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Figure 2- Wavelet packet decomposition tree
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Figure 3- The partial autocorrelation function (PACF) of the monthly streamflow data
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Table 2- Input and output parameters used to develop the linear and nonlinear GEP models
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Input and output parameters

) &~
Row Pattern
1 M1
2 M2
3 M3
4 M4

Q =f (Qt—l)
Qx =f (Qt—l’Qt—Z)
Q; =f (Qt—llQl—Z’Qt—3)

, =f (Qt—lth—Z’Qt—31Qt_4)
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Table 3- Values of RMSE, R and MAE statistics obtained from the linear and nonlinear GEP models

i B o990l dls o Cond dls o
3, s J g9 Training phase Testing phase
Row Pattern Model type I?nl\glssl)z R (,\41@5 RMSE (m¥s) R MAE (m¥s)
1 M1 Line_ar 6.405 0.512 5.358 4.657 0.620 3.242
Non-Linear 6.241 0.601 5.221 4,494 0.624 3.201
2 M2 Line_ar 6.380 0.603 5.254 4,553 0.622 3.164
Non-Linear 6.221 0.606 5.143 4.483 0.626 3.178
3 M3 Linear 6.353 0.605 5.159 4.483 0.625 3.147
Non-Linear 6.166 0.610 5.064 4.451 0.628 2.904
4 M4 Linear 5.970 0.614 5.051 4.307 0.634 2.839
Non-Linear 5.531 0.623 4.933 4.093 0.660 2.782
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Table 4- Input and output parameters used to develop the seasonal and nonlinear GEP models
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Row Pattern Model type Input and output parameters
a-GEP Q =f (Qu.a)
1 M1 PT-GEP Q, =f (Q,,cos[27i /12],sin[27.i /12])
PT-0-GEP Q, =f (Q..cos[2xi /12],sin[27. /12], x)
a-GEP Q =f (Q1.Q . @)
2 M2 PT-GEP Q. =f (Q1.Q, ,,cos[27i /12],sin[27.i /12])
PT-a-GEP Q, =f (Q 1.Q ,,cos[2i /12],sin[27i /12], )
a-GEP Q =f (Q.1QQ sa)
3 M3 PT-GEP Q =f (Q1.Q ,.Q, 5 cos[2z.i /12],sin[27.i /12])
PT-a-GEP Q, =f (Q1.Q, Q. 5,c08[2i /12],sin[27i /12],&)
a-GEP Q =f (Q4.Q2Q5.Q 4 )
4 M4 PT-GEP Q =f (Q1:Q Q. 5.Q 4cos[27.i /12],sin[27.i /12])
PT-0-GEP Q =f (Q1.Q »Q 5Q, ,cos[27i /12],sin[27i /12],cx)
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Table 5- Values of RMSE, R and MAE statistics obtained from the linear and nonlinear GEP models

23, 9! Joe g9 Training phase Testing phase

Row Pattern Model type F((%/S; R (l\:qgl}sl‘:_) RMSE (ms) R MAE (m¥s)

a-GEP 5.894 0.606 5.174 4.238 0.651 3.182

1 M1 PT-GEP 5.617 0.616 5.012 4.102 0.702 3.107

PT-a-GEP 5.738 0.610 5.124 4.213 0.691 3.167

o-GEP 5.736 0.612 5.153 4.229 0.659 3.106

2 M2 PT-GEP 5.615 0.621 4,983 4.023 0.697 2.921

PT-a-GEP 5.668 0.618 5.018 4.109 0.684 3.009

a-GEP 5.701 0.616 5.127 4191 0.709 2.957

3 M3 PT-GEP 5.523 0.629 4.851 3.956 0.726 2.809

PT-a-GEP 5.614 0.625 4.964 4.014 0.714 2.907

a-GEP 5.510 0.623 5.102 3.882 0.741 2.713

4 M4 PT-GEP 5.411 0.642 4.691 3.789 0.808 2.697

PT-a-GEP 5.456 0.639 4,741 3.940 0.731 2.729
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Table 6- Values of RMSE, R and MAE statistics obtained from the hybrid W-GEP models

3y Sage Dec“g;upoes‘::on Training phase Testing phase
Row  Wavelet level ?rm/ss)E R ('\r"n'g‘/s RMSE (m¥%s) R MAE (m%s)
1 5.393 0.642 4.817 3.889 0.723 2.825
1 haar 2 4.692 0.717 4.430 3.817 0.718 2.334
3 4.814 0.703 4.664 4.175 0.657 2.696
1 4.230 0.763 4.358 3.077 0.830 1.976
2 db4 2 4.400 0.743 4.669 3.100 0.826 2.155
3 4.168 0.764 4.627 3.810 0.748 2.580
1 4.003 0.770 4.116 2.898 0.847 1.745
3 sym 2 4.326 0757 4.593 2.976 0.840 2.053
3 4.286 0.761 4.665 3.103 0.825 2.222
1 4.826 0.702 4.895 3.762 0.746 2.720
4 mey 2 4.291 0.746 4.494 3.192 0.811 2.151
3 4.373 0.742 4.589 3.210 0.808 2.183
1 4.980 0.703 4,717 3.881 0.721 2.839
5 coif 2 4.785 0.705 4.693 3.569 0.760 2.559
3 4.796 0.701 4,723 3.584 0.751 2.631
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Figure 5- The values of the observed and estimated data obtained from PT-GEP and WGEP models in test phase
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Introduction: Surface water has always been one of the most essential pillars of water projects and, with
modeling and predicting the river flow, in addition to the management and utilization of water resources, it is
possible to inhibit the natural disasters such as drought and floods. Therefore, researchers have always tried to
improve the accuracy of hydrological parameters estimation by using new tools and combining them. In this
study, the effect of seasonal coefficients and mathematical methods of signal analysis and signal processing on
wavelet transform to improve the performance of the Gene Expression Programming (GEP) model were
discussed.

Materials and Methods: In the present study, for the prediction of the monthly flow of Ab Zal River, the
information of Pol Zal hydrometric station in period 1972 to 2017 was used. In the next step, different input
patterns need to be ready. To this purpose, the data are presented in three different modes: (a) the use of flow
data and considering the role of memory up to four delays; (b) the involvement of the periodic term in both
linear (?-GEP) and nonlinear (PT-GEP) states, and (c): data analysis using the Haar wavelet, Daubechies 4 (db4),
Symlet (sym), Meyer (mey), and Coiflet (coif), was done in two subscales, prepared, and introduced to the GEP
model. To better analyze the effect of mathematical functions used in the GEP method, two linear modes (using
Boolean functions including addition, multiplication, division, and minus) and nonlinear (including quadratic
functions, etc.) were considered. The wavelet transform is a powerful tool in decomposing and reconstructing the
original time series. Wavelet function is a type of function that has an oscillating property and can be quickly
attenuated to zero. Modeling was done based on 80% of recorded data (432 months) and the validation was done
based on the remaining 20% (108 months). To evaluate the performance of each of models, statistical indices
such as mean square error (RMSE), mean absolute error (MAE), and correlation coefficient (R) were used.

Results and Dissection: The results of linear and nonlinear GEP models showed that in both cases, the four-
delay model achieved the most accuracy in river flow prediction. Still the performance of nonlinear GEP model
according to RMSE (4.093 (m3/s)), MAE (2.782 (m3/s)) and R (0.660) were better than another, respectively. In
the next step, the periodic term was added to the model inputs. Based on the results, the PT-GEP model with M4
pattern had the lowest error, the highest accuracy and was able to reduce the RMSE index by 8%. Then, in the
third step, the river flow data were divided into approximate subdivisions and details using five wavelet
functions. The most appropriate level of analysis based on the number of data was considered as number three.
The results of the W-GEP modes showed an excellent performance of this method so that the model was able to
reduce the RMSE statistics with 48.6%, 41.2%, and 31.1% compared to the L-GEP, NL-GEP and PT-GEP
methods, respectively. Also, the best performance of the W-GEP model with the Symlet wavelet and the
decomposition level of one had the highest accuracy (R=0.847) and the lowest error (RMSE =2.898 (m3/s) and
MAE =1.745 (m3/s) among all models (35 models) such as linear and nonlinear, seasonal and non-seasonal and
wavelet hybrid models.

Conclusion: Based on the results, it can be concluded that the overall use of data preprocessing methods
(including seasonal coefficients and wavelet functions) has improved the performance of the GEP model.
However, the combination of wavelet functions with the GEP model has significantly increased the accuracy of
the modeling. Therefore, it is recommended as the most suitable tool for river flow forecasting.

Keywords: Decomposition level, Gene expression programming, Hybrid model, Wavelet function
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Table 1- The amount of food consumed by livestock and poultry (kg in year)

adgle g4 O ply  Saw ey (NS Epe SRS Epe
Forage type Heavy trape Lighttrape Meat chicken Laying hens
= 1010 210 08 0.6
Barley
sledgle @2 3845 3720 5 4
Forage corn
el @3 110 ”
Maize
4 59 5 g oS 450 62 4 2
Meal
~l 3 2
Wheat
NS 1000 298 2 15
Alfalfa
o 190 1135
Straw
o9 0.75 10
Urea
&lye egle 190 60
Rangeland forage
J 85 8
Complement
o il (55,918 g losles 218 e
Source: Qom Agricultural Jihad Organization
saab g 10 Oliie A¥lw wdgi im0 —F Joua
Table 2- Annual production of livestock and brely
29k g pld £ b g @13 Dl (¢¥) Wy
Type Number Production(ton)
OS2 160320 34490
Heavy trap
S o 83600 145494
Light trap
S e 5704780 36541
Meat chicken
i 8219630 68501
Laying hens

o8 il 6555l slga ol bl :isle

Source: Statistics of Qom Agricultural Jihad Organization
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Table 3- The amount of fertilizer used
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Nitrogen Phosphate Potassium
Product ka/ha ka/ha ka/ha Other Plurals
9 g g kg/ha  kglha
Wheat p.8 497.38 197.08 220.43 7.29 923.63
Barely ¢ 250.78 133.97 36.33 1.16 422.48
Cotton az, 255.55 122.22 0 0 377.77
Alfalfa asg 522.65 216.86 115.2 42.93 851.71
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Figure 1- The average ten-years of footprint components in agricultural crops
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Introduction: Water resources management in arid and semi-arid regions is very important specially, in
agricultural sector. The major share of water use is daily consumption by humans for drinking, washing and
cooking. Furthermore, population growth increases agricultural production demand, and this highlights the role of
water resources management in the agricultural sector. The 1950’s studies showed 12 countries with a population
of 20 million experienced water shortage. Virtual water is the volume of water which is consumed for a production
from the beginning stage to the end. Scientists have shown that 96% of water footprints are related to crops,
livestock and horticultural productions and only 4% it consumed as domestic water. Water balance data in Qom
province shows that 90% of water resources are using in the agricultural sector. Investigation of water footprints
in the agricultural sector is highly beneficial to improve water resources management in arid and semi-arid regions
such as Qom.

Materials and Methods: The research was conducted to find out the production and cultivation water needs
in the agricultural sector for 10 years, via calculating the gray, blue and green water footprints using Mekonnen
and Hoekstra models. In the livestock sector, water footprint’s information such as the number of livestock and
poultry, production of red meat, chicken meat, egg and milk were also determined using the Mekonnen and
Hoekstra. The water footprint in fertilizer was calculated using a questionnaire survey. Excel and SAS apps were
used to analyze the collected data for all three study sections.

