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Introduction

Flow control and regulation of water levels in irrigation canals are critical to improving the
distribution network’s performance, water transfer, and ease of operation of the intakes. Therefore, the
network needs to improve the existing control and regulation structures and construct the new structures
(Monem and Hosseinzadeh, 2012). Today, various spillways and gates have been used as control and
regulation structures in water transmission networks. Elliptical LOPAC gates are a particular type of gate
that researchers have considered in recent decades due to their convenient advantages (Pilbala et al.,
2021). Studies have been limited so far, so in this study, the hydraulic performance of this type of gate
with the presence of gradual inlet transition has been investigated both experimentally and numerically.
Research on Lopac gates indicates that studies have been performed on hydraulics, mainly in a sudden
contraction or full-width gates in the laboratory flume. However, in many cases, the width of the gate
needs to be less than the width of the channel, and an inlet transition is necessary to reduce the energy
loss. Therefore, a parabolic transition was used in this study, and in particular, the effect of the parabolic
transition upstream of the elliptical Lopac gate on the hydraulic conditions was investigated using Flow-
3D software.

Methodology

This study uses the results of 9 experiments performed by Shafai Bajestan et al. (2020) to calibrate the
numerical model. The numerical model was simulated using the data of these experiments. This
simulation used three turbulence models, RNG, K-¢, and LES, and the LES turbulence model with the
lowest error was selected for further investigation. To investigate the effect of parabolic inlet transition,
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five models of parabolic shape transitions were tested. A non-transition case was considered a control
experiment to compare the result. Three different parabolic transitions were simulated at three other flow
discharges and three separate openings. The flow rate and energy drop across the gate were calculated in
each experiment. Total number 45 Simulation was performed with different variables. The dimensional
analysis was conducted to find the best relation between the desired non-dimensional parameters shown
in Egs. (1) and (2) using the  Buckinham's theory.

In these equations, R; is the transition radius (fixed in this study, equal to 15 cm), R, is the
longitudinal radius of upward parabolic, Bg is the elliptical Lopac gate opening, B is the width of the
flume, C, is the flow coefficient, and Y, and Y, are the upstream and downstream flow depths,
respectively. AE and E; are also energy loss and the upstream energy, respectively.

B, R,
C,=f(-Z, =
= hCg )

1)
aE_ B R
5=l (2)
Findings

The numerical simulation results showed that with increasing the ratio R, / Ry, the discharge
coefficient increases in all experiments, and it was observed that with increasing the relative opening of
the gate, the discharge coefficient also increases. By placing a gradual parabolic transition with minimum
elongation at 25, 35, and 45 liters per second flow rates compared to non-conversion conditions, the flow
rate coefficient is at least 6, 6.4, and 7.2% will increase. To study the same trend in different openings, it
was observed that for relative openings of 0.41, 0.45, and 0.49, the discharge coefficient increased by at
least 8.9, 5.7, and 5%, respectively. Then the flow rate coefficient in the minimum and maximum
elongation at different flows and openings were compared and evaluated. The results showed that with an
increase in relative elongation from 0.33 to 1.67 at 25, 35, and 45 liters per second, respectively, an
average increase of 21.5, 13.4, and 11.5 percent occurred. In the end, the discharge coefficient in non-
transition mode and the transition with maximum elongation were compared. It was observed that the
maximum increase of discharge coefficient occurred by 24% in the test with flow discharge of 35 I/s and
relative opening of 0.41.

Studies have shown that the relative energy loss will decrease with increasing the R2/R1, and this
trend was observed for all discharges and all gate opening ratios. It was also observed that the relative
energy loss would decrease with increasing the relative opening of the elliptical Lopac gate. At a flow rate
of 25 liters per second and a relative opening of 0.41, the highest R2/R1 reduces the relative energy loss
by 27.7% compared to the case without gradual conversion.

With the help of numerical model output and TEC plot software, streamlines were plotted for all
experiments. The results showed that in the non-transition state, a horizontal vortex forms on both sides
upstream and downstream of the gate. While in the presence of gradual parabolic transition, this vortex is
not formed and the flow lines are transmitted to the gate without separation from the walls. In addition,
the downstream, in conditions without gradual transition, vortices are formed on both sides of the outlet
flow of the gate and for a relatively long length. The main reason is the sudden concentration and
compression of the flow lines upstream and their passage through the gate, which by increasing the width
of the gate upstream to a great distance, the flow lines cannot return to the walls. As a result of this
separation, a relatively long horizontal pattern is formed downstream. While in the case of gradual
parabolic transition, the downstream streamlines reach the walls at a shorter distance, and the separation
zone area is reduced, which certainly results in the strength of the horizontal vortex decreasing; so the
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energy loss decreases and causes the discharge coefficient to increase. Therefore, gradual transition
causes uniformity in flow passing through the gate.
Conclusion

