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Introduction

Salinity stress causes reduction of crop evapotranspiration (ET.) and yield. An unsuitable seed planting date can
result in negative atmospheric effects, such as temperature stress, during the crop growth period. Consequently,
salinity stress and unfavorable climatic conditions during this period interact to reduce crop water uptake. The
mentioned conditions effect, should be investigated on crop transpiration amount (actual water requirement) and soil
surface evaporation losses. This research results will have a determinative effect on the optimal use of water resources.

Materials and Methods

The studied crop in this research was S.C 704 maize. The crop planting was conducted in mini-lysimeters with a
diameter of 40 cm and a height of 70 cm. The experiment factors included soil salinity stress and seed planting date.
Soil salinity treatments were selected at four levels of 1.7 (S;), 2.5 (Sz), 3.8 (Ss), 5.9 (S4) dS.m™. Seed planting date
included of 5 May (P1), 25 May (P2) 14 June (Ps) and 4 July (P4). Crop growth period for all planting date treatments,
was 140 days (FAO-56). Experiment was conducted as factorial based on completely randomized design with 16
treatments and three repetitions. Variance analysis and average comparison of data was done by SPSS software and
with Duncan's multi-range test (at 5% probability level). Daily soil moisture amount was measured by a moisture
meter. Irrigation time was determined for without water stress conditions. Readily available water limit was
determined 0.4. Irrigation volume was calculated according to soil moisture deficit (up to FC limit), soil density, root
depth, leaching fraction and soil surface area. To separate the evapotranspiration components, all treatments were
performed in two series of mini-lysimeters. In the first series, soil moisture reduction was related to crop
evapotranspiration amount. But in the second series, the plastic mulch was placed on soil surface. Soil moisture
reduction in the second series, was only related to crop transpiration amount. Difference of data in the first and second
series was equal to the evaporation amount. Linear function of Mass and Hoffman (1977) was used as the function of
evapotranspiration-salinity, transpiration-salinity, and evaporation-salinity.

Results and Discussion

As salinity increased from S1 to S4 levels, evapotranspiration, transpiration, and evaporation amounts were
measured on the planting dates P1, P2, P3, and P4. The measurements were as follows:

Evapotranspiration (mm): 619-548 (P1), 621-549 (P2), 624-547 (P3), and 625-544 (P4)

©2024 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,
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Transpiration (mm): 429-309 (P1), 421-295 (P2), 418-281 (P3), and 412-265 (P4)

Evaporation (mm): 190-239 (P1), 200-254 (P2), 206-266 (P3), and 213-279 (P4)

These ranges reflect the measured amounts for each variable under increasing salinity levels across the different
planting dates. Under the influence of salinity stress, soil water potential decreases, leading to a reduction in water
uptake by the crop and subsequently decreased crop transpiration. As a result of this reduction in crop water uptake,
the remaining water in the soil is utilized for evaporation. In Ss level and on dates of: P1, P2, Ps and P4, crop
transpiration portion decreased to 12.9%, 14.1%, 15.6% and 17.2%, respectively, and evaporation portion increased
to the same amount. By adjusting the seed planting date to optimize the utilization of favorable atmospheric conditions
during crop growth stages, the increase in the portion of evaporation is prevented. In initial stage of growth period,
only 0 to 10% of soil surface is covered by crops (FAO-56) causing the evaporation component to have a dominant
portion in the crop evapotranspiration parameter. As a result, placing of initial growth stage in warm days of year
caused an increase in evaporation losses. It seems that S;P; treatment was the optimal condition for transpiration
increase and evaporation decrease. The estimated functions showed that (in salinity stress conditions) crop
transpiration decreased more than ET.. Therefore, the transpiration rate should be considered as the crop's net water
requirement instead of ET. (crop evapotranspiration). According to the Mass-Hoffman function, under stress
conditions, the decreasing slope of transpiration and evapotranspiration and the increasing slope of evaporation
become more pronounced. For instance, in planting dates of P1, P2, P3, and P4, for each unit (dS.m™) of increase in
soil salinity, the evapotranspiration rates decreased by 2.51%, 2.82%, 3.3%, and 3.65%, respectively. Similarly, the
transpiration rates decreased by 6.1%, 7.34%, 8.42%, and 9.2%, respectively, while the evaporation rates increased
by 5.5%, 6.7%, 7%, and 7.82%.

Conclusion

Salinity and atmospheric temperature stresses had interaction effects on evapotranspiration and components rates.
Postponing the seed planting date and not utilizing optimal weather conditions, especially during spring, can lead to
damage to transpiration, which is a favorable aspect; however it is unfavorable in evaporation,. Therefore, in irrigated
crops, it is advisable not to plant seeds during the warm months of the year, especially in July and August.
Consequently, by controlling soil salinity and selecting the appropriate planting date, water can be optimally utilized.

Keywords: Growth period, Soil salinity, Water losses, Water requirement
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Table 2- Qualitative properties of used water sources in the research
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Figure 1- Calibration curve of actual soil moisture values, relative to the numbers read by device
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Table 3- Variance analysis of investigated traits
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Introduction

Predicting river flow is one of the most crucial aspects in water resources management. Improving forecasting
methods can lead to a reduction in damages caused by hydrological phenomena. Studies indicate that artificial
neural network models provide better predictions for river flow compared to physical and conceptual models.
However, since these models may not offer reliable performance in estimating unstable data, using preprocessing
techniques is necessary to enhance the accuracy and performance of artificial neural networks in estimating
hydrological time series with nonlinear relationships. One of these methods is wavelet transformation, which
utilizes signal processing techniques.

Materials and Methods

In this study, to evaluate the efficiency of discrete and continuous wavelet types in the Wavelet-Atrtificial
Neural Network (WANN) hybrid model for monthly flow prediction, a case study was conducted on the Kardeh
Dam watershed in the northeast of Iran, serving as a water source for part of Mashhad city and irrigation
downstream agricultural lands. Monthly streamflow estimates for the upstream sub-basin of the Kardeh Dam were
obtained from the meteorological and hydrometric stations' monthly statistics over a 30-year period (1991-2020).
The WANN model is a hybrid time series model where the output of the wavelet transform serves as a data
preprocessing method entering an artificial neural network as the predictive model. The combination of wavelet
analysis and artificial neural network implies using wavelet capabilities for feature extraction, followed by the
neural network to learn patterns and predict data, potentially enhancing the models' performance by leveraging
both methods. The 4-fold cross-validation method was employed for the artificial neural network model validation,
where the model underwent validation and accuracy assessment four times, each time using 75% of the data for
training and the remaining 25% for model validation. The final results were presented by averaging the validation
and accuracy results obtained from each of the four model runs. To evaluate and compare the performance of the
models used in this study, three evaluation indices, Nash-Sutcliffe Efficiency (NSE), Root Mean Square Error
(RMSE), and Pearson correlation coefficient (R), were employed.

Results and Discussion
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The analysis of meteorological and hydrometric data in this study revealed that monthly streamflow in two
time steps, T-1 and T-2, were the most effective predictive variables. Each of the two runoff variables of the
previous month (Qt-1) and the previous two months (Qt-2) were analyzed by each of the Haar and Fejer-Korovkin2
discrete wavelet transforms and the two continuous Symlet3 and Daubechies2 wavelets at three levels. The results
of each level of decomposition was given as input to the ANN model. The presented results at each decomposition
level indicated that hybrid models could accurately predict lower flows compared to the single ANN model, and
the estimation of maximum values also significantly improved in the hybrid models. Among the wavelets used,
Haar wavelets exhibited the weakest performance, and the less commonly employed Kf2 wavelet showed a
moderate performance. Since the Haar and Fk2 wavelets, with their discrete structure, did not perform well in
decomposing continuous monthly streamflow data, continuous wavelet models outperformed discrete wavelet
models. The hybrid models, combining wavelet analysis and artificial neural networks, demonstrated up to an 11%
improvement over the performance of the single neural network model.

Conclusion

Streamflow is a crucial element in the hydrological cycle, and predicting it is vital for purposes such as flood
prediction and providing water for consumption. The objective of this research was to evaluate the performance
of different types of discrete and continuous wavelet models at various decomposition levels in enhancing the
efficiency of artificial neural network (ANN) models for streamflow prediction. Since climate and watershed
characteristics can influence the nature of data fluctuations and, consequently, the results of the wavelet model
decomposition, choosing an appropriate wavelet model is essential for obtaining the best results. Considering the
existing variations in the results of different studies regarding the selection of the best wavelet type, it is suggested
to use both continuous and discrete wavelet types in modeling to achieve the best predictions and select the optimal
results. Given that a lower number of input variables in neural network models lead to higher accuracy in modeling
results, it is recommended to perform decomposition at a two-level depth to reduce input components to the neural
network model, thereby reducing the model execution time.

Keywords: Artificial Neural Network, Continuous wavelet, Cross-validation, Discrete wavelet, Hybrid model,
Wavelet transform
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Table 1- Geograghical and statistical properties of the metheorological and hydrometric stations in the study area in the

period 1991-2021
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Figure 1- The geographical location of the study area and its hydro-meteorological and hydrometric stations
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Table 2- The average value of the assessment indices at the first level of decomposition
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Figure 8- The evaluation indices values of the hybrid model at the second level of decomposition (cross-validation)
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Table 3- The average value of the assessment indices at the second level of decomposition
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Db2-ANN 8 0.76 0.28 0.87 0.59 0.30 0.80
Haar-ANN 5 0.73 0.29 0.87 0.61 0.30 0.81
Fk2-ANN 8 0.73 0.29 0.86 0.54 0.32 0.79




VoY i olo,s Y oyl FA als (S g T ay,is Yo Y

B8 Sym3-Ann

fold2

B Db2-Ann

o o oo
P N Wb~

RMSE (md/s)

o

fold1l fold2 fold3 fold4

fold3

B Haar-Ann  BFk2-Ann

(ebliie (2ruwions) 4525 @gw ha j3 (o5 55 S0 (25 Bas Ls -4 IS
Figure 9- The evaluation indices values of the hybrid models at the third level of decomposition (crossvalidation)
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Table 4- The average value of the assessment indices at the third level of decomposition
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Db2-ANN 6 0.78 0.27 0.89 0.61 0.30 0.81
Haar-ANN 6 0.78 0.27 0.89 0.59 0.31 0.80
Fk2-ANN 7 0.73 0.29 0.86 0.60 0.30 0.80
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Table 5- Comparison of the results of the best combined models with a singular neural network model in the calibration and
validation stages

Model Decomposition The optimal number of Callbratlon Va{lda}Flon
Name level neurons el TS
Jae ob 4320 g W(yg)98 dinke dlae NSE ~ RMSE R NSE RMSE R
(m3/s) (m3/s)
ANN - 6 0.64 0.34 0.80 0.42 0.36 0.73
Sym3-ANN Level3 3 0.81 0.25 0.90 0.62 0.30 0.85
Db2-ANN Level3 6 0.78 0.27 0.89 0.61 0.30 0.81
Haar-ANN Level2 5 0.73 0.29 0.87 0.61 0.30 0.81
Fk2-ANN Level3 7 0.73 0.29 0.86 0.60 0.30 0.80
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Figure 10- Comparison between observed data flow and predicted flow using singular and combined neural network models
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Introduction

Many agricultural lands in Guilan province of Iran, especially paddy fields, remain uncultivated in the second
half of the year due to various reasons including heavy rainfall, low soil permeability (stickiness of soil particles)
and inefficiency of the existing drains. Mole drainage as a low-cost drainage method, proportion for rice cultivation
conditions and easier to implement than pipe drainage, can be a suitable solution in the development of second
cropping. Due to the oil content of 40% of the seed, the rapeseed plant is one of the valuable oil plants and has the
ability to be cultivated as a second crop in paddy fields. Nitrogen plays a key role in the performance of plants and
its deficiency causes limitations in plant production. Equipping paddy fields with mole drains along with the
application of appropriate level of nitrogen fertilizer can increase the quantitative and qualitative yield of rapeseed
as a second crop and contribute to the food security of the country. Therefore, the development of the cultivated
area of rapeseed in paddy fields after rice harvesting in Rasht region, the study of the combined effect of mole
drainage and different levels of nitrogen fertilizer on yield and yield components were the aims of this project.