Results and Discussion: The results showed that the water footprint in wheat, barley, cotton, onion, tomato,
melon, watermelon, alfalfa, and corn were 3018, 2882, 10960, 1463, 1525, 960, 2504, 1683 and 416 m3/ton,
respectively. The low irrigation efficiency led to a very high amount of white water footprint in the productions.
Green water footprint was very low due to the lack of rainfall. In the livestock sector, the water footprint in red
meat and milk were 39 m3/kg and 2.42 m¥lit, respectively which were much more than the global average. In the
poultry sector, the water footprint in chicken meat and egg were 7.4 and 4.34 m3/kg, respectively, that were very
high compared to the global average. The water footprint in fertilizer for wheat, barley, cotton and alfalfa
productions were 2.62, 1.19, 1.07 and 2.54 m%/kg and this amount was higher under nitrogen fertilizer. The average
virtual water footprint for chicken meat production in Qom province was 7.4 m%kg. This amount in the world,
USA, India, Russia, Mexico and the Netherlands is equal to 3.92, 2.39, 7.74, 5.76, 5.01 and 2.22 m%kg
respectively. In Netherlands, less water is in use in the agricultural sector than the other countries. In this country,
the virtual water footprint in chicken meat is in the best position. India has the highest water consumption in poultry
breeding with a consumption of 7.74 m%kg. The average virtual water footprint in Iran for egg production is 4.34
m3/kg , while the average virtual water footprint for egg production in the world, USA, India, Russia, Mexico and
the Netherlands is 3.34, 1.51, 7.53, 4.92, 4.28, and 1.4 m%kg, respectively. India consumes the most water in the
production of eggs such as chicken with a quantity of 7.53 m%kg and the Netherlands has the least consumption
with a value of 1.4 m3/kg .

Conclusion: The concept of virtual water footprint in each region reduces the pressure on water resources. For
better management in agricultural regions, it is possible to prevent the cultivation of high water demand crops. The
most common cause of high water footprint in livestock and poultry is nutrition, so, internationally food import
can be a good solution. Industrialization of poultry can also reduce water footprint. The implementation of this
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research can be a useful clue to the sustainable control and management of water resources and achieving an
optimal cultivation pattern in our country and all provinces facing limited water resources.

Keywords: Green water footprint, Virtual water,Water resources management
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1- Leaf Area Index (LAI)
2- Richard’s equation
3- Green-Ampt model
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Figure 1- Location of the study area and its land use in Golestan province and Iran
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1- Radiation from the leaf surface
2- Minimum surface resistance for water-saturated soil
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Table 2- Information of meteorological and hydrometric stations of Chehel Chay basin
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Figure 2- Modified land use map of Chehelchay watershed
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Table 2- Model performance coefficients for calibration and validation periods

D)Loi u:.d.wls 2,92 ‘_;w)lﬁ&‘ 0,90 2,9 JS

Criteria Calibration Validation Total
wlale 0.74 0.78 0.72
Al 55 o Monthly
Nash—Sutcliffe Efficiency Index 4;1):9, 05 0.63 05
Daily
2\ L . R
_ (_R ) G N lbale 0.71 0.7 0.75
Coefficient of determination Monthly
N 05 0.67 05
Daily
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1- Large Pore Storage Saturation
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Table 3- Monthly changes (%6) of hydrological components of the basin of the land use scenario compared to the current land
use in the period 2014-1992
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Month ¥ sy Y oSy b T Sojr ke buwgis 23Le Percolation  Discharge
: : RD2 RD1 SatLps(%6) SatMps(%6)
RG2 RG1
Jan 0.48 1.18 -5.67 -16.33 1.44 -4.82 0.56 -6.28
Feb 0.48 1.03 -4.01 -10.27 1.21 -4.31 0.27 -5.50
Mar 0.51 0.88 -2.48 -7.79 1.30 -2.60 0.37 -4.61
Apr 0.48 0.83 -0.84 -5.69 2.48 0.50 1.72 -3.18
May 0.50 1.10 1.28 -3.50 3.07 3.79 3.57 -1.12
Jun 0.50 1.49 -0.26 -2.26 321 391 4.32 -0.13
Jul 0.52 1.70 -4.97 -6.26 0.94 1.69 2.76 -1.38
Aug 0.52 1.69 -9.03 -20.45 0.29 -0.85 1.98 -5.58
Sep 0.52 1.72 -9.98 -20.09 1.90 -3.11 2.56 -4.38
Oct 0.49 1.38 -8.57 -10.03 2.20 -3.59 1.50 -2.74
Nov 0.51 141 -10.13 -23.83 1.96 -6.86 1.16 -6.60
Dec 0.52 1.30 -8.41 -28.38 2.18 -8.19 0.39 -9.26
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Figure 3- Seasonal percent change in hydrological components of the Watershed
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Figure 4- Seasonal changes in discharge and groundwater of the basin
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Introduction: Over the past decades, millions of hectares of high-quality lands have been converted to other
uses and low-yielding agriculture, which have had some unpleasant consequences for watershed hydrology.
Analysis of hydrological responses of different basins to land use change has shown that correct land use
balances the hydrological status of the basin, so that land use and the type and density of vegetation play an
effective role in permeability and runoff reduction by changing humidity, soil organic materials and soil
structure. Dimensions of hydrological effects of land capability in Chehel chay watershed in Golestan province,
which is affected by land use change and deforestation, are more important. Therefore, this study seeks to
investigate different scenarios of land use change and its effect on the hydrological status of the basin.

Materials and Methods: The J2000 hydrology model was used to simulate the hydrology of the basin. To
better investigate the spatial and temporal variations of the hydrological parameters of the study area, it is
divided into 2013 hydrological response units. After calibrating the J2000 hydrological model, the model was
fed by rainfall data (1992-2014) and land use potential.

Results and Discussion: To evaluate the performance of the model, the dataset obtained in the time period of
2002-2014 was used for selection simulation and the first nine-years was considered as the calibration period and
the remaining was considered as the validation period. The R? of 0.67 and 0.55, and NAS coefficients of 0.83
and 0.76 were found in the calibration and validation periods, respectively. According to the ranking of Moriasi
et al., the model efficiency is "good" and can be used in the present study. Several studies with similar
observational data have reported similar results. The results showed that in summer and in May and June, the
emptiest space in LPS soil pores is 3.07 and 3.21%, respectively. Increasing the consumption of MPS soil pores
has also increased, and from 0.5 to 1.69% of the empty pores in the average soil pores has increased in these
months. Therefore, increasing water storage in LPS pores in the months of May to June, surface runoff (RD1)
decreased within the range of 6.28-26.38%, and the range of subsurface runoff (RD2) reduction was 4.41-8.41%.
The amount of water percolation into groundwater aquifers was positive, and the highest infiltration into
groundwater ranged from 0.83 to 1.72% for fast section groundwater (RG1), and from 0.48 to 0.52% for
groundwater. Large pores do not hold much water, and water is transferred vertically to medium pores under
gravity. When medium pores are saturated with water, water does not penetrate into these pores and remains in
large pores and moves horizontally, increasing the subsurface flow. The results indicate that deforestation in
order to expand agricultural lands and inappropriate use of the lands are the most important problems. Moreover,
population growth has exacerbated the condition, necessitating proper land use management and planning. The
scholars have also stated that proper land use has important effects on the water balance of watersheds.

Conclusion: In this study, the hydrological effects of land uses on the hydrological situation in Chehel chay
watershed have been evaluated by simulations of the hydrological model. Our results reveal that the unplanned
land use changes, land clearing, and expansion of agricultural lands have intensified the hydrological situation of
the basin. The peak discharge of surface and subsurface runoff in hydrological response units decreased and the
rate of water infiltration into soil and groundwater increased. Reduction of surface and subsurface runoff has also
decreased the discharge in the basin outlet.

Keywords: Chehelchai watershed, Land capability, Golestan, Hydrological model J2000, Hydrology
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Figure 1- Spatial distribution of studied wheat fields in Iran
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Table 1- Range of changes in some parameters recorded and measured in selected wheat fields
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Figure 3- Grouping of provinces based on the average volume of water used in wheat production
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Table 2- Error analysis of estimating different neural network structure in wheat yield modeling
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Figure 4- Output distribution diagram of wheat yield prediction model by tree method
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Introduction: One of the modeling methods researchers have considered in various sciences in recent years
is artificial neural network modeling. In addition to the artificial neural network and regression models, today,
the capabilities of data mining methods have been used to improve the output results of prediction models and
field information analysis. Tree models (decision trees) along with decision rules are one of the data mining
methods. Tree models are a way of representing a set of rules that lead to a category or value. These models are
made by sequentially separating data into separate groups, and the goal in this process is to increase the distance
between groups in each separation. Research shows that plant yield is a function of various plant, climatic, and
water, and soil management conditions. Therefore, calculating the amount of plant yield and related indices
follows complex nonlinear relationships that also have special difficulty in modeling. Considering that the
response of irrigated wheat to different inputs in dissimilar climates by field method is time-consuming, costly,
and in some cases impossible, so the introduction of an efficient model that can predict yield and analyze yield
sensitivity to various parameters is a great help. It will be to solve this problem. This study aimed to develop and
evaluate the capability of three models of the neural network, tree, and multivariate linear regression in
predicting wheat yield based on parameters affecting its yield in major wheat production hubs in the country.

Materials and Methods: The information used in this study includes the volume of water consumption and
yield of irrigated wheat and the committees related to these two indicators in irrigated wheat fields under the
management of farmers (241 farms) in the provinces of Khuzestan, Fars, Golestan, Hamadan, Kermanshah,
Khorasan Razavi, Ardabil, East Azerbaijan, West Azerbaijan, Semnan, south of Kerman and Qazvin, which
were harvested in a field study in the 2016-17 growing season. According to the Ministry of Jihad for
Agriculture statistics, these provinces have the highest area under irrigated wheat cultivation in the country and
cover about 70% of the area under cultivation and production of this crop in the country.

One of the most widely used monitored neural networks is the Perceptron multilayer network with error
replication algorithm, which is suitable for a wide range of applications such as pattern recognition,
interpolation, prediction, and process modeling. In the present study, in order to develop the neural network, the
capabilities of R software with Neuralnet package have been used. After the normalization step, the data were
randomized. This step aims to have a set of inputs and outputs in which the input-output categories do not have a
special system. After the randomization of the data, the amount of information that should be used in the
network training process is determined. This part of the data was considered for training (70%) and another part
for network test (30%). Perceptron neural network activator functions in the implementation of network training
and testing. The hyperbolic tangent activity function has been used to limit the range of output data from each
neuron and the pattern-to-pattern training process. In the present study and the neural network modeling
capability, the tree model method has been used to predict wheat yield. Tree modeling is one of the most
powerful and common tools for classification and forecasting. The tree model, unlike the neural network model,
produces the law. One of the advantages of the decision tree over the neural network is that it is resistant to input
data noise. The tree model divides the data into different sections based on binary divisions. Each data partition
can be re-subdivided into another binary, and a model fitted to each subdivision. In this research, the capabilities
of WEKA software have been used to run a tree model. It is worth noting that after grouping, the prediction
model is applied to the grouped data.
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Results and Discussion: In this study, the efficiency of three models of the artificial neural network,
multivariate linear regression, and tree model to predict the performance of irrigated wheat in major production
areas in the country was evaluated based on field information recorded in 241 farms. The results showed that the
coefficient of explanation of the model in predicting the yield of wheat production in the model of artificial
neural network and a multivariate linear regression model was 0.672 and 0.577, respectively, which was applied
by grouping the data by tree method. The coefficient of explanation has been increased to 0.762. The output
results of the tree model showed that the major wheat production areas in Iran in terms of water consumption
could be divided into four independent groups. Finally, it can be concluded that the tree model, considering the
purposeful grouping in the input data, can be used as a powerful tool in estimating irrigated wheat yield in major
wheat production areas in Iran.

Conclusion: In this study, the need to use data mining methods in analyzing field information and organizing
large databases and the usefulness of data mining methods, especially the decision tree in estimating wheat crop
yield, were investigated and compared with other forecasting methods. The general results of the research show
that purposeful separation of input data into forecasting models can increase the output accuracy of forecasting
models. However, it is not possible to provide a general approach to selecting or not selecting a forecasting
model in different regions. In some studies, neural networks have shown a high ability to predict the
performance of different products, but it is important to note that if there is sufficient data and correct
understanding of the factors affecting the dependent variable, the accuracy of the models can be applied by data
mining methods. It also improved the neural network. In a general approach, considering the accuracy of
estimating the predicted models under study, these techniques can be used to estimate other late-finding
characteristics of plants and soil.

