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Introduction

The lack of water resources and increase in water demand are among the effective factors in the imbalance of
the water resources in each region, and it is necessary to manage the proper use of available water resources in all
activities. Water in the agricultural sector is one of the main factors of production, which should be conveyed by
irrigation systems to the field level and made available for the plant roots. The necessity of macro-planning in
water management and consumption imposes a comprehensive study of the amount of water consumed in the
agricultural sector. Hence, this study was conducted with the objective of directly measuring and field-assessing
the applied water, water productivity, and water footprint associated with the primary crops cultivated in Markazi
Province, all managed by local farmers.

Methodology

For this purpose, 141 farms were selected in the major production areas of the main agricultural and
horticultural crops of Markazi province with the coordination of the Agricultural Jihad centers. Then, the volume
of water applied was measured without interfering in the irrigation scheduling of the users. To do so, first, the flow
rate of the water source (canal, well, aqueduct or spring) was measured with a suitable device (flume and meter)
in each of the selected farms. Then, by carefully monitoring the irrigation schedule of the farm, including the time
of each irrigation, the number of irrigation throughout the year, as well as measuring the area under crop
cultivation, the amount of water used by the crop was measured for each of the selected farms during the season.
Also, based on the measured data, the amounts of blue, green and gray water footprints were determined for each
of the examined crops. For this purpose, the blue, green and gray water footprints of different crops were calculated
using the framework provided by Hoekstra and Chapagain (2008), and Hoekstra et al., (2011).

Results and Discussion

The irrigation intervals in the studied fields varied between 3 and 15 days with an average of 8 days and the
average irrigation depth varied between 26.2 and 99 mm with an average of 67.8 mm in different crops. The results
showed that the average volume of applied water for the studied crops in Markazi province was 10782 cubic meters
per hectare. Also, the minimum and maximum amount of applied water for the evaluated crops was as follows:
barley 3783 and 7232, alfalfa 10382 and 19797, beans 8280 and 17840, watermelon 5333 and 7174, walnuts 4420
and 29600, almonds 3850 and 13932, peaches 6872 and 17727, cherries 7050 and 14645, pomegranates 7156 and
20790, and grapes 5937 and 18168 cubic meters per hectare. Furthermore, the average value of irrigation water
efficiency index and water footprint was as follows: barley 0.46 and 1642, alfalfa 0.92 and 700, bean 2924 and
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0.24, watermelon 9.37 and 117, walnut 0.1 and 6706, almonds 0.16 and 6857, peach 2.48 and 242, cherries 0.73
and 875, pomegranates 1.33 and 636, and grapes 11.2 and 322. Based on the obtained results, the average total
water footprint index was equal to 2102 cubic meters per ton. On average, the almond with a water footprint of
6857 cubic meters per ton had the highest share in allocating the water footprint in the crop production of the
province. Whereas, the lowest water footprint related to the watermelon with a water footprint of 117 cubic meters
per ton. he average values of the irrigation application efficiency index, irrigation water productivity, and water
footprint for the examined farms were 72.5%, 1.79 kg/m?, and 2,102 m3/ton, respectively. In summary, the results
indicate that the combined volume of irrigation water and beneficial rainfall in the irrigated fields within Markazi
Province surpasses the actual water demand of the crops. This underscores the substantial impact of irrigation
management on water utilization in the region.

Conclusion

On average, the total volume of irrigation water and effective rainfall in irrigated fields and gardens in Markazi
Province is more than the actual water requirement of the plant. In general, the results showed that irrigation
management has a great impact on the amount of water use in the region. Based on the obtained results, considering
that most of the farms and gardens receive water in an intermittent manner, in principle, no special attention is
paid to the need for water and even effective rainfall, and the amount of water availability has the greatest impact
on water consumption. Therefore, in order to reduce water consumption and improve water efficiency, it is
suggested to manage the delivery of water to farmers during the season and according to their crop water needs.
Also, the results of the water footprint can be used to improve water resource policies at the province level, land
use studies, cropping pattern modification, and environmental sector policies.

Keywords: Irrigation efficiency, Green water, Water requirement, Water use efficiency
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Figure 1- Location of studied farms in Markazi province
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Table 1- Descriptive statistics of some physical and management parameters in the studied farms
£5l30 Slass 59 Job Sl Blasi Sl elsss SE G900l
J . . Number of irrigations Irrigation water salinity Average soil salinity
s oo Sy (dS/m) (dS/m) (dS/m)
Crops Number of Growth oSbe e Jils 4Sle e JHls 08k Sle JBlas
selected fields period (Day) Av. Max. Min. Av. Max. Min. Av. Max. Min.
= 26 240 8 13 4 21 4 0.8 4.2 8.1 18
Barley
A 12 365 18 32 9 111 2.7 0.52 2.53 4.49 0.85
Alfalfa
£34 16 100 22 35 18 0.53 1.03 0.3 11 193 0.48
Dry Bean
Slgiin 10 90 23 33 17 0.7 1.37 0.27 1.64 3.72 0.94
Watermelon
e 12 365 18 34 13 0.49 0.92 0.34 1.19 2.16 0.59
Walnut
L 14 365 15 27 8 0.98 3.06 0.26 177 4.19 0.66
Almond
oo 9 365 21 38 16 0.5 0.6 0.4 13 2.2 0.4
Peach
oS 14 365 22 32 11 0.54 0.92 0.28 117 192 0.74
Cherry
M 16 365 26 39 16 2.62 4.05 0.84 4.58 7.09 1.15
Pomegranate
255 12 365 12 20 6 0.57 0.98 0.42 1.56 3.27 0.45

Grape
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Table 2- Average values of precipitation, effective precipitation and crop evapotranspiration

P 35 9
Evapotranspiration (mm)
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rops (oo aily owlinilgn (sl (NETWAT Current Year Effective
Penman-Monteith i ) [Effective Precipitation (mm)
(Long Term Penman-Monteith National Water Precipitation (mm)
Meteorological Data) (Current Year Document
Meteorological Data) (NETWAT)
? 404 424 370 54 99
Barley
s 1054 1407 921 352 229
Alfalfa
Ly
=y 710 810 740 10 30
Dry Bean
o
e 507 692 548 15 38
Watermelon
925 926 1109 849 234 139
Walnut
Isb
PR 820 865 923 105 88
Almond
o 732 892 735 127 110
Peach
oS 795 841 769 148 120
Cherry
H
X 1157 1187 1265 138 84
Pomegranate
Sl
> 610 782 600 215 127
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iyskiS Bes 45 05,8 Laseie sielcuss 4 gl Lolol

Jheel 1) Sluss oyll ceslos bag )bl plos s Ly yds ddlaze 5
@ 25 o b gl (ol ke o Gl b g nleioe
lalis &yp0a g)l3e olad 53 By )l O o 51 8L
wole oot S50 sl o g o 3l & Vol 5 39850 2l >
b s b objyl g Clialie pioxan 295 ol (29 Jool 5
)l adhie pdaw > ol Gras p ol Wb bl cope
ooy e Juad slit] )3 ()lel g9, loj 4 a5 L oS (Sl
b slagil 3 o)l b oo 5 olel 590 sl Lbgy sl
ol Dol Cawd 4 Glisee gladilobu (gly ol (60,8 cJ yoolio
@l Ol o sy 01l plnl clatmgly K> b @l
Parchami-) l,Ken 5 (dlie 02y lwy aliswe &Y gase
wwbe g oM A5 Jaaxe (gl (Araghi et al., 2021
(ladgle @y Jpaxe (gly (Salamati and Abbasi, 2021)
Jsae ¢ly (Shahrokhnia et al., 2022) |,\Kea o Wiz als
«!» (Shahrokhnia et al., 2022) l,Ken 5 Wiz als 4 Ul

20 Slgsen geu) Jguame

390 ST u\jya}u d)){)lf uj d).‘fb)‘.b‘ C;Lu\” J5J> 2
Gos bawgio 9 392 yusite j9) VO BT (g 59y A (Lo L adlllas 390
P yadeo A B YEIY o el YA ke b 55 (6l
» U:S\n o V+YAY uLouI C.sz » aslllaso d)90 u\fya?u LS‘)’.
Sy @l Ol e (e g il pen g lSe
dl).g L5'>)'3)l§ c_j TSy ydin cu»LAJI O"l YRRIY )h&m Pl S
> Jgaze lp )8 & oo (23S g w8 Jgame Mg
Cod Jy.a.‘xn &P 2 09)4; Ls)l.ul ol > P9 ushzm o 0dg
ooy dlax 315,58 g o 090 wdlatal 350 5l bgy b
5 b sl o ool Bl ploj acslel )93 wcrlel ol plosl
Copde 0550 &S gl g (S jysliS uyiwd o il
@ Sl e 3 ey HB b 50lis bug )bl moe
D ol o s bawgs



o

635 30 olwl 30 (£l g (£y5 SV gaze O Gb3y 9 6Hel ©F e (2b3) (3l )Kod 9 635085

855 30 (liwe! b 3 B WL g £)l50 53 (93,15 T (S 03Il gl Y Jguo
Table 3- The results of the measurement of applied water in selected farms in Markazi Province

