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Introduction

Over the last years, long-term average rainfall has experienced a meaningful decrease (from 250 to 206 mm
per year) leading to continuous drought in Iran. In addition, population growth and increasing demand for food
put more pressure on the limited available water resources. Thus, the quantitative and qualitative improvement of
agricultural products become a necessity. There is 640,000 hectares of alfalfa cultivated land, standing for 5.4%
of the total cultivated area. One of the most basic obstacles in these farms is the unsuitable model of water
consumption management. Previous studies were conducted with the aim of evaluating the mutual effects of
different treatments in controlled plots. Nonetheless, there is a need for large-scale investigations to monitor and
improve water productivity in agricultural systems. In this research, the focus was on irrigation management and
optimizing irrigation timing as a potential solution to enhance water productivity, considering the fixed irrigation
cycles and traditional use of available water resources. The study began by assessing the current water productivity
in 11 alfalfa farms located across four regions in Zanjan province, ensuring a suitable spatial distribution.
Subsequently, the impact of irrigation management, particularly the adjustment of irrigation timing, was evaluated
to determine its effectiveness in improving water productivity in these farms.

Materials and Methods

Eleven alfalfa farms, covering a total area of 28 hectares, were initially selected in the agricultural lands of
Zanjan province. The majority of these farms were equipped with sprinkler irrigation systems. From these 11
farms, two specific farms were chosen to implement the proposed methods aimed at improving water productivity.
These selected farms served as experimental sites where the irrigation management techniques were applied and
evaluated. Improvement solutions were mainly focused on irrigation management. Each farm was divided into
two parts; one part with real conditions (farmers' management) and the second one with controlled conditions. In
the controlled treatments, irrigation management was implemented through optimization of irrigation time. A
nutritional program was also prepared according to the soil quality of the fields and applied in the controlled
treatments. In each farm, basic information such as area, physical and chemical properties of soil and water quality
were determined. Irrigation information (such as inflow discharge and irrigation schedule) was measured and
determined at least three times during the cropping season. Soil moisture were measured before and after irrigation
in order to calculate the water application efficiency. The amount of harvested product and production costs were
obtained at the end of the cropping season through measurements and interviews with farmers. In this research,
the indicators including the volume of irrigation water, the water use efficiency, and the physical and economic
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efficiency of water have been calculated to analyze the water productivity.
Results and Discussion

The volume of irrigation water in alfalfa farms was measured as 14250 m3/ha on average (with the lowest and
highest consumption values of 9849 and 20576 m®/ha, respectively). The average of irrigation water in farms with
surface irrigation systems equals to 17,806 and in farms equipped with sprinkle irrigation systems is about 13,460
mé/ha. While the net water requirement of alfalfa in study area was 7160 to 7290 m%ha. The minimum and
maximum values of water application efficiency were 38.3 and 82%, respectively, with average of 64%. The
average of application efficiency in surface and sprinkle irrigation systems were obtained 50 and 67%,
respectively. The measured alfalfa yield ranged from a minimum of 6.5 ton/hato a maximum of 14.1 ton/ha, with
an average yield of 10.4 ton/ha. After implementing the revised irrigation program in the controlled plots, the
harvested water decreased by an average of 49.5%. It was observed that the irrigation schedule in most farms
followed a traditional and estimated pattern, with the depth of irrigation water in the middle of the growing season
exceeding the net irrigation requirement. The water use efficiency (WUE) values varied between 0.42 and 1.28
kg/m3, with a minimum value of 0.42 kg/m® and a maximum value of 1.28 kg/m3. The average WUE was
calculated as 0.79 kg/m3. Analyzing the correlation between water consumption and the water use efficiency index
revealed a decreasing trend. As the volume of irrigation water increased, the water use efficiency index
experienced a decline. Specifically, an increase of 1000 m? in irrigation water resulted in a decrease of 0.04 kg/m3
in the water use efficiency index. The implementation of the corrected irrigation program and appropriate to the
water demand led to an increase of the mentioned index by 72%.

Conclusion

The lack of proper irrigation programs that consider climatic conditions and the actual needs of the alfalfa plant
was identified as a key factor contributing to high water consumption in the farms. Additionally, the inefficient
selection and design of the irrigation system led to lower irrigation efficiency than expected. Despite the majority
of farms being equipped with sprinkle irrigation systems, the harvested water did not decrease significantly due to
inadequate water management practices. These factors ultimately resulted in a decline in both physical and
economic productivity indicators in the alfalfa farms. However, the results of the study highlighted that
implementing corrected irrigation management, particularly through modifications to the irrigation timing, can
lead to a significant decrease in volume of irrigation water and an improvement in both physical and economic
productivity.

Keywords: Efficiency, Irrigation scheduling, Water use efficiency
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Figure 1- Location of monitored alfalfa farms
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Table 1- General properties of the experimental farms

$3959 GL 2 G

-5 Ly o Cardyo (HU52) colue " &bl %9,
(4l 5 )
Code Name of village Location Area (ha) Inflow rate (Lit/S) Irrigation method
101 Orde] X: 253770 10.15 17.8 Sk
Sfajin Y: 4072680 Sprinkler
102 O X: 214664 3.65 8.7 L
Rajein Y: 4115170 Sprinkler
103 e X: 286123 116 6.3 L
Dizajabad Y: 4055990 Sprinkler
104 b _ X: 253271 295 8.16 L-gl)l{
Yamchi Y: 4073870 Sprinkler
105 o 09-5 X: 325193 0.33 27 aw
Kohzin Y: 4026360 surface
106 ol?fi} X: 332878 0.45 38 oaw
Zanjan Y: 4006670 surface
107 o X: 339366 6.94 377 b
Zanjan Y: 4009751 Sprinkler
108 BB X: 291768 0.77 10.26 b
Nazagholi Y: 4004300 Sprinkler
109 BB X: 290744 0.51 12 b
Nazagholi Y: 4005000 Sprinkler
110 0,545 X: 288430 0.81 8.63 S
Gondareh Y: 4005790 Sprinkler
11 Ll Ml X: 265392 0.23 6 ‘_.é‘)l.g
Aghbelagh Sofla  Y: 4006550 Sprinkler
X: 758757 i
201 e 36 9 e
Sarcham Y: 4112931 Sprinkler
agllal X: 305491 S
202 2.7 26
Soltaniyeh Y: 4033185 Sprinkler
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Table 2- Specifications of irrigation program implemented in the experimental farms- phase 2

o ol S .
. o . . . Cug _—_ -
=] 4,50 £ sy ol 3 ok SHl Jeolsd eyl Sl oly Gl Ges
- PAd
3L 39,9
Time Inflow Irrigation
Code Farm type Section aft(_er fl_rst discharge intervals Irrigatio Ir_rlgatlon Irrigation
Irrigation . n events time (hr) depth (mm)
(Lit/S) (day)
(day)
8, bl 1 30 9 1 100 90
9 2 190-240 9 7 7 75 67.5
Actual 3 240-365 9 7 18 100 90
conditions 4
201 o 5 Ll 1 30 9 1 80 72
= 2 190-240 9 7 7 30 27
Control 3 240-330 9 7 13 45 405
conditions 4 330-365 9 7 5 30 27
oLl 1 235-270 26 10 4 16 55.5
o e 2 270-300 26 7 2 20 69.3
Actual 3 300-330 24 7 9 16 51.2
202 conditions 4 330-365 24 7 2 12 38.4
s S Ll 1 235-270 26 10 4 12 41.6
= 2 270-300 26 7 4 16 55.5
Control 3 300-330 24 7 4 16 51.2
conditions 4 330-365 24 7 4 12 38.4
Wiy £)l50 SB 9 I (olond 9 (K Olaogad (B9 T Jgan
Table 3- Some physical and chemical characteristices of water and soils in alfalfa farms
yi SK
Water Soil
s So & ! o2 s cdly Sogw Il o iy PLE
Code S pH Na Cl Texture S oM K P
101 1175 7.53 6.10 0.59 clay 1.59 3.63 242 17.2
102 2070 7.64 10.40 3.55 clay 1.71 3.05 190 13.3
103 508 7.87 1.20 2.05 Sar:ggrf]'ay 3.22 2.18 192 9.8
104 759 7.65 4.10 0.40 Sar:ggrf]'ay 1.40 2.67 283 14.4
105 364 7.66 0.39 2.65 clay loam 1.64 2.96 295 12.1
106 656 7.73 3.50 0.64 5";3’3‘;7']""3’ 1.49 3.11 278 14.6
107 482 7.15 1.39 2.05 silty clay 1.89 2.41 228 10.6
108 498 7.31 1.21 1.94 sandy loam 0.96 3.44 170 8.9
109 496 7.22 1.14 1.95 Sar:g;’rf]'ay 1.22 3.66 215 9.5
110 580 7.44 1.17 2.00 5";3’;7']""3’ 1.51 2.53 191 13.7
111 464 7.75 0.41 2.85 5"|tg’a‘r’7']ay 1.33 2.58 227 10.4
201 2870 7.64 10.40  13.40 silty clay 4.77 0.54 186 9.1
202 526 7.46 1.55 0.58 silty clay 2.32 1.36 311 14.3
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Table 4- Irrigation water, production, costs, gross revenue and net income in experimental farms
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Code Irrigatigon water Application p;’r(?(;ilct Cost_s (million Gr(()rss”rltia:)/ﬁnue _N_et inc_ome
(m3/ha) Efficiency (%0) (ton/ha) Rials/ha) Rials/ha) (million Rials /ha)

101 9849 78 8.1 88 178 90

102 18535 61 11.8 100 236 136

103 11731 77.5 7.2 99 158 59

104 15295 69 9.3 96 198 102

105 15035 62 9.8 103 215 112

106 20576 38.3 10.9 82 238 156

107 10326 82 13.3 95 265 170

108 10361 75 10.6 92 212 120

109 15247 50.4 6.5 96 161 65

110 18411 48.0 14.1 100 281 181

111 11382 65 12.6 114 252 138
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Figure 2— Comparison of net irrigation requirement and applied water depth under actual and controlled conditions-phase 1
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Figure 3— Comparison of net irrigation requirement and applied water depth under actual and controlled conditions-phase 2
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Figure 5- The values of CPD indicator under actual and controlled conditions
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Figure 6— The values of BPD indicator in experimental farms
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Table 6- Significance test between productivity indicators under surface and sprinkler irrigation methods
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Table 7- Results of significance test between productivity indicators under actual and controlled conditions
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Introduction

Water is one of the most important factors of development in human societies, water scarcity, specially fresh
water which is one of the main limitation for agricultural, economic and social development in most developing
countries. Providing and implementing an optimal cropping pattern, in addition to better management of water and
soil resources, can lead to reducing production risk, increasing the ability to deal with crises, improving
employment, better management of providing services to farmers, and providing the possibility of expandingagro-
based industries. In many regions of the world, including in Iran, many studies have been done to improve the
cropping pattern in different regions. Despite the existing problems in designing and implementing the appropriate
cropping pattern in the plains, modifying the cropping pattern based on scientific principles and emphasizing the
reduction of water consumption while reducing water consumption provides the possibility of sustainable
agriculture and in terms of economic and social aspects. Implementing an optimized cropping pattern in the
Farahan Plain is an undeniable necessity to preserve national resources. This study was conducted with the
objective of optimizing the cropping pattern in the area, taking into account multiple criteria.

