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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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Introduction
Global warming has already been occurring in Iran and will probably continue during the 21st century. There has
been an increased intensity and frequency of hot daytime temperatures in the last two decades in the country. Winter
wheat (Triticum aestivum L.) is the most important staple food crop in the country, with a total farming area of nearly
6.33 million ha and a production exceeding 14 million tons in 2017. Wheat production in Iran is an important
component of national food security. The crop is grown almost all over the country under varied soil and climatic
conditions. Most parts of Iran have an arid and semi-arid climate with long dry summer and winter rainfall, which
climate change may negatively affect wheat production sustainability in these vulnerable environments. Wheat is a
thermo-sensitive crop, and a change in air temperature may alter the length of its growing period and grain yield.
Wheat production mainly depends on the duration of the reproductive period; thus, precise crop phenology estimation
is essential for yield prediction under current and future climate conditions. The variety of C-84-8, which is hamed
"Mihan," was introduced from the cross between the domestic variety “Barkat” and the Chinese variety “Zhong87-
90” in Karaj for normal irrigation conditions and drought stress after the flowering stage in the cold regions of Iran in
2009. Mihan variety is known as a high yielded potential. The actual yield of this variety in Ardabil province has been
reported between 8.13 to 10.31 tons per hectare.
Materials and Methods
The aim of this study was to simulate the climate change effects on the growth period, LAI, and biological and
grain yield of wheat (Mihan variety) in the Kerman and Ardebil regions. For this purpose, we employed the
HadGEM2-ES model as affected by two RCP4.5 and RCP8.5 scenarios for two time periods, 2021-2055 and 2056-
2090. MarkSIMGCMmodel was used to produce daily climatic parameters as one stochastic growing season for each
projection period, and the CERES-wheat model in DSSAT software was used to simulate wheat growth. Calibration
and validation of the model in Kerman were performed with two-year experiments designed at the Shahid Bahonar
University farm in Kerman, and for the Ardabil region, it performed with the data of the wheat projects of the
Agricultural Research and Training Center and Natural Resources of Ardabil province.
Results and Discussion
The results of the model evaluation showed that MarkSIMGCM had an appropriate prediction for simulating
climatic parameters and stochastic growing seasons in future climate change conditions. In both studied regions, the
RCP8.5 scenario has a higher temperature and radiation increase than the RCP4.5 scenario, and these changes are
greater in the long-term period than in the short-term period. Rainfall changes in both investigated regions did not
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show a regular trend. The growing period length was reduced by 0.51% -4.59% as affected by various climate change
scenarios and periods. In the near period time (2055), simulating results showed that wheat grain yield would decrease
by 3.87% compared to the current condition based on the RCP4.5 scenario. But, the traits will be increased by 0.99%-
15.15% according to the RCP8.5 scenario in Kerman and Ardebil based on both scenarios. In the far period time
(2090), the grain yield for the Kerman region will respectively decrease by -7.39% and -36% according to both RCP4.5
and RCP8.5 scenarios compared to the current time, and in Ardabil, based on the scenario RCP4.5 will be improved
by 20.36%, and it will be declined by -2.89% according to the RCP8.5 scenario. This indicates that the negative
impacts of warming will outweigh to the positive effect of CO enrichment over time.
Conclusion

In general, the results confirmed that the Mihan variety would produce acceptable grain yield in the future climate
change conditions of Ardabil, but in Kerman, mitigating strategies should be considered to adapt wheat to the adverse
impacts of climate change.

Keywords: CO,, Downscaling, Global warming, Scenario
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Table 1- Mean climate characteristics of the studied area from 1984-2020
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Table 2- ARS global warming increase (°C) projections
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P1V: Days at optimum vernalizing temperature required to complete vernalization, P1D: Percentage
reduction in development rate in a photoperiod 10 h shorter than the threshold relative to that at the
threshold, P5: Grain filling (excluding lag) phase duration(°Cd-1), G1: Kernel number per unit canopy
weight at anthesis,G2: Standard kernel size under optimum conditions (mg), G3: Standard, non-
stressed dry weight (total, including grain) of a single tiller at maturity (g), PHINT: Interval between
successive leaf tip appearances (°C d%).
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Table 4- Comparison of simulated and observed climatic parameters simulated by HadGEM2-ES

ol Jilas gled PS1as slod LY Eoond y o Biradi
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nRMSE 6.28 8.18 11.08 3.75
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Fig. 2- The trend of climate parameters based on various scenarios and periods in Kerman and Ardebil
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Table 5- Comparison of some simulated and observed traits by normalized (nRMSE), (CRM), and R? values
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Table 6- Effect of climate change on some wheat characteristics based on RCP4.5 and RCP8.5 scenarios in the 2055 and 2090
periods
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Ardebil regions
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Introduction
For centuries, medicinal, functional, and nutraceutical herbs have been used for food and medicinal purposes.
Lallemantia species are versatile and can be used for lightening, varnishing, painting, food, and medicine. The genus
is distributed in several countries, including Afghanistan, Pakistan, India, China, Syria, Irag, Turkmenistan,
Tajikistan, Kyrgyzstan, Kazakhstan, Uzbekistan, Russia, and some European countries. Lallemantia iberica belongs
to the Labiatae family, which has about 220 genera and almost 4000 species worldwide, with 46 genera and 410
species and subspecies in Iran. Dragon’s head seed is a good source of polysaccharides, fiber, oil, and protein, with
medicinal, nutritional, and human health properties. Its high mucilage content allows it to absorb water quickly,
producing a sticky, turbid, and tasteless liquid, which can be used as a novel food hydrocolloid in food formulations.
Given the increasing consumption and high economic value of dragon’s head medicinal plants, research on planting
factors of this plant is necessary. The aim of this study was to evaluate some traits, such as grain yield, oil yield,
percentage, and mucilage yield of five dragon’s head medicinal plant accessions.
Materials and Methods
The experiment was carried out in the research farm of Lorestan Agricultural and Natural Resources Research
and Training Center in the 2018 crop year. The research farm's geographical coordinates are longitude 48°35'N and
latitude 33°48'E, elevation above sea level is 1147.8 meters, the average rainfall is 525 mm, and the average
temperature is 14.13 °C. Khorramabad region has a subtropical climate with hot and dry summers and a temperate
climate based on long-term statistics. The experiment was performed on a randomized complete block design with
three replications, including five dragons’ head accessions (Takab, Kaleibar, Kurdistan, Nazarkahrizi, and Jolfa).
Traits evaluated included grain yield, biochemical traits, and photosynthetic pigments. Data analysis was done using
SAS 9.1 statistical program, and means were compared using Duncan's multiple range test at the 5% probability
level.
Results and Discussion
Analysis of variance showed that grain yield, oil yield, mucilage yield, 1000-grain weight, biological yield, and
harvest index were affected by mass. According to the comparison, the highest mean of grain yield, oil yield,
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biological yield, and mucilage yield was obtained in Kaleibar mass and ranked next in Takab mass. The lowest grain
and oil yield were obtained in Julfa mass. In the dryland conditions of Khorramabad region, Kaleibar massif was
superior to other masses in terms of the studied traits. Correlation analysis in rainfed conditions showed that grain
yield had the highest correlation coefficient with oil yield, mucilage yield, and biological yield. Pearson correlation
between the studied traits and grain yield showed a significant correlation between grain yield and oil yield,
mucilage vyield, biological yield, and harvest index. Grain yield also correlated significantly with oil content,
mucilage percentage, 1000-grain weight, chlorophyll a, chlorophyll b, total chlorophyll, and carotenoids. The
highest positive and significant correlation was observed between chlorophyll b content and total chlorophyll
content.
Conclusion

The study found that mass had a significant effect on the evaluated traits. The highest grain mucilage yield, grain
oil, biological yield, and also grain yield were observed in Kaleibar mass and then in the Takab mass. There was a
significant difference with other dragon’s head accessions. The lowest grain yield, mucilage yield, grain oil yield,
and biological yield were also obtained in Julfa massif. According to the experimental findings, in dryland
conditions of Khorramabad region, Kaleibar mass is suitable for cultivation first and then Takab mass and has an
acceptable yield and can be recommended for cultivation in similar conditions.

Keywords: Dragon’s head, Oil yield, Mucilage yield, Chlorophyll, thousand seed weight, harvest index
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Table 1- Physical and chemical characteristics of soil of research farm
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Table 2- Climatic characteristics of the research farm in 2017/2018
SHN S Sle o Cugy (ke Lod Jalan bod yiSTas b3 Lawwgia
Average annual Average relative Minimum Maximum Average
rainfall (mm) humidity (%) temperature (°C)  temperature (°C) temperature (°C)
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Table 3- Analysis of variance Dragon’s head accessions
©la e a0le
s Mean of squares
. CIPRT - d . .
) JUVES g 91193 Ry KW 5.S) KW 3 ,Sos 3 SNlos 3L ISP
J . . . 5 . .
S0V 95 oy g g 4l 3,dos S5 «ls
oil il Percentage  Mucilage Grain yield Biological ~ 1000-seed
Oil yield - - - .
percent mucilage yield yield weight
Soh 2 17.58* 4068.56™ 2.78m 664.39" 3258.54" 346375.25™ 0.08 "
Block (B)
“_9: 4 3.78™ 98861.17** 4,74 16787.27** 783440.05**  5197561.88** 0.15*
Accession (V)
ks 3.45 1072.05 0.67 233.77 1805.18 253517.04 0.03
Error (3)
ot o 5.16 8.12 5.00 8.56 3.78 9.35 4.74
CV (%)
o pd S5 g g Jlein | e )3 I e g )b xe juE i s g % NS
ns, * and **: significant and non-significant 5% and 1%.
$SIL slaodgd arlllan 3590 Wlbio (il sl g 507 —F Jgu aold!
Continues Table 3- Analysis of variance Dragon’s head accessions
‘ P ©laryo 5aiiko
) peve by 3]V i Mean of squares
SXeRY, Ul cebpoatld Ayl b by s JS Jadg 5 3555,15 glyione
Harvest index Chlorophyll a Chlorophyll b Total chlorophyll Carotenoid
Sk 3.89™ 0.01™ 2.85* 3.99* 73.98"™
Block (B)
53-55 70.99** 0.04™ 0.59m 0.72m 126.83™
Accession (V)
e 3.43 0.009 0.49 0.63 31.19
Error (3)
et e 9.17 1.83 22,66 9.55 16.69
CV (%)

(Kgha!)

Oil yield

o pd S5 g i Jlein ] maw )3 5 gime g ) xe juE Cud iy s g % NS
ns, * and **: significant and non-significant 5% and 1%.
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Fig. 1- Comparison of the average effect of tillage methods and urban turf accessions on seed oil yield
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Fig. 3- Comparison of the average effect of urban turf accessions on the weight of 1000 grain

2500
a

~ 2000
=
]
=

2 1500
o
=
.0
(=8

g 1000
o
el
Qo

500

0

Takab Kaleibar

Kordestan

cd

d

Nazarkahnzi Jolfa

il 3,8os 2 (534 (S9NIL (S 0395 51 (il e —€ JSU5
Fig. 4- Comparison of the average effect of urban turf accessions on grain yield
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Fig. 5- Comparison of the average effect of urban turf accessions on biological yield
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Table 4- Pearson correlation coefficient Dragon’s head accessions
1 2 3 4 5 6 7 8 9 10 11 12
L}é” Lo)d =) 1
1- Oil percent
Of9) 28kee 7 0.001% 1
2- Oil yield
Powge 22 7 0.261™  -0.407" 1
3- Percentage of mucilage
Phowge 2,5oe ¥ -0.009™  0.981** -0.298" 1
4- Mucilage yield
b 2,8ls =2 -0.081™  0.983** -0.4627° 0981** 1
5- Grain yield
&”J’” > __; -0.219™  0.855™  -0.442" 0.875** (0.896** 1
6- Biological yield
by “’”L“ - 0.044** 0.893** -0.433™ 0.862** 0.885** (.593** 1
7- Harvest index
wb im0 _A_ 0.067™ -0.127™ 0.569"™ -0.006™ -0.142" -0.003" -0.309" 1
8- 1000-Seed Weight
8 58 A 0.347™  -0.566* 0.163" -0.601* -0.611"™ -0.609™ -0.501" 0.169" 1
9- Chlorophyll a
b Jids5 - 0.131"™ -0.221™ 0.351™ -0.156™ -0.244™ -0.298" -0.132™ 0.298™ 0.345™ 1
10- Chlorophyll b
S a0 0.171m -0.197 0.371"™ -0.128™ -0.224"™ -0.285" -0.118" (0.331"™ 0.411"™ 0.991** 1
11- Total Chlorophyll
955 slyea Y -0.307™ 0.131™ -0.354™ 0.158™  0.183™ 0.308™ 0.042" 0.105" -0.215" 0.211™ 0.184™ 1

12- Carotenoid

o pd S5 g s Jleis ! maw )3 5 gze g )b xe juE iy s g % NS
ns, * and **: significant and non-significant 5% and 1%.
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Introduction
Iranian shallot, scientifically known as Allium hirtifolium, is an important medicinal, edible, and industrial plant
that grows in different regions of Iran, especially in the Central Zagros. Since this plant is harvested from its natural
environment for consumption, it is necessary to cultivate and study various factors that affect its quantitative and
qualitative yield, such as the use of sustainable agriculture. Additionally, genetic and environmental factors, as well
as the use of fertilizers and nutrients, affect the growth, development, and yield of medicinal and edible plants,
including Iranian shallots. Therefore, creating the best substrate for cultivation, protection, and harvesting is
necessary due to the use of these plants in human health. The purpose of this study was to investigate the effect of
chemical and organic fertilizer in inoculation with biofertilizer in two years on the yield and biochemical traits of
Iranian shallot.
Materials and Methods
In this study (in the research farm of Islamic Azad University of Shahrekord in Chaharmahal and Bakhtiari
province) investigated the effect of chemical fertilizer application (including: nitrogen, potassium, phosphorus 90,
70 and 60 kg/ha, respectively), chemical fertilizer inoculation with fertilizer Vermicompost (10 tons per hectare),
Vermicompost inoculation with bio-fertilizer, manure (including sheep manure 10 tons per hectare), manure
inoculation with bio-fertilizer (Including Arbuscular Mycorrhizal Fungi including: Glomus fasiculatum, Glomus
intraradices and Glomus mosseae and growth-promoting bacteria including: Azospirillum spp, Pseudomonas
fluorescens and Bacillus subtilis) on Iranian shallot biochemical and yields traits such as: size and weight of Bulb,
Amount of phenol, Flavonoid Antioxidants, Starch, Glucose, Total protein, Nitrogen, Phosphorus, Potassium of this
plant, as an randomized complete blocks design with three replications in two consecutive years (2016-2017 and
2017-2018) was conducted and The simple(year and fertilizer) and combined analysis(year* fertilizer) of variance
were done. Data analysis was performed using SAS9.1 software, and LSD test at 5% probability level was used to
compare the mean of treatments.
Results and Discussion
The results of the variance analysis showed that the effect of year on all traits was significant, including size and
weight of bulb, phenol, flavonoids, antioxidants, starch, glucose, total protein, nitrogen, and phosphorus, at the level
of 1%. The effect of fertilizer on all traits (except starch and glucose) and their interactions (year x fertilizer) on all

measured traits except antioxidant activity percent, nitrogen, starch, and glucose were also significant.

1- Ph.D. Student of Department of Horticultural Science, Faculty of Agriculture Science, Ferdowsi University of
Mashhad, Mashhad, Iran.

2- Associate Professor, Department of Horticultural Science, Faculty of Agriculture, Ferdowsi University of Mashhad,
Mashhad, Iran.

3- Professor, Medicinal Herbs Research Center, Islamic Azad university, The Unit of Qods City, Tehran, Iran

(*- Corresponding author's Email: Aroiee@um.ac.ir)



https://agry.um.ac.ir/
https://agry.um.ac.ir/journal/about
https://agry.um.ac.ir/journal/about
https://orcid.org/0000-0002-5493-8200
https://orcid.org/0000-0002-8376-1854
https://doi.org/10.22067/agry.2021.69445.1030
mailto:Aroiee@um.ac.ir

VFo¥ Sl Vo lod A0 Ao ((5559bieS (owlicts pgs 4y piis Y'Y

In the second year, antioxidant activity percent, nitrogen, starch, and glucose had the highest amounts at 42.71%,
2.30%, 0.40, and 0.38, respectively, while in the first year, they had the lowest amounts at 29.05, 1.44, 0.23, and
0.23 mg/g fw, respectively.

According to the results, the highest bulb size (8.04 cm), potassium (1.88% and 1.89%), bulb weight (0.095 and
0.096 kg), and total protein (15.05 and 15.72 mg/g fw) were obtained in the vermicompost treatment in inoculation
with bio-fertilizer in the second year and chemical fertilizer in inoculation with bio-fertilizer in the second year.
Additionally, the highest amount of phenol (1.15 and 1.19 mg/g fw), respectively, in the treatment of vermicompost
in inoculation with bio-fertilizer in the second year and chemical fertilizer in inoculation with biofertilizer in the
second year, flavonoids (107.1 mg/g fw), and phosphorus (1.623%) in vermicompost in inoculation with bio-
fertilizer in the second year were obtained.

Moreover, the results of comparing the means showed that the highest percentages of antioxidant activity percent
(36.24) and nitrogen content (2.29%) were in vermicompost in inoculation with bio-fertilizer and chemical fertilizer
in inoculation with bio-fertilizer in the second year, respectively. The lowest bulb size (3.16 cm), bulb weight (0.037
kg), phenol content (0.168 mg/g fw), flavonoids (48.99 mg/g fw), total protein (6.81 mg/g fw), phosphorus
(0.753%), and potassium (0.811%) were observed in control.

Conclusion
According to the results of this study, organic fertilizers can be used in inoculation with bio-fertilizer to increase

the production of Iranian shallot as organic fertilizer and not impose a negative effect on the quantitative and
qualitative characteristics of this plant instead of, excessive use of chemical fertilizers.