Sl Ol s (Sile Sl 2 Ol Gos bawgio Sl 495 Jypazee 3, 8dos (ke
Average volume of irrigation Average irrigation depth Lo Average crop yield
Japae 9 (m¥ha) 9 g (m?n) P Irrigation cycle (Day) (gon/ha’;y
Crops oSilbe Sl sl oSlbe e e 0Ske s il 0Ske Sl e
Av. Max. Min. Av. Max. Min. Av. Max. Min. Av. Max. Min.
> 5859 7232 3783 85 134.7 29.1 15 30 6 3.7 47 3.1
Barley
g 15916 19797 10382 99 188.6 58.8 8 15 5 16.76 19.67  14.25
Alfalfa
by 11980 17840 8280 545 51 46 5 6 3 2.9 4.2 1.6
Dry Bean
45‘9A3.h
6300 7174 5333 26.2 33.9 17.4 3 4 2 61.4 74.3 39.9
Watermelon
e 13290 29600 4420 78.6 124 13 8 12 4 1.52 2.14 1.16
Walnut
phl 7267 13932 3850 60.8 119.3 154 12 30 6 1.46 2.48 1.2
Almond
’Lh 11575 17727 6872 59.5 93.3 18.1 7 8 4 35.2 42.7 19.8
Peach
oS 11028 14645 7050 55.6 106.3 22.4 7 16 4 10 12 7
Cherry
M 13827 20790 7156 62 119 19 7 10 4 21 31 15
Pomegranate
c;,isl 10775 18168 5937 96.9 184.9 29.5 12 20 6 27.4 36.6 19.3
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Figure 2- Comparison of water requirement, net depth and depth of irrigation in the selected fields
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Figure 3- Changes in the volume of applied irrigation water for different crops in the province
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Figure 4- Comparison of irrigation efficiency index in the selected fields
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Figure 5- Comparison of water productivity in the selected fields
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Markazi Province
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Introduction

Cumin (Cuminum cyminum L.) is an annual and herbaceous plant, with a vertical, round, narrow and
branched stem, with a height of approximately 30-60 cm. This plant belongs to the Apiaceae family. This family
is known for having plants with aromatic taste. Iran and some countries along the Mediterranean Sea are known
as the primary origin for the cumin plant. In addition to Iran, cumin is cultivated in many countries such as
Uzbekistan, Tajikistan, Turkey, Morocco, India, Syria, Mexico and Chile. About 300,000 tons of cumin seeds
are produced in the world annually, of which China and Asian countries produce 70% and consume 90%. Short
growing season (100 to 120 days), low water requirement and the possibility of rained cultivation, non-
interference between cultivation and harvesting with other crops and no price fluctuation and proper economic
justification are among the factors that interest farmers in cultivating this plant. In different regions, yields of 350
to more than 1000 kg of seeds are obtained from this plant, and 3350 cubic meters of pure water are needed for
production.

Materials and Methods

This research was conducted in 2015 to 2017. The first year of the study included the collection and analysis
of long-term climatic data of the region, and the second year included the implementation phase of the research.
Analyzing meteorological data on the scale of decades and the cases of temperature, precipitation, wind speed,
sunshine hours, relative humidity and evaporation from the pan were considered as criteria and by preparing the
gradient equations, the rate of reference evaporation and transpiration was calculated. The required statistical
information was obtained from 28 synoptic meteorological and climatology stations in Isfahan and some
neighboring provinces. In the studies related to soil, apparent specific gravity and volumetric moisture content
(field capacity and wilting point), soil salinity, soil texture and agricultural ability class of land in cultivation
areas were considered. Soil-related information was used to calculate the soil evaporation coefficient (Ke),
which describes the evaporation component in the trait (ETc). In fact, Ke is the basis for calculating the
coefficient of reduction of evaporation from the surface layer (Kr) and the fraction of soil wet and exposed to air
(few), and for its calculation, the presence of information related to soil characteristics is necessary. To calculate
the soil characteristics, in addition to sampling from the fields in the research, the database of 1600 soil profiles
in the soil and water research department of Isfahan province was also used.

Results and Discussion
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The results showed that 18 cities in Isfahan province had cumin cultivation potential, which had a significant
difference in terms of pure water requirement per hectare (5% level) and water consumption at different
phenological stages (1% statistical level). In terms of water requirement per hectare, the cities of Isfahan
province can be divided into three groups. Average water requirement per hectare in the first group (the cities of
Golpayegan, Lenjan, Tiran and Karvan, Shahin and Shahr and Mime), the second group (the cities of Isfahan,
Khomeini Shahr, Falavarjan, Shahreza, Kashan, Najaf Abad, Natanz), Mobarake, Dehaghan and Borkhar), and
the third group (Aran and Bidgol, Ardestan, Khoor and Biabanak and Nain) were equal to 3000, 3240 and 3770
m= hat, respectively. The water requirement of the growth development stage in the cities of the third group was
equal to 2029 m= ha', which was significantly different from the cities of the first and second groups (p < 1%
level). According to the results, cumin might be a suitable plant for crop rotations in Isfahan province due to its
low water requirement and tolerance to moisture stress.

Conclusion

The water requirement for cultivating cumin in various regions of the province is notably lower compared to
many common crops, such as wheat, barley, and safflower. In 10 out of the 18 cities included in the study,
significant water savings of up to 3,240 cubic meters per hectare can be achieved by optimizing water transfer
efficiency. For cumin cultivation, this water conservation can even reach 3,000 cubic meters in cities with cooler
climates. Surprisingly, in the hot areas of Isfahan province, including Ardestan, Nain, Khoor, Biabanak, Aran,
and Bidgol, it is feasible to grow cumin with a water consumption of just 3,770 cubic meters per hectare.

Keywords: Climate, Development stage of growth, Evapotranspiration, Green cumin
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Figure 1- Phenological stages of cumin plant growth
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Introduction

Land-use changes and development of irrigated agricultural lands are very important factors that affect natural
resources such as the quantity and quality of water resources and the environment. Land use change is attributed
to two major processes. The first process is the change in land cover, which is related to the expansion or limitation
of the area of land used (such as pasture, agricultural or urban land). The second process is a change in land cover
management type (for example, changes in irrigation, fertilizer use, crop type, harvesting methods or surface
impermeability). Recently the Urmia lake has been accompanied by a reduction in water resources and the
continuation of this process can completely cause to dry Urmia Lake. One of the approvals of the Iranian
government after the formation of the National Working Group for the Lake Urmia restoration program was to
prevent the development of agricultural lands in this watershed since 2014. Unfortunately, no serious and effective
action has been taken in this case yet, and this process has progressed to cause conflicts in this region. Game theory
is one of the most important methods used in modeling and analyzing water and environmental resources conflicts.

Materials and Methods

In the present study, using GMCR + software, the water resources conflicts arising from agricultural land
development has been analyzed. In this conflict, by accurately identifying the set of decision-makers and their
strategies in the conflict process (Regional Water Company, Agriculture Organization, Justice, and Profiteering
Farmers), the model was executed with 4 players, 6 options, and 64 states. Players' performance was assessed once
as ideal behavior (importance to the environment, sustainable development, and preference of long-term over
short-term interests) and then as the use of completing a questionnaire. Then 4 states in the ideal behavior as
equilibrium states and 7 states in the condition of using the questionnaire results were extracted as equilibrium
states. The conflict was also examined in the coalition state of 3 government organizations (Regional Water
Company, Agriculture Organization, and Justice Organization). Finally, the most probable states of equilibriumin
the game results were identified.

Results and Discussion

In the discussion concerning equilibrium points, it is crucial to consider that for resolving the dispute and the
proposed solution, we need to examine not only the stability of these points but also the state's priority from the
perspective of stakeholders. Based on the discussions and the output results of the conflict model using the
GMCR+ model, the optimal response and conflict resolution can be found in scenario 12. This scenario holds a
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high priority for three key players: the Agricultural Organization, the Regional Water Company, and the Justice
Department. However, it doesn't share the same level of priority with the Profiteering Farmers. The reason for this
divergence lies in the preference for personal gain and profit pursuit over the broader interests of the entire
catchment area.