Methodology

In this research, considering the importance of determining the cropping pattern based on the multiple
objectives of the decision makers, it was tried to determine the optimal cropping pattern by using mathematical
programming and fuzzy logic by establishing a compromise between the objectives of the cropping pattern. The
model considered for this study was in the framework of the goal of the maximum ideal distance (Fuzzy Composite
Distance). Also, in order to use water resources sustainably, scenarios of cropping patternsare presented based on
different conditions of water resources uses. Based on the basin's water resource stability, an optimal cropping
pattern was developed to address the conditions of normal water resource exploitation, as well as sustainable and
unsustainable scenarios. Each scenario corresponds to a specific period. To achieve this, a multi-objective planning
approach was utilized, integrating water, food, energy, and economic profit indicators. The resulting optimal
cropping pattern considers stable water resource utilization during normal, drought, and wet periods, ensuring
sustainable conditions.
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Results and Discussion

The results showed that the amount of water consumed by the optimal cropping pattern compared to the
existing cropping pattern under normal, drought and wet conditions is reduced by 23.2, 29.2 and 18.1%,
respectively. On the other hand, compared to the existing cropping pattern, the amount of calories produced by the
optimal cropping pattern under normal, drought and wet conditions increases by 51.7, 61.9 and 45.2%, the average
energy efficiency increases by 40.9, 42.8 and 35.8% and the net profit productivity increases by 43.3, 30.9 and
44.2 %, respectively. Based on the obtained results, it can be seen that in the optimal cropping pattern in drought
conditions, the cultivated area of crops such as potatoes, onions, tomatoes, grain corn, sugar beets, beans, alfalfa
and watermelons should reach to the zero or be at the lowest possible level. In normal and drought conditions, the
cultivated area of these crops should be minimal. On the other hand, the area under cultivation of crops such as
fodder sorghum, fodder corn, saffron, cumin, camellia and medicinal plants should be increased and the cultivation
of these crops should be promoted at the region. Also, regarding horticultural products, the cultivated area of
walnut, apple, peach, apricot and almond orchards should be minimized and replaced with plants such as grapes,
oleaster, jujube, barberry, rose, and figs.

Conclusion

Based on the obtained results, it was found that the use of the optimal cropping pattern derived from the
indicators of water, food, energy and economic profit is completely superior and preferred over the existing
cropping pattern and single purpose optimal cropping pattern. In order to achieve sustainable water resource
management, it is recommended to modify the cropping pattern during drought, normal, and wet periods based on
the suggested optimal cropping pattern. The existing cropping pattern currently falls short in terms of achieving
the four objectives of water, food, energy, and economic profit. Therefore, it is crucial to develop main plans and
strategies in the Farahan Plain that align with the implementation of the proposed optimal cropping pattern. By
doing so, it will be possible to optimize the allocation of water resources and achieve improved outcomes in terms
of water availability, food production, energy efficiency, and economic profitability.
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Figure 1- Location of the Farahan plain in the province and country level
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Table 1- Energy equivalent of inputs in the production of agricultural products
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Table 2- Input and output energy flow per hectare for wheat
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Figure 2- Overview of the process of optimizing the cropping pattern at the region
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Table 2 Continued - Distribution of crops in the current state and optimal conditions of management scenarios (hectares)
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Table 3- Amounts of water, calories, energy efficiency and net profit in different scenarios of cropping pattern optimization
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Table 4- Suggested alternative crops in Farahan Plain based on the proposed optimal cropping pattern
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Introduction

Considering the value of water in agriculture and the limitation of this important and vital resource and the
existence of intermittent droughts in the country, saving in consumption and optimal use of available water seems
necessary. Today, utilizing saltwater is considered one of the practical and effective approaches to minimize water
consumption while achieving acceptable economic performance. Given the scarcity of freshwater sources, the
utilization of unconventional water for strawberry cultivation holds significanteconomic importance. Through the
application of innovative technologies, such as magnetic technology, the modification of these water sources can
lead to increased quantitative and qualitative yields of agricultural products. Salinity stress, which alters the water
and nutrientabsorption patterns, directly impacts the plant'syield in terms of both quantity and quality. Strawberry
is an important commercial product, and the quantitative and qualitative increase of its yield is emphasized from
different aspects. The purpose of this research is to the effect of salinity stress under the influence of a magnetic
field on the yield and yield components of the strawberry plant.

Materials and Methods

The purpose of this research was to investigate the effect of salinity stress under the influence of magnetic
fields on the yield and yield components of strawberry plants. The factorial experiment was conducted in the form
of arandomized complete block design with three replicationsin 2021 and 2022 in Neka city. The control treatment
included full irrigation in all stages of plant growth with normal water (non-magnetic). The treatments include the
type of irrigation water at two levels (Non-Magnetic Water (W1) and Magnetic Water (W2)), and water salinity
was at three levels (0.86 dS/m (S1), 20 mM sodium chloride (S2), and 40 mM sodium chloride (S3). The
strawberry plant of the Silva cultivar was cultivated in 3 X 4-meter plots with a row spacing of 40 cm and a between
the spacing of 40 cm. Magnetization of irrigation water was created by passing water through a permanent magnet
with a magnetic field intensity of 0.3 Tesla. The salt used for salinity stress was laboratory sodium chloride. The
used irrigation method was drip (tape), and the amount of irrigation water and irrigation cycle was done according
to the needs of the plant. Soil moisture monitoring was used to calculate the amount of applied water.

Results and Discussion

The results of analysis of variance showed that the effect of the irrigation water type and different levels of
water salinity on the length, diameter, number of fruits per plant, fruit weight, biomass and plant yield was
significantat the 1% probability level. The effect of water salinity on the number of fruits per plant was significant
at the 1% probability level and on the fruit length and fruit diameter at the 5% probability level. The interaction
effect of irrigation water type and water salinity was also significant at the probability level of 1%. On average,
during two years of strawberry cultivation with the application of a magnetic field, the length, diameter, number
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of fruits per plant, fruit weight, biomass, and plant yield were increased by 9.76, 14.14, 23.05, 27.60, 27.08, and
28.36% respectively. The introduction of 20 and 40 mM sodium chloride resulted in a decrease in the physical
characteristics of strawberry fruit and overall yield. The most significant reduction was observed in the number of
fruits per plant at the salinity level of 40 mM sodium chloride, exhibiting a 56.69% decrease compared to the
control treatment.

Conclusion

The growth of population and expansion of agriculture on one hand and the demand for more harvesting from
limited water resources on the other hand, make it necessary to increase water productivity. Lack of water and
competition for water resources has caused research to be done in order to reduce water consumption and preserve
its resources. Therefore, searching for ways to reduce consumption and preserve water resources is of great
importance. One of these methods is using magnetic water. The results of the research showed that the use of
magnetic water technology caused a significant increase in the yield and yield components of strawberries
compared to the control treatment. In addition, the salinity level of irrigation water had a significant impact on the
yield and yield components of strawberries, with the highest yield observed in the treatment without salinity stress
when using magnetic water technology. The findings of this study indicate that the application of magnetic water
technology can enable the use of low salinity levels and lead to improved strawberry yield.

Keywords: Bush yield, Growth parameters, Magnetized water, Water salinity
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Figure 1- Magnetic field creation device for magnetic water treatments
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Table 1- Chemical characteristics of the water used

Qo £ EC oH Ca Mg Na Cl HCO3
Source type (dS/m) meq/I
ok 0.86 7.2 12.6 1.3 4.4 2.4 9.7
Well water
o3 uiblide ! 0.61 7.1 10.9 1.1 35 1.9 8.7

Magnetized water
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Table 2- Physical and chemical properties of farm soil
(1) SB swa JSuid lyd

f’f Soil-forming particles (%) S ocaL Pb p EC S oS ©I97
(o sl) o w5 Soiltexture  (9/cm®)  H  (dS/m)  OcC (%) &
3.5 o o

Depth(Cm)  Clay  siit sand TN (%)

0-30 22.35 37.82  39.83 Loam 1.52 7.3 1.58 16.9 0.19
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Table 3- Analysis of variance of the effect of the irrigation water type and different levels of water salinity on the physical
characteristics of strawberry fruit

S Jlw kS oo &3l s Wgs g2 45 Do S oga0 Job dga0 yhad
Year of Sour?,es C.han e Degrees of Number of fruits per Fruit Fruit
Cultivation g freedom plant length diameter
Bf”f( 2 3.56m 5.96" 4,03
0oCl
Sl g5 1 488.78** 930.18%%  763.55%
Type of irrigation water
\Fe. <! d)lj"”"_ 2 847.36%* 279.47% 238.89*
2021 ) waFer salinity ‘
ol 698 % oylel Ol gy
Irrigation water type x water 2 12.96** 45.03** 26.90**
salinity
E”;; 10 0.37 1.02 0.89
ot - 7.23 10.45 9.87
Coefficient of variation (CV)
Bf*:( 2 2.56m 5.6 4,98
0Cl
sl gy 1 500.76%* 970.08**  75130%*
Type of irrigation water
VE <! L‘)Ij*z_ 2 815.22%* 250.12* 211.59*
2022 ] Wa.ter sal |n!ty o
< pgi x ool Ol ey
Irrigation water type x water 2 13.50** 50.09** 31.88**
salinity
E”” 10 0.25 122 113
rror
s i
G 5.67 12.24 10.89

Coefficient of variation (CV)
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,and ": significant at p <0.01, p <0.05, and non-significant, respectively
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Table 4- Comparison of the average effect of the irrigation water type and different levels of water salinity on the physical
characteristics of strawberry fruit
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ear o Factor umber of fruits per Fruit length (mm) ruit diameter
Cultivation plant (mm)
¥ o blise 1530 a 40.67 338la
2021 Gl ol gy Magnetic
Type of irrigation water ‘_;Mlotn,..c 1247 3759 b 29.53 b
Non-magnetic
e 18.96 a 4175a 33.28a
i Zero
<l so9e v.
(Vo o) 20 13.22 b 38.41b 31.45b
water salinity (mill molar) f.
947¢c¢ 37.24b 30.28b
40
' o bliss 14.97a 41174 35124
2022 Gl ol gy Magnetic
Type of irrigation water w,JoLM)A:_ 12.13b 36.98 b 3086 b
Non-magnetic
e 18.98a 4185a 33.60a
i . Zero
<l 9o v.
(Vo ko) 20 1345h 38.46 b 31.78 b
water salinity (mill molar) f.
40 8.22¢ 36.92b 30.44b

o o sime gl (ghld doyd gy Jlon] a3 LSD (g0l ool p ygiw o 53 diliie B9 > (sl (sloySilis
Averages with the same letters in each column are not significantly different based on the LSD test at the five percent probability
level.
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Table 5- Analysis of variance of the effect of the irrigation water type and different levels of water salinity on the yield
components of strawberry

S Jlw kS oo LS 2980 (339 2393 Cam gy g 3ySlos
Year of Sourzes C.han . Degrees of Fruit Biomas; Yield of each
Cultivation g freedom weight plant
B‘f"’k 2 4,93 5.37" 3,37
0Cl
sl gy 1 437.20%% 254347 1552.08**
Type of irrigation water
VE- - Tl d)IB‘*‘ 2 698.14** 3620.11** 2165.09**
2021 . Wa:'er sa |n!ty i .
lgd x il Ol gy
Irrigation water type x water 2 11.19** 175.66™* 101.30**
salinity
e 10 0.19 2.08 1.30
Error
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Coefficient of variation (CV)
Bf"’k 2 6.52m 7.1 5.96™
0Cl
sl o gy 1 47981%*  2680.08%*  1674.46%*
Type of irrigation water
Vo) T' 61’;‘_ 2 750.80%*  3802.28** 2306.64**
2022 ) Wa;er Ssa mEty i ‘
<l x sl ol e
Irrigation water type x water 2 10.45** 201.77** 119.62**
salinity
s 10 0.16 2.30 117
Error
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Coefficient of variation (CV)
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*k Kk