Keywords: Biofertilizer, Manure, Quantitative and qualitative yield, Vermicompost
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Table 1- Physical and chemical characteristics of the studied experimental soil site
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Texture H EC (dS.m?1) N available (mg.kg) P available (mg.kg?) (mg.kg?) K available
p
w970 g g 0.670 0.058 30.8 318
Loam clay
oiabojl )3 03liol 3550 (5La39S orloownd 4y 325 gl Y Jgo
Table 2- Chemical characteristics of fertilizers used in experiment
) PR . - 3
g8 g Slede Sk ovies B el s LB ety
Organic fertilizer EC (dS.m?1)  TotalN (%) P available (%) K available (%)
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Manure

s a8 YO e 90 Ly ahdd gxiy Souts il dlwsgey Jolomel
Aee U oYU Glads Jaloe 5l (g)libo anbdl )3 g0 (o5l
3 o 3 0308 g e DPPHY Voo o Joloxs J il o
)9 @3 Gl ()b Ll o 4ads Ve Gledy ladiged (6,00
-Jonly Gl sopy BT )5 cilE gl OV zge Jobo 5o
35 duwbre i doleo jl edlatul b Jled sl

(V) abslo

) ) (i 2 50 igei Sl X 18l digei Lia)
Jbb lpllssly Clis doy = x 100
Al diged oda

yolie (5 806 jladl

polly 9 phd (s (2liE polie clale (6 pSojlul
Lmui o)La.C- LTSRN )I U 9 0 S 091 0 u.tbtf dl‘bd’?""
9 Seodls dnl 55081 Ol oS pgl gt Loy s (B9,
Byno Ly (g gyt g yiegidy Sl olSwd b jiud oy
IS o8y bwgy S (4590 o yd «iblly — clige
o S Lol CAIE 5 el syl i g
(Emami, 1996)5us (¢ pSolil olalad s ybg)ds yiegid

1- 1-diphenyl-2-picrylhydrazyl

233,93 90 (5 S 3l

g by g 50)las wdgigdls lide (o pSojlul
g Sl laasse Sl ppS o B0l Sl Joilio i e
- )y8 b ggy celio VY Gaedy aojlas G (Cépdy g
2 B Soaty il Fove jod b dady Vo el YY1 dey g 00l
plonl gl g i 39 Blids 48 Jobe (VL Caond ol
g ol e o g a5y e (sladg) 9 Syl
5 byloee y oo Ol (g )Se Feve Jolas) (s slaz b o
o b LS ] 4y o) gy s St isySee Yoo g
g Se Foe oy @y prds Ca i 2 SN ) daBs oy
Oloj 3l adds b b8 | g g Lol koyd Ve poitiagl] IS
ID e (3l S0 ¥ v ) (oo oz ool IS oo S8l
Fegls BV zoe Jsbo )3 55 il e Caldyd il Lol Jlo s
O 58 lien Glacalé 51 3 skl oxie sy sl g <l
.(Menichini et al., 2009) 15,5 solazl

st ST eullad
g4l Ubgy j) e (a1 T cdled (g Sojlul polaion,
Voo aS Oyeo opl 4 (Abe et al., 1998) us solitwl ) Sen
J=ol ysoin mle Giar 3 1) 0fb jawge Sl 90 p)5 e
Jal> dlgo g plul Mo yd> AF Jbl b (s uSo)las g 03, HUjgen



YV i) 3 T arboond gloogS 00,8 5l (ol 500 g L5 ol

o2 Lo 9y sla gl 05 plol daome (g0 )las L g
cdale (LL o ws lsl xo )y /Y Q”IJT "j 4 g Bdd Sy
)] oalawl L ).myb Y- Ty J9.‘o 5 ub u‘).m u»l.wl » awlis
McCready et al.,) 15,5 duloe 35615 5kl o iogud g Sl

(1950

9o sLajlas o3Il 9 ()59 phiaa o g3
L (2l sladises grse slajly (s xS 0jlul cu
U g sk ojll g 80038 pser pySefe o) o b g5ly5 5l eolatul
aS Oygao ol Al d S (65 S0l oS ol I eolatal
oal 3y50 Ioilo o3lul lgic s jlad a8 g (i SiLe

g
Coy g W

aseas! ST cullad g Js aal 93 908 (Jd (50 giae

slac sy ):;L, Db o odnlin ¥ Jods ;0 4 job jlen
Jols 1 S5 ae 358 3 o e 51 5 o 255
395 L el ) CugeS (g los (Sl dulia) Y g )
15596 g Jib e 238l )3 1y b it pgd Jlo )3 (s
9 Stajlesi b 63 dne MBI 395 Jlow a2 ST cilis JS
2 Sl 395 5 9> Jlw ) () 395 b il (9 CuwgeeS
el 35 Lnjlass ol g €l o> Jlo 3 (g 35 | il
Sl o eillS Glao oyl slgize iol38l 50 weamome yiul3dl
Dy Ao g L8 (clgivre Jlude eSS (gl dalss oS

9 S 2)50e (gt (S35 38 b gy b e
Py baSgaMe jlade Ladgs ol as ol i)li5 ks o8
(Pigaetal., 1997) s> o Lil;8l lals

5l el wo s 5 Jlo 9365 ool 51 a8 oy olis gl
b do s Ko s 53 (6)I3 gxe i pwge (slajly s
21 55U coss caino ol e o By lis s Jg oV Jgis)
(F 5] U sl dunlio g5 5 o sinn 355 > Jlo bl
Aald g () 995 L gl )3 CawgeeS o0y sless uslonl Sl
Sy9-0 (ShunST 5l cled o yd oy ieS g oy pid ) S S
ol S clalis 4 5106509 yuwge slajly )3 (s ySejlyl
U e 295 b gl 3 g 358 o &S

O gy lale (g yaS6 il

5 g yioxuw (Bradford, 1996) 5,583l (yog,ds cpigy jlde
Cangahuala-) s eslawl 5 )lsbwl olgcas (o8 yogdl oy
059 3 pyS e Yoo a5 5)5-bay (InoCente et al., 2014
Byl S 05 (lodr 3 e lod 3 (2L sladiges
Moo oIV Sl 93 Cland e Yoo o 0+ Jold) gl Sl
Sy OWg Jewd 93 maer V9o o WIT (Jgllsnl8 e Lo
wdd okl (Cdn gl ) ulhsl il Jizo Juid ¥se Lo
390 50 4@y Ve Gdedy d)S Sl anpd Jla sled jo rdiged dn
039 oo 55> 45 Tiagy Jobre acbly 003 Jou il AT
52 g2 035 (5SS =Y+ (slod 3 &S (Slgwy 5 Ay |
sled 3 9 ab 03958l a3 Vev ol (g) Jsloxe pox> ol
Souts yilaw YYAQ+ jod )0 4 @Bd Ve iody 0,8 il sy jlo>
oo Jsb )3 yregidg il jl odlistul b o (liee (bL 5>t
23,5 8l gl 00

el g WS llle (5 280 3l
9o Sl Slaiges > dtulis 9 W5 jlude (g pSojlul cox

o 93 51 ol b LS (sladigns 5 g 3 o5 oo T
g 03 oXilund (VIV) Y 20 )Y iy slaiie Ul 1 989 ,IS 1 Jgilio
g 03d 2ol (29) Jolore N Souks yilo Yoo v 90 b alBd 0
3 s ¥ o2l b Sl Sasi sl 5 (seS0ias Jus
etz 4 aled 5 5 LS5 (e Ol zp)sde S 2 Jgikio) adgl Mo
w5 9 S 5 py589 S Cond Sy okl Cundey 29 Jslo Cuond
A8 Ve Saedy Yoor 43 b o] Jlis 4 g oas a8lsl O caond
O 4 eyl dopd /Y 5 ond atdlyy oYU 1B 0D faud ke
55518 3l 51 oolit ol Ly i e lalé plosly s s a3l
Jsb 3 wis i 9 (Cangahuala-Inocente et al., 2014)
)5 ok 8,5 CE2502 jzogiby yiSpm j) odlitol b s2ol 5V zga
Sl S 4B o )lias ) oasl Cwddy Cguy 4 4ol
4883 VO Gdods Veror 5od )0 g b Lol dop Ve SIS,

1- Bovine serum albumin
2- SDS

3- PMSF

4- Supernatant



1FeY ke < Voylods O udo (6559l wlics pgs 4y y 5 YA

Jada (oo gine b 2oy S a3 Jlo 3 298" Blise
Sbajly Gigyis yhde 4 Colds (pl b «lliS jiud g ety
ol 4y San (slmdgs 5 Jlw it 1,86 ot jrunge
2355 13l 5 2oy Ko s 3 Jlo 51 Jy 2855 15 ]
ol ) eael s claasil wd )5 I gae o)y gy o
2 0oLl 3500 (claagS o sine pil oaims lis (5 JSE) Liales]
O 92 29 30l 50 meoly Hlde (eS8 & ()bt pemuliy e
395 b gl )3 CamgraS (c0yg sajlo 48, 54 (355 slajles
bl 0 (s 355 L el ) (alosd 365 9 p9d Jlo ) (e
OieS Jol Jlw > (oladan Sla 355 308 9 cnyid pgd
"o 5 4 bl jrge (Saily waly e G121y 8L
cle)les aon ol Comdds 1Ske duglio gl 4 4395 b b,
ey Jlade )3 (g pKanta Sl el pgd 9 Jsl Jlo 53 (5355
395 o oSty ligiod gl plhy 3030,5 yrge cslosly
=05 53 by o 38l o Lo yB g Lo Sl el (s
oLz > (Bolandnazar et al., 2018) u5,5° iyl
Cargo g g o olS o I slodgs 5,8 a5 ol (315 sty
(Singh et al., 2002) .15 ;LS oyl 55 ey Clale o3, Yl

dglie) ¥ IS8 5 5 prwge o sladiged jaud e
osli 390 (Lol 31 e (JLw 3 35 blite 1 0xee
p9> Jlw 3 o 9 Jsl Jlo 53 o2 4SSl (8l (wguone 38l
) 280 ity s 365 b gl )3 CagueS 09 slos 32,16
395 Lo U slow ol ()18, Bl ecasls s jlude o33l
Sl 50 o=l el ()l pixe glds ) 368 b il 3 el
by (3l o 1 (6l ine 8B 3 sl jlors ol oS
Iy yaud iolial old (sladgS 5y, a8 oy LS W puwy o il
L (Bolandnazar et al., 2007) coilby ) (STyes 5k 4o
2 &Sl olas (Fitter & Hay, 2002) la 5 b clallles
Slog)B L olS (hujen Jdoar jiud paie jl 28 s
@ paie ol Qi e g Gy g o395 3 39290
g S 3 555 e gl 5 sy go G oS 5 e
45 oyl5 S (Bolandnazar et al., 2018) ) Sen 4,5l
OBYL cumw s L35S 3 )8 35 Slpl 05 53 (yimen
.(Bolandnazar et al., 2007 )sus yauwd s

1 - Allium ampeloprasum L.

oy oast Ly (63 mine S 8] T e o33l
4 bl olitol 3)90 lo ol g (S 995 L gl )3 CawgeeS
slagewly Sl oo oo ol Bl Clled gy oy o s
o5l O3 et 5 b bl ) |y g (SoSolg b
1 s s L5l (Farhadi & Salteh, 2018) aas ji)38!
el (alidl 1 Gl St gead/ sloisS i gl padli
Albrechtova) cusloss (o)l55 36 b lidss s Sluws] sl
J(; Caruso et al., 2018et al., 2012

4 ash ol 3 (Golubkina et al., 2019) S
L o jlews (Allium cepa L. Aggregatum group) (sbs yuwge
Al als U awnlie ) gyt ol 51 ) ladgS
S8 G (s SLadgS 453 (Ui gl cpdir @l
LS > La il 5 Lasgas dex | gl clacdplio oS
o (Solanum tuberosum) __uejcuw 4 (Lactuca sativa)
Ul .(; Baslam et al., 2013; Lone et al., 2015) ccuwl
Olie; oS (Sl T el 5 S a3gMé (8 (slgime
(Ghanbari et al., ) ldise wlagss » (Crocus sativus L.)
1y s 355 b el )5 T (sladgS g T (lmdgS” 15T a8 2019
el (s (M1l i g JS aigigds (8 ko
W33 sdalie

95 5 wlis e o el o] ) S by 4355 b5
Lol b S )15 aoys G Jlein] o )3 Jlo 556 450 cow
Mz Cho 93 ol Jlade ;5058 0 J bilate Sl 058 I
Jlw 51 (F Jgaz) 0nSbe dumlio b ais I ixe (p=0.01)
S e e Gl)> jrge slajly pgd Jlo oS a5 ol (Lis
a5 Cowl Jdd ol s e opl fidg Jgl 4 Cunnd dtwlis
e QLS 3 bohams S @ cage sitwgny LNk,
&S &yeo cpl 4 o; Yang et al., 2009Filho et al., 2017) >4
) a8 culalé 5 siimge Lagygjsmsid 3,Skes b 3k |
.; Rolland et al., 2006Bona et al., 2016) 1uS o palais

paealiy 5 A 359 s ke
9395 Jlo o3l S (Y Jgio) (wib)ly 455 Jgdo 4 4295 L



b o) Kon g S ol

B

sogs o,

59 s

)9

coe

Y4

*AjoAnoadsar queoyiudig-uou pue [('0>d ‘c0'0>d JO [9A9] oY) 18 WROYIUTIS o “wx ‘%
w6 el oo o€ e oo B8R cComp e o € avd (5D

RRTUTE|
00 100000 6000°0 8000°0 90 60°0 LS00°0 #000°0 LEE 1000000 LTOO0 zl < (="
uonoaerduj
610 ,.600000 |, 1LE00  ,.¥T0°0 wWP€0 L0TE 19000000 4800000 w€0'E .86 ..ES80°0 9 AXxd
sex
1071119 4
LPL'8 L1000, .L06T0  TITO 680 LIPTE 07000000 4 €0000°0 L.0F'S¢E L Ve8I, 806070 9 o
. : g : : ; ; ; : : : * Joug
€070 $000°0 05000 90000 100 60'99 9L0620°0 0LT0°0 €1e 0°00L £00°0 C -
IBd A
LSETT LE000  ,066V'T . 1TI] SJPLL L90ST |, 86LL6T0 . 1¥STO ,.ST6561 Soler | TTes s >
s [TEIEYY yp
Komil Aol b | d N urjoIg [TRRLSTN asodn|nH juepixonjuy  pPIOUOAB[]  [0UdYy ] (e A'O'S
; ; s g RO K0 e D ST T A 7 S T
jerife &6 66O L C ’ ’ ’ ‘v
(jea13oj01q

pue d1uedio ‘redruayd) uonedijdde J3zI[1)aa) Jo dUINUI AY) JIpuUN S)O[[RYS JO SHea) IAanpeyenb pue sapeynuenb (saaenbs yo ugdur) dueLILA Jo sisA[euy -¢ dqe L

b - ol 60 (s ) o 597 6 ST (S bl pon e e be (e |7 € (i)



1FeY ke < Voylods O udo (6559l wlics pgs 4y y 5 ¥

1.2 4

o
(o]
1

Phenol (mg.g? fw)
o
(e}

0.4 -

Fig. 1- Mean comparison of interaction effect of different fertilizers in two years on the phenol amount of Iranian shallot
bulbs (at the 5% level)
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Table 4- Mean comparison for the effect of chemical, organic and biological fertilizers in two consecutive years on
quantitative and qualitative traits of Iranian shallot bulbs

Jles IRV LR S wwlids 09
Treatment Antioxidant (%) Glucose (mg.g* fw)  Starchm (mg.g* fw) N (%)
J"_ b 29.05 0.23 0.23 1.44
Jo First
ps> Jlo
Year 42.71 0.38 0.40 2.30
second
LSDo.0s 1.517 0.140 0.146 0.120
aald 31.11 0.307 0.320 1.16
control
it e 36.64 0.308 0.325 2.29
Chemical + biological
@L“"““ 35.30 0.309 0.322 2.04
Chemical
555 ) 37.35 0.315 0.324 2.16
. Manure + biological
Fertilizer y
> 35.56 0.308 0.322 1.99
Manure
) b S sy 38.94 0.308 0.325 1.87
Vermicompost + biological
CusgeeS 29 36.24 0.310 0.322 1.57

Vermicompost

LSDo.0s5 2.190 0.024 0.090 0.619
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Fig. 2- Mean comparison of interaction effect of different fertilizers in two years on the flavonoid amount of Iranian shallot
bulbs (at the 5% level)
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Fig. 3- Mean comparison of interaction e of different fertilizers in two years on the phosphorus amount of Iranian shallot
bulbs (at the 5% level)
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Fig. 4- Mean comparison of interaction effect of different fertilizers in two years on the potassium amount of Iranian shallot
bulbs (at the 5% level)
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Fig. 5- Mean comparison of interaction effect of different fertilizers in two years on the total protein amount of Iranian
shallot bulbs (at the 5% level)
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Introduction
Canola (Brassica napus L.) is known as the third most important oil crop in the world and is now cultivated over
a large area of the world's farms in rotation with various crops, especially cereals (Reddy and Redi, 2003).
Simulation models are a useful tool for predicting crop responses to different environments. The CSM-CROPGRO
model (Jones et al., 2003) was integrated into the Decision Support System for Agrotechnology Transfer (DSSAT)
for simulating spring rapeseed (Saseendran et al., 2010). Due to limited studies on simulating the growth and yield
of rapeseed in Iran, especially using DSSAT models, the purpose of this study was to calibrate and evaluate the
DSSAT-CROPGRO-Canola model for simulating the growth and yield of two canola cultivars with different
treatments of planting date and nitrogen in Karaj, Iran.
Materials and Methods
A field experiment was performed as a split-plot factorial based on a randomized complete block design with
three replications in 2017 and 2018. Two spring canola cultivars (Dalgan and Hyola-420) were planted under three
levels of nitrogen (0, 70, and 210 kg.ha) on two planting dates (28 Feb and 19 Mar). Planting date was considered
as the main factor, and cultivars and nitrogen levels were considered as sub-factors. Measured data during the
growing season were leaf area index (LAIl), total dry matter (TDM), yield and yield components, and dates of
flowering and physiological maturity. Daily weather data, management events, and soil characteristics are imported
to DSSAT. The first-year experimental data were used for calibration, and second-year data were used for model
evaluation of developmental stages, LAI, TDM, and grain yield. The performance of the DSSAT-CROPGRO-
Canola model during the calibration and evaluation was assessed using different statistics, root mean square error
(RMSE), normalized RMSE (nRMSE), Willmott’s index (d), and coefficient of determination (R?) of a 1:1
regression line.
Results and Discussion
The results of evaluating phenological stages (anthesis day, first pod day, first seed day, and physiological
maturity day) showed that the RMSE for the Dalgan cultivar was less than four days, and for the Hyola-420 cultivar,
it was less than five days. This indicates that the model performed excellently in accurately simulating
developmental stages. The model was able to simulate LAI up to the pod formation stage in different treatments.
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The nRMSE and d were 24.88% and 0.92 for the Dalgan cultivar and 22.72% and 0.95 for the Hyola-420 cultivar,
respectively.

The model was also able to simulate the total dry matter at different planting dates as well as different levels of
nitrogen fertilizer, and the values of nRMSE, d, and R2 for the Dalgan cultivar were 24.97%, 0.97 and 0.91**. For
the Hyola-420 cultivar, the values were 22.73%, 0.98, and 0.94**. Additionally, the nRMSE, d, and R2 values for
the number of grains per square meter were 14.97%, 0.98, and 0.91** for the Dalgan cultivar and 15.37%, 0.98, and
0.90** for the Hyola-420 cultivar, respectively.

The evaluation results for grain yield of canola cultivars showed that the RMSE was 395 and 265 kg.ha-1, d was
0.97, and R2 was 0.89** and 0.91** for Dalgan and Hyola-420 cultivars, respectively, confirming the high accuracy
of the calibration. Therefore, this model can be used to evaluate the different effects of crop management and make
decisions in canola cultivation systems. One of these decisions is to determine the best planting date for spring
canola cultivars in the region. Based on the long-term model simulation of cultivars in different planting dates, it is
recommended to plant spring canola up to 11 March in this region.

Conclusion

The results of this study showed that the DSSAT-CROPGRO-Canola model had reliably good performance
under different management and environmental conditions. CSM-CROPGRO-Canola model predicts grain yield
responses to management and environmental conditions well and can now be employed for assessing the impacts of
various agronomic management strategies and decisions making in canola production systems in Iran.