Conclusion

In recent years, despite the imposed restrictions, the Urmia Lake Basin has witnessed a notable increase in the
cultivation of water-intensive crops. This shift has transformed arid lands into irrigated ones and altered
agricultural areas into residential zones. According to the principles of the tax evasion game, when land
development carries no moral or financial consequences for profit-driven farmers, and they are aware that
regulatory institutions will not commit excessive resources to prevent and effectively combat the expansion of
illegal farmlands, Profiteering Farmers will consistently engage in unauthorized development under any conflict
scenario. In light of the revenue potential of this situation and the opportunity to enhance one's social standing,
Profiteering Farmers will persist in unauthorized development regardless of the prevailing conflict circumstances.
The findings underscore the critical role of the Regional Water Company and the Agricultural Organization. These
entities must proactively employ their legal capacities to impede and deter the expansion of agricultural lands.
Additionally, the Justice Organization assumes primary responsibility as a crime prevention factor, while its
secondary role as a judicial enforcer within this conflict situation appears fitting. Therefore, all situationsare stable
for Profiteering Farmers. It seems that creating a platform and conditions in which Profiteering Farmers do not
develop agricultural land themselves or do not develop land due to the protection of government institutions, can
be very thoughtful and effective.

Keywords: Agriculture land development, Common water resources, Game theory, Conflict analysis, Non-
cooperative
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Table 2- Remaining situations in the agricultural land development conflict
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Table £- Equilibrium points of water resource conflict in agricultural land development
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Table 5- The amount of priority of the conflict Equilibrium points in stakeholders
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Table 4- The Results of 6 stability criteria for the states of Equilibrium points of water resource conflict in agricultural land
development
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Intruduction

Increasing industrial activities with the production of pollutants, including heavy metals, is one of the serious
problems of modern communities, which has led to their accumulation in the environment. Heavy metals are also
one of the important pollutants in landfill leachate. Plants and soil near the landfill may be contaminated by the
leachate. Landfilling is the oldest method of solid waste disposal which can be a threat to the environment and
health. Due to its easy operation and cost-effective, landfill is the most widely used method of municipal solid
waste disposal in the world. Pollution cleaning technologies to reduce the harmful effects in the locations
contaminated with heavy metals can be done by physical, chemical and biological methods. Phytoremediation, as
a biological method, uses the green plants to extract, sequester, and detoxify pollutants. This method is a low-cost
technique, environmentally friendly, and due to the non-production of by-products, is non-destructive for natural
ecosystems. Considering the high moisture of wastes in Iran and their potential to produce leachate, as well as the
possibility of contamination of water and soil in the landfill, especially with heavy metals, this study was conducted
with the aim of evaluating the accumulation of lead (Pb) and cadmium (Cd) heavy metals in the soil, shoots and
roots of artiplex (Atriplex sp.) and oleander (Nerium olander) plants in Aradkooh landfill of Tehran.

Materials and Methods

This study was conducted in Aradkooh landfill which is located in the south of Tehranin the Kahrizak region.
About 5200 tons of municipal solid waste were sent to this landfill every day. A part of the solid waste in Aradkoh
was placed in various processes to energy and compost, and about 2500 tons of the solid waste was landfilled.
According to previous reports, it is estimated that 250 cubic meters of leachate are produced daily in the Aradkoh
landfill. In the studied landfill, there is an atriplex plant in four areas and a hand-planted oleander in one area. Ten
samples of soil, root, and shoot, totaling 120 total were randomly selected from each growing area of the atriplex
plant. Oleander shoots and soil were also tested from 10 different plants for a total of 40 samples. Then the levels
of Cd and Pb in the soail, roots, and shoots were assessed. In this study, the outcomes were analyzed employing
four key indices: the bioconcentration factor (BCF), the translocation factor (TF), the pollution index (PI), and
PINemerow. The BCF and TF indices were employed to assess the phytoextraction and phytostabilization
capabilities of plants, while the Pl and PINemerow methods were used to pinpoint the most environmentally
hazardous heavy metal in the soil.Results and Discussion

According to the results, the concentration of Pb and Cd in shoots of atriplex area2 (with an average of 19.7
and 5.75 mg/kg, respectively) were significantly higher than in other areas, while the concentration of these metals
in root of oleander (with an average of 8.17 and 1.06 for Pb and Cd, respectively) were higher than the shoot. The
amount of Pb element in soil of the oleander plant (with an average of 35.13 mg/kg) and Cd in soil of the atriplex
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area 2 (with an average of 3.78 mg/kg) were significantly higher than other areas. Additionally, the levels of heavy
metals in the soil of two plants were higher than the Nemerow index, which indicated high levels of pollution in
the sampling areas, but still below the safe levels that was set by national standards (3.9 and 300 mg/kg for Cd and
Pb respectively) and the World Health Organization (5 and 40 mg/kg for Cd and Pb, respectively). In addition,
bioaccumulation factor of shoot in all growth atriplex areas for Pb and Cd (with an average of 1.44 and 1.3,
respectively) were higher than 1.0 while, the root bioaccumulation factors of this plantin any of the growth areas,
were not higher than 1.0. In the case of oleander, the shoot and root bioconcentration factors for Pb and Cd were
not reported more than one.

Conclusion

In general, it appears that atriplex, a native plant in the Aradkooh landfill, exhibits superior capabilities for
absorbing heavy elements compared to oleander. Therefore, atriplex seems well-suited for the extraction of Pb and
Cd from the soil, as it can accumulate these metals in its shoots. In contrast, oleander is not well-suited for
phytostabilization or phytoextraction of these elements, as it exhibits limited ability to accumulate these heavy
metals in its roots and shoots. Consequently, atriplex can be a valuable choice as a resilient species for
phytoremediation projects in landfills and areas near mines. It is worth noting that the Pb content in the soil is
higher than that of Cd. Although both metals fall within the permissible limits of nationaland WHO standards, the
soil in the Aradkooh landfill is considered to be significantly polluted based on the Nemerow index.

Keywords: Atriplex sp., Bioaccumulation factor, Nerium oleander, Phytoremediation, Translocation factor
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Figure 1- Growth place of atriplex and oleander in Aradkooh landfill
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1- Bioconcentration factor
2- Translocation factor
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Table 3- Classification of soil contamination based on Pl and Plnemerow Indices

ThF;'V;‘I-‘:"Of S Sl Plyeneron ylakio SB 539l oy
Pl u Soil contamination The value of Plnemerow Soil Contamination
REER PR
< Plnemerow < 0.7 ;
PI<1 N Uncontaminated
1 < PI < 2 pf 07 < I:’INemerow < 1 )-|4> s
Low Danger range
g o5 S
<Pl< merow L
2<PI<3 Medium 1< Plnemerow < 2 Low contamination
" baugio (S5
3<PI<5 Strc;:] 2< PlNemerow < 3 Moderate
g contamination
b s sk (Sl
> 9 PI mer W> ) - -
PI>5 Very strong Nemeron >3 Severe contamination
7 25
a
a
49 4 2o
w25 m Shoot 1 E@ m Shoot
i = O Root rz b @ Root
-5 4 ~ 5§15
T b b v, £
\ += 3 = C
é § t élo
C )
% 87 c c c ”% = ‘ d d
v, o =S d ﬂ d
LT 1 d ’-}‘ e i
ﬂ I*I iﬂ 0 |§| irﬁ

o

Atriplex 1 Atriplex 2 Atriplex 3 Atriplex 4 N. olander

Atriplex 1 Atriplex 2 Atriplex 3 Atriplex 4 N. olander

Wit ble 15 0L 90 (eIl 45 (B) 050035 g (A) oy 18 Clile ilao - Y UKW
{720 (S5 ) )3 (gl dme B (g el blod ) coglite g b (ol ygies
Figure 2- Mean of concentration of Pb(A) and Cd(B) in roots and shoots of two plants in different regions
Bars with different letters indicate significant differences (Duncan test, 95%)
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Table 4- ANOVA results of Pb and Cd concentration in root, shoot and soil for different sampling areas
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Figure 3- Mean of concentration of Pb(C) and Cd(D) in soil of two plants in different regions
Bars with different letters indicate significant differences (Duncan test, 95%)
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Table 4- The calculated Pl and PInemerow Indices for different Sampling Areas
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Table 5- The amounts of BCF in root and shoot and TF for two plants in different sampling Areas
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Introduction

Iranian shallot, scientifically known as Allium hirtifolium Boiss. is a perennial plant of the Allium genus and
native to Iran. The Allium genus has many antioxidant properties due to its being rich in organic compounds of
sulfur and phenol. The shallot is used to treat rheumatic and inflammatory pains, soothe superficial wounds, treat
some stomach diseases, be antispasmodic, and also as a spice and flavoring in some foods. Considering the health
benefits of shallot and its application in the food industry, shallot corms are harvested from the natural resources
in different stages of growth. Therefore, it is necessary to preserve the natural habitats of shallot and also supply
the market demand for this plant. It appears that the cultivation of shallots within agricultural systems could serve
as a significant strategy for meeting the demands of the expanding global market. Furthermore, shallots are known
for their low water requirements, making their cultivation a focal point in Isfahan province in recent years.
Additionally, this crop stands out as a high-income generator in the region. Despite its economic potential, there
has been limited research into optimizing the growth conditions for this valuable plant. Hence, this study aimed to
explore the impact of urea and cow compost on the yield of Iranian shallots in the Fereydun Shahr region, focusing
on the uptake of nitrogen, phosphorus, potassium, and nitrates.

