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Introduction

Limited fresh water resources and access to these resources as well as providing food security for the growing
world population have led researchers to make extensive efforts in the field of optimal management of water
consumption and determining the cultivation pattern in different regions. Therefore, identifying cultivated crops in a
region and determining their area can be very effective in land management and water allocation in these regions.
With the growth and advancement of technology in the field of satellite and remote sensing in recent decades, the use
of satellite images in order to identify types of land use and types of cultivated products has expanded greatly. Sentinel-
1 (radar) and Sentinel-2 (multi-spectral) satellites have been very popular in agriculture due to their improved spatial
resolution (10 meters) and appropriate time resolution (5 days for Sentinel 2 and 12 days for Sentinel 1).

Materials and Methods

The studied area is located downstream of the Fariman dam in an area of 22.51 square kilometers (5122 hectares)
and the central coordinates are 35 degrees 41 minutes and 59 seconds north latitude and 59 degrees 50 minutes and
49 seconds east longitude. In order to classify satellite images and produce crop maps, ground observation data is
needed to train the classification model and also evaluate the accuracy of the results. For this purpose, sample points
were taken from different land uses in the region, using GPS. Since it was not possible to take enough samples for all
land uses and crops in the determined border, a larger sampling area was selected. Then, all collected data were sorted
and for each class, 70% of the data was randomly used to train the classification model and 30% was used to validate
the obtained classification results. In the present study, Sentinel 2 satellite images for the first 6 months (crop season)
of 2021 and 2022 and digital elevation image (DEM) of the study area were considered. According to the surveys
conducted and the reports of the agricultural jihad of Fariman city, the main crops cultivated in the region include
maize, tomato, sugar beet, wheat and barley. Therefore, according to the phenological stages of these products in the
region, the appropriate time series of images was selected. The accuracy of the classified map was evaluated using the
Kappa coefficient and overall accuracy.

Results and Discussion

In order to identify and separate the land use in the study area according to the major cultivated crops, first the
agricultural calendar of the crops was determined. Then, satellite images were selected based on crop cultivation
period. Based on the evaluation indexes of commission error, omission error, overall accuracy as well as the Kappa
coefficient, it was observed that the identification of classes and land use was done well and with high accuracy, so
that the overall accuracy for the classification map of 2022 is equal to 0.97 and the kappa coefficient value was 0.94.

©2023 The author(s). This is an open access article distributed under Creative Commons
Attribution 4.0 International License (CC BY 4.0), which permits use, sharing, adaptation,
Ev distribution and reproduction in any medium or format, as long as you give appropriate credit to
the original author(s) and the source.
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In order to compare land use changes during the two years 2022 and 2021, classification was also done for the images
of the crop year 2021. Since the training samples of agricultural crops were not available separately and in sufficient
numbers in the crop year of 2021, the classification map of this year was produced only based on the type of land use,
and all crops in one class entered the classification model training process. The values of overall accuracy and kappa
coefficient in 2021 were obtained as 0.97 and 0.95 respectively. According to the obtained results, the area of the
orchard class has increased since 2021 compared to 2022. After repeated field visits to the study area and investigation
of some land uses that had been changed and turned into orchard use, it was found that in some areas in 2022 there
was the growth of villa gardens and in some areas the farmers have converted cropland to orchard (construction of an
orchard). Even in some cases, the old orchard in the region was destroyed by the farmers and the land was fallow for
2 to 3 years (2021, fallow). In 2022, the farmer built a new orchard. It is also necessary to mention that fallow lands
are included in the soil class depending on whether they are newly plowed or have no vegetation, and if weeds have
grown on these lands, they are included in the rangeland class.

Conclusion

The effective management of water resources from dams for agricultural purposes necessitates the
identification of land use downstream of the dams, along with determining the types of crops and their respective
areas. In this study, Sentinel 2 satellite images were employed to classify and delineate land use associated with
agricultural cultivation downstream of the Fariman dam in Razavi Khorasan Province, spanning the crop years of
2021 and 2022. The results indicate that the Sentinel 2 satellite demonstrates a high capacity to differentiate between
various types of land use and crops. The generated map depicting changes in land use and crop cultivation areas can
be instrumental in water use planning and the allocation of water resources.

Keywords: Allocation of water resources, Classification, Land use change, Land use map, Sentinel 2
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Figure 1- Geographical location of the study area
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Table 2- Results of evaluating the classification for land use and crops in 2022
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Table 3- Results of assessing the accuracy of the classification maps and the determination of the cultivation area in the two

crop years 2021 and 2022
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Figure 3- Land use/cover classification map of the study area, cropping season of 2022
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Figure 4- Land use classification map of the study area, crop season of 2021
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Figure 5- Land use/cover classification map of the area downstream of Fariman dam, crop season of 2022
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Figure 6- Land use classification map of the area downstream of Fariman dam, crop season of 2021
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Table 4- The agricultural area in downstream of the Fariman dam during the crop years 2021 and 2022
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Introduction

Flood is one of the most destructive natural disasters that has a negative impact on social, economic and
environmental dimensions. Floods usually occur following a prolonged period of rain or snowmelt in combination
with unfavorable conditions. In this regard, all over the world, the occurrence of floods has intensified by 40% in the
last two decades. In Asia, almost 90% of all human casualties caused by natural disasters are due to floods. The
increase in flooding is usually due to increased environmental degradation such as urbanization, increased population
growth, and deforestation. Periodic and regular occurrences of floods over a certain timeframe significantly amplify
the detrimental impacts on living organisms. Urban areas in close proximity to rivers bear the brunt of these damages,
owing to high population density, economic infrastructure, and transportation networks. However, these
consequences can be alleviated through meticulous vulnerability analysis. One of the primary objectives pursued by
researchers and policymakers is the precise modeling and zoning of floods to mitigate associated risks. Consequently,
a myriad of methods and approaches have been devised for flood risk modeling and zoning to address this pressing
issue. Among them, hydrological methods such as rainfall-runoff modeling and data-based techniques, which are
unable to comprehensively analyze rivers and flood zones due to their one-dimensional nature. This is despite the
fact that the morphology of the river is not stable and due to its high erosion potential, it also has a dynamic
characteristic. In addition, these methods require fieldwork and large budgets for data collection. Hence,
comprehensive flood management is necessary to reduce these effects. Therefore, this study was conducted with the
aim of identifying areas sensitive to the risk of flooding in Famnat watershed located in Gilan province. Fomanat
watershed is located in Gilan province and is considered a part of the first grade watershed of the Central Plateau.
This area is located in the range of 36.89 to 37.57 degrees north latitude and 48.77 to 49.69 degrees east longitude.
This region has an area of 3595 square kilometers, the highest point of which is 3088 meters and the lowest point is
-69 meters.

Materials and Methods

To carry out the current research, firstly, by reviewing the sources and history of the research, as well as knowing
the region, a map and layers of information related to the factors affecting flood susceptibility zoning were prepared.
These layers include land use map, slope degree, geology, distance from waterway, digital map of height, direction,
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shape of land curvature, land curvature profile, rainfall and topographic humidity index, which are created using the
collected data and also various additions in the environment. Geographic information system (Arcgis 10.4) was
prepared. In this regard, machine learning models such as generalized linear model (GLM), multivariate adaptive
regression model (MARS) and classification and regression tree model (CART) were used to zone the sensitivity of
the watershed to floods. Also, among 100 flood events, 70% (70) were considered for training and 30% (30) for
validation. In the following, using field survey and review of previous studies, 10 factors influencing the occurrence
of floods in the watershed area were identified and used. Finally, the area under the ROC curve and the TSS index
were used to evaluate the models.

Results and Discussion

The results of the evaluation of the most important factors affecting the sensitivity of the watershed to floods
indicated that the distance from the river, the height and the curvature profile had the greatest impact on the sensitivity
of the region, and on the other hand, the factors of slope, geology and topographic humidity index had the least impact.
Based on the obtained results, the areas covered by very low, low, medium, high and very high classes in the CART
model were 26.6, 17.6, 21.2, 0.1 and 34.0%, respectively. These results for the GLM model were 13.6, 12.7, 16.2,
25.1 and 32.4 percent, respectively. Based on the obtained results, the CART model performed better than other
models, so that AUC for MARS model was equal to 0.76, CART model was equal to 0.9 and GLM model was equal
to 0.84. Also, the better performance of CART model compared to other models was confirmed by other indicators.
So, based on TSS, MARS model equal to 0.52, CART model equal to 0.77 and GLM model equal to 0.66 were
obtained.

Conclusion

Implementing the findings of this study can facilitate the adoption of effective management strategies to mitigate
losses and casualties. Moreover, in developing nations grappling with restricted access to hydrogeological and soil
data, the utilization of geographic information systems (GIS) and data mining techniques assumes a pivotal role in
conducting comprehensive studies. These technologies offer valuable insights and support decision-making processes,
enabling proactive measures to address flood risks and enhance disaster resilience in vulnerable regions.

Keywords: Flood management, Flood mapping, Machine learning models, ROC curve
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Figure 2- Geographical location of Fomanat watershed in Gilan province and Iran
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Table 1- Results of multiple collinearity analysis between independent variables
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Table 2- The importance of independent factors used in the sensitivity of the watershed to floods
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Table 3- The area (percentage) of the areas in different flood risk classes in the Fomanat watershed, Iran
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Very high High  Moderate  Low Very low
CART 34.0 0.1 21.2 17.6 26.6
GLM 324 251 16.2 12.7 13.6
MARS 67.2 0.5 0.1 0.1 32.1
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Figure 4- Zoning map of flood susceptibility using GLM, CART, and MARS models
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Introduction

The study of surface water quality control in water resources and environment management programs is very
important. Surface water is one of the most important water sources that have crucial impact on agricultural,
industrial, drinking and electricity production activities. Due to insufficient water sources with good quality and the
increase in population growth rate and as a result of the increase in demand, the study of water quality parameters is
very important. The Water Quality Index (WQI) serves as a prominent indicator in classifying surface water quality.
Moreover, in recent years, the TOPSIS method has gained traction for evaluating water quality. This approach, known
for its simplicity, is increasingly utilized in prioritizing river water and assessing its quality. Through this index,
various components of water quality are condensed into a single numerical value, effectively expressing overall water
quality. To ascertain the weight index, Shannon's entropy method was employed. Furthermore, to assess water
suitability for drinking, agriculture, and industrial purposes, Schuler, Wilcox, and Piper diagrams were utilized. These
diagrams provide valuable insights into the quality of water, aiding in decision-making processes regarding its
utilization across different sectors. Therefore, the results of this study also confirmed the effectiveness of the TOPSIS
method in identifying contaminated stations.

Materials and Methods

This research focuses on evaluating the water quality of three stations within the Aji Chai river watershed on an
annual basis. These stations are identified as Arzanag, Akhola, and Markid. The assessment spans the years 2003 to
2021 and aims to classify water quality for both drinking and agricultural purposes. Utilizing the standards set forth
by the World Health Organization, the surface water quality index of the Aji Chai basin is investigated to ascertain
its suitability for drinking purposes. Shannon's entropy theory was used to prevent expert judgments in determining
the weight of each parameter. TOPSIS method was used to classify eleven qualities including TDS, EC, pH, HCOz
, CI, 502~, Ca?*, Mg?*, Na*, K* and TH. In all the three stations water quality were ranked, based on TOPSIS
numerical values. Also, in order to check the quality of drinking, agricultural and industrial water, Schuler, Wilcox
and Piper diagrams were used.

Results and Discussion

The initial findings from the %RE error analysis revealed that throughout the entire statistical period (2003-2021),
the %RE values were consistently close to zero, with the majority being positive. This suggests that the total number
of cations surpasses the total number. In terms of the Shannon water quality index, the results indicate that Markid
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station exhibited the highest index value at 945.92, while Arzanag station displayed the lowest value at 127.365
among the surveyed stations. The results of the water quality index showed that Arzanag and Akhola stations are in
an average condition (100 < EWQI < 150) and Markid station is in a very poor condition (EWQI > 200). According
to Schuler's diagram, it was found that the water of Arzanag station is in the average level in terms of water quality,
which is in a good position in terms of quality compared to the other two stations, while the water of Akhola station
is in a good position. In the range of poor quality, Markid water was undrinkable, which ranked worst among the
three stations. According to the Wilcox diagram, it was found that the water quality of Markid is very poor, which is
even outside the boundary of the Wilcox diagram, while the water of Arzanag station was ranked 1st in terms of
quality. Arzanag water is in CsS; class in terms of quality. Finally, the water class of Akhola station was placed in
the C4S4 class (in the Wilcox chart), which shows very low water quality. According to the TOPSIS method, the first
priority in terms of water quality pollution belonged to Markid station. Two other stations, including Akhola and
Arzanag, were ranked second and third in this respect. Therefore, the most important station in this basin is Markid
station.

Conclusion

The results of Shannon water quality index showed that among the stations, the highest index value is related to
Markid station with a value of 945.92 and the lowest one is related to Arzanag station with a value of 127.365.
According to Schoeller diagram, it was found that the water quality of Arzanag station is average, compared to the
other two stations, it was in the right place and the water of Akhola station was in the range of poor quality. The
quality of Markid water was found to be undrinkable, which was the worst one among all the three stations. The range
of TOPSIS values in different stations is between 0.054 and 0.894, which belonged to the Arzanag and Markid stations,
respective ly. According to the results of the Arzanag station, the best water quality condition and the Markid station
were assigned the worst water quality condition among all the three stations.