Elliptical Lopac gates are a particular type of Lopac gates that researchers have recently considered. In
this research, using Flow-3D software, the presence of gradual parabolic transformation upstream of this
gate was simulated. The experiments were performed in two modes without gradual conversion and also
with the presence of parabolic gradual conversion. The results showed that after the gradual parabolic
transformation is located upstream of the elliptical Lopac gates, the flow vectors enter the gate with less
curvature and fracture, and the number and size of vortices generated downstream of the gate are reduced.
Therefore, the discharge coefficient increases and the energy loss also decreases due to the mentioned
changes. So with the gradual parabolic transformation located above the elliptical Lopac gate, the relative
energy loss decreased by 27.7%, and the discharge coefficient increased by 24%.
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Table 1- Values of statistical indicators

Model

RMSE

RNG
k-e
LES

7.69
7.11
4.31
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Table 2 - The values of the parameters used in this research

Q(Lit/Sec) B (cm) By(cm) Ri(cm) R,(cm)
0
25 0.33
5
10
35 80 0.36 15
15
20
45 0.39
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Fig. 12 - The trend of changing the relative energy
drop with a relative radius of 35 I/s

db)b@ék&kﬂ@j)‘&é'%&j)—w I

4l » g Yo
05
0.45 = - Rr=1.67
o4 |™ ) *Rr=1.33
oss | o H ' o Rr=1
03 ) - ARr=0.67
0.25 _
0.4 0.45 05 “R=033
B - ero

r

Fig. 14 - The trend of changing the relative energy
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Fig. 16- The trend of changing the relative energy
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at a flow rate of 45 I/s

(o (T S b (e (S5 SN g gy -1 S
46 g g £0 290 50 450

0.5
0.45
04 : Br=0.41
A a Br=0.
mos| =& & o i
03 Y o Br=0.45
0.25 = Br=0.49
1 2
Rr

Fig. 11 - The trend of changing the relative energy
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Introduction

The key to social and economic development is water, an essential natural resource. Worldwide,
many areas are experiencing water supply and demand mismatches or are under extreme stress due to
water shortages. Water resources have been mismanaged or limited due to an increase in demand
and limitations in available water supply (Banadkooki et al., 2019). Rainfall and runoff are
considered to be the main components of the hydrological cycle. In order to capture the dynamic
relationship between rainfall and runoff, engineers need to develop an accurate model (Tikhamarine
et al., 2022). Rainfall-runoff modeling is one of the methods of estimating runoff and a suitable tool
for studying hydrological processes, evaluating water resources and watershed management
(Abrahart and See, 2000). But the complexity and non-linear nature of the rainfall-runoff process and
the unknown effect of the factors on each other and finally on the outflow of the basin make
modeling more difficult (Moriasi et al., 2007). Therefore, it is necessary to use methods that, in
addition to dynamism, have the ability to develop, have a conceptual and user-friendly structure (Shi
et al., 2012). The role and importance of the mentioned process in water resources studies has caused
this process to be noticed by experts (Guven, 2009). Therefore, several methods such as artificial
neural networks, fuzzy and neuro-fuzzy systems, wavelet analysis, genetic algorithm, genetic
programming and stochastic differential equations have been developed to model the rainfall-runoff
process (Yaseen et al., 2016; Zhang et al., 2019). The development of rainfall-runoff models using
different Al models has been conducted several times in the past two decades, but these models still
have several shortcomings. These drawbacks are usually related to overfitting, difficulty in
initializing the internal parameters related to these models and proposing the proper input-output
architecture of the model (Ahmed et al., 2019).
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Methodology

Rainfall measurements are considered a basis for any hydrological modelling. In this research, in
order to model the rainfall-runoff process, rainfall and discharge variables at different delays were
used as input variables and discharge as output variables. In order to develop the model, the first step
is to split the data into different classes to train, validate and test the model performance. The main
importance of such step is to assure that the model would perform with consistent level of accuracy
in case that the model experienced unseen data rather than those in the training. Debit was used from
one day delay to four days delay and precipitation was also used up to six days delay. Then Pearson's
correlation coefficient was used to find the relationship between input and output variables. Finally,
based on the correlation coefficient, the best input model combination was selected. The time series
of the research data is daily and the ten-year discharge and precipitation statistics were used and a
radar chart was drawn between the variables. An artificial neural network was used for modeling. In
order to find the optimal weight and bias coefficients, meta-heuristic algorithms of black spider and
whale were used. Also, to evaluate the model, the indices of RMSE, MAE and PBIAS were used.