Materials and Methods

This research was carried out in the crop year of 1400-1401 in a field with an area of 300 square meters (32°
55' 53" N, 49° 56' 43" E) located in Fereydunshahr city of Isfahan province. The experiment was conducted
according to a completely randomized design. Factorial arrangement of experimental treatments including two
fertilization factors (urea and cow compost) was used. Plots with dimensions of 2 x 3 meters were created with a
distance of 50 cm between the rows. The treatments were considered as urea fertilization at four levels (0, 120,
240 and, 360 kg ha) and cow compost treatment at three levels (0, 40 and, 60 tons ha). After plotting and
applying cow compost treatments, shallot corms were planted at a depth of 10 to 15 cm in November 1400. Urea
fertilizer treatment was applied in two stages, the first stage when the plant germinated (mid-April) and the second
stage before flowering (second half of May). All treatments were applied in 3 replications. It should be noted that
the treatments in this research are shown as 0-0 (control), 0-40, 0-60, 120-0, 120-40, 120-60, 240-0, 240-40, 240-
60, 360-0, 360-40 and 360-60. The corms were harvested in June 1401 and the fresh and dry yield of the shallots
was determined. The amount of nitrogen, phosphorus and, potassium in shallots was measured. Nitrate
concentration was also measured in the harvested corms based on the Iranian national standard No. 4106. The
nitrogen, phosphorus and, potassium uptake by shallots was obtained from the product of yield and the
concentration of these elements. Results were analyzed using analysis of variance (ANOVA) procedure and the
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means were compared using the protected least significant difference (LSD) test at p < 0.05 probability level using
SAS 9.3 software.

Results and Discussion

The results showed that the combined use of chemical fertilizer (urea) and cow compost has a significant effect
on the shallot yield increment, as the highest yield was obtained in the combined treatment of urea fertilizer 240
(kg ha*) and cow compost 40 (ton ha*) application. Although the highest nitrogen concentration and uptake were
observed in the treatment of 360 (kg ha*) of urea along with 60 (ton ha) of cow compost, it was not significantly
different from the treatment of 240-40 (the treatment with the highest yield). In general, the concentration of
shallots nitrate was much lower than the permissible limit according to the national standard of Iran No. 16596.
The highest nitrate concentration (24.63 mg kg of fresh weight) was observed in the combined treatment of 120
(kg ha'™) of urea and 60 (ton ha) of cow compost application (120-60), which was significantly higher than other
treatments. On the other hand, the concentration of shallots nitrate in the 240-40 treatment was significantly lower
than the treatments of 360 kg of urea per hectare along with 40 or 60 (ton ha) of cow compost.

Conclusion

According to the results, to achieve the best yield, the most suitable level of urea application was 240 kg ha!
and the best level of cow compost was 40 ton ha. It seems, utilization more amounts of urea or cow compost will
only cause additional costs to the farmer and a waste of capital. Moreover, it can increase environmental pollution
and nitrate concentration of product, which cause to quality decrement.

Keywords: Cow compost, Nitrate, Nitrogen fertilization, Shallot, Yield
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Table 1- Chemical and physical properties of soil before culture
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Figure 1- Comparison of the mean interaction effect of different amounts of urea and cow compost on the amount of fresh
yield (ton ha) in the studied treatments
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Figure 3- Comparison of the mean interaction effect of different amounts of urea and cow compost on the amount of dry
yield (ton hal) in the studied treatments
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Figure 4- Comparison of the mean interaction effect of different amounts of urea and cow compost on post-harvest soil
nitrogen, phosphorus and potassium concentration
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Introduction

Phosphorus (P) is one of the most important elements necessary for plant growth and production of agricultural
products. In calcareous soils, phosphorus deficiency is a general issue due to high pH, high soil calcium carbonate
content, lack of organic matter and moisture. Phosphorus absorption capacity depends on different soil reactions
such as: adsorption, sedimentation, stabilization and release. The speed and amount of plant available P depends
on the soil reactions. Studying the kinetics of P release from soil is a good indicator to check the status of P uptake
by plant. The kinetics of P release in soils is a subject of importance in soil and environmental sciences. The aim
of this research was to investigate the kinetics of P release and derive the most suitable equation to describe the
release of P from a calcareous soil when subjected to the acidification of rock phosphate and the addition of
vermicompost.

Materials and Methods

In order to investigate the ability of acidified rock phosphate and vermicompost in P release, an experiment
was conducted with 2 replications on a light-textured soil with low OC and Olsen-P (1.2 mg/kg). One hundred
grams air dried calcareous soil was transferred into special containers and 5 treatments including: 1- control (soil),
2- rock phosphate, 3- acidified rock phosphate (20 CC nitricacid 0.1 N and 5 g rock phosphate), 4- vermicompost,
and 5- acidified vermicompost (20 CC nitric acid 0.1 N and 5 g vermicompost) were applied. The treatments
incubated two weeks in 20£2°C temperature. The Kinetics of P release was studied by adding 20 mL of 0.5N
NaHCOs; to, one gram of air dried treatments. Extraction times were considered to be 0.25 h to 256 h (in 11 times)
based on the time of adding the NaHCQOj3 extractant until filtering. After adding the extractant, the samples were
shaken and centrifuged. After filtering, the concentration of released P in samples were determined by
spectrophotometer (Model: CE 292 Series2, ultraviolet). For higher accuracy in the measurements, acid-washed
containers were adjusted based on the amount of soil moisture which was dried in the oven (105°C). Finally, the P
release data were fitted to different kinetic equations. The effect of different fertilizer treatments on P release in
specified times and then kinetics parameters were investigated and compared with the control.

Results and Discussion

Addition of acidified and non acidified rock phosphate and vermicompost increased the amount and speed of
P release in the calcareous soil. Six kinetic equations were fitted to describe the release of P in the period of 0.25
h to 256 h from the soil to evaluate the effect of the treatments. The highest release of P was in vermicompost and
acidified rock phosphate treatment, which were an organic fertilizer and a source for preparing phosphate
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fertilizers. To describe the release rate, kinetic equations were used. The best equations were chosen by highest
coefficient of determination (R?) and the least of standard error (SE). The zero, first, second order equations could
not describe the release of P in the studied calcareous soil. The R? value decreased from the zero to second order
equation. The simplified Elovich equation described well the release of P from the soil with the average R? of 0.79
and with the average SE of 0.4. Comparison of the average effect of the studied treatments with the control showed
that the acidifed vermicompost and rock phosphate treatments increased the capacity and speed of P release
compared to the control. On the other hand, acid addition has increased the capacity and speed of P release in the
calcareous soil.

Conclusion

The findings indicated an initial rapid release of P, which then decreased over time. Notably, the application
of vermicompost and the acidification of the soil with rock phosphate resulted in a pronounced and accelerated
release of P. Generally, organic fertilizer treatments exhibited a higher release of P compared to chemical fertilizer
treatments. This observation is in accordnce with the findings of the data presented by Ghorbanzadeh et al. (2009),
who explored the P release potential of bone meal. Their data demonstrated that the acidification of bone meal
accelerated and enhanced P release. To further enhance the practical relevance of these results, it is recommended
to conduct this research in the presence of plants.

Keywords: Kinetics, Kinetic equations, Organic fertilizer, Rock phosphate, Vermicompost
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Table 2- Selected chemical and physical properties of the
soil studied

a0 gus ) Jlade
Property Unit Value
Sk el _ J o
Texture soil A
o) % 11.4
Clay
S % 21.2
Silt
o % 67.4
Sand
el - 8.2
pH
S coln el 1
Joles unadS iy S
(CaCOs) % 13
CCE
J o % L
0.C
i
(P20s) % 0.1
Total P
1.2
Olsen-P mg kg
el 3oy % 28
SP

SB) i oyl 50 odd edlitw | gladgS sla Sy il (S
Gl 04 0013 ul.w.’ Y J9A> )0 (wy&.{@)s 9 Olawd

L lasi 3 e (s kala, s o
US55 adllas 30 (b ylogi 13 S 5l b (5bula, (c55)

oielejl 5 o] 3550 (Sustiow dldlre —Y Jgua
Table 1-The kinetic equation used in the experiment
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Table 3- Some characteristics of used fertilizers
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Figure 1- Phosphorus release pattern from treatments
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Table 4- The Effect of different treatments on the pH after adding the treatments to calcareous soil
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Figure 2- Fitting Kinetic equations with phosphorus release data from soil under the influence of treatments

