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Extended Abstract
Introduction

The utilization of non-conventional water sources, such as saline water, drainage, and
sewage, has proven to be highly effective in managing droughts given the limitations
of the country’s water resources. The primary advantage of utilizing effluent from
urban wastewater treatment plants is the stability of these sources, their accessibility,
and their low cost for irrigating agricultural lands, which ultimately addresses the issue
of water scarcity. Studies have shown that using sewage for irrigation doesn’t harm
agricultural products. However, some long-term studies have reported contamination
with heavy metals and a decrease in soil quality in the irrigated area due to sewage
irrigation. Water quality indices are an effective and straightforward method of
assessing the condition and status of water. These indicators use multiple water quality
parameters to determine the water’s health through a mathematical formula, producing
a single numerical value. The value is then classified on a relative scale from poor to
excellent, making it useful for managing, analyzing, and monitoring water quality
changes over time and space.

Materials and Methods

In this study, the quality of Shiraz urban sewage treatment plant effluent was evaluated
for agricultural purposes by calculating the Iranian water quality index (IRWQI),
National Sanitation Foundation of America water quality index (NSFWQI), and
the Oregon water quality index (OWQI) using daily data from 2018 to 2019. The
wastewater treatment plant in Shiraz City is situated on 72-hectares of land in the
southeast region of the city. The plant currently serves a population of 409,000 people,
and it is expected to cater for a final population of 584,000 people. The transmission
lines discharge an average of 1360 I/s, with a maximum discharge of 2600 Us.
Nine parameters were selected to calculate the NSFWQI index, including turbidity,
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Evaluating the quality of Shiraz wastewater treatment ...

temperature, phosphate, nitrate, coliform, biological oxygen demand (BOD), total dissolved solids
(TDS), dissolved oxygen (DO), and PH. The OWQI quality index is similar to the NSFWQI index
but includes eight parameters: temperature, dissolved oxygen, biological oxygen demand, PH,
nitrogen, total phosphorus, total dissolved solids, and fecal coliform.

Results and Discussion

The analysis of the average quality parameters obtained from the relevant tests conducted by Shiraz
Water and Sewerage Company indicates that the biological oxygen demand (BOD) concentration
was consistently above 30 mg/L in all months. According to the standard, since the sub-index met a
minimum value of 2, its changes did not affect the water quality index. The PH level was appropriate
throughout all seasons, and it did not vary significantly. Therefore, it did not play a significant role
in determining the water quality index. On the other hand, the total dissolved solids concentration
exceeded 500 mg/L in all seasons, and the sub-index met a minimum value of 20. Thus, its changes
also did not affect the water quality index. Also, the results showed that the average NSFWQI
values varied between 28.73 and 31.54 in different months, indicating poor quality. The monthly
OWQI values ranged from 4.38 to 7.95, indicating very poor quality. The IRWQI index, which was
calculated using 11 parameters, confirms the results of the other two indices. By using a combination
of treated wastewater and high-quality water, we can irrigate our crops while reducing the amount
of freshwater we use. This can be done directly using treated wastewater or by improving its quality
through drip irrigation and subsurface irrigation systems.

Conclusion

The results of the studied indices revealed that the effluent of the Shiraz wastewater treatment plant
is of poor quality. Therefore, given the low quality of the effluent, it is recommended for use only in
irrigating non-productive plants, forest parks around Shiraz, and a limited part of urban green space.
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Introduction
Climate change is one of the most significant environmental challenges. It causes an
Natural hazard, Temperature, increase in the average global temperature, widespread melting of snow and ice, rising
sea levels, air pollution, poverty, etc. No region in the world is immune from this
phenomenon. However, it is more severe in some countries like Iran and Afghanistan.
Climate change in Iran has caused an increase in average temperature, a decrease
in rainfall, and as a result, an increase in the occurrence of droughts and floods,
a decrease in water resources, etc. Afghanistan is also one of the most vulnerable
countries to climate change adverse effects, and the consequences of climate change
include temperature increases, changes in precipitation patterns and extreme weather
events, food insecurity, etc. This study examines the past climate conditions of Iran
and Afghanistan on a macro-national scale and compares them with common solutions
in this area.
Received: Materials and methods
06 August 2023 In this research, we use a qualitative research method and a review approach based
on modeling at the international level. Extracting the results on a national scale has
also been done through the data and information provided by the climate change
Revised: knowledge portal in the field of temperature, precipitation, and natural hazards in Iran
04 October 2023 and Afghanistan.
Result and Discussion
In the first part, Iran and Afghanistan’s historical problems in the field of the Hirmand
River are examined. This dispute is 150 years old and the fact that Afghanistan is
upstream of the Hirmand River has caused Iran to ignore its water rights. Then, past and
04 October 2023 future climatic conditions of Iran and Afghanistan are studied on a macro scale from
the three perspectives of temperature, precipitation, and natural hazards. The monthly
climatology of min-temperature, mean temperature, and max-temperature shows that

Climate change, Precipitation,

wetland.
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the max and min-temperatures in both countries were in July and January, respectively, and the mean
temperature is also similar. The highest and lowest precipitation in Iran is in March and August,
respectively. These values for Afghanistan correspond to March and September, respectively. The
highest observed annual mean temperature in both countries in the last 120 years also belongs to
recent years. The variability and trends of mean temperature and precipitation across the seasonal
cycle of Iran and Afghanistan show that the highest mean temperature belongs to July and the
highest amount of precipitation belongs to March. Iran and Afghanistan have also experienced the
greatest changes in mean temperature distribution. Similarly, for precipitation, it is observed that
the most change in precipitation distribution in Iran belongs to 1951-1980 and in Afghanistan to
1971-2000. Annual and monthly trends of mean temperature and mean precipitation have increased
and decreased respectively. Finally, the projected mean temperature from 2000 to 2100 based
on SSP scenarios, as well as the projected mean temperature anomaly, has been examined. The
most deviations for both countries started in the 2010s and continue until 2100. The study of the
projected annual SPEI drought index, illustrated based on five scenarios, indicates global warming
intensification and a decrease in precipitation. The study of natural hazard statistics in Iran and
Afghanistan in the last 40 years also shows that earthquakes, floods, storms, and landslides have
mostly occurred. The occurrence of drought and flooding has also affected the most people.

In the second part, the three basic axes of adaptation, mitigation, and disaster risk reduction are
introduced to deal with climate change. It is shown that preserving and restoring wetlands is the only
strategy that pays attention to all three axes. Wetlands help adapt to climate change by improving
water quality, supporting biodiversity, and producing organic matter and food. Also, they have the
highest carbon absorption rate and act as a natural carbon sink, causing carbon sequestration and
reducing greenhouse gas emissions. Wetlands also help reduce natural disasters and are resilient to
floods, droughts, fires, storms, landslides, and erosion.