Keywords: Entropy, Piper, Water quality index, Water quality rating, Wilcox
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Table 1- Qualification of water quality based on quality index (Zhang et al., 2020)
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Table 2- Classification of water for agricultural purposes based on the Wilcox chart (Goudarzi et al., 2022)

ol g b $529WS (gl T S £
Water category Type of water quality for agriculture
CiSt EigtS Sl sp (2 Mol e

C2Sy, C25z, CiSe

CsSs, CsSz, CsSy, C2S3, C1Ss

C1S4, C2S4, CsS4, CaSy, CaSz, CaSa

Freshwater, completely harmless to agriculture
Sia9lS lp canlio Loy )9 (oS
Slightly salty, almost suitable for agriculture
piY Sl b (555l gl 9
Saltwater, for agriculture with the necessary
preparations
©539WS gl pe y9d Sl
Very salty, harmful to agriculture

(%RE) (g2 Joli glbd o> (o2 gl -Y Jg>
Table 3- The results of checking the percentage of ion balance error (%RE)

Jl &) Vol 5 30

Year Arzanag Akhola Markid
1382 (2003) 0.102 -1.185 -0.0539
1383 (2004) -0.001 -0.008 0.182
1384 (2005) 0.0258 0.017 0.009
1385 (2006) 0.031 0.010 0.017
1386 (2007) 0.013 0.002 0.000
1387 (2008) 0.009 -0.008 -0.433
1388 (2009) 0.015 0.008 0.006
1389 (2010) 0.020 -0.012 0.007
1390 (2011) 0.028 0.012 0.007
1391 (2012) 0.044 0.040 0.007
1392 (2013) 0.052 0.043 0.018
1393 (2014) 0.071 0.042 0.007
1394 (2015) 0.033 0.047 -0.002
1395 (2016) 0.038 0.050 0.003
1396 (2017) 0.052 0.047 0.006
1397 (2018) 0.062 0.030 0.021
1398 (2019) 0.048 0.023 0.004
1399 (2020) 0.014 0.027 0.000
1400 (2021) 0.045 0.027 0.008
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Table 4- Summary of descriptive statistics of studied parameters and WHQO's optimal limit for drinking water

J';:u" U91.\a.4..\>

Pl Sl Sl oo e WHO
Parameter Minimum  Maximum Average  Standard VYWHO optimal

deviation limit
TDS(mg/l) 1524.54 13762.94 6122.27 6662.52 100

EC(umhos/cm) 2249.65 21179.14 9424.19 10250.22 1500
pH 7.79 7.86 7.83 0.036 85
HCO3 (mg/lit) 179.77 311.97 246.73 66.11 120
CI~(mg/1) 46753 8432.73 3401.37 4377.31 250
S0%~(mg/1) 276.04 892.72 491.04 348.15 250
Ca?*(mg/1) 114.99 390.29 212.85 153.94 200
Mg?*(mg/1) 55.90 132.93 83.52 42.66 150
Na*(mg/l) 287.28 5227.88 2117.35 2715.89 200
K*mg/l) 6.83 12.36 9.62 2.76 12
e (moll cace:) 548.45 1529.63 881.39 561.46 300
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Table 5- Calculated values of EWQI index based on the
annual average in three stations of Arzanag, Akhola and
Marki during the statistical period (2003-2021)

ol EWQI e Ll ,ludie Ol CubsS Curdg
Station EWQI index value  Water quality status

&) 127.36 bosts
Arzanag Medium

Yyl 219.67 bosio
Akhola Medium

5 2 945.92 s Sy
Markid Extremely poor
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Table 6- Results of ranking of the selected stations using
the TOPSIS method in Aji Chai basin
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Figure 2- Schoeller diagram for Arzanag, Akhola and Markid stations during the statistical period (2003-2021)
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Figure 3- Wilcox diagram for Arzanag, Akhola and Markid stations in the period 2003-2021
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Figure 4- Piper diagram for Arzanag, Akhola and Markid stations in the period 2003-2021
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Table 7- Type and surface of water in three stations of Arzanag, Akhola and Markid in the period 2003-2021
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Introduction

Large amounts of agricultural waste such as straw, leaves and pulps, with high nutritional value are produced every
year. Grape pomace (GP) is rich in macro- and micro-nutrients and can be used as a soil amendment. However, due
to its slow decomposition rate and the spread of diseases and pests, it should not be applied directly to the soil.

Therefore, GP is composted in combination with other wastes. There is not enough information about the composting
of GP and the effect of the produced composts on soil fertility in Iran. Hence, the aims of this study were twofold: to
explore the impact of various GP composts on both soil fertility and spinach yield, relative to two levels of urea
fertilizer, through a pot experiment conducted over two consecutive cultivation seasons; to categorize soil treatments
based on fertilization regimes and timing (season), thus elucidating any patterns or trends in the observed effects.

Materials and Methods

To investigate the effects of GP composts on soil fertility and spinach (Persius hybrid) yield, an outdoor pot
experiment was conducted as a randomized complete block design with eight compost treatments, two levels of urea
fertilizer (46%), and a control treatment (CO), in three replications and two continuous cropping seasons (spring and
fall). Compost treatments included: high grape pomace (HG) (60-63%) with chickpea straw and alfalfa (HG-Ch-A),
high GP with chickpea straw and sugar beet pulp (HG-Ch-B), high GP with alfalfa and sugar beet pulp (HG-A-B),
high GP combined with chickpea straw, alfalfa, and sugar beet pulp (HG-AII); four other compost treatments included
low level of grape pomace (LG) (37-42%) combined with other residues/wastes similar to the first four treatments
(LG-Ch-A, LG-Ch-B, LG-A-B, and LG-All). Urea treatments included: 150 kg per hectare (C150) (two-step top
dressing) and 500 kg per hectare (C500) (three-step top dressing). A sandy loam soil was used for this experiment.

The composts were separately mixed into the soil at a rate of 2% (by weight). The first crop was grown for 50 days

in May 2018 and the second crop was grown for 45 days in September 2018. In both seasons, the fresh and oven-
dried weigh of spinach shoot and root were determined. Also, total concentration of K, Na, Ca, Mg, P, Fe, Zn, Cu,
and NOs™ were measured in spinach to determine the amount of soil elements taken up by the crop. In both seasons,
soil pH and EC, and contents of soil organic carbon (OC), active carbon (AC), total nitrogen (TN), NOs, NH4*, and
exchangeable K, Ca, Mg, and Na, as well as available forms of P, Fe, Cu, and Zn were determined. One-way
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ANOVAs were applied separately to spring and fall data, and mean comparisons were made using Duncan's test at
0.05% level. To determine the similarities and dissimilarities of the different treatments based on their effect on soil
characteristics, cluster analysis was performed on all soil characteristics that showed significant differences between
treatments.

Results and Discussion

In both cultivation periods, TN levels exhibited no significant variance across treatments. Notably, the highest
potassium (K) levels were consistently observed in the HG-AIl and LG-All treatments, while the lowest K levels
were consistently recorded in the C0O, C150, and C500 treatments. In the initial cultivation period, no notable
differences were observed between the C0O, C150, and C500 treatments, except for potassium (K) and ammonium
(NH4+), with significantly higher levels detected in the CO treatment. Conversely, during the second cultivation
period, significant disparities were observed among the C0, C150, and C500 treatments solely in terms of nitrate
(NO3-) content, with notably higher nitrate levels detected in the C150 and C500 treatments. Through cluster
analysis, all treatments from both cultivation periods were categorized into five distinct groups. Specifically, the CO,
C150, and C500 treatments for each season were consistently grouped together, respectively, into groups one and
two. All compost treatments of each season, except the HG-AIl treatment in the spring cultivation, were grouped into
one class. In the second cultivation, the HG-Ch-A showed significantly higher EC than all treatments, except the
HG-Ch-B. The LG-A-B treatment showed the highest amount of OC and C/N (in both cultivations), and NHs* and
Cu (in the second cultivation). The HG-Ch-A and HG-Ch-B treatments increased TN, P, K, Mg, OC, and AC in the
second cultivation compared to the first. The amounts of all macronutrients and micronutrients, except Fe and Ca,
increased in the compost treatments compared to the control and chemical treatments. In addition, an increase in EC
was observed in the compost treatments compared to the control and chemical treatments, and an increase in pH
compared to the C500 treatment. In the first cultivation, the LG-Ch-A and C500 treatments had significantly higher
yields than the control. In the second cultivation, the LG-All, HG-All, HG-Ch-A, and LG-A-B treatments were the
best compost treatments, while the LG-Ch-B and HG-Ch-B treatments were the weakest treatments in terms of soil
fertility and plant yield. In both seasons, the absorption of elements by spinach depended on multiple factors,
including the element type, its available content in the soil, its initial content in the composts (or fertilizer), soil pH,
and yield.

Conclusion

The application of GP composts over two consecutive growing seasons increased the levels of nitrogen,
phosphorus, potassium, magnesium, zinc, copper, active carbon and organic carbon in the soils. These results are very
important as magnesium, copper and zinc are rarely applied by farmers. In contrast, depletion of all elements, except
organic carbon, occurred in the control and chemical fertilizer treatments due to plant uptake of elements. The
combination of chickpea straw with sugar beet pulp is hot recommended for the production of GP compost, especially
at low GP levels, due to its minimal effect on soil fertility and plant yield. Despite the positive effect of the GP
composts in increasing soil fertility, the continuous application of large amounts of these composts is not
recommended in the arid regions due to the increase in soil EC and pH. The difference between the compost treatments
after two applications of GP composts was less than after one application; these results were confirmed by cluster
analysis, in the sense that all compost treatments in the second season were placed in one cluster.

Keywords: Grape pomace, Organic carbon, Soil nitrate, Sugar beet pulp
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Table 1- The ratio of raw materials in compost piles (based on the fresh weight) and characteristics of raw materials

adgl dg0 2551 &9l 35 (E¥hwgS 35 PRV 395 ol8’ soxiy s S
Feedstock Grape Cow Sheep Wheat Chickpea o Sugar beet
Alfalfa Molasses
pomace manure manure straw straw pulp
Lows
- (%)
Treatment
HG-Ch-A 63 7 7 11 4 4 - 4
HG-Ch-B 60 7 7 11 4 - 7 4
HG-A-B 60 7 7 11 - 4 7 4
HG-All 62 7 7 11 2 2 5 4
LG-Ch-A 42 8 8 12 13 13 - 4
LG-Ch-B 37 7 7 11 11 23 4
LG-A-B 37 7 7 11 - 11 23 4
LG-All 38 8 8 11 8 8 15 4
B S5
Characteristics
Qi 1.89 1.80 1.64 0.32 1.02 327 1.40 1.24
N (%)
o o 42.7 353 28.8 37.7 34.0 39.1 35.8 27.4
oC (%)
g & o) S 226 196 176 117 33 12.0 25.6 22.1
C/N
Elﬁ‘ 4.2 9.1 8.6 6 4.8 5.7 5.1 7.4
p
F eela 33 7.8 7.9 2.1 45 49 13 9.0
EC (ms cm™)

adsl Slg plos 31 JSiza Al gy A 13556 oS :Ch atin dlis B ¢ gtiunsS 355 Sh 155l 355 C 1551 s o5 o LG 551 5 VU s HG

HG: High level of grape pomace; LG: Low level of grape pomace; C: Cow manure; Sh: Sheep manure; B: Sugar beet pulp; Ch:
Chickpea straw; A: Alfalfa; All: Composed of the all raw materials.
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Table 2- Characteristics of the initial soil and final composts

e
gl SB CowgaoS
. Composts
et Initial
) soil HG-Ch-A LG-Ch-A HG-Ch-B LG-Ch-B HG-A-B  LG-A-B  HG-All  LG-All
Indicators
pH 8.26 8.4° g8.1¢ 8.6° 8.4° 8.0¢% 8.3¢ g8.1¢ 8.0¢
Oi9r “C” /T\“f G 9.17 12,70 12,6 14.2% 15.4° 13.3%¢ 11.3« 12.4bed 10.7¢
2 4 parigel S 0.71 0.0054%  0.0029°¢ 0.0135°  0.0110%  0.1072®  0.0094"™  0.0732@  0.0090"
NH4+/NO37
s 22 Gl ND* 6.32 6.5° 6.1° 712 6.4° 752 7.2° 552
SAR
S i 250 833" 14602 5461 776" 800° 837° 642° 786°
EC (us cm?)
s 135 3627° 3473 3113% 3033°¢ 3083° 2833°¢ 2713¢ 2573¢
P (mgkg?)
ey 265.3 125672 125672 117672 109002 106772 125002 123672 110002
K (mg kg™
s 155.6 2600 2090 ¢ 2430%° 2700° 2053° 2460%° 24273 2020°
Na (mg kg™)
foelS 1282.6 2296 2797 1587°¢ 1280° 2463 2088° 2714%® 30902
Ca(mgkg™)
i . 12.2 2609° 760° 2761° 25332 963° 1343° 963° 1241°
Mg (mg kg™)
ol 45 8104 ot 7687 % 106892 8886 7555¢ 9565 9322 9839%®
Fe (mg kg™)
9 0.39 1122 103 115 1082 97t 106 1042 105
Zn (mg kg™?)
o 0.59 34.8° 32.12 3552 34.3° 35.12 335° 3437 33.2°
Cu (mg kg™)
posisel 26.4 2.8°¢ 3.7 3.4 5.0 38.7¢ 45 35.1° 6.9°
NH,* (mg kg™)
el 36.3 524°¢ 12912 255¢ 483 362¢% 491 478 787°
NOs (mg kg™)
I oS 0.64 15.6% 19.1° 19.52 15.0% 16.0% 12.5% 142" 10.0°
OC (%)
& oo 0.07 1,280 152 1.4% 1.0° 1,280 1.1b¢ 1.10¢ 0.9°
TN (%)

Sglize g > by bbb cygis y 5 sl Slge plas 1 UStze Al 13956 olS :Ch ¢iin dlis B aoisy A 55] dlis o o LG 1,55 dlis £Vl o HG
(P<0.05) )5 (g foline 333

Gl 045 J)SAJ\AJI:*
HG: High level of grape pomace; LG: Low level of grape pomace; A: Alfalfa; B: Sugar beet pulp; Ch: Chickpea straw; All: All three raw

materials. Means followed by different letters within a column are significantly different (p<0.05).
*: Not determined.