Keywords: Data mining, Grouping, Modeling, Water consumption volume
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1- Instream Ecological Water Demand
2- Tennant

3- Mean Annually Flow: MAF

4- Texas

5- Habitat Simulation
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3- Unregulated river
4- Weighted Usable Area: WUA
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1- Instream Flow Incremental Methodology: IFIM
2- Natural Flow Regime
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1- Annual Distribution Method: ADM
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1- Alberta
2- Habitat Suitability Index:HSI
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Table 1- Geographic location and characteristics of studty stations in Dinavar river

(Geographical Location) ol yis Cuzise

(Environmental Parameters) o b yiol )by
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Table 2- Ecological water demand of Dinavar river by tennant method during different periods (m®/s)
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Figure 4- Shows distribution water depth (a), Velocity flow (b) in the selected section of Dinavar river with River2D model
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Figure 5- Correlation between observed and simulated data for water depth (a) and water velocity (b)
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Table 3- Hydraulic simulation calibration River2D model results

R? MAE RMSE
Water depth (m) (ye) oI es 0.976 0.017 0.019
Velocity (M/S) (456 p yie) Hb,s e puo 0.947 0.05 0.072
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Figure 6- Change of Weighted Usable Area (WUA) with time series of Capoeta trutta in natural flow regime Dinavar river
and changed flow regime (discharge from Jamishan dam)



Voo pi— o195 oY ojled ¥ alo (S g ol 4,55 YVP

POk 55 Mbee a8l 5 caSe yio +/V b plyy a5 480, L > ol g 4539 by b w23y bV JSS L slae
i 0l g Ogllao olSiunj 9290 ot (e (92 Ok bl o8 lsg) by (23 (S0be S 5l ey Bliee 0 (2
= U‘)“A L CJLL 0590 dl).: Lf‘? ] B 4)9? éﬂ) 0590 dl).: ol U‘)‘“’ ‘S:M.»_.w bl).w Ny Cowl P » gu&n o ¥/vs
S ongllae e o il cwlio Loyds balyd s o5 by olaJB aleoluw (Su; cilisee slaoygd (gl 59 edlawwl LB
S digg ol 9 Collae oKt j 9290 ol Glise 9 0392 b ool & Glgicee F Jgio ) (owp b pizmen b oo il

el yid (@l o)93 4 2 Shee JBhs ) 5 Gl 4 gl (ialS 455,570 L
— il -
LA

- = Juvemile NGU
=3
% 1
> n 3
% | S I
_:_l i E. :!
1 g 23
vi 2 D
% ':é ::s 1
a - z %
3 R

Month sl w®
390 &g, 0 W aloslw Sui; Alise gWoygd 43 (59 00wl BB Coluw — (95 Jovie -V S
Figure 7- Curve of Discharge-Weighted Usable Area in different periods of life Capoeta trutta in Dinavar river
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Table 4- Analysis of habitat suitability for all target specie under multiple flow regimes as a percentage of maximum wetted

area

«®
Discharge (m®/s)

b o Coluw
Wetted area (m?)

(AU0) 06 ploobr  (RU) 6 plaolius
Capoeta trutta (juvenile) Capoeta trutta (adult)

OB wWwN - a b wN -

OB wN -

36/2
51/7
83/2
168/5
23716

36/2
51/7
83/2
168/5
23716

36/2
51/7
83/2
168/5
237/6

(oad o Cobune 103) 39290 oSy
Available habitat (% maximum wetted area)

38/2 1713
51/6 30/4
72/6 43/2
63/7 52/5
41/6 7213

(0 st Coline Mo p) gllas oKy j
Suitable habitat (% maximum wetted area)

28/4 15/3
43/2 36/4
57/6 42/5
51/2 56/2
37/4 28/7

(045 st Coluws 0p3) Jlosl g i ol
Optimal habitat (% maximum wetted area)

13/2 14/4
22/5 25/8
43/6 47/8
50/8 5217
31/6 22/4
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Figure 8- Distribution of suitability ecological flow amounts for upstream (a), middle (b) and downstream (c) sections of
Dinavar river
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Table 5-The estimation results of monthly ecological flow of Dinavar river with different methods (m®/s)

M::th MMF Q Tennant Q Texas QADM Q25% WUA Q 75% WUA MinEF Suitable EF
April 958 4.76 0.46 2.85 0.57 0.52 3.71 2.85 3.71
May cuigud,l 3.29 0.46 1.97 0.39 0.39 2.43 1.97 2.43
June sl 5 0.81 0.46 0.48 0.091 0.1 0.54 0.48 0.54
July s 0.29 0.46 0.17 0.032 0.071 0.14 0.17 0.46
August sl e 0.2 0.46 0.12 0.023 0.034 0.15 0.15 0.46
September 4 o5 0.16 0.46 0.09 0.01 0.038 0.12 0.12 0.46
October y . 0.21 0.15 0.08 0.025 0.05 0.17 0.15 0.17
November Ll 131 0.15 0.52 0.15 0.28 1.12 0.52 1.12
December 3 1.89 0.15 0.75 0.22 0.52 141 0.75 141
January (¢» 1.68 0.15 0.67 0.2 0.45 1.29 0.67 1.29
February e 2.22 0.15 0.88 0.26 0.48 15 0.88 15
March waul 3.63 0.15 2.17 0.43 0.87 2.64 2.17 2.64
Average ke 1.56 0.3 0.89 0.2 0.29 1.26 0.9 1.38

Aol gl cwlio L 0350 50 (g yid (ool
A5 50 1y (S dsST (o ega e Ly g (sl (s sloclled
Gl g Eob by Jobs ) (93 () ol 35 o
Sonl U s ) ot b slaslys cls po ol 53 05b o (s3]
488 13 ) (SfedeST (3 e39a e 3 i 3 ol 4l
lie 5 (S3ods8T Gl o))y calie golaw A JS5 258
Ol |y ysiad alag) ol aslale adisee (slaw)) b v
YO 9 4oy B o d VO oy A by sla Slolyd aad o
(Sibdes Juad (St Juad S mhaw Glgis 4 ci 4 sy
A JSb dn dag b sl Qb iogbye Juab g b Juab
35 ey il BB colus ((So59s8T Ol s gllas s
T Cundg d Wlgi e i b )3 ol e (5 5
Al 3o VO I a8 (Lo (gl s ST ail €V ogllas
UialS o VD 4l e ) e (lsld 45 elin cpsioman
30y 00 il sl o Jguad 15 ¢ S538T o 5l o iy o0
8 %03 (Bl g plp VeSS Juad )3 9wl il
o (oye 5 Ol Sl (g edlisel LB colus ((SojdesT
o) Cuxsg 3 ale (61um 5T 093 )y y9y olo 45
g 40 My 0y93) yu g 335 (glasle ;5 g cuwl €YU Lglles
il a8 el Jlo o al g 2l €l Csllas oy
3ol o U5y 5 (g dlisiel BB Colus ol 15 ((So3dsS]
4 ang b ool €oglhe paw paed Cuxsg 5 olo)dl b sl e
- Senlysgynss] s o Sl e Ject (6 m oo) & UK
250 B39y (SajelsSl wfy il 4 o6 River2D (SJg)ag8]

2398 ogdbe (KJe ST (Lo 5l )90 slade Sl
AW L gl s 33 e cpgia g 4By cSayio ¥VY b i,
Ol Bl gl Slld Gl b Wl 458 coSe i
3 olp e 5 3 el Sits (sla Lo 5o (SosdsST 5l
L 2,5 ol cogbye slalo )3 1y ogllas 5 cuslio (0590551
sl b Jls Jobo 3 bt (590581 Ol S i J
—stil) Jiw 03 ()l Jmad 3 g llae (S3glsst Ol L
Joiz 2 &8 psblen ol i oMy Juad jl (Suiand)]
B9y iy (SiodsS1 oy )y polie g o0 odalie
o S (32 B21,3) pl o8 slirolo )3 ol (g5lodens
3 6yt Comd ay (Cninud)l B ere) (alp ol sbaole
s oLl o s 5 Ty yod 6Bag, wlale e (Sls
WYl 20395 ol sla bgy cuS 5 b odel condy ol pols
S oaal Cnsy glis 1 i ilaie ol silodmd Jao 5 (IS5
9 Seisdom Cloogad 4o lojen a2y e 3l gy S0
&) 6,500 Slalllas o (S dois opl &S Cwl by Gluogas
Gl 48,5 1118 dag5 350 (F+ o YA NF
95 s B alools 555 4Vlo 482 (pls adllas
9 O g ST A Ay ) slac by s
el 03535 (G0 D €Ay 5ly9d (dws ) slacJlad»
N« SiesS Sl Jold iSO & ditunly (g sl
L laplye dsgo cpl ) adl oo b ale 4 (el 055 5l
Sligwy (3ded 5l 655l Gln Jl5 2y90 (i LIS S O
bl b chwgio oAb b slapla ezxen 9 035 wal3 1) alby,




YV sl (S5eleST O 5l 38,8 15 50 b oLl w31 i g3Lwley () 52 039950 85T 51

e 3l oasd (gjllay O (Lo (YL palie S5 oS3 5l
a2 b0l e Cundpml ool ) (sode LI «ligel>
= Silwlay 4o 5L ST 15 claole ,d s by 3)lge 4
Ol mmdy 05 0290 )3 il A (35 3l sy
5l o5 Jsmad o s (b e 459 5 05 (S35
A g A8 o el ) gl ol Jrusilty duoys 5 o Sts
Sy abog) cundiml pruswsS| (( SjdssT Cgllae by (58,5
il GlaassS el 1y (st ol g 45 oo liblono (g 55
oo a8 ol ol 35K )3 Jaine b &S asu] A8 o eal )b
O 3l ) 520 S ST b sl jlidyge 5l paseite (>
G > ST ES g (55915890 1 (el sl 9 3y
«Siod58r9e JSoB pet riz ol ygb 258 s Cud il
il cel a0 g amd ey |y (ol lapiagwsS]
290 S GBAS (52058 ool 5 oSty Cupgllas

33,5 o by A Sl asc] .l o g ole jasabaii ¢ ]
S3om5 bl dgste sl ol GRIB B 05550 e
L (K381 ol wed) e pavass Bk 5l HWE (aleolw
slpdasuio b ly) e p)¥ (Kot (58, 5 5 L2
(S Saaiil b ( (S sSl ((SojelsSlsh 909 00
SolyB 5 p5d asbog) ) ol (2l S50 9 (Seilshee
oo Gl 5 (PR wodhe Colue G s dal
938y g 3 ) slacdld (b I (aleokus 458
09> Ol ol g Copde dine )3 iiSS (G55
9 joly Opiomen WS (e Lial (6501 g e i (slasledy
Loy g 5 y0ed 45 51 4zl o)l cllas ) & (V) o
ke jlaslag) (canb bl lp bole (05550 Gille
S il laoygd 3 plale Gyl e 3 Ol )80
48, )15 436 350 55 ol adlllas > llao oyl &S ol b3
Sy 9 895 @l 380 58S p i bl ol p
Co e Pl S Sl Gl (Il o g (lad Gl
O PR ol @l )8y cblis 5 o) gl S

WUA: a5 Y Sk~ St || G reaies e Lami e Bas S
%% | mmm N BN . B o N = am = .
I cale 0% am B E . B E am = O =
iy asliaat  T5% = = I B O N S .
90% - . . - - . - = I .
Water surface 25% A . - . T - - O - O .
width 50% Il B = . Il B B B = = .
b o 5% I . - - . . - O = .
’ 90% I N . == - == I .
Water level 2% - . - . T O O O e .
3 5r% I . . - A - . - - - .
iy 75% =] - - I N - - O O .
9% - . - = - S . .
EWD 25% Il B I I - N N S B B O .
S g 0% I - - - - O O O O O .
75% I . = - . O = . =
90% Il B = = N B == ==
e bl Pry) 3° S Adull pojed culgwayl dlas a0 Sl e
< < " ~ = o 4 &
i"# & éo‘ e".c 0’0 0‘? qu. <+ ¥ W *é \O&&‘
LR " S A ' A
- = — Al o590 e <:.smn~-m:> @u),),,:>

Growmng penod

- Critically suitable level
oy gl i

Generally suitable level

sole wplla puian

Medium suitable level =
Lt g s pling il

Reproduction period Growing period

Month

Highly suitable level
Yl pline plas

- Not suitable level
wallas mlaw pas

Ols mj) Abolo glooygd 5 Blisee (gl yidey 15 (SWg ud (L ad L s 723l 9 (159105 Ly 2§y Bliste Tobaw Hisled - JSW
Bad dig (w5 (510,93 53 j9hd ailddg,
Figure 9- Demonstration of different levels of ecological flow regime in and hydraulic indices important amounts in different
sections and the monthly periods of the Dinavar river flow regime in the biological periods of the target species
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Estimation of Optimal Release Flow Range from Jamishan Dam Considering
the Optimal Instream Ecological Water Demand for Conservation the Habitat
Potential of the Dinavar River
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Introduction: Hydrological variability is of great importance for water resources management. Analyzing
the instream environmental flow demand by coupling the hydrological cycle and the hydrodynamic process with
aquatic ecological processes at a watershed scale remains one of the most important yet most difficult issues.