In the third part, the three basic axes of adaptation, mitigation, and disaster risk reduction are
introduced to deal with climate change. It is shown that the strategy of preserving and restoring
wetlands is the only strategy that pays attention to all three axes. Wetlands help adapt to climate
change by improving water quality, supporting biodiversity, and producing organic matter and food.
Also, they have the highest carbon absorption rate and act as a natural carbon sink, causing carbon
sequestration and reducing greenhouse gas emissions. Wetlands also help reduce natural disasters
and are resilient to floods, droughts, fires, storms, landslides, and erosion. Finally, solutions are
explained.

Conclusion

In this research, the past and future climatic conditions of both countries were analyzed on a macro-
national scale based on the reliable international database of the climate change knowledge portal
from the three perspectives of temperature, precipitation, and natural hazards. The obtained results
show the similarity of the patterns in Iran and Afghanistan, and the examination of the past and
future trends of the climate situation indicates an increase in the mean temperature and a decrease
in the mean precipitation, as well as the aggravation of these conditions and a greater threat to both
countries in the future by natural hazards such as floods and earthquakes and drought. Finally, it
is shown that the wetland is a triple strategy compatible with climate change in this context, and
in the situation that both countries are affected by climate change, there is a serious focus on the
preservation and restoration of the Hamoun Hirmand wetland, considering the role of ecosystem
services in the entire watershed shared between the two countries is one of the significant and
common solutions between the two countries. Finally, international mediators or facilitators can
help bridge the gaps and provide impartial guidance to both countries.
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CMCC-ESM2
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ACCESS-ESM1-5

ACCESS-CM2

E3SM 1.0
E3SM-1-1
E3SM-1-1-ECA
EC-Earth3
EC-Earth3-LR
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AS-RCEC Research Center for Environmental Changes,
Academia Sinica Taiwan, China

ool i85 0,41 AW deseo
AWTI Alfred Wegener Institute
Germany

oz 0y BCC (oollil 35 10
BCC Beijing Climate Centre, China

e e
BCC

oz CAMS _ulislga pgle o0lST
CAMS Chinese Academy of Meteorological Sciences China
o CAS pole 20151
CAS Chinese Academy of Sciences China
iy
CAS
o8l Jedos 5 (g5l Joe (51, CCCMa lollS™ 55 0
lobls
CCCMa Canadian Centre for Climate Modelling and
Analysis Canada

& yosS ool asge CCCRAITM oldl ,ois Sl 55 1

Lee-3
CCCR-IITM Centre for Climate Change Research, Indian
Institute of Tropical Meteorology India

LIl o8l s 9550 50 CMCC lail e 2lis)l 55 50

CMCC Centro EuroMediterranco sui Cambiamenti
Climatici Italy
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sl b gole Slelons o atb iy CERFACS

CNRM Centre National de Recherches Météorologiques
and CERFACS Centre Européen de Recherche et de
Formation Avancée en Calcul Scientifique France

CERFACS s CNRM
CNRM and CERFACS
W2l CSIRO @iliddl S jiiie taio g (oode liios lojl
CSIRO Commonwealth Scientific and Industrial Research
Organisation Australia

!y Austr. Res gl s s 550 g CSIRO-ARCCSS CSIRO

Ll ol ool ot pole
CSIRO-ARCCSS CSIRO and Austr. Res. Council Centre of
Excellence for Climate System Science Australia
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E3SM National Laboratories Consortium USA
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EC-Earth Consortium Europe
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NorCPM1
NorESM1-F

NorESM2-LM
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National Laboratory for Marine Science and Technology
(Qingdao), China
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HAMMOZConsortium Switzerland, Germany, UK, Finland
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INM Institute for Numerical Mathematics Russian
Federation

IPSL Institut PierreSimon Laplace France
IPSL
IPSL
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KIOST Korea Institute of Ocean Science & Technology
Republic of Korea
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Japan
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MOHC Met Office Hadley Centre UK
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MPI-M Max Planck Institute for Meteorology Germany
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MRI Meteorological Research Institute Japan
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NASA-GISS Goddard Institute for Space Studies USA

15 ol ousie YL
NCAR National Center for Atmospheric Research USA

NCC NorESM Climate Modelling Consortium Norway
NCC
NCC
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NIMS-KMA National Institute of Meteorological Sciences,
Korea Meteorological Administration Republic of Korea
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Fig 1. Monthly Climatology of Average Minimum Surface Air Temperature, Average Mean Surface Air
Temperature, Average Maximum Surface Air Temperature & Precipitation 1991-2020
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Fig2. Observed Annual Average Mean Surface Air Temperature for 1901-2021
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Fig4. Average Mean Surface Air Temperature Annual Trends with Significance of Trend per Decade;1951-
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Drought is one of the most important and common weather-climatic disasters that
Impacts of drought, Remote

have affected different countries around the world. Since drought affects various
sensing. parts of countries, such as water resources, agriculture, industry, the economy and
health, it requires collective and international solutions. Therefore, it seems necessary
to investigate this phenomenon in different parts of the world. Drought modeling
is an important issue in order to curb or reduce its effects, inform people about its
consequences, and plan for the preservation of water resources and social and
economic management.

Material and Method
Study area
The studied area is the entire country of Iran, which is located between 25° and 40°
Received: North and 44° and 64° East. It covers an area of approximately 1,648,000 square
02 December 2023 kilometers (Kaboli et al., 2021). Iran is the 17th largest country in the world in

terms of area. One of the country’s most noticeable characteristics is drought, which

typically affects more than two thirds of it and is partly a result of the Iranian plateau’s

Revised: location in the semi-arid tropical belt and surrounding mountains. The average annual
22 December 2023 temperature in summer is 38 degrees Celsius. The north and northwest regions of
the country usually experience temperatures below zero degrees in winter and
have humid weather almost the rest of the year (Shahabfar and Eitzinger, 2013).
According to Domarton’s definitions, Iran has super-arid, dry, and semi-arid regions.
The slopes of the Alborz and Zagros mountain ranges are semi-arid (Rahimi et al.,
2013). A prolonged period of low rainfall and improper water management has caused
devastating droughts in Iran (Jafari et al., 2020). The aim of this study is to identify
and describe drought using multiple MODIS-based indicators. For this purpose, the
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temporal-spatial characteristics of the intensity and frequency of drought in the entire country in the
period from 2001 to 2021 using the standardized precipitation index to one-month SPI-1, three-month
SPI-3, and one-year SPI-12, based on the CHIRPS precipitation dataset with a spatial resolution of
5 km, vegetation condition index (VCI), temperature condition index (TCI), and vegetation health
index (VHI), were investigated based on specific classifications.