Van der) 13l p)SskS 2 pS ko Vo ) a8 ot g pasisel 5
9 pasigel clale ggamme 4 Sloj ¢ Jbb opl L (Wurffetal., 2016
psigel o il p)T5LS 51 5 (oo YO+ 51 5V CusgraS i
-uslio (as s psigel 5 Syt llas jlake b duglio 5> i 4
Sl 4 pasisel Comd g1 ol Cusgia Eols byl el 55
;CQCC- California) sl bl jao 4 @b jlow CuvgreS
.(Compost Quality Council, 2001 Van der Wurff et al., 2016
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Table 3- Parameters determined in final composts and different standard threshold levels of maturity and quality indicators
for compost

ol b

9 3l liw! dwnsgo ol - o o159 d')}‘; Y 6‘)9‘:’
oyl oo ligios e Cudlagy 29V s ey e
; European . Lyl Cowgaes’
Institute of The World Quality Canadian Council California
Enslys Standards and Health of Ministers of the -
Wawlind ‘5,\’/”'; 2;“:5::&” Industrial Research  Organization Agiﬁg?r?g € Environment Cégm? ;ft(gggg
u
Parameters of Iran (lisl) (WHO) (CCME)
methods (ECN-QAS) =
A B A B Sdgwy Oy
Very  Mature
Mature
FuSE 50 50
Ash (%) (Yeomans & Bremner,
s 1988
o ol ) >35 >25 10-30 >15 530 >15  >30
OM (%)
Mens
oC (%) CHNS analyzer >25 >15
o (Papadimitriou et al
pH apadimitriou et al., 6-8 6-8 6-9 4-9
(1:10 compost to 1997)
water ratio)
SopsIh el
EC (ds m™) (Sénchez-Monedero et < <14 <19
(1:5 compost to al., 2001) -
water ratio)
e Ol o
SAR <10 <10
by ) 5000- )
K (mg kg?) (Zheljazkov & Warman, 5000-18000 ;509  1000-28000
2002) flame photometry
PR
Na (mg ka) <250 mg/L
Ca (;:“Kk 1) (Zheljazkov & Warman,
Ag‘ g 2002) (Cheng & Bray,
e 1951)
M (moka) (Zheljazkov & Wi
- eljazkov arman, ) )
s 2002) (Motsara & Roy, o0 3960 2000-38000
P(mgkg™) 2008)
By
Fe (mg kg™
(Mg kg™ (Zheljazkov & Warman,
<9 " 2002) atomic absorption <1300 <1300 800-1200 <600 <500 <1850 200 500
Zn (mg kg™) spectrometer
e <650 <650 90-260 <300 <100 <750 70 150
Cu (mgkg™)
038 CHNS analyzer 1.25-166 1-15 0.3-15
N (%)
ool (Riley & Sinhaseni,
posige <75 75-500
NH,*(mg kg™ 1957)
@l
N Cataldo et al., 1975
NOz(mg kg™) ( )
Sl 4 posel o 053 053 <05 053
NH4/NO3
& Sl asls (Van der Wurff et al., =70 =70 90 >80 590 =090 =90 80-90
Gl (%) 2016)
09 & o5 S 1520  10-15 <25 <25 <25 <25 <25 <25
C:N (mature)
)
Moisture (mature) >15 >35 30-50 30-60 30-60 30-60

(*0)
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Table 4- The effect of eight grape pomace composts and two levels of urea fertilizer on selected soil properties

[
Calaa S Goss B " ) L
Bled o G dse Rl PR e s et Bt el T o
Treatme - © s NOs  NH, K Na Ca Mg Cu Zn Fe P
nts EC oc TN @A AC
C:N
(us em™) (%) (mg kg™
ke
Spring
Co 8.21  410.3°  0.49* 0.07* 65> 2188 70.0° 43.80 247.4% 150.7° 1295.9° 85.1°%° 0.73* 0.62° 4.95" 13.24™
C150  8.23% 376.0° 0.47° 0.08 5.9° 258.0° 98.7*° 30.7° 200.0° 161.1° 1339.3®® 83.1°%¢ 0.71*° 0.61° 4.45" 15.10%
C500  8.19%* 352.0° 0.50* 0.078 7.7% 236.6%¢ 83.8° 30.3° 1655° 163.8° 1336.0® 85.1* 0.72%¢ 0.62° 6.58° 11.24°
HG-Ch-A 843%™ 5057® 060* 0.08 8.1%° 286.5° 120.2¢ 16.6% 288.4*¢ 233.82 1302.6° 85.1% 0.65° 0.78™ 6.03® 17.01°
HG-Ch-B 849® 4223* 066 0.07° 10.4* 338.8 105.9° 16.8% 265.3¢ 219.5% 1362.7® 64.9%° 0.67°° 0.97* 4.96° 14.64>
HG-A-B 8.35% 5943* 064 0.07° 9.3%® 242290 5414 21 60 2730% 168.0° 1376.1®° 40.5° 0.66® 0.89* 5.39% 17.84°
HG-All 8.33% 566.0® 069 0.07° 10.12 201.8* 2119 184% 3345 214.2% 1356.0®% 105.4® 0.73* 0.82%® 7.99° 15.88™
LG-Ch-A 8.32®° 619.0° 0.69* 0.08* 9.5% 17119 79.5% 23,0 282.0% 200.0® 1356.0®° 73.0°¢ 0.70** 0.93® 495" 15.23%
LG-Ch-B 854® 550.0%° 0.66° 0.07*@ 9.7 3723 110.3* 10.9° 257.6° 203.6® 1416.2° 52.7° 0.65° 0.73* 525® 16.80
LG-A-B 839%™ 61270  0.72¢ 0.08* 10.1° 259.6° 41.9%¢ 19.9%% 310.1%° 192.9® 1416.2* 83.1%° 0.72%°¢ 0.88® 5.38% 16.71°
LG-All 813 677.3* 0.70° 0.07* 10.8° 269.0™ 80.3% 20.6%% 32930 192.9% 1362.7% 97.3% (.74 1.01* 4.22° 22.13°
b
Fall
Co 8.49% 160.3%  0.607 0.05° 12.1% 228.4° 36.7% 144%™ 181.2° 154.2% 1128.9%® 486> 053¢ 051¢ 393 12.0°
C150 8.49® 130.3° 055¢ 0.06® 95° 254.9° 81.0% 11.2° 170.0° 154.9° 1148.9% 567 0.58°¢ 055% 4442 8.1°
C500 835" 182.7°% 0.66°¢ 0.05° 14.9%c 195.6° 104.8° 13.9° 158.8° 154.9° 1149.0® 48.6™ 0.57°¢ 0457 425¢ 12.2°
HG-Ch-A 8.44%® 4053 0.95* 0.08 12.4% 437.6° 53.9% 191% 310.1% 154.9° 1035.4™ 109.4° 058 0.78% 391* 21.3°
HG-Ch-B 837" 312.7®® 0.79%% 0.08* 11.3"™  3754% 37.8% 1912 2849 157.7¢0 10454% 75.0% 054 0.62°%" 348 18.6°
HG-A-B  839® 216.7¢ 0.81™ 0.07® 11.1% 340.4° 81.9™ 14.9> 286.3" 152.1*° 1005.3° 93.2% (058 (.72%c 3858 2572
HG-All  849® 220.7%¢ 092 007 14.0®  3884%® 456% 23.3* 3115® 1549% 1209.1* 56.7* 0.59%¢ 063 328 21.8
LG-Ch-A 852® 270.0® 0.90* 0.06% 158%  365.0® 956% 17.8% 289.1% 160.6* 1115.6% 77.0®° 056™¢ 0.87% 3.85* 22.8*
LG-Ch-B 858 255.7* 0.70% 0.07® 12.0°  368.9%® 61.9¢ 165 2835 164.8° 1195.7*% 22.3° 0.63* 0.69°¢ 4.19* 19.1°
LG-A-B  844% 2463* 104*° 005" 195° 365.0® 67.2¢ 258 298.9% 157.7*° 1215.8* 77.0® 0.69*° 0.83* 4.26° 20.7°
LG-All  8.49® 199.0% 0.92% 008 13.3% 3482 25.6° 185% 324.1% 1585% 1235.8% 64.9° 0,622 0.78% 3.60° 255

Al B assgy A oSl Al o8 o (LG 4ol Alis gV s HG 4o )3 ¥ 00] S 13 p,55LS 0+ + :C500 cas)> ¥ 0)9] b j3 p,55LS YA+ :C150 caalis :CO

(p<0.05) 15,ls (g boline EMB] cglisie Cigys b (sl puSSlie ygiw o 53 tadgl dlge plos 3 JSize :All 3456 o5 :Ch ¢y

CO0: Control; C150: 150 kg ha* of urea 46%.; C500: 500 kg ha™! of urea 46%; HG: High level of grape pomace; LG: Low level of grape
pomace; A: Alfalfa; B: Sugar beet pulp; Ch: Chickpea straw; All: All three raw materials. Means followed by different letters within a
column are significantly different (p<0.05).
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Figure 1- Two-step cluster analysis for soil treatments (a) and importance of soil properties in clustering (b)
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Table 5- The effect of eight grape pomace composts and two levels of urea fertilizer on yield of spinach
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reatments ) ] Treatments  Sygaflw o o Ay, Sis

" Sy e Ay A L Sy g bl

e b Shoot Root Ay
spring Shoot Shoot Root fresh Root Eall fresh Shoot dry fresh

fresh dry weight dry a i weight ; Root dry
: | ! weight weight weight
weight weight weight
g pot* g pot*
Cco 451« 6.5 41° 1.1° Cco 21.6¢ 2.8° 6.3° 2.4®
C150 44,54 6.8 3.9° 1.0° C150 41.03° 5.2® 11.9%® 3.4®
C500 74.2% 10.0® 5.9% 1.6% €500 40.6%* 49%® 8.2%® 20°
HG-Ch-A 60.3 7.93¢ 6.6% 1.8% HG-Ch-A 43.93>° 5.6%® 18.2% 49%®
HG-Ch-B 68.7 %% 10.8%® 6.5 1.8% HG-Ch-B 29.0% 3.7 11.0%® 4.7%
HG-A-B 53.4bcd 7.73%¢ 5.4%® 15%® HG-A-B 29.3 3.9%® 9.7%® 43%®
HG-AlI 56.1 ¢ 7.1 45° 1.2° HG-All 48.1%® 6.32 19.5¢ 8.0%
LG-Ch-A 84.72 11.82 8.0% 2.2° LG-Ch-A 41,23 5.4%® 12.5% 41%®
LG-Ch-B 56.9 ¢ 8.5 5.3 1.4% LG-Ch-B 26.4% 3.2® 7.2%® 25®
LG-A-B 66.23¢ 9.6%° 6.7 1.8% LG-A-B 56.4% 6.4° 13.7%® 3.8®
LG-All 37.5¢ 5.4° 36° 1.0° LG-All 49.8% 6.4°2 11.5% 3.3%®

A Sl dlis o s LG 55 s oYL o HG a3 ¥5 0y )i 13 )55k B :C500 o3 ¥5 051 S 3 p,5 5k 10+ :C150 canls :CO

(P<0.05) 35)ls (s oline B3] ciglisie g y> b (sl yeSilin ysi 10 > sl Slgn plos 51 e Al 3556 ol Ch ¢yuiis Al 1B saosisy

CO0: Control; C150: 150 kg ha'! of urea 46%.; C500: 500 kg ha* of urea 46%; HG: High level of grape pomace; LG: Low level of
grape pomace; A: Alfalfa; B: Sugar beet pulp; Ch: Chickpea straw; All: All three raw materials. Means followed by different
letters within a column are significantly different (p<0.05).
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Table 6- The effect of eight grape pomace composts and two levels of urea fertilizer on uptake of nutrient by spinach in two

seasons
o oy 2w oS’ o2 o pro ool &9 oo Ol
Treatment K Na Ca Mg P Fe Zn Cu NOs
mg pot!
M
Spring
Cco 618.0% 13.1% 90.4%¢ 23.7% 17.8%f 5.26° 0.55° 0.25° 8.39¢
C150 586.4¢ 10.4¢ 66.4 25,90 15.6° 9.19% 0.520 0.69% 5.784
C500 1130.3* 18.7% 121.9% 32.7% 17.7%F 8.60% 0.87%* 0.42%¢ 34.47%
HG-Ch-A 993.8%%¢ 30.0% 87.6%* 47.8%¢ 31.5%4 7.80% 0.73%¢ 0.43%%° 7.25%
HG-Ch-B 960.4%4 21.6%¢ 116.7% 60.5% 40.9* 9.43%* 0.77%° 0.50%° 11.84°
HG-A-B 698.6°%% 21.0%¢ 89.6%° 38.90 34.4%¢ 7.11% 0.64*4 0.41%¢ 10.88°
HG-AIl 752.6"¢ 20,78 97.8%¢ 23.7% 23.4%¢ 5.29° 0.58 0.26" 7.35%
LG-Ch-A 1085.9% 26.8%¢ 114.1% 75.7° 30.3% 10.70% 0.99% 0.67%® 17.24°
LG-Ch-B 767.3%¢ 19.2% 47.1° 81.0% 19.3¢ 8.22% 0.42% 0.51%¢ 9,94
LG-A-B 1003.4%* 30.0% 106.9% 54.,6%¢ 25.4%¢ 9.08%® 0.570« 0.50%* 14.51%
LG-All 473.7° 39.0° 69.8 12.44 7.97 6.90% 0.30¢ 0.47%¢ 12.42b
b
Fall
Cco 214.1° 5.2 10.0° 21.2% 7.2¢ 1.38° 0.17 0.04° 6.25%
C150 396.8% 5.9% 20.3 43.6% 12.3%d 2.14% 0.28* 0.08% 11.30%°
C500 368.32%° 2.6° 25.2%¢ 33.73%¢ 12.6%4 2.69% 0.26%° 0.07%® 10.53%¢
HG-Ch-A 455,9% 5.0% 30.9% 36.1%¢ 13.6%¢ 2.75% 0.27% 0.08? 9.443°
HG-Ch-B 295.0% 5.2% 22.3%¢ 18.1¢ 8.7« 1.81%® 0.17% 0.03° 8.98%°
HG-A-B 303.6™ 2.6° 19.0% 18.6¢ 8.90cd 1.16° 0.13° 0.03° 6.22%
HG-AIl 405.47%¢ 2.9° 29,23 28.4% 15.7% 2.92% 0.31° 0.07%® 17.49%
LG-Ch-A 439 43¢ 2.6° 22.3%¢ 39,13 14.5%¢ 1.89% 0.24%¢ 0.04° 14.47%¢
LG-Ch-B 272.7% 552 16.4% 18.7¢ 8.6« 1.19° 0.14 0.03° 4.52°
LG-A-B 539.22 9.12 41.5° 40.5% 17.6% 3.072 0.29° 0.07%® 14.15%¢
LG-All 488.6° 8.3%® 32.1%* 40.5% 16.0° 1.24° 0.28* 0.07® 20.45%

A S A 1S o (LG €655l i VU s (HG 00,3 ¥ 0 )9] jliSan 13 p,55LS 0+« :C500 tauo )5 ¥5 05l )i ;5 p,55LS V0 :C150 cualis :CO
(p<0.05) 5)ls (g,l5 sime M| glite Bgys b (slo 1 Slo (i o )3 fasl dlgo plos 5l Suiiie :All 3556 oS :Ch ¢ jaiss Al :B fasgsy
CO0: Control; C150: 150 kg ha* of urea; C500: 500 kg ha* of urea; HG: High level of grape pomace; LG: Low level of grape
pomace; A: Alfalfa; B: Sugar beet pulp; Ch: Chickpea straw; All: Composed of all raw materials. Means followed by different

letters within a column are significantly different (p<0.05).
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Introduction

Application of natural organic matter derived components, i.e. humic acid, as fertilizer is a suitable way to improve
soil fertility and increase yield and quality of agricultural products. Many researchers reported positive effects of
humic acid on water holding capacity, soil aeration, root formation and development, microorganism activities, and
availability of mineral nutrients in soil. Antagonistic interaction between soil phosphorus and some micronutrients,
especially in calcareous soils, can cause micronutrients deficiency in plants. With regard to positive effects of organic
compounds on bioavailability of mineral nutrients, it seems that humic acid can positively affect the phosphorus
interaction with micronutrients. Therefore, investigation of the effects of humic acid incorporated into irrigation water,
phosphate and iron fertilizers application, on nutrients concentration in plants and their interactions is considerable.

