
reported as 22 t.ha!, while the actual yield calculated based on the interpolation method was estimated equal to
22 t.ha'!. However, the actual yield calculated using the global yield gap atlas (GYGA) method was estimated as
20 t.ha'!'. Heigh yield of potato in the province was reported by farmers up to 55 tons, which was considered as
potential in the province to be compared with GYGA and interpolation methods, so that in the GYGA method,
52 t.ha''and in the interpolation method, finding was 42 t.ha’!. yield gap and relative yield in the GYGA method
(33 t.ha'and 38 percent), and interpolation (20 t.ha! and 52 percent) were obtained. Also, in GYGA method, the
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values were estimated using only two stations, but in the interpolation method the province's yield was estimated
using 23 stations and daily meteorological data. The GYGA protocol is a bottom-up approach used by Hochman
et al. (2016) to assess the variation of national yield from climatic zoning to analyze similar agro-cluster groups.
So far, several studies have been done using this protocol. Gobbett et al. (2017) showed that wheat lands in
Australia are located in six key climatic regions. They selected 22 reference stations in this area and calculated
the limited water potential yield using the APSIM model (for the years of 1996 to 2010).

Conclusion

The results showed that both Global yield gap Atlas (GYGA) and interpolation method had accurate
estimation of actual and potential production and yield, but those values obtained using statistics and 23 weather
stations in the interpolation method, and using just 2 weather station (Hashemabad and Gorgan stations) in the
Global Atlas method. As previously mentioned, the GYGA method is designed to estimate the yield gap at the
national level, which can calculate the potential yield, production, and yield gap in a wide range even with the
least amount of information. One of the advantages of GYGA protocol is that the results obtained at any point in
the world are comparable to other areas and cultivations of that particular product. Based on the comparison
made in this study, it was concluded that the Global yield gap Atlas method should be used to estimate the yield
of the country.

Keywords: Food Security, Geographic Information System (GIS), Potential yield
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Introduction

There is an increasing interest to produce medicinal plants as the demand for these natural products is also
increasing in the world. Since the middle of the twentieth century, after identifying the negative side effects of
chemical drugs, medicinal plants have been replaced by chemical drugs in many cases. Due to the climatic
diversity, Iran has a high potential for the production of medicinal plants, however, only a very small portion of
the world’s market for medicinal plants is allocated to Iran. Considering the possibility of negative effects of
chemicals on the quantity and quality of medicinal plants, it is necessary to use ecological principles. On the
other hand, it seems that the cultivation of medicinal plants along with other crops would reduce weed and pest
population due to the allelopathic properties of these plants. Cultivation of medicinal and aromatic plants has
several advantages like higher net returns per area unit, low incidence of pests and diseases, improvement of
degraded and marginal soils, longer shelf life of final products and foreign exchange earning potential. Black
seed (Nigella sativa L.) is a widely used medicinal plant throughout the world which belongs to Ranunculaceae
family. This experiment was carried out to evaluate physiological growth indices, yield and yield components of
black seed affected by nitrogen rate and plant density under Mashhad climate conditions.

Materials and Methods

This experiment was conducted at the Agricultural Research Station of the Ferdowsi University of Mashhad,
located in 10 km south-east of Mashhad (59° 36" East, 36° 15" N, 985 meters above sea level) during the 2016-
2017 growing season. The experiment was conducted as factorial layout based on a randomized complete block
design with two factors and four replications. Treatments were four plant densities (60, 120, 180 and 240
plants.m?) and four nitrogen rates (0, 50, 100 and 150 kg N per ha as urea). Studied traits were leaf area index
(LAI), dry matter accumulation (DM), crop growth rate (CGR), relative growth rate (RGR), plant height, yield
components (such as number of branches per plant, number of follicles per plant, number of seeds per follicle
and 1000-seed weigh), seed yield, straw yield and biological yield. SAS software was used to analyze the data
and the comparison of means was done using Duncan multiple range test at 5% probability level. Charts were
also drawn using Excel software.

Results and Discussion

The results indicated that the plant density and nitrogen rates affects leaf area index (LAI), dry matter
accumulation (DM), crop growth rate (CGR), relative growth rate (RGR), plant height, yield components (such
as number of branches per plant, number of follicles per plant, number of seeds per follicle and 1000-seed
weigh), seed yield, straw yield and biological yield of black seed. The highest and lowest leaf area index was
observed in 100 kg N and control, respectively. The fast period of vegetative growth, leaf area index and dry
matter accumulation were observed at flowering stage with a small decline afterwards until physiological
maturity. Also, crop growth rate reached to its peak in flowering stage followed by a decreasing trend
afterwards. In addition, number of branches decreased sharply at high densities. The highest seed yield was
observed from 150 kg N per ha (895.7 kg.ha!) and the lowest was for control (689.9 kg.ha™). Biological yield
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had high correlation with straw yield (r>=0.99) and seed yield (1>=0.97).

Conclusion

Agronomic management strategies had significantly effect on growth, yield, and yield components of black
seed. Generally, plant density and nitrogen rates are two effective techniques for agronomic management of the
medicinal plants. Further, investigations on quantity and quality of medicinal plants including black seed in
association with agronomic operations will provide additional information.

Keywords: Leaf area index, Number of follicles per plant, Seed yield, Straw yield
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Table 1- Monthly precipitation and temperature as well as annual average in two years of experiment

Jl sl
Months of year

ql‘ ’;: . -
234 % 2t x 3 o2 8§07
Jlw Ay a i oSk
Year SWlw
2 2 b g g z z Ave“rae
T & ¢ £ & T £ % £ : 3§ % X
s g = 80 5 = 5 5 = 2 = annual
< = 5 = 2 £ g : 8 £ 5 3
Sl 2015 29.0 13.6 - - - - - - 02 234 81 787 153.0
Precipitation
(mm) 2016 7.6 8.7 - - - - - 129 - 59.8 0.9 5.0 211.0
L 2015 221 279 335 3532 355 323 287 200 156 138 165 159 25.0
Temperature
(°C) 2016 248 304 346 362 353 327 287 21.6 149 135 137 19.6 25.6

.(Alizadeh, 2004) 1 dpoloee ¥ dlsleo 1 oslaiwl b oLS 8 a0
ETc =ETO x Kc (V) abolso
L) alS (ola,g:S :Ke g olS 8yume o :ETC )] )3 &

e lacopie 5,00 SO jled,mpls lacussst )d
35 4 glo ) b g (65,5LiS e lojl 5 (55y5liS
i g Baw oo L3 L dlasS & Loals 5 ol yd cusls’
- (43,5 B VY lade opl dewsg (09 (glaoxid > & a8 P Uaw 0B R L sl Cpgon cle byt gl o
glas gy o Blo Ve alold 5 o il dw Fosdy slaasS

Olilos o5 )leg alsye )3 08 ploxil bglad o yio 5l -
Pl ulS 51 Gy alolodl (ylol gl 85 g0 ()5S

il
V+) oS JalS il loj b (bl ¢ giusho) sloss a5
3 o 2 plosl (ol Sl dop3 Ve a3 Bl ) G G,
o (Suid G5 4 byye (sl S (6)ll ol JolS izl
Slow p @S s 508 wabais ol ol 5l asyd 0 5 VO
1o 53 odlel S (ylol iy Juad sloil b Jloy (65

Lo Voo lade Canl S5 p3Y sl asbl ol 5L oy Ve

“alyr g (D e o po 43 dousg ol (S pdya] 4 29
5 oS G 5l S5k glaiess (Mohammed, 2006) (3
Ao o U e 5 oy Sy dboli b am slagg bl «SB- sl
Sygmodny (6)ll o 5 ey Bl asbl axalS joels 5 G jaw
(s poslo Vo glis)l) olS byl 1 g 0 ploil (Siin

ul.p.)._)l) uwlbé\f.).wbu.a A.,«:S\A)».n;'/\” douwg olﬁf ‘_sj )L\J )
e S5 3l ailigy 355 5 e Gl G 1 kel sl jlos

13 2oy 0 g VB N e el )3 (B pan O i el

Sy pgd Jlw 43 g FY 20 9 SYOA AV gy Jol Jlo o

958 b g 4 S 3g LS 3 aSo o YO 9 FFYD AV
85 )8 olS Hlasl g el e

rolis el g LS 45 Cop (S sl @l bl

9 Jry Slid g oygl (6365 wlio I (N-P-K) L5 2,90 ol

Gk 3l (rae ol Glie b Jlasl 5 2505 (Bpae Ol Gliee g
J(Alizadeh, 2004) Li s)sTﬁ \ dolxe

ETO =Kp x Epan (V) doles

5 s Epan s po olS 5,55 9 s (ETO (o] s &

Ol lime o A3b o (1Y Jolre) S5 o s Kp g Sl



AR louo Foylodd Y wlo (53)0lis bl pgy s pis  POY

o w7 S Lo blite 1LY Jgds) el cundas
kgha'!) 5,Slae o 5YL g jb bre Sis Sy 0 Slosyy o
kghal) s, Slos ()50 5 <y caisSTjl 9> Jlu o (FYY-
5 ogMeds el Caunsas 550, iS5l g Jgl Jlo p> (FEVV/Y
(6 Jg2)

S b cov doy iy paw 3 Sis Sy 3,Shes piven
St 3Skae 5Vl 85 oty )5 )8 fyS G5 lise
i jludg, 5 (FFOF/F kgha!) cid e clacyiss] jl Sus
oS dlie g oll oy Laulyd 5 (FOAY/Y kg ha!)
Oy 9 (FAYY/« kgha!) w5 aals slac oSt jl o, o
Sy pY a8 Jobs wus i byls o (F-VF/Y kgha'!)
75 lg) 5 by Glacs ST m wad (a5 blpd )3
da sy (LS ad) (F Jodn) 10,5 sdalin (g)b xe gl
gyl olenbn 9 (S25edp it il G K
U’JIJ& .5194 9 leo))al)é Myt.o 9 leuy u.).> ¢.>|9.o JLMI ‘umw
Kafi et al., ) b o 330 diwn olS Sid (459 Joime oS
Gl il g e 5b o e ooy atld ol 5 (2010
sl anls cpl oylol alold (iol53l b a8 aidl o o yiwd b6
St oals d e Juwslyy Sl & Wilgi od 0Ly on WS
(Emam & Zavareh, 2006) 1 cowd