Results and Discussion

The results of the investigations showed that the distribution of rainfall in the southeastern and
central regions of the country is less than 200 mm per year. Examining the ratio of drought classes
based on the TCI index shows that the area ratio of areas that are in severe drought class in 2020
and 2021 is 36.7% and 43.2%, respectively, which has increased by about 7%. The comparison
of the area of the drought class of the TCI and VCI indices also shows that the VCI index has
overestimated the area of the dialects that are in the severe drought class by 3.7% and 5.1% in 2020
and 2021, respectively. Examining the difference in drought classification area based on VCI and
TCI indices shows that the area ratio of classes that are located in drought-free areas based on the
VCI index is about 16.8% higher TCI index.

The drought classification map based on VHI shows that the largest area of the country in 2021
will be covered by severe drought. Most droughts occurred in the central, eastern and southeastern
regions. The trend of changes in the indicators shows that the eastern, and southeastern regions and
the southern regions of the country are located in areas with severe drought due to the type of climate
zoning, but another important point that is important is that a relatively large area of the country
was one of the drought-free areas until 2014. It has been gradually reduced, and even the areas that
include temperate and drought-free areas have been associated with stress and drought.

Also, the VHI index analysis shows that six provinces in the southern region of the country have
experienced long-term drought between 2009 and 2021. Examining the drought trend based on the
comparison of different classes of drought using the SPI index shows that the SPI-12 index has
provided more acceptable results in order to investigate and monitor the drought over a period of 20
years. In general, the investigations carried out in this research can be effectively used by relevant
decision-makers for drought risk management, resilience, sustainable agriculture, and policymaking.
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Table 1. Classification of drought severity based on drought index (Zhao et al., 2022).
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Microlysimeter, Plant Introduction

It is necessary to carefully select appropriate tree and shrub species to develop urban

coefficient, Potential green spaces and plantations to ensure sustainability. This is particularly important

evapotranspiration, Reference in arid and semi-arid regions, where using drought-resistant species is crucial for
evapotranspiration. successfully developing green spaces.
Material and Methods

An experiment was conducted in the Robat-Karim region of Tehran province

to determine the water requirements of Tehran pine and Chinaberry at different

vegetative ages under drought stress. The experiment followed a factorial arrangement

based on a complete randomized block design with 10 replications. The experimental

treatments included species type (pine and olive), age (one, three, and five years old),

and drought stress at three levels (mild (0.3), medium (0.5), and high (0.7)). This study

Received: was conducted to achieve the following objectives: determine the water requirement

23 December 2023 of species, determine the plant factor, and investigate the effect of drought stress on

water requirement and plant factor. The research consisted of several phases, including

moisture monitoring at drought stress levels, measuring the water requirements of

Revised: species, calculating reference evaporation and transpiration, determining vegetation

13 January 2024 coefficients, and evaluating the effects of different drought stresses on water
requirements and vegetation coefficients.

Results and Discussion
Accepted: The study found that Eldarica pine seedlings consumed 239.3, 258.3, 307.13, 310.4,
339.7, 385.13, 414.03, and 498.4 mm of water during the plant growth period in
13 January 2024

different treatments, including drought stress treatments of 0.3, 0.5, and 0.7 at age 1,
drought 0.3, 0.5, and 0.7 at age 3, and drought 0.3, 0.5, and 0.7 at age 5. Similarly,
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the amount of water consumed in Chinaberry seedlings during the growth period of the plant and
in different treatments applied is equal to 238.9, 282.4, 310.03, 322, 374.8, 421.4,471.7, 374.8, and
421.4 mm, respectively. Generally, water loss from plants, such as evaporation and transpiration in
Tehran pine and Chinaberry species, is determined by plant and environmental factors. The effect
of environmental factors on evaporation and transpiration is called atmospheric demand. The higher
the atmospheric demand, the faster the water can evaporate from a free surface. The factors of solar
radiation, temperature, relative humidity, and wind are the most important factors that affect the
atmospheric demand. Approximately 1 to 5% of the amount of radiation absorbed by the leaf is
used for photosynthesis, and about 75 to 85% of it is used for heating the leaf and transpiration. An
increase in solar radiation causes an increase in atmospheric demand. It seems that the higher plant
coefficient is due to the difference in the ecological needs of Chinaberry compared to Tehran Pine.
This tree requires sunny places and rich, deep, cool, and drained soils, but it can grow in all kinds
of soils; it is resistant to drought; it can tolerate frost; and it shows some resistance to soil salinity.
One of the reasons for the higher water requirement of Tehran pine compared to Chinaberry is the
difference in leaf morphology. Tehran pine needs more water than Chinaberry due to having a large
number of double and long needles with a length of 8—15 c¢m in its crown.

Conclusion

The results showed that the water requirement of the Tehran pine species is higher than that of
the Chinaberry in the studied moisture regimes. Furthermore, as the allowed moisture reduction
increased, the water requirement of both Tehran pine and Chinaberry increased in all the studied
ages. Therefore, it is necessary to consider appropriate drought stress points (0.7) in afforestation
plans in arid and semi-arid areas to provide suitable conditions for growth and survival in harsh
conditions.
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Extended abstract
Abstract

Introduction: Iran, one of the driest countries in the world, frequently experiences
severe droughts. Drought is a result of the mutual effects of natural and social
environments. Iran, due to its unique location and topographic features, is a vast
country with a distinct climate. Iran’s climate, both wet and dry, is characterized by the
occurrence of drought. In recent years, many regions of the country have experienced
severe and exceptional droughts, which have been very significant in terms of intensity
and extent. Therefore, investigating the factors affecting drought is one of the basic
needs of societies, managers, and national and regional planners. Torbat Heydarieh
city is located in Razavi Khorasan province and is characterized by dry and semi-arid
climate conditions. In this city, agriculture is one of the main indicators of people’s
employment and drought can have significant effects on the economic prosperity of
this region. On the other hand, there are relatively few studies on the factors affecting
drought in Torbat Heydarieh city, which indicates a research gap. Considering that
factors affecting drought have not been comprehensively investigated so far, conducting
this research by comprehensively investigating the factors affecting drought and using
the fuzzy analytical hierarchical process technique can provide useful and effective
suggestions to reduce the effects of drought.

Materials and Methods: In this research, the prioritization of the factors affecting
drought using the fuzzy analytical hierarchy Process technique has been investigated
in Torbat Heydarieh city. The statistical community consisted of 15 individuals with
more than 10 years of work experience in this field, as well as agricultural experts.
We used interviews and expert opinions to confirm the validity of the questionnaire,
and used Cronbach’s alpha test to confirm its reliability. The experts identified 19 sub-
indices in the form of 5 main ones that influence drought in Torbat Heydarieh city after
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reviewing the theoretical literature of the research.
Results: Based on the results obtained using the fuzzy analytical hierarchical process technique,

99

prioritization of the main indicators from most to least was in the order of “human factors”, “cultural
factors”, “social factors”, “climatic factors” and “geographical factors”. The prioritization of all sub-
indices based on their weight in each main index and also, by considering the weight of the main

indices, was is in the following figure.