Materials and Methods

This study was carried out to investigate the effects of application of humic acid in irrigation water, and phosphate
and iron fertilizers in soil, on corn growth and concentration of P, Fe, Mn, Zn, and Cu in corn tissues. To this aim, a
factorial experiment was conducted based on completely randomized design, with three replications in greenhouse.
The factors included humic acid in 0, 70, and 140 mg kg levels, (7 times as fertigation during growth season; total
use equal to 0, 490, and 980 mg kg™ of soil, respectively), phosphorus (P, as monocalcium phosphate monohydrate)
in 0 and 50 mg kg levels, and Fe (as ferrous sulfate heptahydrate) in 0, 10, and 20 mg kg levels. P and Fe treatments
were mixed with 4 kg of air-dried soil (<2 mm in diameter) and filled to the pots. Six seeds of maize (Zea maye L.
cv. Single cross 704) were seeded per pot, and three seedlings were finally kept and grown for two months. After
harvest, fresh and dried weight of shoots were measured. The roots were accurately extracted from the soil, washed,
dried at 65°C, and weighed. Sample digestion and measuring concentration of P, Fe, Mn, Zn, and Cu were done
according to conventional methods (P by a UV-Visible Spectrophotometer and metal elements by the GBS Savant
Atomic Absorption Spectrometer). Statistical analyses were done by the IBM SPSS Statistics version 26 software.

Results and Discussion

According to this study results, the main effect of humic acid, on P concentration and dry matter of shoots and
roots, was statistically significant. In presence of P (2nd P level), 490 and 980 mg kg™ humic acid levels significantly
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increased the mean of dry matter compared to blank while humic acid had no significant effect on means of shoots
and roots dry matter in 1st level of P (no P application). Increasing humic acid level from 490 to 980 mg kg7,
significantly decreased mean of shoots dry matter. The interaction effect between humic acid and the other two
factors exhibited statistical significance concerning root dry matter. The treatment combination of 50 mg kg* of P,
490 mg kg of humic acid, and 20 mg kg™ of Fe yielded the highest mean root dry matter, which was 97% greater
than that of the control. The 2nd level of P significantly increased the means of shoots P concentration in all levels
of humic acid and Fe factors, compared to those of the 1st P factor level. There was no significant difference between
means of shoots P concentration in different levels of humic acid and Fe factors, at the 1st level of P factor, separately.
On the other hand, at the 2nd level of P factor, significant differences were observed between the means of P
concentration for both other factors (significant interaction between P and humic acid, and between P and Fe Factors).
Applying humic acid could significantly increase the means of shoots P concentration at the 2nd level of P factor,
but there was no significant difference between those of 490 and 980 mg kg* levels. About the effect of Fe factor on
shoots P concentration, only 10 mg kg* level of Fe significantly increased it. The main effect of the P and humic
acid factors and interaction of the P and Fe factor on roots P concentration, were statistically significant. Roots P
concentration increased significantly by 490 and 980 mg kg humic acid levels. A significant increase of roots P
concentration was observed in the 1st P factor level and 10 mg kg* level of Fe compared to the blank, and in 50 mg
kg! level of P, Fe factor had no significant effect on it. The results showed that humic acid could not improve P
uptake by corn from the soil with low available phosphorus (Olsen extractable P lower than 4 mg kg?). The humic
acid factor had no significant effect on Fe concentration of corn shoots, but its main effect and its triple interaction,
with two other factors, on Fe concentration of the roots were statistically significant. There was no significant
difference between the means of roots Fe concentration at the 1st level of P factor (9 treatments, various levels of
humic acid and Fe factors). The highest mean of root's Fe concentration was found in treatment of the highest level
of each factor, significantly more than those of the most of other treatments. About the Mn concentration in corn
tissues, the Mn concentration in shoots was significantly increased by P fertilizer application, and Mn concentration
in roots was significantly affected and increased by 490 and 980 mg kg™ humic acid levels. The means of Mn
concentration of roots in 490 and 980 mg kg* humic acid were not significantly different. The Zn concentration of
corn shoots was significantly affected by interaction of the P and humic acid factors as the highest mean of it was in
0 mg kg of P and 980 mg kg* humic acid levels, and there was no significant difference between those of other
levels. The Zn concentration of corn roots was significantly increased by P applying and affected by the interaction
of humic acid and Fe factors. When humic acid was at zero concentration level, Fe application of 20 mg kg*
significantly decreased the Zn concentration of corn shoots while with humic acid application (490 and 980 mg kg
1 no significant difference was observed between the means. This result showed that humic acid can decrease the
antagonistic effects of Fe and Zn in soil. The Cu concentration in shoots was significantly affected by the P and Fe
factors. Usage of P fertilizer significantly increased the Cu concentration of corn shoots; on the contrary, the 2nd and
3rd levels of Fe factor (Fe applications) significantly decreased Cu concentration in shoots of corn. Moreover, using
humic acid could significantly increase Cu concentration of corn roots without any significant interaction with the
other two factors.

Conclusion
The findings suggest that in soils with very low available P, humic acid alone does not enhance the growth
and dry matter yield of corn. However, the efficiency of phosphate fertilizer can be enhanced by applying humic acid
fertilizer through irrigation water. Additionally, humic acid has been observed to mitigate antagonistic effects
between P and certain micronutrients, as well as reduce antagonistic interactions among metal micronutrients. For
the positive effect of humc acid on growth and adequate chemical composition of corn, concentration of 490 mg kg
! humic acid is recommended.

Keywords: Chemical composition, Dry matter, Fertilizer, Micronutrients, Organic acids
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5 Ofon B Ay Gl Lol jregd Gl slaass
(Ghorbani ) l,Ken 5 Sb,3 (Cavani et al., 2023) wisy o
» ‘LS)L.‘?.] g.j 5 &.uo}db .\.w;l b).g)lf )_,l ) ).)et al., 2010
Sl 3l oolal 48" Wiy 4o opl 4y @)d 3 Slas slial 5 5 Slas
Slas 1 Sy g by Slas ply e @l Sle o Siogun
2 Sl o bl cpl a8 sl awsh b 5 Slee b bagye ol);
Olgie & Siagen dunl A3l obS (Sojgls 2 bl b Sgme (geons
eSS oljadey Gl (Sl d9g0 el JI 38T S
«SB 0 dde sl e My 4 SoST SB Sl g i
wlaags a5l el g olie polie gilodlil g JMoul 4 S8
dgo cpizen (Oktem & Oktem, 2020) 25,5 o (ol
2 oowd BB s 4 ) ol clacling wlyi e (Seogn
1y sl e el 3 les B my g a8 s SB
(Yuan et al,. 2022) > oLS
w5 9 olS D) (GoulS 3900t (vhe (ke pals (ogd Hhud
i g Myl &5 Gl (LS heghy pale (n5S S
Shud D Olﬁl)é My .(HO|fOI’d, 1997) Sl Sy9 o Jypaze
Sl QL“’L.S d‘)‘.’ ks L’)ﬁ‘ s J.:b ),{Jlii,o s )'\ &olown
JK8 4 SBjaed godes T canl GlalS 53 I 5eS sl
0392 ¢ 2bld g (sl Ll b 13 onndS b atiagll § 0] (glaclind
olawsd I g3l isw «(Li et al., 2016) k)l sl culMs
bS5 0SB adgp jl e 5o jhed ladgS )3 39240
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GLSA.’I u.)b oKiwd )‘ odlasw l) O™ 9 59y c/uim ‘uﬂ clale 9
b osly Jdoo g 4yjo0 b (6,505l GBC Savant AA - Jae

b Waools 5:55lke (sduliio 5 SPSS Statistic 26 58l 5 51 solizsl

plovl oy g Jlais] grdaw 43 ¢SSl (glaiald di 905 51 05lazl

=W

polie clale g Sis (59 p blew Sl (bl 4jo8 @l
X oY i 3 b ol A, 5 (48ho g 5 ) (lon plul olié
1951 aw ya )b e 55l cou plen plil Sis g ccanl odal
o3l Lol 8,8 1,5 yaljiud 5 Sogad Sol= i S oy 30 g
Sl g pnd ol ygiSB I sime il cow laid adyy (sale St
oo dw o S ea g Saged dpwljind S el «Siogn
b al5gs aSomy o b Jits jgbss ol 4 51 128,518
Py el )b Sl ady) SaS gy 2 S0 eS8l g
Sid 09 ¢ Sobdsine Sl G 4l o b Al (iSen
2 orl g had laygS B oloa pluil 1> @ult (el cuily ady)
Sl S Jls 3 Wil s gme Sl ue g opl Ghwd clale
(2l Pl )3 (pyp 3)90 paie gy jl Pl ClilE ) Shogn
(¥ Jgie) catls o ine b

S 4 i (1) S o p 5SS 3 )5 oo W+ ¥4+ s
SE p)S5hS 2 pSiden 00 g yo g 93 55 Oland pulSgign
cdaw 4w 3 oyl Slilgw S a0 4 al 9 (Masood et al., 2021)
3 e slolass B35 (S 4S5 g2 05 an Ve 5 )+ i)
S SRy Br) e 99 S5 SBpSES ke 4 ol
Lo lulS & g bolste og5dr 5 03938) (Canl odal V oo 3 S
5 Soasds pSlolug 9 )5 @B L bl V¥ ulS i o8,
by cutS Gl o SBgpte Blo aw Gos (Sl 5l
lass olS JolS” lyazl g oy w1 a0 5L gy dlaand (gAuwlo
0y Sl e B0l Bl o g Laas S ya )> axalS dw
Sl (slnslos g S g slaiie Of Cogh 6 yg0h (65lo] sy
Golol Cog iy s plodl ¢ olyj cud il o> B0 )« Sioger
08 b 4 b el olys b )b o llS g oo I L
SE a8 wls 4 deg b nd S Jlel Siogn dowl glajlos
Cug dw )3 3l 3)90 (9 9 Cug S D mawly ol (S Sl o
4L5.\M)J) u_’lJ& )..oL.c )JL.» W 039)'§| Sk LY J9.l>u CHgo L
4 o Jog 0 e oo wltie oS5 ) 5o ol I e
L{bd.:% &uﬁl)).g 9 Lg)ﬁfo)’l.b‘ 9) dljzs)ml)l) >y dalo 90 dgd>
A Jgldio yhgy & adiges 5 pbos] SB pdaw (6520 5k V0
BB (55 9SS Sl (g 4 ) B gmade 42350 13 4
Vg bl SB I aady) glsanl wuilsy 5w gy w2
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Table 1- Some of physical and chemical parameters in soil before treatment and planting

SR Sl ) St
Parameter Value Parameter Value
=hi el (Gig cugb, 21 o3lizal L i 8
% Om, Fc Available P (mg kgt)
o 70 ol J6 el 279
Sand (%) Available K (mg kgt)
. * o slicsl LB -
e 13 sl J6 o 0.81
Silt (%) Auvailable Fe* (mg kg
o 17 Jostinad JB s, 0.45
Clay (%) Available Zn* (mg kg%
L_SB el Sandy loam . ozl J 55 1.37
Soil texture Available Mn* (mg kgt)
o - - a * a
S culan colls 354 _ olizsl B o 0.27
EC (dS m?) Available Cu* (mg kg™?)
pH 7.9

DTPA | ouss ‘5)5,:)[.4; *
*: Extracted by DTPA
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Table 2- Results of analysis of variance of shoots dry matter (g pot), P concentration (%), and Fe, Mn, Zn, and Cu
concentrations (mg kg) in corn shoot

Ol o (ke
Mean of squares

Sl e ey el Suis o
Sources of

variations df lop Hhowd o2l PR 33 o
Shoot dry P Fe Mn Zn Cu
matter
P 1 569.65™ 0.074™ 2343.90™ 12043.6™ 12.78" 105.57™
HA 2 41.64™ 0.001" 51.83™ 612.6™ 8.64M 9.30m
Fe 2 9.88" 0.001" 3273.14™ 112.4"s 1.79m 19.39™
P*HA 2 25.01™ 0.002** 727.21" 3.2m™ 17.79™ 9.95m
P*Fe 2 8.35" 0.001* 490.92" 448.1"™ 2.59m 2.66™
HA*Fe 4 1.87m 0.0003" 353.32™ 385.9™ 1.40m 3.99m
P*HA*Fe 4 1.26M 0.001"s 94.74" 346.2" 1.33" 6.44"
Error U 34 1.91 0.0004 244.63 199.8 3.26 3.22
Sl e 30.2 26.3 175 22.9 5.9 12.3
CV (%)

Aoy gy Jlein o )3 3 me pu NS 0 Jlassl prdaw ;5 )l gime 1 AV Jlain o 53 o ime st oyl O (Sagan dpl HA 5208 P
P: Phosphorus; HA: Humic Acid; Fe: Iron; *Significant at the 5% level; ** Significant at the 1% level; ns: not Significant at P=0.05.