AU Tuas Sead o lld el ol g o5k )
el g A8l o 035 3 i 9 S 03lo e (L] B
melsl 4 Coglgl baas b Sy 5l saldgi dlge odas Loyl ol yo
Db parass g Jlo)l (Sofdgr b aolie plo g (uejpj sl
(2B oly e g ol Lis Sis 15 Jylkear (Kage, 2004)
A.A.C).MJ sblﬁf alﬁ))l ‘Dlﬁf ).M.w94.9 s..\.w) JAA_Q J’b ‘Oltf .\M)) L.A:)AA’
Ol dsgemme (i g3 5 A3 e LS ) Ay dewg 5 A
Pessarkli, ) 455,85 o oLS Sid oolo s ialS g Jolos
2 dawg olS a Sl 09 5 Ly a8 205 0 bliswl yi> (1999
Gate Jdsan Ll il oo J55ko (oleS & (g, 0y Jolye
Br%5 9 355 b Ll 25 slajg) ol A3y o2y s (1392
cdld > MBI L don (S cpioman 5 oS (55 £98 YL
LS il BRIl g g Cadgione (55 YL 5 sl
Iy Siid oole Aoy ol ) 9 Sy dawgs olS sl wdy e

O39r powSy g dwly g wilind 395 JS Bpan b by Cldgw
(A g Sl ole S (g ks 0ble Bl g (e ad L olyen
45 ploo]

Weg £0 doye 90 0 Siid Sy 0,Sloe (65500l jglaioay
g YL s te sl Vo gl Jl ol ¢pad s 5l g o)
FA Saedss gl 0 ol B L g s S p b sy S
2D (e8G9 Sulid oS Bl as Ve gl L celo
3 LM (505 (slogtd 5| o (olo b1 Jgl o) 8 b
S B b apeyio 9 prlaw jl iy daaih gduo > VY cugb,
o il g LM JuweS 5l G 8,8 Gyao gl
ol Ol Byine ol)LS e (glys s dulne Hiy 3,Slas
Mg S Sis ke 3 Sles ol cda )h g S SUiS
L i oot coSagto yr p)SelS a1 (Bpae o oty
b (855 Gygo ()b 4y Joad (b aShl 4 g
5 bld o)l O sgime

- pSole dunlio 5 SAS V9.4 ,l38le 5 5l ealisl b Lanodls LT
oy mim Jleis] paw jd 5SSl (glassls wix oyg05l Lolul p o

LSS O)g0

S Sl o Slac

- ome Pl (Siid iis a8l o Lis odly uilyls 4 o0 s
Joda) cuily dalllas 3y50 (slacadsST S p Siid 5 Sloe jy (5)b
e (S )3 2,56l £YFY) Sis Sy 0)Slas o YL (Y
Lo B g (Mo i5) VO slayles el s JolS (o)Ll
Siss 5y Shas o pd V¥ g MO cusjas (s i) o 5l
5y Slas YL dlacaisST oy (Y Jodn) ob ials' ) Sy
Lol Candds iy cuigST 5l (S, p)S oS 0%AN) S Sis
slea sy o (Liall asyd ¥V 50 Y L) ke j5 p,55LS FYFY
(¥ Jgiz) 28,5 )8 (s

cew  aox e blae gl as ol olis b ke duldo
oYL &S gpebdy g b pxe Sid Sy 0 Sles o )d gy
JUo 5> JelS (oylol Laslysys (POAY kgoha!) Suis S p o Sles
LS 55 g Jol Jlo o (FOVV/Y kg.ha!) 5,Sles oy 5iaS g pgd



£OO .. PYsge uT G pan 2 g 500 9 S F o Slas by ()80 g (5, K,

casllas (Rezapour et al., 2012) (Nigella sativa L.) «laaluw
) oS 5 (Sarhadi et al., 2014; Mohammed, 2006) dowg oLS

2 A8 glaaidl b aslllas pl 2ol ey opl b .Cuslodgad dga00

dowy (Beud s O B pao l)l5 5 3,8Mas 1 (Suid T il (Cle o (6Kilko) il lg 4529 LI -Y g
Table 2- Analysis of variance (mean squares) for drought stress effects on yield and water use efficiency (WUE) in
indigo ecotypes

255 @l @il daays  Sp S o 24 38es Spoldpa g5 ol dpa ol
Source of variation d.f Leaf dry Seed yield WUE eaf WUE seed
weight
J 1 6365193.07** 156705.75%* 0.11" 0.003**
Year
. ("JLM)) S 1839949.7 122439.5 0.05" 0.003
Replication (year) (Y)
S B 13804858.7%% 126942507+ 0.96%* 0.005%*
Drought stress (D)
D xY 2 47016.7" 9241.9%* 0.002* 0.00006**
ks 8 440705.6 6200.1 0.001 0.00003
Error
id 3 5666295%* 54119.5%* 0.17%* 0.0015**
Ecotype (E)
Yx E 3 53308.2* 734.14* 0.002* 0.00002"
CudgSTx a5
P 6 17971.5" 1570.3%* 0.004** 0.000004"s
DxE
YxExDt 6 9660.9™ 325.1m 0.005™ 0.00001™
ks 36 15142.61 422.11 0.0006 0.000011
Error
St s 22 3.66 2.62 3.69
CV (%)
I OB pus S
ns: Non-significant.
oy S g iy Jlein pdaw jd )b dme s gyt g
* and **:Significant at 5 and 1% probability level, respectively.
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Table 3- Means comparison of plant characteristic of indigo ecotypes under normal and drought stress conditions

L Lows Sy Sis 3 Slas 3 3,5dos Sy ol dpao gl,l8 g O & e 1)l
Treatment Leaf dry yield Seed yield Leaf water use Seed water use
catments (kg.ha™) (kg.ha™) efficiency (kg.m™) efficiency (kg.m?)
Jlw
Year
2014-15 5290.3 513.63* 091°* 0.0832
2015-16 5885 606.93 * 0.99% 0.095?
s PN w.‘.;:;
Stress
aals 6263.94? 74731 0.76 ¢ 0.09°
Normal
e A5 5731.32° 630.02° 0.93° 0.1
Mild stress
A O 4767.65¢ 303.50°¢ 116 0.07¢
Severe stress
LS|
Ecotypes
o 59982 @ 614.8 2 1.02° 0.098 @
Jiroft
k35 5885.97° 586.7° 1.00° 0.093°
Roudbar
@S b . 5699.85 ¢ 552.01¢ 0.97¢ 0.087°¢
Ghale-Ganj
o5 4766.53 ¢ 487.6¢ 0.81¢ 0.077 ¢
Rigan

L5005 g )b xe gl duoyd gy Jless] grdaw 1 (Sl (el x> 90T bl e pa (sl Sie Bg s (ol clacySile cygiw ya %
* Means in each column, followed by similar letter(s) for each component are not significantly different at 5%
probability level, using Duncan’ s Multiple Rang Test.

5 S Jolpe 3 (IS L5 4 dowsy olS Colus Al
ol alS o e s s GlE1 Cpioren g (a0 S
Sy ojluil (Soid bayly b oo jlase g (gg)b LS cuiby
g5 sl b .(Barnabas et al., 2007; Earl & Davis, 2003)
SepSe S5 ol ail) (LS Clidlbae s b gy cnl @b
» (Mohammed et al., 2002) (Agastache foeniculum L.)
J—i5 935" 5> 4 (Kobraei et al., 2011) (Glycine max L.) L g

(Aghayee & Ehsanzadeh, 2012) (Cucurbita maxima L.)

Sy)h céllas

5,8les 3 daopd gy Jlois] pdaw jo iix Jle blae 3l

2 (AFIY kgha!) 5, Slae 3V &S gysbdy g Jb dxe )l
(Y+v/o kgha!) 5 Shes cp 35S 9 65kl Jloy baulpd g pgs Jlo
sl Slos 0gMedy s Juols s 3y baylyid g Jlw g0 (b
9 p9> Jlo sl Slae b )bl Jloy bl g Jgl Jlo 51 Juol>
O30 p2ly 8 (¥ Jodn) Wl lis ()b pixe gldy Mo s
wis 5 0l Hd L drwgs dawlgdy S oyiwed P8 cugb,
BLS 3 Sles lipl g 0, os (Rl cage plin (i )]
2 Cadgdze dlogl Bk jledyly il S5 Syl 4 005 o
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Table 4- Mean comparisons for interaction effects of year (first year: 2014-2015 and second year: 2015-2016) and drought
stress on dry leaf yield, grain yield and water use efficiency (WUE) of seed and leaf

, . s ol dpae oI5
&.«‘;&5,.3:,110:. ).\.gb)ﬁo& Jﬁgld,\mug‘blf .
”»
Leaf dry weight Seed yield Leaf water use efficiency Seed w?ter use
. 1 1 3 efficiency
ey (kg.ha™) (kg.ha™) (kg.m™) ke.m™
St (kg.m™)
ress Jo
Year
Jgl 92 Jy! 92 J! 92 Jg! 92
First Second First Second First Second First Second
Aol 5944.1 *b 6583.8 2 688.4° 806.2 2 0.73f 0.79°¢ 0.08°¢ 0.09°
Control
“’f’m o 5405.5 ¢ 6057.12° 573.0¢ 687.1° 0.884 0.97¢ 0.09° 0.11°
Mild stress
e A 4521.3¢ 5014.04 27944 327.54 1.11° 1.21% 0.07°¢ 0.084
Severe stress