Excessive use of water resources’ o) ke J & ) o 5 )2 0.219
Population growth /Sas &) 0.152
Lack of knowledge about water scarcity o 48 54 gt A8 5 0133
Decreasein precipitation/ g+ j; S E— ()74

Tnerease temperature/ gl 0.069
Tncreasing ilegal dams and welly/ j2 51 o sasu g 8 0.064
Tnappropiate and high consumpfion crops/ s g 5]l aulid 5o a8 0.054
Changing the pattern of consumption and excessive use of water resources  1ia J kug; g s g pae K i o——=(,039
Predatory attitude to resourcey pliaty 4 6 5 nommmmmmmm— ()33
Emphasis on the free and unlimited consumption of natural resources/ uub e dptss g 431 iy s 345 - ( 033
weak management [ i & e 0.026
Seasonal changes and rainfall fime/ 25 3 g ) il o (018
Tnequality in the distibution of water/of &) s 11 o 017
Tncrease in water consumption' o <2 G/ 0,016
Reduction of soil qualify < Cuds s s (015
Groundwater sources' s’ o}l (e NN (013
Flevation and topography/ £z 52k gl o 012
ntitudel ol ja 2 0003
Longitude! g4 2 Js& 00,002

Fig 1. Prioritization and final weight of variables affecting drought in Torbat Heydarieh city

Conclusion: Based on the obtained results, it was found that among the 19 investigated sub-indices,
the sub-indices of “excessive use of water resources” had the highest degree of importance, the sub-

EEINNT3

indices of “population growth”, “lack of awareness about water shortage”, “reduction of rainfall”,
“increase in temperature”, “increase in unauthorized dams and wells” and “unsuitable and intensive
crops” were placed in the next grade. “Longitude and latitude”, “elevation and topography” and
“underground water resources” as sub-indices of the main index of “geographical factors” had the

least impact on drought in this city.
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Table 2. Weight and grade of indicators and sub-indices of the model "Factors Affecting Drought" in Torbat
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Table 2 continues. Weight and grade of indicators and sub-indices of the model "Factors Affecting Drought"
in Torbat Heydarieh
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Drought, Trend of changes, Introduction:

Drought is one of the phenomena of climate change that endangers and transforms

various social, economic and environmental sectors. Drought is both a danger and a

index, Iran. disaster; It is dangerous because it happens unpredictably and is part of the natural
variability of the climate system, and it is a disaster because it is related to the re-
duction of the rainfall regime and leads to the reduction of water storage for natural
and agricultural ecosystems as well as other human activities. Severe and very severe
droughts have occurred in parts of the country that have relatively more favorable
rainfall conditions. Since Palmer’s index is used in extensive studies and due to the
need to investigate and evaluate drought and drought in different climatic regions of
Iran, in this research, Palmer’s drought severity self-assessment index is evaluated for
the entire country.

Palmer’s self-regulation

Received: Materials and Methods:

18 February 2023 Drought is one of the extreme climatic phenomena that occurs in most parts of the
world, but its manifestation is more common in arid and semi-Arid regions, and it also
occurs over a long period of time and intermittently affects human societies through

Revised: negative effects on water resources and agriculture. This, in turn, leads to economic

24 Decemer 2023 challenges. One of the methods of investigating the drought situation in IRAN is the
use of Palmer’s Drought Intensity Self-Assessment index, which was used during the
period from 1979 to 2018 and from the spatial resolution data of the Climate Research
Unit of the University of East Anglia. The results of the research showed that the

Accepted: cities of Bam and Safiabad, Bojnord, Maneh and Samalqan, Gorgan, Shahroud, Teh-

12 January 2024 ran, Qazvin, Arak, Hamedan, Kashan, Bandar Lange, Fasa, Bandar Abbas, and West
Khorramabad are experiencing severe to moderate droughts. These droughts covered
IRAN by 22.06% in spring and 20.12% in summer. In general, the results indicate that
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Analysis of Iran’s Drought Changes with Palmer’s ...

the trend of severe to moderate droughts occurred from low latitudes to 33.75° latitude.
Results and Discussion:

ScPDSI data from the Climatic Research Unit of the University of East Anglia was calculated using
input from interpolated fields of monthly precipitation and minimum and maximum air temperature
observations available in the high-resolution CRU TS 2.1 and 3.23 datasets. Statistical data used
for drought in IRAN with geographical coordinates of 25 to 40 degrees North latitude and 44 to 63
degrees East latitude in a period from January 1979 to January 2018 has a longitude resolution of
0.5*0.5. The method of calculating Palmer’s Drought Severity Index is that for each month of the
year, the values of four components related to soil moisture, along with their potential values, are
needed. There are eight components, including evapotranspiration (ET), potential evapotranspira-
tion (PE), moisture retention (R), potential moisture retention (PR), runoff (RO), potential runoff
(PRO), moisture loss (L), and moisture loss potential (PL). The available water capacity closely
influences the values of these components. Researchers at the University of Nebraska developed a
program to calculate the scPDSI.

Conclusion:

The results showed that the cities of Bam and Safiabad, Bojnord, Maneh and Samalqgan, Gorgan,
Shahroud, Tehran, Qazvin, Arak, Hamedan, Kashan, Bandar Lange, Fasa, Bandar Abbas, and West
Khorram Abad have experienced severe to moderate droughts. These droughts have covered IRAN
with 22.06% in spring and 20.12% in summer. In general, the results showed that in the winter sea-
son of Iran, according to the self-measurement index of drought severity, 8§4.08% of the area was
in drought conditions, and 15.88% was in drought conditions. According to the self-measurement
index of drought severity, 86.47% of the area was in drought conditions, and 13.53% was in drought
conditions. In the spring season, 93.53% of the area was in drought condition, and 6.46% was in
drought condition. According to the self-measurement index of drought severity, 92.61% of the area
was in drought conditions, and 31.7% was in drought conditions in the spring season of Iran. Com-
paring the trends of the Palmer Drought Severity Index (scPDSI) in Iran, it is obvious that the spring
and summer seasons have the most drought compared to the autumn and winter seasons. The trend
of Palmer’s drought intensity self-assessment index (scPDSI) based on latitude, from low latitudes
to 33.75 degrees north, has the highest drought intensity.
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Table 2. Percentage of areas covered by the Palmer Drought Severity Index (scPDSI) in the winter season
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Fig 3. Trend of Palmer's Self-Assessment Drought Severity Index (scPDSI) in winter season by latitude