Keywords: Developmental stages, Genetic coefficients, Leaf area index, Modeling
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Table 3- The calibrated genetic coefficients in the CROPGRO-Canola model with their default values and calibrated values
for two canola cultivars

Sl iy y IO o Y- Yola
Parameter Definition Defaultf  Dalgan  Hyola-420
PP-SEN (05 0092 Hlio 2 90) (gned Gl o _ 0011 -0021  -0.009

Slope of the relative response of development vs. photoperiod (1/h)
EM-FL , S ol 5 oz o ol 285 21.0 255
Time between emergence and flower appearance (PDY)
FL-SH 522 S 5 IS ol o oo 13 10 1
Time between first flower and beginning pod (PD)
FL-SD Qe 6 5 IS Ol o ol 19.0 145 175
Time between first flower and beginning seed (PD)
SD-PM 2P Ty 9 Gt W G ol 26.5 305 255
Time between beginning seed and physiological maturity (PD)
Time between beginning seed and end of leaf expansion (PD)
LFMAX _ S g e Sl 1.28 113 1.00
Maximum leaf photosynthetic rate (mg CO2 m-2 s-1)
SLAVR sl 13, Lulyd 53 03, o2y S 2 o 330 350 340
Specific leaf area of cultivar under standard growth conditions (cm2 g-1)
SIZLF BB el sl 100 100 110
Maximum size of full leaf (cm2)
XFRT 290 202 2 sy g & o Wligy 13, 5] e S 1.00 1.00 1.00
Maximum fraction of daily growth that is partitioned to seed-shell
WTPSD b s Sl 0.003  0.003 0.003
Maximum weight per seed (g)
SEDUR 3kl Loty jd M (gly yd s oy e 20 25 25
Seed filling duration for pod cohort under standard conditions (PD)
SDPDV Dl 13, Bl 3 S pm 2 22 18 18
Seeds per pod at standard growth conditions (no.pod-1)
PODDUR 3kl baylyds > B 13938 L) ke 10 10 10
Duration of pod addition under standard conditions (PD)
THRSH [V=(dtwgs + ab) &lb] Ll by as s 81 81 81
Threshing percentage [seed (seed + shell)-1]
SDPRO SRR on dep 0.23 0.23 0.23
Fraction protein in seeds (g. g-1)
SDLIP (W2 0k 2oy 0.480 0.403 0.417
Fraction oil in seeds (g.g-1)
Jeyisd 59,
i Photothermal day
B Eopd (BT £9y8) (S Sl (silodnd o g gl
oy o 45 01> Sl (Siolned Sy 5 4l S5 5 »
Jas il g

Iy ysSice Jolie s> <85 L DSSAT Jao Ygyls 5 505 b

RMSE e (235 b jgy (cly () JS5) ol 03905 (6 jlurdunsd
aS Sal Candds Youlo g 55 a6 (ol s iy 59, YISA 4 YT

Jgd 2 Yala 5 805 pB)l (gl (S5 cul b 291 2 ol
odnlin polis duglis wlwly Jao (suuwly bt .cuwl ods &) ¥
RMSE d)L.oi sl jad sl edlaiwl b oddd (g5lodndd g o

U 5oy gilwand 5 Jao Jlo oUlg onmd gl (g)lel jlxe 5 ol ol (F Jgas) 4 ploul R? ¢ D-index MRMSE
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Dl ccwsas pgdhe gyl (o asls g RMSE sl 4 ond
2ol (luwdnd S o adld Xg) ¥ USS(V 9o
slajlos ¥ Yola o LS pLE)1 loanlin bla Jolie
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Gl V) s U oss o3l il g bad duglie 4 bigyye
I s 5 o 45 315 L ¥Y - Youla o K05 51 gg05 Jolye
ol gl me BBV Las b il s S, bas o
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Table 4- Results of model calibration to simulate phenological stages, grain yield, total dry matter, and leaf area index of
two canola cultivars

o £Y+ Yol
Dalgan Hyola-420
Slhuo N 39950 oSbe j9do 39950 oSSbe j9do
Variable oSl Jby s Oley g R? oSl Jboyi s Olas e d R?
s 5lego " (1:1) W coleg o s D
RMSE NRMSE (%) RMSE nRMSE (%)
@B s g 2.31 4.05 0.97 0094 2.68 4.32 093 087"
Anthesis day
B0 B g 1.29 1.90 0.99 098" 1.91 259 0.98 097"
1t pod day
ob S ggrd o 3.03 3.98 095 0.94™ 5.02 6.27 087 0.82™
1%t seed day
uf%w)
RN 6 3.83 3.30 0.87 0.70 4.47 3.73 0.88 0.82
Maturity day
*s, 42 0.34 26.95 093 077" 0.50 32.22 093 0.75™
LAI
JS Szs ool
Total dry 57 1086 19.43 098 0.92™ 1224 25.59 097 0.95™
matter (kg.ha"
D)
2 &l sl
&y 6 5980 9.85 0.99 097 14130 34.33 0.89 0.80™
Number of
seed (#/m?)
&by > Slos
Seed yield 6 140 8.61 0.99 097 241 23.37 0.95 0.88™
(kg.ha't)

(Ao i) (230295 Al yo U 03 093 shil | Sy s a3 L
*: LAI from the beginning to the pod formation (7 stages)
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Dalgan Hyola-420
140 — 140 .
& Anthesisday -~
2120 1 A 1stpodday 120 n
IS
§100{ © I1stseedday 100
= m  Maturity day
£ 80 ---mmm- 1:1line 80
©
>
& 60 - 60
B g
£ 40 y =1.0255x - 2.0621 40 p y =0.9805x +2.6328
E’ R =0.9873** Re =0.9759**
5 7 01 7
0 ” T T T T T T O T T T T T
0O 20 40 60 80 100 120 140 0O 20 40 60 80 100 120 140

Observed day after planting Observed day after planting
O3 e8] (sloanlite o3l hilio 43 0ud (65 luvend SQ5el9 348 (S dumy 9 1 SIS £9.500 ¢ o83 [y yoB E9500 (IS £9 a0 —) S
Fig. 1- Anthesis day, 1 pod day, 1% seed day, and physiological maturity day: simulated values vs. observed values. Dalgan
(left) and Hyola-420 (right) cultivars in 2017
2 (Mao b3) 0l iy 5 o sdalie (sloodly oy ol 03> 5l yemw Sy il oo CublS ol g3 10 358 pdaw dw 4y bgsye aS dae i Al yo ya )d bl dlaws
sl o5 3l a5 JS5 > (aladie bd) Vi) bid b dulie
The number of points in each stage is 6, which are related to the three levels of fertilizer on two different planting dates. The fitted
regression line for observed vs. predicted data (solid line) is compared with the 1:1 line (dotted line).

(sPinly a0 SR0313 s 0l 0313 (453152 (sFgmew )5 5 Adle b V1) dad e 51 (1255 9 o dmsllio (515 t (39051 gl -0 Jgor
Table 5- Results of the t-test for comparing slope (b) and intercept (a) of the 1:1 line against the fitted linear regression by calibration data

Olew sl slade 5 il ks t So o 4d
Variable Parameter Value Standard error HoO
S9od JoIe
Phenological stages
} bee 2 2,062 2.043 1.009 Jos
B Intercept (a) Accepted
Dalgan o 1.026 0.025 1.031 ot
Slope (b) Accepted
bon Jl 2 2.633 2.858 0.921 ot
¥YeYgla Intercept (a) Accepted
Hyola-420 s 0.981 0.033 0.593 s
Slope (b) Accepted
bee jlose 1274 7486 0.170 ot
&l dlaws Intercept (a) Accepted
Seed numbers o 1.064 0.132 0.490 s
Slope (b) Accepted
bon Jl 2 26.91 1252 0.215 Jo
4l 5 Slas Intercept (a) Accepted
Seed yield o 1.005 0.082 0.059 ot
Slope (b) Accepted
) _ bon 2 0.084 0.092 0.911 o
*S p paw asls Intercept (a) Accepted
LAl e 0.900 0.056 1.770 Jo?
Slope (b) Accepted

ool 039y (Al yo i) (23 punyod Al yo U Dy 0)93 (glil | Sy o (adli 4 bgyye odly *
*: LAl data is from the beginning of growth to the pod formation (7 stages).
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Fig. 2- Trend of leaf area index simulated against the observed values of Dalgan and Hyola-420 cultivars in various
treatments of planting dates and nitrogen fertilizer levels in 2017
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Fig. 3- Simulated LAI vs. observed values of Dalgan and Hyola-420 cultivars in 2017
O 085 031> (B3l e85 il oo et eSS £g b U cullS 5l iy alsye V0 culS Fu )l 90 50 355 g dus 4y bgyye oS due Y (18, & 3 bl ol
sl o 03> i JS 50 (alaiie as) V:) bad b duslie ) (iee ba3) odds dw yis 5 0 sdalie (slaodly
The number of points in each cultivar is 42, which corresponds to three levels of N fertilizer on two planting dates during seven

growth stages from cultivation to pod formation. Fitted regression among observed and predicted data (solid line) vs. the 1:1 line
(dotted line) is shown in the figure.
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Figure 4- Accumulation of simulated dry matter vs. the observed values of Dalgan and Hyola-420 cultivars in various
treatments of planting dates and nitrogen fertilizer levels in 2017
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Fig. 5- Simulated number of grains per square meter (left) and simulated seed yield (right) vs. respective observed values of
Dalgan and Hyola-420 cultivars in 2017
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The number of points for each trail is 6, which corresponds to the three levels of N fertilizer on two planting dates. Fitted regression
among observed and predicted data (solid line) against the 1:1 line (dotted line) is shown in the figure.
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Fig. 6- Anthesis day, 1% pod day, 1% seed day, and physiological maturity day simulated against observed values of Dalgan
and Hyola-420 cultivars in 2018
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The number of points in each stage is 6, which relates to the three levels of fertilizer on two planting dates. Fitted regression among
observed and predicted data (solid line) against the 1:1 line (dotted line) is shown.
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Table 6- Results of model evaluation to simulate phenological stages, seed yield, total dry matter yield, and leaf area index of
two canola cultivars

o £Y+ Yol
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Slho . 2990% R PR JTRC Nlbe jadome
Variable JRvCe] ) slad Oleygo R? JRrCe] ) s Olrye d R2
s colagyo s Jlo i (1:1) s oleg o s Jlo i 1)
RMSE nRMSE (%) RMSE nRMSE (%)
@B et g 2.68 5.35 0.89 0.94" 1.29 2.39 0.98 0.94™
Anthesis day
Egro
SRV 6 1.47 2.37 0.97 091 1.47 2.16 0.98 0.96
1 pod day
Rk 1.78 2.66 096 091" 1.08 1.40 099 0.96™
1t seed day
Sy
RN 6 1.08 0.99 097 0.94™ 0.71 0.63 0.99 0.98™
Maturity day
*5, 42 0.38 24.88 092 0.74™ 0.36 22.72 0.95 0.82"
LAI*
Jf Sid ool
Total dry 57 1285 24.97 097 0.91™ 1150 22.73 0.98 0.94™
matter (kg.ha"
D)
2 &l sl
apee 6 13043 14.97 0.98 0.91™ 10294 15.37 0.98 0.90™
Number of
seed (#/m?)
&b > Slos
Seed yield 6 395 16.98 0.97 0.89™ 265 16.25 0.97 0091
(kg.ha'?)
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*: Data belonged to LAI from the beginning to the pod formation (7 stages).
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Fig. 7- Simulated leaf area index vs. the observed values of Dalgan and Hyola-420 cultivars in different treatments of planting
dates and nitrogen fertilizer levels in 2018
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Table 7. Results of the t-test for comparing slope (b) and intercept (a) of the 1:1 line against the fitted linear regression by
evaluation data
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Phenological stages
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Seed yield Intercept (a) Accepted
e 0.936 0.094 0.676 s
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Fig. 8- Trend of simulated dry matter accumulation vs. the observed values of Dalgan and Hyola-420 cultivars in different
treatments of planting dates and nitrogen fertilizer levels in 2018
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Fig. 9- Simulated number of seeds per square meter and simulated seed yield vs. respective observed values of Dalgan and
Hyola-420 cultivars in 2018
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The number of points for each trail is 6, which corresponds to the three levels of N fertilizer on two planting dates. Fitted regression
among observed and predicted data (solid line) against the 1:1 line (dotted line) is shown.
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Fig. 10- Overall evaluation of the model for simulating the developmental (parameters) traits: maximum LA, total dry

matter, number of seeds per square meter and seed yield. Simulated values vs. the observed values of Dalgan and Hyola-420
cultivars are demonstrated for each parameter
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The number of points for each trail is 12, which corresponds to the three levels of N fertilizer on two planting dates in two years.
Fitted regression among observed and predicted data (solid line) against the 1:1 line (dotted line) is shown.
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Table 8- Results of the t-test for comparing slope (b) and intercept (a) of the 1:1 line against the fitted linear regression by all
data for each canola cultivar, as shown in figure 9
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Fig. 11- Response of simulated seed yield of two canola cultivars in different planting dates during 30 years (1989-2018)
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Introduction

There are only a limited number of maps available regarding the distribution of agricultural and horticultural
lands in the country. The existence of these maps can play an important role in various fields such as agricultural
planning and development, climate change assessment, yield gap, and food security analysis, livestock production
systems management, ecosystem service, fertilizer use management, agricultural optimal cropping pattern
determination and other studies related to agriculture, forestry, and rangeland. For example, one of the relevant
applications of these maps is their use in combination with climate zoning maps and soil maps to select the target
meteorological stations in plant production simulation studies with different practical purposes. The SPAM project
(Spatial Production Allocation Model) in IFPRI (International Food Policy Institute) is the main source of these
kinds of maps. The accuracy of SPAM maps is acceptable at providence or higher scales because they are prepared
based on provincial data. However, these maps may not be precise on a smaller scale than the province. The SPAM
data bank does not cover all main crops and none of the horticultural plants. Therefore, in this study, the land use
maps of 33 main agricultural and horticultural plants were produced at the country scale using the simplified SPAM
method. Materials and Methods: To generate these maps, a spatial overlay of land distribution (total rainfed land
raster, total irrigated land raster, and total garden products raster for target crop) with polygon boundaries of cities
was produced in ArcGIS. The value of the pixels in each county must be calculated in the created map. To do this,
first, the number of pixels with land in each county was counted on this map. Then the area under cultivation of the
target plant in each county was divided by the number of pixels counted in the same county. The number obtained in
each county was considered as the pixel value of the land in that county for the target plant. The assumptions about
the production of distribution maps for each plant in rainfed and irrigated Conditions are 1- To generate the
distribution maps of each rainfed or irrigated annual plant; it is assumed that the distribution of the land of the given
crop is the same as the distribution of all rainfed or irrigated lands within each county. It should be noted that this
assumption can be incorrect if only the land distribution of the crop is considered in a particular crop year. Due to
crop rotation, the distribution of a crop in the lands of a county changes every year. If the land distribution of a
particular crop in a county is considered for a period of 3 years or more, the probability of target crop planting
within each part of the county lands will be high. Because in the present study, information from the period 2014 to
2016 has been used, it is assumed that during this period, the distribution of lands the target rainfed and irrigated is
similar to the distribution of total rainfed and irrigated lands in the given county. 2- In the case of horticultural crops
that are perennial, it is assumed that the gardens of the target crop are distributed uniformly in the horticultural lands
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of that county. Therefore, the distribution of a particular horticultural crop in a county was similar to that of the total
distribution of horticultural lands in that county.
Results and Discussion
The findings of this study suggest that SPAM2005 maps for various crops in Iran were less accurate than
SPAMZ2010 maps at the province level. While the area of crops in SPAM maps was similar to statistical data at the
province level, the spatial distribution of crops required modification. This issue became apparent when the
grassland distribution map was compared with the crops SPAM maps, indicating that some crop land in SPAM
maps was incorrectly located where grasslands should be. The approach used in this study resolved this problem and
generated new spatial distribution maps for crops with higher accuracy.
Conclusion
This study utilized county-level data from over 400 counties to produce more accurate maps than the original
SPAM maps. The advantages of the maps produced in this study compared to SPAM maps are (1) The use of up-to-
date crop area information to generate the maps; (2) The use of crop area data at the county scale to increase map
accuracy; (3) The application of country-specific land distribution maps to generate the maps; and (4) The
production of distribution maps for all major horticultural and agricultural crops in the country, creating a
comprehensive database in this field.

Keywords: Agronomy, Data bank, Horticulture, Land use map, SPAM map



a9l (owlls oo 4 il

Homepage: https://agry.um.ac.ir/

M‘yzl”/,izﬁ)

YOo-AA 8. NEeY JL@J. A OJLQ—:; Ao .U.::

O al 6l ossS haw 53 (#1550l iS55 mhaw 2515 glaald ags

id‘.’bﬁ L@J;.LG K) rdeé‘b j:“ ‘%Y;;;LHM av:é‘ g‘e\fu‘}k— J.:;.u J.?w
L SRVANA) SOCIPPEIptE
VE ) 1 S5 gl

\f"/'?/Y' 'U;‘JJ-“L- .ca_')l:

daSe

gl g (Sjmpaeliy aiile il ladie )3 (4)5dS WS Sloganal 5 lillas ) (0l j Coanl Wl o il o (2l L3S S92

295 By a0 Sy pin LgiunosS] Gloss @l g5 (Slapiumm ot o 2lié Cutol g 3 ,Kloe W oy 2 ol s 31 5] ecsiyglS
L] 1 oot Wit () mo slod,lS 51 oS 18l 42313 (13500 5 (6 oSz 65,508 celosisiy )3 lillas s 5 S (58l e
o=l ol g sl (a8 Wdgi (gilwdnd ldllas ) awliblen oK) Cbsl ly S cladiss 5 o8l gaiding baid b cuS 5 )
s 3 el s el aigp 9uiS (sl Slil Lolie ;> SPAM (gloacis .1l o IFPRI st SPAM 655 s ebaus 15 o
ok sl 51 22 331 SPAM ojg sl s ol o ol (500 58258 (liie 3 (g )l0)55 0 (295 <85 51 VL 5 Sl
loddds ub plidl yeuiS SLEL ¢ ely) oo ol YY STy slaaiids AJe &4 SPAM o ool (g 51 eoliw] b adllas oyl )3 sl ylals
lad i@ 4 Cuus ddllas Q.g.l 2ol Mo claadds sblie sy (o YL cés SPAM uJ..o\ i b dwlie jd dalls O‘i‘ 2 ool
ool b caiS 5 s 031>l oalisal (V) ok ags gl o3litsl 3)50 CaiS 5 b oMbl (1351 55954 (1) 2l oo 28 (2l @ SPAM
Sy 5 1) (F) 2l s 5 55Ty (olbas A5 3 195 e o3l IS 65 % 425 1) it o ) 5SS

ol addlas 3 0l b)) B9y slive 2 5538 )3 pre GlalS aen (sl

SPAM aiis ¢ 3l)l ()5 aiis sl onls SO o 5Ll 1605 (sWdojlg

o g Jude Sl ylal g9l @l55 3 Sl

J ki (aLS O¥game gaw asly )3 5, Sles g CutS ;5
ety S0yl Jloy o3l cpl Wi 2 K95 st )9S ol
2l Ll (S 090 ogad 3 (LMol g L
W yemiS 3 0,38 o oy LS L] 55 i lisee Y guaeo
S8 a (o)) S| 0920 pogad 3 (S Sl
2 6L Corenl dLadids pl g5 0l 2959 alizee WY guas
Ll dngi 0556 Jud I (6)588 (NS Slogeuad 5 wllllas
Nelson et ) w8, cl, 31 (Nelson, 2002) s i g ki,