L5005 g )b dxe gl Mo yd gy Jless] prdaw 1 (Sl (gl wix 90T bl ey pa (sl Sytde g L (larSile wiio o (gly g g %
* Means in each column and for each parameter, followed by similar letter(s) for each component are not significantly different at
5% probability level, using Duncan’ s Multiple Rang Test.
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o gl Jl o (cSogio r p Sl IVF) Gl S 5 by
Jbo 3y st o Al el B 3l (K oS
©glds Jol Jlow )3 gaSanls 5 )bog) g Jlo 3 @Sali L sl
(D Jse) ais saliie 4yl size

g1 b re ySde Cio y X Jlo Jilite @l 3l plpegMe
Jls Sl (cSogto o p SSSVIY) S Ol Bpas S 0
(ot ) SSLS IVY) T (e 5 s 85 Ll 5 o
5 Sgrz (F Jgiz) 18 Jol ()bl Jloy bl g Jgl Jlo |
93 Sl sbj)l g wyp y» (Cheruth et al.,, 2008) f)\Son
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Table 5- Interaction effect of year (first year: 2014-2015 and second year: 2015-2016) and ecotype on seed yield, dry leaf
yield and water use efficiency (WUE)

SUid S 2,Ses FROFPLI 5,.3;3‘;.5,.@9&‘)‘5
Leaf dry weight (kg.ha™") Seed yield (kg.ha™") WUE Leat (kg.m™)
euiss] Jlw
Ecotypes Year
Jy! 92 Jy! 92 J! 9
First Second First Second First Second
MP 5666.1 " 6330.3¢ 56744 622.2° 0.97 < 1.07%
Jiroft
k355 5588.2 4 6183.7° 540.2°¢ 6332° 0.96 ¢ 1.04°
Roudbar
&S ol . 5479.5°¢ 5920.2¢ 513.5¢ 590.5 ¢ 0.94°¢ 0.99°¢
Ghale-Ganj
‘.).Lie') 4427.4¢ 5105.6F 433.45¢ 541.73 ¢ 0.76 ¢ 0.86°
Rigan

5 )b gre Sl oy gty Sl s )3 NI (glaiels az el sl 222 g sl Sidie By b SlaeSibe oy sl 5 gt 2 3
* Means in each column and for each parameter, followed by similar letter(s) for each component are not significantly different
at 5% probability level, using Duncan” s Multiple Rang Test.

Sp ol dpas )5 5 )i (i S5 Mok 2 Sl g (Subd (5 (5l ilike 51-T Jga
Table 6- Interaction effect of year and ecotype on seed yield, dry leaf yield and leaf water use efficiency (WUE)

Msﬁa)ﬁ& ,.’\_3:,&10: 5,.3;3‘;.5,.@9&‘)‘5
R Leaf dry weight (kg.ha™) Seed yield (kg.ha™") WUE Leat (kg.m™)
Ecotypes ald oo OIS ad i bl L ald O
Mild Severe Mild Severe Mild Severe
Normal Normal Normal
stress stress stress stress stress stress
"‘3’9 6659.6 *2 6199.4 ¢ 5135.7¢ 812.7° 689.3 d 3423h 0.81f 1.00°¢ 1.25%
Jiroft
k35 6583.122 6008.7 4 5066.1 & 782.7° 656.12 ¢ 321.2h 0.80f 0.97 ¢ 1.23%
Roudbar
&Sk . 6412.12° 5843.3°¢ 4844.01 737.4¢ 624.1° 29451 0.78f 0.95¢ 1.18°
Ghale-Ganj
;&“ 5400.90 f 4873.8 1 4024.71 656.3 ¢ 550.5¢ 2567 0.66 8 0.79f 0.98 ¢4
1gan

L5005 g )b xe gl duoyd gy Jless] prdaw 1 Sl (gl Wi 90T il e pa (sl Sytde g L (oSl o o (gly g gt
* Means in each column and for each parameter, followed by similar letter(s) for each component are not
significantly different at 5% probability level, using Duncan” s Multiple Rang Test.
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Introduction

In arid and semi-arid regions, efficient use of water through improved cultivars with less water requirement
and more drought tolerance is a basic important way to achieve assurance and stability of crop production. Water
use efficiency (WUE) indicates the amount of consumed water for yield production and is defined as the ratio of
dry matter or economic yield weight (g) to used water weight (m?). Indigo varieties are grown in many countries
as ornamental plants for indigo color production and also as medicinal vegetative plants. Indigo (Indigofera
tinctoria L.) is a valuable species of legumes that it's cultivation have an old background in Jiroft, Kahnooj, Bam
and Iranshahr. It is known as a drought tolerant plant but in seedling stage, it is sensitive to water stress and
requires sufficient water for seed production in flowering time. The aim of this experiment is evaluation of leaf
and grain yield and WUE in existent and prevalent indigo ecotypes in Kerman south region in order to select the
best ecotype for planting in this region in future.

Material and Methods

This experiment was conducted during two years in Jiroft, Kerman, as split plot based on a randomized
complete block design with three replications. Different irrigation levels (50, 75 and 100% of water
requirements) and four ecotypes (Jiroft, Kahnooj, Rigan and Ghaleh-Gange) were considered as the main and
sub plots, respectively. The leaf dry weight, seed yield, water use efficiency base on leaf and seed were
measured.

Results and Discussion

The results of ANOVA indicated that drought stress has significant effect on all of the measured traits. In
addition the effect of drought x year was considerable on seed yield and seed WUE, while it was not on leaf
yield and leaf WUE. The most seed yield obtained in normal condition in second year and the most seed WUE
was reported in same year in average drought stress. For all of traits, the highest means obtained from normal
conditions except for leaf WUE, which was obtained from severe stress conditions. Ecotype effect was
remarkable for all of traits. Ecotypexyear and ecotypexdrought effects were significant for leaf WUE.
Ecotypexdrought was significant about seed yield too. For ecotypexyear effect, highest leaf WUE was related to
Jiroft ecotype in second year and for ecotypexdrought effect the highest means of leaf WUE and seed yield were
related to Jiroft in severe drought stress conditions and normal conditions, respectively. However, the results of
this research showed that Jiroft and Roudbar ecotypes had higher leaf dry weight (5100.9 kg.ha'), seed yield
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(331.75 kg.ha'!') and water use efficiency of leaf (1.24 kg.m3) compared to other ecotypes under severe water
stress conditions.

Conclusion

The results of this experiment indicated that drought stress notably influences leaf and seed yield in indigo.
With consideration of drought x ecotype effect, in severe drought conditions Jiroft and south Roodbar ecotypes
had no significant difference and these two ecotypes had the highest means for all of traits. Management of
production conditions in order to leaf yield improvement is necessary since the aim of indigo cultivation is leaf
production and color industry. In this way, as warm and drought climate conditions in sought of Kerman and
necessity of cultivation pattern change in order to water economize and increase economic value, cultivation of
these two ecotypes is recommended in alternation after wheat and vine crops.

Keywords: Drought stress, Water use efficiency base on leaf and seed
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Table 2- Analysis of variance (mean squares) for forage yield of barley and grass pea affected by intercropping patterns and
Glomus intraradices fungus
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, " and ™: significant at 5 and 1% probability level and non significant respectively.
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Fig. 1- Mean comparison for interaction of intercropping patterns and symbiosis with Glomus intraradices fungus on forage
yield of barley
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Similar letters on the columns indicate no significant difference between treatments at the 5% probability of level. Bm: Barley
monoculture, Gm: Grasspea monoculture.
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Fig. 2- Mean comparison for interaction of intercropping patterns and symbiosis with Glomus intraradices fungus on forage
yield of grass pea
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Similar letters on the columns indicate no significant difference between treatments at the 5% probability of level. Bm: Barley
monoculture, Gm: Grasspea monoculture.
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Table 3- Analysis of variance (mean squares) for total forage yield affected by intercropping patterns and symbiose with
Glomus intraradices fungus
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s
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Error
et 0y 9.33

Coefficient of variation (%)
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**and ": significant at 1% probability levels and non significant respectively.
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Fig. 3- Mean comparison for interaction of intercropping patterns and symbiosis with Glomus intraradices fungus on total
forage yield
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Similar letters on the columns indicate no significant difference between treatments at the 5% probability of level. Bm: Barley
monoculture, Gm: Grasspea monoculture.

1 dS w8 5 a o (Zhang & Li, 2003) I 4 KI5 .cél ciS U (Najafi & Mostafae, 2015) ol ns o a0

ke i bglee cudS 13 Lugd 9 yd oS g0 slaain, Jilaie Canii 535 5l o) o (Vicia ervilia L.) &laslS 5 )d bl
5 Lilliud mdy aSgypbay 3 (g oia Rl Ol s )3y o JLil g LapS) basgs g5 059500
ol ay wyted (]l 4 e po) ddy ) 5l M g S OS5y clale s 3 g ot S > )d odlatwl LB 55

S8 ) Cpiomed (ol 00D Hhwgh ) 5D (jF9 0 dlex I olie ol ol Lalls i 4 s bgbe iS5 @3 ojlusls



1¥AQ Loy Foylods Y a6 5)glis (ol pgr 4y p25 £V

05 rs JUl Jdsay pol (ol &5 85515 (g yie 3 Shas g ) oS08
089 9 Al oo el il g eime $)b 93 4 oAb s
bwg & (S de alijsSee sraSed Gk 5l ()79 55 e
9-bie Sloml (ALS L5595 o (slady) lagtuns m g)B
S Bl 4 JI LS 5 b b s @B L g Lo JUas!
b3 > d5ism psSyet ol 4 o JUil g gy Gl el
Mg WoyS g oty ¢y 4325 Ga)bo 5l )59y o poallione o
Varma et al., ) 5,5 0 Ojae (ol5y550 Jisl g wds )b
bglsn S closS 5 4 05 osnlie 35 Ltalojl ol 3 .(2018
hi polie Clo il (h9h g2 AlS CUiS 4 S 00 il
Orien Col 4Bl (Bl g B Glisets (3955 S ]
5 o @l 3115 0l 55 0590 (39558 ysSee @B b (it jon
2 Vgane (M olga )3 00 3000 (55 48 o el S
L5 2, 2529 dlil sl (sl g by dasiiy oS 5
M o5 sl SB b 4y 5g 5 i @b b s
rlpogdle S (o il 1) J10Js s S yegige e duSs |)
0dd L jen oS dy (3590 e JUS) el [ )50 )58
039 9 Sligal ol ale ()52 ilisee slap b (Dl
Verzeaux et al., 2017; Rezvani ) s> o iuliélly ollS 5