Vo) el ki o et LBl Ol JLSiis S 5

slo e il =l e bl o lias Joad Ay b umen el oad adly Jlw g Lyl i
Sod s Jlba >0 Ve o el ol —lgogm> ali asg, a5 ol saalin () JSi
el sl 1y Jlsis asles 5ol Jad (scPDSI) ol JSos cas

> 45°0'0"E 50°0'0"E 55900"E 60°00"E 65°00"E
$ s
S
3 g
S
z z
s 1S
4 4
1% 1)
- ~
s 1S
S 2
=3 S
- -
z z
s 1S
s s
n n
45°0'0"E 50°0'0"E 550'0"E 60°0'0"E 65°00"E

Jab Jad (SCPDSI) podly JLSis ©udh (xiwlgoss asli F b
Fig 4. Palmer's Self-Assessment Drought Severity Index (scPDSI) in fall season

2l Jhad (SCPDSI) jolly JLasind uds (auwlgogs (aslih Libe cod gblo doys ¥ Jgus
Table 3. Percentage of areas covered by the Palmer Drought Severity Index (scPDSI) in the fall season
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Table 5. Percentage of areas covered by the Palmer Drought Severity Index (scPDSI) in the summer season
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woel8l s g JlSas glo ighy ddxe

ay-\-# e NF-Y )Lef. A @L.\ <5 o)La..‘fJ 93 0,93



= (SCPDSI) , ol J_uSes o i o wlgog>
Bre b ol slagp e il (bl (be bl
b S (o 4z 0 YYIVO

Sl o

DN 3520 5 o G 350 e [0 F

aglie aS 050 o ovalin (Vo) SIS as a g
ally St s i lgoss L o,
Ol 5 e J—ab o ol 0l 925 (scPDSI)
5 b sloadad e o) JlaSas oy iy

T T T

i e Jab

* S A /

07 it St 4

} ” /

/

=08 \ f A /

{ ” 3 /‘ ~\ /

a 09 N 4

;] ¥

b

b -1

11

2 /

Aol \ F

= p

@ v

2 13

)

@

~ 14

15 | | | | 1| I i | L L |
475 2575 2675 2775 2875 2975 75 3175 3275 3875 475 3BI5 3675 W75 WIS 975

Wi 2

il
Fig 10. Comparison of Palmer Drought Intensity Index (scPDSI) trend in summer, spring, winter and
autumn according to latitude

Colue 3o, AVIOY L Ly Jad ccwla sl |, 8

Sy bl 0 oo, FIFF § JLuSis Lyl b o

azg b ol jsiS Gl Joad ol ails ), 8

e, AY/FY ((JLuSis Golh auwlgnys axli U

byl s 0 ao,s VIYY § JLuSis byl b o colus

e ld oy sawslae o ula il |, 8 Jlu s

59—=5S (scPDSI) , o)l JLuSlis Gus  uwlgoss

b Jead 5o (JLuSas o it £33 (S ol

ol Gl 5 5l sl Jad 4 s Gl

ally S s i lgoss sl o,

sl oo il mldlp> b, wlul . (scPDSI)

Doh (p i (Jlod 4z B YTIVO (5,2 L5 oy

A oo ol |y Jasas
&lw

Azadi, S., Soltani, S., Transborder, M., & Pourmanafi,
S. (2017). Palmer drought index calibration in
Iran, Iran Water Research Journal, 12(2), 19-28.
[In Persian].

Hosseini Seddiq, S.M. (1400). Hadley Cell Dynamics
Climatologhy, Sokhon Gostar Publications. [In
Persian].

Darend, Mohammad. (2013). Monitoring Iran’s

drought using Palmer’s drought severity index

and its relationship with atmospheric-oceanic

Journal of Drought and Climate change Research (JDCR)

Spring 2024, Vol.2, No.1, pp 93-106

& 325 Al
3 s 45 ] xS bl S IS
ams e )b 5l o 1) sl ;K0 g0y blie o
5 28lise Gl (mlep 5 O Gl (oles o L 35
JLaSas (B0 )3 e 05l (e 5l i AL
g Stz 3blie 0 oyl osos Jlo ol ooyl )3
oL 5l ey ol 5o el ity S iSdes
VD IVD e S S5 Ly glwosls ¢ scPDSI
039° b Jlwi g JSis () S 4z 0
ot gl ol o0 ool Yo VA L5 VAV b
g,0ld (5,5 il g aile 0 y5in sla g olo
ad S pos L2 oo ST e 938 40l 5
wad gla Jlasas s oll o5 08 s los oy
U o o ISt oyl aS sl Lo wgio Ls
Ao Y NY L il o gm0 VY72 L Ly
o1 s s IS el asy el s S 1,51, ol
Lo Laag b olnl 508 (b Joad j0 aS
Corls ooy AT/ A JLSis Sasd miulyoss
Iy Ll o 5o, VOMA 5 JLaSits Lyl, 5 o
s s L 5l b ol s, 8
ol so s MY JLSis s minlgoss
Iy Ll 1o 5o 3 VBT 5 JLaSias Lyl, 5 o



Vo ol s el L0l IS Sk o)

1481-1491.

Van der Schrier, G., Barichivich, J., Briffa, KR., &
Jones, PD. (2013). A scPDSI-based global data
set of dry and wet spells for 1901-2009. J. Geo-
phys. Res. Atmos. 118, 4025-4048 ,10.1002/
jgrd.50355.

Van der Schrier, G., Barichivich, J., Harris, 1., Jones,
PD., & Osborn, TJ. (2015). Monitoring glob-
al drought using the self-calibrating Palmer
Drought Severity Index [in “State of the Climate
in 2014”]. Bulletin of the American Meteorologi-
cal Society 96, S30-S31.

van der Schrier, G., Briffa, KR., Jones, PD., & Os-
born, TJ. (2006a). Summer moisture variability
across Europe. Journal of Climate 19, 2818-
2834,d0i:10.1175/JCLI3734.1.

Van der Schrier, G., Briffa, KR., Osborn, TIJ.,
& Cook, ER. (2006b). Summer moisture
availability across North  America. Jour-
nal of Geophysical Research 111, D11102
,d0i:10.1029/2005JD006745.

Van der Schrier, G., Efthymiadis, D., Briffa, KR., &
Jones, PD. (2007). European Alpine moisture
variability for 1800-2003. International Jour-
nal of Climatology 27, 415-427 doi:10.1002/
joc.1411.

Vasiliades, L., & Loukas, A. (2009). Hydrological
response to meteorological drought using the
Palmer drought indices in Thessaly, Greece. De-
salination. 237, 3-21.