,and ™: significant at p <0.01, p <0.05, and non-significant, respectively
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Table 6- Comparison of the average effect of the irrigation water type and different levels of water salinity on the yield
components of strawberry
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Year of Factor Fruit weight Biomass (gr) Yield of each
cultivation (gn) 9 plant (gr)
P i L“ 17.81a 219.08 a 150.30 a
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Type of irrigation water ‘_,*.Jolm,..c 13.07b 17453 b 114.32 b
Non-magnetic
v e 17.45a 25341 a 171.32a
2021 Zero
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Water salinity (mill molar) 20
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Non-magnetic
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2022 Zero
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Averages with the same letters in each column are not significantly different based on the LSD test at the five percent probability
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Introduction

Wind Erosion is the natural process of transportation and deposition of soil by wind. It is a common
phenomenon occurred mostly in dry, sandy soils or anywhere the soil is loose, dry, and finely granulated. Heavy
metals are found in the environmentand soils may become contaminated by accumulation of heavy metals through
emissions from the rapidly expanding industrial areas, mine tailings, disposal of high metal wastes, leaded gasoline
and paints, land application of fertilizers, animal manures, sewage sludge, pesticides, wastewater irrigation, coal
combustion residues, spillage of petrochemicals, and atmospheric deposition. Soils are the major sink for heavy
metals released into the environment by the aforementioned anthropogenic activities and their total concentration
in soils persists for a long time after their introduction. The heavy metal contamination of soil and its potential
risks to humansand the ecosystem is a significant concern. Windy deposition, which is the process of heavy metals
being transported by erosive winds and deposited onto soil, is one of the sources of heavy metal contamination.
Due to the geographical situation and climatic conditions such as arid soil, erosive winds are blown in periods of
year in Tabas. Since wind are erosion is severe in this area, huge amounts of wind deposition accompanied with
erosive winds entered into this town. Heavy metals through the windy deposition are suspended, translated and
finally deposited in residential regions, which can create some problems for human health. Therefore, the
knowledge of wind erosion and the human risk of these deposits is essential. The aim of this research was to
determine the rate of wind erosion and the concentration of some heavy metals in these deposits.

Materials and Methods

For this purpose, the rate of suspended load was measured monthly from February 2021 to January 2022.
Based on previous information from the erosive winds and storms, suspended depositions were gathered in some
directions (north, northwest, northeast, west and southwest) of the Tabas entrance. In addition, the suspended load
in the city center of Tabas was also measured. The cumulative load of suspended depositions was measured
monthly and the concentration of some heavy metals such as manganese (Mn), iron (Fe), cupper (Cu), and zinc
(Zn) were measured in these suspended particles. Soil digestion was made by Aqua regia (nitricacid and chloridric
acid; ratio of 3:1), and after then atomic absorption was used to measure the total concentration of above heavy
metals.

Results and Discussion

The results indicate that Tabas experiences significant wind deposition of suspended loads, with the highest
rates entering from the northeast direction and the lowest rates from the southwest direction. This pattern aligns
with the wind rose of Tabas, which illustrates the prevailingwind directions in the region. Additionally, substantial
suspended loads are observed in the northwest and north directions. The variations in suspended load discharge
reveal that the maximum discharge occurs in the city center of Tabas during the months of June and July 2021.
This corresponds to the arid climate conditions of these months, where plant growth is limited, soil cohesion is
low, and loose soil particles on the surface are susceptible to wind forces. As a result, these loose particles are
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easily detached by the wind, contributing to the high levels of suspended load. Regarding the spatial variation of
heavy metals in suspended particles, the cumulative concentrations of Mn, Fe, Cu, and Zn are found to be higher
in the west, northwest, north, and west directions, respectively. This suggests that these heavy metals are
transported and deposited in specific areas within Tabas due to the prevailing wind patterns. In terms of temporal
variation, the highest concentrations of Mn and Fe in suspended particles are observed in April 2021,
predominantly in the northeast and west directions, respectively. On the other hand, the highest concentrations of
Cu and Zn are found in May 2021, with the southwest and northeast directions being the primary deposition areas
for each metal, respectively. These findings highlight the spatial and temporal dynamics of suspended load and
heavy metal deposition in Tabas, emphasizing the influence of wind patterns and climatic conditions on these
processes. Understanding these variations is crucial for assessing the potential risks associated with heavy metal
contamination and implementing appropriate mitigation measures in the region.
Conclusion

The results of this research showed that most contents of the suspended load are entered from the northeast
direction into Tabas. In addition, the spatial variation of heavy metals indicated that the concentrations of studied
heavy metals (Mn, Fe, Cu, and Zn) in suspended particles, especially in the western, northwestern, and northern
in spring, are very high and they can cause carcinogenic effects on human life. Therefore, the management
practices should be mostly made in these directions to control or reduce soil erosion and reduce its damage effects.

Keywords: Heavy metals, Suspended load, Wind erosion
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Figure 1- Geographical position and map of Tabas in Iran
(Green points show the position of sediment traps)
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Figure 3- The average discharge of wind sediments in the prevailing wind directions and the center of Tabas city
(SW: Southwest, W: West; NW: Northwest, N: North, C: City center).
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Figure 5- Temporal changes of wind sediment discharge in the prevailing wind directions and the center of Tabas city

(SW: Southwest, W: West; NW: Northwest, N: North, C: City center)
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Figure 6- The amount of manganese in wind deposits in the prevailing wind directions and the center of Tabas city
(SW: Southwest, W: West; NW: Northwest, N: North, C: City center)
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Figure 8- The amount of iron in wind deposits in the prevailing wind directions and the center of Tabas city
(SW: Southwest, W: West; NW: Northwest, N: North, C: City center)
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Table 1- World health organization standard for soil heavy metal (mg/kg; MacDonald et al., 2000)

oS S S Sl b Sagl W
Heavy metals  Low pollution  Medium pollution High
vy P P pollution
Fe .l 2000 3000 -
Ni s 23 36 49
CU o 35 - -
Zn (s, 120 290 460
Pb &y 36 83 130
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Figure 9- Temporal changes of iron in suspended load in the prevailing wind directions and the center of Tabas city
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Figure 10- The amount of cupper in wind deposits in the prevailing wind directions and the center of Tabas city
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Introduction

In sustainable farming systems, the use of organic fertilizers is of particular importance in increasing crop
production and maintaining sustainable soil fertility. Nowadays, the consumption of organic foods is introduced
to consumers as an alternative. The result of the application of chemical products is the crisis of environmental
pollution, soil and water resources, and the health risk to human society. Nowadays, in order to reduce the effects
of misuse of chemical inputs, chemical fertilizers can be replaced with organic biological fertilizers, including
animal manure, compost, and green manure. In this regard, chicken manure has a positive effect on the physical,
chemical, and biological characteristics of the soil, and due to its richness in uric acid, the nitrogen contained in it
is used by the plant much faster than the nitrogen of other organic fertilizers. Vermicompost is considered a good
source of soil fertility due to its organic materials. Organic matter in the soil improves the permeability and
drainage of the soil and also prevents excessive dryness of the soil by maintaining sufficient moisture. Despite the
fact that vermicompost can be used as a fertilizer in organic farming, high levels of this fertilizer may cause salinity
effects in the plant, which affects the growth and development of the plant and even it can cause the death of
cucumber as one of the crops sensitive to soil and water salinity. The cucumber (Cucumis sativus L.) is one of the
important vegetables that can be produced in a greenhouse all year round. Fresh consumption of cucumber
throughout the year has increased its production. The development of technology and the short growth period of
this product has made it possible to grow it in most climate zones. Therefore, in thisresearch, the effects of different
levels of water deficit with the simultaneous application of vermicompost and chicken manure on cucumber plants
in the Behbahan region have been investigated.

Materials and Methods

In this study, different levels of irrigation water, vermicompost, and poultry manure on ground cucumber were
investigated. The experiment was performed in the form of split plots based on completely randomized design and
the form of stacks. Treatments included three levels of poultry manure (2, 4 and 8 ton ha™), three levels of
vermicompost (3, 6 and 9 ton ha*) and three levels of water stress (100, 75 and 50% of plant water requirement).
Both vermicompost and poultry manure were applied to the soil before planting. Harvest was done every three
days. Fruit weight, diameter and length, plant length, the protein of the dry matter of the fruit percentage, and leaf
chlorophyll in each plot were carefully measured. Also, the yield and water productivity at the end of the season
were calculated.

Water productivity

Referring to the yield to irrigation water ratio, is obtained by the following relation (Payero et al., 2009):

WP=Y/IR 1)

In this equation, WP represents water productivity (kg/m?), Y denotes the yield (kg/ha), and IR shows the
amount of irrigation water (m®/ha).

1, 2 and 3- Master Student and Associate Professors, Department of Water Engineering, College of Water and Soil,
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Statistical analysis

The analysis of variance for the results obtained from different treatments was conducted using SAS software
(SAS 9.1, SAS Institute, Cary, NC, USA). The mean values of the main factors and interactive effects were
compared using the Duncan method at the 1% and 5% levels of significance.

Results and Discussion

The results showed that irrigation, poultry manure and vermicompost had a significant effect on the measured
parameters at the level of one and five percent probability. Reduction of water consumption reduced yield and
yield components, but in this regard, no significant difference was observed between 100% and 75% of water
requirement. The highestyield was obtained in the treatment of 100% of plant water requirementand consumption
of 4 ton ha of poultry manure and 6 ton ha* of vermicompost, in this regard, no significant difference was
observed with the treatment of 75% of water requirement. According to the results obtained from this study;, it can
be said that there is no significant difference in terms of yield between treatments of 75 and 100% of plant water
requirement. Therefore, the amount of water given to the plant can be reduced to 75% of the plant water
requirement, and with proper management, less water can be consumed without a significant reduction in crop
yield. Examining the effects of irrigation water on the amount of the protein of the dry matter of the fruit showed
that the highest amount of the protein of the dry matter of the fruit (56.31%) was obtained in the treatment of 75%
of the water requirement and the protein of the dry matter of the fruit was less in other treatments. The interaction
effect of vermicompost and poultry manure resulted in the highest percentage of cucumber protein at a treatment
of 4 tons ha* of poultry manure and 6 tons ha-1 of vermicompost (58.42%). However, when the simultaneous use
of 8 tons ha'® of poultry manure and different levels of vermicompost was employed, the percentage of protein in
the fruit's dry matter decreased. The combination of droughtstress, poultry manure, and vermicompost, along with
their interaction effects, significantly influenced the chlorophyll a and b values at both the 1% and 5% probability
levels. As the depth of irrigation water decreased, the amounts of chlorophyll a and b also decreased. The treatment
with 100% water requirement of the plant showed the highest amounts of chlorophyll a (0.63 mg/g fresh weight)
and chlorophyll b (0.36 mg/g fresh weight). However, no significant difference was observed compared to the
75% treatment. Regarding the interactions between vermicompost and poultry manure, it was found that when
using 6 tons ha™* of vermicompost to reduce yield and its components, the use of poultry manure should be reduced
to 4 tons ha’. On the other hand, when higher levels of vermicompost (9 tons ha) are used, the application of
poultry manure should be reduced to 2 tons ha™.

Result
According to the results obtained from this research, it can be said that there is no significant difference in
performance between the treatments of providing 75% and 100% of the water requirement of the plant, therefore,

the amount of water given to the plant can be reduced to the amount of 75% of the water requirement of the plant.
With proper management, less water can be consumed without significantly reducing the yield of the product.