(Moghaddam et al., 2017

4S A leis (Arachis hypogea L.) guoj pbl b )b bl
FiRe @i pglis el il JgSlge (195 Siodom Cons
adyy g Glag) 093 Jsb )3 0Jg pale ohig (2l polis
.(Nabati Nasaz et al., 2016) 54 o <) —<l); ol S
JUisl (l5e bsdoee iS5 2)5Sn )8 Hi> ccnlpogMs
O A oo ol 8l ]y po Sy oL 0dd S (g0
peil ol S0 L lalS (s, Ghalidl ) 12)eSee
bsg posgel b Clits pyd 4 ooyt e piljdl) S,z
25l g Oyt By me L g)ls 2yl slapgel e
xSl caz) QB3 w3l polaw I3l g (STl
Varma et ) cul ol ascive o584 (2LS slayyiely Ay jl
Gal5 3l s oS 3 gyi il ol e fal, 2018
Ebrahimian et al., ) cowl 6 03> Cansd 35 00 o youd
1523950 b alllac 5 (2008) &y, 5 Cupoml S (554 (2015
ORl38I Ly plojen 4 20,8 (B35 (st ol Y gSs)]
75 OFare S g (50,5 (2l32)05e il a3 i
OhbSen 9 s 3L gl cplimogde il e il
45 Naw) aoud opl 4 (Hauggaard-Nielsen et al., 2003)

99555 L o byl 2 olgn pliil 13 gy e i
CaidS g gedd lime yuly dw (Pisum sativum L.)
BLBLS (055 Ly (ol bglio S 3 352 o s

Glomus intraradices g 5 g bglsco CuilS dlisre gl il Cow JS adgle polbis (ilay po i) owils,lg 1309 —€ Jgao
Table 4- Analysis of variance (mean squares) of total forage nutrient affected by different intercropping patterns and Glomus
intraradices fungus
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, " and ™: significant at 5 and 1% probability levels and non significant, respectively.
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Fig. 4- Mean comparison for interaction of intercropping patterns and symbiose with Glomus intraradices fungus on nitrogen
content of barley and grasspea
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Similar letters on the columns indicate no significant difference between treatments at the 5% probability of level. Bm: Barley
monoculture. Gm: Grasspea monoculture.
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Similar letters on the columns indicate no significant difference between treatments at the 5% probability of level. Bm: Barley
monoculture. Gm: Grasspea monoculture.
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Fig. 6- Mean comparison for interaction of intercropping patterns and symbiose with Glomus intraradices fungus on K
content of barley and grasspea
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Similar letters on the columns indicate no significant difference between treatments at the 5% probability of level. Bm: Barley
monoculture. Gm: Grasspea monoculture.
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Similar letters on the columns indicate no significant difference between treatments at the 5% probability of level. Bm: Barley
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Introduction

Intercropping systems are one of the sustainable agricultural systems that defined as growing two or more
plants simultaneously, lead to the use of more resources efficiently of nutrient water and land, improving plant
productionIntercropping, as a new green revolution, is a sustainable strategy for the development of food
production due to the lesser reliance of chemical fertilizer inputs compared with monocultures. In intercropping
systems, plant nutrient uptake could improve the physical, chemical, and biological soil properties and higher
nutrient mobilization in the rhizosphere. Arbuscular mycorrhizal fungi (AM) are preferred biofertilizers over
other myriads of microorganisms that inhabit the interface between plant and soil. They are ubiquitous soil
inhabitants and form the largest group which is predominantly associated with crops. Arbuscular mycorrhizal
fungi can considerably improve plant growth, nutrients uptake, and transport, especially phosphorus, water
status, and chlorophyll content. Previously studies demonstrated that higher productivity with AM fungi's
application was attributed to higher nutrients availability such as P, K, Ca, Mg, etc. Thus, an experiment was
conducted to evaluate the effects of barley's different intercropping patterns with grass pea and symbiosis with
AM fungus on the forage yield and nutrients absorption, including N, P, K, Fe, Zn, Mn, Ca, and Mg.

Materials and Methods

In order to investigate the forage nutrients content and in intercropping of barley (Hordeum vulgare L.) with
grass pea (Lathyrus sativus L.) under application of arbuscular mycorrhizal fungi, a field experiment was
performed as a factorial layout based on randomized complete block design (RCBD) with ten treatments and
three replications at the faculty of Agriculture, University of Maragheh, Iran, during 2017. The first factor
included different planting patterns (monoculture of barley, monoculture of grass pea, 75% grass peat+ 25%
barley, 50% grass pea+ 50% barley, 25% grass pea+ 75% barley), and the second factor was inoculated and non-
inoculated with Glomus intraradices fungus. All data were statistically analyzed using analysis of variance
(ANOVA) using MSTAT-C statistical software. The Duncan's multiple range test was used to compare means at
a 5% probability level.

Results and Discussion

This study demonstrated that the macro and micronutrient content were significantly affected by different
cropping patterns with the application of AM fungi. The greatest barley forage yield belonged to inoculated
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barley monoculture. Furthermore, the results demonstrated that the inoculated barley forage yield in monoculture
was 47.48% more than the non-inoculated. The highest grass pea forage yield was achieved in monocultures and
followed by a ratio of 75% grass peat+ 25% barley symbiosis with mycorrhizae fungus. Also, the highest nutrient
content was achieved in grass pea monoculture with the application of AM fungi. Between different
intercropping patterns, the highest nutrients content was obtained in the 75% grass pea+ 25% barley with the
application of AM fungus. The higher nutrients uptake was attributed to increasing the absorption surface and
improving nutrients availability with the application of AM fungi. Also, Varma et al. (2018) reported that the
application of AM fungi in intercropping systems increased the transfer of the nutrients, especially nitrogen, to
component plants that resulted in higher nutrients uptake in plants. These authors also reported that the higher
nitrogen content with the application of AM fungi attributed to the higher activity of nitrate reductase and
dikinase glucan enzymes that resulted in higher nitrogen availability for plants.

Conclusion

According to the results of this research, intercropping treatments of barley/grass pea with Glomus
intraradices considerably influenced by the absorption of nutrients and forage yield. The content of concentration
nitrogen, phosphorus, potassium iron, zinc, manganese, magnesium, and calcium were highest at all
intercropping patterns coincided with the application of mycorrhiza fungi than the non-inoculated monoculture
of barley. Also, between different intercropping patterns, the highest nutrients content was obtained in 75% grass
peat 25% barley pattern accompanied by application of mycorrhiza that suggested as a better pattern to
achievement high-quality forage for farmers. Therefore, intercropping of barley/grass pea with the application of
mycorrhizae can improve forage quality of barley and grass pea from the point of view concentration of nutrients
and were influential in production forage with high quantity.

Keywords: Bio-fertilizer, Nitrogen, Planting patterns, phosphorus, Sustainable agriculture.
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Table 1- The characteristics of the stations studied, with the mean annual temperature and total annual precipitation during
the growing season of tomatoes for each region (a 47-year long period from 1346 to 1392)
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. bl 2 Wil 2 Height above mean Mean annual Total annual
Station name : . o RN
Latitude Longitude sea level (m) temperature (°C) precipitation (mm)
! 31°19'13"N 48°40'09"E 17 25.6 278.6
Ahvaz
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> 31°53'50"N 54°22'4"E 1216 19.5 69.3
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Table 2- Date of planting and harvesting tomato based on the common planting in the studied areas
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Table 3- Single crop coefficients (K.) of different growth stages of tomato.
P o
Crop coefficient Wy g5yl pSlas
Ay ddgl dls po My e dls o Ay oLl Al o Maximum crop
Crop coefficient for ~ Crop coefficient for Crop coefficient for the end height (m)
the initial stage the mid-season stage of the late season stage
0.60 1.15 0.70-0.90 0.6
g2 = MrD@ents) (0) dslas Kendall, ) (MK) JuoS —pe 9051 (Ho) yi—o Loy

18
o3l | b 3wk | Z Jlal b JIis= oy y90;] o)lel ccules p

15 dewle £ dsles

? $>0
Z=f() =40 S=0 (%) doles
% 5<0

9398 (o dbpdy 21 0p<Z <7100 bbb 4 o )5
(Wodls gy > L9y d95) Hi (158 95y Ho ygio (pl yug o

Dy g0 4 pdy

(P) " eusiy (9031
Lo VYA Jlw 3 a8 ol (¢ y2al)LU  Sgejl sy cous
WA 03l daw b Sloj gy S 3 i b 08 Iy (el cuty

(e Ol pansiis Cua @59 Ogh 9 sl b b ogel ol

pas g e Sl ai » (1975Mann, 1945; Gilbert, 2012;
(o o3l (5w )3 X9y 3929 » (e (Hi) S 42,38 9 %9) 2929
Slhalie G S5 o AW S oylel gl sl (gl Tl 3 a5l
205 dpolee ¥ dslee oozl L K05 L
S=X X sgnX; — X)) (¥) dolee
&b sgn 4 &bl 0,9 Jsb 11 (gl j o3 Hlads Xj QT » &S
20,5 o iy 5 ¥ ablee & yguody oS Al o cuode

+1 6>0 (¥) aoles
sgn(8) =40 6=0
-1 60<0

slol 8 By B3las g Jius (sl yuiio 0 jgf dnd b Cod
Rierh 4ol pobly g o3 sho xSbel Jloy @ig b S
(0 Wolas) A3l o