Materials and Methods

In order to investigate the effects of mole drainage and nitrogen fertilizer on the yield and yield components of
rapeseed as a second crop in Rasht rice fields, a factorial layout based on a randomized complete block design with
three replications at the research field of the Faculty of Agricultural Sciences of Guilan University was implemented
in the crop year of 2022-2023. The factors included mole drainage at three levels (without drainage, without gravel
and with gravel) as DO, D1 and D2 respectively, and nitrogen fertilizer as urea source at two levels (180 and 240 kg
ha') as N1 and N2 respectively. Rapeseed plant (Brassica napus) of Delgan cultivar was selected as the second crop
after rice harvest. To carry out the experiment, at first the desired land was blocked and divided into plots, then the
underground drains of mole were created without gravel and with gravel with a special blade in the desired plots. To
drain the drainage from the mole drains, the polyca pipe was installed at the end of each mole tunnel, then the other
side of polyca pipe was connected to the sub-pipe collection and finally led to the main surface drain. This experiment
was conducted in 18 plots and each one was 9 x 6 meters. The distance between plots was 1.5 m, between replications
was two meters, and the distance between plants was 15 and between rows was 25 cm. To avoid the effectiveness of
drainage treatments from undrained treatments, undrained plots were considered at the end of the field. Before
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cultivation, basic chemical fertilizers, 200 kgha' of potassium from potassium sulfate source and 200 kgha' of
phosphorus from ammonium phosphate source were applied. Nitrogen fertilizer from urea source was applied at the
level of 180 and 240 kgha™ in equal amount at three stages. Just before the harvest stage, to determine the traits of
the number of seed in the pods of sub-branches, the number of seed per pod, the weight of seed in sub-branches, the
weight of seed in the main branch and the weight of seed per plant, ten plants were randomly selected and harvested
manually from the crown area. Also, to determine the seed yield, one square meter was randomly selected from each
plot, taking into account the borders, and the bushes were manually harvested from the crown area. After the moisture
content of the seeds reached the desired level, the seeds were separated from the pods and weighed using a laboratory
scale with an accuracy of one thousandth of a gram, and the seed yield was calculated in kgha. SOXTEC SYSTEM
HT 1043 Extraction Unit set was used to determine oil percentage and Kjeldahl set was used to determine seed protein.
Statistical analysis of the data was done using SAS software (version 9.4) and comparison of means was done using
the minimum significant difference test at 5% probability level. Excel software was used to draw the graphs.

Results and Discussion

The results of variance analysis of the data showed that the interaction effects of mole drainage and nitrogen
fertilizer on the traits of seed weight in the main branches, seed weight in the plant and seed yield was significant at
5% probability level, so that the highest seed weight in the main branch with 0.733 seeds in the mole drainage with
gravel with a nitrogen fertilizer level of 180 kgha™ (D2xN1) treatment was obtained and the highest seed weight in
the plant with 1.443 g in the mole drainage without gravel with a nitrogen fertilizer level of 240 kgha' (D1xN2)
treatment was obtained. Also, the highest seed yield was obtained under 3579.48 kgha™ in the treatment of mole
drainage without gravel using 240 kgha* of fertilizer (D1xN2) which is compared to the treatment of without drainage
and drainage with gravel with the same level of fertilizer 13.63 and 2.31 percentage was higher, respectively. In
addition, rapeseed plant is more important in terms of oil percentage, no significant difference was observed between
drainage and nitrogen fertilizer treatments in terms of average oil percentage. Therefore, the mole drainage treatment
without gravel with a fertilizer level of 240 kgha (D1xN2) is the most suitable option for rapeseed cultivation as the
second crop after rice harvesting.

Conclusion

The results of this study showed that mole drainage without gravel by improving soil ventilation conditions and
preventing waterlogging of paddy fields along with the level of nitrogen fertilizer of 240 kgha* increased the yield of
rapeseed compared to the condition of without drainage at the same level of nitrogen fertilizer. Therefore, rapeseed
cultivation in vast paddy fields after rice harvesting can be recommended as a basic solution in order to increase the
production of oilseeds and provide part of the country's oil consumption.

Keywords: Delgan cultivar, Number of seed in a pod, Oil percentage, Protein percentage, Seed weight
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Figure 1- Design of the mole drainage system (A), how to create it (B) with a special blade (C) and drainage control
equipment to measure the desired parameters in plots with drainage and nitrogen fertilizer treatments (DO (no drainage), D1

(mole drainage without gravel), D2 (mole drainage with gravel), N1 (180 kg of nitrogen per hectare) ) and N2 (240 kg of
nitrogen per hectare)
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Table 1- Meteorological information related to rapeseed growth period (crop year 2022-2023)
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ol MaxTem MinTem SunHrs RH EPan Rain
Month () () (hr) (%) (mm)  (mm)
(October) je 25.8 17.3 4.09 82.61 2.1 3.47
(November) i 19.7 10.4 2.93 85.63 11 3.91
(Decenber) ,3I 14.1 7.6 2.54 90.45 0.8 3.36
(January) (¢ 11.8 2.6 3.38 86.89 0.7 1.82
(February) e 116 19 3.57 84.99 0.9 1.88
(March) sl 18.5 7.2 4.32 79.39 1.8 2.50
(April) 55,958 20.5 9.3 5.01 76.15 2.5 1.41
(May) cuigmd,) 23.0 13.3 4.73 80.87 2.3 3.36
(June) sls,5 30.4 18.6 8.82 72.98 45 0.00
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Table 2- Some physical characteristics of the soil in the research area before the implementation of the project

SE Gos gLl Cugby i pogadw pa B pogate 0y S5
Soil depth Saturated moisture Ps Po Porosity
(cm) (%) (gem™) (gem~3) (%)
0-15 50.60 2.61 1.67 42
15-30 50.34 2.62 1.69 35
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Table 3- Some chemical characteristics of the soil of the research site before the implementation of the project
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Soil depth pH ECe sOC
(cm) - (dS cm?) (%)
0-15 7.6 1.475 3.03
15-30 75 1.467 2.20
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Table 4- The results of variance analysis of the number of seed in the sub branch pod, the number of seed in each pod and the
seed weight in the sub branch in different treatments of mole drainage and nitrogen fertilizer levels

Ol gt 2abio o3l an yn (MS) @l yo
(S0V) (df) 53 4L YL ;> il dlass BYE a3 aild dlaxs 58 LG 3 b 39
Number of seeds in the pod of Number of seeds in Weight of seeds in the
the submain branch each pod submain branch
Replication ,|,Ss 2 4624.5"™ 0.00043889"
(D) (obge &Y iSa ailob 2 1.51256"™ 0.009872"
Mole drainage system
(N) 55 65 1 127.8356" 53.6233" 0.00347222"
Nitrogen fertilizer
DxN 2 2.98516™ 0.0034722"
Error s 10 62457.10 0.00189889
(CV%) &y oy 0.9120385 6.563785
o3 B g ) Jlean ! e )3 (g5 e (g3 me ple iy 4 F g TS

", **and *: non-significant, significant at p<0.01 and p<0.05, respectively.
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Table 5- The comparison results of average number of seed per subbranch pod, number of grain per pod and seed weight per
sub branch in different mole drainage treatments and nitrogen fertilizer levels

Jos S50 AL YL ;3 il slaxs e 2 45 &ily dlani S LG D Wil 43
Treatr;went Number of seeds in the pod of the Number of seeds in each ~ Weight of seeds in the submain
submain branch pod branch
g &Y S ailols
Mole drainage system
(DO) a8 oo 25.147° 24.485% 0.620°
Without drainage
(D1) Jgl )3 oot (oK 24.481° 24.379% 0.672%
Drainage without gravel
(D2) Jgl5 b i 24.481° 24.088° 0.700*
Drainage with gravel
OIos 05
Nitrogen fertilizer
(N1) ,uSs 55 p,Sols VA 23.615° 23.613° 0.650*
180 (kgha®)
(N2) )b 53 p,Soks Y- 25.7917 25.220° 0.678*
240 kghat)
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Averages that have a common letter are not significantly different at the 5% probability level of Tukey's test.
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Table 6- The results of variance analysis of seed weight in the main branch, seed weight per plant, oil percentage and seed
yield in different treatments of mole drainage and nitrogen fertilizer levels in the crop year 2022-2023

(MS) &lay po (Sl

LS D Al 39

Ol s @olio NELEYSY) o o5 dild s . e S )

(50V) (dh ol ¥ (S32) Oy oy o9 M) ald 3, Slos

.O.V. Weight of seeds W_e|ght of seeds Oil percentage Protein Seed yield

in the main in the plant percentage
branch

(Replication | S5 0.001906" 0.0037™ 46.886172™ 0.202™ 7417.9559"

(D) (sd90 &Y oiSnj ailols 2 0.00936™ 35.390872" 543" 74411.0236™
Mole drainage system
(N) 5955 368 1 0.00125™ 0.0006™ 1.227222"™ 0.008™ 1102.222236™
Nitrogen fertilizer

DxN 2 0.00207" 21.45093889™ 0.155™ 20909.1559"

(Error) s 10 0.00121 17.0828656 0.745 7788.3036

(CV%) &l yuis > - 4.97992 11.98862 4914 14.269827
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¢

ms, ™" and *: non-significant, significant at p<0.01 and p<0.05, respectively.
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Table 7- Comparison results of average seed weight in the main branch, seed weight per plant, oil percentage and seed yield
in different treatments of mole drainage and nitrogen fertilizer levels in the crop year 2022-2023

1 ad Ll 40 &ld 43 Qg 4D A oy R .. .
w e 24 o5 9253 415 039 s e &1 5 Slos
Phe Weight of seeds in the Weight of seeds in oil Protein Seed yield
Treatment main branch the plant (%) (%) (kgha)
@ @
9o &Y iSa; ailolw
Mole drainage system
(DO) pisa; cypts 0.6517° 1.272° 32.9922 18.612 3153.723°
Without drainage
(D1) Jgly3 oot (i 0.7183% 1.390° 37.278% 16.76° 3447.2°
Drainage without gravel
(D2) Jgl 5 b iSm; 0.7217% 1.422% 33.157° 17.27% 3525.723%
Drainage with gravel
0395 355
Nitrogen fertilizer
(NL) ,tSa 55 o )Ssks VA 0.706% 1.356° 34.737% 17.568% 3361.764°
180 (kgha)
(N2) JiSa 5 p Sk VF- 0.689° 1.367° 34.214° 17.525° 3389.323°
240 (kgha™)
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Averages that have a common letter are not significantly different at the 5% probability level of Tukey's test.
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Introduction

Shrub covers play a pivotal role in pasture ecosystems, exerting considerable influence on various
biochemical processes that occur within the habitat and surface layers of the soil. Despite their significance, there
is a scarcity of research exploring the impact of different types of shrubs covers on soil properties within pasture
ecosystems. Consequently, this present study was undertaken to address this gap in knowledge and investigate the
effects of shrub cover on soil characteristics specifically within a semi-arid climate, which is known for its delicate
and vulnerable habitats.