Ecological water demand (environmental flow) refers to the typical—intra-annual and inter-annual natural flow
regime variability—which describes the quality, quantity, and timing of flow discharge required to preserve the
ecosystem and sustain essential services upon which human livelihoods and well-being depend. Therefore,
ecological water demand (EWD) should be considered as a constraint in water resource planning and
management.

Materials and Methods: Numerous methods and frameworks have been developed for establishing
ecological water demand at regulated rivers. Hydrologically-based ecological water demand methods, because of
their simplicity, data availability, and other economic and social aspects, remain the most applied ones. A
suitable range of discharges environmental flow Dinavar River was estimated using advocate statistical analysis
of hydrological methods Tennant, Annual Distribution Method, and Texas, coupled with habitat suitability
model using the program River2D to natural flow variability need. River2D is a two-dimensional, depth-
averaged hydrodynamic and fish habitat model widely used in environmental flow assessment studies. A detailed
digital model of the river channel and its surrounding area was developed, including all the morphological
characteristics of the river channel and its various sandy islets. Data collection was performed through GIS/GPS
mapping surveys, hydro-morphological measurements (water depth, flow, substratum type, etc.), and
electrofishing samplings at a microhabitat scale under different discharge conditions. Several different steady-
state hydraulic simulations were conducted under typical low flow conditions, producing water depth and water
velocity (direction and magnitude) maps for each discharge scenario, while results were verified with the use of
field measurements. In the next step, River2D was used for the fish habitat modeling of the study area, with the
application of fish preference curves developed specifically for the study area. Finally, the fish habitat modeling
was conducted for the Capoeta trutta (Heckel, 1843) species, divided into two life groups, forced under the flow
conditions. Also, the suitable level of ecological water demand and crucial values with different flow frequencies
were analyzed, including water level, water surface width, and Weighted Usable Area.

Results and Discussion: Results show that high environmental flow releases did not necessarily provide the
highest habitat availability and suitability at all seasons and fish life-stages. The adult life stage resulted in being
more vulnerable to water diversion, particularly during the spring season. Shallow-water hydromorphological
units suffered the highest habitat loss. Some of the environmental flow methods demonstrated inconsistent
results over seasons and fish life-stages by either allowing for higher environmental flow releases. Also, the

Weighted Usable Area -Discharge curve was calculated with the suitability index in medium flow conditions.
From the result, the Weighted Usable Area is changed according to flowrate. In the flowrate- Weighted Usable
Area/A graph, ecological flow can be determined at 1.38 m®s for Capoeta trutta (Heckel, 1843) species.
Ecological flows were calculated in the range 0.17-3.71 m®/s as the required discharge, which assures the
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welfare and sustainability of protected fish species populations. It was also noticed that low flow months (June to
November) required more proportions of mean monthly flow than high flow months (December to May). When
compared with flow-duration analysis, it is demonstrative that simulation results fitted EWD considering the
quantity of available habitat for fish species. Also, the results of the study indicated that monthly EWD had an
increasing trend during the flood season and a decreasing trend during the non-flood season in three sections at
different suitable levels. With the increase of suitable levels, the range of EWD in the three sections also
increased. The EWD and crucial values were the lowest in April with the smallest range and were the highest
from June to October.

Conclusion: The major finding of this research is that the estimated Suitable Range of Discharges could
better address environmental water requirements, rather than simply allocating single value minimum ecological
flows. Results reveal that the ecohydraulic modeling of river basins should be considered as an indispensable

component in sustainable water resources.

Keywords: Environmental flow, Suitability index, River2D, Weighted usable area
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Table 1- Overview of the design

N W2(75 %)

Replications
1 Asterix
Talladega
2 Asterix
Talladega
3 Talladega
Asterix

Sl gyl
Irrigation treatments
W3(50 %) W1(100 %)
Talladega Talladega
Asterix Asterix
Asterix Talladega
Talladega Asterix
Asterix Talladega
Talladega Asterix
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Table 2- Soil characteristics

Sl S Olaswin
Amount Soil characteristics
36.54 02 h2)”
' Sand Percentage
35.64 oo 202
Silt Percentage
27.82 o hep
Clay Percentage
. . -3
1.29 ©plbs ogase p > (g cm )
Bulk density
0.297 o=hi bbb (g/g)
Field capacity((FC)

Sl T rlond (6B S509-T Jgs>
Table 3- Chemical properties of irrigation water

EC pH K Na Mg CL Ca S04 HCOs
(dsmh meq L
0.55 7 0.05 1.2 2.1 2.1 1.15 1 1.5
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Table 4- Interaction between mean effect of dryness stress and Festoka grass variety
oo &9
Variety of grass
ASTERIX TALLADEGA oSl
Relative leaf water content(Percentage)

Sl 5B Jlowd
Irrigation treatments

100% (W1) 55.25 53.25° 54.25 A
75% (W2) 68.16 2 60.5° 64.33 A
50% (W3) 45.85 ® 4423 ® 45.04 A
<l g o
Water productivity
100% (W1) 552 4342 4.94 A
75% (W2) 5.342 453 % 4,934
50% (W3) 5.94 2 4,95 5.44 A

Joljay Ve gl cuas
Appearance quality of the first 10 days

100% (W1) 62 5.66° 5.83 A
75% (W2) 6.1° 5.852 5.97 A
50% (W3) 6.332 6.1° 624

p92ies Ve b curs
Appearance quality of the second 10 days

100% (W1) 78 78 7A
75% (W2) ge g2 gA
50% (W3) 62 62 62

(395 2 s Slo) gl 59, Ve 4y ooy
Growth rate of the first 10 days (cm/day)

100% (W1) 0.83¢ 0.63° 0.734
75% (W2) 1162 0.93° 1.04 4
50% (W3) 0.74 2 05° 0.62 A

(355 2 7o (5lo) o jo) Vo A3y C poo
Growth rate of the 10 second days (cm/day)

100% (W1) 0.867 0.65% 0.75
75% (W2) 1.46% 0.95b 1.28
50% (W3) 0.84b 0.5¢ 0.67A

(397 2 o L) pyws oy Vo A5y oy
Growth rate of the third 10 days (cm/day)

100% (W1) 0.8° 0.7 0.75~
75% (W2) 0.9t 0.66 0.78~
50% (W3) 0.56? 0.42 0.48~

)G gyl sine VST VD prhans 53 SIS ge] b e ylof Lo I aiil e S jiiie By gl & o pSila®
Means that have same letter are not statistically significant at 5% level of probability according to Duncan test.
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Table 5- Irrigation rate of each flowerpot

slo W3(50 %) W2(75 %) W1(100 %)
Month ()
(L)
o) 30 30 30
May
e 35 35 35
June
» 175 26 35
July
& 82.5 91 100
Summation
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Investigation of the Effect Dryness Stress and Deficit Irrigation on Water Use
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Introduction: According to expantion of urbanization, it is necessary to create green space as the most
important environmental factor in moderate cities. However in recent decades, shortage of water resources is one
of the problems facing the expansion of green space especially grass type. Therefore, the application of
management methods such as deficit irrigation is very important. Development of green space requires sufficient
water supply and according to the climatic conditions of our country, finding alternative methods and resources
for effective irrigation and utilizing all available capacities is one of the main goals of municipalities and water
organizations.

Materials and Methods: This research was performed in a greenhouse with an area of 120 square meters
located in the college of Agriculture of Shiraz university with longitude 52°32’, latitude 29°36,1810 height
above sea level, and in flower pots with dimensions of 30 * 30*30 in order to investigate the effect of water
stress in the traditional irrigation method on morpho-physiological factors and water productivity in two variety
long grass. The research was in the form of split plots based on a random full canton with three replication and
three levels (%100 per) (w1), (%75 per) (w-), (%50 per)(ws) of water requirement. The grass used in this design
is Festuca, arundinacea Schreb with two variety named Asterix and Talladega which are considered as cold
grasses and has a root depth of 15-20 cm. The first 3 cm of sand (to create drain conditions) was placed in the
bottom of the flower pot, and then 24 ¢cm of soil was poured on it and compacted until it reached the required
density. On April 10, two variety of grass seeds were poured manually on the pots (10 grams of seeds per pot).
Then, 100 gr of rotten and screened animal dung was poured on the seeds in each flower pot and irrigated with a
hose by a traditional (manual) system. Early cultivation was done manually due to the application of more water
and the establishment of grass. In this way, every day for a week, two to three times irrigation and after the seeds
germinate (10 days after cultivation), once-daily irrigation and until the seeds germinate completely (20 days
after cultivation), the irrigation period was once between 7 until 15 days, and then water stress was imposed. The
first grass mowing was done after the grass was completely established (30 days after cultivation). Also, in order
to compensate for the shortage of nutrients in the soil after two months (July) 6 gr /m? of urea fertilizer (0.54 gr/
m? to each flower pot) was applied. The onset of stress was two months after cultivation (July 10), and the
duration of stress was 45 days. To determine the water requirement a separate flowerpot among the other
flowerpots was located, and provide the moisture to FC level. Every other day, the water lost by this flower pot
compared to the initial weight (FC), the same amount of water was given to the flowerpots with 20% more as for
the leaching requirement.

Results and Discussion: Analysis of experimental data was performed by SAS 9.4 statistical software, and
Duncan’s multiple range experiments at 5% level were used to compare the means, at the level of 5%
probability. Results and data analysis was investigated under water stress in two varieties.

Dryness stress and water use efficiency: Water productivity in both varieties of grass and in different
irrigation treatments did not change significantly at 95%. So decline in the amount of irrigation water has not
affected water productivity.

Interaction of dryness and grass quality: The results showed that water stress and the interaction of water
stress and grass variety on the appearance quality of grass were not significantly different at 95% and in the
second ten days of August, the appearance quality was more desirable than in the first half.

Interaction of dryness and relative leaf water content of leaf: The relative water content of the leaf was
weekly measured during the stress period. The results of comparing the mean relative water content (RWC) of
leaf under water stress in two types of Festuca grass showed that the effect of water stress interaction was

1, 2 and 3- Ph.D. Student, Professor and Associate Professor of Water Engineering Department, College of Agriculture,
Shiraz University, Shiraz, respectively.