1- Pettitt test



1YAQ Loy Foylods Y ol (6 5)glis (ol pgr @y 4%

(S Bl 423 T 5 ¥V i) (34265 2y 0)93 Jobo
ga) JS5) Log Jlo 33l 8 ol dspd /oY Jolee s (gl
b yiSh Jlagine (i alS 89, e g (i 503 59 510
A5 odnlii o Jo LS le asp—o/oF b LoS s o
LS g K2 5l el oS 0y 0195 oo 3 Los Il () S
B S ot i wgid dlex | Sl slaailp Sy lp
ol sl JalBlb (s (g ;1 g (Lobell, 2007) ams oo
Rl o ge ol el 3y05 9 SB e jl s )b
b il as,s 45 ¢ (Ford & Quiring, 2014) S ¢y ob,
olS 0y Sl (slaoygd ogasas olS a3y 0090 Jsb )3 )]
.(Asadi et al., 2018) s5. oo

lgal Lol 3 S oS 33y 039 Job o les oo
T ) 5y ne 5 Cute N9y (531 332 g b lo)S (Js8j
0o oyt L Sloal clpogde () JS5) 351 003 S5 gl
b oy )b 5LS Bl 4> YYIY 2905 3 Loy Jilus
(a) JSb) o Jlow a8 il dopd /Y dgas jd ]l
Ol sy =+ /oD g0 > i b3S od slod Bl pioen
1053 S5 g lel a5 (5o ste it 359, (sl (Lo 52018
093 33 3,5 o ylymanyd JBlis (S jeboay a5 (g) S5 ) 29
sl o sl ialS 3,8 ole da s VYD S0 o dlw FY
N3 5 SB g jl 5 Gl (1ol pogde Jils slos
wmce Gl 585 sl ) (S s e ol
aibio ol 2 olS 3,Skas 2 (6l sine 8b Bl o pgige (0] S
(Tubiello et al., 2002) il auils

et cJs85 eilonl claolSin sl 3 lod xSlus o Jho ez 5]
il cad Jdads Bl ccaw latd by (g)b xe (iul38l gy 05 5
by 0y9d Job 0 (gjgyaild glod dioly bod JBlas iy
oy S )lel a3 ()b me e B9y s (S jesS
Karl et al., ) o)Ken o JS.(i g h ¢ @) JSb) i il oo
Ly Jilis g piShis ol s ciglite W9, a5 aiily Hlpdsl (1991
el loj by el 9o cpl wglaze sla yuiSTy 51 S
&P 3l i o g e by Loy P> Sl £ o g0
los aioly M ialS’ Cago yol (pl il loy il il s
Marengo & Camargo, ) o5 ,llS" 5 655l .55 o0 (5 )94l

oo Bls 5 xShs crenily sla gy (—uwyy 5l 50 (2008

a8 55l cpenl oy gad s (pl g sl Sloj (gyw (1Sleo jo
@ iy il o)l Bl 3990 pui (loj 3590 )3 (lnds 3 g
A(Pettitt, 1979) cusl yj & i

u,.=U

T =11

+2sgn(x[ -x )fort=1..T (V) doleo

S soodly 5 oylais it g Wnodls slaw T el y> &8
.(Zhang et al., 2009) 3L o o] 5 dns gyt dbais b Sloj
sgN(.) @b .l (gyle] gy y> 0303 s 1T g (g ylel 093 Jsbo
el enlinn | b 35 pojlel b dpw e ¥ dldlae g0 4
el ozt A dolze 3 (A dlae) k laio

K, = max|U,T| (A) dolxs
1<t <T ”
p o~ 2exp[-6(K,) /(T +T )] () ke

ok Hi (6,8 ¢ laodls (Kea S5k Ho (0,8 <905 0l o

2 b e dalllas Dyg0 o) gy D Cunn S5 £o8g Jlw oz
Jhein! maw Hhde b o jl 5SoeS sdduslowe P jlade aS° (g0
A5 5l g 0 1y s dad cpl e e bl Ao ) gy (gl size
5y slbad b Sy Hlaie p ylude gly )3 .ol Iy me (o )lal
o b b S do j0 gy s oyl STaS" cuw T Ho (5,8 (0,8
Sy 4 i bty gejl 50 il Sl e | e ol ol
dp Lo | S5 a0 Y ) o S5 b @y o0 (iS00
9 Ref ET I8l jl eolarwl Ly s jay CWR 4 ETo
A ploalr ligle s b ety 9 JlS™— e cws g CROPWAT 8

sy 099 dob g3 gl g Lo s Sile ) (s Gull T
YN
@ e g e Bblie slod Sl Clyess 8g) ()
Py Sl a8 ol i (584055 435 0593 Jsb )3 y9iS
b 2,8 o5 g ole )i o adlllas 550 (sloolSi ] solos
b s ool 5 332 ) JS) e (o sine (o281 5,
s 1y Loy aShs  iuliél Wgy oy g o Jlw p3 31,8 il as
YIVO dgd p> youis 90 (cpl o lod xS o S)leay (i g €Y JS5)
ool ol asly yiolial (b FY) caesils 090 50 o8 Sl as
o> Sl (Slon ey b Jsbio 5 Jonl oS cd Jlo 5



49

. o 300 obw! (Solanum lycopersicum L.) Syda o5 &5130 o1 Hb damslio ((y]; 02 5 ol

GVgy gl dbod wSlis 3 b pixe Cuze (ilulj8l Wy odnl e

25y 9 b (lod o ML IS jobdy .l Hly e 5 Cuo
Ll Giliel Jb s sble ol

Temperature (°C)

Temperature (OC)

Temperature (°C)

50

L JBlis 0y a8 o)y dzes ol dy Jop o (glaolSiuwy)]
w)Mﬂw 6|)|.>La.) )Slbbs) Lol s | )I)Slu’_u.w dl)l.)
alud (slod aiely K9y a5 39y )] 5l Sl cpimen ol .o | o3g
glod Jolis (iuljdl gy osnlie pac Jdoar (ol g Lud (s,

a. Ahvaz

b. Bandar-e Abbas

© Tmin  tay,

® Tmax tau,=-0.02ns, sope= 0.002 U,= 170ns
0.16ns, siope= 0.009:
v DIR tay,=-016ns siope= 001, U,=286", Year= 1367

c. Dezful

G ., e .
30 | o' NP 00 eyt e
Y Pt i
> = gﬁbqwm_m—-—-— —=—
P *ﬁ—’W&
o~ " .
00 S o
v_v"‘——"—'v._ﬂv g gy o o Ve 'y Wy 'v" v —
v
W v
T T Ty Ty Y Ty |
10 vy i 2 v .
® Tmax = 0287 slope =002 U = 361" Year=1376 & Tmax tau,=021" sope =002 U=24Tns
o Tmin  teu,= 0747 slope =01, U,= 528 Year 1364 © Tmin  tau,= 04" slope =001 U= 470 Year=1370
v DIR  tau,=-062% slope=-008 U = E10™ Year= 1384 v DIR  tau,=-03" sope=-004 U= 425, Year= 1369
[t} T T T T T T
50
d. Fassa e. Isfahan f. Kerman
40
4_-4‘_.’3‘-" a8 qeaguttetteppreretes——
" * * . . o 0" 0 L] - .. s o PP
. d!.‘—’.'.-*-—'is“* . PRI SR P
_— = Ol L) - L haal L] . =
30
20 7WVH v'm' A W B 1 -
) :xd ——— | il LA w vy
.,W T o

v
vy v o O Y ey M s o 00 i
& 3 PR i © pcf pC S 50
id =3 PR ———f—rﬁ‘—dﬁ;‘“ 0000 ko

10
® Tmax tau,= 0337, dlope =0.03 U,= 324, Vear= 136 ® Tmax lau,=040ns, dope = 0.06, Up= 4567 Year=1373 e Tmax tau, =037 sope =003 U =356, Year= 1375
o Tmin  tay, 6 Tmin  tau,=-0.0ns, sope = 0.03; U= Z36ns 0 Tmin  tau, =043 sope =005 U =412" Year=1375
w DIR  l8u,= 0447 slope =0.08 Us= 524, Year= 1364 w DTR  1aU,= 021" siope =004, U,= 499=, Year= 1373 v DIR  teu,=-0.19ns sope =001, U,=2%hns
0 T T T T T
50
g. Shahrekord h. Shiraz i. Yazd

® Tmax tau,=-023" dope =-004 U= 476", Year= 1362
O Tmin  ta,= 043", Sope=-0.05 U.= 3817, Year= 1381
40 v DIR  t3w,= 0.07ns sope=0.02; U,= 3547, Year= 1361

0™

30 ﬁm—iﬁ?‘rfw.'\

v
v, v,
&

_ Treee v,
20 7_,@1"—“—#"'“",

Co o -
10T oo ey o™
: & OO ——

0 T T T T

o Tmin
v DTR

. o e D A I
- — "
e A ] 3 -~ — - o DS
.
.
Wmﬂ%é" —
| a9 v_m-cmaoz‘ = EA i
ﬁ%%vg%'w%%;—\ ,ﬁﬁ_ e
& vy Y T Y
v
® Tmax  tau,= 037" siope =003 U.= 304", Year= 1365 e  Tmax 7=, slope = 0.05; U,=416™, Year= 1375

pe =-0.04; U,= 422", Year= 1362 v DR

slope =0.08; U =
50", slope = -0.03, U_;

=, Year= 1365 o Tmin

1960 1970 1980 1990 2000 2010 2020 1960 1970 1980 1990

Years

T T T T T T T
2000 2010 2020 1960 1970 1980 1990 2000 2010 2020

Years Years

9 (MK) IS 50 (9051 (wolos! 2 (55,8495 i 0,93 )3 (DTR) (559 ,ileud (glo3 il 9 S8l 9 51 (los (o g jaIUT—) USS
298 iz obia ;3 (P) iy

Fig. 1- Trend analysis of average maximum temperature (T'max) and minimum (Tmin) and diurnal temperature range
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** * and ns: are significant at p< 0.01 and p<0.05 and no significant, respectively.
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Fig. 3- Trend analysis of crop water requirement (CWR) and irrigation requirement (Irr.Reg) of tomato and Continue

effective rainfall (Eff.Rain) during the growing season of tomatoes based on the Mann Kendall (MK) and Pettitt (P) tests in
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(Eff.Rain) during the growing season of tomatoes in the studied areas
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Introduction

Determining the precise water use efficiency is a critical issue in crop production temperature, precipitation,
and evapotranspiration play an essential role in the hydrological cycle and crop production and as well as in
assessing hydro climatological studies, plants water balance, water use efficiency, and water requirements
measurements (Alizadeh, 2015). The purpose of this study was to evaluate the water requirement of tomato
(Solanum lycopersicum L.) plants in Hormozgan province and compare it with other southern regions that are
adjacent to this province, including Ahvaz, Dezful, Fasa, Isfahan, Kerman, Shiraz, and Yazd, in a 47-year long
period from 1967 to 2013, using time series analysis.