Materials and Methods

The implementation of this research involved the consideration of the mountainous region of Kiakola,
Nowshahr city. The current investigation focused on assessing the impact of various shrubs, namely Carpinus
orientalis Miller, Crataegus microphylla C. Koch, Berberis integerrima Bunge, Prunus spinosa L., and Rhamnus
pallasii Fisch. and C. A. Mey, on specific soil properies within the mountainous area of Kiakla, Nowshahr city.
To carry out this research, 15 sites were selected for each of the aforementioned shrub species. Soil samples were
collected from under the canopy of these species, specifically at a depth of 0-10 cm and a surface area of 30 cm x
30 cm. A total of 75 soil samples were then taken to the laboratory for analysis. The samples were divided into
two parts: one part underwent physical and chemical tests after air-drying and passing through a 2 mm sieve, while
the other part was stored at 4 degrees Celsius for biological tests. The presence or absence of significant differences
in soil properties related to the type of shrub cover under investigation was determined using a one-way analysis
of variance test. Principal component analysis (PCA) was utilized to establish the relationship between different
soil characteristics within the studied shrub covers.

Results and Discussion

According to the findings of this investigation, alterations in the shrub species present in the examined pasture
habitat resulted in modifications to the majority of soil quality properties. Nevertheless, no statistically significant
disparity was observed in the quantity of soil organic matter. However, it is worth noting that the quantity of
organic matter in the subsoil of Carpinus species exceeded that of the other examined shrubs. Carpinus and
Crataegus shrubs were associated with the lowest values of bulk density, while the shrubs under investigation had
no significant impact on soil particle density. Furthermore, the subsoil of the Carpinus shrub cover exhibited the
highest values of soil porosity. In the studied area, the most stable soil aggregates were observed beneath the
Carpinus and Rhamnus shrubs. The subsoil of Rhamnus and Carpinus shrubs exhibited the highest and lowest
quantities of sand, respectively. Similarly, the subsoil of Carpinus and Rhamnus displayed the highest and lowest
quantities of clay, respectively. The soil under Rhamnus displayed the highest ratio of CR and MCR indices,
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whereas the subsoil of Carpinus exhibited the lowest values of these indices. Fulvic and humic acids demonstrated
the greatest values beneath the Carpinus, Crataegus, Berberis, Prunus, and Rhamnus shrubs, respectively,
following a comparable pattern. Additionally, the subsoil of Carpinus exhibited the greatest quantity of microbial
ratio, while the soil under Rhamnus displayed the lowest quantity of this characteristic. The outcomes of the
principal component analysis (PCA) revealed that the quantity of organic matter, clay content, fulvic and humic
acids, porosity, and stability of soil aggregate in the soil beneath Carpinus played a significant role in enhancing
the soil microbial ratio of this shrub in comparison to the other shrubs.

Conclusion

The findings of this investigation validate the capability of Carpinus foliage to ensure the conservation of soil
quality indicators on the hilly grasslands of northern Iran. Therefore, it is proposed that restoration efforts be
conducted in the designated region and other areas with similar ecological conditions. Additionally, it is
recommended that special attention be given to the implementation of Carpinus and other indigenous shrub species
to protect soil integrity.

Keywords: Carpinus orientalis, Microbial ratio, Organic acids, Organic matter, Shrub land
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Figure 1- Location of the studied area in Mazandaran province, North of Iran
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Table 1- Descriptive statistics of different soil properties in the study area

wi.ulﬁ.o d‘)‘f 790 “)U.“m.H dold
95% Confidence Interval for

SB b S Maw Sl e Blpdl Lo ol Moan Jilss JePN
Soil properties Number  Mean Std. Deviation  Std. Error ol ol YU olS Minimum Maximum
Lower Bound  Upper Bound
_“;I ol 75 7.38 3.07 0.35 6.67 8.09 3.68 16.84
Organic matter (%)
$plb ogase p 75 1.29 0.15 0.02 1.25 1.32 1.01 1.65
Bulk density (g cm™3)
R (ogaTe P2 75 2.40 0.23 0.03 2.35 2.45 115 2.88
Particle density (g cm?)
Jbs 75 0.46 0.10 0.01 0.43 0.48 0.15 0.62
Porosity (%)
RPN
T 75 58.49 12.32 1.42 55.65 61.32 33.46 80.74
Aggregate stability (%)
o 75 26.80 6.86 0.79 25.22 28.38 17 41
Sand (%)
ulw 75 40.03 7.71 0.89 38.25 41.80 21 57
Silt (%)
o 75 33.17 6.68 0.77 31.64 34,71 19 48
Clay (%)
CR oasls 75 2.15 0.71 0.08 1.99 2.31 1.08 4.26
CR Index
MCR jasls 75 1.75 0.54 0.06 1.62 1.87 0.91 3.51
MCR Index
o [ 2318 75 072 0.31 0.04 0.65 0.79 0.33 1.62
Sand/Silt Index
‘*’"_’)/ oo 33 75 1.29 0.47 0.05 1.18 1.40 0.47 2.75
Silt/Clay Index
EEPPLIWY
Fulvic acid (mg 100 g™ 75 11523 65.50 7.56 100.16 130.30 6 425
soil)
Seogu dpuol
Humic acid (mg 100 g'l 75 61.08 58.49 6.75 47.62 7454 3 303
soil)
RETYVN W
Microbial ratio 75 60.86 34.40 3.97 52.95 68.78 18.19 210.54

(MBC/Corg)
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Table 2- Variance analysis of different soil properties under the studied shrub cover

SR Oyt 2o Olrspo gg050 R Olupo (uiibe F lase Sid e
Properties Source of Variation ~ Sum of square ddf) Mean square  Fvalue  Significance
oo t2o5,5 19.06 4 4.76 0.491 0.742"
Organic matter (%) Between groups
2055 092 679.42 70 9.70
Within groups
S 698.48 74
Total
2lb opaza vz L2055 0.69 4 0.17 13.754 0.000"*
Bulk density (g cm?) Between groups
12055 0522 0.88 70 0.01
Within groups
o 157 74
Total
> ooyt 2255 O 0.03 4 0.01 0.013 1.000™
Particle density (g cm®) Between groups
12055 0522 4.03 70 0.05
Within groups
S 4.04 74
Total
S 12055 O 0.15 4 0.04 4.427 0.003™
Porosity (%) Between groups
12055 0522 0.62 70 0.09
Within groups
5 0.78 74
Total
b ol 12055 4135.90 4 1033.97 10.197 0.000"
Aggregate stability (%) Between groups
_LM?’S 092> 7097.98 70 101.40
Within groups
o 11233.89 74
Total
o 203 O 1740.26 4 435.06 17.445  0.000™
Sand (%) Between groups
12055 0522 1745.73 70 24.93
Within groups
S 3486.00 74
Total
e 203 O 107.81 4 26.95 0.439 0.780"
Silt (%) Between groups
12055 0522 4296.13 70 61.37
Within groups
S 4403.94 74
Total
o oy )5 o 1928.08 4 482.02 24.545 0.000™
Clay (%) Between groups
12055 0522 1374.66 70 19.63

Within groups
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S 3302.74 74
Total
CR pals 12055 2167 4 5.41 24.737 0.000"*
CR Index Between groups
2055 092 1533 70 0.21
Within groups
S 37.01 74
Total
MCR jasls L2055 12.15 4 3.04 27.702 0.000"*
MCR Index Between groups
12055 0522 9.37 70 0.13
Within groups
o 21.53 74
Total
e 53 2313 12055 O 1.24 4 0.31 3.972 0.009™
Sand/Silt Index Between groups
12055 0522 5.94 70 0.08
Within groups
S 7.19 74
Total
o) s 2313 2255 3.96 4 0.99 5.492 0.001"*
Silt/Clay Index Between groups
2055 092 12,62 70 0.18
Within groups
o 16.58 74
Total
. _;g"’]’s ! . ogS o 149785.28 4 37446.32 15.635 0.000™
Fulvic acid (mg 100 g* soil) Between groups
_LM?’S 092 167653.86 70 2395.05
Within groups
o 317439.14 74
Total
Sl (25,5 0 120701.38 4 3242534 18391  0.000™
Humic acid (mg 100 g soil) Between groups
_LM?’S 092> 123420.13 70 1763.14
Within groups
S 253121.52 74
Total
et (25,5 20151.83 4 5037.95 5.230 0.001™
Microbial ratio (MBC/Corg) Between groups
12055 0522 67428.16 70 963.36
Within groups
S 87579.99 74
Total
o3 B g ) Jlein] o )3 (610 me (g3 xe pie i Ay T g #H S
ms, ™" and ": non-significant, significant at »<0.01 and p<0.05, respectively.
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Table 3- Mean (+ standard error) of soil properties in relation to the studied shrub covers

Solg 4 s

S5 )