Keywords: Chlorophyll, Fertilizer management, Protein, Water productivity, Yield
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Table 1- Some physical and chemical characteristics of the soil

s B peliy i Ll i 5 orjo s Cola SBCdl Ges
Available potassium (mg.kg" Lo Total Nitrogen pH S Sl Soil Depth
1) Available phosphorus (mg.kg-1) (%) EC (ds.m) texture (cm)
425.6 48.23 0.087 7.58 0.588 Loam-sand 0-30
Sl S plond Sloogad (B0 =Y Joso
Table 2- Some chemical characteristics of irrigation water
l:a")%.ii L yonls I (B
Anions Cations DS, EC H
(meq.L™) (meq.L?) mg.L™) (dS.m?) P
SO4* cl HCOs K Na Mg Ca
6.79 9.87 1.82 0.13 8.99 5.7 4.6 1.68 1.88 7.71
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Table 3- Some chemical characteristics of the vermicompost and poultry manure used in research

sy A B0 g s
Potassium (%)  Phosphorus(%o) Tota ([,B:; ogen pH EC (dS.m?)
ooz 5029 15 1.2 1.65 6.5 5.3
(Vermicompost)
s 255 2.12 1.86 1.56 8.4 6.1

(Poultry manure)
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Table 4- The Total volume of water used in each treatment
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L R IRWIC R R

12 11
& 3w ey Yo I KW Y-8

% 100 water requirement % 75 water requirement % 50 water requirement
e ol oz 10762.56 8071.92 5381.82
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Table 5- Results of analysis of variance (mean square and degree of freedom) of measured quantitative traits

Oyt @lio Slaspe (ke
Sources of changes Average of Squares

@33l p -
Degree of ‘f"xity’rf@’- 5,5dos Qg Job dgse ylad °9':: Qt)s
freedom ater Yield Plant length Fruit diameter ul
productl\;lty (ton) (cm) (cm) weight
(kg. m™) (gr)
R()%) 2 4,290 3.51m 0.26m 0.127m 18004.03"
Repeat
A_(‘ﬁ)F"-') 2 523.29" 24573.12™ 215.23" 3.08™ 2534.15"
Irrigation
R*A 4 411 1.43 1.74 0.235 15675.27
Bty 259) 2 98.76™ 2571.56™ 4271 0.75™ 18735.42"
Poultry manure
A*B 4 74.69" 1983.42™ 18.72" 247 16489.21"
R*B(A) 12 5.61 3.19 1.15 0.108 18531.21
C("““’_f“’g *29) 2 487.36" 14264.64™ 173.42" 5.24™ 23571.05*
Vermicompost
A*C 4 57.23" 1754.26* 25.84™ 3.02" 16235.12"
B*C 4 36.71" 375.85" 7.63" 0.75™ 23184.61"
A*B*C 8 17.45 41552 10.31" 0.76" 25354.21"
R*C(A) 36 5.64 4.74 1.25 0.105 22321.14
() s ey
Coefficient of 5.63 7.9 5.78 6.54 8.5
variation

(S sme pAE NS heoyd Sy g doyd iy Jlein] haw ) (6yls gx®* 9*
zand **significance at the probability level of five percent and one percent, ns non-significance.
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Table 6- The results of analysis of variance (mean square and degree of freedom) of measured qualitative traits

Oy 2bho Olazpo cpibe
Sources of changes Average of Squares

@3l 4y —
Degree of freedom a Jadg,ls 9,5 dgre Suid o3lo (g
Chlorophyll a (mg.gr™) Ch(lgqr;g?}l/)ll b The protein of the dry matter of the fruit (%)
()R 2 25167.24" 0.45"s 0.86M
Repeat
i
(ol A 2 2574.25% 6.08™ 341.27"
Irrigation
R*A 4 31426.02 0.25 1.19
(s£y0 255) B ’ 28627.12 0.48" 2853
Poultry manure
A*B 4 20543.28 3.87" 26.73™
R*B(A) 12 1872201 0.07 1.17
(SusgesS o) C 2 32476.52 434" 156.75"
Vermicompost
A*C 4 16238.62" 357" 32.24™
B*C 4 26854.31" 1.05™ 6.12™
A*B*C 8 25615.06" 0.56" 12.18"
R*C(A) 36 22736.03 0.33 1.08
() &S a2 9.71 5.75 6.34

Coefficient of variation

(x> gxe pIe NS o yy Sy g deoyd i Jlain] a5 (65 me™* 9*
sand **significance at the probability level of five percent and one percent, ns non-significance.



YFO . oobolpS Cilieo Loyl o 33 (o yo 085 3 CamwgmoS 09 (il & o i oyl y U0 g 8135yl

9 VIFY sy @) oS (o)lul slos )3 Jsbo g 5 s oyt
) ol 35 203 0% Yo 53 ol joolie 5508 g (e ks Vo /YO
30 CawgeaS oy e 03,5 Juols (e Sl FIAY o YVY sy
o 2 ol palie (s bl 0500 oo g B 2 o e b
S 53 058 e )3 ol a8 g CasgraS g JSa 3 5 F
b g Jgbo ol 5 (£ p0 298 alie el Cusday CusgiaS 09
ot 51 polie o i el I3 ine 8 oy gty a3 0910
I peS g b polie Al Jols (£p0 355 Bpan S 3 (5 ¥
5 ool ol lite 1 b ogmo kb 5 Jobo LtnlS cely ke
 osme oo 3 bl it 3 ol (A Jpia) e 555
A Ey0 5 S o i ¥ Bpas g ol b asn Ver lajles
5 il s me @olis ol 5l do s VO Hlad b S del cowd
355 Gpan 1l (gl 5l 2oy B Jlas) (ilel Ol ol polie
b il el S 53 (5 A 9 ¥ slajless 1l (sl (200

A5 ogee Jsbo

o> bt (3 Jgie) CasgpeS ooy 9 ool OF Jilize 5l
9l Sl deyd Ve e )3 (p5 WWYIBY) ogee )y oyt
Lok opl 5l a8 el Canddy CavguoS’ coyg S jd (5 & Cyune
I sime Cglis CangeoS )9 JiSB )3 05 F g (ol 3l 23 VD sles
og obj i ous S gl G ey 00 s i ol
Cawddy "‘“’9“‘5‘:")9 )L.Sdb 2 dv d)m L 0ga0 (439 [y yabes
A 0940 (yi9 w.mlg el &4»934569)9 5l provn oslawl 9 ol
A Glis (Vo Jgio) CamgraS 009 9 (Ey0 395 Jlite Il
S )3 (5 F g (0395 S 3 (5 ¥ jled jlogee (459 (il
398, 55 5 Y e b ki ol 5 487 el s 4 CanrgaeS o9
Ol bl 1o e Cgld CamgraS' a9 USB 0 (5% g £y
oS Ey0 35S Hlade a5 lajles 5 205 o sdalis o>
.))f ool w?‘ﬂsd")9 Lg)..w.:) )i.)l.o..a Ubijo Cawl 045 d),\a.n
s i (Y Jeia) coybel of Jlade <l 5l togae Job g plad
o o 5 o b 5 b ials sl e i
W03 oo doyd B Jleis] pdais )3 4> pixe gl bnyleus  golod

8 (53503101 oS Olho (1Sl danylis -V Joua
Table 7- Comparison of the average of measured quantitative traits

. <l 89054 3, Slos Qg Job dgs0 yla g o9
) Water Yield Plant length Fruit diameter Fruit
treatment productivity (ton) (cm) (cm) weight
(kg. m®) (gn)
L;,l )L.,. X\ .
Water %)+ + 3.26b 36.21a 108.12a 3.42a 117.27a
el O e requirement
o e 475
(faye) Water %75 3.65a 30.53a 95.32b 3.32 11454a
Amount tof |rrlsgat|on requirement
water (m?) o s 750
Water %50 3.12b 16..58b 74.79c 3.11b 103.63b
requirement
CawgpeS (09 yldde 3 2.94b 26.52b 97.43b 3.3a 105.71b
) } 6 3.22a 35.74a 108.87a 3.4a 118.12a
(U ) o3)
Amount of
vermicompost 9 2.63c 21.68c 86.25¢c 3.1b 95.46¢
(ton.ha®)
L0 395 Hlade 2 3.15b 30.29b 88.48c 3.41b 109.67¢
. . 4 3.54a 3767a 97.75¢ 3.83a 115.54a
(U > o3)
Amount of poultry
manure 8 2.89c 24.38c 76.23c 3.11c 96.28¢
(ton ha®)

5yl ine ST 7 0 Jlais] daw 15 (S0l (igej] bl GleSs Gg e syl (sla pSilie pg a5
In each culomn averages with the same letters do not have significant differences based on Duncan's test at the 5% probability level.
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Table 8- Comparison of the average intraction effects of the amount of irrigation water and poultry manure (BxA) on the
measured quantitative parameters

o e g
Amount of Amount of Water Yield Plant length  Fruit length Fruit Fruit
irrigation water (m=) pou'&% rg];ll?ure pr(olg ucmtl\;;ty (ton) (cm) (cm) diameter (cm) W&;g)h t
ol s e 2 3.05¢ 29.41b 92.45b 9.41b 3.32b 110.47b
Water %)« + 4 3.16b 36.54a 100.05a 11.51a 3.56a 125.61a
requirement 8 3.03c 28.64b 78.63c 8.65¢ 3.12c 97.54c
&l 3 275 2 3.16b 28.52b 84.24c 9.12b 3.26b 108.56b
Water %75 4 3.34a 33.47a  89.87c 10.87a 3.48a 120.42a
requirement 8 3.15b 24.35¢c 70.12de 8.25¢ 3.01c 81.12d
&b Lo 2 2.85d 20.42cd 75.19d 7.34d 2.85d 93.45¢
Water %50 4 2.64e 16.81d  69.32¢ 7.12de 2.68e 78.34d
requirement 8 2.52f 14.23de 60.27f 6.73e 2.54f 62.24e

RPRY )‘J@.‘m Y- A Jleis! mdaw OSJIJ oya)"\ U»L.ul 2 oS Gy «hls S Sihe giw 53
In each culomn averages with the same letters do not have significant differences based on Duncan's test at the 5% probability level.
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Table 9- Comparison of the average intraction effects of the amount of irrigation water and vermicompost (CxA) on
quantitatively measured parameters.