Material and Methods

In order to compare the water requirement of tomatoes in Hormozgan Province and other southern regions
adjacent to the province, crop water requirement (CWR) and irrigation requirement (Irr.Reg) of Tomato was
estimated in Bandar Abbas, Ahvaz, Dezful, Fasa, Isfahan, Shahrekord, Kerman, Shiraz, and Yazd. The CWR was
acquired by estimating two components: reference evapotranspiration (ETo) and crop coefficient (Kc). ETo was
calculated via the Penman-Monteith method (Allen, 2003). Time series analysis of total precipitation, average
maximum temperature (Tmax) and minimum (Tmin) and diurnal temperature range (DTR) during the growing
season of Tomato was calculated by using the non-parametric Mann-Kendall test (Mann, 1945; Kendall, 1975) in
the studied areas during a 47-year long period from 1346 to 1392. The Pettitt test's presence of change-point in the
series was also studied (Pettitt, 1979). It should be noted that ETo and CWR were calculated using the Ref ET and
CROPWAT 8 software and the Man-Kendall and Petti test with r software.

Results and Discussion

The results showed no significant trend observed in crop water requirement (CWR) and irrigation requirement
(Irr.Reg) of Tomato in Bandar Abbas, similar to Ahvaz, Fasa, Kerman, and Yazd. In comparison, the highest and
lowest decreasing trend of crop water requirement was recorded in Dezful (with slope -5.42 mm) and Isfahan (with
slope -1.56 mm), respectively. Also, the highest average tomato water requirement was observed in Yazd and
Dezful (1135 and 1131 mm, respectively), while the lowest average tomato water requirement was observed in
Shahrekord and Ahvaz (602 and 702 mm, respectively). On the other hand, high water requirement and irrigation
of tomatoes in Dezful and Yazd can be attributed to an increase in the evaporation rate from the soil surface and
transpiration from the plant surface due to the higher mean of the maximum (39 and 36.7 °C, respectively) and the
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minimum temperature (20.8 and 21.3 °C, respectively) and the sunshine hours of these two areas during the
growing season compared with other areas. Bandar Abbas has the lowest water requirement and irrigation
requirement of Tomato with the length of a growing season and growing season, similar to Ahwaz. In general, it
can be stated that planting fall tomatoes in Ahwaz and Bandar Abbas is more cost-effective than summer planting
due to reduced evapotranspiration. The t-student test results for comparing water requirement with irrigation
requirement of Tomato showed that there was no significant difference between the amount of water requirement
of tomatoes for all stations compared to the amount of irrigation requirement of Tomato due to the average low
rainfall in these areas.

Conclusion

By analyzing the time series of evapotranspiration and climate variables and plant sensitivities to the minimum
and maximum temperature for germination and growing, it is possible to decide about crop planting in a particular
region, so the highest crop yield was achieved by maintaining more water resources in the region. In addition, due
to climate change and the importance of Iran's food security in a warm and dry climate, acceptance and spending
on appropriate strategies to adapt crop planting systems to warmer and more humid climates and new irrigation
systems are essential.
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Table 1- Some characteristics of studied wheat cultivars
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Cultivar  Growth type  Suitable growth regions Maturity group 1000-seed weight (g)
Pishgam Facultative Cold climate Relatively early maturity

&)‘) ‘\’L'““") Sy f"“‘b‘ [B3E 40

Zare Winter Cold climate Late maturity
S ol 2y el on 41
Heydari Facultative Cold climate Late maturity
L g °)Lef~ LJW f"“ls‘ L)“)JG'M’W 37
Sivand Spring Moderate climate Moderate maturity
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Baharan Spring Moderate climate Moderate maturity
Ub)‘“" °)Lef~ LJW f"“ls‘ L)“)JG'M’W 45
Sirvan Spring Moderate climate Moderate maturity
L e S 5o ol 5 20
Mehregan Spring Warm and dry climate Early maturity
T e S 5o ol 5 al
Chamran2 Spring Warm and dry climate Early maturity
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Table 2- Physical and chemical characteristics of study area soil
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Available K Available P Organic Total N . ﬁ EC Textu;‘e

(mg.kg™") (mg.kg™") C (%) (%) P (dS.m-1)

206 11.6 0.51 0.05 7.9 2.12 Y
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Fig. 1- Maximum and minimum temperature and total precipitation during planting to harvest (A: first year, B: second year)
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Table 5- Comparison of mean yield and yield component of interaction effects in two years (2015-2017)

53 ald alaxy 55 Al Sl ol

o &ls 3 Slos S 3 Slos Al 5 039 L . -]
Treatment Grainyield  Biological yield 1000-grain : &rre cwlay
catments (kg.ha'l) (kg.ha'l) weight (g) Number ot: seeds Nu‘mber 1_)21' H.arvest
per spike spikes.m index
S 95292 25744 2% 34.8 30.8 896 4 36.12
Heydari
Oct. 20 FM 8843 ® 27093 a4 35.0¢i 32.4% 757 of 36.01
Pishgam
&b 7036 ¢f 22193 ¢! 31.1 % 21.2¢ 1042 ° Soheh
Zare
Jye 9416 ° 27307 @b 4232 23.0¢% 927 abe 34.93 =4
Sirvan
oble 9008 @ 24605 b 37.6b¢ 27.9 b 815be 34.50 *¢
Baharan
-bw 92222 30299 ® 31.7hk 30.2 2 934 abe 34,28 *¢
Sivand
Kre 9099 @ 25329 be 39.42b 28.6 24 770 cde 34,22 ¢
Mehregan
Y oles 9051 26495 < 37.3be 2924 801 b 33.82¢f
Chamran2
Lo . i
< SR 7187 be 20015 32.8 % 30.3 o 664 ¢ 33.26
Heydari
Nov.5 FM 7775 bed 23462 bk 31.9hk 31.4% 782 cde 33.18 *f
Pishgam
el 7186 b 26383 % 29.5H 27.5b¢ 978 ® 32.9%¢
Zare
Sy 7754 b4 25186 38.3¢e 30.3 %4 818 b= 32.73 »
Sirvan
ol 7383 be 22225 ¢! 37.3be 26.bd 748 ch 32.54 ¢
Baharan
'bw 7844 be 24150 b 30.34 34,5 756 <f 32.37 ¢
Sivand
K 8018° 21798 ¢! 36.8 >F 29.42d 721 d-h 31.72 ¢
Mehregan
Y oles 6951 F 22350 ! 36.9b- 2924 642 i 31.58 =&
Chamran2
M- SR> 7226 b 26148 35.40h 32.4% 722 &b 31.27 %2
Heydari
Nov.20 FM 6872 def 19869 ™ 30.8ik 27.65¢ 710 d-h 31.27 *h
Pishgam
el 6592 ©fe 20333 hm 31.5hk 29.02d 658 o 31.08 *¢
Zare
e 6834 ¢f 18514 kim 32.7 5% 28.9 e 721 ¢ 30.95 b
Sirvan
oble 6213 fe 21308 fm 36.20¢ 23.5¢de 753 ¢ 30.65 <t
Baharan
-bw 7874 b 23355 bk 31.7hk 3228 792 cde 30.62 °h
Sivand
Kre 7238 b 21376 fm 37.0bd 31.6% 646 i 29.96 ¢t

Mehregan
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Y oler 6828 °f 27700 2 36.1b¢ 30324 735 d-h 29.95¢h
Chamran2
Ho S0 . 5796 & 19239 im 32.9¢k 3222 564 hi 29.82 ¢h
Heydari
Dec .5 'P 5878 & 16757 ™ 3228k 3478 469 29.76 ¢t
Pishgam
&b 5596 " 20400 &m 33.09* 29.82d 564 hii 29.52 ¢h
Zare
Q.‘a;w 5904 £ 19738 ™ 34.9¢i 30.4 2 566 &i 29.10 th
Sirvan
ol 5728 & 18865 kim 35.0¢i 28.92d 580 5 27.87 ¢t
Baharan
'bw 5893 ¢h 20195 m 276! 36.0° 658 o 27.86 &h
Sivand
R 5930 19953 +-m 35.2¢h 29.6 24 572 26.86"
Mehregan
Yol 54741 17924 m 38.5be 29.3 2d 4841 26.86"
Chamran2

0 o b (g gre olds Moy iy Jlainl w35 i b (sl g et b g LSy By sl sl Sl
* Means with similar letters in each column and for each component are not significantly different at 5% level of probability
(DMRT).

(YYAE-A7) (215 Jlw 93 (b 05 o8] (5599588 Ul po 2 CondlS G, 51 08 g (Dol o (0iln) (pudlply 4525 gl =1 S
Table 6- Analysis of variance (mean squares) for the effect of planting date on phenological stages of wheat cultivar during
during two years (2015-2017)

Oyt gl WP Gy U dla i, Bl U g, dlaal (IS U o, dan (Siela i (S, U g, Slas

Source of 2151 No. of days till No. of days till stem No. of days' till  No. of days till physiological
variation d.f tillering elongation flowering maturity
(¥) J 1 11026 ™ 2220 ™ 3798 ** 1575
Year (Y)
(Jb) 55
Replication 4 23.1 8.9 27.2 12.1
(year)
(D) cusls’ 5,6
Planting date 3 30026 ** 3039 ** 16100™* 16586 **
(D)
DxY 3 7915 468 " 271 50.4
Y ol 12 18 4.5 20.1 22.9
Error 1
- 7 2.8 80.4™ 13.6" 13.7
Cultivar (C)
CxD 21 225 6.4" 10.9™ 27.4"
CxY 7 12.4 6.3 53 13.9
CxDxY 21 19.1 22.4 7.4 32.1
Yl 112 12 3.3 4.9 112
Error 2
NGt 35 5.7 49 5.3
C.V. (%)

20yd K5 g gy Jlein] paw 50 )b dme gy e g
* and **: are significant at 5% and 1% probablility levels, respectively.
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Table 7- Comparison of mean yield and yield component of interaction effects in two years (2015-2017)