Wang, K. Y., Li, Q. F,, Yang, Y., Zeng, M., Li, P. C., &
Zhang, J. X. (2015). Analysis of Spatio-Tempo-
ral Evolution of Droughts in Luanhe River Basin
Using Different Drought Indices. Water Science
and Engineering, 8(4): 282-290.

Weber, L., & Nkemdirim, L .(1998). Palmer’s drough-
tindices revisited. Geogr. Ann., 80 A (2). 153—
172.

Wells, N., Goddard, S., & Hayes, MJ. (2004). 4
self-calibrating Palmer Drought Severity In-
dex. Journal of Climate, 17, 2335-2351.

distance patterns, Geographical Research Quar-
terly, Chehram issue, winter season, serial num-
ber 115. [In Persian].

Shabanali Femi, H., Savari, M., Motaghed, M., Mo-
hammadzade Nasrabadi, M., Afshari, M., &
Beqaei, Moseeb. (2019). analysis of adaptation
strategies of small-scale farmers to drought con-
ditions in Isfahan province, Amash and Space
Planning Quarterly, 24(1), 47-21. [In Persian].

Mojarad, F., Khairi, R., Masoumpour, J., & Farhadi,
B. (2020). evaluation of drought changes in Iran
using SPEI and sc-PDSI indices, Planning and
Space Planning, 25(1), 143-174.

Masoudian, A. (2011). Climate of Iran, Sharia Tos
Publications. [In Persian].

Barichivich, J., Osborn. TJ., Harris, 1., Van der Schri-
er, G., & Jones, PD. (2020). Drought [in “State
of the Climate in 2019”]. Bulletin of the Amer-
ican Meteorological Society 101, S1-S429.
doi:10.1175/2020 BAMS State of the Climate.1.

Hosseini, A., Ghavidel, Y., Khorshiddoust, A. M. &
Farajzadeh, M. (2020). Spatio-temporal Analysis
of Dry and Wet Periods in Iran by Using Global
Precipitation Climatology Center - Drought In-
dex (GPCC -DI), Theoretical and Applied Cli-
matology, Published online 24 November 2020,
1-11. [In Persian].

Mika, J., Horva,'th Sz., Makra, L., & Dunkel, Z.
(2005). The Palmer Drought Severity Index
(PDSI) as an indicator of soil moisture. Physics
and Chemistry of the Earth. 30. 223-230.

Mitchell, TD., & Jones, PD. (2005). An improved
method of constructing database of monthly cli-
mate observations and associated high-resolution
grids. International Journal of Climatology 25,
693-712, doi:10.1002/joc.1181.

Palmer, W.C. (1965). Meteorological drought. U.S.
Department of Commerce, Weather Bureau Re-
search Paper 45, 58.

Palmer, W.C. (1968). Keeping Track of Crop Mois-
ture Conditions, Nationwide: The New Crop
Moisture Index, Weatherwise,21(4), 156—161.

Paulo, A. A., Rosal, R. D. & Pereira, L. S. (2012).
Climate Trends and behavior of Drought Indices
Based on Precipitation and Evapotranspiration
in Portugal. Nat. Hazards Earth Syst. Sci., 12:

woel8l s g JlSas glo ighy ddxe

AACARY4 e NF-Y )Leﬁ A @L“ <5 o)LQLZ 93 0,93


https://doi.org/10.1175/2020BAMSStateoftheClimate.1
http://dx.doi.org/10.1002/joc.1181
http://dx.doi.org/10.1002/jgrd.50355
http://dx.doi.org/10.1002/jgrd.50355
http://dx.doi.org/10.1175/JCLI3734.1
http://dx.doi.org/10.1029/2005JD006745
http://dx.doi.org/10.1002/joc.1411
http://dx.doi.org/10.1002/joc.1411




Original Article

Journal of
Drought and Climate change Research (JDCR)

Spring 2024, Vol.2, No.1, pp 107-124

10.22077/JDCR.2023.6801.1045

Simulation of the Growth of Quinoa with Using DSSAT 4.7 Model in Field Conditions

Shahab Eghbali Shahabad', Mehdi Nassiri-Mahallati?, Mohsen Jahan®, Mohammad Hassan Fallah*

1. Agricultural Expert, promotion and education of Yazd province, Yazd, Iran.

2. Professor, Department of Agrotechnology, Faculty of Agriculture, Ferdowsi University of Mashhad, Mashhad, Iran.

3. Associated Professor, Department of Agrotechnology, Faculty of Agriculture, Ferdowsi University of Mashhad, Mashhad, Iran.
4. Graduated PhD of Agroecology, Faculty of Agriculture, Ferdowsi University of Mashhad, Mashhad, Iran.

*Corresponding Author: sh_weed@yahoo.com

Keywords: Extended abstract

Arid Area, Modeling, Introduction

Phenological development, Climate change is rapidly degrading the conditions of crop production. For instance,
Planting date. increasing salinization and aridity are forecasted to increase in most parts of the world.

As a consequence, new stress-tolerant species and genotypes must be identified and
used for future agriculture. Stress-tolerant species exist but are underutilized and ne-
glected. Quinoa (scientifically known as Chenopodium quinoa Willd) is a member of
the Amaranthaceous family. Promoting the cultivation and nutrition of quinoa will
diversify food products in the country, sustainable production increases farmers’ in-
comes and provide part of the community’s food needs. Crop simulation models have

been used for various studies such as selecting the appropriate cultivar, determining
Received:

the best planting date, predicting the effect of diversity and climate change on growth.
20 September 2023

Field research experiments are time-consuming and not cost effective. In contrast, it
requires a lot of time and money, while computer simulation models can save time and

money by conducting extensive experimental simulations.

Revised:
15 November 2023 Materials and Methods
This research was conducted in two regions of Yazd province with 10 separate ex-
Accented: periments in the form of a randomized complete block design with three replications.
23 I\II) ov e;nb er 2024 Experimental factors included 5 promising modified lines at Yazd Salinity Research

Center with the Titicaca cultivar. The lines consisted of four intermediate maturity
lines, numbered 1 (NSRCQE), 2 (NSRCQC), 3 (NSRCQD), and 6 (NSRCQA), one
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Simulation of the growth of Quinoa with Using ...

late maturity line numbered 4 (NSRCQB), and the early maturity cultivar Titicaca numbered 5. Sam-
pling and note-taking were performed regularly, once every three days, in proportion to the progress
of the phenological stages of each line. The simulation of quinoa growth and development was done
with DSSAT 4.7 software. The model was calibrated and evaluated with data collected from the
field. Before running the model, modified coefficients were used by Prager et al( 2019).