(*- Corresponding Author Email: noshadi@shirazu.ac.ir)
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significant in Asterix grass variety on the relative water content of leaf at 95% level. The relative water content
of the leaves is a good index of the water situation of the leaves, and its reduction in the leaves causes wilting
and reduces the freshness and appearance quality of the grass and reducing the relative water content of the leaf
has not affected the appearance quality of the grass.

Interaction of dryness and leaf growth rate: The leaf growth rate was measured during the stress period
(monthly) in three ten-day periods (August). The results of comparing the means showed that the effect of water
stress interaction and two variety of grasses on leaf growth rate was not significant during the first ten days. In
the second ten days, the effect of water stress was significant in both Asterix and Talladega grass and growth rate
in irrigation treatments of 75 and 50% (percentage) of full irrigation was significantly different from full
irrigation.

Conclusion: The results of this study showed that deficit irrigation could increase water use efficiency
without reducing the quality of green cover. With less water consumption (half full irrigation), the appearance
quality of the grass will be well maintained. The relative water content of the leaf decreased as dryness stress
progresses and causing changes in the cell membrane and thus increasing electrolyte permeation from the cell.
Considering that dryness stress has not reduced the appearance quality of the grass, reducing the relative water
content of the leaf has not affected the appearance quality of the grass. Generally, the growth rate in all three
decades was maximum in dryness stress 75% (percentage), which indicates the high photosynthesis of the plant
in this stress.

Keywords: Appearance quality, Irrigation deficit, Festuca, Water productivity, Water stress
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Table 1- Some physical and chemical properties of studied soils

Culaa i@ i B )
S 5o P ol o3le Jale rds’ Sy 5 el Ol S el
Soil pH1:2 S Organic Caluum_ carbonate Ammonium  Nitrate Textural
ECi1. matter equivalent
number class
(dS m?) (%) (mg kg!)
1 79 0.14 0.26 285 3.7 0.5 Loamy Sand
2 7.9 0.23 0.30 29.0 9.9 1.5 Loam
3 8.0 0.31 0.35 36.2 13.6 4.6 Silty Clay
S ooslows  pud powe] ) oo e 113) o
Soil P K Fe Mn Zn Cu
number Available (mg kg?)
1 6.3 119.5 7.0 5.0 0.17 0.36
2 13.0 604.4 5.6 9.0 0.43 0.85
3 14.5 776.7 5.3 10.3 0.61 0.84

S 3 b5 (im0 4 s g (lgn plal SWiS (39 2lgp PINT (5905 rda 1 b jlowd JIl (Sl po (pSSlie) il ylg 43085 T Jguo

U

Table 2- Variance analysis (mean square) of the treatments effects on shoot nitrogen uptake, shoot dry weight and leaf
chlorophyll content index of spinach

PNl o395 ol

S oo a,? ‘ pll Suis 39 S 31 Judg IS om0 Lad L
RS &3 wtlo lg Leaf chlorophyll content
SHOAY ’ Shoot nitrogen - oY
df uptake Shoot dry weight index
. 39 D’% . 3 790232.65™ 1030.10™ 79.83.63™
Nitrogen fertilizer
J_B & 2 188425.50™ 349.89" 93.31"
Soil type
gliel 1 68404.26™ 176,09 3.99
Spinach variety
| SBeg X o 6 13265.70" 19.69™ 288.92"
Nitrogen fertilizer X soil type
. - X s
el X ghins 8138.01" 22.32™ 27.45m
Nitrogen fertilizer X spinach variety
. .- X N .
_GL‘“I )l . St gy . 2 642.74" 3.70m 41.33™
Soil type X spinach variety
gliul an)ly X S g9 X (590 355
Nitrogen fertilizer X soil type X spinach 6 1515.81™ 3.12% 44.66™
variety
> 48 2350.12 3.56 34.06
Error

TN s 5 yls gime ™ D o )3 Yl e Tyl ime et 1

"s Non significant, " significant at 5%, ** significant at 1%
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Table 3- Mean comparison of the interaction effect of nitrogen fertilizer types and soil types on shoot nitrogen uptake (mg

pot?) of spinach

powigel Oy Oldgw

DMPP + sgaigel &1y W gus

S o lows KEY 8,9l i ) ] oSNbe
Soil number Control Urea Ammonium Ammonium sulphate nitrate Mean
sulphate nitrate +DMPP
1 52.66f 386.61¢ 441.30° 356.46¢ 309.26¢
2 56.43f 535.65P 544.84P 540.88P 419.45B
3 161.75¢ 581.592 565.51P 629.352 48455
(Mean) Sl 90.288 501.28A 517.21A 508.89~

(LSD (y3051) ol o 03l (L 3 g b ol Ol 51 s duoyd O prlaw 3 I gxe SIS JB aliie By b cudy g gt by b pSSle
Means in each column and row with the same letter are not statistically different at a =0.05 (LSD Test). The main effects are shown

by capital letters.
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Table 4- Mean comparison of the interaction effect of nitrogen fertilizer types and variety types on shoot nitrogen uptake (mg

pot ) of spinach

pasigel Ol i Oy

DMPP + sguigel il yid i gaw

Ul &ty lg 2l 55! oo
: : Ammonium Ammonium sulphate nitrate Mean
(Spinach variety)  Control Urea sulphate nitrate +DMPP ea
éﬁ@;& 94.06°  544.03 558.70° 534.17° 435,24~
I
ﬁs 86.50°  448.54° 47573 483,62 373.598
IKI
(Mean) ik 90.288  501.287 517.21A 508.894

(LSD (y905]) ol o o3l (Ui S yps gy b ol ol 1 aiand Juoyd O o 3 I xe IS SB apliie g b sy g ygie b 0 b pSSle
Means in each column and row with the same letter (small letters) are not statistically different at o =0.05 (LSD Test). The main

effects are shown by capital letters.
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Table 5- Mean comparison of the interaction effect of nitrogen fertilizer types and soil types on shoot dry weight (g pot?) of

spinach
S o,ledd ol " eaigel Ol g W g DMPP + sgaigel &l yind W gas Sl
Soil number Control Urea Ammonium Ammonium sulphate nitrate I\iea;
sulphate nitrate +DMPP
1 3.49 16.08% 17.59¢ 14.079 12.90¢
2 3.89f 22.78% 23.232 20.71° 17.658
3 9.75¢ 23.762 23.742 24.562 20.45~
(Mean) ,Sle 5.71¢ 20.87A8 21.64~ 19.788

(LSD y505l) il o 03l (jlis 5y By o b ol il 1 siants 1o yd B w53 I3 ime B3] 1315 o gy b sy g i o 4 b, Sikie
Means in each column and row with the same letter (small letters) are not statistically different at o =0.05 (LSD Test). The main
effects are shown by capital letters.
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Table 6- Mean comparison of the interaction effect of nitrogen fertilizer types and variety types on shoot dry weight (g pot™)

of spinach
zUieo! &yl AL oy ©angal Oy Ol gaw DMPP + sguigol €l yid ol gaw Sileo
: - Ammonium Ammonium sulphate nitrate
(Spinach variety)  Control ~ Urea sulphate nitrate +DMPP Mean
o 5l IS 5.89¢ 23.35° 24.09° 20.93° 18.564
Giant Santos
ans 5.53¢ 18.39¢ 19.19b¢ 18.63¢ 15.448
iki
(Mean) ;:Sibe 5.71¢ 20.8748 21.64A 19.788

(LSD (y3051) ol o o3l (Ui S yps gy b ol ol 1 aiiand Juoyd O prlaw 3 I xe SIS SB aliie g b cudy g g oy by pSSle

Means in each column and row with the same letter (small letters) are not statistically different at & =0.05 (LSD Test). The main
effects are shown by capital letters.
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Table 7- Mean comparison of the interaction effect of nitrogen fertilizer types and soil types on leaf chlorophyll content index

of spinach
SK Lo Ll 0! Parigel Ol s Ol g DMPP + sguigol il yid ol gaw oSl
Soil number Control Urea Ammonium Ammonium sulphate nitrate Mean
sulphate nitrate +DMPP
1 18.281 45,784 49.89cd 74.442 47238
2 15.709 55.03¢ 53.60¢ 65.22° 47.39A
3 23.40f 43.13% 36.39¢ 72.672 43,908
(Mean) ,Sil.  19.30° 47.98° 46.63° 70.77A
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Means in each column and row with the same letter are not statistically different at a =0.05 (LSD Test). The main effects are shown
by capital letters.
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Table 8- Variance analysis (mean square) of the treatments effects on nitrogen use efficiency in spinach

JUET T @ =5 LY b 2l S5Pg i 2,6
"é o V ;! Agronomic Recovery Physiological
o df efficiency efficiency efficiency
i 3 14.27 10.36™ 0.00006"
Nitrogen fertilizer
SB g . ok *x
. 2 145.29 838.13 0.00012
Soil type
_Eww‘ ‘u”l_’ 1 167.83" 636.76™ 0.00010"
Spinach variety
| S X Lo 6 8.63" 75.71" 0.000005"
Nitrogen fertilizer X soil type
. . X ta s
el X oo 3 9.39 31.12m 0.00001"™
Nitrogen fertilizer X spinach variety
. " X . .
gda), X sb ey 2 1.25m 5,65 0.000003"™
soil type X spinach variety
glidwl an)ly X S g6 X gy 268
Nitrogen fertilizer X soil type X spinach 6 4.09™ 19.91 0.000007"
variety
s 48 5.47 31.90 0.00001
Error

7N o 5yl gime ™ D g )3 Yl eyl e et
"s Non significant, * significant at 5%, ™ significant at 1%
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Table 9- The effects of nitrogen fertilizer types on agronomic, recovery and physiological efficiency of nitrogen in spinach
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Nitrogen fertilizer type Agronomic efficiency  Recovery efficiency ~ Physiological efficiency
(9g?) (g 100g™) (g mg™)
o9 14.4378 39.147 0.036~
Urea
parigel Sl Ay 15.174 40.66% 0.036%
Ammonium sulphate nitrate
DMPP * pysigel oy Sl 13.398 30.864 0.0338

Ammonium sulphate nitrate +DMPP
(LSD y90j1) ditads duoyd B grdaus p3 I3 e M) 231 apliie g b ygiar o 4 (Lol 1 51) Lo S5l
Means (main effects) in each column with the same letter are not statistically different at o =0.05 (LSD Test).
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Table 10- The effects of soil types on agronomic, recovery and physiological efficiency of nitrogen in spinach
SBojlaw (o5 2 pf) Syl (e85 Ver mpS) sl )b (05 e 2 05) Sglorind 2],
Soil number  Agronomic efficiency (g g') Recovery efficiency (g 100 gY)  Physiological efficiency (g mg?)

1 11.94¢ 32.58¢ 0.037A
2 17.47A 46.094 0.036%
3 13.588 40.998 0.0328

(LSD (y90)]) disuds 20> B grbanw 3 Iy ime 3B 135 Al g yn b ygias s 3 (ol il 3) LSl
Means (main effects) in each column with the same letter are not statistically different at o =0.05 (LSD Test).
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Table 11- The effects of spinach variety on agronomic, recovery and physiological efficiency of nitrogen

o . cabsl ) g
gl 4 My i 2l Recove y egc)ienc il 2,6
Spinach variety Agronomic efficiency (g g2) @ %O o) y Physiological efficiency (g mg™)
Giant Santos) usoils il 16.094 43.32A 0.0374
Viking) K.l 12.578 36.458 0.0348

(LSD (y90)]) Az 20 y> B grbaw 3 Iy ime BB 331 il g yn b ygian 5o 3 (ool Ol 51) LSl
Means (main effects) in each column with the same letter are not statistically different at o =0.05 (LSD Test).
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Introduction: Large amounts of nitrogen (N) fertilizers are being applied to optimize yield in vegetable
production. Nitrogen use efficiency in vegetable fields is low due to high application of N fertilizers in frequent
cultivation, short growth cycles and their shallow rooting system. Nitrification inhibitors (NI) are compounds
that retard the biological oxidation of ammonium to nitrite by depressing the activity of Nitrosomonas bacteria in
soil. In different studies, the positive effects of these compounds on the reduction of N losses from soil and
increase of N use efficiency and crop yield have been demonstrated. The 3,4-dimethylpyrazole phosphate
(DMPP) is a very popular nitrification inhibitor around the world. The efficacy of this molecule depends on
climatic conditions and soil properties including of texture, pH, organic matter, moisture, temperature and
mineral nitrogen. In this experiment, the effects of NI 3, 4-dimethylpyrazole phosphate on the N use efficiency
of two spinach varieties were investigated in different soils.