LV RS

&lie 9 59l pole olKiily ¢ ely; JlS ($55ST e 5> Jraeill ) -

RS (GBS b

&lie 5 ©5yglaS pole olSily LS A g 0aSiily el 09 eolial =¥

SRS (GBS b

(Gl (lxind) pandy oSl wel)j 09y S o6 > Jpazallg b Y

ol

&lie 5 5,9l pole oty o2y LS (5981 s 58> Jranelle 6 —F

Rl (GBS b

(Email: Afshin.Soltani@gmail.com 2 e 0Jan 3 — )
DOI: 10.22067/agry.2021.69619.1033



https://agry.um.ac.ir/
https://doi.org/10.22067/agry.2021.69619.1033

1FeY ke < Voylods N wdo ((65,9Lis b pgs 4y y25 YA

o ol (pl (o 58 g (ool bilue ey o7
rolual 13 (gy55 il SS& (glabd (D9 0 plodl U.:L»T
D900 0)l3l Jguaste g9 coly (sl pae pired ¢ sloylsals
LS ol (293 & Gl o STy Al Wg5 g (pmess 4 pladl
9 d._.\.e.) L_.«w @‘39) 9 03— PG—wgo SPAM" duw -
b e calisee Y guame (S bl Wg G (glai jaeS
You & Wo0d, ) 1555 0 apd dl> yo ;o> ;3 SPAM laaiss
; You et al, 2006, You et al, 2014 2004
:(http://mapspam.info/methodology

i 5 o slol (6pgleen g 4

sba o) 45 2o g (me) o Gy pglad <8l
)3 3929 (=)

bl Jgame (135 comlio 4 by po Sledbl (¢glaen
5 oS s 3 S Ll 5 Isp g Ol oo sla S

ST k8 g g 8 Al je s )3 39290 CleMbl S
Sl )90 Jgaze (sl

poos 03laiwl Cis g ani Veoor Jlw ;0 SPAM aids (ylgl
9 (92 YeVe 9 Yool JL»J pLl g,\J)f )‘)J P pwd D ULO.DLA
S odlael b g e e pdaw > add pl aeud yeegus
(Oryza sativa) g (Triticum aestivum) pa3 :3l a5l
Panicum ) ;,! (Hordeum vulgare) 4> (Zea mays) <>
s—wo juw {(SOrghum bicolor) la_ses )3 (miliaceum
Ipomoea ) iy b e ju—w SOlanum tuberosum)
(Glycine max) Ls— (Musa sapientum) ;s (batatas
Beta ) .3 ,u s (Saccharum officinarum) ,S i «bao
»lw g8l ple (Gossypium herbaceum) 4, (vulgaris
Colw jl Seba S a bl o gy —lyj OV 5 ae
You et ) aib e ealitwl 5 3501y LB (hitp://mapspam.info)
e g9-ed o)Ll (i e b (il v 3) Sag8” ol

1- International Food Policy Institute
2- Spatial Production Allocation Model

Cgial § 5, Slae M5 cunsg o; Lobell et al., 2008al., 2010
e u g slapiws Copio (Hertel, 2011) j5is™ lie
Nelson et ) piwwwsS! wleas b, (Robinson et al., 2011)
2yl (Liu et al., 2010) 255" 8 jume o yie 4 (al., 2011

3925 PLS Gl hald and car wdiie slagly)
: ol W _ig, ol 51

(o) Sl pai (V)

(o )l padids (V)

5 Sloslgale glas ()

J38less 50 iy glaay & cuiS 5 o (apass (¥)
00 (g yglaer (claceiS s praw Sl ulul 5 ArCGIS
A8l (65938 Sl g ShdoS $SThe b

sl s 1y 353 ol Galee g Llse b igy cul 51 S 2
e g 89y o) NS0}l & (5 sy Slilas asgaree 4,
Mobasheri et al., ) 35 o 485 aoj (51 padids S plo]
29 38 Oloj dn Cusdge (s sl )lge (odm 5> 4l (2007
4o g 039 Ay g pSCEy (w5l DS oo )5 g
0ylgon SleMb] iyl (6)515)5 pwizmad 35 5L ol (slacs e
wler s clabsy 5 ol §) eilise ol sllas gl
55 oo )ly3 oolitul 5yg0 9 0 glul olea (g)l> pads

1 dle ol Shg 4 ase b sloylaale (slaodly I oalii!
il (glacied jloslaiwl o Gloj g aaia )iy (e
LSl 5 S5 by dbosy Sliogas b (sl (ol i
L Loid 53 4 o0 czge Laldlp 5 g ojljdlecn (605 4
3 sy i Slaty ol 5l e2listol b g 295 929y (ol Sl
s 4y e 5 el o slate (e gl 53, ooy
=Y 900 jl 6SUsS wleMbl 2l susl g (hjlay pas 1A ke,
55 A d9d e oglaer A ol & Jglite SNl (sla
9 loslonlo ysgluay il Lol cewl Lanosly g mlie OS]
5 295 3l (§390 e o Sl (), pises i o ] (abaiio
o Ghls S8 wligS ey So 3 gl JS 4 ol e
Ziari, ) 3505 A aled Laojs,s sladiim g loj 0 o5ndd o
e 4 plgSie dlen 151400 (koo i gy 0! (2002
Sloslaals polias 4 coly awyiwd pae sloylsnls yglai oYL
Aile ()92 Ul prgmad ) 558 g Wil g gdaw


http://mapspam.info/

VA LGl el ) g piiSTy soadids dns ooy g plie Jle

S il g Ol ol slanSly aon (35 &S sk o
ax ,n & B GleMbl dgrg g 40 4 sl S5 4 p3Y N uiil
Sloyl STy aid coled ) sl gYU gy adds opl cds
@ dogi b b daled e (6 5Vl Cda b o ylas 3)00 0LS (gly 00
J AL L el ol o) ol o e 5 390 olS o2
A olizl SLEL g oo el (ol LiS],, slbadis §l S, o
i 395 & badd ol e I AICGIS bl 5 (clisb
o=l s Jols oS )1 b sla Sy by (ST 655,
ol o S Gl L iy adB” Gy L laads (pl a4
Ol L sy ads” g "> oly; S 5,1 L (e, s
Slosds asuie ' SLEL

3R (Sl pped a3 CiS s Sle M|
N e S8 4y (o) STy w8 A5 (sl p3Y Sl
cew o oledbl ol as o a8 ol S5 a4 p5Y g (6550liS
i 2 g 2iile) LBl HLBl )3 (655 Sp s i
ki la e o i g gl 4 ooy paw > Y guas
SV €8 Ly (55, g S5 o 3l 5T
g Lol e (el polio )5 S8 0S5 05 Al
5 LMl ) oS sl o sy s Y guaeo CulS i
Ol NS A (65,9l gy g el (Lo ol
31y 2928 gl livw e (ol jyo (965 Sy 4l > Sl
2 D AS g (astde duid ol 0 K J)le 4 .0
SLeMbl ol sl jady Joao ya CulS 5 o (b o
g w23 bl ) (o) g (BL QLS den cuiS 5 aw Jols
WA L5 AWYAY Sloj 0,90 pmSilue (glp) oyl pocd gdaws 53 o
Slaes a8 Wog (bl Jlo — Y VF B YV o0V Jlo Joleo
S o Bl ) Sy Jiis o 198 (sla i i 4en
ais” p b add ol dw a4 ol 5l bl o ¥oo 5l i 9 0
ol oAb aseie ' Sl 5o

w bl ) Cilisee GlalS” (ST alds ang (s, el

Dy o 0303 b (wad pAS m (Jle SOl edlatul b ol

3Bl (gluad jd (g5 )0 @By miy Codd b (g iy Al S oy —)
Al oo adids pl Adg slel,y o sedlu I (S ArcGIS
Lol

s GLtl g (ool Y gmame (slo (gl SPAM (laaiss
(Wood-Sichra et al., 2016) wlsass

olnl GiyalsS” ¥ gae jl (S glp laadss SPAM
Uloads g Sliwl slaosly pu i 45 ol D490 3
Laasds opl a8 obl ) .(https://www.mapspam.info/data/)
Sloas w g Sl aew 0 Gladllas pbol Bun b sses job &
b ol s 550 1928 s 3] 5SS obiie 3 o3lizl oy
s )I3)95 2V €83 I (Sl o

SLSan L a5 Y00 U5 jpiS e cuial b 25 53
Wlids glojlw Ly (5,5 (e wlie 5 (5jy9liS psle ol
35 500 Gl el al Jls 55 (65598 g5 9 Gojoel
=2l Sy o0 oMbl 4l (g5)9liS” iliske Y gaee
Tk ol 2 29 Lagliwl g 59 aw ) il GV g
5 oliilen olin] lolid (ol bacs ol 4 b oueke
3 =l g o Ll 13 ol ya (gly 0l odgame > S5 g4
laolSiuw] s a5 ciih dag LUl HouiS sla vl
Jmbs 53 ol s boss 5 pliel ya 53 Gan oS ulisly
oobie 3 oS ] Sy 4wl bl pdaw ) oliE Coel
Cnlpl bl 4l 3929 (Gl el s 25ke) (il 5 Sl
dod i ol BT slad i Ay Gan b adllae oyl
(Pl e o 3 (£l 5 (2)) Olnl > jpsliS @Y pams
A5 plog

sy, 9 2190

Al d o pels oS Sy ()l (ST adk g sl
ol w3 2l (ol ool SSE 4y oS pal)) U8 STy
() JS8) 808 g 65,5liS @ lg 5l baids (ol g s SLel
Y game SSE ay (b)) STy adds a5 canl S5 4 5
Sk ©yge 4 badd ol aSly ) 392y )9S 53 (5yeliS
Landids oyl abb o d9390 59uiS )3 w3 g ol (o)) (oled sl
el oSy 4t Ly 5 " ol o)) sy ass” lyis L
Wloss paseite " Uil L5l STy adi L o "

Ly ST (5 i 4y 0lS S 2S 1y 4dds A ol
aS 4y f[PAYY Sy e 80 500 ©)le &) ddBy gy s

5L (395 o0 yioghS AAX A/ dgas )3 JuSy sl cls oyl 4>


https://www.mapspam.info/data/

1FeY ke < Voylods N wdo ((65,9Lis b pgs 4y y25 Ar

Aol @jg5 wigSe Gl ged o 3 w3 (W31 &

45°00°E 48°0'0'E  S1°00'E  54°0'0'E  57°0'0'E  60°0'0'E  63°0'0"E

SLdgpa (295 AICGIS (glad ) ol wids ol Wy (sl

(Pl e 4 b o> (ol)) (ST S G5l b (g sy Al

45°0“0"E

48°q'0“E 51oq70nE 54°Q'0"E 57oq|0«E 60°q'0"E 63°0"0"E

34°0'0"N 38°0'0"N

30°0'0"N

26°0'0"N

= N e N
Irrigated land Rainfall lands
A z z A z
o o °
£ 21 o
w o ow
™ ™ (3l
zz z
5 5 5
(2 2] e
T < <
o oM ©
zz z
o ° o
e o1 o
o o o
M oM ™
Legend = Legend .
] 2z z
B Irrland £ 5 W RfdLand £
275 ; S ©1 275 O 4 _ 5
C—Kilometers SR W & Q| c—Kilometers e e 2
45°00°E  48°00°E 51°00'E  54°00°E 57°00°E  60°00°E  63°00'E 45°00°E 48°00°E 51°00'E  54°00°E 57°00°E 60°00°E  63°00'E
45°00°E 48°00°E 51°00°E  54°00°E  S7°00'E  60°00'E  63°0'0°E
— -
Horticulturc land
z A z
=3 =3
o1 o
o o
(s} (32
z z
) 3
[k o
S S
(] Lyl
z z
o =3
21 2
o o
(2] ™
\(
Legend k.
Z ; z
5 I Horticulture £
o1 275 2
& | —Kilometers — S B0 &
45°00°E  48°00°E 51°00°E 54°00°E 57°00°E 60°00°E  63°00'E

8529 159 51 owd axd j9ulS )3 (SLEL @23 el (2O (ST py s Y S

Fig. 1- Irrigated, rainfed, and horticultural lands distribution maps in the country prepared by the Ministry of Agriculture
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Fig. 3- Rainfed wheat spatial distribution map in the country based on (A) SPAM2005, (B) SPAM2010
(https://www.mapspam.info/data/), and (C) generated in the current study
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Fig. 4- Rangelands spatial distribution map in the country prepared by the Ministry of Agriculture
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Fig. 6- Rainfed wheat area into the buffer of the reference weather stations for rainfed wheat based on SPAM2005 and

SPAM2010 map versus the same value obtained from the map produced in the current study
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The dashed line shows a one-to-one function, and the line indicates the regression relationship between the two variables.
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Fig. 7- Generated spatial distribution map in the country for alfalfa, tomato, apple, and soybean
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Introduction

Water deficit or drought stress is one of the critical abiotic stresses and limiting factors in the productivity of
plants, especially in arid and semi-arid regions. In these conditions, the nutrient use efficiency by plant decrease due
to the lower mobility of these elements. The application of bio-fertilizers is one of the most important and
sustainable strategies for soil fertility management and plant nutrition; in addition to reducing chemical pollution,
improves plant growth conditions. The application of arbuscular mycorrhizal fungi (AMF), as bio-fertilizer
improves plant nutrients and water uptake and enhances plant resistance to stress conditions leading to improving
plant growth and productivity. The objectives were evaluating the effect of different fertilizer sources (chemical
fertilizer and AMF as biofertilizer) and harvesting time on the quantity and quality characteristics of peppermint
under drought-stress conditions.

Materials and Methods

To evaluate the effects of different fertilizer sources and harvesting times on the quantity and quality of essential
oil in peppermint (Mentha piperita L.) under drought stress conditions, a field experiment was carried out at the
Faculty of Agriculture, University of Maragheh, Iran, in 2019. The study followed a split-split plot design based on
a randomized complete block design (RCBD) with 36 treatments and three replications. The first factor included
three irrigation levels: irrigation after depletion of 30% available water as control, depletion of 50% of available
water as mild stress, and depletion of 70% of available water as severe stress. The sub-factor included different
fertilizer sources, including control (C), 100% nitrogen fertilizer (NF), arbuscular mycorrhizal fungi (Rhizophagus
intraradices) (AMF), 75% NF + AMF, 50% NF + AMF, and 25% NF + AMF. The third factor was harvesting time
(first and second harvest). The distance between rows was set to be 4 m, with a plant density of 10 plants per m2. In
AM fungi treatments, 80 g of the soil containing mycorrhizal fungi hyphae and the remains of the root and spores
(1000 g spore.10-1 g soil) was added to the soil during planting. The aerial parts of peppermint were harvested at
50% flowering stage on the first and second harvests. The data were analyzed using analysis of variance and mean
comparison based on the least significant difference (LSD) test with SAS 9.3 statistical software.
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Results and Discussion

The results showed that plant height, number of nodes per plant, number of leaves per plant, number of lateral
branches per plant, SPAD index, dry matter yield, essential oil content, and yield were significantly affected by the
interaction of fertilizer sources x irrigation levels, harvesting time, and harvesting time x irrigation levels. The
highest and lowest values of morphological characteristics, leaf greenness, dry matter yield, and essential oil yield of
peppermint were achieved under non-stress conditions with the application of 75% nitrogen fertilizer + AMF and
severe water stress without fertilization, respectively. The maximum (2.4%) and minimum (1.2%) of essential oil
content were observed under mild water stress fertilized with 75% nitrogen fertilizer + AMF and severe water stress
without fertilization, respectively. The main essential oil compounds were menthol, menthone, 1,8 cineol, and
menthofuran. The highest menthol and menthone content were recorded under mild water stress fertilized with 75%
nitrogen fertilizer + AMF and non-stress conditions fertilized with 25% nitrogen fertilizer + AMF. The first harvest
showed higher values of morphological characteristics, dry matter yield, essential oil content, and yield compared to
the second harvest due to the longer growth period and better growth conditions in the first harvest.

Conclusions

The results demonstrated that the plant height, the number of nods per plant, number of leaves per plant, the
number of lateral branches per plant, SPAD index, dry matter yield and essential oil yield decreased significantly
with increasing stress levels. In contrast, the application of AMF reduced the adverse effects of water stress, so that
in severe water stress conditions (irrigation after depletion of 70% available water), individual and integrative
application of AMF with nitrogen fertilizer increased the mentioned traits when compared with control. In addition,
the mentioned traits in the first harvest increased by 127.8, 194.6, 159.8, 147.7, 17.7, and 37.9% in comparison with
the second harvest. Also, the essential oil content of peppermint is enhanced with increasing water stress to mild
stress. So, the essential oil content in mild stress increased by 11.4 and 39.7%, respectively, when compared with
non-stress and severe stress. The highest essential oil yield was achieved at the first harvest with the integrative
application of 75% NF+ AMF. Also, the major essential oil compounds of peppermint (menthol) was recorded in
mild stress integrated with 75% nitrogen fertilizer+ AMF. Generally, considering that the economic purpose of
cultivating medicinal plants is extracting the maximum content of secondary metabolites, and since the productivity
of peppermint essential oil increased significantly by the integrative application of 75% nitrogen fertilizer+
mycorrhiza in mild stress, it can be suggested as a superior treatment.

Keywords: Bio-fertilizer, Essential oil yield, Menthol, Sustainable agriculture, Water deficit
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Fig. 3- Means comparison of the interaction effect of harvesting time and different fertilizer resources on the number of nods
per plant of Mentha piperita L.
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Table 3- Means comparison of interaction effects of irrigation levels and different fertilizer resources on plant height, number

yield, essential oil content and yield of Mentha piperita L.
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Fig. 4- Means comparison of the interaction effect of harvesting time and different fertilizer resources on the
number of lateral branches per plant of Mentha piperita L.