(05 9kS 32 0,5 o) o 9 (595 ¢330 ¢ g (w0 )3) yund polic CRE (IS 2 05) by Sid (339 (il g 4525 @l Y oo
Oy g, 42
Table 3- Results of analysis of variance of shoots dry matter (g pot?), P concentration (%), and Fe, Mn, Zn, and Cu
concentrations (mg kg) of corn root

“ ©lagpo il
O s C‘:" ’ ; i Mean of squares
Sources 0 3l . sr L. " i g
Root dry matter P Fe Mn Zn Cu
P 1 32.59™ 0.0290™ 2178}1'01 3157.5™ 19.69" 101.30"
HA 2 2.94™ 0.0010" 56372.47"" 7239.1" 5.58m 79.38"
Fe 2 0.59" 0.0001m 31865.20" 22342 3.03m 46.96™
P*HA 2 2.81™ 0.0001m 7761.11" 3603.7 " 2.32m 10.96"
P*Fe 2 0.324" 0.0010" 35480.75™ 2756.7 ™ 1.10m 23.54m
HA*Fe 4 0.183™ 0.0001™ 13781.22™ 15126 "™ 15.78"™ 28.97ns
P*HA*Fe 4 0.75" 0.0003™ 17527.49" 1948.6 ™ 4.62ns 31.64m
(k> 34 0.27 0.0002 6502.46 1455.2 3.64 23.21
Error
Syt 24.4 30.1 253 31.2 4.8 22.1
CV (%)

Aoy gy Jlein] gaws y3 45 gxe e NS 0 Jlosol pdaw 3 o gz 1 A Jlass] grdaw (3 )l gime e ¢yl 0 (SKiogan dpul HA €500 P
P: Phosphorus; HA: Humic Acid; Fe: Iron; *Significant at the 5% level; ** Significant at the 1% level; ns: not Significant at P=0.05.
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3,8 L laylas 1 jieS (g0 pize yebody yauwd Bruao ol (lod
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Siid odlo gl 1Sl 5 (600 bixe BMB] Cunilgt youwd 3,
p9> glaw) yand b b ik b &S (G)90p> S Sbml (ol
oo (5 dme ysbd (il OF )3 Seagd dl 28 (yind
Ve aw jd Gl cp 5 gie g b LRl ) Ll plul Sis
1 oanlio (805 & S il 2o V¥) Sk 5 25 o
2ot p)SoS p p)S oo VP g ) ol plal SiS (g
olo gals (F Jodo) ol sl gals ol 4 cans ()l ne
2o b Seogan sl (63,18 Jlde (I3l L (5 9 Sid) oy
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Table 4- Mean comparison of corn shoot dry matter (g pot?) in different levels of phosphorus and humic acid

JERE L S o \Siho
Phosphorus Humic Acid (mg kg, 7 times as fertigation) Mean
(mg kg™ of soil) 0 70 140
0 9.38d 10.05¢ 9.464 9.658
50 13.85°¢ 19.022 15.80P 16.324
Oole 11.62¢ 14.28% 12.828
Mean

515 ¢y lol duoyd iy gaws 53 5SS (903l b e yld e gl it WlBed g Cogdnn S yiie g (gl &S olauSike
Means followed by the same letters with the same style, are not significantly different by Duncan's test at the 0.05 level.

Ol g yhad ilites ol 43 (IS 2 0,5) )3 (g eIl SWis (459 (e (Gammlie -0 Jgo
Table 5- Mean comparison of corn shoot dry matter (g pot?) in different levels of phosphorus and Fe (iron)

- el Ol
Phosphorus Fe (mg kg™ of soil) Mean
(mg kg of sail) 0 10 20
0 9.61°¢ 9.55¢ 9.75¢ 9.658
50 14.76° 16.60%® 17.118 16.324
ols 12,188 13.28 13214
Mean

555 g )lol doyd iy e 5D 5SS 90T b e ld ixe Coglis isund ol o8 5 Cgd pb S yiie gy (sl &S ola ke
Means followed by the same letters in the same style, are not significantly different by Duncan's test at the 0.05 level.
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Table 6- Mean comparison of corn root dry matter (g pot?) in different levels of phosphorus, humic acid, and Fe (iron)

i Scroged spws! o
Phosphorus Humic Acid Fe (mg kg™! of soil) b
(mg kg of soil) (mg kg'%, 7 times as 0 10 20 Mean
fertigation)

0 3.28M 3.58fh 3.72fh 3.563¢

0 70 3.48% 3.56fn 3.48% 3.51¢

140 3.28M 4.10eh 3.58foh 3.60¢

0 4.33%9 4 55¢f 3.94¢eh 4.278

50 70 5.320¢ 5.79% 6.472 5.78A

140 5,28bcd 4.8]1¢cde 5.96% 5.354

Bl 4.16 4.41 4.42

Mean*

)85 6 ol Moy iy s 53 (5SS (9051 b eI sixe Coglis itans plBeh g Coghd S e gy (gl & olap Sl

s ol ¢ uilyly (5555 gl ol Jole Lol 31 (398 sl sine o 4 ¢ sSle (g lio o
Means followed by the same letters in the same style, are not significantly different by Duncan's test at the 0.05 level.
*: Mean comparison was not done since the main effect of the factor was not significant according to the ANOVA results.

Gl dilgns Saogan dul Ailon 55 oal a8 5 LS b Sl
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L raed g jhed o piod Gl Spegen byl k5 (1983
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J(etal., 2013; Jindo et al., 2012
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Table 7- Mean comparison of P concentration (%) in shoots of corn as affected by the interaction of phosphorus and humic

acid levels
Fed e e o oSl
Phosphorus Humic Acid (mg kg, 7 times as fertigation) Mean
(mg kg of sail) 0 70 140
0 0.134¢ 0.138° 0.126° 0.1328
50 0.1910 0.2122 0.2252 0.208*
oSk 0.163 0.173 0.178
Mean*

)15 e lol sy ety g 3 SIS 903 L eI gime glis izt wlinn 5 Cogipn S e gy sy &S placpSike
5 plosl e iyl s o0 ol eluly Jele Lol 1 (90 ol cine b 4 (uSila (gunlio s
Means followed by the same letters with the same style, are not significantly different by Duncan's test at the 0.05 level.
*: Mean comparison was not done since the main effect of the factor was not significant according to the ANOVA results.

o2 5 phund LS oh 1 U Cod (110,3) @55 (algh Il jhad CBIE (S (Silio Szl —A Jg>
Table 8- Mean comparison of P concentration (%) in shoots of corn as affected by the interaction of phosphorus and Fe levels

5 ol ) R
Phosphorus Fe (mg kg™! of soil) Mean
(mg kg of soil) 0 10 20
0 0.126° 0.133¢ 0.139¢ 0.1328
50 0.196° 0.2272 0.193° 0.208*
Orls 01618 0.1708 0.1834
Mean

85 6 lol Moy i s 53 (5SS 9051 b eI sime gl itants wlBeh g Cogded S e gy (gl &S ola pSibie
Means followed by the same letters with the same style, are not significantly different by Duncan's test at the 0.05 level.
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Ay pad Clale
Root P concentration (%0)

0.02

0 70 140
Saogad duww]
Humic acid (mg kg, 7 times as fertigation)

5 0l ganiy yhad Cllalé py Shogad sl il —Y U
585 6 ol duoyd iy o 53 (SO 9051 b (6l sime Cglis S yiide gy (sl (slapSile

Figure 1- Effect of humic acid on phosphorus concentration of corn root
Means with the same letters are not significantly different by Duncan's test at the 0.05 level./
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Table 9- Mean comparison of P concentration (%) in corn root as affected by interaction of phosphorus and Fe levels

- 0! . oo
Phosphorus Fe (mg kg™ of soi) Mean
(mg kg* of soil) 0 10 20
0 0.074be 0.079° 0.063¢ 0.0728
50 0.1152 0.1192 0.1272 0.1207
FosSls 0.095 0.100 0.094
Mean*

5,15 ¢ lol duoyd gy gdaws jd 5SS (yg05T b e gyld ime gl i wlBed g Cigdnn S yiiie g () &S b Sike
i plsl e il ly a0 gl elwly Jele (Lol 51 380 Jb dxe > 4 (1Sl (g lio 1
Means followed by the same letters with the same style, are not significantly different by Duncan's test at the 0.0 level.
*: Mean comparison was not done since the main effect of the factor was not significant according to the ANOVA results.
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Figure 2- Effect of Fe (iron) on Fe concentration of corn shoot
Means with the same letters are not significantly different by Duncan's test at the 0.05 level.
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Table 10- Mean comparison of corn roots Fe concentration (mg kg), in different levels of phosphorus, humic acid, and Fe

(iron)

- o o S o
(nfghﬁzahgfrsgil) Fe (mg kg of soil) Hum(l)c Acid (mg kg 7(7) times as fertlgi\gon) Mean
0 380.25¢ 411.98¢ 477.59« 423.38
0 10 391.34¢ 472.86% 480.15% 44418
20 384.49¢ 488.16% 406.69¢ 426.48
0 498.26% 481.31« 508.02¢¢ 495.98
50 10 493.76% 499,54 599.17b¢ 530.88
20 458.82% 734.97% 794.16° 653.64

l\oﬂﬁﬁlﬁ" 434,58 501.9 548.17

ean
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Means followed by the same letters in the same style, are not significantly different by Duncan's test at the 0.05 level.
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Figure 3- Effect of humic acid on Mn concentration of corn root
Means with the same letters, are not significantly different by Duncan's test at the 0.05 level
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Table 11- Mean comparison of Zn concentration (mg kg) in corn shoot as affected by different phosphorus and humic acid

- Sl s
Phosphorus Humic Acid (mg kg, 7 times as fertigation) Mean*
(mg kg™ of sail) 0 70 140
0 32.49° 33.06° 35.522 33.7
50 33.54b 32.07° 32.455 32.7
FosSle 33.0 326 33.9
Mean*
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Means with the same letters, are not significantly different by Duncan's test at the 0.05 level.
*: Mean comparison was not done since the main effect of the factor was not significant according to the ANOVA results.
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Table 12- Mean comparison of Zn concentration of corn root (mg kg?) in different levels of Fe and humic acid

ol o S e o i e Silen
4 . Humic Acid (mg kg, 7 times as fertigation) -
Fe (mg kg™ of soil) 0 70 140 Mean
0 47.18 45,9 46.72 46.6
10 47.28 47 .42 46.22 47.0
20 43.7° 46.0% 48.42 46.0
Bl 46.0 46.4 47.2
Mean*
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Means followed by the same letters, are not significantly different by Duncan's test at the 0.05 level.
*: Mean comparison was not done since the main effect of the factor was not significant according to the ANOVA results.
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Figure 4- Effect of Fe on Cu concentration of corn shoot
Means with the same letters are not significantly different by Duncan's test at the 0.05 level
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Figure 5- Effect of humic acid on Cu concentration of corn root
Means with the same letters are not significantly different by Duncan's test at the 0.05 level
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Introduction

Forage corn stands as a strategic and vital crop in Iran, assuming a significant role in fulfilling protein demands,
particularly for red meat production. Iron and zinc micronutrients play pivotal roles in promoting plant growth and
enhancing yield. Corn, in particular, exhibits a moderate need for iron and a high requirement for zinc. The calcareous
composition prevalent in agricultural soils across most regions of Iran stands out as a significant factor diminishing
the absorption efficiency of iron and zinc from the soil solution, consequently hampering agricultural plant yields.
Moreover, in Iran, soil acidity coupled with high bicarbonate levels, sporadic land cultivation practices, overreliance
on chemical fertilizers like nitrogen and phosphorus, and the limited use of fertilizers containing essential
micronutrients collectively contribute to soil deficiencies in micronutrients, leading to corresponding deficits in crop
yields. In various plants, insufficient absorption of micronutrient elements, especially iron and zinc, causes a decrease
in the quantity and quality of the product. The present study aims to assess the influence of foliar application of iron
and zinc sulfate on forage yield, iron and zinc concentration in forage corn (Zea mays L.).

Methods and Materials
This experiment was carried out in a field near the village of Takhshi Mahalle, located 5 km northwest of Gorgan

city with geographical coordinates (54° 17° 56 " N) (52° 51" 36 " E) in 2022. The physical and chemical properties

of the soil were measured at a depth of 0-30 cm in different parts of the farm and the final composite soil was analyzed
in the laboratory. Water was measured using conventional methods of sampling and testing water and wastewater.
The experiment was conducted as a randomized complete block design with 3 replications. The treatments included
control (with distilled water), foliar spraying of iron sulfate micronutrient elements [FeSO..7H,O (20%Fe)], zinc
sulfate [ZnS0O..7H,0 (22% Zn)], and iron sulfate + zinc sulfate at a concentration of 5 per thousand at the 4-leaf
stage, the 8-leaf stage and both stages (4-leaf and 8-leaf). Foliar spraying was done in the early morning and drip
irrigation was used. Plants were harvested 120 days after planting, washed with distilled water and dried with tissue
paper. The samples were air-dried and then oven dried at 70°C to a constant weight in a forced air-driven oven. lron
and zinc concentrations were determined by an atomic absorption device. In order to determine the protein percentage
and yield in different treatments, total nitrogen was measured by the Kjeldahl method. The protein percentage and
yield were calculated using the following formula:

Protien percentage = Nitrogen percentage * 6.25

Protien yield = Nitrogen percentage * Dry forage
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Statistical data were analysed using SAS software (9.4) and the mean values were compared using LSD tests (at
5% level).

Results and Discussion

The obtained results showed that all treatments effects were significant (P<0.01) (fresh forage P<0.05). Among all
the treatments and measured traits, the control treatment showed the lowest value. The highest iron concentration
with an average of 175.14 mg kg was obtained using iron foliar spraying in both 8 and 4 leaf stages, which increased
22.73 and 34.39% in comparison with only using iron foliar application in 4 and 8 leaf stages, respectively. Zinc
foliar spraying at both the 4 and 8 leaf stages resulted in the highest zinc concentration of 71.02 mg kg™ in forage
corn, increasing zinc concentration by 89.86% over the control. In both 4 and 8 leaf stages, an iron and zinc foliar
application had the highest chlorophyll index with an average of 57.63. The highest nitrogen content, averaging
2.80%, was observed following foliar spraying of iron and zinc during both the 4 and 8 leaf stages. This represents
an increase of 5% and 23.92% compared to iron and zinc foliar application treatments during the respective stages.
Consequently, the highest yield and protein percentage were also attained, averaging 310.75 grams per square meter
and 17.50%, respectively, with simultaneous foliar application of iron and zinc during both the 4 and 8 leaf stages.

Conclusion

The optimal outcomes for measured traits were observed when iron and zinc were concurrently applied at both the
4 and 8 leaf stages. Therefore, it is advisable to administer iron and zinc simultaneously during these growth stages
to ensure the attainment of forage with desirable quantitative and qualitative characteristics.