Materials and Methods: A pot experiment was conducted in a completely randomized design with a
factorial arrangement with three replications at Shahrekord University. Experimental factors were different N
fertilizer sources, soil types and spinach varieties. Three N fertilizer sources consisted of urea, ammonium
sulfate nitrate (ASN) and ASN plus DMPP (0.8 %). A no added N fertilizer treatment was considered as the
control. The soil factor contained three different soils with different physical and chemical characteristics. The
textures of the soils No. 1, 2 and 3 were loamy sand, loam and silty clay, respectively. Three selected soils were
non-saline (EC1,=0.14-0.31 dS m™?) and alkaline (pH1:2=7.9-8.0). Organic carbon and calcium carbonate
equivalent (CCE) ranged from 0.26 to 0.35%, and 28.5 to 36.2%, respectively. Two spinach varieties were
smooth-leaf (Giant Santos) and wrinkled-leaf (Viking). The used soils were mixed homogenously with 100 mg P
kg soil as triple super phosphate, 5 mg Fe kg soil as Fe-EDDHA, 15 mg Zn kg soil as ZnS04.7H,0, 5 mg
Mn kg soil as MnSO4.H,0 and 2.5 mg Cu kg™ soil as CuSQ4.5H,0. Nitrogen was applied at the rate of 150
mg kg* soil in two split doses before sowing and after one month. Twelve seeds were sown in 7 kg soil in plastic
pots, and then placed in a greenhouse. The pots were thinned to 7 seedlings per pot after plant establishment.
One week before harvesting, 10 measurements were done using a chlorophyll content meter to determine
chlorophyll content index of leaves. At the end of the experiment, shoot dry weight was determined and plants
were mixed and dried to measure N concentration. Finally, shoot N uptake and N use efficiency were calculated
in different treatments.

Results and Discussion: In the present study, spinach plants fertilized with ASN+DMPP had a better
appearance (dark green color) than those grown without DMPP. The results indicated that application of ASN
with DMPP led to significant increase of leaf chlorophyll content index in comparison of ASN and urea
fertilizers in all studied soils. Application of DMPP slowed down the process of ammonium oxidation to nitrite.
Thus, this increase may be due to the role of ammonium in N nutrition of spinach plants treated with DMPP.
This may be explained by the fact that ammonium has a positive effect on the synthesis of polyamines,
cytokinins and gibberellins. The presence of these two phytohormones retarded senescence and chlorophyll
degradation in plants. However, adding ASN to DMPP resulted in a significant decrease of shoot dry weight as
compared with the ASN and urea fertilizers in soils No. 1 (loamy sand) and 2 (loam). In soil No. 3, shoot dry
weight was not affected in plants fertilized with ASN+DMPP. Also, agronomic and physiological efficiencies of
N significantly decreased by applying ASN+DMPP in comparison with ASN. It seems that application of DMPP
strongly delayed the ammonium nitrification to nitrate, and consequently the soil nitrate availability appears not
to be synchronized with spinach N needs. Due to short growth cycle of spinach, low availability of nitrate

1, 2 and 3- Former M.Sc. Student, Associate Professor and Professor of Soil Science and Engineering, College of
Agriculture, ShahreKord University, respectively.

(*- Corresponding Author Email: shkiani2002@yahoo.com)

DOI: 10.22067/jsw.2021.14929.0
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resulted in decreased shoot dry weight of spinach. The highest N use efficiency was observed is soil No. 2
(loam) and Giant Santos had more N use efficiency than Viking.

Conclusion: The results demonstrated that using ASN+DMPP led to yield loss, and we cannot recommend
its application as a nitrogen fertilizer for spinach. However, application of ASN+DMPP is an effective strategy
for improving qualitative appearance (dark green color) of spinach. Also, all studied indices were not affected in
plants fertilized with ASN and urea. Therefore, application of both fertilizers is recommended for spinach
production under similar conditions of the present study.

Keywords: Ammonium sulfate nitrate, Nitrogen uptake, Quality, Urea
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2- New Hall

3- Xeric

4- Thermic

5- Entisols

6- Soil Texture

7- Electrical Conductivity (EC)
8- Sodium Adsorption Ratio (SAR)
9- Bulk Density (BD)

10- Organic Carbon (OC)

11- Structural Index (SI)

12- Pressure Plate
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7- Standard Scoring Functions (SSF)
8- More is better

9- Less is better

10- Optimum curve

11- Factor Analysis (FA)
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1- Mean Weight Diameter (MWD)

2- Plant Available Water Capacity (PAWC)
3- Field Capacity (FC)

4- Permanent Wilting Point (PWP)

5- Air Capacity (AC)

6- Relative Field Capacity (RFC)
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Percent of variance
by (me Ao )
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percent
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Properties

AWC 0.905 0.008 -0.058 0.111

Sgi 0.795 0.418 -.242 0.183

EC 0.747 0.180 0.182 -0.001

BD -0.649 -0.255 0.004 -0.002

Clay 0.589 0.390 0.439 0.251

Gravel -0.502 -0.331 -0.431 0.269

ocC -0.266 -0.926 -0.150 -0.056

Sl -0.305 -0.898 -0.145 -0.168

SAR -0.015 0.767 0.618 -0.017

pH 0.440 0.645 -0.408 -0.301

MWD -0.208 -0.083 0.919 0.139

TNV 0.336 0.418 0.808 0.107

Silt 0.132 -0.134 -0.098 0.898

Sand -0.520 -0.206 -0.265 -0.749

RFC 0.097 0.274 0.597 0.705

AC 0.505 -0.079 -0.165 -0.671
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Table 2- Pearson correlation coefficient between variables in surface samples

AC AWC BD RFC SlI

OC MWD Sand

Silt Clay Gravel TNV SAR Sgi EC pH

AC 1 0.435 0199 -494 0.038 -0.001 -0.268 0.216

AWC 1 0.454 0.074 -0.361 -0.305 -0.148 -0.585*

BD 1 0213 0.340 0.334 0.220 0.326
0.588 -

RFC 1 -0.446 -0.376 1 oo

*

Sl 1 09 hoa1 o527

ocC 1 -0.037 0.420

MWD 1 -0.236

Sand 1

Silt

Clay

Gravel

TNV

SAR

Sgi

EC

pH

0.553 0.595* -0.195

-0.056 -0.662* 0.463 -0.575 0.745* -0.556 -0.429
*

0.045 -0.602* 0.495 -0.572 0.772* -0.520 -0.421
*

0.670* 0.781**
1 0.060 0.162 0.009 -0.163 0.228 0.139 -0.195

-0.449 0.087 -0.210 -0.093 -0.120 0.220 0.194 0.540

0.186 0.631* -0.251 0.245 -0.070 0.641* 0.651* 0.433

0.021 -0.457 0.446 -0.398 -0.168 0.718* -0.306 -0.393

*

*
0'730 0.587* 0.214 0.177 -0.226

0.586*

0.621*

0.062 0.265 -0.123 0.665* 0.511 -0.463 -0.003 -0.477

0.190 -0.527 -0.306 -0.533 -0.387 -0.042

1 -0.392 0.701* 0.549 0.525 0.403 0.220

1 oogss 0489 -0.454 o oo, -0.220
*
1 9832% 4208 0486 0.005

1 0.178 0.241 0.280
1 0.661* 0.626*
1 0.373

1

doyd gy o )3 I3 e
*significant at P<0.05
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Table 3- Principle Component Analysis results of the weighting average for the depths

Sy adlie 93 Al dw adljo Sk alge T Ay oA adlio
Component(1) Component(2) Component(3) Component(4) Component(5) Component(6)

3 A 4101 3.837 2.9.18 1.567 1.235 1.093
Eigenvalue

bl e 25.630 23.948 18.239 9.793 7.719 6.833

Percent of variance
oeilly x2S doyd
Cumulative variance 25.630 49.614 67.853 77.646 85.365 92.198
percent
Sk

Properties

Sl 0.886 -0.235 0.217 0.078 0.036 -0.154

ocC 0.851 0.265 0.140 0.052 -0.223 -0.127

TNV -0.819 0.002 0.066 0.251 0.247 -0.270

pH -0.665 0.543 -0.090 -0.179 0.335 0.196

EC 0.545 0.149 -0.323 -0.327 0.332 -0.324

Sand 0.016 -0.965 0.148 -0.066 0.086 -0.147

Silt 0.181 0.856 -0.289 -0.089 -0.132 0.310

Clay -0.434 0.710 0.233 0.369 0.056 -0.283

MWD 0.164 -0.146 0.929 0.226 0.007 0.099

Sgi -0.148 0.072 -0.926 -0.237 -0.110 -0.088

SAR 0.222 0.411 -0.573 0.162 0.509 0.250

AC 0.063 0.073 -0.142 -0.978 -0.072 0.022

RFC 0.032 0.273 0.307 0.776 0.103 0.284

Gravel 0.382 0.254 0.043 -0.106 -0.820 -0.118

BD -0.156 0.028 0.549 0.100 0.727 -0.227

AWC -0.169 0.287 0.108 0.155 0.031 0.909

(o buwogio (diged ;0 B pile (g e (Ko 35— Jgi>
Table 4- Pearson correlation coefficient between variables in sublayers (weighting average for the depths)

AC AWC BD RFC SI OC MWD Sand Silt Clay Gravel TNV SAR Sgi EC pH

AC 1 -0.149 -0.226 -0.782** -0.083 0.028 -0.350 -0.037 0.227 -0.393 0.200 -0.320 -0.049 0368 0.356 0.156

AWC 1 -0.093 0494 -0.312 -0.169 0.145 -0.403 0436 0.126 -0.155 -0.064 0.244 -0.171 -0.376 0.428
BD 1 0.314 0.017 -0.193 0457 0.142 -0.331 0339 -0.580* 0.375 -0.026 -0.526 -0.006 0.235
RFC 1 -0.014 0.028 0429 -0.271 0.120 0460 -0.020 0.037 0.131 -0463 -0.225 0.072
Sl 1 0793** 0372 0287 -0171 -0.392 0211 -0.635* -0.035 -0.343 0.333 -0.729**
oC 1 0.230 -0.248 0.353 -0.108 0.508 -0.614* 0.111 -0.205 0.272 -0.558
MWD 1 0.250 -0.344 0.082 0.032 0.003 -0.447 -0.989** -0.336 -0.304
Sand 1 -0.934** -0.632* -0.255 0.016 -0.491 -0.187 -0.052 -0.515
Silt 1 0.314 0.335 -0.263 0.583* 0.302 0.155 0.363
Clay 1 -0.049 0528 0.041 -0.157 -0.199 0.582*
Gravel 1 -0.556 -0.288 0.042 0.112 -0.383
TNV 1 -0.041 -0.049 -0.454 0.476
SAR 1 0372 0322 0.297
Sgi 1 0.275 0.225
EC 1 -0.129
pH 1
Loy gy s 53 Jbgixe * Loy S s 53 Yo xe™*