Slads ;> iy Carm ot Berbor g dagll OS5 ol
Shrub cover arpinus -rataégus _ berberis Prunus spinosa Rhamnus pallasii
orientalis microphylla integerrima
S S oSile ol il ol il olius! e alus! e olas!
509 o o o LSl
Soil properties Mean sl Mean sl Mean Sl Mean S Mean S
+SE +SE +SE +SE +SE
_"*H ol 8.09 0.79 7.85 0.88 7.04 0.86 7.12 0.58 6.78 0.84
Organic matter (%)
spl o9 P 1.13b 0.03 121b 0.02 13la 0.02 1.38a 0.02 137a 0.02
Bulk density (g cm™)
< o7 P 2.39 0.03 2.40 0.03 240 0.04 240 0.04 2.39 0.10
Particle density (g cm™®)
S 5220a 001  4947ab 001  4467bc 001 4213c 001 30.73¢ 0.04
Porosity (%)
FUR{EpR NN
o 68.64 a 2.24 64.11 ab 3.09 58.49 bc 212 53.44cd 247 47.73d 2.92
Aggregate stability (%)
o 21.73d 1.09 23.20cd 1.23 25.73 bc 125 27.86b 1.37 35.46 a 1.45
Sand (%)
s
o 38.46 1.99 39.86 1.75 40.66 2.02 4191 2.06 39.20 2.24
Silt (%)
o 39.80a 141 36.93a 1.00 33.60 b 0.97 30.20c 1.01 25.33d 1.25
Clay (%)
CR asls
1.56 d 0.10 1.73 cd 0.06 201c 0.10 235b 0.10 3.08a 0.19
CR Index
MCR (L3 1.29d 0.07 1.43 cd 0.05 1.66 bc 0.07 191b 0.08 2.43a 0.15
MCR Index
e [ 55 gl 061 007  062b 007  067b 006 07lb 007 0.96a 0.07
Sand/Silt Index
o [ edow a3l 1.00c 0.08 1.10c 0.06 1.25bc 0.010 1.43ab 0.10 164a 0.15
Silt/Clay Index
Saglgb dl
Fulvicacid (mg 100 g 189.60a 2257  14146b  9.29 97.46c  9.68 76.80c  6.70 70.80 ¢ 6.59
soil)
Sogep g
Humic acid (mg 100 g*  136.06a 1652  73.46b 978  4373bc 356 33.73c 432 18.40 ¢ 2,57
soil)
19,50 e
Microbial ratio 83.82a 331  6535ab 485 67.83ab 570 52.45bc  4.02 34.84¢ 3.12
(MBC/Corg)

Al oo andllan 3yg0 (laod > (slaiubgr s )3 I dme (g)lel Ciglds 3g3g Silo Cglite mndSSl g >

Different English letters indicate significant differences between the studied shrub covers.
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Figure 2- Relationship between the studied shrub cover and soil properties in principal component analysis (PC1;
Eigenvalue= 5.60, Percentage of Variance= 37.38, Cumulative Percentage of Variance= 37.38 and PC2; Eigenvalue= 3.55,
Percentage of Variance= 23.72, Cumulative Percentage of Variance= 61.11). A; Carpinus orientalis Miller., B; Crataegus

microphylla C. Koch., C; Berberis integerrima Bunge.
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Introduction

Urea is one of the nitrogen chemical fertilizers for vegetable production in soil. But it is seldom used in soilless
cultures. Leafy vegetables such as Lettuce (Lactuca sativa L.) contain high levels of nitrate and attempts have been
made to reduce the nitrate concentration in this crop for human consumption. Using reduced forms of nitrogen,
i.e. urea, is one of the applied strategies for reducing nitrate accumulation in lettuce. Little information is available
concerning urea as a source of nitrogen for production of leafy vegetables such as lettuce in soilless culture. This
experiment was conducted to investigate the effect of different ratios of urea:nitrate in nutrient solution on the
growth indices, yield and nitrate accumulation of red French lettuce (Lactuca sativa L. cv. Lolla Rossa) in soilless
culture.

Materials and Methods

A hydroponic experiment using completely randomized design was carried out with seven ratios of urea:nitrate
in nutrient solution and four replications in the research greenhouse of Shahrekord University. Urea:nitrate ratios
in nutrient solution were: 0:100, 10:90, 20:80, 30:70, 40:60, 50:50 and 60:40. Lettuce seedlings were grown in 2
L plastic pots (one plant per pot) containing mixture of cocopeat + perlite at the ratio of 2:1 (v/v) and were manually
fertigated with nutrient solutions on a daily basis. Four weeks after transplanting, lettuce plants were harvested
and fresh weights of shoot and root were determined. Plant growth indices including of plant height, plant diameter,
leaf length, leaf width, leaf number, leaf greenness index and leaf brix level were measured. After measuring the
growth indices, the leaves were grouped separately according to leaf numbers 1-10=outer leaves, >11= inner
leaves. The samples were dried in an oven at 60 °C and were ground. Nitrate concentrations in samples were
determined calorimetrically using a spectrophotometer at a wavelength of 410 nm. Analysis of variance was
performed using SAS software version 9.4. Means comparison was conducted using least significant difference
test at 0.05 probability level.

Results and Discussion

The results indicated that application of different ratios of urea to nitrate in nutrient solution had not significant
effect on the lettuce growth indices including of plant diameter, leaf length, leaf width, leaf number, leaf greenness
index and leaf brix level in comparison with 0:100 of urea:nitrate ratio. Also, root and shoot fresh weights were not
affected by urea:nitrate ratio in nutrient solution. The greatest quantity of shoot fresh weight (141 g per plant) was
obtained with a 50:50 urea:nitrate ratio. However, this was not significantly different from the shoot fresh weight (125
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g per plant) observed when urea was not included in the nutrient solution. Shoot nitrogen concentration (except for
plants nourished with a 50:50 urea:nitrate ratio) was not affected by increasing the urea:nitrate ratio in the nutrient
solution. The results revealed that application of urea in nutrient solution effectively provided the nitrogen requirement
of lettuce. This indicates that lettuce plants can efficiently hydrolyze urea and use it efficiently as a nitrogen source.
Application of urea in the nutrient solution led to significant decrease in the nitrate concentration of lettuce root (P<
0.05). Moreover, increasing urea:nitrate ratio in nutrient solution resulted in significant decrease of the nitrate
concentration of outer leaves, inner leaves and all leaves of lettuce (P< 0.01). The highest and lowest nitrate
concentration in inner, outer and all leaves of lettuce were obtained in plants nourished with 0:100 and 50:50
urea:nitrate ratio in nutrient solution, respectively. Application of urea:nitrate ratio of 50:50 led to the meaningful
decrease of nitrate concentration in root (43%), outer leaves (41%), inner leaves (44%) and all leaves (43%) of lettuce
in comparison with 0:100 of urea:nitrate ratio. Urea had a repressive effect on nitrate influx and decreased its uptake
by plants. Also, after urea uptake by plant root, it is first degraded by cytosolic ureases and then ammonium is
incorporated via the GS-GOGAT (Glutamine Synthetase- Glutamine a-OxoGlutarate Amino Transferaze) cycle.
Therefore, application of urea in nutrient solution can lead to the reduction of nitrate accumulation in plants.

Conclusion

Based on the shoot fresh weight and nitrate concentration in lettuce leaves, replacing 50% of nitrate in nutrient
solution with urea is recommended for red French lettuce production in hydroponic culture under the conditions
of the present study. Compared to other nitrogen fertilizers, urea has a lower price and its application in nutrient
solution is useful in reducing production costs.

Keywords: Hydroponic, Leafy vegetables, Methemoglobinemia, Nitrogen form
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Table 2- Variance analysis (mean square) for the effect of urea:nitrate ratio in nutrient solution on height and diameter of the
plant, length and width of the leaf and leaf number of lettuce

5 gbia Sljlanys  olS gl olS b Spdeb  Spgps Syl
S.0.V. df Plant height  Plant diameter  Leaf length  Leaf width  Leaf number
S 4 0yg] s 6 3.15" 1.9 31.98™ 1.79" 7.20
Urea:nitrate ratio
s
21 0.83 1.24 26.50 1.39 4.35
Error
Ol yods o b
e 8.4 4.54 31.3 8.2 9.2

Coefficient of variation (%)

2oy 0 aw ) )l.s@m*‘)wa,éns

"s Non significant, * significant at 5%
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Table 3- Mean comparisons of the effect of urea:nitrate ratio in nutrient solution on height and diameter of the plant, length

and width of the leaf and leaf number of lettuce

Sl 4 9] S ol syl ols b Spdib  Spoese Sy dlan
Urea:nitrate ratio Plant Plant Leaf length  Leaf width Leaf number
height diameter
(cm)
0:100 10.5% 24.6° 15.5% 14.32 23.0°
10:90 12.42 24.42 15.07 13.6° 22.0%
20:80 9.5 249 15.5% 14.0 21.8°
30:70 10.9° 25.2¢ 15.6* 14.32 23.0°
40:60 11.2% 23.3 15.42 15.32 25.0°
50:50 11.2% 25.3 15.9? 15.1# 23.8%
60:40 10.4% 24.3 15.3° 13.6° 21.0%
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Data in each column with the same letter are not statistically different at 0.05 probability level based on LSD Test.
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Table 4- Variance analysis (mean square) for the effect of urea:nitrate ratio in nutrient solution on leaf greenness index, leaf
brix level, root and shoot fresh weights of lettuce

5 e @il Sp Sujw padls SpoSapnolme adeyelingy s )ldliel o
S.0.V. df Leaf greenness index Leaf brix level Root fresh weigh  Shoot fresh weigh
L 4 035 Cud 6 019 0.08" 2.86™ 192.9®
Urea:nitrate ratio
s
21 0.14 0.16 4.42 108.0
Error
(02) Sl 2 105 12.4 18.7 7.8
Coefficient of variation (%)
Moigime e

"s Non significant
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Table 5- Mean comparisons of the effect of urea:nitrate ratio in nutrient solution on leaf greenness index, leaf brix level, root
and shoot fresh weights of lettuce

Q',Z.ﬁ.;:\.gb”‘w S)JLSQMOAAW Sﬁwsﬂ;-!o'}e“

Ay 030 (39 o b L 25U 59

Urea:nitrate ratio  Leaf greenness index Leaf brix level Root fresh Wel?ghp|aiE%Ot fresh weigh
0:100 3.49% 2.90° 11.37° 125.0%
10:90 3.42° 3.25° 12.03? 139.72
20:80 3.40° 3.35° 11.55° 124,12
30:70 3.722 3.17° 10.75° 136.1%
40:60 4.00* 3.30° 12.35° 135.4%
50:50 3.722 3.20° 10.65° 141.3%
60:40 3.73% 3.27° 9.92% 128.8%
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Data in each column with the same letter are not statistically different at 0.05 probability level based on LSD Test.
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Table 6- Variance analysis (mean square) for the effect of urea:nitrate ratio in nutrient solution on shoot nitrogen
concentration and nitrate concentration in root, outer leaves, inner leaves and all leaves of lettuce

goves iy Vv a0 8, L L 59y Ol i B o Ol i bSOl gy LS J5 ol s
S.O.V. &3 Shoot nitrogen Ay S 950 Total Nitrate of
df Root Outer leaves Inner leaves leaves
nitrate nitrate nitrate
Slyis 4 0yl o 6 45,58™ 420819" 751247 439623™ 625165™
Urea:nitrate ratio
S 21 9.78 140435 79064 74194 54024
Error
i oy 75 21.0 11.8 18.3 11.0

Coefficient of variation (%)

2oy3 N daws )3 I3 gime ™ hioyd B prbaus j I e
* significant at 5%, * significant at 1%
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Table 7- Mean comparisons of the effect of urea:nitrate ratio in nutrient solution on shoot nitrogen concentration and nitrate
concentration in root, outer leaves, inner leaves and all leaves of lettuce

Ol 4 8,] Comnd 0, LS 339,48 Al y Ol ik Sy Ol LS p Ol LSy S Ol
Urea:nitrate ratio Shoot nitrogen Root nitrate S 950 Nitrate of all
Outer leaves Inner leaves leaves
nitrate nitrate
0:100 44.1* 21412 3156° 2085? 2852°
10:90 41.0° 1863® 2253 1798* 2055
20:80 44.6% 2069° 2629° 1257° 2314°
30:70 40.6 1883® 2340 1390° 1993P¢
40:60 435 1480%° 2526° 1364° 2130
50:50 34.9° 1225° 1861¢ 1161° 16214
60:40 43.2% 18222 1986 1343° 1812%
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Data in each column with the same letter are not statistically different at 0.05 probability level based on LSD Test.
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Introduction

Heavy metals such as lead, aluminum, mercury, copper, cadmium, nickel, and arsenic are now commonly found
worldwide. Among these, cadmium and lead are the most hazardous, posing significant risks to both the environment
and human health. Cleaning soils contaminated with organic and inorganic contaminants is one of the most significant
and fundamental challenges facing society today. One effective method for soil purification is to extract or immobilize
the contaminant within the soil.