Keywords: Foliar spring, Forage corn, Fe concentration, Protein percentage
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Table 3- Analysis of variance of the effect of foliar spray treatment on SPAD and N, Fe and Zn concentrations of forage corn

Oles o (ko
Mean square
Olpds @le @Ajleays byl sl wstlop el cpal RIS stlo @ll (59 54
Source of variance df SPAD Shoot Fe content N ) Shoot N content
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Sk 2 0.2541 113 55 0.23" 0.00001™
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o - " - o
9 181.26 4163.21 1051.24 0.884
Treatment
s
18 9.15 87.23 12.17 0.006
Error
Sl o 6.15 9.33 10.90 433
C.V (%)

bl o doyd gy 9 S Jlois ] pdaws )0 (g)blixe 5 (g bline ju TSy # g w NS
ns, * and ** are non-significant, significant P<0.05 and P<0.01, respectively.
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Table 4- Mean comparison of the effect of foliar spray treatment on SPAD and N, Fe and Zn concentration of forage corn
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5585 o) g sl o 53 (655 e glis LSD g0l gy 4 oS yiie Y Gy G Bl gyl (claygie
Means followed with the same letters in each column are not significant at p<0.05 by LSD Test.
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Table 5- Analysis of variance of the effect of foliar spray treatment on yield and quality of forage in forage corn

Ol o (1255ke
Mean square
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Source of variance df Fresh forage Dry forage Protein percentage Protein yield
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Block
o 9 787997.86" 7272413 34.55™ 13002.7
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s
18 226505.07 7019.46 0.259 236.50
Error
ot e b 791 5,59 433 8.59
C.V (%)

il ge oy gy 9 S Jlein] e 53 (g)oline g (g )blixe yuE iy # g w NS

ns, * and ** are non-significant, significant P<0.05 and P<0.01, respectively.
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Table 6- Comparison of the average the effect of foliar spray treatment on yield and quality forage in forage corn
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Introduction

Understanding the particle size distribution (PSD) is of great importance for plant growth and soil
management. In recent years, the science of soil has witnessed a significant increase in digital soil mapping (DSM)
activities. In this regard, machine learning models (ML) have emerged as an alternative and tool for DSM, which
are mainly used for data mining and pattern recognition purposes, and are now widely used for regression and
classification tasks in all fields of science. Hence, this study was undertaken to spatially model sand, silt, and clay
particles utilizing machine learning models such as Random Forest (RF), Support Vector Regression (SVR), and
the Co-Kriging geostatistical model. Additionally, auxiliary variables with high spatial resolution were incorporated
into the analysis. This investigation was conducted in a section of the Marvdasht plain, located in Fars province.

Materials and Methods

The present study was conducted in a part of Marvdasht plain located between 35.82°41°52"' to 1.07°57°52' east
longitude and 35.02°48°29' to 14.72°2°30" north latitude, and 40 km north of Shiraz with an area of about 50,000
hectares. After determining the study area boundaries, the positions of 200 sampling points were determined using
the R software and the conditioned Latin hypercube sampling method. In other words, for soil feature modeling, 200
samples were taken from two depths of zero to 30 and 30 to 60 centimeters in the study area. Then, the samples were
transferred to the laboratory, dried, and passed through a 2 mm sieve. Finally, the soil texture components were
measured by the hydrometer method. The environmental variables used in this study are a wide range of
representatives of soil-forming factors that were prepared as much as possible from sources with minimum cost and
high accessibility. In total, 75 environmental variables were prepared, and the raster format related to all
environmental variables, including 39 elevation and altitude variables and 36 remote sensing measurement variables,
was extracted. Finally, the factor-tuning inflation variance and Boruta algorithm were used to select the optimal

variables.

Results

The minimum amount of clay was measured at 10.21% and 10.45%, respectively, and the maximum amount was
32.65% and 36.35% at the surface and subsurface depths. The average amount of clay in all samples was 37.91%
and 35.61%. The average amount of sand was measured at 25.65% and 26.02% at the surface and subsurface depths,
respectively. The maximum amount of sand was observed in the northern and higher parts of the study area and was

©2023 The author(s). This is an open access article distributed under Creative Commons Attribution 4.0
International License (CC BY 4.0), which permits use, sharing, adaptation, distribution and reproduction in
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equal to 54.68% and the minimum amount was predicted in the low-lying areas of the study area. Low-lying areas
and sedimentary plains in the central part of the study area contained high amounts of silt. Four depth variables
valley depths (D), texture (TE), topographic wetness index (TWI), and clay index (CI) related to geomorphometric
parameters and the normalized difference vegetation index (NDV1) variable related to remote sensing indices were
selected as optimal variables. The RF model with R? of 54.0% and 36.0% for predicting sand, 48.0% and 64.0% for
predicting silt, and 52.0% and 49.0% for predicting clay at both surface and subsurface depths performed better than
the SVR and Co-Kriging models. The most effective variable in predicting the spatial distribution of soil particles
was VD with relative importance of 60% and 65% for predicting sand at the surface and subsurface depths, 70% for
predicting silt at the surface depth, and 70% and 65% for predicting clay at both surface and subsurface depths,
respectively. Only TE and TWI variables were more important than VD for predicting silt at subsurface depth. These
results show that topographic variables are effective in the spatial variation of soil particles. Unlike clay, the highest
amount of sand in both depths was observed in the northern part and the highest part of the study area, and the lowest

amount was predicted in the low-lying areas of the study area.

Conclusion

In general, with the aim of this research, maps of the spatial distribution of soil texture components were prepared
at both surface and subsurface depths using machine learning and geostatistical approaches along with
environmental covariates in a part of Marvdasht plain. Among the selected environmental covariates, topographic
attributes, especially the valley depth (VD), had the highest effect in justifying the spatial prediction of soil texture
components. Also, the results of comparing the performance of machine learning models supported the higher
efficiency of the RF model than other models. Therefore, the approach used in this study to prepare a map of soil
texture components can be useful as a guide for mapping useful soil features in areas with similar climatic and
topographic conditions.

Keywords: Co-Kriging, Digital soil mapping, Machine learning, Random Forest, Soil particle size distribution
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Table 1- The applied environmental covariates for predicting soil texture particles
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Table 2- The selected covariates for Co-Kriging geostatistics method

Soil properties Depths Covariates 1 Covariates 2 Covariates 3
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Table 3- Statistical summary of Soil Texture Particles in study area at surface and subsurface depths
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Soil texture Depths Mean Min Max SD (9
Sand 0-30 25.6 8.50 68.54 11.2 0.45

o 30-60 26.0 3.76 66.06 12.58 0.48

Silt 0-30 36.4 10.13 70.66 10.7 0.29
s 30-60 38.3 4.91 76.13 10.69 0.30
Clay 0-30 379 10.21 65.32 9.78 0.25

o 30-60 35.6 10.45 63.36 9.90 0.25

CV: Coefficient of variation, SD: Standard deviation, Max: Maximum, Min: Minimum
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Table 4- Environmental covariates used in Soil Texture Particles spatial prediction
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Soil Forming Factor Symbol Environmental variable Source
gl g VD 0)3 (3o
Topography (r) Valley depth
sk g TE Gty g gty <8l a3 Ld
Topography (r) Terrain surface texture eyl a8y o
b g TWI Gl g g o a3 LS Digital elevation model
Topography (r) Topographic wetness Index
sl g (g cl o oesL
Topography (r) Clay Index
oy NDVI odd oy LS b Jlola jadls 9% 3l Lo (sl ool
Organism (O) Normalized differences vegetation index Remote sensing

isuts SCOMPAN Jdo )3 (gt ) 9 (sl g (St (sloygS LS s 50, 0 5 T
r, p represents topography and organism factors in the scorpan model, respectively.
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Figure 2- Environmental covariates used in Soil Texture Particles spatial prediction

Co- g /e85 +INe b ply sty SVR (dly o+ /5F
259 daw Bos 93 0 o) g +[++Y L ply s ey Kriging
5 +/OV RZLRF Jso 35 ) (s 8lp el Cawd 4 edaws
L5 RPD 4 NRMSE ol dwslio 3,15 1, 3 ,Slas oy yias +/¥4
IVl il cui 54 NRMSE) ) iyt sl RF Je oS 5
wlie buwgio €85 g bwgio 3Slos (gl)ls (Y<RPD >\ 4 +/YV 4
2N 5 IYF 5+ N L ply w554 NRMSE) s i b
oYY a5 54 NRMSE) (4 o Lise Culsy €83 4 39 (Y <RPD
395 31553 Shy 92 4wd @38k 3 (Y<RPD 21V 5 ¥V 4
aS” (Wallach et al., 2006; Sgrensen et al., 2004) sl> Lz
Lk o8 5 Sl & Sl (o) oS s e 4 Wlgis
Iy (Haw Ges 33 ) 9 08 Gmote SIS ssba (0 Jsi)
9 9399 @ b & Cul (rhawypj Bes 4 Cuns JVL b

cuily cillas (Loiseau et al., 2019) ) San

S o ooy 48" Wages )15 alisee Cildllas pizcad
SB 058 s)bpaids Oldllas  Jore g S pdaw 2 90
Chenet) .,Ken 4 o> .(Hengl et al., 2017) cuol 039y 3950
obal gl Bo)h Jao 5 eolawwl o5 woby s (al., 2022
e yito OBl slaJde plo &) Cond (S8 Jarme (gl it
25 S oS Gimiie sl S (RMSE) s &

Ladas g yslas byl dewsllo
5 (RF) (ool S gudle 5L slaJss 5Skes
CO-) Sz 558 slelios S 9 (SVR) clasid b i9me5)
RPD 4 nRMSE (R? ¢,ll jasls aw jl odlazul L (kriging
s Gos 3 05 (ot G RE ool (0 Jgaz) 45 aplxe
N g +INE +[0F w4y Co-Kriging 3 SVR RF Jus bawgs
duolro Moy +[+F 5 +1ND IV gy (dawy Bes sy g



1Fe¥ il (poge & oyl PV ule (S g ol i AYF

2y90 dilliio ) (P yyj g (P (Bos 3 Sl (gl5al gl oaile 53l SBe 5 5lo] (o S (Biww L] gl -0 oo

axdlze

Table 5- Validation results of the geostatistics model and machine learning models for Soil Texture Particles at surface and
subsurface depth in the study areas

3T als ] Jue O R G R2 NnRMSE PRD

Property The best predictive model Depth (cm)
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RE 0-30 0.54 0.32 1.35
30-60 0.36 0.42 1.15
Sand SVR 0-30 0.16 0.62 0.70
o 30-60 0.15 0.86 0.56
Co-kriging 0-30 0.16 0.97 0.45
30-60 0.06 0.87 0.55
RE 0-30 0.48 0.19 1.47
30-60 0.64 0.24 1.21
Silt SVR 0-30 0.10 0.32 0.90
s 30-60 0.06 0.34 0.83
Co-kriging 0-30 0.002 0.86 0.34
30-60 0.01 0.90 0.31
RE 0-30 0.52 0.16 1.67
30-60 0.49 0.27 1.01
Clay SVR 0-30 0.08 0.27 0.95
o 30-60 0.11 0.27 1.03
- 0-30 0.04 0.46 0.56

Co-kriging

30-60 0.07 0.66 0.42
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Introduction

Today, it is an inevitable necessity to make use of advanced and efficient technologies in order to increase
productivity and gain a better economic status. Among different methods attracted the attention of researchers for
enhancement in quantity and quality yield, cold plasma technique as a modern procedure has shown a promising
prospects. Despite the importance of using cold plasma in agriculture, studies have focused more on the effect of
this technique on reducing microbial load in agricultural products, less on absorption of nutrients in plants.
Therefore, the objectives of this experiment were to evaluate the impacts of plasma treatment of corn seeds and
plasma activated water (PAW) on growth and concentration of zinc and iron in the shoots of corn.

Materials and Methods

This research was conducted as a factorial experiment based on completely randomized design (CRD) with 3
replications in a research greenhouse in agricultural and natural resources research and education center of
Khorasan Razavi. The factors of experiment were three types of seed (control seeds, seeds treated with dry plasma
and wet plasma), two kinds of irrigation water (distilled water and PAW) and two levels of foliar spray (without
foliar spray and foliar spray with iron and zinc). Required mass of soil, was gathered, air-dried, sieved from 5 mm
mesh and weighted in 6 packs. Based on the soil test values the required macro, micronutrients (except for iron
and zinc) was calculated and added to the soil, and then the soil samples were moved to the pot. PLASMA BIOTEC
Company located in Khorasan Razavi Park of Sciences and Technology, Mashhad, Iran performed plasma
treatment of seeds and water. Plasma treated corn seeds were planted on May 18™ with a density of 6 seeds in each
pot. Plantlets were reduced to 2 plants after germination and establishment and irrigation was continued with
desired treatments. Shoots of each pot was cut 8 weeks after sowing, 1 cm above the ground and delivered to the
laboratory, where the samples were washed, dried, grounded and the concentration of zinc and iron were measured
using the atomic absorption device (Perkin Elmer, 2380) in dry ash digested in 2 N HCI acid. Data were statistically
analyzed by SAS statistical software (version 9.4). Comparison of means for the main effects and interactions was
performed by Tukey’s test at 5 percent confidence interval.

Results and Discussion

Comparison of means for the interaction effects of water x seed x foliar spray showed that the minimum
concentration of iron (147.67 mg/kg) was observed in plants grown from non-treated seeds, not foliar sprayed and
irrigated with non-PAW (treatment 1 in Table 7). On the other hand, plants grown from wet plasma treated seeds
and received foliar spray showed the highest concentration of iron regardless of irrigation water type (treatments
10 and 12 in Table 7). Comparison of means also shows that iron concentration in plants grown from dry plasma
treated seeds had no significant difference with that of non-treated seeds (treatments 1 and 5 or 2 and 6). The mean
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comparison results for zinc concentrations showed that the minimum value was related to plants grown from non-
treated seeds, not foliar sprayed and irrigated with non-PAW (treatment 1 in Table 8). The comparison of the
simple effects of the type of seed on the concentration of zinc in shoots (Table 6) showed that wet plasma seeds
caused a significant increase in the concentration of zinc. However, comparison of means for the interaction effects
of water x seed x foliar spray showed that the effect of plasma treatment on zinc concentration was effective only
in treatments that received foliar spray (comparison of treatment 2 with 10 in table 8). Based on these results the
highest zinc concentration was observed in plants grown from wet plasma seeds and received foliar spray at the
same time (treatment 12 in Table 8). In addition, the comparison of treatment 1 with treatment 4 and treatment 9
with treatment 2 indicates that in order to increase the concentration of zinc in plant, plasma treatment of seeds
cannot replace the foliar spray method. Comparison of means for the interaction effects of water x seed x Foliar
spray showed that the minimum yield was observed in plants grown from non- treated seeds, irrigated with non-
activated water and not sprayed with iron and zinc solution (treatment 1 in Table 9). However, the similar treatment
which grown from wet plasma treated seeds (treatment 9), showed significantly higher yield. Dry plasma, without
foliar spray and without PAW (treatment 5) had no significant priority over the control. Plants grown from seeds
treated with wet plasma and without foliar spray could not significantly show more iron and zinc content over the
control, while their shoot yield was higher.