295 403 V0 3,8 L oy s )ll )3 (OV/2) gyl (sl
S xe glis a5 el Cawddy 32950 2B g 3 yeSue + A9
Orzen (il Jlog (g)lal 50 555 358 Lo )3 Ve 2 )87
Jless 53 9 b i ) (VAV) Jdg )l padls ol (a8

Jud g ols padla
S Jlain] waw 53365 x (45 blite Sl g o S ogS il
g Jlenl e )5 Gl X e Jlite Jl g 5 51 g o)
e Gy (¥ Jgdn) A8 b dne Jidg IS (asls p do )



1FeY 5l < Yoyl 0 wlo (65,9l (owlils pgo &yl Vo ¥

(535 2 Slas oy G X e Sl 51 5 358 x i i
(Y o) 400 )3 Jb ime dopd SO Jlain! pdaw (0 Suis
bl )3 (gaasio o p )5 VVIT) St g 5 Skos oy
4 a el Cunddss 3 yoSue + 559515 395 o> YO 3,5 L Loy
woilss Jloy )bl 55 4559555 365 hopd Voo b (gl gxe cglés
(aererie 3 p55 BON) St ()jg 3os Gljne (2 pieS (e
coplymooMe (¥ Jgan) Lol Cawndds 365 Cbyime (gl Db LES 5D
039 20 Shas oy (2l G5 % G Jlie 1 S el
sialS (¥ Joas) del cunday Jloy (oylol )3 g Jol cpn pd Suts
Jdvas ol (Sae SIS a5 Gl b Sis 59 9,50es 5
Cgby Lials L (Govahi et al., 2015) wily (gjuwgsd ol
)JG]J&)A@L&)JL»9M0):9¢G1J&)A0L&JW‘J[>
bl dales ials olie mlie 4 olS w ptwd oS () g o
ooy Gl (s Ll 53 b b 5l S e e polic 1
8 ainy Sl ) (5keS (limda g odnua S 339290
Vo il a8 S Jodore )3 jawd clale (piomod )5
eredS b S e (ol 9 YU PH ) jaud 15 bl o Y 509,800
Oizmen S Jobra )3 o8 Culdlo ol S o g pgrinagl]
N el 2980 ) il Cuowdy jind oS JUil 4 ot
o Sis G bl b blS k) clas Gials LY
o 5 4 48 Db e 03 o glie yolie Qi ials
ey g 45 )15 b o olS by bl (sla J5S)sage
Hussain et al.,) a5 aales balys cpl p3 olS ady yialS 4 e
095 sl 5 03900 g Sildlil L 52)see )8 (2018
i U 395 o sl S 515 4y jblad i g yiwssis)
ey gl g 9l Jslowe iy SB o 0l Coh 5 Jslomo e
32550 L8 cpicmen (Varma et al., 2018) 5,5 wis LB
395 NS b |y ol 3l 3y90 59k ) S s Ll e
g L puigym i u_S)J 5 ;jw (_s—ﬂ .)‘9.0 33 04 dgiome
5 Mot b L aysSee @ 45 3 22 31T il (glasn]
O AianSS |y (SSE ) 59y sl S B & Tl

1- Peptidases
2- Proteases

ol ol 5 piomed (¥ Jgis) sel Cawdds 365 G5 juna pas
9 sl e 0> B9l el i (i (A5 X o il
oyt Jsl o stibofl 3 (F gia) sl casdas Jloy (ol
30,5 £9d p S Jubs IS sl gao > VIV il5él
Sl IS, 5l —one =5 Jdg IS (Ostadi et al., 2020)
bLs)l glals (oplS 3 Jdg)lS slgome adl oo (gjtimgid
Dl Jgmame )90k 9 (218 polie (i gt b (Seap
s IS 432 3 55 Slaml sy oo 8B St i
ol Wy cel il  Siis (15 )38 o (g timeid sladilass,
395 byl 55 a3 5 Codyg)lS @y ol
JsSNg0 , & 4 Sl 4 a5 L (Shivakrishna et al., 2018)
Sed do 4295 Ly g 1l 0fgr ol slee bl JidgylS
Ol oLS s 13 (3958 Oliwe b Jsdo)lS lgioee Cute
ol 8 oLS Judg IS (e gy e Rl L a8 e
i3l U 30080 28 (tlposdle (Mao et al., 2020) sl .
OF9rs 9 i ojgdn (18 yole Qo el ady) colus
whlS S v colus ilisl eely ol 4w > a5 e
b dmlgd oS g (oS g Jedg)lS (slgioe cygmMnS S
.(Begum et al., 2019)

595 W 9 A ) (o)l ik sl ooy b ool 5
G. 5Glomus intraradices) ;s ,5She z,L8 3,LS 5 (LS
(S 5 iy 45 15 GBI S ol oS (s, (mosseae
5900 9 ¥ (oll (slmoygd )3 iy Joudg)lS jadlis e
03l Gialdl 4 ot ()18 4555 93 305 uismen el Canday
=ik 5 J(Aslani et al., 2010) 10,5 Jals & G Juds IS
OB Gt g OB Lalyd )3 (6355 e glie Sl gy b S0
155,835 (Satureja hortensis L.) oo (05 0355 85 (59,
5 dsbo lS asls oS 5y Slas 2ol el Sis i oS
09 bl ) 89l e Ld (o ply 4035 (il 5 Shes
b ol oy YoV (il bl 4 G 45 Sal Canddy 35
.(Akrami Nejad et al., 2015)

S ()59 9 ySlas



V+O ...(Rhizophagus intraradices) 3 ysSuwe g 18 5,15 oy od g 5 yoilga

2 bl 8oy oyl 15 X o e 5 gl bl 2
Sy H i (F Jgaz) ol oty mMo (15 10 9 Sl
W1y gl pSlas )5 g ail (sl (b )3 9 0392 ik, olS
b Jol e o s 93 2 53 il Bl (390 505 S (o
> Camas po> 2 53 9y Jsb (992 065 9 Led ialS 4 i
o Mg bl (lise 5 uilil odimd LSty 3ae e il oS
&5 4 g wilol 0Jg e (Aflatuni et al., 2006) cusly salgs
slalos Lito 586 cov 9 GlalS 3 (5 S5 Mg o
» Lo pialS g (S5l &Sgysba 38 (0 58 (SH5k 5 b
Lavandula ) yesdgssle wl eyld ol S0 50,0 b
S a8 ws bl 3w yialS 4 y>ie (@ngustifolia L.
b e Ay bl cnl )3 ead Wy il ials
(Hassiotis et al., 2014) x3l> cous ol o5l ials 5 il
a3 G5 X o Jlite g Gz 098 (A ol 3]

o 53358 Xy 9365 x5 blate clyil 5 dopy S Jloss ]
Ot (¥ Ja) 48 b dne (bl 5, Sdos 20> iy Jlots]
3y Sdes (gmyoyio 3 p35 V) (e g (@pesie 2 p)5 VIV)
+ 4559y 365 Mo VO 3,08 L oy )bl ) cus g Luilul
{F Jsiz) acel Casady 368 Brme 9y yad GRS )3 5 525500
Ol i sl G5 X o Bl 3 @ls elsl 1 (rien
Joiz) scel cnas Jloys )bl )3 5 Jgl v 3 eilsl 3,80ee
VO (il 3 pylS L il 3 )Shos (line (i ol pogde (¥
glds 48 sl Comdds Jol cpa 50 ay95ue + 43595 395 oy
gt (B JS8) <l Jol oz 3 5y55e )8 sless b )l sixe
Cdled Jali8l A fayeSue gy L8 3 )8 L (ils gl il
g d o (Rl 1 g il saimd JSUa5 348 g (g g
Ay S A DS e 03 G (238 polis 4y g yid
el 3)b ) jsSee @B b albglas olS Ay (s jor
OBl cezge jind ()39 lex Sl il okl ol polie
» (Golubkina et al., 2020) cusl ouss Jald glins uilwl do)yd
Sl Sl el yoSe )8 3p)5 &S MBS doe gy
Sl gl Sigonls Jud I (2L (lagygejgngid clals )
Ty 388 S5 diygep9mgid (nl 45 258 o0 (inS g 9 el
sl it Mg & o aleg 53 5 e |y (uilel eaiS
2o 5 S5 Ygane (Kapoor et al., 2017) Lgd o 45

(Behie et al., 2012) u=S' o a1y b 55- slayogige
Ay 095 duopd VB 3 SLiB (g (g yide el pogdle
ORIl Sad ele QRG> (s A 4 lFee |y e
9 s a8 L (159, 1y ol s (605 093 Job
9 (g by lali8l el ot po sl ol (pilw))gs
2 B G958 oS Sloj cnlpogdle Db o0 LS )3 (a3a3L
4 e ol ) & Al oo Bl g (e il 0lS g0y
355 38 cnlyogdhe 33,5 (o olS 0395 Cuuj 9 A5 (il
el 9 jiud wle S5 polis gead g o iyt (olend
L s} ;5 (Baranauskiené et al., 2003) a5 o yiulj8l oo
Salvia) glalg) 5 w20 olS 59y (ol S5 lieo rokans (o) 2
059 sl L5 Lialidl b as w6s )8 )33 (macrosiphon Boiss.
O 3o i o ygbody il Lials olgn slaplyl St
Mo 55 L gl e gl a5 el o Jloy o)l pd
» oe—ied (Sodaeizadeh & Mansouri, 2014) ¢ il
9 593 iy SLmagS 3p) 8 L5 (e L slaalllne
Csly 39y 365 45 03,8 IS (b ol ol 55y CusgiaS o]
(Yousefzadeh et al., 2016) 15,5 s o3lo 3 Slos i34l
02,5 (B)S 0530 59) Seidsm slod9S Pl gy b culpegMle
4 Comd Syjolon 3)Ses 203 MY (a8l & oxie Jol (e &5

.(Rezvani Moghaddam et al., 2013) ;5,5 pg3 (y>

iledl o Slae g as j0
U o el o> 45 sy ol by 40 b
9oy S Jleisl waw )3 G 9395 (5 ol Il I ine
o) gy Jleinl aw )3 A5 X (p g 398 X i Jlite Il
2 (303 VI¥) il 20> Glise oy (¥ Jgio) €8)5 1,8
FagSee @B + 4395 395 hoyd VB (il )8 b oMo 5
oled )3 359She )L 5,,LS b (o)l dxe ciglis a5 el Cowday
WY) il dmop (i e ipod (el (bl s
(Y Jgion) dal Cawddy 365 Crumn gy g b (S ) (o
ol (ol GluS 5 g il Sles o> op py (g
55 (p50elS g il Jgily5 e s Lol ot Wl JglL)
byl Aoy 50) Mo ol i, (Coriandrum sativum L.)

oyl pogde (Ahmadian & Nourzad, 2014) sel cusa (<l,;



VBT leg e Voplouds N0 ol «(55yglisS ol pow 4y pids ) 0 F

055 3 o S e 9 medle ol G155 (L gl bl 20>
bl 5l pin o YYIV g YAIY Cl e oS as Juols s
e Jgl o > peilil 38hes g 803 (pimen gy Jloy
iz golaw )0 .l LRIl ped e Ay Caw VY 4 FY/O
ool 5 ot Ll Jaas olie cniteS 5 i o)l
L conizmen b adaliio Jloy ()bl 9 mMe o)l )3 e
o , S5 wluS 5 ol Funneliformis mosseae g1 5,18
Amani ) asly yiol8l B pae pas & Cous Juoyd VIV o £/2 XA
.(Machiani et al., 2021

oo 3, Shae Ly Jols 5l il 3, Sloe oS bl
93 L g bl oo canddy oS bawg oad Mg will oo 55 SiS
dy yomie a8 lole o 1 )b ewditues alaly oid SO s ls
olol 5, Sas (158] &y joxie 33,5 0dds S5 (adld 9> )3l
oiblS” s oplply (Zheljazkov et al., 2009) us salss 50
odlo 5y Sdae yidlS ay ylod oy pgd > 0 uilul 5)Slos
Comd Jgl 2 & Connd 93 (32 08 M7 il liee 5 St
(Amani Machiani et al., 2017) sl

2.50 - m First harvesting
LSD value =0.25
2.00 -

1.50 -

1.00 -

Essential oil yield (g.m?)

0.50 H

0.00 -

Control Nitrogen fertilizer

Mycorrhiza

ol e delwel byly b 0 gyl LS o il
655 elmans] e )3 olS 51 ol ol a5 amd o o5 Ll
Ghasemi et al., ) 18 o clablne Ol Jloinl 34008 930U
185 (g55kiS Y o dad By agsls Y guarea (2015
il 9 ol (o b o oo M 5551 (St 5 Ll
dlaBl (23jly aoxis )3 g b (olead Sy g5 gl
LS )l sl gl lacdglio Wy a8 1y o5V
5485 ygo (S e sl 5 bl Jolge 4y Cons
S el Cae 3 (2183 (b g8 o L8l )4 Ao 4
(Ghaemi et al., 2019) )] o Cluos 4 Sl clacls
0 s Mo 5 > (il gl bl e oSl oy e
DAS 5 50 e e il (lise Jg el adly yiol38l aals
Slagtis ) el 03,5 Iy Jials Mo A5 4 S
A B |y oad adg (st dlge yidn oS s
9 8L oS (g aden I (greml oaiiS el clacuS
Ol S (oo oS98 5 5593 5L iile (g8 LS 5
ool acs la i ) elS Gl (i 1y p3Y bulyd sk
Oy slaslllas j5 (Khorasaninejad et al., 2015) s34

m Second harvesting

Mycorrhiza+ %75 Mycorrhiza+ %50 Mycorrhiza+ %25
nitrogen fertilizer nitrogen fertilizer nitrogen fertilizer

SIS lai pwilw! 3 Slos 3 BliSe (5355 2abio g o Joliie 51 (pSolao duny o —0 JSUS

Fig. 5- Means comparison of the interaction effect of harvesting time and different fertilizer resources on essential oil yield of
Mentha piperita L.
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Glomus z,L83,,LS L 5 psMo i o b ulidss LS
53 Cpooxen (Fadaee et al., 2018) sl cwsa intraradices
G. «Glomus intraradices) j,Sue g )L8 5> —idgh
JIld oy e il 81 L (G, fasciculatum 4 mosseae
oS bl S s v i JWi5 5 s Jsuste Jeto
2 owized (Zolfaghari et al., 2013) ub sals 4 cod b,
3p)LS A8 S asuie b plxl glis g9y &5 303 sladlllae
9 CseS 390 4o 2w (Rhizophagus clarus) j,,sSs 7,8

B2 L 09l Ul i Sygbr 008 (uilul S
.(Urcoviche et al., 2015) ol cossey 3,90

S 5 o
OiiS e GRlIL oaSb (LiS Budos ol 5l Jols gl
(ol a3 li laws o5y ol 0 )5 dlus cigy glisy) olie ¢ g,
Sbne kS Sid g 0,8 5 Jidg )5 padli gy
O 9w Sl (IRl 4 joeie 52)08e @) 3 )8 (g 0,8 g
k) 4s ao 3 Vel as ol 3 &by 08 (Suis

(o 93 0Sils) cilisee (9395 olin 9 2 AT 5T o (IS Elias puilosl 00d 2 Lolind LS 5 -0 Jgn
Table 5- Ingredients detected in essential oil of Mentha piperita affected by irrigation levels and different fertilizer sources
(Average of two harvesting time)

) o3 LSS s150 Sk St
:”a’ bl o bwlxo o WaoF1  WaoF2  WaoFs  WaoFs  WiaoFs  WaoFs
ow
Essential oil ingredients ~ Calculated Reference
retention retention
indices indices
e T

1 o= w 931 932 0.8 0.7 0.7 0.8 0.9 0.7
a-Pinene

2 O‘;“*L‘" 970 969 0.7 0.6 0.6 0.7 0.8 0.6
Subinene

3 ol 975 974 11 11 12 12 13 12
p-Pinene

4 O 988 988 0.6 0.7 0.5 0.9 0.7 0.4
Myrcene

5 JPtSHY 1000 998 0.1 0.1 0.1 0.1 0.1 0.1
3-Octanol

IR A
6 i w 1017 1014 0.1 0.1 0.1 0.1 0.1 0.1
a-Terpinene
7 iged 1029 1024 2.9 2.6 2.7 3.1 3.1 3.0
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10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

Limonene

Jofaw—) A
1,8-Cineole
oLl
yTerpinene
Ohaed b o
Cis-Sabinene hydrate
Jsud
Linalol
O
Menthone
Ol
Menthofuran
Josm 5
&Terpineol
Joiam g8
neo-Menthol
Jsue
Menthol
JHf-oim s
Terpinene-4-ol
Jottegib g5
neo-iso-Menthol

REer
Pulegone
O
Piperitone
Sliwl =50
neo-Menthy acetate
[ oy ECR V.
p-Menth-1-en-9-ol
bl Jetiog 3l
iso-Menthy! acetate
Oiangr e
f-bourbonene
Oedon )8
(E)-Caryophyllene
Oy o=
(E)-p-Farnesene
&> Sl
Germacrene D
oS!
Elixene
Joslad g
Viridiflorol

odd (olulid ©luS 5 ggeome

Total identified (%)

1029

1058

1066

1103

1152

1161

1162

1163

1175

1177

1184

1236

1252

1273

1294

1307

1382

1416

1457

1479

1494

1589

1026

1054

1065

1095

1148

1159

1162

1161

1167

1177

1184

1233

1252

1271

1294

1304

1387

1417

1454

1484

1492

1592

6.4

15

0.3

135

44

2.2

3.9

32.7

2.2

1.4

0.4

0.7

10.8

0.6

1.0

1.2

0.2

1.0

0.1

0.4

94.6

5.6

0.2

13

0.3

14.8

4.3

2.2

3.8

31.8

1.3

2.7

1.8

0.4

0.7

12.6

0.7

11

13

0.2

11

0.1

0.4

94.6

6.0

0.2

13

0.3

144

4.2

2.3

4.0

34.2

14

2.9

14

0.5

0.6

10.1

0.5

11

1.2

0.2

11

0.1

0.4

94.3

5.9

0.1

14

0.2

14.9

3.8

2.4

4.2

33.9

14

2.2

1.6

0.4

0.6

10.8

0.5

11

1.2

0.2

0.9

0.1

0.3

95.2

6.1

0.1

14

0.4

14.8

4.2

2.3

4.0

33.9

0.2

3.2

1.6

0.4

0.6

10.3

0.5

1.0

1.2

0.2

1.0

0.1

0.4

94.9

54

0.2

13

0.3

154

4.2

2.5

4.2

345

0.2

35

1.6

0.5

0.6

10.3

0.5

11

14

0.2

11

0.1

0.4

95.4

@59yt 095 Moy B F5 (53 y9Sk0 + 43950 395 Juoyd YO 4 (o y95ue 7,8 :F3 3o 5 595 F2 camlis (1 ¢ g, e adst iSlis wod Y il e )bl :Wao

30550 + A55g,i5 355 duoyd YO F6 (fyeSe +
Wao: irrigation after depletion of 30% available water, F1: control, F2: nitrogen fertilizer (NF), Fa: arbuscular mycorrhizal fungi

(AMF), Fa: 75% NF+ AMF, Fs: 50% NF+ AMF, Fe: 25% NF+ AMF
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Table 6- Ingredients detected in essential oil of Mentha piperita affected by irrigation levels and different fertilizer sources
(average of two harvesting time)

Sk pasls Sk pasle
u‘;_,g) uwl.w] OMDL:L«.SW- Lﬁl}?l u_nl.m:lz,o u"‘-’)ﬁ)
RC;W Essential oil Calculated Reference WsoF1 WsoF2  WhsoF3 WsoFs  WsoFs  WsoFe
ingredients retention retention
indices indices
1 “};‘yﬁ_w‘ 931 932 0.8 0.8 0.8 0.6 0.8 0.7
o-Pinene
2 ”“‘L“’ 970 969 0.5 0.7 0.7 0.6 0.6 0.6
Subinene
3 ol 975 974 12 12 12 12 12 11
B-Pinene
4 O 988 988 0.4 0.8 0.7 0.7 0.8 0.4
Myrcene
5 sty 1000 998 0.1 04 01 02 01 01
3-Octanol
6 Q""’)""s‘_fw‘ 1017 1014 0.1 0.2 0.1 0.1 0.1 0.1
a-Terpinene
7 . s 1029 1024 3.0 2.8 2.9 2.7 2.7 2.7
Limonene
8 J"“*’_”_VA 1029 1026 6.0 6.2 6.4 5.8 6.2 5.4
1,8-Cineole
O =L
9 . 1058 1054 0.2 0.2 0.2 0.1 0.2 0.2
y-Terpinene
10 S il e 1066 1065 1.1 1.4 16 15 15 13
Cis-Sabinene hydrate
Jod
11 - 1103 1095 0.3 0.3 0.3 0.3 0.3 0.3
Linalol
12 oy 1152 1148 14.2 144 13.8 13.2 14.1 14.6
Menthone
13 olsbse 1161 1159 4.2 4.1 45 3.9 3.9 3.8
Menthofuran
14 o B> 1162 1162 2.3 25 23 2.4 24 24
S&Terpineol
15 N 1163 1161 3.9 4.0 4.0 41 4.0 4.3
neo-Menthol
16 o 1175 1167 341 350 340 374 369 354
Menthol
JFE-oip
17 . i 1177 1177 2.4 1.3 2.5 1.4 0.2 0.3
Terpinene-4-ol
18 J’_““’"‘f“z 1184 1184 2.2 2.1 2.2 33 3.3 3.4
neo-iso-Menthol
19 0™ 1236 1233 1.4 1.8 1.7 1.5 1.4 1.6
Pulegone
20 ‘”""w" 1252 1252 0.4 0.5 0.4 0.5 0.5 0.5
Piperitone
21 bl g 1273 1271 0.7 0.6 0.7 0.6 0.6 0.7
neo-Menthy acetate
22 S ohdreen 1294 1294 11.9 1.1 11.0 10.9 104 110

p-Menth-I-en-9-ol
23 Sl o g 3] 1307 1304 0.4 0.5 0.5 0.5 0.5 0.5
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24