*significant at P<0.05 **significant at P<0.01
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Table 5- Table of Communality with extracted agents (common variance) with weight coefficient of surface and weighting

average for the depths

B Sy P ladiged stos bavgio (sdiges
S Surface samples Subsurface samples
Soil TDS MDS TDS MDS
properties oyl gl oyl gl bl o g ob)ly oo
‘5 Y ‘;}9 ‘5 Y ‘!}9 ‘5 Y ‘3}9 ‘5 Y ‘359
Common Weight Common Weight Common Weight Common Weight
variance  coefficient variance coefficient variance coefficient variance coefficient
AC 0.739 0.056 0.992 0.067 0.604 0.134
AWC 0.835 0.063 0.747 0.218 0.974 0.066 0.759 0.168
BD 0.486 0.037 0.916 0.062
RFC 0.938 0.071 0.864 0.059
Sl 0.948 0.071 0.919 0.062 0.725 0.160
ocC 0.954 0.072 0.833 0.243 0.882 0.060
MWD 0.914 0.069 0.937 0.273 0.972 0.066 0.765 0.169
Sand 0.944 0.071 0.987 0.067 0.810 0.179
Silt 0.850 0.064 0.913 0.266 0.970 0.066
Clay 0.755 0.057 0.967 0.066
Gravel 0.619 0.047 0.910 0.062 0.857 0.190
TNV 0.952 0.072 0.872 0.059
SAR 0.972 0.073 0.894 0.061
Sgi 0.898 0.068 0.960 0.065
EC 0.624 0.047 0.746 0.051
pH 0.867 0.065 0.928 0.063

Luogio 5 (odaw LAY ;3 MDS 5 TDS acgocms 55 15 NQI o 1Q1 s Jute 13 SK CuitS 51y ad L 0.wh dpwlne 3lie -1 Joua

S Sas
Table 6- Calculated values of soil quality indices of 1QI and NQI models in TDS and MDS in surface and weighting average
for the depths
9 2yl o 1Q17Dps 1Q1mbs NQItps NQImbs
J &5 al buogio a4 Yy buogio a4 Yy Luwgio Y al buogio ¥
yas (W] . . . .
Lands and Ir;is)a“t‘ion > oS > oS b oS ohw oS
cultivation s gtem Surface  Subsurface Surface Subsurface Surface Subsurface Surface  Subsurface
type Y layer layer layer layer layer layer layer layer
oge0 &L Slo jlab 0.61 0.56 0.31 0.39 0.42 0.37 0.17 0.28
Fruit Drip 0.57 0.48 0.32 0.32 0.39 0.32 0.17 0.22
garden irrigation 0.62 0.50 0.34 0.31 0.43 0.33 0.18 0.24
o “f"lf 0.60 0.45 0.42 0.30 0.41 0.30 0.23 0.22
% Sprinkler ¢ gp 0.48 0.42 0.33 0.39 0.32 0.26 0.23
Alfalfa irrigation (73 0.50 0.58 0.30 0.48 0.33 0.35 0.21
(classic)
e
5 Sprinkler 0.60 0.53 0.42 0.40 0.40 0.35 0.22 0.26
£ irrigation 0.57 0.47 0.37 0.28 0.39 0.31 0.19 0.22
Wheat center 0.56 0.47 0.40 0.33 0.38 0.31 0.21 0.27
(
pivot)
e By 0.58 0.48 0.39 0.34 0.41 0.32 0.20 0.25
£ Flood 0.61 0.46 0.43 0.32 0.42 0.30 0.22 0.25
Wheat 0.59 0.47 0.41 0.33 0.42 0.31 0.21 0.26

irrigation
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Table 7- Soil quality grade for 1QI and NQI models based on TDS and MDS (33)

Jae g9 O¥95 S CotsS a2
Soil quality Indicator Soil quality grade
index model method I 1] i v
QI TDS 1Ql1ps>0.76 0.76>1Qltps>0.66 0.66>1Q11ps>0.56 0.56>1Qltps
MDS 1QImMps>0.78 0.78>1Q1Imps>0.68 0.68>1QImps>0.58 0.58>1QlImps
NOI TDS NQIltps>0.55 0.55>NQIltps>0.45 0.45>NQl7ps>0.35 0.35>NQlps
MDS NQImps>0.80 0.80>NQImps>0.70 0.70>NQImps>0.60 0.60>NQIwmbs

Of 5 423 9 S CudeS o yad W (1l 23l -A Jga
Table 8- Average values and classification of soil quality indices

u";‘)‘ Mlal») IQITDS IQIMDS NQITDS NQIMDS
Lands Sl s des lwgle e es gl pdaw  des hgie  odaw  les hugie
(Cultivation - yrrigation Surface  Subsurface Surface Subsurface Surface Subsurface Surface Subsurface
type) system
.L L_slb).la.é
. & Drip 0.60 (I11) 0.51 (IV) 0.32 (IV) 0.34 (IV) 0.41 (11) 0.34 (IV) 0.17 (IV) 0.24 (IV)
Fruit garden irrigation
Shb
x5 Sprinkler o4 (i) 048(IV) 047 (IV) 031 (IV) 043 (I1) 032(IV)  028(IV)  0.22(IV)
Alfalfa irrigation
(classic)
Shb
e Sprinkler
Wheat irrigation 0.58 (I11) 0.51 (IV) 0.39 (IV) 0.34 (IV) 0.39 (1) 0.33 (IV) 0.21 (IV) 0.25 (IV)
(center
pivot)
N Flood 059 ()  047(V)  041(IV) 033 (IV) 0.42 (IlN) 03L(IV)  02L(IV)  0.25(V)
irrigation
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Figure 4- NQIrps-NQIwmbs linear relationship for surface

layers
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Figure 6- NQIltos-NQIwmps linear relationship for weighting
average for the depths
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average for the depths
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Determining the Most Effective Properties to Evaluate Soil Quality of
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Introduction: Soil quality is an essential indicator for sustainable land management that generally depends
on soil physical, chemical and biological properties. Due to the multiplicity of soil properties, the number of
variables is usually reduced to a minimum set by statistical methods, which reduces study time, decreases
monitoring cost for sustainable use of agricultural lands. The aim of this study was to introduce the most
effective soil characteristics of agricultural lands in Mohammadshahr plain, Karaj, to prevent the descending
trend of soil quality.

Materials and Methods: In this study, four farms and orchards which were different in terms of crop type
and irrigation system were selected and evaluated with Integrated Quality Index (IQI) and Nemero Quality Index
(NQI). In both indicators, the characteristics affecting soil quality are combined in the form of a mathematical
model and presented as a numerical quantity. For this purpose, first 12 soil profiles were described, followed by
sampling from topsoil (surface layer) and sublayers (weighting average for the depths) and testing 17 soil
characteristics affecting its quality. In the next step, both indicators were calculated using two different sets of
soil properties. The first category, the Total Data Set (TDS), included all measured soil characteristics, and the
second group, the Minimum Data Set (MDS), included the most important properties affecting soil quality. The
Principle Component Analysis was implemented to select the MDS. Soil properties were scored to calculate 1QI
and NQI. For this purpose, a function was defined for each soil feature to standardize all scores between zero and
one. Weighting various soil quality properties was also performed by calculating the common variance of the
variables, which was obtained by factor analysis method.

Results and Discussion: Calculation of 1QI and NQI indices showed that the topsoil samples were in grade
I11 and sublayer samples belonged to grade IV with major limitations due to lack of profile development, organic
carbon deficiency, salinity and high gravel. Four and six items out of 16 variables were identified effective for
topsoil and sublayers, respectively. The 1QI index based on TDS was more accurate and sensitive than the NQI
index for soil quality assessment, as more features are considered for TDS. In the IQI index, both the weight of
attributes and their scores are effective, while in the NQI index, only the attribute score is considered. On the
other hand, the coefficient of determination between the TDS and MDS for topsoil and sublayer samples was
0.55 and 0.56% for IQI model, respectively, and 0.48 and 0.16% for NQI model, respectively. In other words,
the determination coefficients showed the reliability of using the MDS instead of TDS in both IQI and NQI
models. In the MDS, mean weight diameter (MWD) showed the highest effect on the surface layer and
percentage of gravel had the greatest impact on the soil quality of the sublayer.

Conclusion: Although TDS took into account all soil properties and showed a slightly higher coefficient of
determinations with both soil quality indicators, the MDS obtained similar results to the TDS with only about
half of the properties. In the MDS, the features with an internal correlation is eliminated rendering it more cost
effective. The results of this study assist decision-makers to choose better quality management and soil
sustainability strategies while decreasing the monitoring cost.
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Table 1- Monthly mean value of precipitation and relative humidity in Agricultural Research Field Station of Sarableh
during 2019-2020 cropping seasons

Month  ob lod Jilas o> ST ok ol e Cugb, Jilas  Cugb, fSTas

Min temp (‘'C) Maxtemp ('C) Precipitation (mm) Min. RH (%) Max RH (%)
Oct. olo o0 13.2 37.2 15 18 41
Nov. Ul 0.8 27.2 44.6 33 73
Dec. 3l 0.2 19.6 134.4 53 83
Jan. «$d -2 16.4 374 47 84
Feb. ool -8.5 19.5 60.3 43 79
Mar. fvem) 1.7 24.8 267.1 47 84
APL. oedss 2.6 26.6 335 40 80
May Cadigend)) 4.8 36.5 11.3 24 64
Jun. REyes 16 39.7 0 12 31
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Table 2- Soil physical and chemical properties of experimental area

SB céb  Soil texture
5l pH
Sy EC

Jl v Organic Carbon
09y Total N
Yhd Auvailable P
ol Available K
3 Mg
e Mn
oo Cu
&9 Zn
ool Fe

Y, Clayloam

7.1

(ds m?) 0.40
(%) 15
(%) 0.13

(mg kg™) 6

(mg kgt 280
(mg kgt 216
(mg kgt 12
(mg kg) 52
(mg kgt) 1.4
(mg kgt 10
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4- Root fineness

5- Fresh root weight
6- Root diameter

7- Special root length
8- Dry root weight

9- Root water content
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1- Root length density

2- Soil volume

3- Special root mass

4- Root tissue density

5- Root mass density

6- Root surface area density
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Figure 1- Interaction of cultivarxfertilizer sources on root length
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Figure 2- Interaction of cultivarxfertilizer sources on root volume
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Table 5- Interaction comparsion of cultivarx fertilizer sources on root traits related under dryand conditions

Ay y el i 3 .
| fertilizer ” M;;;tw adyy Job o515 Ay y CAL o515 413 3 )Slos
Cultivar i i i invi
SOUFCes Rot area diameter Rc;{ot/length _(Ijensllty (cm  Root rFllsn;,ue 3den_sl,lty I(g root Gzin}ggld
(cm?) (cm) cm?soil volume) weght /cm?® soil volume) 9
Control 31.6h 0.55a 0.037g 5.39 876.9i
50%P 63.3ef 0.45e-j 0.085de 15.5f 1402.6hi
oo FM 63.3ef 0.5¢-j 0.083de 15.7f 1635.8gh
Mahali FM+50%P 100.6b 0.43ij 0.14ab 33.3d 2632.06¢-f
100%P 100.79b 0.429-j 0.13b 36.03cd 2548.04c-f
Control 39.7gh 0.54ab 0.044fg 7.39 1234.6hi
50%P 75.48cd 0.49a-f 0.09de 23.8e 2971.9c-f
ool FM 70.31de 0.47a-d 0.085de 20.4e 2489.06d-f
Mahour FM+50%P 115.4a 0.4e-j 0.15ab 47.8b 3783.9ab
100%P 97.19b 0.41f-j 0.13ab 34.04d 2784.1c-f
Control 32.11h 0.53a-d 0.04fg 5.3g 854.8i
50%P 58.74f 0.47b-h 0.076e 14.25f 2095.2fg
P> FM 61.33f 0.48b-j 0.08e 15.64f 2271.7e-g
Khorram  FM+50%P 104.99b 0.43e-j 0.14ab 39.05¢ 3338.9bc
100%P 96.84b 0.42i-j 0.13ab 33.52d 3106.4cd
Control 43.92g 0.53a-c 0.054f 8.6g 1216.4hi
50%P 80.63c 0.46¢-j 0.107c 24.7e 2999.2cd
ol FM 73.77de 0.46¢-j 0.098cd 21.2e 2630.6¢-f
Fardan FM+50%P 120.49a 0.4ij 0.16a 52.6a 4238.3a
100%P 100.81b 0.41f-j 0.14ab 36.4cd 3290.9bc
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Means, in each column, followed by similar letter are not significantly different at the 5% probability level- using Duncan's Multiple
Range Test.
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Root System of Different Barley Cultivars Influenced by Applications of
Different Fertilizer Sources under Dryland Farming
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Introduction: Biofertilizers play a crucial role in soil fertility by dissolving stabilized phosphates and
producing the nutrients needed for plant growth in the soil. One of the most important soil microorganisms is
mycorrhizal fungi. Mycorrhizal fungi, with their extensive hyphae network and increasing the level and speed of
root uptake, increases the plant efficiency in nutrients, especially inactive elements such as phosphorus, and
improves plant growth. Mycorrhiza fungi increase nutrient uptake of plants due to stimulation of root formation
and subsequent increase in root level through the production of auxin and gibberellin hormones. By extending
the root system, mycorrhizal fungi increase the total absorption surface of inoculated plants and thus improves
crop plant access to water absorption. Considering the important and critical role of roots in crops, having
sufficient information and understanding the morphological characteristics of the root system is important.
Therefore, this study was conducted to investigate the role of the root system in the presence of mycorrhizal
fungi in new barley cultivars in the llam region in rainfed conditions.