099 3l B .
Sslel ol lao ai,;,s Pl aSle wpdsh speldib  CES o0l
Amount of Amou;t of \(IjVate_r_ Yield Plant length  Fruit length d.Fru't Fr_u'r;[
irrigation water (m-) vermicompost procuctyty (ton) (cm) (cm) lameter weight
(ton ha‘rl)) (kg. m?) (cm) (gn)
R RPARE 3 2.95b 27.21b 94.35b 9.31b 3.12b 108.34b
Water %)« « 6 3.16b 35.75a 100.16a 11.43a 3.56a 122.51a
requirement 9 2.35¢ 21.44c 76.64c 8.84c 3.01c 94.04c
& 3 475 3 3.14b 25.52hc 84.13c 9.18b 3.16b 104.36b
Water %75 6 3.38a 33.51a 90.37b 10.91a 3.21a 116.22a
requirement 9 2.85¢ 19.45¢ 71.18de 8.15¢ 2.89c 76.52d
RPN 3 2.91b 18.62cd 75.05d 7.26d 2.42d 90.35¢
Water %50 6 2.74d 16.01d 67.41e 6.54de 2.21e 75.44d
requirement 9 2.53e 13.13e 59.87f 6.12e 2.04f 60.64¢e

)1l ine M3 7 0 Jlais] aw 13 (S0l (igej] bl laSs By gyl (sla o Sile pgt a5
In each culomn averages with the same letters do not have significant differences based on Duncan's test at the 5% probability level.
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Table 10- Comparison of the average intraction effects of poultry manure and vermicompost (CxB) on quantitatively
measured parameters

£ 0yl CuwgeeS o0yg sl 2l (559000 5 Slos Ggy Jgb dome Job dgmo ylad 2980 039
Amount of Am_ount of Wate_r_ Yield Plant length Fruit length Fruit F'tu't
poultry manure vermicompost productivity . weight

(ton ha')) (ton ha™!) (kg. m-3) (ton) (cm) (cm) diameter (cm) (gr)

2 3 2.95¢ 23.42c 84.34c 9.11c 3.07c 113.71c

6 3.16b 30.75b 94.16b 10.23c 3.28b 117.72b

9 3.65a 34.95a 100.24a 11.54a 3.54a 120.41a

4 3 3.14b 29.12b 91.53b 10.28b 3.21b 116.45b

6 3.75a 36.63a 102.67a 11.82a 3.61a 124.52a

9 2.85¢ 19.25d 70.28d 8.05d 2.82d 110.34d

8 3 2.71d 18.65d 68.25d 7.36d 2.61d 111.64d

6 2.44e 15.41de 63.21de 6.14e 2.37e 10224e

9 2.31le 13.43e 57.37e 6.03e 2.34ef 97.54f
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In each culomn averages with the same letters do not have significant differences based on Duncan's test at the 5% probability level.
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Figure 2- Comparison of the average intraction effects of irrigation water, poultry manure and vermicompost (Ax B xC) on
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Table 11- Comparison of the average of the measured qualitative traits

o dgp0 SWid 03lo (59 b Judg S5 a Jsdy i
Treat;nent The protein of the dry matter Chlorophyll b Chlorophyll a
of the fruit (%) (mg.gr) (mg.gr)
L;,l )L.,. /\ .o
%100 water 48.41b 0.36a 0.63a
requirement
el ol e o ks 475
Amount of irrigation %75 water 56.31a 0.31a 0.58a
water (m?3) requirement
o 4 750
%50 water 34.21c 0.19b 0.39b
requirement
CangeoS g0y ylie 3 44.56b 0.25b 0.46b
Amount of 6 55.78a 0.34a 0.59%
vermicompost 9 31.62c 0.18¢ 0.35¢
(ton.ha®)
e 355 Jdde 2 34.28b 0.23b 0.42b
Amount of poultry 4 56.87a 0.31a 0.61a
manure 8 37.64b 0.15¢ 0.38b
(ton ha®)
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In each culomn averages with the same letters do not have significant differences based on Duncan's test at the 5% probability level.
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Table 12- Comparison of the average intraction effects of the amount of irrigation water and poultry manure (BxA) on the
measured quality parameters

Sl S ylae E 0 355 ke dgre Sl o3lo g b Judg 5 a Judg 5
Amount of Amount of poultry manure The protein of the dry Chlorophyll b Chlorophyll a
irrigation water (m®) (ton ha') matter of the fruit (%) (mg.gr?) (mg.gr?)
P BERATE 2 42.15b 0.19b 0.46b
100% water 4 45.18b 0.25a 0.63a
requirement 8 39.23c 0.15d 0.35¢
PBRPATS 2 45.63b 0.19b 0.41b
75 Y%water requirement 4 57.85a 0.23a 0.56a
8 36.16¢d 0.13e 0.28d
PERPAE 2 34.25d 0.16¢ 0.31c
50 %water requirement 4 33.56d 0.17c 0.27d
8 26.51e 0.12e 0.21e
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In each culomn averages with the same letters do not have significant differences based on Duncan's test at the 5% probability level.
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Table 13- Comparison of the average interaction effects of irrigation water and vermicompost (CxA) on the measured

quality parameters

LS)L.‘.J ui)‘.\ia w%-os@)gﬂ-\a“ bw&.&&bbb&;ﬁ'gﬂ b‘_}g”lf aJ.gég)ls
Amount of Amount Of vermicompost The protein of the dry matter of Chlorophyll b Chlorophyll a
irrigation water (ton.ha™) the fruit (%) (mg.gr?) (mg.gr?)
A 3 4023c 0.17b 0.43b
100 %water 6 47.68b 0.23a 0.59
requirement 9 37.19dc 0.14d 0.32¢
BRPAT 3 44.53b 0.18b 0.39b
75 Y%water 6 55.31a 0.21a 0.55a
requirement 9 38.26¢ 0.12e 0.27c
o T 3 35.75d 0.14d 03c
50 Yewater 6 314le 0.16¢ 0.28¢
9 27.57¢f 0.11e 0.19d

requirement
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In each culomn averages with the same letters do not have significant differences based on Duncan's test at the 5% probability level.
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Table 14- Comparison of the average intraction effects of poultry manure and vermicompost (CxB) on the measured quality

parameters
B3 Joho Cuuge agg Jaho  ogwe SuiS oo cuSyy, D e lS 8 Jis S
Amount of poultry Amount of The protein of the dry Chlorophyll b Chlorophyll a
manure (ton hat) vermicompost matter of the fruit (%) (mg.gr?) (mg.gr?)
(ton ha't)

3 45.24c 0.18c 0.42c

2 6 51.26b 0.23b 0.55ab

9 55.87a 0.26a 0.58a

3 50.36b 0.21b 0.48b

4 6 58.42a 0.28a 0.62a

9 40.12c 0.15cd 0.36d

8 3 38.56¢d 0.14d 0.33d

6 36.82d 0.13d 0.31de

9 28.49% 0.10e 0.24e
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In each culomn averages with the same letters do not have significant differences based on Duncan's test at the 5% probability level.
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Introduction

Recent studies show that most crops and horticultural plants can form symbiosis with the arbuscular
mycorrhizal fungi (AMF) and the endophytic Serendepita indica, simultaneously. The endophytic fungus plays an
important role in alleviating environmental stresses in plants. It has also been shown that excessive available
phosphorus in soil limits the root colonization by arbuscular mycorrhizal fungi. No information is available on
how soil phosphorus affects the establishment of endophytic fungus in root. Barley roots can be colonized by both
mycorrhizal fungi and the endophytic fungus Serendipita indica. The objective of this study was to evaluate the
effects of single or dual inoculation with Rhizophagus irregularis and Serendipita indica on barley roots under
different phosphorus (P) levels. The researchers utilized a monoclonal antibody called MAb32B11 to assess the
presence of glomalin, a signature molecule of arbuscular mycorrhizal (AM) fungi, in the roots. The glomalin
content was quantified using the enzyme-linked immunosorbent assay (ELISA) method with the MAb32B11
antibody.

Materials and Methods

In this experiment, barley plants were inoculated with Rhizaphagus irregularis (AMF) and Serendepitaindica
(endophytic fungus) with three levels of phosphorus from triple super phosphate source. At the end of the
vegetative growth period (about three months), the plants were harvested and phosphorus concentration in the
plant were measured. A subsample from roots was stored in -20 °C for determination of glomalin content. The
glomalin content in the roots was analyzed using the monoclonal antibody MAb32B11. This antibody was
employed to differentiate between the two fungi present in the roots and to quantify the abundance of arbuscular
mycorrhizal fungi (AMF) specifically in plants treated with Rhizophagus irregularis. Additionally, the content of
glomalin in the soil was determined at the end of the experiment using the same method as described above. The
experiment was designed as a factorial completely randomized design (CRD) with three replications.

Results and Discussion

The results showed that the fresh and dry weights of shoot and root increased significantly in dual inoculation.
At zero phosphorus level, shoot and root phosphorus concentrations were significantly higher in treatments with
R. irregularis than in those without fungus (control). Under individual inoculation with R. irregularis, or S. indica
as well as their dual inoculations, increasing level of phosphorus had no significant effect on shoot and root
phosphorus concentration. In dual inoculation, the percentage of total colonization (88%) was significantly higher
than that of individual inoculation treatment (68%) but the contribution of each fungus in root colonization under
dual inoculation was significantly reduced as estimated by glomalin content of root and determination of total
colonization. It was found that with increasing phosphorus level, total colonization percentage significantly
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decreased and the highest percentage of colonization (61%) was observed at zero level of phosphorus. By
increasing phosphorus level, the percentage of root colonization was significantly decreased in individual
inoculation by R. irregularis, or S. indica as well as dual inoculation. Results of glomalin assay in soil showed that
the glomalin content was high in treatments of R. irregularis but control treatments without fungus and individual
inoculation with S. indica had low glomalin. Antibody-reactive root glomalin was less in the dual inoculation
treatment (1006.9 pg.g™) than in the R. irregularis treatment alone (1924.5 pg.g?) indicating that the presence of
S. indica, in root inhibits, root colonization by R. irregularis. Moreover, the increasing of phosphorus level,
significantly decreased root glomalin.

Conclusion

The increase of available phosphorus concentration in the soil caused to limit the expansion of the symbiosis
of R. irregularis and S. indica, and this limitation was more for R. irregularis. In the case of dual inoculation with
both Rhizophagus irregularis and Serendipita indica, the negative impact of phosphorus on colonization
percentage was observed to be less compared to single inoculation. Although the percentage of colonization by
each fungus decreased in the dual inoculation treatment compared to their individual inoculation, the overall
colonization percentage increased significantly. It appears that in the dual inoculation scenario, while the total root
colonization percentage increases, the presence of S. indica leads to a decrease in the colonization percentage
specifically with R. irregularis. But in general, growth and nutrient absorption in the case of dual inoculation was
better than the inoculation of each of them individually. It was also found that increasing the concentration of
phosphorus in the soil caused a decrease in root colonization for both fungi, although the negative effect of
phosphorus on the colonization of R. irregularis was more than that of S. indica. The measurement of glomalin in
soil and root showed that the inhibitory effect of S. indica fungus on R. irregularis is less in soil than in root.

Keywords: Endophytic fungus, Monoclonal antibody, Co-inoculation, Simultaneous symbiosis, Arbuscular
mycorrhizal fungus
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Table 2- Variance analysis of the effect of fungus inoculation and fungus and phosphorus levels on the dry weight of shoots

and roots
Ol et glio LRSS Slas o (5o
Mean of squares
Source of variation I?egrge of Ay ) Swid (39 lod Lide SWid (39
reedom Root dry weight Shoot dry weight
Fungus ¢, 3 2.047%* 2.234%
Phosphorus ji.é 2 8.401%* 0.826"
FungusxPh a.ix g 8 6 3116 1.589°
osphorus ' '
Error s 24 0.138 0.178
(1) yts oy
Coefficient of 8.231 6.758

variation (%)
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** significant at the 1% level
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Figure 1- The effect of the interaction of fungus and phosphorus on the dry weight of the shoots

Po: no phosphorus, P1o: 10 mg/kg pot and P20: 20 mg/kg pot. Means with at least one common letter have no significant
difference by Duncan's multi-range test method at the 1% probability level.
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Figure 2- The effect of the interaction of fungus and phosphorus on the dry weight of the roots

Po: no phosphorus, Pio: 10 mg/kg pot and P20: 20 mg/kg pot. Means with at least one common letter have no significant difference by
Duncan's multi-range test method at the 1% probability level.
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Table 3- Variance analysis table of the effect of fungus and phosphorus levels on root colonization percentage and soil
glomalin and root glomalin

Ol Zolio 33l ey Slapo (ke
Mean of squares
Source of variation Degree of Ay logls SK byl Ay el 30590
freedom Root glomalin  Soil glomalin  Root colonization%
Fungus ¢, 3 11010587.787**  685043.991* 13385.157**
Phosphorus ja.s 2 446608.056** 19590.19** 347.322*
i) 6 217667.739* 6408.726** 66.037**
FungusxPhosphorus
Error Ls 24 21637.976 1357.816 10.454
() s ey
Coefficient of 15.673 13.0562 5.76
variation (%)
7N Jloas] g (3l gime 3
** significant at the 1% level
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Figure 3- The effect of the interaction of fungus and phosphorus on the root colonization percentage.