To evaluate the accuracy and performance of the model, we use the evaluation criteria according
to the equations (31) to (35) as follows:
The Root mean square error (RMSE):

RMSE = \/% S 1 (Qpra — Qobs)’ (0 < RMSE < o) )
The coefficient of determination (R2 score):

R?> =1—RSE (0<R?’<1) 2)
Mean Absolute Error (MAE):

MAE =~ %1|Qpra = Qobs| (0 < MAE < ) ©)
Coefficient of correlation (R):

R — Zliv=1(Qobs_Qobs)(Qprd_Qprd)
\/Zli\il(Qobs_Qobs)z Zli\il(Qprd_Q_prd)z

(-1<R<+1) 4

Results and Discussion

In this research, the correlation coefficient was used to find the relationship between the input
and output variables. The results of the research show that the flow rate with a one-day delay had the
highest correlation with the output flow rate. Also, after choosing the best combination of the input
model from the artificial neural network to predict the process Precipitation-runoff was used and
black spider and whale algorithms were used to optimize the weighting and bias coefficients. The
final results showed that all the models had a very good performance in forecasting and were able to
predict the result of the model in a single mode. Finally, a box diagram and time series and data
dispersion were used.

Conclusions

According to the RMSE criteria, it can be said that the ANN-WOA model has the best
performance in predicting the rainfall-runoff process. Also, all the mentioned models showed a very
good performance in the forecasting process. Based on this, the ANN-WOA model has been able to
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improve the accuracy of a single model by 32.4%, the ANN-BWO model by 27.6% and the WANN
network by 22.4%.
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Fig. 1- The location of Karkheh watershed
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Table 1- Statistical parameters of training and test datasets

Statistical Training phase (stage) Training phase (stage)
parameters P (mm) Q(m¥s) P (mm) Q(m%/s)
Maximum 115 263 96 1689
Minimum 0 0 0 0
Mean 0.9712 34.992 1. 396 117.795
Variance 25.5 1153. 649 42. 302 19317. 554
standard deviation 5.049 33. 965 6. 504 138. 987
Skewness 10. 177 1. 826 8. 249 4,874
Kurtosis 146. 848 4.926 89. 332 43. 445

BOT Gz 13 § (2955 9 (5999 B ykin (3 Ogw gt (St v 3o -V 9o

Table 2- Pearson correlation coefficient between input and output variables and their ranking

inputs Pt) Pt P({t- P(@- Pt Pt P@6) Q4 Q@3 Q(2) Q(t1)
1) 2) 3) 4) 5)
Quantity 0. 0. 0. 0. 0. 0. 0. 0.680 0.703 0.735 0.805
325 280 215 180 133 109 0792
Rank 5 6 7 8 9 10 11 4 3 2 1
$ZIF (28 ) G Sl 69929 BB M s F T Jgua
Table 3- Combination of input models to predict output streamflow rate
Scenario Input variables Output
Number variable
1 Q(t-1) Q(t)
2 Q(t-1), Q(t-2) Q(t)
3 Q(t-1), Q(t-2), Q(t-3) Q(t)
4 Q(t-1), Q(t-2), Q(t-3), Q(t-4) Q)
5 Q(t-1), Q(t-2), Q(t-3), Q(t-4), P (1) Q)
6 Q(t-1), Q(t-2), Q(t-3), Q(t-4), P (), P(t-1) Q)
7 Q(t-1), Q(t-2), Q(t-3), Q(t-4), P (1), P(t-1), P(t-2) Q)
8 Q(t-1), Q(t-2), Q(t-3), Q(t-4), P (1), P(t-1), P(t-2), P(t-3) Q)
0 Q(t'l)v Q(t-Z), Q(t's)! Q(t'4)! P (t)! P(t-l), P(t-2), P(t-3), P(t'4) Q(t)
10 Q(t-1), Q(t-2), Q(t-3), Q(t-4), P (1), P(t-1), P(t-2), P(t-3), P(t-4), P(t-5) Q1)
11 Q(t-1), Q(t-2), Q(t-3), Q(t-4), P (1), P(t-1), P(t-2), P(t-3), P(t-4), P(t-5), P(t-6) Q1)
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Table 4- Results of model evaluation based on different evaluation criteria in two

phases of training and testing

Models/Evaluation Criteria RMSE MAE NSE PBIAS R?
BWO-Train 14. 270 4. 668 0. 655 -2. 346 0. 828
BWO-Test 48.116 21.192 0.879 2. 9595 0.88
WOA-Train 13. 833 4.775 0.675 -3. 407 0.839
WOA-Test 44,613 19. 968 0. 886 -3.018 0. 897