Conclusion

Based on the findings of this study, it can be inferred that irrigation with PAW and utilizing seeds treated with dry
plasma exhibited no significant impact on augmenting zinc and iron content, as well as shoot yield. Conversely, wet
plasma treatment, while not yielding significant enhancements in the concentration of iron and zinc within the plant,
did result in increased yield. It is crucial to note that the extent of influence exerted by factors such as frequency and
duration of seed exposure to plasma conditions on the observed outcomes may vary significantly. Therefore,
optimizing methodology and conducting further research in this domain are imperative for a comprehensive
understanding of these processes.

Keywords: Concentration, Dry plasma, Nutrition, Plant, Wet Plasma
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Table 1- Experimental factors and their levels

Factor g5
Foliar spray sl Jol>e Irrigation water g, Seed .y
sl pas e & Sl e

Without foliar spray

Level gaws b sl

With foliar spray

Distilled water (Non- activated water)  Non-treated (Control)

) : Sits Slawdly
Sl & Treated with dry plasma
PAW
gk e Slowdly

Treated with wet plasma
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Table 2- Physico-chemical properties of soil

SB (S
Soil properties

pH
Clay s,
Sand (3
S s
Organic carbon
gldl 2oy
Saturation percent
oS eylan
Electrical conductivity
o id B jaud
Available P
oord BB ply
Available K
ooy BB o)
Available Zn
o yd I8 5520
Available Mn
o s BB ppal
Available Fe

.\9‘9 ,1.\3.9
Unit Value
- 8.1
% 13
% 33
% 0.63
% 37
dS/m 0.95
mg/kg 8.4
mg/kg 219
mg/kg 0.58
mg/kg 8.28
mg/kg 3.43
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Table 3- The results of analysis of variance of the effects of experimental treatments on iron concentration in shoot of corn

oS zalio L ETSY) Olay o (Ribo F,lado P-Value
Source of change df M.S F Value
<l 1 44.44 1.63 0.21
Water
- 2 502.78 18.47 <0.0001
Seed
e 1 8341.78 306.43 <0.0001
Foliar spray
A 2 10.77 04 0.68
Water*Seed
ity x o] 1 178 0.07 0.80
Water* Foliar spray
cobglone x )% 2 104.11 3.82 0.04
Seed* Foliar spray
rlidgone x iy ) 45.44 167 0.21
Water*Seed* Foliar spray
e 24 27.22 -
Error
(1) 3 ] 316 ]

(%) cv
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Table 4- The results of analysis of variance of the effects of experimental treatments on zinc concentration in shoot of corn

i gl @33l y
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P-Value
Source of change df M.S F Value
<! 1 10.03 2.09 0.16
Water
s 2 1356.03 282.18 < 0.0001
Seed
e at 1 24388.01 5074.97 <0.0001
Foliar spray
A 2 1553 3.23 0.06
Water*Seed
s 1 476.69 99.20 <0.0001
Water* Foliar spray
sibglomex b 2 496.70 103.36 <0.0001
Seed* Foliar spray
cehglone X ) 2 7.19 1.50 0.24
Water*Seed* Foliar spray
> 24 4.80 - -
Error
(1) Sy s _ 3.40 - -
(%) CV
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Table 5- The results of analysis of variance of the effects of experimental treatments on dry yield of shoot of corn
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P-Value
Source of change df M. S F Value
<! 1 0.045 0.12 0.73
Water
= 2 51.39 67.59 <0.0001
Seed
il Jslome 1 35.10 93.46 <0.0001
Foliar spray
] 2 0.01 0.04 0.96
Water*Seed
s 1 0.008 0.02 0.89
Water* Foliar spray
gl x ) 2 0.47 1.26 0.30
Seed* Foliar spray
el ) 0.005 0.01 0.99
Water*Seed* Foliar spray
ks 24 0.37 - -
Error
(Z)‘-—’I)-H-" "’"’)"'” - 254 _ -
(%) CV
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Table 6- Comparison of means for direct effects of factors on iron and zinc concentration at corn shoots

Jyvqt 3958 mhaw ool cdals Lo,y <l 3 Sos
Factor Factor level Fe Concentration (mg kg?)  Zn Concentration (mg kg?)  Shoot yield (g pot™)
hio o
Ll O Distilled water (Non- activated 164.00° 65.05° 24.03°
i ‘5; T water)
riigation Water . i
oty 166.22° 64.00 * 24.10°
PAW
Slowdhy 163.17° 56.50 © 23.19°
Non-treated (Control)
JR¢ Sis Slowdly
Seed Treated with dry plasma 159.83° 60.51° 23.27°
sk e Slowdly 172.34° 76.58° 25.75°
Treated with wet plasma
WTITbLtJ:lTﬁ pas 149.89° 38.50° 23.08°
) ithout foliar spra
e Prey
Foliar spray
et 180.33° 90.55° 25.06°

With foliar spray

Means followed by different letters are significantly different (P<0.05) according to Tukey’s LSD test.

sols alS b awlis )3 3 )Shas 50 9 59y oonl Clalé o gine
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Table 7- Mean comparison of the interaction effects of water x seed x Foliar spray on iron concentration in shoots (means

that have no common letters, showed significant difference at 5% level of Tukey test)

s 8 lowd ™ Skl byl onl el
Treatment No. Seeds Irrigation Water Foliar Spray Fe Conc. (mg kg%)
1 t_;l‘*“"M’ »E )Jﬁ“-" ‘?“] L_f"l"gb‘l"“’ O 147.67°¢
Non-treated (Control) Non- activated water Without foliar spray
Non-treated (Control) Non- activated water With foliar spray
3 t_;l‘*“"M’ »E L;l"“'yl‘ ‘?“] L_f"l"gb‘l"“’ O 155.00 ¢
Non-treated (Control) PAW Without foliar spray
Non-treated (Control) PAW With foliar spray
5 Sz glawsdy slde L.“T sl oya 142.68 ¢
Treated with dry plasma Non- activated water Without foliar spray
Treated with dry plasma Non- activated water With foliar spray
Treated with dry plasma PAW Without foliar spray '
8 Sass dl"*""M’ ‘.;L"““'M‘ ‘7’] Lr*‘L,Jﬁl’“’ 176.66 °
Treated with dry plasma PAW With foliar spray )
Treated with wet plasma Non- activated water Without foliar spray
10 sk slewdl Ao iyl 186.33°
Treated with wet plasma Non- activated water With foliar spray
11 ‘-’#’)" lowdly Slowdly ] Lf“LﬁgJ?l""" o9 153.67 ¢
Treated with wet plasma PAW Without foliar spray
o 5 o i
12 - 919)" Lfl"“’M‘ Lf’l"“”Mi g ] Lr"l‘ub‘l}“" 192.67 2
Treated with wet plasma PAW With foliar spray

Means followed by different letters are significantly different (P<0.05) according to Tukey’s LSD test.
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Table 8- Mean comparison of the interaction effects of water x seed x Foliar spray on zinc concentration in shoots (means
that have no common letters, showed significant difference at 5% level of Tukey test)

ot 05lowd N Skl wlidglome Sgy cdile
Treatment No. Seeds Irrigation Water Foliar Spray Zn Conc. (mg kg™t
Non-treated (Control) Non- activated water Without foliar spray
Non-treated (Control) Non- activated water With foliar spray
3 ujl““‘"% )"'° uj\““"% “f‘ JLLJﬁl"-" O 20.00 ¢
Non-treated (Control) PAW Without foliar spray
Non-treated (Control) PAW With foliar spray
Treated with dry plasma Non- activated water Without foliar spray
Treated with dry plasma Non- activated water With foliar spray
7 Sis JL“”M" L_;’\““’M" - L_?"LJ?L"“’ O9 33.33°¢
Treated with dry plasma PAW Without foliar spray
Treated with dry plasma PAW With foliar spray
9 koo (lowdly i Bl dsle G 45.67 ¢
Treated with wet plasma Non- activated water Without foliar spray
10 "’9]é)‘° &5L°“’M" )"4‘7"’ ""] U“’LJ?LX" 107.11 @
Treated with wet plasma Non- activated water With foliar spray
11 L.‘919)" L5L°“"M’ L,;\'““’MJ - U‘LLJW 09 40.67 ¢
Treated with wet plasma PAW Without foliar spray
12 by slowdly Slowdly il Jle 113.00 @
Treated with wet plasma PAW With foliar spray

Means followed by different letters are significantly different (P<0.05) according to Tukey’s LSD test.
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Table 9- Mean comparison of the interaction effects of water x seed x Foliar spray on dry weight (means that have no
common letters, showed significant difference at 5% level of Tukey test)

ot 0o e sl ol il sloce Slg ol 5,Skos
Treatment No. Seeds Irrigation Water Foliar Spray Shoots D.Wt (g pot™)
1 L_;l"“’M" & )JAD“" ‘?“] L_f“’l"ab‘l"" o9 22.18°¢
Non-treated (Control) Non- activated water Without foliar spray
on-treated (Contro on- activated water ith foliar spray
Non-treated (Control) N tivated wat With foli
on-treated (Contro ithout foliar spray
N d (C | PAW Without foli
Non-treated (Control) PAW With foliar spray
5 Sz oMy shis H"] L;‘LLJ9L7“" O 2251 °¢
Treated with dry plasma Non- activated water Without foliar spray
6 S slawh P s 24.04"
Treated with dry plasma Non- activated water With foliar spray '
Treated with dry plasma PAW Without foliar spray '
8 Sz lowdly L;\““’M’ %"T t:“’l’,u.J?l’“ 24.10 P
Treated with dry plasma PAW With foliar spray '
Treated with wet plasma Non- activated water Without foliar spray
10 L"9I°)‘° dl‘“’M:‘ )]““‘° L"i t:“’b:u.J?l’“ 26.912@
Treated with wet plasma Non- activated water With foliar spray
Treated with wet plasma PAW Without foliar spray
12 ‘fﬁb)" dl“*’m" L_;\”“M’ ‘?’.‘ L_f“’l’gbl"'" 26.98 2
Treated with wet plasma PAW With foliar spray
Means followed by different letters are significantly different (P<0.05) according to Tukey’s LSD test.
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Introduction

The availability of phosphorus (P) is a limiting factor for the production of crops due to its reactions with soil
components. Furthermore, there are concerns about the depletion of non-renewable global rock phosphate (the main
source of P) reserves because of the high demand for P fertilizers. Therefore, it is essential to revisit existing
agricultural practices to determine new resource management practices that utilize renewable resources. The
application of sewage sludge could be an alternative P source; contrary to inorganic fertilizers, sewage sludge is cheap,
contains nutrients, and improves soil quality due to contained organic matter. The total P content of sewage sludge
may vary from less than 0.1% to over 14% on a dry solid basis, depending on the nature of the raw sewage being
treated and the treatment process under consideration. However, the use of organic P resources can affect the soil
chemistry, leading to changes to the P fractions and their quantities. Hence, the objective of this study was to compare
the effect of the application of municipal sewage sludge and triple superphosphate on the distribution of soil-P
fractions under saline and non-saline conditions.

Materials and Methods

To investigate the effect of municipal sewage sludge and triple superphosphate on changes in P fractions an
incubation experiment was conducted in a completely randomized factorial design with three levels of triple
superphosphate (0, 75, and 100 Kg ha* which were named To, T1, and Ts, respectively), three levels of municipal
sewage sludge (0, 0.25 and 0.5% w/w which were named My, M; and M3, respectively), two levels of salinity of
irrigation water (2 and 12 dS m*, which were named saline and non-saline, respectively) and three replicates. The
total number of samples was 54. The treated soils were incubated for three months and maintained at field capacity
by adding the appropriate amount of saline and non-saline waters. P fractionated to KCI-P (soluble and exchangeable
P), NaOH-P (Fe- and Al bound P), HCI-P (Ca-bound P), Res-P (residual P), and organic-P by sequential extraction
method. Moreover, P percentage recovery for Olsen-P at each treatment was calculated. P concentration in samples
was determined by the molybdate method. Data analysis was performed by MSTAT-C software, and the means were
compared at 0=5% by Duncan test.
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Results and Discussion

The results showed that although the relative distribution of fractions followed the order of HCI-P > Organic-P >
KCI-P > NaOH-P >Res-P, the changes in each fraction were dependent on the type of treatment and fraction. The
amounts of KCI-P for application of municipal sewage sludge and fertilizer TSP combined, especially, T,M, were 3.1
and 2.3 times higher than T¢Mp in non-saline and saline conditions, respectively. The same result was obtained for
NaOH-P. The combined and separate application of municipal sewage sludge diminished the relative distribution of
HCI-P compared with triple superphosphate and control treatments in both salinities. However, the HCI-P in all
treatments was more than 57% of the total P, suggesting that most of the soil P was in the carbonate phase. The
treatments did not have a considerable impact on Res-P. The relative distribution of Organic-P increased by increasing
levels of salinity and municipal sewage sludge. Therefore, it seems that municipal sewage sludge addition along with
fertilizer P can reduce the negative effects of salinity and increase soil P availability compared with alone use of P
fertilizer through growing the contents of KCI-P, NaOH-P, and organic-P fractions and, consequently, decreasing P
entry into HCI-P fraction. Moreover, the application of municipal sewage sludge plus triple superphosphate increased
P recovery as Olsen-P compared to a separate application of triple superphosphate which confirmed the advantage of
the combined use of these sources.

Conclusion

The findings of this study indicate that the simultaneous application of municipal sewage sludge and triple
superphosphate can effectively improve phosphorus (P) availability in saline conditions. This enhancement is
attributed to the alteration of the relative distribution of non-stable P fractions, such as KCI-P and NaOH-P, which
increase, while stable P fractions like HCI-P decrease. Moreover, the addition of municipal sewage sludge into soils
led to a significant increase in organic C as well as the relative distribution of organic-P. Therefore, application of
municipal sewage sludge can improve the physico-chemical properties of saline soil along with increase of P
availability. Hence, further research on the growth response of halophyte plants as affected by these treatments is
recommended.