Materials and Methods

It is unclear how water-soluble polymers contribute to the immobilization of heavy metals. The purpose of this
study is to examine how various polymers affect the immobilization of lead, zinc, and cadmium in the soil near a lead
and zinc mine in the province of Zanjan. A factorial experiment with three replications was conducted using a
randomized complete block design. The experimental treatments included one type of soil and three different kinds
of acrylic polymers (cationic, nonionic, and anionic) applied at four different levels (0, 0.05, 0.1, and 0.2). The
absorbable amounts of lead, zinc, and cadmium were tested at various intervals after the polymers were applied to the
soil samples. After that, SAS statistical software was used to examine the data. To do this, the Duncan multiple range
test was used to compare the means. The necessary tables and graphs were then created using Excel.

Results and Discussion

The findings demonstrated that, at 1% probability level, the kind of polymer had a considerable impact on the
amount of lead, zinc, and cadmium that may be absorbed in the soil. The average concentration of soil-absorbable
lead for the different types of polymers employed was 239.8, 260.15, and 267.65 mg/kg; anionic polymer had the
lowest concentration. Stated differently, anionic polymer decreases the capacity to absorb lead and stabilizes more
lead in the soil than the other two forms of polymer. Anionic polymers most likely have a stronger impact on soil
granulation. Additionally, at 1% probability level, the impact of acrylic polymer intake on the amount of lead, zinc,
and cadmium absorbable in the soil was considerable. With an increase in the amount of polymer utilized in the soil,
the greatest absorbable lead concentration (301.58 mg/kg) in the control treatment dropped to the lowest absorbable
lead concentration (0.2). It was possible to determine the polymer percentage and the lead concentration, which came
out to be 205.9 mg/kg of soil. Zinc concentration dropped as acrylic polymer consumption increased; in the control
treatment, absorbable zinc concentrations ranged from 0.2 to 83.5 mg/kg of soil, with 0.2 being the highest
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concentration. At 1% probability level, the impact of the polymer's contact time with the soil on the amount of lead,
zinc, and cadmium that the soil may absorb was significant. As a result, the tested soil had 414.52 mg of these elements
at the initial stage of polymer treatment. The quantity of absorbable lead in the soil became 66% immobilized after a
month, and after 720 hours, the amount of absorbable lead dropped to 141.83 mg/kg. As the polymer's contact time
with the soil increased, so did the concentration of absorbable zinc in the soil. At 1% probability level, there was a
strong correlation between the kind and amount of acrylic polymers and the amount of lead, zinc, and cadmium that
may be absorbed in the soil. The ingestion of 0.2% anionic polymer resulted in the largest amount of lead

immobilization, lowering the soil's absorbable lead concentration from 300 to 192 mg/kg of soil. A higher amount of

anionic polymer immobilized the lead, and both cationic and non-ionic polymers were positioned after it. Additionally,
anionic polymer was more prevalent than cationic polymer. It caused the non-ionic polymer's absorbable zinc to
become immobile. Following 720 hours of polymer treatment, the soil's absorbable zinc element was immobilized to
a greater extent by the anionic polymer (20%) than by the cationic and non-ionic polymers (26%), respectively. In
comparison to the original concentration, the largest amount of immobilization by anionic polymer after one month
was 78%, and the lowest amount of immobilization by nonionic polymer was 61%. Anionic polymer was 27% more
effective than non-ionic polymer, 18% more effective than cationic polymer, and stabilized more cadmium.

Conclusion

The results of this study showed that with increasing the duration of contact of polymers used with the soil,
the amount of mobility of heavy metals in the soil decreased and also with increasing the amount of polymer
consumption, the rate of metal stabilization in the soil increased. Anionic polymers immobilize more lead, zinc
and cadmium in soil. To reduce the mobility of lead, zinc and cadmium and improve the stability and increase
aggregation in soil, the use of acrylic polymer in contaminated soil is recommended.

Keywords: Anionic polymer, Cationic polymer, Heavy metal stabilization, Nonionic polymer
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Table 1- Physical and chemical properties of the soil used in the experiment
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19 24 45 31 0.5 30 7.7 385 28 17 623 31 850 4.85 14
oilajl 3,90 (Sl ST (5l po Sy Sluoguas —F Jgun
Table 2- Properties of Acrylic Polymers Used in the Experiment
sl Sl STl ST el Sl 51— il il Sello el Sl 51— sl 31 Sele
Acrylamide-acrylic acid  Maleic anhydride-styrene-acrylic acid  Maleic anhydride-styrene-acrylic acid
&Y S Ao S Moo S Moo
Color white white white
ey S5l S5 S5
Charge anionic cation nonionic
it "Jj’_ 50000-55000 50000-55000 50000-55000
Molecular weight
ol el 5] 80 63 60
Acrylic acid
el o] 20 0 0
Acrylamide
Al Sele 0 8 35
Maleic anhydride
Ot 0 19 5
Styren
e 2-3 6-7 7
Acidity
S5 1.04 1.04 1.02
Density
ity 30 25 25

Viscosity
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Table 3- Results of analysis of variance for the effect of experimental treatments on the etractable concentrations of lead,
zinc, and cadmium
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Mean squares of extractable heavy metals

NE L EYSY)

@y 89 oo3lS
SOV Df Pb zn cd
Sk 2 12.0430" 0.7665™ 0.0003™
Bolck
SE Ly el plej e 7 286597** 4299 g
Contact time of polymers with soil
ek du)"‘-’\f‘_ s e 3 130437.24** 171134.98** 150.69**
Amount of acrylic polymers
Sk e £ 2 19802.451** 451.625** 0523
Type of acrylic polymers
ST ey Ly e e xS Ly by Ly oled o e
The duration of contact of polymers with the soil x the amount of acrylic 21 36783.201** 544.675** 0.767**
polymers used
| ek SE Lk ol gl o 14 2076.081%* 8.122% 0.009*
Duration of contact of polymers with soil x type of polymer
ok €97 poch Srae ke 6 4255.58** 43.00* 0.093**
The amount of polymer used x the type of acrylic polymer
ST o 5% ol Spmn e x S L Loy s oles olo e
Duration of contact of polymers with soil x amount of polymer 42 996.824** 2.997** 0.003**
consumption x type of acrylic polymer
e 190 4717 0.195 0.001
Error
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Figure 1- Comparison of the means of the effect of different types of acrylic polymer on the extractable concentrations of lead
(a), zinc (b), and cadmium (c) in soil
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Figure 2- Comparison of the means of the effect of acrylic polymer application rate on extractable concentrations of lead (a),
zinc (b), and cadmium (c) in soil
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Figure 3- Comparison of the means of the effect of contact time of acrylic polymers on the extractable concentrations of lead

(a), zinc (b), and cadmium (c) in soil

o & Cond & 0D (g pSojlul S pSolS 2 S e AP 5 sSab St sl po by G ymns Yl g pan Js e

(g ¥ Js) ol Lials ao )y VY sali

S8 9 pss S L L yo by uled oy s JalBis il

Pl 9 G0y o SRE oSSl Sl Sode e (U)o s ey Sy il g 9 S

S glaiul b RS Y Spas e 4 bape oy (8 Spie pf e
oloj e Jlite gl ol (Lt Wedly (puib)ly 4235 b I SB gl BB Gy clale oS ey sl po ik pySoks
chle p (Seb ST slapely Gpas Jlde 5 g9 dajaid (oles 2 S Y Gpas b Lials S5 p,SelS ) a8 e VAT 4 Y-
S92 )b ne dop> Sy Jleisl v 3 SB gl gl BB oy sl LB Gy clale 1o ¥ SB 3 Sl el pSskS
355 S pte i ) oy S50k Olie & Sl ol (T g2 sl LB goy clale 508 () ¥ US) Bl Lials ], S
S i i8S 8 ol 3w st 5 9 ol i g o FEID s 4 sl ol p)SshS 3 pS ¥ Gy o by
2 eI Gran b Gosl pedy o sald Yl 4 Cund 103 ¥V 1l Jlagi &) G &S 355 1 |, S SolS 5 5,5

6L5€|J&Lu|dg@ﬁudl$363‘)‘gfuwi
Gyae Jlaie g g9 il ol olis odls Luil)ly o0 ol
ghl BB oedlS g 59y aopm cdale y (S ST glaye Ly

25V ek Gpas GRlEIL &S 39 203 VY jay p)Seks o 3 gl LB aredls clale (o F JSS) 390 il ialS
oy 203 VF 4y p)SolS Jate il L a8 3g S5 p)SelS a8 ke ¥ e 4 ali

gl B adls Clale op S g ol pials pe d Spas

e 4 SB Sgiil oy SIS 1 p)S Y Bpae e L SL



VoY i — oloys Y oyled FA als S g T a4y ,a8 YAY

B.osd WSS Dbwe
Anionic  Cationic Nonionic

— 300 abe L P
- 2T bed
g & 250 o d o4
- [=1]
% £ 200
L 150 |
J‘o_‘
100
50
0 T 1

0 0.5 1 2
= ‘-;\-_-‘—_.-\ ’L‘.&.L = ST lage
A Amount of pol\mw(g kg )
100 ; m.e_.w‘ W s O A
".‘A %0 | Anionic Cationic  Nonionic
3 B0 bed d
1':3 — be ““® bed be def
J E
.',')"S 20 J
40 4
0 4
- 0 5 1 2
B ‘J._.L ST sbat Gas l0ds
-‘\moum of polymer (g kg~ )
6 -

B.ay W A O g
Antonic Cationic  Nontonie

bebcb

%ﬁ%ﬁéﬁw

r\.J.J‘ -R.A..L_’..;A_.L.LA

Amount of polymer (g kg 1)

S g5l B (g) 0903 9 () (59, ) s CBE 31 (Saly 55T (b 50 by B poce o g £95 i (S0 cpaSUloo dnny o —£ JSU5
Figure 4- Comparison of the mean effects of type and consumption of acrylic polymers with soil on the concentrations of lead
(a), zinc (b) and cadmium (c) absorbable soil
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Table 4- Mean comparison of the interaction effects of polymer contact time, polymer type, and application rate on
extractable lead concentration and immobilized lead percentage in soil
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Table 5- Mean comparison of interaction effects of experimental treatments on extractable soil zinc concentration and
percent zinc immobilization
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Table 6- Comparison of the means of the interaction effects of experimental treatments on the concentration of extractable
cadmium in soil and the percentage of immobilized cadmium
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Introduction

The penetration resistance (PR) of the soil shows the mechanical resistance of the soil against the penetration
of a conical or flat probe; it is important in terms of seed germination, root growth and tillage operations. In general,
if the PR value of a soil exceeds 2.5 MPa, the growth and expansion of roots in the soil will be significantly limited.
The direct measurement of PR is also a laborious and costly task due to instrumental errors. Therefore, it is useful
the use of different models such as multiple linear regression (MLR), artificial neural network (ANN) and gene
expression programming (GEP) to estimate PR through easily accessible and low-cost soil characteristics. The
objectives of this research were: (1) to obtain MLR, ANN and GEP models for estimating PR from the easily
accessible soil variables in forest, range and cultivated lands of Fandoghloo region of Ardabil province, (2) to
compare the accuracy of the aforementioned models in estimating soil PR using the coefficient of determination
(R?), root mean square error (RMSE), mean error (ME) and Nash-Sutcliffe coefficient (NS) criteria.