WANN-Train 14,110 5.176 0. 662 -3. 9251 0.833
WANN-Test 45. 898 20. 654 0. 890 4. 006 0.891
ANN-BWO-Test
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L
™
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© 200 —— Actual
0
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Fig. 8- Observed and predicted runoff hydrograph by ANN-BWO algorithm in the test phase
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Fig. 9- Observed and predicted runoff hydrograph by ANN-WOA algorithm in the test phase
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Fig. 10- Observed and predicted runoff hydrograph by WANN algorithm in the test phase
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Fig. 11- scatter plot diagram between observation data and real data for ANN-BWO model in the test
phase
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Fig. 12- scatter plot diagram between observation data and real data for ANN-WOA model in the test

phase
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Fig. 13- Scatter plot diagram between observation data and real data for ANN-WOA model in the test
phase
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Introduction

Moghaddasi et al. (2010a,b) did a research on optimization of water allocation and distribution in
irrigation network of Zayandeh Rud catchment by the use of non-linear methods of collective
intelligence and genetic algorithm. In the above mentioned study, optimization has done by 4 sub-
models of water distribution optimization during crop growth periods, water allocation optimization
among network crops, water distribution optimization among different networks, and annual
optimization of agricultural water proportion of Zayandeh Rud. Comparing the results, it can be
assumed that nonlinear programming (NLP) and consequently particle swarm optimization (PSO)
methods have priority to the others.in addition the study confirmed that the optimization method
associates 36% more income. Management of irrigation water resources in the agricultural sector, as
the most important renewable but limited resource, has been the most important challenge of the
current century and has resulted in major concerns around the world. The aim of this study was to
allocation irrigation water and cropping area under uncertainty with emphasis on water use efficiency
(WUE) and relative irrigation supply (RIS) indices and the results were compared to the actual
management in Marun Irrigation Network.

Materials and Methods

At first, by using the Monte Carlo simulation method, water flow in different seasons was
simulated and the flow probability was calculated in three categories of high, medium, and low
intensity.The data obtained from the Monte Carlo simulation method as well as technical,
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hydrometric, and economic data were used to run a multi-stage stochastic model with interval
parameters for the upper and lower limits. As a result, solution parameters, the optimal area under
cultivation and the volume of consumed water were obtained. Finally, the comparative analysis water
use efficiency (WUE) and relative irrigation supply ( RIS) indices were calculated for the upper and
lower limits and compared with the actual management.

model of multistage irrigation water allocation based on two temporal stages of the interactive
algorithm were divided into two certain sub-models to obtain the upper and lower bounds of Z+ (i.e.,
the system’s total benefit). The upper bound optimization was calculated through NLP with the
CONOPT4 solver used for solving the problem. LP was used for lower bound optimization using the
same method and based on the target function and its conditions. for this purpos, first hydrometric
data were obtained from Marun Network Station during 2006-2016. Then based the results Monte
Carlo Simulation model, the probability of occurrence inflow intensity of low, moderate and high is
defined and the optimization model has been developed for water allocation and distribution between
different growing seasons.

Findings

The results indicate that Marun Dam had 60% of normal year, 20% of wet year and 20% of
draught continuously, to calculate the stochastic amount of input water to irrigation networks, the
Monte Carlo Simulation model, and to produce random numbers EASY FIT software can be used
(Table 1).( (Karamouz et al., 2003). In this project, agricultural water demand was calculated by
REF-ET software, FAO-Penman_Monteith method, and the case study meteorological data (Allen et
al., 1999-2000). considering high and low irrigation efficiency of the region in Tables (2) and (3)
water demand was determined based on intervals.The decision variables were calculated using the
relationship a b = 1'[1;'=1 S for seasons 1-4, respectively, at 27-81-243-243. These results support
the optimal allocation of water for all crops under different flow scenarios. These results proved
effective for the optimal allocation of irrigation water and the optimal cropping patterns in the
irrigation networks under study. As it was mentioned previously when STaibpopt approaches zero, if

the irrigation target is provided, there will be the least benefit, and if not there will be the least
penalty too. In the other words, in this situation, there will be a low risk. So the manager will have a
conservative view for available water.The results, indicate that the cropping pattern area of all crops
in all networks makes itself compatible with the optimization lower bounds.