Keywords: Available phosphorus, Chemical fertilizer, Organic fertilizer, Sequential extraction
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Table 1- Some physicochemical properties of soil used

Kavailable Ptotal I3&vailable N

(mg kg ™) 0) (%)

OC CCE

ooy e o
(Clay) (Silt) (Sand)
(dsm™) %) (%)

EC  pH

172 2713 4.2 0.007  0.08

14 7.2 17.3 14 68.7

S WS 20 (lowsd (S S 31 (A 2 p23le -Y Jgsa
Table 2- Some physicochemical properties of municipal sewage sludge used

Pb Cd TotalK TotalP N oc ol osle s EC(1:10) pH (1:10)
Organic matter Ash
(mg kg™ (%) dSm?
386 nd® 6000 24000 60000 39.9 68.8 26 41 6.4

* :None-detected

Ssll T plond Oluogad 51 (A ol Y Jgoa
Table 3- Some physicochemical properties of irrigation water used

SAR SO HCOs CI

Nat Mg* Ca?* pH EC

meq I

dSm™

6.5 1.2 11 27.9
13.7 41 2.9 111

168 43 9.1 8 2

17 35 79 12
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Table 4- Analysis of variance for different forms of extracted phosphorus in the studied treatments

ok
JUEPRIR f"‘)‘d“?)’ Olaspo
(Sources) reedom) Mean of )
(Degrees of (Squares
KCI-P NaOH-P HCI-P Res-P  Organic-P
9 1 12.9%* 67.6** 2.8 2.7 143.1**
(Salinity)
oMl 2 99.3** 50.4** 705.9** 13.8** 235.3**
(Sewage sludge)
oty i pygu 2 15.2%* 6.5%* 161.6** 2.2 48.5%*
(Triple superphosphate)
oM o X (69 2 3.9** 3.8* 0.2 14 20.9*
(Salinity x Sewage sludge)
Ju g lind po X (0 2 0.5* 0.03 0.8 2.1 0.2
(Salinity x Triple superphosphate)
Joy Olawd pow x OB > 4 1.9% 16 23 19 2.6
(Sewage sludge x Triple superphosphate)
Juy ©land powx OMBB od X ()95 4 1.2%* 1.6 6.0 4.2* 0.7
(Salinity x Sewage sludge x Triple superphosphate)
[ 36 0.1 0.8 28.8 15 5.1
(Error)
() &y gy 4.8 13.3 8.1 14.6 23.1

(Coefficient of Variation)

2oy3 ) g a0y 0 Jlein] zolaw 53 (I3 dme i oy ¥F ¥
*and ** significant at 5% and 1% probability levels, respectively.

Hod GBS (o i 2 (50 WS (20 g S 5 Olind g BliSee olaw 9 (590 51 -0 Jgu
Table 5- Effect of salinity and different levels of triple superphosphate and municipal sewage sludge on distribution of Soil-P
fractions
54.3,79“,1,,.:@.:»@1&» (Z)aﬂd’;a)wdgel)b)mwdw
s NS o Distribution of Soil-P fractions

Sag
(dSm™)

Salinity Different levels of triple superphosphateand  kc|.p  NaOH-P HCI-P  Res-P  Organic-P
municipal sewage sludge

ToMo 3.8] 4.4% 77.7% 9.43> 489
T1Mo 6.2" 4.9¢0 72.4%c g4k 5.19
T.Mq 6.8 6.6¢ 70.0%cd g pabe 6.5%
ToM; 8.8° 8.3 67.50  g5bee 6.9°1
2 T:M; 9.9 10.32 62.9%  g3be 8.4°1
T.M; 10.2%¢ 8.4 625  ggabe 9.9 df
ToM; 10.3% 8.7° 63.6% 923 8.2°¢1
TiM; 10.6° 8.7b 62.6¢%  7.7bc 10.4 df
T:M, 11.9¢ 9.5® 57.8°¢ 750 13,33
ToMo 441 3.8¢9 76.9® 9.6%® 529
T1Mo 50° 407 72.7% 11,02 6.21
T.Mg 76° 460 71.6%  7.9bc 7.3¢
T0M1 74 fg 52 defg 67.2 bede 93 abc 10.9 cde
12 TiMy 80f 6.4% 65.2¢% 7,60 12.7bed
T.M; 8.8°¢ 6.7¢ 62.5%%€ 7.1« 14,93
ToM; 9.1¢% 5.5 df 65.8 ¢ 6.3¢9 13,33
T:M; 9.8°¢ 6.8¢ 60.3% 7.7« 15.4%
TM, 9.6 6.9« 58.8°¢ 7.7 170°

4.;M25M1 Mo 5 oy Olawd yow liSa o p)SekS Voo 5 VO oo t’hﬂ} W)JmTz 5T1 To bl e (P<005) I gre AU gl S e gy b (sla 1Sl (ygiw o 50

A (€0 BB o ((Sj9) Moyd /0 9 +IVD jro polaw i
In every column numbers followed by the same letter are not significantly different (P<0.05). To, T1, T, are 0, 75, and 100 Kg ha triple
superphosphate and My, M1, M, are 0, 0.25, 0.5% (w/w) municipal sewage sludge, respectively.
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Figure 1- Changes of soil organic carbon as affected by different treatments under two salinities of 2 and 12 dS m*
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Introduction

Water plays a crucial role in ensuring the sustainable development of any region. Given that our country consists
primarily of arid and semi-arid regions, where the majority of rivers are also found, along with the critical state of
groundwater extraction and the growing importance of surface water, It is crucial to have a deep understanding of the
future condition of water resources within the country's watersheds (Fathollahi et al., 2015). By utilizing intelligent
models, it becomes feasible to represent the inherent relationships between data that cannot be solved by conventional
mathematical methods. Support vector machine (SVM) and Random Forest algorithms are two types of machine
learning methods that utilize essential algorithms for making repeated and accurate predictions (Kisi & Parmarm, 2016).
The most recent study conducted by Zarei et al. (2022) evaluated the risk of flooding using data mining models of SVM
and RF (case study: Frizi watershed). By analyzing the results, it was found that both the SVM algorithm and the new
random forest algorithm showed higher accuracy in predicting flooding risks, both in terms of the educational data and
algorithmic performance. The purpose of this study is to simulate the precipitation-runoff process in the hydrometric
stations at the end of the Maragheh plain (Khormazard station on the Mahpari chai river and Bonab station on the
Sufichai river) in East Azerbaijan province using support vector machine and random forest modeling algorithms. This
study has been conducted over a period of 43 years, making it one of the few research cases in this area.

Materials and Methods

The Maragheh Sufi chai basin is situated in the eastern region of Lake Urmia, within the East Azarbaijan province.
It covers an area of 611.89 square kilometers and is located between longitudes 45° and 40" to 46° and 25"and latitudes
from 37° and 15" to 37° and 55" north. The average height of the basin is 1767 meters above sea level (Sharmod et al.,
2015). Based on the substantial changes observed in the runoff trend in the data since 1994 (without any noticeable
change in the precipitation trend), the available data was divided into two distinct periods. The first period spans from
1976 to 1994, and the second period covers the years 1995 to 2019. To simulate rainfall-runoff, first the average rainfall
of Maragheh plain was calculated by polygonal method. Subsequently, this data was combined with the discharge output
from Bonab and Khormazard stations, with a one-day time lag. These inputs were then utilized in two models, SVM
(kernel function) and RF. For this purpose, 70% of the data was used for the training stage and 30% of the data was
used for the validation stage. Then, the rainfall and runoff training sets from one day before were chosen as the predictor
variables, while the runoff training set was designated as the target variable. Several combinations of runoff and rainfall
inputs were evaluated for the purpose of modeling. The inputs consist of the monthly Q and P values that were recorded
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previously (Pt, Qw1), while the output represents the current runoff data (Q:), with the subscript t indicating the time
step. As a result, two input combinations were constructed from Q and P data (as seen in Table 3) and SVM and RF
models were used for rainfall-runoff modeling to determine the optimal input combination.

Calculating average rainfall through the Thiessen Polygons method

Thiessen polygons, which are Voronoi cells, are used to define rainfall polygons that correspond to the surface area
(A). These polygons are used to weight the rainfall measured by each rain gauge (ri). Consequently, the area-weighted
rainfall is equivalent to:

i () A
t — i=1"1 L 1
O =5 @)

Random Forest Algorithm

Random forest is a modern type of tree-based methods that includes a multitude of classification and regression
trees. This algorithm is one of the most widely used machine learning algorithms due to its simplicity and usability for
both classification and regression tasks.

Support Vector Machine (SVM) algorithm

Support vector machines works like other artificial intelligence methods based on data mining algorithm. The most
important functions of the support vector machine model are classification and linearization or data regression.

Evaluation Criteria

To evaluate the models and compare their effectiveness, this research employs metrics such as the root mean square
error (RMSE), correlation coefficient (r), explanation coefficient (R2) and Nash-Sutcliffe efficiency coefficient (NS) are
used. Below are the relationships among these criteria:

n p._o. 2
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Results and Discussion

Figure 6 displays the time series data for rainfall and runoff during the two study periods, before and after
1994.The analysis of the figures showed that for Bonab station, during the two study periods, the value of Kendall's
statistic for precipitation variable was 0.044 and 0.028, respectively. For Khormazard station, this statistic value for the
first and second period was 0.030, and 0.028, respectively. However, these values are not significant at the 95% level.
This indicates that the annual rainfall for the two studied stations during these years is not statistically significant.
Therefore, it is concluded that the annual rainfall in these stations between the years 1976 to 2019 did not show any
significant trend. The variations observed during this period were deemed normal, suggesting that the time series of
rainfall displayed fluctuating patterns. However, it should be noted that there were instances of both increasing and
decreasing trends in certain years Examining the time series reveals varying trends Initially, the outflow from Bonab
station (both a and b) displayed fluctuating patterns, followed by periods of both decreasing and increasing trends.
However, in recent years, there has an increase in outflow from this station. The Mann-Kendall test statistic for the two
study periods for this station is 0.325 and 0.512, respectively. These values are significantly different at the 95% level,
indicating that the increasing trend of discharge for both time periods was statistically significant. The reason for this
trend at the Bonab station, compared to other entrance stations to Lake Urmia, is the lower demand for water in the
Sofichai basin for agricultural and industrial purposes, in contrast to other rivers. To explore the root cause of this issue,
studies should be conducted to examine both underground and surface water sources, as well as the utilization of water
in the agricultural and industrial sectors of this region. On the contrary, the trend observed at Khormazard station (c and
d) is different. Unlike Bonab station, the discharge from Khormazard station exhibited a complete downward trend. The
Mann-Kendall test statistic for the discharge variable during our two research periods were -0.269 and -0.412,
respectively. At the 95% level, the decreasing trend of discharge in this station was found to be significant. On the other
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hand, it is apparent that the volume of discharge in this hydrometric station has decreased drastically since 1976 (d).
Apart from 2007, when there was a sudden increase in discharge volume, the water inflow into lake Urmia has remained
at its lowest level throughout the years. To analyze the Bonab and Khormazard stations during two distinct periods,
rainfall and runoff statistics (average, minimum, maximum) for the first period (1976-1994) and the second period
(1995-2019) are presented in Tables 4 and 5. Based on the data presented in both tables, the Bonab station displays the
highest average rainfall and runoff values in the total data column, while the Khormazard station has the lowest average
rainfall and runoff values.

As mentioned, in order to model rainfall-runoff data using SVM and RF models, a portion of the data was used for
training purposes, while another portion was used for validation. Tables 5 and 6 present the values of the calculated
statistical indicators associated with the results obtained from the training and validation sections for both SVM and RF
models. According to the results of Tables 6 and 7, it is clear that in both study periods, the SVM model outperformed
the RF model at the Bonab station. The SVM model demonstrated superior accuracy in simulating both flow rate and
monthly rainfall. Conversely, at the Kharmazard station during these periods, the RF model displayed better
performance compared to the SVM model. The modeling results in the test set for both stations revealed that the mutual
correlation values for the first and second study periods at the Bonab station were 0.85 and 0.84, respectively. For the
Kharmazard station, these values were 0.79 and 0.75, respectively.

Conclusion

The results indicate that for both periods at the Bonab station, the SVM model exhibited higher efficiency
compared to the RF model. Conversely, at the Khormazard station, the RF model outperformed the SVM model for
both periods. Mutual correlation values for the test sets were 0.85 and 0.84 for the first and second study periods at the
Bonab station, respectively, for the SVM model test set. For the Khormazard station, these values were 0.79 and 0.75,
respectively, for the RF model test set. Other notable findings of this research include the analysis of the time series
data for rainfall and runoff over 43 years. Graphs obtained for both stations, along with the Mann-Kendall statistic for
precipitation and flow parameters, revealed no discernible trend in precipitation during the two study periods. Instead,
precipitation in these areas displayed fluctuating patterns However, the analysis of the time series and statistical values
for the discharge of Sofichai and Mahpari chai rivers at the Bonab and Khormazard stations showed different results.
In the Bonab station, the discharge exhibited fluctuations, with an increase observed in the second period. Conversely,
at the Khormazard station, the discharge trend was downward in both study periods. The volume of Mahpari chai River
outflow notably decreased in recent years, as evidenced by the Mann-Kendall statistic showing a decreasing trend.

Keywords: Maragheh Plain, Modeling, Rainfall-runoff, Random forest, Sufi Chai, Support Vector Machine
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Figure 6- Time series plots of the observed rainfall and runoff values at Bonab (a and b) and Khormazard (¢ and d) stations
before and after 1995



VFe¥ wiiwl— (poge o oyl FY ule (S g ol i AAYF

IV00-VYVE e 45 Cllyy 9 (5l (soals (5 bl (b yiol,ly —£ Jgua
Table 4- Statistical parameters of the rainfall and runoff data 1976-1994

§39,9 831> (95901 asgoono Connd 4 gore
ol Salyly Entire data Training set Test set
Station Parameter 1976-1994
P Q SVM RF SVM RF
oke 31.48 2.02 1.99 1.96
Mean 2.00 215
v . JB‘»
0.00 0.00 0.00 0.00 0.00 0.00
Bonab Minimum
e 14.57 14.81
Maximum 98.46 14.81 11.70 14.81
oSk 28.16 0.34 0.36 0.30
Mean 0.36 0.33
ik Sl 0.00 0.00 0.00 0.03 0.03 0.00
Khormazard Minimum
Sl 2.86 1.68
Maximum 88.15 2.86 1.94 2.86

IFVO-ITAY e ;5 Ollgy 9 (Sl soals (5, b yiol,l —0 Jgu
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Table 6- Performance of RF and SVM models in the training and testing sets 1976-1994
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Table 7- Performance of RF and SVM models in the training and testing sets 1976-1994
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Figure 7- Verification scatter plots of simulated runoff using RF and SVM at Bonab (a and b) and Khormazard (c and d)
stations before and after 1995
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