Materials and Methods

Disturbed and undisturbed samples (n = 80) were nearly systematically taken from 0-10 cm soil depth with
nearly 50 m distance in forest (n = 20), range (n = 23) and cultivated (n = 37) lands of Fandoghloo region of
Ardabil province, Iran (lat. 38° 24' 10" to 38° 24' 25" N, long. 48° 32' 45" to 48° 33' 5" E) in summer 2023. The
contents of sand, silt, clay, CaCOs, pH, EC, bulk (BD) and particle density (PD), organic carbon (OC), gravimetric
field water content (FWC), mean weight diameter (MWD) and geometric mean diameter (GMD) were measured
in the laboratory. Relative bulk density (BDrel) was calculated using BD and clay data. Mean geometric diameter
(dg) and geometric standard deviation (o) oOf soil particles were computed by sand, silt and clay percentages. The
penetration resistance (PR) of the soil was measured in situ using cone penetrometer (analog model) at 5 replicates.
Data randomly were divided in two series as 60 data for training and 20 data for testing of models. The SPSS 22
software with stepwise method, MATLAB and Gene Xpro Tools 4.0 software were used to derive multiple linear
regression (MLR), artificial neural network (ANN) and gene expression programming (GEP) models, respectively.
A feed forward three-layer (2, 5 and 6 neurons in hidden layer) perceptron network and the tangent sigmoid transfer
function were used for the ANN modeling. A set of optimal parameters were chosen before developing a best GEP
model. The number of chromosomes and genes, head size and linking function were selected by the trial and error

©2024 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.
https://doi.org/ 10.22067/JSW.2024.86792.1385


https://jsw.um.ac.ir/
mailto:Ayoobkarami@yahoo.com
https://doi.org/10.22067/jsw.2023.83163.1301
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.22067/jsw.2023.83163.1301
https://orcid.org/0000-0002-3423-2016
https://orcid.org/0000-0001-8177-4320
https://orcid.org/0000-0007-5610-0026

V¥ i — 018, ¥ oled FA alo (S g ol 4,85 YV

method, as they are 30, 3, 8, and +, respectively. The rates of genetic operators were chosen according to literature
studies. The accuracy of MLR, ANN and GEP models in estimating PR were evaluated by coefficient of
determination (R?), root mean square error (RMSE), mean error (ME) and Nash-Sutcliffe coefficient (NS)
statistics.

Results and Discussion

The studied soils had clay loam (n = 11), sandy clay loam (n = 6), sandy loam (n = 12), loam (n = 13), silty
clay loam (n = 14), silty clay (n = 1) and silt loam (n = 23) textural classes. The values of sand (13.14 to 64.79 %),
silt (21.11 to 74.96 %), clay (2.95to0 42.18 %), OC (1.01to 7.17 %), FWC (11.58 to 50.47 mass percent), BD (0.84
to 1.43 g cm™®) and PR (1.03 to 5.83 MPa) showed good variations in the soils of the studied region. There were
found significant correlations between PR with FWC (r = - 0.45™), silt (r = - 0.36™) and o4 (r = 0.36™). Due to the
multicollinearity of silt with o4 (r = -0.84™), the 64 was not used as an input variable to estimate PR. Generally, 3
MLR, ANN and GEP models were constructed to estimate PR from measured readily available soil variables. The
results of MLR, ANN and GEP models showed that the most suitable variables to estimate PR were FWC, silt and
BDrel. The values of R?, RMSE, ME and NS criteria were obtained equal 0.44, 1.19 MPa, 0.19 MPa and 0.36, and
0.92,0.41 MPa, -0.05 MPa and 0.92, 0.79, 0.91 MPa, 0.13 MPa, 0.63 for the best MLR, ANN and GEP models,
respectively. The former researchers also reported that there is a negative and significant correlation between PR
with FWC.

Conclusion

The results indicated that field water content (FWC), silt and relative bulk density (BDrel) were the most
important and readily available soil variables to estimate penetration resistance (PR) in the studied area. According
to the lowest values of RMSE and the highest values of NS, the accuracy of ANN models to predict soil PR was
higher than MLR and GEP models in this research.

Keywords: Estimation, Fandoghloo region, Gravitational water content, Readily variables, Soil resistance
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Figure 1- Geographic position and distribution map of sampled points in satellite image of the studied area
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Table 1- The values of GEP model parameters
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Table 2- Descriptive statistics of soil variables in the studied area

095!

. o]
V;-i‘azle Training Testing

Min. Max. Mean Sd. Min. Max. Mean Sd.
FWC (% g g™ 11.48 50.44 24.46 10.24 12.90 50.47 25.73 12.15
BDrel 0.44 0.75 0.63 0.07 0.43 0.79 0.63 0.10

PD (g cm™) 2.01 2.67 244 0.15 2.02 2.68 241 0.17
Clay (%) 2.95 42.18 21.78 9.53 3.94 38.40 20.28 11.27
Silt (%) 21.11 65.19 44.62 12.90 25.53 74.96 47.45 12.35
Sand (%) 13.14 64.10 33.59 15.52 15.31 64.80 32.27 14.89
dg (mm) 0.01 0.18 0.06 0.05 0.02 0.21 0.06 0.05
og () 6.94 20.43 11.75 3.29 6.94 20.43 11.75 3.29
MWDd (mm) 0.98 231 155 0.28 1.19 1.98 1.61 0.25
GMD (mm) 0.8 1.33 1.03 0.11 0.8 12 1.04 0.1
OC (%) 1.01 7.17 2.85 1.75 1.15 6.31 2.90 171
CaCO; (%) 312 10.32 7.18 1.76 21 15.6 6.74 2.67
pHi:2s 5.45 7.2 6.29 0.38 5.68 7.34 6.33 0.43
ECi25 (dSm™) 0.02 1.08 0.15 0.19 0.04 0.33 0.11 0.07
PR (MPa) 1.2 4.8 2.15 0.85 1.03 5.83 2.22 152

s ogate > :Dpqrelative bulk density) .. el osase p>:BDrel (field water content) acyze S ook, FWC

Lowdin 3kl Byl :1og (geometric mean diameter) el jlhé  osis ,Ske g (s SN o Silt 0, :Clay (particle density)
ke :GMD (mean weight diameter) s S 39, 4 ashiSs Jhd Sjg .S5ke :MWDd (geometric standard deviation) >
£939,8 Conglio PR (Jolro wuudS” il :CaCOs (organic carbon) JI 5 :OC .(geometric mean diameter) laaliss s  wiia

il :Min sShis :Max . Ske :Mean o ikl >l :Sd (penetration resistance)
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Figure 2- Distribution of textural class in the studied soils
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2- Variance inflation factor (VIF)

Claw b opd o (1>0.60) (568 Jod  Siuon &5 a0 o i
cowiid Dbl Bzl b el (dg) lyd Hlad wsis 1Sl o
slo s Sl (dly olosan bty Jo 69,5 clsisas yeite
alox 51 (VIF) T uib,lg pye5 Jole i oolizwl PR 3491 ;s MLR
L)“"‘li)b And e ULAAJ &S 0dg 4)1§.L> UJL.«»]M RIS Lgl.zbui‘:”
$2glp Slopite & Aot Cons > 2 b 5lp colps
(Yazdani et al., 2014) ol adly (5ol58 6l Jas  Sien
MLR sloJso (VIF) by 55 55los (ason 30U ol
ol Sl jlude a8 Wols (Lis 1) 0 51 j2aST ol (F Jgas) dlogs ye
S5 sy VIF 05ll [31¢ IS joboas ol s VIF imgss ol )
oo ol 9338 0 )y Jdo 53 yeite () 15l 0 5l e pite

Dgd Bl Jae 5l b

1- Multicolinearity



Yvvy

05 ol B3 s%ely 9 (Fouan cmas Al ((ygum xSy 3l ooliiuwl b S5 (599,58 Cuoglito (63w Juo ;o g (5 y20!

g Caamnaw Sl dlool cle 4 SB > cldiws doyd (i3l b 2gy 0
ssMe ¥ 0)lad MLR s ).l 2l SB c9y9,5 Caoglin ¢p i
L 35 (BDFel) s pll opasio py2 iy 5 FWC
2 0o e ORI L sy o slaid 035 Jue 3y (ite cuodle
S g e b pegaste p (S ) ojlul @je
UidlS 4y e g il33l BDrel asws )5 5 ials BDrel auolse
o9 (Kelishadi et al., 2014) ])Ken 5 (oolinlS .05 5 o PR
Cuje g sl pogasa prr o el pogas ) (LIS T
5l dfd)9bola..b .J.Jlob)f &l OT &>« BDrel 51 oslawl (sl
S Om o ol ol S el bl ¥ Y S5l
cadlss I S ol A5 €8l I ine Siuran PR 5 I
2L PR 055031055 (g )5) G (535)9 it St plgis s
o YL Ol coys & ol 15 1) dlas o) > a5 20,5
aiate (£)1j 9 (0 Sz w2 y5lxe (605w )3 (CV=60%)
g9 005 Baimd > a8 Cawl Jls jo cpl b Cans Joo)l (golBaid
syl casy b SB > (Sheykhzadeh et al., 2016) -, Son
b (1= == /$V"%) Jlogin g (e (Stuan PR g JI 008" (50
Jsiea PR 2jsly sl MLR (glaJae (S 0 o) 5 0
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yxio Glaicds MLR Jao aw o ;0 FWC 558 0 odnlin
2 ol (F Jgie) cwl ond)S ol gite cadle b 5 6399
2S5 Jole o yionee (FWC) a0 S gyl ingy
)l g5y sl i )3l 039y SB (599, Cunglie 39l
OKen 5 jlg (Bayat et al., 2008) ;e 5 by bawgs ol
Sheykhzadeh et al., ) ,Sen g odl55ui 4 (Vaz etal., 2011)
23500 3 ke 83909 SRt (S 4850 SB Cugh) 5 (2016
MLR Jao aw j2» 2 FWC Laie coMe .cusl 0093,5 4)l55 PR
SE b oy g Jome S Cagby Gl L &S cul o] Sil 5o
Wl GEalS (Jog st gy d9i plp > SB (Selke Canglie
o (Santos et al., 2011) ,Sen 5 yossle sbaabl L a5 cul
s oly &G 5o (Asghari & Shahabi, 2019) ks ¢ (g ol
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Table 3- Pearson correlation coefficient (r) between studied variables (n=80)