(A) Parabolic diffusion, (B) Two-constant rate and (C) Elovich
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Table 5- The amounts of determination coefficient (R?) and standard error of estimation (SE) for different Kinetic equations
in treatments
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Treatments Control tha:p():klfate Acli?]icf)isi)dh;?k Vermicompost Vefn:iiggrir?gost
Soo Ay R? 0.7 0.63 0.4 0.46 0.37
Zero order SE 0.03 0.06 0.19 0.12 0.22
Jol 4ye R? 0.66 0.61 0.37 0.48 0.34
First order SE 0.05 0.16 0.62 0.34 0.69
Py 4y R2 0.64 0.59 0.34 0.5 0.32
Second order SE 0.08 0.45 2.03 0.96 2.24
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Table 6- Constants of Kinetic equations in the studied treatments
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Figure 3- Comparison of the average effect of different treatments on phosphorus release compared to the control
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Introduction

Organic matter and alkaline pH are the main causes of nutrientdeficiencies in calcareous soils of arid and semi-
arid regions. The availability of some nutritional elements, including the micronutrients such as iron, zinc, copper,
and manganese is very low in calcareous soils, although the total concentration of these elements may be relatively
high. Burning crop residues results in substantial loss of nutrients, and may lead to air pollution and human health
problems. An alternative approach is to apply crop residues to soil in the form of biochar. The biochar modification
with acid may increase the solubility of nutrients (P, Fe, Zn, Cu, Mn) present in biochar, thereby significant
improvement in mineral nutrition of plants grown in calcareous soils. Therefore, the object of this study is to
investigate the effect of acid-modified biochar from rice residues on the amount of chlorophyll and the
micronutrient concentration of quinoa plant (Chenopodium quinoa) in a calcareous soil.

Methods and Materials

The soil was air-dried and ground to pass through a 2-mm sieve then was analyzed to determine various soil
physico-chemical properties using standard methods. To achieve the aim of this study the factorial experiment was
carried out based on a completely randomized design in 4 replications. Factors include 3 types of biochar
(unmoadified, modified by pre-acidic method and modified by post-acidic method) and different levels of biochar
(0, 2, and 5% by weight). Then 10 quinoa seeds were planted in each pot at 2-cm depth which after emergence,
declined to 3 plantsin each pot. The pots were randomly moved twice a week during the growth period to eliminate
environmental effects. Irrigation and weeding operations were performed by hand. Determination of chlorophyill
content (a, b, and ab) and carotenoids were measured precisely before harvesting in fresh plants using Arnon
method. Plants were harvested at 187 days after planting, washed with distilled water and dry with tissue paper.
The samples were air-dried and then oven dried at 65°C to a constant weight in a forced air-driven oven. Then the
total micronutrient content of the plant was determined after dry ashing. The statistical results of the data were
analyzed using SAS software (9.4) and LSD test (at 5% level) was used for comparing the mean values.

Results and Discussion

Based on the variance analysis, all attributes responded positively to different types and levels of biochar and
modified biochar (p<0.01). The comparison of the average effect of the studied treatments showed that with the
increase in the levels of all three types of biochar, the amount of chlorophyll a, b, total, and carotenoid increased
so the highest amount of chlorophyll a, b, total, and carotenoid respectively, with an average of 2.58 and 1.54, 4.13
and 1.36 mg g* were obtained from the treatment of 5% post-acidic biochar. The results showed that the highest
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amount of Fe concentration in shoots with an average of 229.48 mg kg™ was obtained from the treatment of 5%
post-acidic biochar, although there was no statistically significant difference with the treatment of 5% pre-acidic
biochar with an average of 220.48 mg kg™ and its lowest value with an average of 95.95 mg kg™ was related to
unmodified biochar. The highest amount of Zn concentration in shoots with an average of 13.42 mg kg™ was
related to the treatment of 5% post-acidic biochar which showed an increase of 13.24 and 33.26% compared to the
treatment of 5% pre-acidic and unmodified biochar, respectively. Also, the highest concentrations of Cu and Mn

in shoots were obtained with an average of 3.85 and 23.37 mg kg respectively, from the treatment of 5% post-
acidic biochar.

Conclusion

Post-acidic biochar had better results in terms of physiological indices and the concentration of micronutrients
(Fe, Zn, Cu, and Mn) than unmodified biochar in quinoa. The increase of nutrients in quinoa can be attributed to
the dissolution of biochar nutrients after being modified with acid and the reduction of pH and the availability of
these elements in the soil. Therefore, biochar modified with acid or biochar produced from sources that have acidic
properties can be recommended as a suitable method for improving fertility and increasing micronutrients in
calcareous soils affected by salt.

Keywords: Carotenoid, Chlorophyll, Post-acidic biochar
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2- pre-acid modification
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1- post-acid modification
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Table 1- Some physico-chemical properties of soil used in the experiment
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ol o sl Lop S Oiass s s
sl 5 glusl JS ojlas Sal LJI XK i i

ey ey

EC ocC N Pavail K avail

pH

S edl

S e me o e o CEC
Soil

Zn  Mn Cu Clay Silt sand exture ool kgt

(ds m?) ) (%)

(mg kgV

7.45 5.10 20.6 1.1 0.09 7.73 330

224 78 142 106 414 48 P g1
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Table 2- Some chemical properties of modified with acid and unmodified biochar

i (655 2311 (g1 kol SFyore Hlaow Sl g gl Wl ylogm
Measured parameter Unmodified biochar  Post -acid biochar Pre-acid biochar
WV (S el 4.40 9.50 6.45
ECi:20 (dS/m)
ol o 8.15 2.34 3.80
pH
Soom 25 plasil 40 80 45
Biochar yield (%)
FuS B s 22 38 25
Ash content (%)
o Il oS 52.65 21.45 36.07
0C (%)
VY- Jgbre s 108.41 133.85 12211
Nay20 (Meg/L)
WV Jybee ey 46.68 53.37 4732
Ki:20 (Meg/L)
WV Jybre S 32 5.2 4
Cay.20 (Meg/L)
Mgi.20 (Meg/L)
VY- Jybe SIS 5 31 17
Cl (meg/L)
o) 254.1 2132.55 3680.25
Fe(mg kg*)
&9 9.45 30.45 273
Zn (mg kgt)
Fe 112.35 217.35 212.1
Mn (mg kgt)
o 1.05 46.2 18.9

Cu (mg kg)
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Table 3- Analysis of variance of the effect of different types and levels of biochar application on the physiological traits of

quinoa
Sl (uke
Mean Square
Ol pts 2abio NEETIY)
Source of variance df : : J5 é P
a Juby 15 by 5 Coead 35558
Carotenoid
Chlorophyll a Chlorophyll b Chiorophyl arotenoi
ey J8S &9 2 5.04%* 1.33% 11.70% 0.65%*
Biochar(B)
| e g 2 8.50%* 2,23 19.62% 1.56%*
Different levels (DL)
goht ety JE5 4 1.27% 0.28** 2.79%* 0.18%*
B*DL
ohalejlolizd 27 0.002 0.003 0.01 0.006
Error
Slia o 4,03 7.42 6.06 13.18
C.V (%)

o3 K Jlois] a5 5o gme coglis s
** Significant at 1% probability level
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Table 4- Means comparison of the effect of different types and levels of biochar on the physiological traits of guinoa

Sy JU g9 T T N N Jidg S b Sy S g )8
ey JE ) Ey )
The kind of biochar Chlorophyll a  Chlorophyll b Total Chlorophyll  Carotenoid
(mg g?) (mg g?) (mg g™ (mg g™)
J foj JEj 0% 0.33¢ 0.299 0.62¢ 0.22f
I ) S 2% 0.37¢ 0.42f 0.79¢ 0.42¢
Unmodified biochar 5% 0.88d 0.57¢ 1.454d 0.49¢
e, 0% 0.33¢ 0.36% 0.69¢ 0.26f
d**"f' O ) J_l‘) 2% 2.17¢ 1.26¢ 3.43¢ 0.91¢
Post -acid modified biochar 5% 2582 1.542 4.132 1.362
P 0% 0.32¢ 0.329 0.64¢ 0.25f
‘5"*‘_" O ) _Jl‘) 2% 2.12¢ 1.13¢ 3.34¢ 0.69¢
Pre-acid modified biochar 5% 2.35b 1.36b 3.71b 1.04b

Bl duoyd gy Jlein] a3 (65 dxe gl LSD (ygel gy a4 oS yudo (psY GByps o JBlis gyl (gl ygias
Means followed with the same letters in each column are not significant at p<0.05 by LSD Test.
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Table 5- Analysis of variance of the effect of the application of different types and levels of biochar on the concentration of
micronutrient elements in the aerial organs of quinoa
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Table 6- Comparison of the average effect of different types and levels of biochar and modified biochar on the concentration
of micronutrient telements in quinoa aerial organs
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Means followed with the same letters in each column are not significant at p<0.05 by LSD Test.
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Introduction