25

26

27

28

29

iso-Menthyl acetate

Feusl
[-bourbonene
OlsdanlS
(E)-Caryophyllene
O B
(E)-p-Farnesene
&> Sy
Germacrene D
oS!
Elixene
Joslaans
Viridiflorol

odd (olulid GluS 5 ggecme

Total identified (%)

1382

1416

1457

1479

1494

1589

1387

1417

1454

1484

1492

1592

11

13

0.1

0.4

95.8

1.0

1.2

0.2

0.9

0.1

0.3

96.1

11

1.2

0.2

1.0

0.1

0.4

96.5

1.0

13

0.2

11

0.1

0.4

97.4

1.0

13

0.2

11

0.1

0.4

96.7

11

14

0.2

11

0.1

0.5

96.0

+a359,50 395 Mo yd O 5 (5 y9Sue +a350 555 395 Mo yd YO Fa 5o y9Se 7,8 (3 iy s 298 (2 cmli 1 gh, jlxe a5 wSlis 1oy B 3l s 55kl W0

JagSes TSy 395 103 YO 1F6 52050

Wso: irrigation after depletion of 50% available water, F1: control, F2: nitrogen fertilizer (NF), Fs: arbuscular mycorrhizal fungi
(AMF), F4: 75% NF+ AMF, Fs: 50% NF+ AMF, Fe: 25% NF+ AMF

(o 99 Nilo) cilideo (6395 qubio 5 (ol (T 53T o Jild Eliad (il 0l (bl SIS 5 Y Jga
Table 7- Ingredients detected in essential oil of Mentha piperita affected by irrigation levels and different fertilizer sources

(average of two harvesting time)

oasl 55b yasls
o JSWiS (s3] &1k S50 u”
) o] . )
& bwlbxe WwF1 W2  WnFs  WiwoFs  WooFs  WaoFs
Row Essential oil Reference
: : Calculated retention
ingredients retention indices
indices
1 Q;")'_’_w‘ 931 932 0.6 0.8 0.7 0.7 0.7 0.8
a-Pinene
2 “'HJL" 970 969 0.5 0.7 0.6 0.6 0.7 0.7
Subinene
3 ‘H_LJ 975 974 1.3 1.3 1.1 1.1 1.1 1.3
[-Pinene
4 O 988 988 0.7 0.7 0.3 0.6 0.9 1.0
Myrcene
5 Jpshy 1000 998 0.1 01 01 01 01 01
3-Octanol
6 oyl 1017 1014 0.1 0.1 0.1 0.1 0.2 02
o-Terpinene
7 . e 1029 1024 2.8 2.9 2.8 2.8 2.7 2.8
Limonene
8 Jﬁ*“_‘_”’\ 1029 1026 6.1 5.9 6.2 6.3 6.4 5.8
1,8-Cineole
o yi— LolS
9 il 1058 1054 0.1 0.1 0.2 0.1 0.2 0.3
y-Terpinene
10 Sl e e 1066 1065 15 15 1.3 15 16 15
Cis-Sabinene hydrate
11 "bju 1103 1095 1.0 0.3 0.3 0.3 0.3 0.4
Linalol
12 )9 1152 1148 12.2 13.0 15.0 14.3 13.8 13.3
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Menthone
13 ohgdyte 1161 1159 3.9 38 38 3.9 3.7 3.7
Menthofuran
14 J"“”*’f > 1162 1162 2.1 2.2 2.5 2.4 2.3 2.3
S&Terpineol
15 Jyem gt 1163 1161 4.0 4.1 4.2 4.2 4.3 4.1
neo-Menthol
16 Jye 1175 1167 335 35.9 36.0 35.1 344 346
Menthol
17 JF_‘G_O**“" 1177 1177 16 15 2.6 1.3 1.2 1.3
Terpinene-4-ol
18 N 1184 1184 2.0 21 2.0 21 33 2.4
neo-iso-Menthol
19 N 1236 1233 1.5 2.0 1.1 1.6 1.6 1.4
Pulegone
20 R 1252 1252 0.3 05 05 05 0.5 0.5
Piperitone
21 Sl (giomgi 1273 1271 0.7 06 0.6 07 0.7 0.8
neo-Menthy acetate
22 JFphdrear g 1294 1294 11.1 9.5 8.9 12.2 11.2 12.8
p-Menth-1-en-9-ol
23 okl Jeemyyl 1307 1304 0.6 05 0.4 05 05 0.7
iso-Menthy! acetate
24 gt 1382 1387 0.9 1.1 1.0 1.0 11 1.1
f-bourbonene
25 oekde ) 1416 1417 17 1.3 1.3 1.2 11 1.2
(E)-Caryophyllene
26 O 1457 1454 0.8 0.2 0.2 0.2 0.2 0.2
(E)-p-Farnesene
27 3 oSl 1479 1484 1.0 1.0 1.0 1.0 1.0 1.0
Germacrene D
28 S ) 1494 1492 0.1 0.1 0.1 0.1 0.1 0.1
Elixene
29 J)’“”’f’ 1589 1592 0.3 0.4 0.4 0.4 0.4 0.4
Viridiflorol

o0 ‘_;:L»LJA uL.S)S Egome
Total identified (%)
&59 55 95 Moy B tF5 (53 59Sh0 + 43950 395 Juoyd YO 4 (950 7,8 :F3 g5 595 F2 camlis (1 ¢ g, e kst iSlis wod Ve il s )bl :Wio

33550 + 55955 355 duoyd YO F6 (o ysSee +
Wro: irrigation after depletion of 70% available water, F1: control, F2: nitrogen fertilizer (NF), Fs: arbuscular mycorrhizal fungi
(AMF), F4: 75% NF+ AMF, Fs: 50% NF+ AMF, Fe: 25% NF+ AMF

93.3 94.1 95.5 97.0 96.2 96.9
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Table 8- Monoterpenes and Sesquiterpenes percentage of essential oil of Mentha piperita affected by irrigation levels and
different fertilizer sources (Average of two harvesting time)

_ o)lo5
G ‘:;L.,l “lf)l’ ‘_T“*"”s ; Treatments
rouped essential oil compounds
P omp WsoF1 WaoF2 WsoF3 WaoF4 WaoFs

WsoFe

LS9 Slai Sy 6.3 5.98 5.95 6.9 7.1 6.1
Monoterpene hydrocarbons
eS| sl igigs 84.2 84.4 84.1 84.4 83.9 84.9
Oxygenated monoterpenes
59 oA 3.6 3.7 3.7 35 35 3.9
Sesquiterpene hydrocarbonates
S Sl 25 o 0.4 0.4 0.4 0.3 0.4 0.4
Oxygenated sesquiterpenes
A elss 0.1 0.1 0.1 0.1 0.1 0.1
Other compositions
225 lulid S5 ggocne 946 946 943 952 949 95.4
Total identified compounds (%)

WsoF1 WsoF2 WsoF3 WsoF4 WsoFs WsoFs

9 Slai Sy 6.1 6.7 6.6 6.1 6.3 5.8
Monoterpene hydrocarbons
eS| slagy Fyige 85.4 85.7 85.8 87.04 86.2 85.6
Oxygenated monoterpenes
“S5rh Sl S s 3.8 3.3 3.6 3.7 3.7 40
Sesquiterpene hydrocarbonates
eS| S5 P55 5 0.4 0.3 0.4 0.4 0.4 0.5
Oxygenated sesquiterpenes
kS 0.1 0.1 0.1 0.2 0.1 0.1
Other compositions
225 (glulid SleS 3 ggocne 95.8 96.1 96.5 97.4 96.7 96.0
Total identified compounds (%)

WroF1 WroF2 WroFs WroF4 WroFs WroFs

S 9 Slain Sy 6.2 6.6 5.9 6.2 6.4 6.97
Monoterpene hydrocarbons
eS| slagy Fyige 82.2 83.4 85.5 86.8 85.9 85.6
Oxygenated monoterpenes
259t Sn s 45 36 37 35 3.4 338
Sesquiterpene hydrocarbonates
5euS| Slon 25 0.3 0.4 0.4 0.4 0.4 0.4
Oxygenated sesquiterpenes
A S5 0.1 0.1 0.1 0.1 0.1 0.1
Other compositions
w’ @L“L“ s S g9 93.3 94.1 95.5 97.0 96.2 96.9
Total identified compounds (%)

slome alss Slus doyd Ve 3l L 6okl W70 ¢ ol sbre aylss Sl s yd 0+ 51 L ()bl W0 ¢ gy jlome adss ySTus o3 Yo 5l L (s5bl ;W0

3255ue +a359 515 365 o yd VO (F6 y6Sen +4355 505 365 2o )3 B¢ tF5 5y +55g 5 355 Mo pd YO 4 5y )5Sie 58 F3 g5 565 F2 il :F1 ¢ gbo,
Wao: irrigation after depletion of 30% available water, Wso: irrigation after depletion of 50% available water, W+o: irrigation after

depletion of 70% available water, F1: control, F2: nitrogen fertilizer (NF), Fa: arbuscular mycorrhizal fungi (AMF), Fa: 75% NF+
AMF, Fs: 50% NF+ AMF, Fe: 25% NF+ AMF
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Introduction
The incidence of drought periods and its continuity in arid and semi-arid areas is considered one of the factors
affecting soil microbial population and activity and soil water content, and thus affect soil fertility and nutrient
availability. Implementation of the straw checkerboard barrier technique in these areas as a cheap, effective, and
easy technology has an important role in reviving soil microbial communities and desertification control. In the
present study, the effect of the straw checkerboard barriers technique on moisture retention, soil microbial
population and their CO, production was investigated.
Materials and Methods
This research was carried out in a semi-arid region prone to wind erosion with damaged soil communities, in
which the straw checkered barrier technique was established to control wind erosion. For this purpose, 5 t.ha™ of
rice (Oryza sativa L.) straws were arranged in 1 m x 1 m checkerboard patterns in January 2018. This research was
carried out in a part of the “ Margh” meadow the south of Shahrekord, the capital of Chaharmahal and Bakhtiari
province (50° 50'E, 32° 17'N). Then the effect of this technique on soil microbial properties, including respiration
and soil microbial biomass as well as moisture retention and aggregate stability, were considered. The same area
was also dedicated for control as bare ground. Several straw squares were randomly selected, and the trend of
changes in microbial respiration and soil moisture in the border of barriers, the center of barriers, and bare ground
were measured in several stages. Also in the fourth stage of microbial respiration determination, microbial biomass,
and aggregate stability were measured too. Microbial respiration and soil moisture data were analyzed based on a
split-plot experiment in time in a randomized complete block design, and microbial biomass data and weight and
geometric mean particle diameter were analyzed based on a randomized complete block design.
Results and Discussion
The results indicate that soil water content at the borders of the barriers significantly increased compared to the
center of the barriers and the bare ground by 10.91% and 18.56%, respectively. Soil water content at the borders of
the barriers was maintained for a longer time compared to the bare ground, but the decreasing trend of soil moisture
in the bare ground was steeper over time, reaching the lowest position compared to the others. This can be attributed
to the reduction of wind speed and shading of straws on the soil surface, creating a safer microclimate near the soil
surface. The addition of rice straw in the form of checkered barriers to the soil significantly increased carbon
mineralization compared to the bare ground in all measurement stages. In the first stage, the amount of CO2-C
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produced at the borders and center of the barriers increased by 37.76% and 14.69%, respectively, compared to the
bare ground. On July 5th, CO2-C production decreased significantly. From July 15th to October 28th, the trend of
carbon mineralization at the borders and center of the barriers and bare ground showed a steady state with lower
values for the bare ground. Residue incorporation in soils may increase C mineralization and have a positive priming
effect for accelerating soil organic carbon (SOC) decomposition. The establishment of straw checkerboard barriers
alleviated the effects of moisture deficiency on soil microbial activity and increased carbon mineralization. The
higher rates of microbial respiration in the barriers indicate the efficiency of the straws added to the soil and the
better adjustment of drought conditions in the soil. The highest soil microbial biomass and aggregate stability were
observed at the borders of the barriers, which was significantly different from the bare ground. The return of
residues to the soil increased aggregate stability, which may be due to the improvement of organic matter and soil
porosity.
Conclusion
The results of this study indicate that the implementation of straw checkerboard barriers improved the soil's
biological properties, moisture content and aggregates stability and can provide a better microclimate for plant
establishment and growth, which may lead to higher conservation of natural resources and sustainable production.

Keywords: Carbon mineralization, Ecological engineering, Mean weight diameter, Soil microbial activity, Soil water
content
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Table 3- Analysis of variance (mean of squares) effect of distance from barriers and time on CO,-C production
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™ and **: indicate, respectively, no significant differences at p<0.01 probability level.
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Fig. 5- Carbon mineralization as influenced by distance from barrier and time (LSD (5%) = 0.10)
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Table 4- Analysis of variance (mean of squares) distance from barriers on microbial biomass, MWD and GMD
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™ and **: indicate, respectively, no significant differences at P<0.01 probability level.
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Fig. 6-. Effect of distance from barrier on soil microbial biomass (LSD (5%) = 117.72)
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Table 5- Correlation coefficients between soil water content, microbial respiration, microbial biomass, MWD and GMD
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GMD
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" *and **: indicate, respectively, no significant differences at p<0.01 and differences at P<0.05 probability level.
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Introduction
Rice (Oryza sativa L.) is one of the most important and valuable grains in the world, after wheat, and is the main
source of food for more than 50% of the world's population. Proper water management in rice fields plays a key role
in the usefulness of other production inputs. One way to improve the efficiency of nitrogen fertilizer application and
reduce its losses is the simultaneous use of organic and biological fertilizers. Due to the conditions of Iran in terms
of water resources and excessive consumption of nitrogen fertilizers, the use of less water in rice cultivation and
reducing the use of chemical fertilizers can play a very important role in saving and wasting water by using
biofertilizers will reduce the cost and pollution of chemical fertilizers.
Materials and Methods
An experiment in the experimental farm of Rice Research Institute of Iran (Rasht) performed over two years,
2017 and 2018, to evaluate the response of two rice cultivars to bio-chemical fertilizers at different irrigation levels
on leaf area index, yield, components Water performance and efficiency were assessed. This experiment was
performed in the form of double split plots based on a randomized complete block design with three replications.
Accordingly, experimental factors including water management at three levels without stress (flooding) and
irrigation intervals of 10 and 15 days as the main factor, fertilizer at three levels including inoculation of seedlings
with nitroxin biofertilizer, inoculation of seedlings with nitroxin biofertilizer + 50% of nitrogen chemical fertilizer
required by the plant (combined fertilizer treatment) and 100% of nitrogen chemical fertilizer required by the plant)
as a secondary agent and rice cultivar at two levels including Hashemi and Gilaneh as a secondary agent. The
dimensions of each plot were 3X3 meters. In this experiment, grain yield, grain yield components, leaf area index,
and water use efficiency were examined.
Results and Discussion
The results of this experiment showed that there was no significant difference between the combined treatment
of fertilizer (2.77 t/ha) and the treatment of 100% nitrogen chemical fertilizer (2.82 t/ha) on the yield of rice

cultivars. The waterlogging treatment caused a 23% and 38% higher grain yield compared to 10-day and 15-day
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irrigation cycles, respectively. The highest leaf area index was observed in the Gilaneh cultivar with 100% chemical
nitrogen fertilizer required by the plant and inoculation of seedling roots with the combined treatment of fertilizer
during flooding, with values of 4.52 and 4.03, respectively, and the lowest value of 1.48 was observed in the
Hashemi cultivar with seedling root inoculation with nitroxin biofertilizer and irrigation for 15 days. Water use
efficiency in nitrogen and compound fertilizer treatments was higher in the Gilaneh cultivar than in the other
treatments. The Gilaneh cultivar with 15-day irrigation treatment and 100% nitrogen fertilizer required by the plant
showed the highest water use efficiency in two years, and the plant needs of this cultivar did not show a significant
difference. The combined application of nitroxin biofertilizer and nitrogen chemical fertilizer, in addition to
producing a good yield and improving water use efficiency, reduced the use of nitrogen chemical fertilizer by 50%.
Conclusion

By increasing the intensity of stress, seedling root inoculation treatments with nitroxin biofertilizer + 50%
chemical nitrogen fertilizer required by the plant and consumption of 100% nitrogen fertilizer required by the plant
improved water use efficiency. Biofertilizer, along with nitrogen fertilizer increased the leaf area index and crop
yield. Nitrogen fertilizer increased the number of empty seeds per panicle compared to biofertilizer. The Gilaneh
cultivar was more successful than the Hashemi cultivar in the studied traits. The use of biofertilizers could be a
suitable and desirable alternative to chemical fertilizers, in the long run, to minimize environmental pollution and
achieve sustainable agriculture.