Po: no phosphorus, Pio: 10 mg/kg pot and P20: 20 mg/kg pot. Means with at least one common letter have no significant difference by
Duncan's multi-range test method at the 1% probability level.
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Figure 4- The effect of the interaction of fungus and phosphorus on soil glomalin.

Po: no phosphorus, P1o: 10 mg/kg pot and P20: 20 mg/kg pot. Means with at least one common letter have no significant difference by
Duncan's multi-range test method at the 1% probability level.

3000 ~
9 . 2500 1 2
33 £
Yy = M a
.'\: g 2000 ~ %4
3= FHeS oPo
3 € 1500 - an
g g e b b ®P10
n 2 4 _
Y, O [T *
< g 1000 - mm3 3§  oeo
V), DOC (44 *
KN |4 *
© 500 - 3 3
|4 LiF
ddd ¥ ddd [
O T —= T T 1
Control R.irregularis S. indica SI+RI

Hwd 593 P ady ) (lloglS 1 yhd 9 )8 IS ey S1-0 UKW
cslaials sz 905l ) 4 o stme BT BB S e B S Blis gyl (glaSiles A 2SS 2 p)S e Yo P20 g (JulS £ S5LS 1 p S e Ve P0
s by S e e 5o (S
Figure 5- The effect of the interaction of fungus and phosphorus on root glomalin

Po: no phosphorus, Pio: 10 mg/kg pot and P20: 20 mg/kg pot. Means with at least one common letter have no significant difference by
Duncan's multi-range test method at the 1% probability level.
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Table 4- Linear relationship between root glomalin amount and root colonization percentage

ST b pdy STy audy (logls' lde
Amount of root glomalin reactive with antibody

To dalis y gl 5dS
Root colonization %

(H9/9)
2334.52 75.51
2106.36 76.86
2779.07 77.84
1795.77 71.26
1867.90 69.71
2287.42 70.84
1848.76 64.19
1860.54 63.14
440.06 47.18
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80 - y =0.0137x +42.162
70 - R? =0.8546
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Figure 6- Linear relationship between root colonization percentage and antibody-reactive glomalin in micrograms per gram
of dry root
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Figure 7- The effect of the interaction of fungus and phosphorus on the percentage of colonization in the single inoculation
and the contribution of each of them in the dual inoculation treatment through estimation (*)
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Table 5- Variance analysis of the effect of fungus and phosphorus levels on the concentration and phosphorus content of
shoot and root

Ol oot gl @313l e Olas o (5o
Mean of squares
Source of variation  Degree of ) L R L. ) Al s hd Clale s
freedom My Swd slene  (oilgd (Wi Jhud (sl i 9B sy yhund clile
Root
Phosphorus Phosphorus content of Shoot phosphorus
content of roots Shoots phosphorl_Js concentration
concentration
Fungus ¢, 12.18%* 5.66** 0.00037"s 0.00084**
Phosphorus ,a.s 2 1.50* 11.77%+ 0.0019** 0.0021%*
Subig)8 2.463° 6.56° 0.00040° 0.00005**
FungusxPhosphorus
Error s 24 0.432 1.098 0.00014 0.00017
() Slys 5
Coefficient of 14.007 11.13 12.22 9.65

variation (%)

Mime e NS g ofee) g ofo N /o) Jloin] pdaw 13 )5 giro iy &y s g s
* ** and *** are respectively significant at the probability level of 0.05, 0.01, and 0.001, and non-significant ns
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Figure 8- The effect of fungus and phosphorus interaction on the concentration of shoot phosphorus

Po: no phosphorus, P1o: 10 mg/kg pot and P20: 20 mg/kg pot. Means with at least one common letter have no significant difference by
Duncan's multi-range test method at the 1% probability level.
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Figure 9- The effect of fungus and phosphorus interaction on the concentration of root phosphorus

Po: no phosphorus, Pio: 10 mg/kg pot and P20: 20 mg/kg pot. Means with at least one common letter have no significant difference by
Duncan's multi-range test method at the 1% probability level.
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Figure 10- The effect of fungus and phosphorus interaction on the phosphorus content of shoot

Po: no phosphorus, P1o: 10 mg/kg pot and P20: 20 mg/kg pot. Means with at least one common letter have no significant difference by
Duncan's multi-range test method at the 1% probability level.
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Figure 11- The effect of fungus and phosphorus interaction on the phosphorus content of root

Po: no phosphorus, Pio: 10 mg/kg pot and P20: 20 mg/kg pot. Means with at least one common letter have no significant difference by
Duncan's multi-range test method at the 1% probability level.
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Introduction

Quince with the scientific name "Cydonia oblonga Mill." is one of the most important horticultural products
in the word including Iran. According to the average production from 1994 to 2020, Iran was the fourth largest
quince producer in the world. Isfahan province is one of the most important centers of high quality quince
production with 2432 hectares of cultivated area and annual production of 25986 tons. Most of the quince orchards
are located in the cities of Natanz and Isfahan. Plant nutrition as an important factor in growth, is a function of
nutrients and environmental conditions interactions. Assessing the nutritional status of plants is based on precise
determination of nutrients and appropriate application method to diagnosis and interpret the results. Various
methods have been used to evaluate the nutritional status of the plant, such as the Critical VValue Approach (CVA),
the Deviation from Optimum Percentage (DOP), the Diagnosis and Recommendation Integrated System (DRIS)
and the Compositional Nutrient Diagnosis (CND). The CND method expresses interactions by considering the
ratio of one element to the geometric mean of all elements. Then high and low functional groups are separated, by
using mathematical and statistical methods and application of cumulative function of the variance ratio of nutrients
and the chi-square distribution function. Finally, CND nutrients norms and indices such balance index are
calculated step by step. Therefore, considering the importance of the quince production in the country and the lack
of sufficient knowledge to determine its nutritional status, the present study was conducted with the aim of
investigating the nutritional status of quince trees using the CND method and determining the nutrients norms for
this product.

Materials and Methods

In order to evaluate the nutritional status of quince trees using the CND method, 28 orchards were selected in
the cities of Isfahan and Natanz. The orchards were selected such a way that they had different ranges of yield.
The geographical location was recorded for each orchard. Then random and composite sampling of leaves was
done from branches without fruit in July 2018. Concentration of nitrogen phosphorous, potassium, calcium,
magnesium, iron, manganese, zinc, copper and boron was measured in quince leaves. At the end of season, the
yield was determined for each orchard. The orchards divided into two groups based on high and low yields. The
CND norms, CND nutritional index and nutritional balance index (r?) were computed based on steps of Parent and
Dafir. The balance index of nutritional elements (r?) was calculated by Keith-Nilson method based on the Chi-
square statistical distribution function (K?) in Excel software.
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According to results of cumulative distribution function of nutrient variance and considering the yield of 23
tons per hectare as the intermediate yield, 25% of the studied orchards were in the high yield group and 75% of
the orchards were in the low yield group. After solving the third—rank cumulative function equations of the studied
nutrients, the highest yield was obtained for potassium Fci (VK) = 21.98 and the lowest value was for nitrogen Fci
(VN) = 15.37. CND standard norms of nutrients and residual value were described as: V*N= 2.91, V*P= 1.39,
V*K=2.91, V*Ca=2.13, V*Mg= 1.35, V*Fe= -2.01, V*Mn=-3.12, V*Zn= -3.97, V*Cu= -4.85, V*B=-3.51 and
V*Rd= 6.78. The CND nutrient index revealed that potassium and nitrogen had the most negative index among
macronutrients in the low-yield orchard group. The low amount of soil organic matter and the high presence of
sand can contribute to the negative nitrogen index. Among the micronutrients, the iron index was negative in
67.7% of the low-yield orchards. Zinc and copper had the next highest nutritional requirements in most orchards.
The presence of calcareous conditions in the soil of the studied orchards may be one of the reasons for this
observation. The estimation of the nutritional balance index indicated that the r2 value in orchards with low yield
was 60.3% higher than that in high-yield orchards.

Conclusion

CND nutritional balance index (r?), specially in orchards with low yield was more than zero (20.85), indicating
nutritional imbalance in these orchards. Proper management and balanced application of chemical fertilizers
should be considered. This can increase the yield and quality of quince production.
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Table 2- Concentration range of nutrients in the leaves of quince trees in studied orchards

G595 Howd e By oS g ol e $9s oo T
N P K Ca Mg Fe Mn Zn Cu B
% mg kg*!
1.18-29  0.31-0.82 1.35-2.13 0.39-1.63 0.25-0.6 60.4-256.2 34.5-99.4 6.4-46.6 2.5-82.1 22.5-54.5
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Table 3- Estimation of mean yield (inflection points) based on cumulative variance function of logarithmic nutrients ratio

s polis aslee Ry (D3a) s abi
Nutrients FE(Wy) = aY3 + bYy? +cY +d (ton ha?)
N -0.0053x° + 0.2445x? - 5.7668x + 104.92  0.98 15.37
P -0.0132x3 + 0.7465%? - 13.381x + 87.30  0.94 18.85
K -0.0091x3 + 0.6002x? - 13.336x + 107.61  0.97 21.98
Ca -0/0071x® + 0/3867x? - 7/9601x + 87/428  0.95 18.15
Mg -0.0112x3 + 0.7065x2 - 14.762x + 110.12  0.98 21.03
Fe -0.0081x3 + 0.5236x%— 11.958x + 111.41  0.97 21.54
Mn -0.0096x3 + 0.6089x? - 13.146x + 110.67 0.98 21.14
Zn -0.01x3 + 0.5521x% - 9.9611x + 74.291 0.82 18.40
Cu -0.0083x3 + 0.4555%? - 7.2619x + 30.256  0.21 18.29
B -0.0059x3 + 0.3022x2 — 6.7369x + 94.125 0.97 17.07
Rd -0.0048x3 + 0.2861x2 - 7.6544x + 105.35 0.99 19.86
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Figure 1- The cumulative variance function of nutrient elements and residual value related to fruit yield
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Table 4- Compositional nutrient diagnosis norms and mean optimum concentration of nutrient in quince orchards

rolie  CND gajoshisl oy oibe oy e ol gllas G2 (S3be T
Nutrients CND norms Norms mean Norm SD Mean optimum concentration SD
N VN 2.91 0.26 1.99 0.47
P V' 1.39 0.23 0.43 0.08
K V' 2.91 0.13 1.95 0.13
Ca V'eca 2.13 0.54 1.01 0.42
Mg Vug 1.35 0.19 0.42 0.09
Fe Ve -2.01 0.26 152.1 55.20
Mn Vun -3.12 0.18 47.87 10.41
Zn V2 -3.97 0.59 24.18 14.22
Cu Ve -4.85 0.27 8.67 2.52
B V's -3.51 0.39 33.75 13.18
V'rd 6.78 0.16
V'y 0

sl oSS o p S (o 9 30)d o S 4 BpaneS g Bpas p polie clile
The concentration of macro and micro nutrients are in % and mg kg, respectively.
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Table 5- CND nutrients index and macro and micro nutrients requirement preference