Soil classification is the systematic categorization of soils based on distinguishing soil characteristics, aiding
in the comprehension of soil properties through soil surveys, and establishing suitable strategies for effective soil
utilization and management. One of the main reasons for creating soil classification systems is to identify the
differences in important soil characteristics for management purposes. Globally, Soil Taxonomy (ST) and the
World Reference Base for soil resources (WRB) are widely used for soil classification. However, these two
classification systems have varying criteria which can pose difficulties when exchanging classification
results. After years of intensive worldwide testing and data collection, new versions of the ST and WRB systems
have been released. In its currentstate, ST has a strong hierarchy with six categorical levels: order, suborder, great
group, subgroup, family, and series (Soil Survey Staff, 2022), while the WRB has a flat hierarchy with only two

categorical levels: reference soil groups and soil units (IUSS Working Group WRB, 2022). Several scientists have
endeavored to evaluate the merits and demerits of these soil classification systems and offer recommendations for
their enhancement. The arid and semi-arid regions located in the western and southwestern parts of Kohgiluyeh
and Boyerahmad Province, distinguished by their considerable diversity in parent materials, topography, climate,
and land use, present an excellent opportunity for scrutinizing and contrasting the effectiveness of soil
classification systems. Remarkably, no prior research has delved into this subject in this specific geographical area.
Consequently, this research aims to compare the effectiveness of the ST and WRB systems in characterizing soil
attributes. Furthermore, it seeks to analyze the alterations that these two systems have undergone during an eight-
year period, spanning from 2014 to 2022.

Materials and Methods

This study was conducted in the western and southwestern regions of Kohgiluyeh and Boyerahmad Province,
specifically in the divisions of Gachsaran, Basht, Choram and Kohgiluyeh. A total of 26 soil profiles were
excavated, described, and sampled based on aerial photos, satellite images, topographical and geological maps, as
well as field observations. These profiles were selected following the soil description guide provided by the
Department of Soil Conservation of the US Department of Agriculture. Subsequently, after reviewing the
preliminary results and aligning with the research objectives, 12 representative soil profiles were chosen for further
analysis. Soil samples were collected from all genetic horizons and transferred to the laboratory. After air-drying,
the samples were passed through a two-millimeter sieve and the routine physical and chemical analyses were
conducted, including soil texture, pH, electrical conductivity (EC), calcium carbonate equivalent (CCE), organic
carbon, cation exchange capacity (CEC), and gypsum analyses. For mineralogical studies, soil clay minerals were
separated and identified using standard methods. Additionally, soil thin sections were prepared from intact soil
samples of selected soil horizons and examined under a polarizing microscope. Finally, the soil profiles were
classified based on the criteria outlined in Soil Taxonomy (2022) and WRB (2022).
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Results and Discussion

Soil Taxonomy and WRB, as the two most popular classification systems, aim to encompass as many
soil characteristics as possible. According to the ST classification, the soils were classified into four orders:
Entisols, Inceptisols, Alfisols, and Mollisols. In the WRB system, they were grouped into seven reference soil
groups: Regosols, Flovisols, Luvisols, Cambisols, Kastanosems, Gypsysols and Glysols. The results revealed that
WRB was significantly more effective in describing the characteristics of the studied soils. One of the key
advantages of this two-level system is its flexibility, allowing for the inclusion of additional principal and
supplementary qualifiers to cover all essential soil characteristics. Moreover, in many cases, WRB exhibits better
prioritization compared to ST. For example, the presence of gypsic, combic, calcic horizons, as well as fluvic and
gley properties, can allocate the soil to the reference groups of Gypsisols, Cambisols, Calsisols, Fluvisols, and
Gleysols, respectively. However, a limitation of the WRB system is the absence of mineralogical information in
soil classification. Enhancing this classification system's quality and making it more appealing to planners could
be achieved by incorporating suitable mineralogical attributes for the reference groups or criteria that express soil
fertility conditions with relatively straightforward measurements. In addition, it is proposed to add three subgroups
to ST: Gypsic Haplustalfs, Fluventic Gypsiustepts and Cambic Haplustolls. Similarly, following the WRB model,
it is recommended to introduce a qualifier in ST to indicate the presence of lithological discontinuity. Regarding
the WRB system, suggestions include adding qualifiers such as "Cutanic" to gypsisols with clay films,
"hypercalcic" to reference groups of Kastanozems and Luvisols with a calcic horizon comprising more than 50%
of calcium carbonate, and "aridic" for better expression of soil characteristics with Aridic-Ustic moisture regimes.

Conclusion

The results of this research demonstrated that WRB is more effective in describing the conditions and
characteristics of the studied soils. The WRB system, through its diverse set of qualifiers, is capable of representing
field conditions more efficiently. However, it is suggested that the surveyors have the freedom to select an
appropriate qualifier from the list provided by WRB without limitation, which can enhance its success in practical
applications. Furthermore, it is recommended that both classification systems be used to categorize soils, not only
to evaluate their efficiency for the soils in other regions but also to gain a comprehensive understanding of their
suitability for different contexts.

Keywords: Arid and semi-arid regions, Classification system, Clay mineralogy, Soil
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Figure 1- Location of the study area is in Kohgiluyeh and Boyer Ahmad province along with the location of the studied
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Table 4- Relative abundance of clay minerals (<2 pm)

Pedon/Horizon 38/, SM. cySeu! 1.

bl Ve cdsfey KacalpS Pa oSl 15 4 bitke

1-A ++ -+ ++
1-C1 ++ ++ ++
2-A ++ ++ ++
2-C1 ++ -+ ++
3-Ap +++ ++ ++
3-Cgl ++ ++ ++
4- A + ++ ++
4- By2 + + ++
5-A + -+ +
5- By + ++ ++
6- Ap +++ + -
6- Bw ++ ++ +++
7-A +++ + -
7- Bwl +++ + -
8-A +++ ++ ++
8- Bk +++ + ++
9-A +++ ++ ++
9- Bw +++ ++ ++
10- A +++ ++ ++
10- Btk +HH+ + +
11-A +++ ++ ++
11- Btk +++ ++ -
12- Ap +++ ++ ++
12- Btk +++ + ++

- _ et -
+ ++ + +
+ ++ ++ +
- + ++ -
- + -+ -
- - 4+ -
- -+ -
- - -+ -
- - 4+ -
++ + + -
+ - ++ -
++ + + -
++ + ++ -
+ + ++ ++
- + ++ +
+ ++ - -
- 4+ - -
+ ++ ++ ++
- - + +
- + -+ -
- + -+ -
+ + ++ -
- + ++ -

+: Relative abundance of minerals
aCh, chlorite; Il, illite; Sm, smectite; Pa, palygorskite; Ka, kaolinite; Qr, quartz; Ve, vermiculite; Is, Interstratified minerals.
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Figure 2- X-Ray diffractograms of the clay fraction
a) Bw horizon of pedon 6, b) Bk horizon of pedon 8, ¢) By2 horizon of pedon 4, d) Btk horizon of pedon 10, Sm: Smectite, I: Illite,

Pa: Palygorskite, Ch: Chlorite, Ka: Kaolinite. Mg=Mg saturated; Mg-Eg=Mg saturated with Ethylene glycol; K=K saturated; K-
550=K saturated and heated to 550 °C.
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Table 5- Summary of the comparison of the efficiency of the two classification systems and the suggested items.