Keywords: Gilaneh cultivar, Irrigation management, Paddy
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Table 1- Physical and chemical characteristics of Soil of Experiment Farm (0-30 cm depth)

J "’f ‘J"lj "b"rl'” ""F’:“ "blls tjlmj IS5 03954 STolge Al a9 dl,
available vailable
Year N (mg.kg* O.C (% H EC (dS.m Texture
(mg.kg) (mg.kg?) (mg.kg™) (%) p ( )
2017 280 17.8 0.184 1.4 7.4 1.2 oy 09
2018 290 17 0.155 14 7.4 1.2 Clay loam
Tob plodl Joe 1YY 5 1VAT Jlo cwlidilgd Oledb! Y Joua
Table 2- Meteorological information from the year 2016 and 2017 at the site of the project
Jlo Clasuie 2395 Codgd)! 23,5 » 21350 292780
ewluila 21 Mar.-20 21 Apri.-16 17 May-16 17 Jun.-18 19 Jul.-18 20 Agu.-19
Year
Climatic item Apr. May Jun. Jul. Agu. Sep.
Lo,
° 13.6 19.3 23.6 26 28.2 26.9
Tmean (°C)
. SN 86.2 27.8 18.6 138 0 61
2017 Rainfall (mm)
k) 78 78 75 74 71 75
Humidity (%)
S clels 140 169.2 229.1 2325 293.7 245.8
Sunny hours (h)
L 13.7 19.4 231 28.1 27 25.1
Tmean (°C)
. N 20.4 37.2 48.7 30.8 68.4 13.8
2018 Rainfall (mm)
sk 76 74 75 73 77 74
Humidity (%)
! lel 1459 1704 2303 295.4 164.9 200.7
Sunny hours (h)
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Table 2- Chemical properties of used water in the experiment

Cleg  wlatws e om0 Sl e oS sl g
. Na* Mg** e SO cr oS CO

Water o ) . (mglCa . . : . Joko

t . (mg.l” (mg.l 1 (mgl" (mgl"  Hcoy (Mgl 4
ype SAR (me.l?) 1) 7 ) 7 7 (Mg 1) TDS (mg.I%)
'C3S1 3.1 5.4 18 4.2 0.42 4.4 4.6 1.2 598
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Table 2- Combined analysis of variance for effect of experimental treatments yield and yield components, LAlImax and WUE in two cropping years
(2017-2018)

Slayyo (5o
Mean of squares
s golie a0 wls 3, Slas 3 Mg A DA gy 1 gz S R AN e LT G
SOV &3 Grainyield g g 1000-grain EIES Sy WUE (kg
o d.f (tha') Panicle No.  Grain No. weight (g) Filled grains LAImax grain.m?)
\;‘e:r 1 0.187* 2623.4 47.7 0.0057 7.78 0.084%* 0.011%*
“étp“)l’:;;lr‘ 4 0.018 400,39 133.39 0.056 118.9 0.0021 0.0006
Irr;;ﬁon 2 17.76%* 8135 2604.7%* 0.342 1611.4%* 17.63%* 0.064%*
LS)L‘.J x Ju
Veameimication 2 0.03 716.8 1715 0.695 366.3 0.064%* 0.0022
Rep“x)it"r'i;j;lz rﬁ?year 8 0.086 2425 903.25 0.155 287.8 0.001 0.00032
Fe:f;izer 2 6.38%* 33518.7**  1987.87** 111 956.3" 13.24%* 0.29%*
Ye;:i . #i“l”izer 2 0.008 15453 416 0.201 177.8 0.067** 0.0029
Irriga’ﬁ’i - ;;;E'mzer 4 0.73 5554%* 878.8* 0.089 1024.2%* 0.02%* 0.01%*
bl %38 x s
Yearxfertilizerxirrigatio 4 0.124%* 2707.4% 117.2 0.161 54.84 0.079%* 0.01%*
n
Rep ’x?]fem‘; ; ”r:year 24 0.009 449.2 225.2 0.228 1875 0.0049 0.00046
CUT;)V N 1 5,62 48012.65%*  4776.03** 42.75%* 2196%* 12.11%* 0.76%*
Ye:’;; ZuLIJ';i»var 1 0.099 4979%* 2.93 14.58%* 1355 0.187** 0.0022
Cultii;l:i IX"T;Q o 2 0.096* 1183.4 388.8 0.179 423 0.173%* 0.0057
d)lﬁ] X8y X Jlo
Yearxirrigationx 2 0.108** 3256 289.7 0.668 88.7 0.465%* 0.0071%*
cultivar
Ferti“;::;i ivar 2 0.021 5936.5%* 465.8 0.899 78 0.18** 0.0078**
Yearx;’;ta’i’;e :;Jt“ultivar 2 0.104* 134.3 41.9 0.176 72.9 0.171%* 0.007**
08y X355 x5l
Irrigationx fertilizerx 4 0.189* 145457 199.57 0.535 4018 0.306%* 0.009%*
cultivar
©8,%355% ¢ Lolx L
Yearxcultivarxfertilizer 4 0.081* 1381.8 66.99 031 37.8 0.002%* 0.007**
xirrigation
o3lo 3l (gllas
o 36 0.0217 597.6 318.42 1.63 177.2 0.007 0.0014
“'é“\;‘ (:;;“’ 5.17 7.49 17.6 44 13.7 2.86 6.73
0

o> S5 g i Jlein ] paw )0 5 dze Sy g
* and **: Significant at 0.05 and 0.01 probability level.
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Table 5- Comparison of mean values of Grain yield and LAI max in two rice cultivars

Ly Lous aild 3,5os S o (e la
Treatments Grain yield (t.ha?) LAI max
S 355 gl ) 2017 2018 2017 2018
Irrigation Fertilizer Cultivar

Gilaneh c . .

Treat 1 ol 2.85 2.8 2.769 2.931

Flooding e HiieLT ! 2530 2.3f 2.36M 2.17%
Nt Treat 2 Gilaneh 3.93 3.85° 4.03 4.17°

93 sloss Hashemi 3.120%¢ 3.43° 3.77% 3.63%

Treat 3 Gilaneh 4.148 3.998 4,528 4,792

A jlog Hashemi 3.26° 3.54P 3.96" 2.829

Treat 1 Gilaneh 1.69f 2.079 2.5" 2.54M

S Hles Hashemi 1.59f 1.999" 2.064 2.14K

10 days Treat 2 Gilane 3.26% 2.9° 4.02° 3.75°
ITARRT MBS 95 slow Hashemi 2.320 2.6% 3.17° 3.12¢f
Treat 3 Gilaneh 2.79% 2.73¢ 3.69% 3.82¢

A jlog Hashemi 2.44¢ 2.48°f 3.45¢ 3.33¢

Treat 1 Gilane 2.1° 2.09¢9 2.079% 2.14%

15 days S sles Hashemi 1.369 1.46' 1.48° 1.53"

, - Treat 2 Gilaneh 2.06° 2.19 2.769 2.58"
3910 ks 5 slog Hashemi 175" 1.89" 1.78™ 1.89'M
Treat 3 Gilaneh 2.08¢ 2.54¢ 2.839 2.729"
aw log Hashemi 1.97¢f 1.83" 1.89'M 2.0374
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* Treatment 1: Inoculation of seedling root with nitroxin fertilizer, Treatment 2: inoculation of seedling root with nitroxin
biofertilizer + 50% chemical fertilizer required by the plant, Treatment 3: 100% chemical fertilizer nitrogen
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Fig. 1- The triple effect of irrigation, fertilizer and cultivar on grain yield of two rice cultivars (Mflooding, l10 days, |15 days)
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Inoculation of seedling roots with nitroxin biofertilizer + 50% nitrogen chemical fertilizer in Gilaneh cultivar (5050G), Inoculation of

seedling roots with nitroxin biofertilizer + 50% nitrogen chemical fertilizer in Hashemi cultivar (5050H), Consumption of 100% nitrogen
chemical fertilizer in Gilaneh cultivar (100G), Consumption of 100% nitrogen chemical fertilizer in Hashemi cultivar (100N)
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Introduction
In conventional agriculture, crop production has gradually shifted from ecological production principles to
economic approaches, which has led to the destruction of natural resources and land use change, as well as the
reduction in resource consumption (Koocheki et al., 2016b). Satisfying the nutritional needs of a growing population
whilst limiting environmental repercussions will require sustainable intensification of agriculture. The adverse
effects of climate change are significantly decreasing yield and yield stability over time in current monocropping
systems. We argue that intercropping, which is the production of multiple crops on the same area of land, could play
an essential role in this intensification. Intercropping often increases resource use efficiency and agricultural
productivity compared with growing the component crops solely and can enhance yield stability (Martin-Guay et al.,
2018; Raseduzzaman & Jensen, 2017). In the case of an intercropping strategy, the growing period for the legume,
as a cover crop, is longer to provide a high amount of fixed nitrogen and potential ground cover to compete with
weeds (Vrignon-Brenas et al., 2018). The land equivalent ratio (LER) is often computed as an indicator to determine
the efficacy of intercropping that measures land productivity. LER may be interpreted as the relative area required
by sole crops to produce the same yields as achieved in a unit area of intercrop. The objective of the present study
was to evaluate the effect of relay intercropping as replacement series of three plant species such as chickpea (Cicer
arietinum L.), mung bean (Vigna radiate L.), and sugar beet (Beta vulgaris L.), on the yield, yield components, and
land equivalent ratio under climatic conditions of Mashhad.
Materials and Methods
A field experiment was conducted at the Agricultural Research Station of Ferdowsi University of Mashhad, Iran,

during the growing seasons of 2015-2016. For this purpose, a randomized complete block design with three
replications was used. The treatments included sole cropping of chickpea (C), mung bean (M), and sugar beet (S), as
well as intercropping with 25% L + 75% S, 50% L + 50% S, and 75% L + 25% S. The investigated traits of mung
bean and chickpea were plant height, number of pods per plant, number of seeds per pod, number of branches per
plant, seed weight per plant, and 100-seed weight, as well as the number of hollow pods per plant, number of seeds
per plant, biological yield, seed yield, and harvest index. For sugar beet, the traits investigated were root height,
fresh yield of root, dry yield of root, dry weight of shoot, sucrose content, and sucrose yield. The land equivalent
ratio of chickpea, mung bean, and sugar beet was calculated (Sullivan, 2003) as follows: LER = Y1/I1 + Y2/12 +
Y3/13, where Y1, Y2, and Y3 represent chickpea, mung bean, and sugar beet yield in intercropping, and 11, 12, and
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I3 represent chickpea, mung bean, and sugar beet yield in mono-culture, respectively. SAS 9.2 was used for analysis
of variance. All the means were compared according to Duncan's test (p < 0.05).
Results and Discussion
The results showed that the effect of relay triple intercropping arrangements of three species, such as mung bean
and chickpea with sugar beet, was significant on yield components and seed yield, biological yield (p < 0.05). The
highest seed yield of chickpea and mung bean (2912 and 1247.83 kg/ha, respectively) and biological yield (6237.5
and 6816.7 kg/ha) were observed in sole culture, respectively. Also, the highest amount of fresh root yield was
related to its sole cropping with 65242 kg/ha. The highest and lowest LER were calculated for 75% S + 25% L (with
1.53) and 25% S + 75% L (with 0.94), respectively.
Conclusion
Intercropping systems using ecological principles are one of the sustainable solutions to choosing plants suited to
the needs, and competitiveness is very important. According to the results, relay triple intercropping of chickpea,
and mung bean with sugar beet can be considered as ecological management and ecological intensification in the
agroecosystems.

Keywords: Ecological intensification, Land equivalent ratio, Replacement series, Sucrose
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Table 3- Mean comparison by for the yield and yield components of chickpea and mung bean as affected different
intercropping ratios replacement with sugar beet
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C, M, and S: are chickpea, mung bean, and sugar beet, respectively.
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* Means with the same letter(s) in each column and for each component have no significant difference at 5% probability level based
on Duncan’s test.
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Fig. 1- Mean comparison for seed yield and biological yield of chickpea affected as intercropping
arrangements replacement with sugar beet
Wl ge A8 )i 5 3950 a3yl i 54y S 4 C
and S: are chickpea and sugar beet, respectively. C
)5 aopd g Jlein ] gaw )3 (6l gixe Coglis 4SSl ygej] Loll i (JS5 m 40 S piiie By o (sl (slapSilee
Means with the same letter(s) in each figure have no significant difference at 5% probability level based on
Duncan’s test
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Fig. 2- Mean comparisons for yield seed and biological yield of mung bean affected as intercropping arrangements
replacement with sugar beet
M and S: are mung bean and sugar beet, respectively.
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Means with the same letter(s) in each figure have no significant difference at 5% probability level based on Duncan’s test.
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Table 4- Analysis of variance (mean of squares) for yield and yield components of sugar beet as affected by intercropping
ratios with chickpea and mung bean
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Table 5- Mean comparisons for length root and shoot dry weight of sugar beet affected as intercropping ratios with chickpea
and mung bean
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L and S: are legume and sugar beet, respectively.
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* Means with the same letter(s) in each column have not significant difference at 5% probability level based on Duncan’s test

70000 2500
60000

F £~ 2000

2 50000 3

2 20

S 40000 5 1500

5 30000 %Z 1000

£ 20000 s

2 & 500

% 10000 :
0 0

25S75L  S0S7SL 75S25L 25§75 SOSTSL  75S25L

Intercropping arrangements Intercropping arrangements

20 25000

18

16 20000
g 4 k-
gD £ 15000
S 10 =
- 2
s 8 Z. 10000
- -
w 6 gﬂ

=

4 “ 5000

2 j

0 0

25S575L S0S75L T5S25L 258751 S0S875L 758251
Intercropping arrangements Intercropping arrangements

oilo 9 3950 b bolseo CuiS (o loni Codd Wi juida w8 jLe g 0 5 ,Ses 0uf SUid g 57 0,80 (il duw o - Y S
Fig. 3- Mean comparisons for fresh root yield, dry root yield, sugar yield, and sugar content of sugar beet affected as
intercropping treatments whit chickpea and mung been
L and S: are legume and sugar beet, respectively.

55 do gy Jlein] o )3 (I3 xe Coglis Sl ygei] Llusl  (JS5 o 50 S piie g (gl (sla Sl



VPO sl ailan bglss cuis glacuS 5 il (), Kon g Sz o8

.Means with the same letter(s) in each figure have no significant difference at 5% probability level based on Duncan’s test
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Fig. 4- Partial and total land equivalent ratio for intercropping ratios of sugar beet whit chickpea and mung bean
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Introduction
Crop simulation models are very useful tools for the evaluation of plant growth and development processes.
Crop-simulating models may be used to estimate yield and evaluate climatic, plant, and management parameters on
yield. Also, it may be used to predict crop water requirements under different conditions. Crop models should be
evaluated and parameterized to simulate crop growth and development. Parameterization is used for precise
simulation of crop growth and development and can estimate the best and most appropriate values for model
parameters obtained via observed data or calibration. The objectives of this study were to describe the SSM-iCrop2
model, determine plant parameters, and evaluate alfalfa (Medicago sativa L.) in its major production regions using
the SSM-iCrop2 model in Iran.
Materials and Methods
SSM-iCrop2 crop simulation model is a simplified form of SSM crop models which is suitable for the simulation
of growth, development, and yield of different crops under different environmental conditions and large-scale
estimation of crop production, especially in the evaluation of nutrient availability and climatic effects. This model
includes sub-models of phenology, leaf expansion and senescence, dry matter production and distribution, and soil
water balance. Daily weather data, agronomic management, soil properties, and plant parameters are required for
simulation in this model. The present study investigates the performance of the SSM-iCrop2 model regarding the
prediction of single cuts and overall cuts, phonologic stages, and water requirement of alfalfa under changing climatic
conditions in Iran. To simulate the growth, development and yield of alfalfa using SSM-iCrop2 model in Iran, the
major irrigated alfalfa production provinces, including East Azarbaijan, Hamedan, West Azarbaijan, Sistan and
Baluchestan, Khorasan Razavi, Esfahan, Kordestan, Ghazvin, Ardabil, Markazi, Fars, Zanjan, Chaharmahal and
Bakhtiyari and Tehran were identified based on the data available in Ministry of Agriculture statistics. Then, field
experiment data required for model parameterization and estimation were collected from these provinces.
Results and Discussion
According to the results of the SSM-iCrop2 model parameterization, two cultivars with different leaf area
indices (high-yielding and low-yielding) were identified in major alfalfa production provinces. The model was
evaluated using independent experimental data that had not been used for parameterization. The evaluation results
for alfalfa yield showed that the observed single-cut forage yield ranged from 112 to 640 g.m-2 with an average of

1- Ph.D. Graduate, Department of Agronomy, Gorgan University of Agricultural Sciences and Natural Resources,
Gorgan, Iran.

2- Professor, Department of Agronomy, Gorgan University of Agricultural Sciences and Natural Resources, Gorgan,
Iran.

3- Associate Professor, Department of Agronomy, Gorgan University of Agricultural Sciences and Natural Resources,
Gorgan, Iran.

(*- Corresponding author's Email: Afshin.Soltani@gmail.com)



https://agry.um.ac.ir/
https://agry.um.ac.ir/journal/about
https://agry.um.ac.ir/journal/about
https://orcid.org/0000-0002-6941-4047
https://orcid.org/0000-0001-8810-1399
https://orcid.org/0000-0002-9788-3828
https://doi.org/10.22067/agry.2021.70433.1044

VEY 5l c Yoylosds NO wle> ((6559LiS (bl pgo 4y p25 \V.

330 g.m-2; the observed total annual forage yield ranged from 646 to 4042 g.m-2 with an average of 1717 g.m-2;
and the water requirement of alfalfa obtained from the NETWAT software was between 5140 to 12690 m3 ha-1
with an average of 8746 m3 ha-1. The predicted single-cut forage yield, predicted total annual forage yield, and
alfalfa water requirement ranged from 189 to 457 g.m-2 with an average of 351 g.m-2, 693 to 3296 g.m-2 with an
average of 1654 g.m-2, and 4093 to 16874 m3 ha-1 with an average of 10940 m3.ha-1, respectively. Overall, in the
evaluation of observed versus simulated alfalfa forage yield, 31 points were obtained for single-cut yield with a
correlation coefficient (r) of 0.79, root mean square error (RMSE) of 88.3 g.m-2, and coefficient of variation (CV)
of 26.78%; and 21 points were obtained for annual yield with an r of 0.90, RMSE of 344.4 g.m-2, and CV of
20.05%. The evaluation results also showed that the observed versus simulated alfalfa water requirement had an r
of 0.43, RMSE of 3503 m3 ha-1, and CV of 40%.
Conclusion

The results obtained from parameterization and evaluation of the SSM-iCrop2 model show that the mentioned
model presents a logical prediction and accurate estimation of model parameters for yield and water requirement of
alfalfa crops in Iran. Thus, this model may be used for the prediction of alfalfa yield under different climates and
management conditions.

Keywords: Crop models, Forage, Phenology, Water requirement
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Table 1- Required weather, soil and crop management input to run SSM-iCrop2
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Table 2- Soils physiochemical profile in alfalfa production areas based on IFPRI Harvest Choice (Koo & Dimes 2013)
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HC2-Clay HF120 >1.2 1200 0.05 85 0.2 0.458 0.405 0.233
HC5-Clay MF120 0.7-1.2 1200 0.05 85 0.2 0.458 0.405 0.233
HC8-Clay LF120 0-0.7 1200 0.05 85 0.2 0.458 0.405 0.233
HC12-Loam HF060 >1.2 600 0.10 75 0.5 0.41 0.307 0.180
HC14-Loam MF120  0.7-1.2 1200 0.10 75 0.5 0.41 0.307 0.180
HC17-Loam LF120 0-0.7 1200 0.10 75 0.5 0.41 0.307 0.180

Gos Y giodols ((og) VY SB0S ie Sl VYW SB Gas dhwgio (g5l oy i SB A e e Ve Ges YU ool (owy iV S SS
el VYo S Gos (o s bols (agd VY S 1Syt o \WWe Gos dawgio (s jdols ¢ gog) NF S5 1S (20 5l 5+ S
Soil codes (IFPRI Harvest Choice): 2= Clay, high fertility, 120 cm depth; 5= Clay, medium fertility, 120 cm depth; 8= Clay,
low fertility, 120 cm depth; 12= Loam, high fertility, 60 cm depth; 14= Loam, medium fertility120cm depth; 17= Loam, low
fertility 120 cm depth.