Variable OC  Sand Silt Clay dg Gq FWC BDrel PD MWDd GMD  CaCOs
PR 006 021 -036" 014 0.10 036™  -045" 017 0.19 0.08 -0.01 -0.03
ocC 1 059™ -0.24" -0.59™ 055"  0.03 078"  -050" -057" 0.23" 0.14 0.40™

Sand 1 -0.76™ -0.56™ 0.88™  0.42" 0.44™ -0.19 -0.32" 0.18 0.11 0.42™
Silt 1 -0.11 -0.50™ -0.84™  -0.07 -0.17 0.07 -0.24" -0.277  -0.28"
Clay 1 -0.71™ 043"  -059™ 050" 0.5 0.04 0.18 -0.29
dg 1 0.01 047"  -0.34" -036" 0.02 -0.03 0.45™
Oy 1 -0.12 033"  0.08 0.34™ 0.36™  0.05
FwC 1 -0.57"  -0.63" 025 0.17 0.37"
BDrel 1 052"  -0.03 -0.01 -0.19
PD 1 -0.14 -0.08 -0.28"
MwDd 1 0.87"  -0.07
GMD 1 0.02
CaCOs 1

el 03 03,91 Y Jodo 315 50 b puiite w3 Chogs huo)d 0 9 ) Jloin] o )3 I3 (me il ey it g

* Kk

Variable symbols description is available under Table 2. ™

: Significant at P < 0.05 and P < 0.01, respectively.

S (PR) (59,958 Caogliio (MLR) sil6iay (b (y9mw 55 (slaso € Jout>
Table 4- MLR models of soil PR

5 lowd J% VIF gSlas
Number Model Max VIF
1 PR=3.007 -0.035 FWC 1.00
2 PR=4.22 - 0.041 FWC - 0.024 silt 1.03
3 0.059 FWC - 0.030 silt — 5.098 BDrel PR=8.161- 1.40

ol 005 03,91 ¥ Jgas 5 5 b puiie oy
Variables description is available under Table 2.
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Table 5- Evaluation criteria for MLR models of PR

ose;l 990!
Testing set Training
5 ko £3933 (5 paiio . RMSE ME o g RMSE ME NS
Number Input variables (MPa) (MPa) (MPa) (MPa)
1 FWC 0.27 1.32 0.12 0.20 0.18 0.77 -0.001 0.18
2 FWC, silt 0.44 1.19 0.19 036 0.31 0.70 0.003 0.31
3 FWC, silt, BDrel 0.34 1.25 0.19 029 045 0.63 0 0.45

015 03551 Y Jodor 325 33 U puitie Chnorgi s ot g (RZ a3 5, Sike (ME s Slasyo :Ske y9idome :RMSE addSslum i oy (NS
R?: coefficient of determination; RMSE: root mean square error; ME: mean error; NS: Nash-Sutcliff coefficient. Variables
description is available under Table 2.

339152 6152 (ANN) o2 gums criae asud sladss gl
Sla (PR) e gl
0155 3,513 (ANN) e st s 455 ela Juo Sl (&l
(0 Jga2) MLR (slaJae (63959 (sl puiie Gloa b J ¥ 51 PR
Gy oas S ANN o ¥ obj)l sl jlze & Jods 60 ooliu!
Lilen 35 ANN (cla Jiae (canas, amd e olis |y PR syl
o5 Y s RMSE (352 by slise 2 (0 J5o2) MLR (sla s
{F Jgiz) g3l slaosls 55 g8 (slalino (polulyy 5 P8I NS
iz LY 0,les ANN s PR 55051 gl ANN o (5500
P i sl pogatte pi g Sl e jo S Cugb) (639
NS s ME RMSE R? ,;3li0 59 ANN (sl byl | duuylie
¥ MPa /YA ply Cuspa bjeel laodls (lp Jae o
</¥Y MPa +/aY ply Sgejl slaodls (clys 9 +/YA 4 </ MPa
e g Cuto pdlie (5 Jgan) 43S o +/AY 5 — /-0 MPa
S sl Solt wiia Gseil 9 sl swodls ol ME
ile ¥ ojles Jus Lawgt S PR Ladly e 5l a8 5y
S Y o5les 9 Y ojles ANN Jio cod gy csdm slads, jo
o ol Y oyles ANN Jae a5l o PR 35915 )3 (¢ yutin <>
oialS oo N ojloss ANN o &y cdow pusiio (s d8ls] aad
loodls ol &S (gpgbots 3,5 o s (ljdl 5 Jae sllas
Y 6)es ANN o 45 o Y 05les ANN o RMSE ¢ g}
Cos ¥ 5l ANN o NS 55 5 20lS 003 ¥8 5300 4
g Olo bl il Mo AV e 4 Y oyleds ANN Juo &
d> ) aie 00938l W0, 5155 (Bayat et al., 2008) 1Ko
oS St wse PR gl gl ANN Juo 4 s gl
ohalS g /A 4 VO IR (il )b 1 SB (0998 Canglie
Santos ) o \Kea ¢ (wgtle .03)5 doyd AIFD 5 4 RMSE
Yl cE b S o598 Cungliio 45 05,5 ol (et al., 2011
&9y} (Soas (as 45D lawgs (RMSE= +/<AY 4 R% +/2A)
3)90 45y30 S Cugh) 5 5l (ogasie o> (63959 Loyt

OxSle y9ome oR?) G e pd sloslime 2300 0 Jpoo

ISSLo 5 ey 5 (ME) s (S0 (RMSE) Lo Sl
015 03,51 PR 35153 35 a3 5l MLR sla e 55l sl (NS)
Gl Sae b Jio jliel iocias (gl olas 4 R? 1 oolil .ol
plis LolS il s ) 4 oo RZ Lyl g il ey )b
2 sk R 539 YU iny G PR (039l 2 jolio b (5,501
rols gl oplplo (Kozaketal., 1996) cuws Uas 13g; o5
lice 5 PR 3,515 1> GEP g ANN MLR slo o (siisas,
9% ol bl 45 plool NS 5393 YU g RMSE 599 oyl
oanlie ¢ Sgejl swodly 3 NS ie 39 Yb g RMSE 50
Cagb) (43955 Syt b (0 Jg2) ¥ o)l MLR Jao 595 o0
duglio 3 (6 5YL €85 (LIS PR 3ol Jlas 5l el 5 450 SB
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o[+ +¥ MPa +/V+ MPa /Y'Y plp iy 5590] (slmodls ¢l
</VA MPa /N8 MPa +/F¥ ol Sgejl sloodls gly g +/¥Y 4
ol ly ME cute pdlie (0 Jodo) 10)5 cpuns /Y5
by S PR 8y lado | i )5l Sole seil 5 59l
(¥ Jgia) Joe cnl S )5y dolae Gizmon il oo ¥ 05led Jao
bl e & 4250 S Cagh) ite i 56 48 m oo ot
o pito |y Slye 4 PR 3jsl )3 5V (Ggm Sy o s
Casby (939)9 Sysio LY ojlad Jao gin sloass) 5 A8k oo
e b)) Jdo g o s plb pogiasie oy g Sl e je SB
Esoxe > o B Joix) )b )13 asyie S Cugh) (6399
oylods Jao (S U5eh Sgs)S) Jho dw byl slaolal bl
Olar o odliged Gimgsy )3 cusl gl PR syl el ¥
yxio LMLR Jas oy 200 50 (Sheykhzadeh et al., 2016)
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VA NS (g Lialsél 5 Sl +/AY 4 V/YS ) RMSE
Dinarvand) ),IKes 5 359,k 13,5 Sgejl (slaodly y3 +/5Y &
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3)lll Blpdl g (gl ogasie oy i )50 SB Cagbs,
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sodls )= +/¥-F MPa A /¥ MPa ¥V Ll iy ME 4
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238152 12 (ANN) 03 olas 32,0l sladss glis
S (PR) 59,98 e 5lis
€9 ¥ 55 (GEP) 5 olo (sjoyaaly odlil L PR 34l
50 Jshz) ANN s MLR (sla Jao (395 (sl o b Jas
o35 &l GEP Jso ¥ o)) cslalins ¥ gt 43,8 sl (5
15led 5 GEP sl e (v, md o bt |y PR 351, (s,
o9 omb oslely (7 Jo22) ANN 5 (0 Jgio) MLR (sla Jas
S de slolol sluo 033,35 alosl NS o YL s RMSE
PR 3551 sly GEP Jao (538> (Y Jgi2) (sejl cslaodly
P g Chow deyio SB Cugb) (639)9 slajesito b ¥ ojled s

SB (PR) (59959 Cuoglio (Sguas (mas aSuwd (S0 (b5, b kre -1 Joua
Table 6 - Evaluation criteria for ANN models of PR

093l 90!
Testing set Training
o £593 (5l paiio . RMSE ME NS Re RMSE ME NS
Number Input variables (MPa) (MPa) (MPa) (MPa)
1 FWC 0.56 1.12 0.17 043 0.14 0.79 0.07 0.13
2 FWC, silt 0.89 0.61 -0.29 0.83 0.70 0.46 -0.03 0.70
3 FWC, silt, BDrel 0.92 0.41 -0.05 0.92 0.79 0.39 0.05 0.78

ol 015 0351 Y iz 5 53 Wit Chrnorgy -l oty tRZS 5 ike ;ME (s oo (3555s j9ime (RMSE el 5 oy (NS
R?: coefficient of determination; RMSE: root mean square error; ME: mean error; NS: Nash-Sutcliff coefficient. Variables
description is available under Table 2.

S (PR) 59,958 Cwogliio (3 ol s 525800 2 slodde (25,1 S lixe -V Jgoa
Table 7- Evaluation criteria for GEP models of PR

093! 9!
Testing set Training
5 loud $399 Siie o RMSE ME NS m RMSE ME NS
Number Input variables (MPa) (MPa) (MPa) (MPa)
1 FWC 0.30 1.26 0.08 0.28 0.55 0.59 -0.02 0.50
2 FWC, silt 0.74 0.93 0.13 0.61 0.61 0.53 -0.03 0.61
3 FWC, silt, BDrel 0.79 0.91 0.13 0.63 0.75 0.43 0.04 0.74

ol 015 0351 ¥ s 1) 53 W peicie o - ysd oy tRZ (s (3,550 (ME bt Sy :5iko sione :(RMSE il 25 o i :NS
R?: coefficient of determination; RMSE: root mean square error; ME: mean error; NS: Nash-Sutcliff coefficient.
Variables description is available under Table 2.
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Figure 3- Investigation the performance of GEP model in estimating soil penetration resistance (PR) at the testing points
(n=20); F: forest land use, R: range land use and C: cultivated land use
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Figure 4- Comparisons of estimated and measured values of penetration resistance (PR) for the testing data set based on the

best MLR, ANN and GEP models. Tables 4, 5 and 6 provide detailed information about each model and input variables. The
dashed lines indicate the 1:1 diagonals.
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Introduction

Soil aggregate stability is a crucial indicator for evaluating soil structure, quality, and health. This index affects
the physical and hydrological functions of the soil, which, in turn, depend on plant primary production and the
capacity of organic carbon decomposition. Soil organic carbon plays a positive role in the formation and stability
of soil aggregates. Soil organic carbon (SOC) causes a rapid decrease in water penetration into soil aggregates by
creating a water-repellent coating around them and increases their stability against instant wetting stress. Land use
and management, including cultivation systems and tillage methods, have an important impact on the stability and
size distribution of soil aggregates. Mechanized sugarcane cultivation has a long history in Khuzestan province,
particularly in Haft Tepe sugarcane cultivation and industry. Haft Tepe Agriculture is the first sugar production
unit in Iran. Despite the increase in the use of chemical fertilizers, the yield of sugarcane crops has been decreasing
due to the destruction of the physical properties of the soil. The study aimed to investigate the effects of different
sugarcane cultivation systems on soil physicochemical-biological properties and soil stability indices in parts of
Khuzestan province.