Pedon (Y'-YY) 5 ol wilolw (Y+7Y) Gl ailolw _d*‘i"") alobw 5.? Mlﬁo
Soil taxonomy (2022) WRB (2022) Comparison of two classification systems
- 5 Son,) Cho Bls . odids 13 hUMIC Chw dg3g .ailolu 93 o o lis & gles
Loamy-skeletal, Calcaric Skeletic IS, Sk gk ) 59 9% o 3L iz & O
Pedon carbonatic, Regosols (Loamic (YYY) Gl wilels
1 hypertherm}:c, Avridic Humic) Not much difference between the two systems. The presence of the humic
Ustorthents qualifier in WRB. Removal of Aridic qualifier from WRB (2022).
‘ S Hlged Sogsld  Shg d 3 Cugel Sl oy ) Sl alols 1 11
Fine-loamy, carbonatic, _ _ &y 095 Oyt Sageld Sk ...915 ol o > S el
Pedon hyperthermic, Aridic Calcaric Fluvisols Spogd Ciao Sg39 (pizmad
2 Ustifluvents (Loamic, Humic) Better efficiency of WRB in describing this soil. Prioritizing the fluvic qualifier
as the reference group, as well as the presence of the humic qualifier
o &y G SwoST Sho o Coglol Loy SB oyl oy o Sl ailelu y 11
pedon  Fine-loamy, carbonatic,  Calcaric Fluvic Mollic spe Sl Sl Sy 0 Zi‘] L ol feog 2 Sl 7
3 hyperthermic, Gleysols (Loamic, o ) e o5t o )
Fluvaquentic Epiaquolls Humic) Better efficiency of WRB in descrlpmg t_hls soil due to prioritizing the aquic
property over the presence of Mollic Epipedon.
b Sz Sy ypa pis GYPSISOLS 09,8 13 of ol JL3 Jubsay Sles ailebs 2 oS
Pedon Fine-loamy, gypsic, Calcic Luvic Calcaric ‘5wl $lbs < Gypsic Haplustalfs o5 ,; Obfjal ey ."f“&*""‘ 4"["‘“.” » “5'5"*'5 g
4 hyperthermic, Calcidic Gypsisols (Loamic, (o bl )3 P g 09,5 4 CULANIC (guiguny Cino (39331 Slociiiy
Haplustalfs Ochric, Hypergypsic) Better efficiency of WRB, due to its inclusion in Gypsisols, Absence of gypsic
property at subgroup level in Taxonomy. Suggetion for inclusion of "Gypsic
Haplustalfs" subgroup to Taxonomy.
Slolw s o)) .81 9 Sy oSS Slao (29381 Judoay Slos wlob yigy oI)8
OO s )3 Ul pae g 03y 5 g b (25 il g (Shg seas pie S Sl
Pedon Fine-loamy, gypsic, Calcaric Gypsisols 8 pal wlabws 4, Fluventic Gypsiustepts og,S ;5 99591 slogiatn . Siw gl Sy
5 hyperthermic, Fluventic (Loamic, Raptic, Better efficiency of WRB due to the addition of “calcaric, reptic, and ochric"
Haplustepts Ocbhric, Fluvic) qualifiers. Poor efficiency of Taxonomy, due to the absence of gypsic horizon at
sub-order category, as well as its disability in expressing of lithological
discontinuity. Suggestion for inclusion of "Fluventic Gypsiustepts " subgroup to
Taxonomy.
Pedon Fine-loamy, carbonatic, Calcaric Cambisols 25 o5y el 5_° &‘)K_’? d?b'} <5l e &.Lalw 2 m 3?5.}?“%
hyperthermic, Aridic : ; Except for cambic qualifier in WRB, there is no great difference in the
6 (Loamic, Ochric) L
Haplustepts efficiency of the two systems
Pedon Flne-rigz:)?ryt/hgrarz]tzgnatlc, Petric Cambic Calcisols SB b 4y ST SaneS «Sagsld 52 oS 4l Jbda Sl bl e QLS
7 Petrocalcic (Loamic, Fluvic, Better efficiency of WRB due to the addition of "fluvic, cambic, and ochric"
Calciustepts hypercalcic, Ochric) qualifiers.
P Sl Cho Blo ol Cio Gygoty SuaS (Shg yeas Jba Sk albobe i o)
Fine, carbonatic, ) ) i ) jeililS 09,5 4 NYpErcalCic e cuiw (938l sleidun (VYY) Sl slobs
Pedon p e Calcic Cambic :
8 hyperther'mlc, Aridic Kastanozems (Clayic) e
Calciustolls Better efficiency of WRB due to the presence of cambic property as principle
qualifier. Removal of Aridic qualifier in WRB (2022). Suggestion for inclusion
of "hypercalcic" qualifier to reference group of "Kastanozems" in WRB.
09,5 25 09939 iy Lol o ©got SeuoS Sy 9 ot Sl il it LIS
Pedon Flr?e—loz:rr:]y, c_art_)lf)nqtlc, Cambic Kastanozems el sl 4, Cambic Haplustolls
9 yperthermic, Typic (Clayic) Better efficiency of WRB due to the presence of cambic property as principle
Haplustolls qualifier. Suggestion for inclusion of "Cambic Haplustolls" subgroup to
Taxonomy.
ey a3 e ) Saggh 5 K51 (o8 Sl ©ygo (s i ML e slob
Pedon T}ine—l?ﬁmy,_cag)ﬁnaéi_c, I_Calciq Lgvitsol_s S sxudil ;> Jaw sos) 09,5 4 NYPErcalCic ey ciw o393
10 yperthermic, Laicidic (Loamic, Cutanic, WRB, provides more information as supplementary qualifiers of ochric and
Haplustalfs Ochric) fluvic. Suggestion for inclusion of supplementary qualifier of "hypercalcic' to
Luvisols in WRB.
gy 1030 ) Saaglh 5 ST (28 slaco Sgon it M e Slebs
Pedon Fihne—lo?r:ny, _cartéorlla_tic, LCaIcig Lgvitsolg S s34l )3 Jowseg) 09,5 4 hypercalCic e ciw ;395!
11 yperthermic, Lalcic (Loamic, Cutanic, WRB, provides more information as supplementary qualifiers of ochric and
Haplustalfs Fluvic, Ochric) fluvic. Suggestion for inclusion of supplementary qualifier of hypercalcic to
Luvisols in WRB.
Slpiid 3 o )l S99l o S ST 208 slaci o Gysody (g i OleMbl Sl Sllw
Pedon . Flntter,]carb_onactllc,_ Calcic Luvisols (Clayic, Sl gudids )3 Jowse9) 05,5 4 hypercalcic e b can ;3438
12 yperthermic, ~alciC &\ tanic, Fluvic, Ochric)  WRB, provides more information as supplementary qualifiers of ochric and

Haplustalfs

fluvic. Suggestion for inclusion of supplementary qualifier of hypercalcic to
Luvisols in WRB.
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Introduction

Clouds can be considered as one of the most complex and influential variables of the atmosphere system in
forming of the climate structure of the earth. When the condensation process takes place at a higher altitude than
the earth's surface, it creates clouds. Cloudiness represents the percentage of the atmosphere that is covered by
clouds. Clouds, as one of the most complex variables of the climate system, besides changing the energy balance,
are also effective in the spatial and temporal distribution of many climate variables. Clouds have a lot of temporal
and spatial variability and can affect the climate through many complex relationships and affect the water cycle.
The investigation of clouds holds great significance as they serve as the bridge between synoptic systems and the
Earth's surface climatic conditions. Any alteration in cloud-related parameters can trigger a domino effect,
influencing various other climatic variables. It's worth noting that Iran exhibits a lower average cloud cover of
26%, notably less than the global average of 50%. This places Iran in the category of countries with relatively
minimal cloud cover.Hence, possessing insights into the atmospheric cloud cover conditions in Iran becomes
imperative for early detection and management of hydroclimatic crises, particularly in the context of water scarcity
and drought-related challenges.

Data and Methods

In the current research, the cloud data of 93 synoptic meteorological stations of Iran have been used in the daily
time period during the statistical period of 1991-2021. The amount of cloudiness is an estimate of the nearest octa
(eighth) and values 0 and 8 are completely clear and completely cloudy, respectively .In the present study,
Kolmogorov-Smirnov, Anderson-Darling and Lilliefors test were used to determine the normality of the data at
the 95% confidence level for annual, monthly and seasonal scales.

In the subsequent phase, we employed both parametric and nonparametric methods to discern trends within the
cloudiness time series. The parametric approach involved a linear regression test based on the least squared error
method, while the nonparametric method employed the Mann-Kendall test. These tests allowed us to identify data
trends, accounting for both normal and non-normal distributions of cloudiness. Furthermore, we explored the
interplay between cloud cover and spatial factors, namely latitude and longitude, employing Pearson's correlation
coefficient. Thisanalysis shed light on the relationships between these variables. Conclusively, we created a spatial
distribution map depicting the extent of cloudiness across various stations. This mapping allowed us to dissect the
temporal-spatial distribution of cloudiness, comprehend alterations in cloud cover, and investigate the contributing
factors behind these changes.

Results and Discussion

The results of Normality Tests according to the Kolmogorov-Smirnov test showed that all the stations did not
have a normal distribution however, during the other two tests, except Arak, Kashan, Sarakhs, Takab, Kahnuj,
Ramhormoz and Ramsar, other stations had normal distribution. The tests to determine the trend based on the
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parametric linear regression test based on the least squares error method showed a decreasing trend in 44 stations
and an increasing trend in 3 stations of Ardabil, Qom and Sarab. According to the non-parametric Mann-Kendall
test, among the stations without normal distribution, Kahnuj, Ramhormoz and Sarakhs stations have a decreasing
trend, and no special trend was observed in other stations. The relationship between the two factors of latitude and
longitude with the cloudiness variable using the Pearson correlation coefficient indicates a negative relationship (-
0.42) between the cloudiness variable and the longitude factor as the amount of cloudiness in Iran's atmosphere
decreases with the increase of latitude. Hwoever, the relationship between cloudiness variable and latitude, a
positive relationship (0.75) was obtained as the amount of cloudiness increases with the increase of latitude. The
survey of the annual cloudiness map of the stations shows the highest amount of cloudiness is in the South,
Southwest and East of Caspian Sea. The lowest amount of annual rainfall was in South and Southeast of Iran. The
statistical analysis of annual cloudiness data in Iran showed that the amount of cloudiness in Iran is 27.5%.
Examining the normal distribution of monthly and seasonal values indicates the non-normality of the data with the
Kolmogorov-Smirnov test, but based on the Lilliefors and Anderson-Darling tests, the winter and spring seasons
and the months of December, January, February, April and May had a normal distribution and the autumn and
summer seasons and the months of June, July, August, September and October did not have normal distribution.
Seasonal and monthly trend with linear regression method shows a decreasing trend in winter and spring seasons
and cold months of the year. According to the Mann-Kendall method, there was a decreasing trend in the fall
season and no significant trend was observed in the summer season.