Results and Discussion

The critical photoperiod parameter (CSDL) was estimated to be 13.8 hours in the early variety, 13.7
hours in the medium clay lines and 12.5 hours in the late line. The sensitivity of lines to photoperiod
(PPSEN) varied from 0.22 to 0.25. The time interval between the appearance of the first seed (RS5)
and physiological ripening (R7) in different lines was very different, so that in the late line 4, 35
days, in the medium lines 1, 2 and 3, 27 days and in the early variety of Titicaca, 25 days was esti-
mated. The results of calibration and validation of the CROPGRO model with DSSAT 4.7 software
were evaluated as optimal for budding, flowering and maturity stages of quinoa. For the number of
days from planting to flowering, the value of the root mean square error (RMSE) was in the range
of 3.5 to 6.4 days, the coefficient of variation or the percentage of RMSE (CV) was in the range of
7.3 to 11.3%, Wilmot’s index of agreement (d) in the range of 0.74 to 0.96, the average deviation
from the model (MB) was in the range of -0.83 to 1.5 and the explanation coefficient (R2) was in the
range of 0.47 to 0.85. Therefore, the model estimates flowering stage very well. In different quinoa
lines, the maximum difference between simulated and observed data of days to budding, flowering,
and physiological maturity was 2 days, which indicates good prediction of the CROPGRO model.
The optimal planting date for lines 3, 4, 5, and 6 is the first of August, the end of July, the middle of
August, and the end of July, respectively, because it is the shortest growing period.

Conclusion

The results of calibration and validation of CROPGRO model with DSSAT software were evaluated
as favorable for quinoa and the 30-year seasonal analysis of the model for the city of Yazd showed
that the optimal planting dates for lines 3, 4, 5 and 6 are the first of August, the end of July, and the
middle of It is August and the end of July because it is the shortest period of growth. Considering
that this model can integrate the complex interactions of soil properties, climatic conditions, man-
agement practices and genetic characteristics of the product, it leads to a better understanding of the
complex interactions between factors affecting the growth and development of this plant, so it can
be used to develop studies on the aspect different types of quinoa ecophysiology should be used in

research departments.
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Date of planting 1
29 29 28 28 26 23 6 20 29 29

O CBlS &y
Average
maximum

temperature 251 29.69 362 419 399 36.7 36.7 32 15.8 21.9
ngL‘,a@xL:.q
FSlas
Average
minimum
temperature 129 172 225 287 277 215 215 18 2.8 7.9
slales 5 5ke
Jla>
Average
temperature 19 2336 293 353 338 29.1 29.1 25 9.3 14.9
Lo (Sl
Average day
length 1247 1337 139 139 133 12.4 12.4 11.44 10.65 115
59,5k (Sl
Date of planting 2

e . o 30 5 29 30 24 19 12 22 - 28
byl casls g b may

Average
maximum

temperature 183 23.66 309 362 345 322 322 27.26 112 16.8
lalos :Siles

JrigRes

Average

minimum
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LIRS

Average

temperature 12 1598 229 286 262 233 233 18.83 3.8 8.85
Lod eSile

Average day
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Table 3. The values of CROPGRO model calibration statistical indices for simulating days to inflorescence,
days to anthesis and days to physiological maturity of quinoa

~ bl el o oaalio Sle ok (sjluans ke RMSE RMSE ,
Cultivar Statistical index Observed average  Simulated average (day) ) d MB R
Y oY e b g, 38 40 34 8.8 095 1.67 0.87
Days until
inflorescence
Line 1 25U 5, 48 50 3.5 7.3 0.9 1.44 0.7
Day until anthesis
Sy B 5, 90 91 2.8 32 096 1.11 0.88
Days until maturity
Y oY pdaoss B gy 39 40 4 10.3 094 144 0.8
Days until
inflorescence
Line 2 25 5, 49 50 3.7 7.6 0.9 0.89 0.73
Day until anthesis
Sy B 3, 90 91 2.8 3.1 096 1.22 0.89
Days to maturity
Y oY 2dasd G g, 39 40 4 10.3 095 144 0.8
days until
inflorescence
Line 3 25 5, 49 50 4 8.2 0.89 144 0.71
Day until anthesis
Sy B 3, 90 92 3.6 4 093 222 0.85
Days until maturity
¥ oY s G g, 40 40 34 8.4 0.92 0.5 0.73
Days until
inflorescence
Line 4 25 5, 52 54 5.6 10.6 0.74 1.5 0.47
Day until anthesis
Sy B 5, 100 101 4.4 4.4 0.9 1.38  0.72
Days until maturity
o5) pdasue b g, 33 33 3.5 10.7 091 1.78 0.76
BY s days until
inflorescence
Titicaca 25 5, 45 46 3.9 8.7 0.88 1.11 0.69
cultivar Day until anthesis
Sy B 3, 80 80 3.5 4.4 094 033 0.79
days until maturity
£ oY e b g, 33 34 1.8 53 0.91 0.5 0.71
Days until
inflorescence
Line 6 25 5, 57 56 6.4 11.3 0.96 - 0.85
Day until anthesis 0.83
Sy B g, 99 101 5.1 5.1 096 1.67 0.97

Days until maturity
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Fig 2. Observed days after planting versus simulated days after planting in the three stages of inflorescence,
anthesis and maturity of different quinoa lines along with 1:1 line and statistical indicators of calibration
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Table 4. Values of statistical indicators of model validation for simulating days until inflorescence, days until
anthesis and days until maturity of 6 quinoa cultivars

% Sl el oad omalio Sl 0 jlodns ke RMSE RMSE ,
Cultivar Statistical index Observed average  Simulated average (Day) *) d MB R
VoY e b g, 42 44 5.4 12.8 0.88 24 091
Days until
inflorescence
Line 1 Db 5, 54 54 6.2 11.3 0.81 -0.4  0.94
Day until anthesis
Sy B 5, 91 89 33 3.6 0.86 2.6 0.79
Days until maturity
YooY e b g, 42 44 54 12.8 0.88 24 091
Days until
inflorescence
Line 2 ESUAE 54 54 6.4 11.8 0.8 -0.8  0.92
Day until anthesis
Sy B 55, 91 89 3.2 3.5 0.87 2.2 0.74
Days until maturity
YooY it b g, 42 44 54 12.8 0.88 24 091
days until
inflorescence
Line 3 25U 5, 54 54 6 11 0.81 0 0.92
Day until anthesis
Sy B 59, 91 89 3.6 4 0.82 22 0.62
Days until maturity
¥ oY e b g, 46 46 4.8 10.3 0.91 -0.6  0.88
Days until
inflorescence
Line 4 AU 5, 60 60 4.6 7.7 0.93 3.2 095
Day until anthesis
Sy B 5, 103 100 5.4 5.2 0.88 24 072
Days until maturity
) g b g, 38 36 4.3 11.4 0.81 2.2 0.73
B s days until
inflorescence
Titicaca Db 5, 49 48 6.3 13 0.83 -1.2 0.87
cultivar Day until anthesis
Sy B 5, 82 73 9.1 11.1 0.83 -9 0.68
days until maturity
£ oY e b g, 43 42 4.8 11.2 0.89 -1 0.84
Days until
inflorescence
Line 6 25U 5, 56 51 5.6 10 0.71 -46 0.88
Day until anthesis
Sy B 55, 104 99 7.9 7.6 0.86 -5 0.69