Materials and Methods

Soils were sampled from the surface of five farms in the Haft Tepe sugarcane cultivation complex located in
the northwest of Khuzestan province. The farms included single-row, new planting cultivation (S-P); single-row,
third ratoon cultivation (S-R3); double rows, new planting cultivation (D-P); double rows, first ratoon cultivation
(D-R1); and uncultivated land (barren) that had been left unused for a long time. Soil organic carbon content,
active carbon content, basal respiration, induced respiration, water-stable aggregates, and aggregate organic carbon
fractions were measured in the sampled soil. Mean weight diameter (MWD) and geometric mean diameter (GMD)
of soil aggregates were also calculated.

Results and Discussion

The study found that the organic C content was highest in the double-rows+new planting (D-P) method and
lowest in uncultivated land (0.95% and 0.12%, respectively). The increase in plant density, biomass, and plant
residue addition in D-P cultivation has led to an improvement in SOC content. The higher SOC content in
cultivated lands compared to uncultivated land indicates the positive effect of many years of cultivation and
irrigation. Among the different cultivations, double-row new planting (D-P) cultivation had significantly higher
active carbon. In D-R1 cultivation, returning plant residues to the soil increased the SOC (0.59%) and active carbon
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content. The burning of sugarcane plant residues during harvesting and land preparation for new sugarcane
cultivation in S-P fields appears to have led to a decrease in active carbon. Basal respiration and induced respiration
values were significantly higher in single-row, third ratoon (S-R3) and double-row, new planting (D-P)
cultivations, respectively. In S-R3 cultivation, the older plants and increased root biomass provided more
rhizospheric organic C for microorganisms, resulting in higher microbial activity and respiration. Microorganisms
transform and decompose soil organic matter, which is a source of energy for their metabolic processes. Therefore,
there is a close relationship between organic matter and soil microorganisms. Lower basal respiration in newly
planted lands may be due to the process of land preparation for cultivation. Additionally, single-row new-planted
farms had a clayey texture, which could reduce soil respiration. In general, the recycling of organic matter and
microbial activity is lower in fine-textured soils compared to coarse-textured soils. The highest MWD and GMD
were found in single-row, third ratoon (S-R3) and single-row, new planting (D-P) cultivations. The uncultivated
land had the lowest MWD and GMD, indicating unstable soil structure due to low SOC content. The lower MWD
observed in S-P cultivation could be related to tillage and hilling up operations. S-R3 cultivation had more plant
residues compared to other cultures. Higher plant ages and increased root biomass and rhizodeposits led to an
increase in soil aggregate formation and stability. Soil tillage, which reduces soil organic carbon, can decrease the
stability of soil aggregates and structure. The S-P and D-P cultivations had the highest value of coarse aggregates
(larger than 2 mm) and fine aggregates (0.53-2 mm). The highest amount of medium aggregates were observed in
S-P, D-P, and D-R1 cultivations. Agricultural operations can break large soil aggregates into smaller ones, while
low SOC content and burning of sugarcane residues can reduce the formation of large aggregates. The study found
statistically significant differences in the OC content of aggregates among the different cultivations. The highest
content of aggregates OC was found in coarse aggregates (0.25-2.0 mm) of D-R1, D-P, and S-P cultivations.

Conclusion

This study investigates the impact of mechanized and long-term sugarcane cultivation on the physical and
biological properties of soil. Overall, the water stable aggregates and MWD were found to be unsuitable in some
of the studied fields due to the low amount of SOC. This is primarily caused by the annual burning of sugarcane
residue. Therefore, returning plant residues after harvesting is suggested as a significant solution to improve
problems related to compaction, soil instability, and their harmful consequences.

Keywords: Active C, Aggregates stability, Cultivation systems, Organic C, Sugarcane
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Table 1- Some of the physico-chemical characteristics of the studied soils

oS Colaa

Wlyd o310l & 598

S S S 09 W ° . Particle Size Distribution (%)
CuiS goi i pH Js el cladle .
oo soc EC ™) (malka) (malka) o e ey S il
Cultivation (72) (ds/m) . ma/kg markg Sand  Silt Clay  Soil Texture
SP 0.56 0.21 801  0.049 787 152 53 407 540 Silty clay
S-R3 0.47 0.15 807  0.056 78.8 132 55 400 546 Clay
D-P 0.56 0.18 814  0.057 735 07 516 278 206 Sa'}g;’n‘;'ay
D-R1 0.59 0.23 800  0.056 765 306 122 420 458 Silty clay
S oS Sandy cla
s 0.21 5.66 841  0.007 105.4 73 556 19.8 246 Y clay
loam

Uncultivated

{(b) osuiicusS ey UNCUltivated ¢ gL gl 4sd, 93 D-R1 cuisSojli aidy 95 P-D ¢ jig)=3b oo cdisdy K :$S-R3 tciSo b cadys, S, :S-P
S-P: one row, newly planted; S-R3: one row, the third ratoon; D-P: two rows, newly planted; D-R1: two rows, the first ratoon
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Table 2- Analysis of variance of the effect of different cultivation managements and plant age on organic carbon, MWD and
GMD in lands with 50 years of sugarcane cultivation history

) ] Mean Squars Ol o (1Nibo
Ol s Qlo 35l a2y . = b i Y
S.0.V. Df oS IS A Wy et MWD GMD
SOC Active C Basal Respiration  Induced Respiration

Block b 2 0.0008™  21221.004 " 0.0017* 0.1649* 0.2519 ™ 0.0091 "
Cultivation c.uzS g4 4 0.0757**  468347.336** 0.024** 1.769** 0.8273** 0.0471**

Error s 8 0.0021 36190.161 0.0010 0.102 0.0696 0.0043

cv 9.6 27.67 21.02 17.74 18.53 6.64

Lo S5 90 Jloinl o 53,15 dxe g )5 dxe pis i e T 5T NS
", " and *: non-significant, significant at p<0.01 and p<0.05, respectively.
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Table 3- Pearson’s simple correlation between measured soil characteristics

WSA  WSA _ WSA  WSA-OC__ WSA-OC Active
SOC MWD GMD 7, 0.25 0.05 0.05 0.25 IR BR c

MWD 063"

GMD 026 0.60"
- _ ns ns

WSA2 .. -024% 0.04

WSA025 076" 034 004%™ -0.77"

WSA005 050" 023 .. 055 015

W%Ao't_)oc 085" 048 008™ -068" 071" 041"

WSA-OC ) . . " "

SO0 063 0228 L 0747 049 0.72 0.77

IR 066™ 027 011" -063" 058"  032% 066" 0.42%

BR 048™ 065" 051" -001™ 037"  -029% 046" 009 0.42

ActiveC  0.60° 0.67 045 -018™ 045%  -0.08® 053" 0.09%  025% 076

sand 054" o 0600 016 034 001" 048 020 005" -059" -0.63"

silt 073" 081" 052° -036® 052"  013° 067" 037" 017" 064™ 073"

Clay ~ 016 061" 056" 015°  003®  -020°  0.13% 004 o 037% 0.40%

oo VBF o O 0 51l cbaailisls WSA2 tasbiss (b wsin (ke :GMD tlasiliSs s 555 Sl MWD S5 T (8 :SOC
Slass J’l o5 WSA-OC 0.05 o Juo «,+0Y b +,¥0 (0 o 2ol slaailss WSA 0.05 ¢y Lo « YOLY (o o 2ol slalss WSAOQ.25
@l s BR sl juiis IR e o YO BV 0 O 3,1l claasliss JI 40,8 WSA-OC 0.25 ¢ o Lo +,-0Y 5 Y0 oo o 3 )lub cla
203 K 90 Jleint pdans 53 45 e g I xe pis S 54 ** g * NS ., (ClAY ¢ cdow Silt (5 :Sand Jlb S Active C
SOC: Soil organic carbon; MWD: Mean weight diameter of soil aggregates; GMD: geometric mean diameter of soil aggregates;
WSA 2: water stable aggregates, 4-2 mm; WSA 0.25: water stable aggregates, 2-0.25 mm; WSA 0.05: water stable aggregates, 0.25-
0.053 mm; WSA-OC 0.05: organic carbon of water stable aggregates, 0.25-0.053 mm; WSA-OC 0.25: organic carbon of WSA 2:

water stable aggregates, 2-0.25 mm; IR: Induced respiration; BR: Basal respiration and Active C: Active carbon.
ms, ** and *: non-significant, significant at »<0.01 and p<0.05, respectively
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Figure 1- The effect of different managements of sugarcane cultivation in lands with a long history of cultivation on A)
organic carbon and b) soil active carbon
S-P: one row, newly planted; S-R3: one row, the third ratoon; D-P: two rows, newly planted; D-R1: two rows, the first ratoon;
Means that have at least one letter in common do not have a significant difference at the 5% probability level based on the LSD test.
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Figure 2- The effect of different managements of sugarcane cultivation in lands with a long history of cultivation on A) Basal
respiration and B) Induced respiration
S-P: one row, newly planted; S-R3: one row, the third ratoon; D-P: two rows, newly planted; D-R1: two rows, the first ratoon;
Means that have at least one letter in common do not have a significant difference at the 5% probability level based on the LSD test.
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Figure 3- The effect of different managements of sugarcane cultivation in lands with a long history of cultivation on MWD
and GMD
S-P: one row, newly planted; S-R3: one row, the third ratoon; D-P: two rows, newly planted; D-R1: two rows, the first ratoon;

Means that have at least one letter in common do not have a significant difference at the 5% probability level based on the LSD test.

Small letters show the comparison of the averages of MWD and capital letters show the comparison of the averages of GMD among
the cultivation.
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Figure 4- The effect of different managements of sugarcane cultivation in lands with a long history of cultivation on A) Water
stable aggregates ratio and b) Aggregates organic carbon

S-P: one row, newly planted; S-R3: one row, the third ratoon; D-P: two rows, newly planted; D-R1: two rows, the first ratoon;
Means that have at least one letter in common do not have a significant difference at the 5% probability level based on the LSD test
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