:(Soltani et al., 2006)
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Table 3- Experiments used for parameterization and evaluation of SSM-iCrop2
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Table 4- Experiments used for evaluation of the water requirement of SSM-iCrop2

SSM-iCrop2 L NETWAT 5l oni byl (ol i deglie bl cau
List of points to compare evaluated water requirement from NETWAT with SSM-iCrop2

Sl e sl
Ardebil, Ardebil
S Jwd)l
Ardebil, Germi
Olke ¢ Jwa)l
Ardebil, Mogan
029y )k g Jloeylon
Chahar Mahal and Bakhtiari, Borujen
3,5 R )iz g Jloe oy
Chahar Mahal and Bakhtiari, Shahrekord
SUT ol oy ol
East Azarbaijan, Bostanabad
sle By olonly)]
East Azarbaijan, Mianeh
J ey byl
East Azarbaijan, Tabriz
Slaslss e
Isfahan, Khansar
VRCRWEPE
Fars, Eqlide fars
OBy e )lé
Fars, Zargan
.\55Lp(3 ‘Ol.\o.tb
Hamadan, Nahavand

OL\A—E )LP(.' ‘OIM
Hamadan, Bahar Hamadan
S5 Y (oleys
Kerman, Lalehzar
85 40l )S
Kerman, Zarand
w2 sole)S
Kerman, Bam
us).o XY 9 ‘OLo)f
Kerman, Miandeh jiroft
i 0lisle S
Kermanshah, Songor
ol (s gl
Razavi Khorasan, Quchan
Nojes 98y lolys
Razavi Khorasan, Sabzevar
Eowb ol pgr g 410lSeS
Kohgiloyeh and Boyer Ahmad, Yasuj
Hbo yliwd S
Kordestan, Bijar
Fno wd S
Kordestan, Sagez
5295 eyl )
Lorestan, Broujerd

3985l el )
Lorestan, Aligudarz
xS (655 50
Markazi, Komijan
Sl 5y w35 0
Markazi, Qargabad
PN
Qom, Qom
)‘.m.o)f ‘uL.A.MJ
Semnan, Garmsar
Slgsils (yé byl
West Azarbaijan, Miandoab
&5> ot ol
West Azarbaijan, Khoy
ook (8 olmlyd]
West Azarbaijan, Salmas
aeg) s obrl)d)
West Azarbaijan, Oroumyeh
QLI;JD\.A ‘Lﬁ/‘é‘ ubub)bl
West Azarbaijan, Mah neshan
PSVY RSP Y

West Azarbaijan, Khoda bandeh

F)f YO B AY- O 0D L;)wa GVl 4991; .))il&).c Egoo

o 03> s (8) Jodo yd Jho (gly 0 35905 (ol yxal b

oo 5> b dwlxe @yeyie ) £ VAT (:S0ke b @ye e )
L clagyo (ko i by i S5 el 3 Sla (gl o A+
(1) (Niod 5 9 gyoyio 3 )5 VYO Lyl (RMSE)
SYLw adgle 3, Slas (gl alad YO dlas o (@) JS5) +/5Y
2 635720 Ly il (RMSE) s lasyo (ks i b iy
(B = JSC3) a2 (1) (Ko s 5 crposie
455y ddele dSlas 0 bl I aw 4 Sonp oS ob s ls
by lad odgasto 53 iVl ddgle 5, Slas ;0 blas iy 9 oo SO
93 a5 Nl el ol 48 €88 )18 10 s 5l £V

A8l Juo sl il

O G U5 90 e ol el )l o o s olaa jlade dield .l
g e a5 390 dilais o ) 4B S ©yg0 Gialejl £g 4 aty
aigy dble 3y Slac y3lia SSM-CTOP2 Jsa b el sl
S staie (pdy )3 duslde ol sdalie polde b ol (gilwdnd
olss @l (¥ Joso) A oolil (uisles] (slwodls 5 (glas gose
B e ol odalde (pa SO adgle 5, Slas ydlde dioly &S ol
polie il g mye o )3 p35 YV (3650ke b @yo e )3 o5 OFF
13 prS VY L5 VO (s 0 (3leoenss oy S5 bl 5 Slac
atol> (prizmad ol Cunddy oypayte 1 p)5 YA+ (5:Sike b po o
TYAY L5 VE (e o oanlie 4l ddgle 3,Slec ggazme yolia

plie aiald g gyoyio )3 )5 VVE (1SSleo b opoyio )3 p)5



VAN L Sl sl SSMHICTOP2 Jae (55l 92Uyl oo )80 5 (65l pidygn
700 —~ 4000
(a) ()
600 ) 3500 )
RMSE=102.5 g.m"? RMSE=395 g.m?
CV=31.75% CV=23.57% ,
4500 | =062 &> 3000 1 1590
g n=80 M A g n=35 ! -
2 2 75 el &0 2500 '@ K&
E 400 ”' "“ E #
[F} i - [¥] Pl
=S ~Aaa "B\ 2000
=] i e =] / e
D 300 . Ja%al o ‘ ~
2 AN DA A 2 1500 .
E A A ,*’ % A E 5
=200 A4 k=
2 ST A @ 1000 ¢
100 /4“/" 500 /"‘/’
2 A Single harvest 7o < Sum of harvests
0 0

100 200 300 400 500 600 700
Observed yield (g.m™2)

0 500 1000 1500
Observed yield (g.m™2)

2000

2500 3000 3500

4000

adgle 5 Shas £g0ox0 9 (a) 000 (g jlwdamd (pa ST adgle 5 Shas Bile 15 duwd oo live (pa ST ddgle 5 Slas 4y b po gl - JSWS
ool 33 SSM-ICrop2 Jue bawsi (a3 yhuo Cugby b) (b) o (g jlwdami 4l ddgle 5 ,Shos ggoxo Jolio ;5 ouwd oudlive 4i¥lw
2h eyl isy 4d o odliwl gbaesls
Fig. 1- Observed versus Simulated single-cut forage yield (a), Observed versus Simulated total annual forage yield (b) (0% mc)

by SSM-iCrop2 model based on data used in model parameterization
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The +20% discrepancy lines are indicated by dashed lines. The solid line is 1:1 line.
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Table 5- SSM-iCrop2 parameter estimates for alfalfa in Iran

(s1g) o34 i Sl &e
Parameter (Unit) Abv Value  References
S99
Phenology
5o3 Sl 4y glod TBD 5 AP
Base temperature for development (°C) Table 3
9 sl oS gllan sled TP1D 30 "5
Lower optimum temperature for development (°C) Table 3
903 L5|)=’ @1599 u9l.|aa sled TP2D 30 v J?“\?
Upper optimum temperature for development (°C) Table 3
905 slp o slod TCD 40 Vs
Ceiling temperature for development (°C) Table 3
oz &l ad3h b oley daoxe ady (gl agli Nl sles dsly ForReq 180 -
Temperature unit from 1t January to bud burst or spring regrowth (°C)
‘5)'! by g9 L ;53)"‘5'9? dlﬁ u?.l‘b »|5 tuEMR 6.5 *
Temperature unit for emergence or beginning leaf growth (°C)
0940 L ):‘J. Ad) gg LSI)’. u‘uL"J bl? tuBSG 7.15 *
Temperature unit for beginning of seed or fruit growth (°C)
090 L );\i Ay ul’l’ LSI):’ uiL"J 'bl? tuTSG 643.5 *
Temperature unit for termination of seed or fruit growth (°C)
(M o3l rods ulili) i &5l sy olod 3ol tuPM 643.5 *

Temperature unit for physiological maturity (end of dry mass accumulation) (°C)
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Sy b b cdby clp ol 2l
Temperature unit for harvest or leaf fall (°C)

St 5 S gaw dnegs
Leaf area development and senescence

#as 0l b aud 305 als o lis 53 (s S s a3l V) el
Point #1 Relative leaf area index versus relative or normalized development stage™
#as 0o b o 505 alsyo lis 53 (s S s pa3L Y el
Point #2 Relative leaf area index versus relative or normalized development stage™
sl LB Sy s a3l Sl
Maximum expected leaf area index
LSy a0 g U cusls 1 olod asly
Thermal unit from planting to the beginning of leaf aging (°C)
Sy oM g C e o pd
Leaf senescence rate coefficient
ol gled | Sy Sye sl el ailewl
Low temperature / freezing threshold for leaf death (°C)
Slossl bl /b (slod 5 lod LialS as > o clilay Sy i Spo
Relative leaf death per each degree below low temperature / freezing threshold
LmSﬁ 3y le)g L:)f sl «led
Heat threshold temperature for leaf senescence (°C)
Loy bl glod jlLed ialidl a2 (il S om o po (a1
Relative increase in leaf senescence rate per each degree above heat threshold

Sis oobe Fo ] 5
Dry mass accumulation

Sis odle wdgi gl aly slod
Base temperature for dry matter production (°C)
Suid oo g gl SloS ogllas (slod
Lower optimum temperature for dry matter production (°C)
Suzd ol Mg sl (SBgb Collas (slod>
Upper optimum temperature for dry matter production (°C)
Siis oole wJgi (gly at (slod
Ceiling temperature for dry matter production (°C)
S yrawgd Jlb piads gl (bgals oo
Extinction coefficient for photosyntheticaly active radiation
My ollas baylyd ) aidads 51 eslawl (o),
Radiation use efficiency under optimal growth conditions (g.MJY
CO2 cdale & RUE sl copo
Coefficient for response of RUE to CO2 concentration

Yield formation

cuily asls Sl
Maximum harvest index
Wiy Jb 3 ogse [yl 4 (ngy b3l pbole B SiiS 0395 | (g S
Fraction of dry mass remobilizable from the vegetative tissue to the developing
seeds/fruits (9.g%)
b bis cop
Grain conversion coefficient (g.g™%)

Iy,
Water relations

gy M) g9yd sl (oled 2y
Temperature unit for beginning root growth (°C)

adyy 1) gkl glr 2led 21y
Temperature unit for termination root growth (°C)

tuHAR

x1,yl

X2, y2
LAIMX
tuBLS
SRATE
FrzTh
FrzLDR
HeatTH

HtLDR

TBRUE
TP1IRUE
TP2RUE
TCRUE
KPAR
RUE

C3C4

HImax

FRTRL

GCC

tuBRG

tuTRG

650 *
(0.15, -
0.01)

(0.8, -
0.95)

3-5 *
643.5 v

Table 3
0 *
_7 *

0.01 *

35 *

0.1 *

O *
8 *

25 *

40 *
0.65 Y Jﬁ“\?

Table 3

23 ) LJ9J‘.>

Table 3

Soltani et al.
0.8 (2020)
0.9 Y LJ?'\?
Table 3

0.05 *

1 Soltani et al.
(2020)

6.5 *

643.5 *
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DM (loj pd adoy Ges

o "y iDEPORT 1000 *
Initial depth of roots at emergence or beginning leaf growth (mm)

Ay J"‘“?" sk )“ - EI/O.‘:'“’I Poo Gos )‘5‘» MEED 1300 *

Maximum effective depth of water extraction from soil (mm)
35 2 cupe TEC 5 *

Transpiration efficiency coefficient

39800 15 St odle Wg5 (o 51 oS 3 a5 SB o gied BB O yuS WSSG 05 N

FTSW threshold when dry matter production starts to decline

FTSW threshold when leaf area development starts to decline

Developmental susceptibility coefficient and aging to drought stress
23S 48 Jads 50 9w ookl Jao (ol yzel )b 45 5 gyl Coie VLo I yolie *

* Values were extracted from selected articles and used in model parameterization and tabulated.
o3litul (L6 ksl bty (gl pogio y3 olS V) olS oS15 L (59 1 )3 @yosio (Lo OYY PLAMX) Ggllas byl 55 oS 5y pdaw yiShas lgicdy *

D90

" Used as maximum plant leaf area under optimal condition (PLAMX: 571 cm? per plant) product by plant density (70 plants
per m? for irrigated conditions)

) ol €83 e )y S b 355l a3 0)lag e
palie Jolie )3 04 oanlidio o)lay 24ome A3) £9,d slage,U
oo 45 31y s gl 8,5 ) e Lauwgs odid (s jludens
() Srm o 5 4 1 byl 5 2 (CV) s
aS Sl Canddy jg, 4 (RMSE) s @layye (pSS5ke g +/AY il
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¥
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s e g 203 ¥o plyy Glped o pd S ) nSo i
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Lo i jl S s SSM-ICTOp2 Jae 5 el by slass
Hammer ) APSIM 4 (Hoogenboom et al., 2019) DSSAT
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5 APSIM DSSAT 5L Jis 5| o o3 SIMPLE
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el asgr 4L (Soltani & Sinclair, 2015) 5,li d45 (55l
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Fig. 2- Observed versus Simulated date of beginning spring regrowth of alfalfa in Iran. Starting after accumulation 180 GDD

since 1st of January
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The £20% confidence level is indicated by dashed lines and the Solid line is1:1line.
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Fig. 4- Observed versus Simulated single-cut forage yield (a), Observed versus Simulated total annual forage yield (b) (0%
mc) by SSM-iCrop2 model based on data used in model evaluation
ol Vi) s oniad LSy s g dopd Ve liebl dgas sdims lis usalads
The dotted line represents the 20% confidence level, and the solid line represents the 1: 1 line.
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Introduction.

The length of the growth period is the key to crop adaptation to new environments. It is strongly affected by the
environment in such a way that it is possible to predict the length of the growing period based on some correlations
with environmental factors. Simple models that quantify intraspecific variability in flowering responses to
temperature and photoperiod can be useful for characterizing lines. Quinoa (Chenopodium quinoa) shows
considerable resistance to a wide range of abiotic stresses. Cardinal temperatures and day length at each
development stage are necessary to find an appropriate model for predicting plant growth and development.

Materials and Methods

Ten separate experiments (10 planting dates included: 29 March, 29 April, 28 May, 28 June, 26 July, 23 August,
6 September, 20 September, 29 January, and 29 February) were conducted as randomized complete block design
with three replications. The experimental factor consisted of five quinoa lines plus one cultivar (Titikaka). Five
promising lines were modified at Yazd Salinity Research Center. Four lines belong to the middle maturing group,
one to the late maturing group, and the Titikaka cultivar belongs to early maturing group. The time of beginning and
end of each developmental stage, including germination, pollination, and seed maturity, was recorded. The response
of developmental stages to temperature and photoperiod was used to determine the cardinal temperature and day
length of the main developmental stages (emergence, flowering, and seed maturity).

Results and Discussion

Based on the coefficient of determination (R?) it seems that the quadratic model is suitable for estimating the
cardinal temperatures of germination, flowering, and ripening of quinoa seeds. Using both quadratic and segmented
models to estimate the length of special days resulted to satisfactory robustness. The results showed that on days
with a length of lesser than 12 hours and temperatures lesser than 30°C, the flowering rate increased with a
simultaneous increase of temperature and day length. As the day length increased to 14 hours, the rate of flowering
development changed more significantly when temperatures were between 19 and 25°C than at temperatures below
19°C. For all lines, increasing the day length or temperature resulting in an increased plant maturation rate (from
flowering to seed maturity) at a constant temperature or day length. The optimal temperature range for all
developmental stages of quinoa lines was between 20 and 25°C. There was a significant difference in the base
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temperatures of the developmental stages. The base temperature for germination of quinoa lines was above 0°C, the
base temperature for flowering was between -2 and +2°C, and the base temperature for seed maturity was below
0°C. The maximum temperature of all quinoa developmental stages was above 40°C (42-51°C). At low
temperatures, the flowering stage was more sensitive than the seed ripening stage. The critical day length for
flowering and seed ripening of quinoa lines was between 11.5 to 12 hours.
Conclusions

The optimum temperature range for germination was obtained by 25-34°C, for flowering by 28-21°C, and for
seed ripening by15-32°C. The optimum temperature of all developmental stages of quinoa lines was between 20 and
25°C. The optimum day length range for flowering is estimated at 11.37-34.12 hours and for seed ripening by
10.58-12.3 hours. Using the segmented and quadratic models to estimate quinoa cardinal temperature and
photoperiod response resulted in the same estimations, although in most values, the quadratic model showed a
higher coefficient of determination. In general, the results indicated that the temperature and day length have a
compensatory effect on the flowering rate and seed ripening stages of the studied lines.

Keywords: Cardinal temperatures, Day length, Environmental factors, Modeling, Thermal time
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Average
minimum
temperatures
slales (ke
Jrogies
Average
maximum
temperatures
Led u:i;l:.,o

Average 19 23.36 2933 353 338 29.1 29.1 25 9.3 14.9
temperatures
590 Jobo (ke
Average day 12.47 13.37 13.95 139 13.3 124 124 11.44 10.65 115
length

12.9 17.2 2247 287 277 215 215 18 2.8 7.9

25.1 29.69 36.19 419 399 36.7 36.7 32 15.8 21.9
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Table2- Estimation of cardinal temperatures of germination of quinoa lines

il A ab gl A gled il glod i o

Germination stage  Th (°C) To(°C) Tm (°C) R?

2,3 Jae 3.6 25.1 46.7 0.57
Quadratic model

e Je 30.3 46.8 0.65
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Fig. 1- Relationship between temperature and germination rate of quinoa lines using segmented and quadratic models
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Fig. 2- Relationship between temperature and flowering rate of quinoa lines using the quadratic model
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Table 3- Estimation of cardinal flowering temperatures of quinoa lines using the quadratic model and segmented model

oY b glod dte slod dde slod O g
Line Tb(°C) To(°C) T (°C) R?
1 2.2 235 44.9 0.8
2 2.3 23.2 441 0.84
gy e 3 2.3 232 441 0.84
Quadratic model 4 2 22.8 43.7 0.84
5 2.2 23.1 44 0.84
6 15 21.6 41.7 0.82
1 -1.8 28 46.1 0.8
2 -0.6 26.5 45.9 0.81
SIS Jae 3 -1.8 28.2 44.6 0.78
Segmented model 4 -5.9 26.9 46.2 0.6
5 -2.3 27.9 45.7 0.73
6 -0.9 23.5 42.4 0.74
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Fig. 3- Relationship between temperature and flowering rate of quinoa lines using the segmented model
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Fig. 4- Relationship between temperature and grain ripening rate of quinoa lines using the quadratic model
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Fig. 5- Relationship between temperature and grain ripening rate of quinoa lines using the segmented model
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Table 4- Estimation of cardinal grain ripening temperatures of quinoa lines using the quadratic model and segmented model

oY ab gl A slod Al slod O G g
Line Tb (°C) To (°C) Tm (°C) R?
1 -0.7 215 43.9 0.65
2 -0.9 21.8 445 0.60
9dd>yd Jdo 3 -0.9 21.8 445 0.60
Quadratic model 4 -0.6 21.7 44 0.59
5 0.5 23.1 45.7 0.66
6 -2.8 15.2 33.2 0.18
1 -4 20.5 47.7 0.59
2 -4 20.2 49.4 0.59
1SS Ja 3 -4 20.2 49.4 0.58
Segmented model 4 -2.9 17.7 51.4 0.48
5 -12.1 32.6 44.6 0.70
6 -8 21.7 42.9 0.53
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Fig. 6- Relationship between day length and flowering rate of quinoa lines using the quadratic model
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Table 5- Estimation of day length for flowering of quinoa lines using the quadratic model and segmented model

oY alie,dob A jg, Job

Wt 39y Job L

Line  Py(h) Ps () Pm (h) R?
1 5.562 11.37 17.23 0.99

2 5.51 11.37 17.24 0.99

g2da > Jio 3 551 11.37 17.24 0.99
Quadratic model 4 5.42 11.34 17.26 0.99
5 5.7 11.43 17.16 0.98

6 5.72 11.44 17.15 0.99

1 0 12.35 21.21 0.99

2 0 12.35 21.21 0.99

Sl Jse 3 0 12.35 21.21 0.99
Segmented model 4 0 12.25 21.8 098
5 0 12.44 20.7 0.99

6 0 12.31 21.45 0.98
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Fig. 7- Relationship between day length and ripening rate of quinoa lines using the segmented model
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Fig. 8- Relationship between day length and grain ripening rate of quinoa lines using the quadratic model
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Fig. 9- Relationship between day length and grain ripening rate of quinoa lines using the segmented model
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Fig. 10— The effect of temperature and day length on the flowering rate of quinoa lines
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Table 6- Estimation of day length for grain ripening of quinoa lines using the quadratic model and segmented model
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Line  Po(h) Po (h) Pm (h) R2

1 5.41 10.94 16.47 0.99

2 5.41 10.94 16.47 0.99

e Jae 3 5.41 10.94 16.47 0.99
Quadratic model 4 5.41 10.95 165 0.99
5 5.78 11.05 16.32 0.98

1 0 11.92 19.23 0.96

) 2 0 11.92 19.23 0.96

eSS Jae 3 0 11.92 19.23 0.96
Segmented model 4 0 11.82 19.73 0.99
5 0 123 18.12 0.99
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Fig. 11- The effect of temperature and day length on grain ripening rate of quinoa lines
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