CND gli€ spolie u»l.w
CND nutrients index

w2liE s 5l Cagll
Nutrients requirement rank

3,Sdos %] (W %] e
. In ol Ik dea Ivg dee hwn dm ey lg IERXZ ;_“;ef;w_ rz
Yield Macro nutrients Micro nutrients
153 087 025 -161 115 194 045 024 -091 -139 022 K>N>P>Ca>Mg Cu>Zn>B>Mn>Fe 1161
95 031 041 -289 062 15 -231 307 019 -112 036 K>P>N>Ca>Mg Fe>CusZn>B>Mn 2744
75 034 009 37 053 -133 -289 198 -114 7.87 -088 K>Mg>N>P>Ca Fe>Zn>B>Mn>Cu 9331
6.5 006 254 -202 057 11 -174 -022 045 -002 -009 K>N>Mg>Ca>P Fe>.Zn>Mn>Cu>B 1952
37 032 074 -11 00 -016 -155 081 01 051 035 K>N>Mg>Ca>P Fe>Zn>B>Cu>Mn  °-34
09 081 034 105 055 154 -233 221 -144 -123 131 N>P>Ca>K>Mg Fe>Zn>Cu>B>Mn  22.84
e JiSa 3 oy 5, Skas sl
The yield unit is ton per hectare.
wlig polis (r?) Jolsi (adls g (1%%) (1o s bs -1 Jgaa
Table 6- Critical index and nutritional balance index (r?)
@ pole pjepd ey ealS e ol PR 6y w2 suilogdly
Nutrients N P K Ca Mg Fe Mn Zn Cu B Rd
| Lo
“”;2“)” 055  0.75 228 056 127 258 433 092 348 0.55 0.72
X

X 12x=r?=17.99
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Figure 2- Relationship between yield (ton ha) and nutritional balance index (r?) in quince
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Introduction

Wind erosion is one of the important processes of soil degradation in arid and semi-arid regions. Increased
soil surface resistance is a key factor to prevent wind erosion. Mulch can increase the resistance of soil surface
against erosive agents by creating a coating on the soil surface. The effectiveness of mulch on wind erosion control
is on the quantity, type, and durability of the used in dust sources of Iran for stabilizing soil surface against wind
erosion. In recent decades, petroleum mulch has been broadly used for stabilizing soil surface againstwind erosion
in dust sources of Iran. Bio-polymers (e.g. cellulose hydrogel and biochar) and naturally accessible materials (e.g.
nanoclay) as environment-friendly mulches can be an alternative to chemical polymers and petroleum mulches. In
arid and semi-arid regions, wetting-drying cycles play a crucial role in soil aggregate formation and strength.
However, there have been limited studies assessing the impact of wetting-drying cycles on the durability of applied
mulches. The main objective of this study was to assess the effectiveness of different types of mulches, including
inorganic montmorillonite nanoclay, chemical polyvinyl acetate polymer, and biological biochar and cellulose
hydrogel, at various time intervals. The study aimed to improve the physical and mechanical properties of soil, as
well as control wind erosion in a loamy sand soil using a wind tunnel. Additionally, the durability of these mulches
was evaluated over time after subjecting them to four wetting-drying cycles.

Materials and Methods

A factorial experiment was conducted based on completely randomized design with three replications. The
factors including mulch type (four levels: nanoclay montmorillonite, polyvinyl acetate polymer, biochar and
cellulose hydrogel), mulch concentration (Nanoclay montmorillonite: 0, 16 and 32, Polyvinyl Acetate polymer: 0,
8, and 16, biochar and cellulose hydrogel: 0, 65 and 200 g/m?) and duration (21, 42, 63 and 126 days). The soil
used in the wind tunnel experiments was collected from a dust source in the southeast of Ahvaz (Site Number 4).
Trays measuring 50x30x5 cm were filled with this soil. The soil surface was then uniformly sprayed with an
emulsion of Nanoclay and Polyvinyl Acetate. Additionally, biochar and cellulose hydrogel were mixed uniformly
with the soil. Water was sprayed on the soil surface to maintain a constant moisture content of 75% of field
capacity. After a specified period, soil properties such as mean weight diameter of aggregates, fractal dimension,
penetration resistance, and shear strength were measured. The trays were then placed in a wind tunnel, and a wind
erosion test was conducted at a wind speed of 20 m/s for a duration of 5 minutes. The amount of soil loss was
measured using the weight method. Then, at each time, the best treatment from each mulch (in terms of reducing
wind erosion) was selected and subjected to wet and dry cycles (four cycles).

Results and Discussion

The results showed a significant interaction effects (p<0.01) of mulch type, mulch concentration and time
factors on soil aggregate stability and fractal dimension, penetration resistance, shear strength were significant
(p<0.01). Soail loss decreased in soils amended with biochar and cellulose hydrogel and increased in the case of
montmorillonite and polyvinyl acetate polymer over the time. The amount of soil loss in soil amended with
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cellulose hydrogel decreased by 99.3%. The highest amount of soil penetration resistance and shear strength was
observed in cellulose hydrogel mulch at the fourth time which were equal to 1038 and 123 kPa, respectively. Over
time, the mean weight diameter of aggregates increased in the soil treated with cellulose and biochar hydrogels,
but decreased in the polyvinyl acetate and montmorillonite nanoclay treatments. There was a negative correlation
between aggregate stability and the fractal dimension of aggregates. In terms of soil loss, at the fourth measurement
time, soils modified with cellulose hydrogels, biochar, polyvinyl acetate, and montmorillonite nanoclay
experienced reductions of 99%, 71%, 84%, and 85% respectively, compared to the control. After four wet and dry
cycles, the soil loss further decreased by 98%, 64%, 76%, and 81% in the respective treatments, compared to the
control.
Conclusion

In general, it can be concluded that cellulose hydrogel presented the greatest effect on reducing soil loss and
controlling wind erosion. In the soils amended with biochar and cellulose hydrogel, the effect of mulches on
reducing soil loss increased over the time. However, the opposite results were found in the case of polyvinyl acetate
and montmorillonite nanoclay polymers. Therefore, biochar and cellulose hydrogel in the long term and polyvinyl
acetate polymer and montmorillonite nanoclay in the short term can control wind erosion. Wet and dry cycles at
all durations increased soil loss. But their effect remained on soil loss reduction until the end of the fourth cycle.
The results revealed that environmentally friendly biopolymers synthesized from biomass components can be
considered as sustainable sources to reduce wind erosion. Bio-polymers are a new window into the use of
sustainable biomaterials instead of synthetics in wind erosion control.

Keywords: Biochar,Cellulose hydrogel, Montmorillonite nanoclay, Polyvinyl acetate polymer, Wind Erosion
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Figure 1- Wind tunnel used in the research
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Figure 2- Plastic containers containing soil after treatments (a), Trays containing soil after treatments (b)
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Table 1- Some physical and chemical characteristics of the studied soil
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Table 2- Analysis the effect of time, mulch and concentration on soil loss in loamy sand soil.
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Figure 3- The effect of time, mulch and concentration on soil erosion

P: Polyvinyl Acetate polymer, N: montmorillonite nanoclay B: Biochar, C: Cellulose hydrogel, the first and second subscripts are
concentration and time, respectively).

IR

bond Jlag S o g 5 ol i) JI5 b 005 o S 25 el stagily yorls b 0a5 o S i elishy sg0ise oyl b o Jlag S s wanls sl

P55 65 ok J3g0m
Figure 4. Scanning electron microscope images of soils treated with different mulches after 126 days
a: Control, b: Soil treated with Montmorillonite nanoclay, c: Soil treated with polyvinyl acetate polymer, d: Soil treated with wheat
straw biochar and e: Soil treated with wheat straw cellulose hydrogel.
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Figure 5. The effect of time, mulch and concentration on penetration resistance(a) and shear strength(b)

P: Polyvinyl Acetate polymer, N: montmorillonite nanoclay B: Biochar, C: Cellulose hydrogel, the first and second subscripts are
concentration and time, respectively).
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Introduction

Knowledge of the spatial distribution of soil salinity and soil organic carbon (SOC) leads to obtaining valuable
information that is effective in decision-making for agricultural activities. More than a third of the world's land is
affected by salt, which threatens the growth and production of crops, and prevents the development of sustainable
agriculture. The high electrical conductivity (EC) content in soils poses significant challenges in arid and semi-
arid regions, greatly impacting agricultural production. Saline and sodic soils often exhibit high levels of sodium
which is a key characteristic. The presence of sodium ions leads to the destabilization of soil aggregates and the
dispersion of soil particles resulting in the closure of soil pores. Consequently, unfavorable changes occur in the
soil physical, chemical, and biological properties increasing its susceptibility to water and wind erosion.
Additionally, high sodium levels can lead to the decomposition of soil organic carbon (SOC). SOC is crucial for
water retention, cation exchange, and nutrient availability, making its reduction in agricultural soils a significant
threat to sustainable soil management. Therefore, the investigation of soils in terms of EC and SOC contents and
their spatial distribution is of great importance to support decision-makers in agricultural development planning to
reduce challenges related to food security in arid and semi-arid regions.

Materials and Methods

This study was conducted with the aim of investigating the EC and SOC in topsoil (0-30 cm) and subsoil (30-
60 cm) layers using four machine learning (ML) algorithms namely, random forest (RF), decision tree (DTr),
support vector regression (SVR) and artificial neural network (ANN) performed in Qazvin Plain. The study area
includes a part of agricultural lands and natural areas of Alborz and Qazvin provinces, between the Nazarabad and
Abyek cities in Iran. This region with an area of 60,000 hectares is located at latitude 35° 54" to 36° 54" to the
north and 50° 15" to 50° 39" to the east. This research was carried out in four stages including (i) soil sampling
and measuring the physical and chemical properties of the soil and preparation of environmental covariates from
a digital elevation model (DEM) with spatial resolution 12.5 m and Landsat 8 satellite imagery with spatial
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resolution 30 m by SAGA GIS and ENVI software, (ii) spatial modeling of soil EC and SOC in the topsoil and
subsoil layers by the RF, SVR, ANN, and DTr ML algorithms, (iii) evaluating the efficiency of the ML algorithms
and determining the relative importance of environmental covariates, and (iv) preparation of spatial prediction
maps of EC and SOC in the topsoil (0-30 cm) and subsoil (30-60 cm) layers in the study area.

Results and Discussion

The result of the spatial prediction maps of EC showed that the studied area has non-saline to very saline
soils up to a depth of 60 cm. It is also possible that the EC equivalent shows a decreasing trend in soil salinity with
a depth from 6.05 to 5.55 ds/m from the topsoil to the subsoil layer. The highest amount of SOC was observed in
the surface layer equal to 3.3%. Globally SOC content decreased from the surface (average of 0.84%) to depth
(average of 0.4%). The high spatial variability of SOC showed that the soils of the study area are affected by
management activity.

Environmental covariates were extracted as a proxy of topography and remote sensing indices including
elevation, diffuse Insolation (Diffuse), Multi-Resolution Index of Valley Bottom Flatness (MrVBF), Normalized
Differences Vegetation Index (NDVI), SAGA wetness index (SWI) and wind Effect (WE) were used as
representatives of soil formation factors. The topography parameters, including the elevation, diffuse insolation,
and Multi-Resolution Index of Valley Bottom Flatness, were most closely related to EC and SOC variations in
each topsoil and subsoil layer. Elevation can be justified around 50% and 35% of EC and 28.56% and 29.47% of
SOC variations in the topsoil and subsoil layers, respectively, followed by the diffuse variable can succeed to
justified 19.7% and 25.1% of EC and 27.28% and 27.67% of SOC spatial variations in the topsoil and subsoil
layers, respectively.