U 59, dlaxs . , .
Lo o 8y Bl U 59, dlaxs U ey alani (g5oleried (S, U jg, e
Trea tn;en ts &I . No. of days till Stem No. of days till No. of days till physiological
No. of days till elongation flowering maturity
tillering
e Ve S 401 132 & 206 235
Heydari
Oct.20 F Kty 4] hi 130 & 206 ° 235ab
Pishgam
28 391 131 i 203 ° 23] <
Zare
U’,"”‘“ 41 M 133 & 200 °© 230 ¢
Sirvan
Q‘)LQJ. 40 hi 132 h-k 205 ab 2362
Baharan
e me 130 &4 207 ¢ 2324
Sivand
e 43h 128! 203 b 2304
Mehregan
Y olez 43h 128! 203° 230¢
Chamran2
T o
< SR 83 efe 150 193 d 219¢
Heydari
Z - 83 efg
Nov.5 f"‘“‘” 1502 1924 213 ¢
Pishgam
el 85 de 1502 191 ¢ 219°¢
Zare
oo 85 ¢ 147 ® 1929 218
Sirvan
oble 83 °fe 150 @ 191 ¢ 212¢h
Baharan
Hoeo 85 ¢ 146° 190 ¢ 218
Sivand
Kre 83 °fe 146 187 ¢ 212 ¢h
Mehregan
Y ober 83 ofe 147 188 ¢ 2128
Chamran2
Sy e 86 %t 140 179 < 208
Heydari
Nov.20 f"‘“‘” g87¢ 137 def 179 < 208
Pishgam
&)‘5 86 de 138 cde 179 ef 210 hi
Zare
oo 83 ofe 135 fe 179 ¢ 208
Sirvan
oble 874 140 178 < 208
Baharan
Hoe 82 fe 134 feh 179 < 211 ¢
Sivand
Kre 82¢ 136 °f 176 2071

Mehregan
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Y oles 82¢ 135 feh 178 < 2071
Chamran2
o S 101 @ 133 & 163 f 190
Heydari
Dec.s P 96°¢ 131 i 161 190
Pishgam
2 100 @ 133 & 164 f 188
Zare
oo 98 2 131 160 189
Sirvan
cbl 97t 134 £ 161 f 189
Baharan
g 100 # 1304 160 & 189
Sivand
oBre 100 1304 159 1871
Mehregan
Y ober 101 ® 1304 162 f 188
Chamran2

B e b 6)line gl oy gy Sl waw )3 s m sl g e > Sy S s sl eSle
* Means with similar letters in each column and for each component are not significantly different at 5% level of probability
(DMRT).

JWs 4y puiS cusls o 18l 31,0 aily 5 ,Shee il 4
ol 3 gy xe il o8y 9 cuilS Fu,b aS ol )l gl )l
WA (95919258 (S 9 (2SS (2Bl ey
ol oS cush Ghlee 08y 1) (S U o) oyl 85 spsbay
4 bgrye o (S 52 L PR g 6)k 5, L (s stne
puS Bl 4l 3 Slae (1:S0ke (sladunliio oy 92 O 10 3
5 5 acibaie 1 (S e o8 < ainn eate | g o8, 3b L
oelaidl ogs 4 |y aib 5 ySlas (o 5V 3y dilais jl )0 o8,
S by p0 cuils oyl Sl ogr Hb pxe &S sy o el a4 Lol
2230 )00 Oyl d Ll odgy (glaons s Sl slaadlie
g Cunl 4 1) b 5 Slas wSlis pogasay o8, S cuils &,
caliseo (lape lBl jogase pli)) a5 osd cow gulis oyl a0l p
sl dzaly iz glacddls g, le jo 1y dily 5,Slee 2Shs
dg-dis dog 4l 3 Sos Sl Mg gln @l el ool
2 albdie olll 3blio 5 2,5 adlato )3 Glgyee b g (65 pB)
ol ks 5l Cudgasme Loyl jo Lol 33,8 cuiS olo oo Yo 5l
CaiS Olgal 35S ¢ anldl Loyl 4200 alin) Jguasto kS
5 oS R0 P51, iy ol Ul ety slacdlS o)l o (g
pis dawlgds Joamo C8l (line (p a8 U 298 o0 oy Ngw

Al 293 g4s canlio loj 3 olS cuss

(5 35 o
WAdl o o Vo wliio aulBl oyl i g 28 ddlais > aily 5 Slas
cails o) oy tcwlio 4 s cuslS (o ):515“56)9]04%
4 e il GAD 5 (odlj 09 Job (IRl 4o )3 ReV)
250 St A0S Lo 3 Y LS o aib o Slee ials
Ay 5 a5l dliw dlawd 035 50,6l (65 el &5 5 Slae
olS U 2980 s unlio )6 ) €t %00 (J)lisds 30 g
2 el aliw oliwy (Bl ccwlio ey gl S cusyd
4 g basl awslh )lasl o 1y il o Slee (2158l 5 pdaw aslg
0,93 4l 3, Sloe glipl LSS gy by o (S8 Sluoguas
20,5 g 0 Sles 53 b dig S U ol il 0B b
az S aib o Slas slinl LS5 (ol o) Sloj slooygs Jsbo
o i g olS wiy Ll 18l cou bl wl (Su§ cio K
8 lame slod o alomgl slajielly pogasar (lame
Co% pAIS goi 5 4d) sl )gd @) (algmg] Ll )3 55 e
WS o )3 ole Cuiiud )l pgd dewi j Lod ST Ll ol
2 UL casline puiS (Sjglgried Sy oloj 5 s
Los axe Jole jLid 505 @)le 4y il syl 4 cusls
wligS ) pAS 035 0,93 JS el )3 9 903 9 8y (sbooygd Jobo
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Introduction

Besides its commercial importance in the global wheat market, bread wheat (Triticum aestivum) is an
efficient weapon in political and international relations. Its practical importance is increasing by the day. The
planting date is an essential factor in crop production because meteorological parameters vary with the planting
date changes. Singly or in combination, temperature, sunlight, and other meteorological factors influence plant
growth and production. Planting date controls plant phenological total biomass production and influences the
efficient conversion of biomass into economic yield (Khichar and Niwas, 2006). The purpose of determining
planting date is to find the right time for a cultivar or a group of similar plant cultivars so that the set of
environmental factors are suitable for seed germination and seedling establishment survival (Hore et al., 2002). It
seems that planting various wheat cultivars by considering the high importance of wheat with different growth
habits is necessary for agricultural experts and farmers to observe the different cultivars' responses to various
planting dates and weather conditions. Various cultivars, each compatible with weather conditions in a specific
part of the country, were selected for this experiment. This experiment intended to determine how cultivars
responded to each planting date by taking its yield potential and temperature changes into account, identifying
the optimum planting date for each cultivar, and introducing the suitable cultivar in the late planting date.

Materials and Methods

The split-plot experiment was conducted based on a complete randomized block design with three
replications on the research farm of the Seed and Plant Improvement Research Institute in Karaj in two years
(2015-2017). The bread wheat cultivars Baharan, Sivand, Sirvan, Mehregan, Chamran 2, Heidari, Zare, and
Pishgam, formed the main plot factor and the various planting dates (12 October, 27 October, 11 November, and
26 November) the subplot factor. Yield and yield components such as the number of fertile spike per m?, number
of grain per spike, number of grain per m2, 1000-kernel weight were measured at the end of the growing season
to evaluate responses of the cultivars to the various planting dates. Also, the phenological stage was recorded
during the growing season.

Results and Discussion

Results indicated that planting dates had significant effects on grain yield, biological yield, number of seeds
per spike, number of spikes per m?, and harvest index. The highest yield was 12 November among the planting
dates, and the Sivand cultivar had the highest grain yield (7708 kg.ha!). The interaction effects of planting date
and cultivar were significant on grain yield, biological yield, and some yield components. The highest grain yield
(9529 kg.ha'!) was observed in the Heidari cultivar planted on 12 October and the lowest (5474 kg.ha'!) in the
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Chamran cultivar planted on 26 November. Delays in planting reduced grain yield by 16-36% compared to the
most suitable planting date (12 October) because of the reduced vegetative and grain-filling periods.

Conclusion

The highest grain yield at each of the planting dates was achieved for one of the cultivars. Therefore, the
cultivars adapted to different climates exhibited their highest yields at different planting dates. Based on results,
it is recommended that the Heidari and/or Sirvan cultivars be planted in Karaj and regions with climates to Karaj
on 12 October. In cases of limitations concerning planting dates (unfavorable weather conditions, insufficient
planting equipment, etc.), the recommended dates for planting the Mehregan and Sivand cultivars are from 27
October to 26 November to minimize yield loss caused. It seems that 12 October is the best planting time for the
study region because it allows better use of the environmental conditions, including more desirable temperature,
more extended growing season, higher soil moisture content, and suitable seedling establishment.

Keywords: Biological yield, Grain yield, Phenological stage, Yield components
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Table 3— Analysis of variance of canola yield when using kaolin

Olayyo (yilio
Mean squares
i A @y’ L Cdd S jawindS
P oyl s syShes Syjlom sSles T Wl gy oS egeany SIS T e sl
S.0.V. P Cadld Hippodamia dass
Seed yield Blol.oglcal Harvest index 1000.-seed B. brassicae  H. variegata C C. carnea
yield weight septempunctata
. "’S,J 3 714243 ™ 8286.581™  9.327219"™ 0.01135573 ™  7.8542™ 0/9375000 ™  1.7083333 ™  0.1875000 "
Replication (R)
ol clals
Kaolin 3 993968.544™ 1414409.239™ 317.449277" 3.74174740™ 107456.1875™ 6.1875000 ™  13.3750000 20.3541667"
concentration (a)
olS (543 al> 5o
Plant growth 3 593790.028" 1061233.654™ 66.237706™ 1.64272240™ 3057.2292"  55.6875000™  36.7916667"" 88.8541667"
stage (b)
aXb 9 252590.179" 460996.670" 184.358483™ 0.84783767" 3796.6319™  5.3125000™ 6.7777778"  17.5902778™
EUb 45 528.112 10406.97 11.671610  0.01213128 22.6986" 2.5375000 1.5416667"  2.78750000
ITor

i o )d S Jlais] mdaw 3 (I gxe g (g0 sxe pis 0dimd LS (ol 4y sk o 1S
ns and **: non-significant and significant at 1% probability level, respectively.
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Fig. 1- Interaction between kaolin concentration and phenological stages on canola seed yield (kg.ha™)
Dyl Sl b i ks edgime o Lialejl (slas wlol p pwSilo



VYA g Shes sl o Shos 5 ol (Safolsid Jolyo 5 cIsilS b pao clilé 3T o lylS0n 5 800

The mean varies within the error bar range based on the experimental error.
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Fig. 2- Interaction between kaolin concentration and phenological stages on canola biological yield (kg.ha™)
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The mean varies within the error bar range based on the experimental error.
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Fig. 3- Interaction between kaolin concentration and phenological stages on canola harvest index
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The mean varies within the error bar range based on the experimental error.
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The mean varies within the error bar range based on the experimental error.
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5 LS pipan 9iion b 3,8les e inlS el S
cbale ay o a8 Glod S yleic (Nateghi et al., 2014) f)Sen
@ ool ply A8 (o g (EalS (loge (liee 9)00 SYL P
2Ly gy SYL plise Sl Bl clale ST aS oo LS
256 Gladles,S i g it 59y 29 odlitl ols (shal> s
03,5 g S5glan 3,Slos g &l 3 Slas ialS el 5 ailis
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9,¥ ¢ Hippodamia variegata Goeze 4 septempunctata L.