Conclusion

The purpose of this research was to investigate the temporal and spatial changes of cloudiness in Iran. The
results showed a decreasing trend in 47 stations and an increasing trend in only 3 stations and no significant trend
was observed in other stations. Also, in monthly and seasonal scales results indicated a decreasing trend in all
stations in the cold months of the year and winter, spring and autumn seasons. Examining the relationship between
the spatial factors of longitude and latitude with the cloudiness variable using Pearson's correlation coefficient also
indicates a negative correlation with longitude and a positive correlation with latitude, and this indicates a large
spatial difference in the amount of cloudiness in the country. In general, it can be said that spatial factors (longitude
and latitude) were internal factors in the spatial changes of clouds and climatic systems such as Siberian high
pressure, sub-tropical high pressure, westerlies system and moisture from the seas of Oman, India and the Persian
Gulf and sometimes the Red Sea as external factors were in the temporal changes of clouds. So, cloudiness was a
variable that was directly related to other climate variables .Thus, cloud cover was a variable that was directly
related to other climatic variables, and its decrease or increase causes the values of elements such as temperature,
precipitation, and humidity to change. Therefore, studying this important climate variable and investigating its
changes is very important and especially in the discussions of droughts and water crises, it has a special place.

Keywords: Cloud cover, Iran, Spatial-Temporal analysis, Trend
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Table 1- The results of normality tests: ks, ad and lilliefors for annual cloudiness data (significance level: 95%) (None-
normal: solid lines and N: Normal)
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Table 1- The results of normality tests: ks, ad and lilliefors for annual cloudiness data (Significance level: 95%) (None-
normal: solid lines and N: Normal)
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Table 1- The results of normality tests: ks, ad and lilliefors for annual cloudiness data (Significance level: 95%) (None-
normal: solid lines and N: Normal)
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Table 2- The results of mann-kendall test for annual cloudiness data (Significance level: 95%)
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Table 3- The results of linear regression using least square error method for annual cloudiness data (Significance Level:

95%)
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Table 4- The stations of no trend for monthly cloudiness data (Significance level: 95%)

bl 2 dpde> oy s e oley 2
Shemiranat Tabriz Torbat Heydarieh Khoy Hamedan Bandar Abbas Bam
sl P R s wlyo Slo KT
Zahedan Saqqez Nowshahr Mianeh Maragheh Maku Mahabad




VPoY LT =y F oylois PV Al (S g OT w35 PYY

AN
I

L81) Su
CloudinesstOcta)
Eo-o0s
B os-1
» |H1-15
E115-2
l2-25
B 25-2
B 3-35
B 3s5-4
S 45 ) 1o 340

( Amusd Mo ) &5Vl 800 *-

“wE “oavE 2 e

(Ye¥1-933Y) g5lof 2593 (b (3152f 53 &l (SU ! Jladio Ko (ST y -Y JSS
Figure 2- Spatial distribution of annual cloudiness data in Iran (1991-2021)
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Table 5- The results of pearson correlation for geographical factors and monthly cloudiness data (Significance level: 95%0)
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Figure 3- Spatial distribution of monthly and seasonal cloudiness data (december, january, february, winter) in Iran (1991-
2021)
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Figure 4- Spatial distribution of monthly and seasonal cloudiness data (March, April, May, Spring) in Iran (1991-2021)
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Figure 5- Spatial distribution of monthly and seasonal cloudiness data (June, July, August, Summer) in Iran (1991-2021)
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Introduction

Evapotranspiration is the combination of two separate processes, soil moisture evaporation, and plant
transpiration, which amount depends on various meteorological elements. Therefore, identifying the effective
factors and the amount of their impact on reference evapotranspiration (ETo) is important. This component plays
an importantrole in various agricultural studies, including the design of irrigation and drainage systems, reservoir
design, and irrigation planning (Ahmadyan et al., 2023). Accurate estimates of evaporation and transpiration play
an important role in studies such as global climate change, and environmental evolution, and in various scientific
fields such as hydrology, agriculture, forest and pasture management, and water resources management (Kazemi,
2020).

Materials and Methods

The research was conducted in Iran, and the data analyzed encompass various meteorological parameters,
including maximum, average, and minimum temperatures, average relative humidity, wind speed, and sunshine
hours. These data were collected on a daily basis from 40 synoptic stations across the country. The dataset spans
from 1976 to 2020 and was sourced from the Meteorological Organization of the country (IMO, 2022).The
research employed the FAO Penman-Monteith method, specifically the 56th version, to estimate seasonal ETo
(evapotranspiration) values.In this research, for statistical evaluations of ETo and revealing the trend of time series
on a seasonal scale, the non-parametric Mann-Kendall (M-K) test; (Kendall, 1948; Mann, 1945) was used. To
identify the changing trend of the ET, time series, the ITA method was used on a seasonal scale. Four
meteorological stations and the 45-year time scale (1976-2020) used in the current research, it had a better
performance than other interpolation methods, which was used as the superior method. To understand the possible
changes of one or more meteorological variables in ETy, the sensitivity of Reference Evapotranspiration to six
meteorological variables (relative humidity, hours of sunshine, average temperature, maximum temperature,
minimumtemperature, and wind speed) was estimated. For this purpose, Sobol's method (Sobol, 1993). Sensitivity
analysis was used.

Results and Discussion

According to the ET survey results, the highest amount of ET, was observed in the spring season in the south
and south-eastern parts, and the highest average value was 1050 mm/year in Zabul station. The increase of ETo in
these areas can be due to the sun's radiation and more warming of the earth's surface in the southern latitudes of
the country. In summer due to the length of the day and higher temperature, we saw an increase in ETo, especially
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in the southern and southeastern regions of the country. In autumn, due to the decrease in the length of the day and
the decrease in temperature, the amount of ETo has also decreased significantly in the northern parts of the country.
In winter, with a decrease in temperature and an increase in relative humidity, which is more noticeable in northern
than southern regions.

In the summer season, all stations generally showed an increasing trend in ETo. In most of the stations, the
significance level was 5% and it did not follow a specific pattern. In the autumn season, an increasing trend of
ETO was observed at a significant level of 5% in Khoy and Sagez stations, and a significant decreasing trend was
observed in Qazvin and Shiraz stations. In the winter season, in the western and northwestern regions, all study
stations showed an increasingtrend of ETo. Finally, the overall results indicate that there is a significant increasing
trend of ET, during the summer in Iran. The graphical results of the ET, trend by the four seasons on a scale of 44
showed that, in general, there was an increasing trend in ETO in both high and low areas in all seasons. The values
of meteorological variables have been changed by the Sobol method in the range of 40% to investigate the effect
of meteorological elements on ETy in different seasons of the year. The ranking of the sensitivity coefficient of the
most effective meteorological parameter on the increase of the seasonal ET using Sobol's method showed that, in
general, in the spring season, the minimum temperature had the greatest effect on the reference evaporation and
transpiration rate. Also, the ratings obtained in the summer season indicate that wind speed has the greatest effect
on the ETo amount. In the autumn season, wind speed is still the first rank in affecting the rate of evaporation and
transpiration. Finally, in the winter, the maximum temperature is the most important influencing factor among the
other meteorological parameters.

Conclusion

According to the results, the amount of ET, was increasing and it has been noteworthy in the eastern half of
Iran in recent years. The trend of changes in ET, showed that most stations had a positive value. The ET, seasonal
time series analysis with the ITA method indicated that in Kerman station; ETg increased in all seasons and these
results were at Bandar Anzali station. It was also observed that the seasonal trend of ET, was increasing. The
results of the sensitivity analysis graphs showed that relative humidity generally had a negative effect, and the
other parametersindicates a positive effect in increasing the ETo. Also, the results explained thatin spring, summer,
autumn, and winter, meteorological variables of minimum temperature, wind speed, and maximum temperature
played a greater role in increasing ETo. The findings of the present research and the results of the ranking of the
sensitivity of factors affecting the ET, rate showed that in each period, different conditions prevail in terms of the
influence of meteorological elements on the ETy rate.

Keywords: ETo, FAO Penman-Monteith 56, ITA, Sobol’s sensitivity analysis method
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Table 2- Sensitivity coefficient of meteorological variables (%) on seasonal ETgin Iran (+40%) from 1976 to 2020
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Table 3- Ranking of the sensitivity coefficient of the most effective meteorological parameter on the increase of seasonal ETy
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