The results confirmed that the RF was recognized as outperforming the ML model for predicting EC in the
topsoil (R2 =0.74, RMSE =0.36, and nRMSE= 0.07), as well as predicting SOC in topsoil and subsoil layers (R2=
90 and R2=0.80), followed by the DTr for predicting EC (R2 0.77, RMSE/0.9, and nRMSE 0.17) in the subsoil
layer in comparison other models.

Conclusion

The RF (Random Forest) and DTr (Decision Tree) models incorporating topographic parameters
demonstrated satisfactory accuracy in predicting the variation of topsoil and subsoil electrical conductivity (EC)
and soil organic carbon (SOC) in the study area. Topography plays a crucial role in soil formation, and elevation-
based topographic attributes are commonly used as key predictors in digital soil mapping projects. The variability
in topography influences water flow and sedimentation processes which, in turn, affects soil development and the
spatial distribution of soil properties. The resulting soil maps can be valuable tools for decision-making programs
related to soil management in the region.

Keywords: Environmental covariates, Soil properties mapping, Spatial modeling, Topsoil and subsoil
variations
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Figure 1- A. Qazvin and Alborz provinces B.The study area and spatial distribution of soil samples
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Table 1- Auxiliary variables used in predicting EC and SOC
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Table 2- Descriptive statistics of salinity and organic carbon in two surface (0-30 cm) and sub-surface (30-60 cm) layers
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Figure 3- The relative importance of auxiliary variables for predicting a: EC of the top layer (0-30 cm) based on the RF

model, b: EC of the sub soil layer (30-60 cm) based on the RF model, ¢: SOC of the top soil layer (0-30 cm) based on the RF
model, d: SOC of the sub soil layer (30-60 cm) based on the RF model
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Figure 4- Spatial distribution if selected auxiliary variables a: Elevation, b: Diffuse Insolation, ¢c: Multi-Resolution Index of
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Table3- Validation results of spatial prediction of soil salinity and organic carbon using machine learning models
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Introduction

Savory is considered one of the most important medicinal plants, which is used in various food and medical
industries. Nitrogen (N) plays a major role on the growth and yield of medicinal plants. Therefore, an adequate
supply of N is required for successful production of savory. However, the application of chemical N fertilizers is
associated with many obstacles such as groundwater pollution, N enrichment of surface waters, and drop in the
quality of plants. Accordingly, nowadays, great attention has been paid to organic fertilizers. In this regard, humic
acid-based fertilizers have shown promising results. Humic acids (HAs) could be converted into nitrohumic acids
(NHAs) through the nitration process, in which nitro groups (NO.) are located on the aromatic rings. This process
increases the N content of the HA. Thus, NHAs can be used as organic N fertilizers in the cultivation of medicinal
plants whose organic production is a priority. However, the effects of these types of fertilizers on plant growth and
physiological characteristics have not been well understood. Accordingly, the present study for the first time
investigates the effectiveness of NHA on the morphological and physiological characteristics of savory, as well as
N loss through leaching.

Materials and Methods

In the current study, HA was initially extracted from leonardite (purchased from Yazd Golsang Kavir
Company) as a rich source of HA. Then, NHA was prepared through the nitration process using nitric acid (50%
by volume). After that, using FT-IR (Fourier transform infrared spectroscopy) and CHNS analysis the extracted
HA and NHA were characterized, and their N content was determined. Afterward a greenhouse experiment in a
completely randomized design (CRD) with three replications was conducted to determine the effects of 16
treatments, including control (without urea, HA and NHA), urea (Ui, Uz and Us), humic acid (HA1, HA; and HA3),
nitrohumic acid (NHA1, NHA2 and NHA3), urea-humic acid (UiHA1, U:HA, and UsHA3), and urea-nitrohumic
acid (UiNHA1, U:NHA; and UsNHA3) on the morphological and physiological characteristics of savory plant.
The treatment levels were determined as 40, 80, and 120 mg N kg for the first, second and third level of the
treatments, respectively. In the combined treatments of ureaand HA or NHA, an equal fraction of the total nitrogen
(N) was applied. At the end of the experiment, standard methods were used to assess various characteristics,
including root length, leaf area, plant height, root volume, wet and dry weights of shoot and root, leaf chlorophyll
index, concentrations of phosphorus, potassium, nitrogen, nitrate, and nitrate reductase in both the shoot and root.
Additionally, leaching was conducted on specific days during the experiment, and the leachate was collected for
nitrate measurement.

Results and Discussion
The results showed that using the nitration process, some characteristics of the NHA such as total acidity, the

content of carboxylic and phenolic groups as well as N content improved as compared to the initial HA. Moreover,
the results indicated that most of the morphological and physiological traits of savory plants, including leaf area,
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plantheight, root length, fresh and dry weights of root and shoot as well as chlorophyll index, and the concentration
of nitrogen, phosphorous, potassium, nitrate and nitrate reductase enzyme were significantly higher in the NHA
treatments than those of HA. In addition, the highest shoot dry weight was obtained in the combined treatments of
UsNHA; and UsHA3 as well as in the Us treatment alone. The average rate of nitrate concentration increase in the
U treatments was 1.77 times higher than the UNHA treatments. According to the results, Us treatment indicated
the highest nitrate loss which by using the UsNHA; treatment, the mean concentration of nitrate in the leachate
decreased by about 40.5% as compared to the Us treatment.

Conclusion

The findings of this research revealed that most of the morphological and physiological traits of savory plant
showed better responses to the combined treatments of UsNHA3 and UsHA; as well as to the Us treatment alone.
However, with regard to the lower accumulation of nitrate in the shoot of savory as well as to the lower nitrate
leaching, the combined treatments were preferred. Accordingly, NHA can be a alternative nitrogen source in
increasing the yield and growth indicators of savory. However, the reasons behind the fact of the better
performance of combined nitrogen treatments than the individual ones require more research in the future.

Keywords: Combined treatment, Leonardite, Nitrate leaching, Nitrate reductase enzyme, Urea
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Figure 1- FT-IR spectrum of nitronitrohumic acid (NHA) compared to humic acid (HA)
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Table 1-The measured values of total acidity, carboxylic group, phenolic group, elemental composition, atomic ratios, and ash
content for HA and NHAextracted from leonardite
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NHA 57.7 2.6 3.3 0.71 31.1 4.6 20.5 16.4 3.85 12.6

CIN=[(%C /12.011)/ (%N 14.0067)] %0 = [100 - (C % + H % + N % + S %+ Ash %)]
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Table 2- Results of seed germination test of savory obtained at each treatment of HA and NHA extracted from leonardite

Basaiy, JS Job
Lo 03 54ilgn gl Slasi s
e IS = Total radicle length of germinated seeds SG RSG RRG Gl
Treatment  Number of germinated seeds (cm)
(sals) HA 26.3 43.3 0.88
NHA 26 52.2 0.87 0.99 121 120

M Sl asls Gl dsddy) 0d) Caws RRG L Sidles cuws RSG 4y Jjales :SG
SG: Seed germination, RSG: Relative seed germination, RRG: Relative radical growth, GI: Germination index
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Table 4-ANOVA analysis for the effect of treatments on the morphological characteristics of the savory plant

Slarye 5e55ke
Mean squares

wpy  Spghe  JP Ews,l Aoy S0y Fok S (59 o Al k5
U Y PN I Leaf b ¥} ols Ay Ay Gl o gl pisy iy diitﬁger
SOV Df surface Root plant Root fresh  Rootdry  Shootdry Shoot dry Root
o length height weight weight weight weight volume
o 15 18753.1™ 3.49" 18.12™ 1.40™ 0.02" 22.68™ 0.38™ 0.34™ 0.08™
Treatment
s 22 141.75 1.71 241 0.17 0.003 0.13 0.002 0.04 0.008
Error
oy
Oy - 3.39 10.33 6.77 13.34 13.37 3.40 3.43 13.24 6.44
C.V (%)
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“and™: significant at p <0.001 and p <0.05, respectively
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Table 5-Mean comparisons of the effect of treatments on the morphological characteristics of the savory plant
b Jsb e, L. SR oSS0l S g 5L i
) B e olE W P 09 o | b | i iy e WBlw ld
Sosd % =) ¥ Root fresh - s 9 o Root Stem
Treatment  Leaf Root Plant weight Root dry Shoot dry Shoot dry volume diameter
area length height (g pot?) weight weight weight (cmd) (mm)
(cm?) (cm) (cm) (g pot™) (g pot™) (g pot™)

ol 2099 11.6° 16.3¢ 1.9¢9 0.259 5.2i 0.68 19 1.1
Us 351¢ 11.7¢ 22.6¢ 3.5ee 0.4580 11.2¢ 1.45¢ 1.7abed 1.40¢fg
U, 3950 12.73c 24ac 4 0.522 12.3 1.60° 2@ 1.5
Us 4502 13.3ae 22.7¢ 42 0.522 13.72 1772 212 1.59%

HA; 219¢ 120¢ 19.3¢ 29 0.261% 5.6 0.71! 19 1.16M

HA, 295¢ 11.7¢ 22.7¢ 2.1 0.27¢f0 7.3h 0.95" 1.1 1.210n

HAs 378P 11.7¢ 22.7¢ 2.4 0.31¢%fu 9.4f 1.22 1.2¢f 1.3fah

UiHA; 309¢ 12be 22.3¢ 2.8eef 0.37c 10.1¢ 1.32¢ 1.6 1.38ccefy
UHA, 3930 11.7¢ 23¢ 3.20cd 0.42 12.3 1.59° 1.430f 1.4 ccef
UsHAg 433 152 262 3.7 0.48%® 13.4 1.742 1.9¢c 1.54ac
NHA; 241f 120c 22.7° 2.7%f 0.35¢df 8.6 1.119 1.36¢%f0 1.3¢foh
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U,NHA, 391° 14.2% 25abe 3.4abcd 0.44a 12.4b 1.610 1.7abed 1.47bcde
UsNHA; 449 14abe 26.7¢ 3.3ecd 0.43#¢ 13.7¢ 177 1.7abd 1.72

a8l e laline V] 151 (D < 0.05) (il 5Silie dusliio gail bl 2 g o > S e By> gl Slasl
Values withthe same letter in each column have no significant difference based on the Duncan's mean comparison test (p <0.05).
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Table 6- ANOVA analysis for the effect of treatments on the physiological characteristics of the savory plant

Olaryo u55ke
Mean squares
U893, O i Oy P 039 o
NR Nitrate Phosphorus Nitrogen Potassium
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w el 0 L o i Lo o o
SOV Df Chlorophyll | day | 3 | ady | ady | Lowe)
o < poot ls? Root lsh Root <P poot <P Root
Shoot Shoot Shoot Shoot Shoot
oS 15 6.90™ 2.09™ 0.046™ 81705.9™ 59776.6™  0.0003" 0.001™ 411 041" 013" 017"
Treatment
Eu” 32 0.03 0.0004 0.0002 64.29 63.85 0.000001 0.0000009 0.002 0.003 0.0008 0.0001
rror
St pd - 111 0.92 0.87 2.29 2.62 0.57 0.48 1.7 3.46 0.87 0.76
C.V (%)

Al e doyd N s e )3 (g)blize by
** significant at p <0.01
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Figure 2- The effect of the experimentaltreatments on the concentration of nitrogen (a), phosphorus (b), potassium (c) and

nitrate (d) in the Shoot of Savory plant
Columns with a same letter have no significant difference based on Duncan's mean comparison test (p < 0.05).
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Figure 3- The effect of the experimentaltreatments on the concentration of nitrogen (a), phosphorus (b), potassium (c) and
nitrate (d) in the root of savory plant
Columns witha same letter have no significant difference based on Duncan's mean comparison test (p < 0.05).
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