Days until maturity
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Fig 3. The observed days after planting versus the simulation days after planting in the three stages of
inflorescence, anthesis and maturity of different quinoa lines along with the 1:1 line and the statistical
indicators of the Evaluation results

(B F sla Sty ols ols Jlsixa
w235 5 35, (epoazmié Ls 55, CROPGRO Ja
L oo 5 (Slej alold 5 Sujslsnsed (S, U 55,
e slac Al g )b 0 | Sjeln el (S,
Lapl i 5l smne D5l 9,5 (g3lmaned (g5

AV 55 lo JS_t) o ounline
2L 59, 5 smoaze LS ) a5 by Las mals
ottt Ve IS 5 s ola s ol SIS fy b
b 0 a8 o0 A S8l il LagpY aes o
N sloany jo moasie Lo g, ol Jol cils

Journal of Drought and Climate change Research (JDCR)

Spring 2024, Vol.2, No.1, pp 107-124

00— 03l ICROPGRO  Jos ol g dy 555 yLaiaa
bl slaceals 7,6 6l Jos ol deiS (sl
=Y F gV, wgie sla iy 9039, Ve alold as
1290 5 L ¥ Soe an 15 5.5 oy 8 F Loy
Ll 95 o sl iy Lyl 0 YoV LS
G9deb Sl Sl Jas (25,5 mals o
oby Jead Jo b yo Sl g P Blas gles (aieis
Al oo slS a5 gl oot o5l warcs
0y, amstu A Yo o0 4o ly oS (a Lisee slacny
B gy Gl sl L ol 1) —sals



'Y

LS bl 3158 a5 A3

Sl ilS )b s 0l 0)9 il Jole rizren
9ol 5 Lo sy (ials 5o ol e J3l 5l o
g3 bl )0 a5 el oS 4o 59, 5-b 5 Les
JS=8) Siel e (S 0)90 (it (SYsb oz

B0, S (Y
At Sl Jome dlw Vo (lab o g 4 28 (o)
Loy ol wsllae EslS gyl a8 ols oL o5y
R CYUPNPUDN NI S I NN A I I SRS A T g o
(V JS8) 0y 0,99 olisS |y ol ,d 55T 5
Ll oy Lal g oad , 53 glacals 7o)l o
sleals 7o)t 0 o, e ol ol e al
s an Lo (sl SlS g o b L 3yd
23R Ao 5 550 4D Jgl 0o o dagd ol e 5Ty
LagY o) oy50 Job col Byme ials ;s odle
A ales s in 59, VYA g FIV & Y/ oy ay

aalsss Ol B yan yo ol b a S (Y JSs)

Cle
13 _ .
R =
12 ?
— ]
——
" =
B
T — =
— g
1 $I -
g — ..
z LI
] =
E 13 S
- = -
== g
| 3 B
g
—_—
1
13 7
—
= E
12 ey a
i R
2)me 1My Ty 23kl 1A NAwg 23Aug  1Septe

Planting dates

Radiation (MJ/m2d)

15
30

20

15
30

20

&=,0 959, VYA g YAIY 00 FVY s as? 50 .
N lapy 0 woamie L3 59, jo 40V e o ils
D9 59, Vo /F g YYIV XO/N YN S5 af 90 F
¥ ooy =Y o eoasie U gy, yials Jlage ool
A0S camliie 5,V dga> g Loy sl ) oo
=poazie LS 5, mmls alie 20 5 LS 59, mmls
a—,b lols lozi Larp¥ o by 0,90 Job mmls
o u_».»): d— 0,90 u_:‘ ‘Q‘J)_A JS‘ [ )_u Ja‘ CslS
595 VA g YV QY XA slasi a7 40 F Fgla
&b AT L ls e Jgl clS 5 5l 5 50bisS
g am LagY ol 098 Job yo p—d B
(Y JSs) 0o ,5 ,Sauks 5g, OV g YE/Y FF/Y LYV
G o L5 0 090 o aalS e 5,0 a JLas!
a_S o_ib (Eghbali et al., 2023) ls_.S 4y 39, )b
el (P JS) c_mdf § ROAZLE ;O &y > g0

E—
__
T £
;’ L 1 - i
T T ==
——
—_ =
I
'—%% E
=
—
2me 1y Ny 2ky 1Aw NAg  2Aig  1Septe

Planting dates

sy Juad Job 33 (Camnly G JS) piienid 9 (e Conm JSC) 593 J9b (Sl (615 DSSAT oo (29 5 gl .F s
Y12 G129 Al ¥e 0,90 50 lgius calizo sl p¥ ailiwsl syl & ,U ol o oo (g jlwad

Fig 4. Results for 30 years (1990-2019) for DSSAT model simulated along the seasonal daylength period (left
figure) and radiation (right figure) under different planting dates of the quinoa lines.

woel8l s g JlSas glo ighy ddxe

VaVSAYE o VFY L i ol oS oyled pgo 090



OLen 5 5LT ols JU3I Clgs [VYY

a0 A b —
—_— = — = — —
s F .= == g 2 | —— [
] == _ g | —— - ~
E E * E 15 — f T H
:3 25
w e = P —
= == _ = -
» - ﬁ H 15 ’ $I ‘ 2
T T
g” \ - " . * —
E :: R g 25 —_—
§ | — — — = =
Sl N ] B e
- T e 2
30 £ o ﬁ £
2 - o |
&
— m—
. —_— E i} 20 _E — ‘ _
0 = o —— # i
-=_" . —
0 o ==
22jme 1y Nidy 23Juy 1Aug MAug  23Aug  1Septe 2iune 1dly Tidy 23kdy 1Aug TAu 23Aug  1Septe

Planting dates

Planting dates

oy Juad Jgb 30 (Cowly oo JS) Bl 5lod g (G oo JSo) 135Ta> 5lod (pufileo 61y DSSAT oo (o295 gl & b
1380712 Al ¥v 090 50 lgius alio g ailiuul sredils & ,U gl ouds (g 5lwannds
Fig 5. Results for 30 years (1990-2019) for DSSAT model for seasonal maximum temperature (left figure) and
minimum temperature (right figure) under different planting dates of the quinoa lines
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Fig 6. Result for 30 years DSSAT model’s results (1990-2019) for prediction of inflorescence (left figure) and
anthesis (right figure) under different planting dates of the quinoa lines from 1990 to 2019.
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