Materials and Methods: In order to investigate the effect of inoculation with mycorrhiza fungi on the root
system of barley cultivars in rainfed conditions, a factorial field experiment was carried out based on a
randomized complete block design with three replications in the farm station of Sarablah Agricultural Research
Center during 2019-2020 cropping season. Experimental treatments were including barley cultivars (Mahali,
Mahour, Khorram, and Fardan) and fertilizer sources treatment including control (without fertilizer), 50% P
fertilizer, mycorrhizal fungi (Glomus mosseae, Glomus etunicatum, and Rhizophagus irregularis), mycorrhizal
fungi+50% P chemical fertilizer and 100% P chemical fertilizer. Root-related characteristics were measured
inside the field at the pollination stage using a metal cylinder with dimensions of 30 cm in length and 2 cm in
width, which had been pre-designed by hand. To measure grain yield after removing the marginal effects (50 cm
from the beginning and end) were recorded for each plot. Statistical analysis of the data of this research project
was done by SAS software, means were compared by Duncan’s multiple range test method, and graphs were
prepared by Excel software

Results and Discussion: This study showed that the interaction between cultivarx fertilizer sources was
significant on the characteristics of rainfed barley roots. So that the maximum root length (76.6%), root volume
(75.7%), root area (73.3%), root length density (76.8%), root tissue density (89.9%), root-specific mass (65.7%),
and root surface area density (70.6%) was obtained from Fardan cultivarxmycorrhizal fungi+50% P chemical
fertilizer compared to control treatment (without fertilizer source). It seems that the presence of mycorrhizal
fungi has caused changes in root morphology so that the spread of mycorrhizal mycelium related to the internal
tissues of the root has increased root length.

Conclusion: The results of this study showed that the use of mycorrhizal fungi increased root system and
root morphological changes in new barley cultivars. What is clear and has been mentioned in the reports of other
researchers is that the mycorrhizal fungi can gain maximum use of moisture and nutrient uptake by creating a
strong rooting system in the host plant from the rhizosphere. Recent research has shown that Fardan cultivar in
the presence of mycorrhiza fungi had maximum root length, root volume, root area, root length density, root
tissue density, and finally, root surface area density, and when no fertilizer source was used, a large reduction in

1- Department of Plant Production Technology, Dehloran Faculty of Agriculture and Engineering, llam University,
[lam, Iran

(*- Corresponding Author Email: r.naseri@ilam.ac.ir)

2- Crop and Horticultural Science Research Department, Ilam Agricultural and Natural Resources Research and
Education Center, AREEO, llam, Iran

3- Department of Plant Production and Genetics., Faculty of Agriculture, University of Maragheh, Maragheh, Iran

DOI: 10.22067/jsw.2021.15046.0



Voo pi = olo,5 Y o)led VO o oS g of 4,55 YAY

the rooting system was observed in all cultivars. Therefore, among the cultivars used, Fardan cultivar with co-
consumption of mycorrhizal fungi and 50% of P fertilizer can cause the development of root system and
ultimately increase grain yield in the region under dryland conditions.

Keywords: Root diameter, Root length density, Root-specific mass, Root surface area density, Root tissue
density
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Table 1- Geographical information and climate types of cities located in the study area

s, e @Wila Jb  oldlia o (k) glis) (oaub 20! (7 5l03) g2y ol £93
No. City Longitude (E)  Latitude (N)  Altitude (m) Climate type (adjusted De Martonne)
1 Abadeh o3l 52.67 31.18 2030 Arid s
2 Anar ,Ul 55.25 30.88 1409 Hyper- arid L3,
3 Baft sl 56.58 29.23 2280 Semi-arid s de
4 Bam 58.35 29.10 1067 Hyper- arid sl
5 Birjand 1., 59.20 32.86 1491 Arid s
6 Isfahan il 51.87 32.67 1601 Hyper- arid sl
7 Ferdows g8 58.17 34.02 1250 Arid s
8 Garmsar jluwe,s 52.27 35.20 825 Hyper- arid sl
9 Qom 43 50.85 34.70 877 Arid Sas
10 Gonabad suLs 58.68 34.35 1056 Arid Sas
11 Kabootar-Abaad sUi ;4.8 51.85 32.52 1545 Hyper- arid sl
12 Kashan sl 51.45 33.98 982 Semi-arid is dop
13 Kashmar ,.sl8 58.47 35.30 1110 Hyper- arid sl
14 Kerman ;s 56.97 30.25 1754 Arid s
15 Khoor-Biabanak Gl e 55.03 33.78 845 Arid s
16  Minadeh-Jiroft ¢4 s oxle 57.80 28.58 601 Arid Sas
17 Semnan ;b 53.55 35.55 1171 Arid s
18 Shahre-Babak by 55.13 30.10 1834 Arid s
19 Sirjan gl 55.68 30.47 1739 Arid s
20 Tabbas ... 56.92 33.60 711 Extra arid s,
21 Tehran s 51.32 35.68 1190 Arid s
22 Yazd 55 54.40 31.90 1230 Extra arid sl
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Figure 2- Seasonal mean daily UVB radiation (kj/m?2.day): a) Winter, b) Spring, ¢) Summer, d) Autumn in the study area for
Clear-Sky conditions
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Figure 3- Seasonal mean daily UVB radiation (kj/m?2.day): a) Winter, b) Spring, ¢) Summer, d) Autumn in the study area for
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Figure 4- Seasonal mean daily UVB radiation (kj/m?2.day): a) Winter, b) Spring, ¢) Summer, d) Autumn in the study area for
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Figure 5- Relative differences between the total daily UVB radiation in clear-sky with overcast conditions: a) Winter, b)
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Introduction: Although the contribution of Ultra-violet (UV) radiation is about 5-7% of the whole solar
energy; nevertheless, it plays an important role in regulating the biological and photochemical processes within
the Earth-atmospheric system. Ultra-violet radiation is well-known for its significant influence on human health
and the environment. High UV doses have negative effects on the skin (erythema (sunburn), skin cancer) and
cause eye diseases and immune suppression. However, moderate UV doses have positive effects causing vitamin
D production. Apart from the solar elevation, ozone and cloudiness are the main factors affecting UV level and
providing significant year-to-year variability of UV radiation. The effect of clouds on UV radiation is as varied
as the clouds change. Fully overcast skies lead to reductions in surface UV irradiance. On average, scattered or
broken clouds also cause reductions, but short-term or localized UV levels can be larger than for cloud-free skies
if direct sunlight is also present. It is noted that long-term cloud type and amount trends are largely unknown due
to the relatively short data record of comprehensive cloud observations and the high variability of clouds on
interannual and longer time scales. So far, most studies have focused on in-vitro impacts of UV radiation on
human health and plant physiology. Unfortunately, not much research has addressed the effect of ozone and
clouds distribution on total daily UVB irradiances in central arid deserts of Iran. Meanwhile, these limited
investigations have used Tropospheric Ultraviolet-Visible (TUV5) radiation. The present work is aimed to
evaluate the influence of clouds and ozone on daily UVB in different sky conditions.

Materials and Methods: To estimate the total daily UVB irradiances (280-315 nm), 13-year (2005-2017)
historical data from 22 meteorological sites (9 provinces) were applied as the input of the TUV5 multilayer
radiative transfer model. The Tropospheric Ultraviolet-Visible (TUV) model is used widely by the scientific
community for applications including atmospheric photochemistry, solar radiometry, and environmental
photobiology. The model calculates spectral radiance, irradiance, and actinic flux over 120-750 nm at an
underlying resolution of 0.01 nm, as well as weighted spectral integrals including wavelength bands (visible,
UVA, UVB, UVC), photolysis coefficients (112 reactions), and biologically active irradiances (UV index, DNA
damage, vitamin D production, etc.). Atmospheric inputs include vertical profiles of N2, 02, O3, NO2, SO2,
clouds, and aerosols. The propagation of radiation through multiple atmospheric layers (concentric spherical
shells for direct solar beam, plane-parallel for diffuse radiation) is computed using a fast 2-stream approximation
or a multi-stream discrete ordinates scheme. Version 5.3 provides updated spectroscopic data for a number of
photolysis reactions (7). The aforesaid dataset includes Total column ozone (TCO), Cloud optical depth (COD),
Aerosol optical depth (AOD), and Surface albedo (SALB), which were freely extracted from
://disc.gsfc.nasa.gov satellite-based images.

Results and Discussion: TUV5 Model estimated total daily UVB radiation for three different sky conditions
(Clear-sky, whole sky cover, real sky) and the results compare to each other. The maximum daily UVB for clear-
sky and overcast conditions (whole cloud cover) was found in summer and for the south and south-east of the
region (Kerman, Fars, and Yazd provinces). The observed decline in daily UVB due to the clouds varied from
33% in summer to 67% in autumn, which highlights the importance of total cloud cover (overcast) in reducing
the UVB radiation in the study sites. For the real sky condition (all-sky), the maximum daily UVB irradiances
were found in southern parts of the region for most of the seasons. However, as the Indian summer Monsoon
result, the maximum UVB has slightly moved toward the northwest of the region. Meanwhile, the inter-
comparison of daily UVB maps with total column ozone (TCO), cloud optical depth (COD), aerosol optical
depth (AOD), and surface albedo (SALB) maps show that the geographical position of maximum UVB radiation
in southern provinces is in good agreement with the total column ozone and cloud optical depth. In this regard,
variations of monthly SALB and AOD have less influence on the determination of displacing the maximum
UVB.
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Conclusion: Results of the present work highlight the high biological risk of solar UVB irradiances during
clear-sky days over the study region. For full cloud cover (overcast condition), the maximum and minimum
UVB are observed in the south and northeast of the region, respectively. A relative comparison of total daily
UVB in clear-sky conditions versus the UVB of overcast conditions highlights the fact that clouds can
significantly reduce the biological risk from 33% in summer to 67% in autumn. The UVB reduction by clouds is
more pronounced during cold seasons due to the combined interaction of larger solar zenith angle (lower sun
angle) with clouds and ozone.

Keywords: Clear-sky, Cloudy-sky, Multilayer Radiative Transfer, Surface biological radiation, Seasonal
average UVB, TUV5 model
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