(Y Joiz) cé 3 plowl Chrysoperla carnea Stephens. (¢,q:L
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sl p ol (Kumar, 2000) 2 0 4l 5,Slee yials
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G sl Saear |y ol Ol 085 5 Al 1) 31y (I
Oo)l3S ymored (Samadi & Faramarzi, 2014) .S’ o Laes
Oy yd &S b Lis (Ranjita et al., 2007) ) Kea 4 Lo,
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92 (S
Bl s 35 Slas 2 S 85 3l i Oliios
paS g (Yadav & Kumar, 1998) o) ales jl o lise
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Table 3- Observed insects in this experiment

&5 Ll 0yl £
Species Family Order Insect type
Brevicoryne brassicae L. Aphididae Homoptera ;Bl
est
Coccinella septempunctata L. Coccinellidae  Coleoptera e oo
Natural enemy
Hippodamia variegata Goeze  Coccinellidae  Coleoptera e oo
Natural enemy
Chrysoperla carnea Stephens ~ Chrysopidae ~ Neuroptera e oo
Natural enemy
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Fig. 5- Distribution of observed error and residual predicted error (a) The residual changes (b) in B. brassicae population
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Fig. 6- Interaction between kaolin concentration and phenological stages on cabbage aphid, B. brassicae population
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The mean varies within the error bar range based on the experimental error.
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Fig. 7- Interaction between kaolin concentration and phenological stages on seven-spotted ladybeetle, C. septempunctata
population
D) Olyss o lis s edgaze ) Gilejl gllas olwl (1 Sles
The mean varies within the error bar range based on the experimental error.
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Introduction

Canola is one of the most important sources of vegetable oil. It is a valuable oil crop plant the second-highest
produced in the world, following soya. In dry farming areas with heavy cereal production, canola becomes
crucial as an alternative to cereals. Due to its adaptation to Iran's climate, its cultivation has received much
attention. Kaolin is a non-toxic aluminosilicate (Al4sSi4019 (OH)s) clay mineral that is used in organic farming as
a foliar solution. Kaolin spray reduces leaf temperature through rising leaf reflectance, which decreases the
transpiration rate more than the photosynthesis of plants grown at high solar radiation levels. The application of
kaolin was reported to protect plants against drought stress. Kaolin efficacy in reducing temperature and
mitigating environmental stresses can also affect fruit-quality parameters. Several studies also showed an
increase in the yield of different crops after kaolin application, particularly under water stress conditions. It is
also used to prevent crop insect damage, plant sunburn, and heat stress. Kaolin does not interfere with the leaf
gas exchange by creating a porous coating. According to other research, this substance can change the insects
behavior. The kaolin particles stick to the insects' tarsi, reducing their movement ability, feeding and laying eggs.
Considering the importance of increasing oil production, in this study, the effect of different concentrations and
time of kaolin application on canola aphid and its natural enemies and yield and yield components were
examined to determine the best conditions for using kaolin on rapeseed.

Materials and Methods

The field experiment was carried out on Hydra 401 canola variety field in Mahdasht, Karaj, Iran, during
2017-2018. Canola seeds were planted in a depth of 2-3 cm. The first irrigation was done two days after
planting, and then irrigation was done seven days apart. Phosphate and urea fertilizer were added to soil as
required during the experiment based on the soil test results. The experiment was conducted as a factorial
randomized complete block design with four replications and 16 treatments. Experimental factors were kaolin
concentration (0, 3, 6, and 9 percent) and the Phenological stages of canola (germination, rosette, budding, and
flowering). Field sampling was performed to determine agronomic traits, including seed yield, biological
function, harvest index, and 1000-seed weight. Fifteen plants were also selected from each plot. Their pests
(Brevicoryne brassicae L.) and natural enemies (Coccinella septempunctata L., Hippodamia variegata Goeze,
Chrysoperla carnea Stephens.) were sampled. Samplings were performed one day before the treatments, on the
third day of treatments, and once a week from insects (pests and natural enemies). This study was conducted
under natural contamination conditions to adapt to field conditions. No aphids were manually added to the
treatments for infection. Insects were counted and recorded in all areas of the selected plant. Mean data were
used for analysis. Data analysis was done using Design Expert 10 software.
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Results and Discussion

The results showed that kaolin could increase agronomic characteristics in canola. In the current study, the
highest seed function, biological function, and harvest index were observed in 6% treatment about 1888.87
kg.ha'! in the rosette stage, 3038 kg.ha'! in the rosette stage, 66.77% in the budding stage, respectively. The
highest 1000-seed weight was determined in 3% treatment about 3.90% in the rosette stage. Results of kaolin
application on cabbage aphids revealed that this mineral could help to reduce the canola aphid population so that
the lowest population was observed at the germination stage in 9% treatment with an average of 31.33 aphids.
The results also showed that kaolin affects natural enemies and reduces their population.

Conclusion

The results of this study revealed that kaolin affects agronomic characteristics like seed function, biological
function, harvest index, and 1000-seed weight. Kaolin was also could control the cabbage aphid population.
Kaolin also had adverse effects on the studied natural enemies. It seems that using kaolin at the 6% concentration
due to the canola phenological stage can increase the production of this plant in the country.

Keywords: Green lacewing, Harvest index, Hippodamia variegate, Seed yield, Seven-spot ladybird
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Fig. 3- Effect of cover crops and their planting date on trend of height of sunflower in first and second years
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Fig. 4- Effect of cover crops and their planting date on trend of leaf area index (LAI) of sunflower in first and second years
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Fig. 5- Effect of cover crops and their planting date on trend of dry matter of sunflower in first and second years
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Introduction

Cultivation of cover crops associated with their proper management can be a sustainable alternative to
conventional weed control methods. In addition to their beneficial effects on weed control, these plants can
improve soil structure and organic matter, increase water holding capacity, control soil-borne diseases, reduce
soil erosion, and subsequently enhance crop yields. The use of suitable cover crops and optimizing the planting
date can improve the advantages mentioned above, especially desired weeds control. They were considering the
importance of sunflower production development and the need to introduce the ecological approaches in weed
control; the present study aimed to investigate the efficiency of some cover crops and their optimum planting
date, the influence on weed structure population and morphological traits, and sunflower seed yield (cv.
Lakumka) under climatic conditions of Galougah city, Mazandaran province.

Materials and Methods

In order to study some cover crops and their optimum planting date on controlling the weeds in sunflower
production, an experiment was conducted in Galoogah city (Mazandaran province, Iran) based on a factorial
split-plot arranged in a randomized complete block design (RCBD) with four replications during two growing
seasons (including 2016-2017 and 2017-2018). Experimental treatments were considered to cover crops such as
wheat, barley, berseem clover, hairy vetch, and different planting dates, including planting two months before,
simultaneous, and two weeks after the sunflower planting. Moreover, two treatments without any cover crop
cultivations, including with and without weeding, were designed as controls.

Results and Discussion

The study results revealed that the cultivation of mentioned cover crops, regardless of types and planting
dates, had a significant role in weeds control and increasing the seed yield of sunflower. In all treatments, the
highest weeds dry matter was observed two months before the sunflower planting treatment. Also, barley cover
crop had the lowest weeds dry matter in both experimental years in two months before the sunflower planting. It
could maintain the weeds dry matter lower than other cover crops during various stages of sunflower growth.
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The lowest weed dry matter was observed in simultaneous planting with sunflower for all cover crops. Planting
cover crops two weeks after sunflower planting also reduced the weeds dry matter. However, its efficiency was
lower than the simultaneous planting of cover crops with sunflower. The highest and lowest sunflower height
were observed in the treatments of berseem clover at the same time of planting and in wheat cover crop planting
two months before planting of sunflower (181.76 and 105.98 cm), respectively. The highest leaf area index
(3.97) was related to berseem clover cover crop in simultaneous planting date with sunflower, which was 14 and
69% more than control treatment without covering crops in weeding non-wedding conditions in two years of
experiment, respectively. The lowest sunflower leaf area index was obtained from the wheat cover crop on the
planting date two months before sunflower planting (first and second year 0.96 and 1.08, respectively). The
highest sunflower dry matter (485.61 g.m?) was observed in berseem clover cover crop simultancous with
sunflower planting, which was not significantly different from control treatment in weeding conditions. The
lowest sunflower dry matter (108.27 g.m?) was obtained in wheat planting two months before sunflower
planting. Finally, the highest seed yield of sunflower was obtained in simultaneous planting of berseem clover
with sunflower (2859.06 kg.ha!), which was 17% higher than the control treatment without any cover crops in
weeding condition (2381.1 kg.ha'").

Conclusion

Simultaneous planting dates of cover crops with sunflower led to seed yield similar to weeding treatment.
Even planting of berseem clover and hairy vetch had 17 and 14% enhancement in sunflower seed yield.
Therefore, berseem clover cover crop planting simultaneously as sunflower planting, reduced weed growth, and
increased seed yield of sunflower, it can be introduced as a solution for optimal sunflower production in
sustainable agriculture.

Keywords: Berseem clover, Hairy vetch, Leaf area index, Sustainable agriculture, Weeding
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