Discussion

The results showed that the more optimal water consumption due to the increase of the cropping
areas were increased by respectively 26 and 2%, and of course the benefit amount had an increase of
92 and 25% and also the increase of the WUE index in the developed model compared to the actual
management. In the actual management the RIS index of irrigation water is close to one. In the
optimization model, the difference between the supply and allocation of irrigation due to the
estimation of the actual water requirement of the plant, the optimal cropping area and water storage is
more than the traditional management.

Conclusion
- Applying optimizing model for allocating water resources as for betterment of water consumption
management and enhancing economic water productivity that is attained from running theses
models.
-Water releasing management in irrigation networks according to water requirement of crops as for
influence of lack of enormous volume of water in increasing function of crops should be applied.
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Table 1- The stochastic input inflow to the networks for irrigation under 3 scenarios of inflow intensity
in 4 seasons of crop growth (MM?)
Available Water
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Table 2- Water requirement of products during different seasons of growth in North and South
networks (M°)

Crop
t Fall Winter Spring Summer
Wheat 33-69 221 - 4623 1060-2208 0
Colza 118-246 2244.5-4676 591-1230 0
Alfalfa 2759-5744 394-821 6699-13957 9852-20525

Table 3- Water requirements during different seasons of growth in the Jayzan network (M?)

Crop
t Fall Winter Spring Summer
Wheat 278-313 7508-8447 6117-6889 0
Colza 602-677 7822-8799 3610-4061 0
Alfalfa 0 0 0 0
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Table 1- Arable land changing interval for the prominent crops in the networks of Marun catchment
in Behbahan city (Ha)

Crop
North south Jayzan
Network
Wheat [18-3976] [0-4802] [14-2640]
Colza [10-38] [5-120] [0-253]
Alfalfa [3-461] [103-2144] -
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Table 2- Crops net benefit and penalties (IRR/ha)

CROP Network NB C

Wheat North [1.8(10)* -3.4(10)"] [1.5(10)" -2.6(10)"]
Wheat south [1.8(10)* -3.4(10)"] [1.5(10)7 -2.6(10)"]
Wheat Jayzan [1.1(10)* -2.5(10)"] [8.7(10)° -1.8(10)"]
Colza North [1.9(10)% -2.9(10)*] [1.5(10)7 -2.6(10)"]
Colza south [1.9(10)% -2.9(10)*] [1.5(10)7 -2.6(10)"]
Colza Jayzan [4.2(10)° -6.3(10)"] [8.7(10)° -1.8(10)"]
Alfalfa North [9.6(10)* -1.6(10)°] [2.6(10)" -4.1(10)]
Alfalfa south [9.6(10)*-1.6(10)°] [2.6(10)" -4.1(10)]
Alfalfa Jayzan 00000 e

* NB= net benefit of crop a in network b

* C=cost of an unirrigated rental area per hectare for crop a in network b
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Table 3- The stochastic input inflow to the networks for irrigation under 3 scenarios of inflow
intensity in 4 seasons of crop growth (MM?)
Auvailable Water

t Fall Winter Spring Summer
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Source: Research Findings
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Table 4- Water requirement of products during different seasons of growth in North and South
networks (M?)

Crop I Fall Winter Spring Summer
Wheat 33-69 221 - 4623 1060-2208 0
Colza 118-246 2244.5-4676 591-1230 0
Alfalfa 2759-5744 394-821 6699-13957 9852-20525
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Table 5- Water requirements during different seasons of growth in the Jayzan network (M?)

Crop
t Fall Winter Spring Summer
Wheat 278-313 7508-8447 6117-6889 0
Colza 602-677 7822-8799 3610-4061 0
Alfalfa 0 0 0 0
() g culs” =1 Jgur
Table 6 - Optimized irrigation area in networks(Ha)
Network STE .
Wheat Colza Alfalfa
North 4570-2400 51-10 539-291
south 6563-2582 128-4.5 2620-2022

Jayzan 3433-1891 362-0 -
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Table 7- Solution of the optimization model developed in fall

Symbol  Senario  Period  Subarea Crop ST SD SA
1111 H autumn North Wheat 2569-4570 0 2569-4570
2111 H autumn North Colza 1-51 0 1-51
3111 H autumn North alfaalfa 291-535 288-0 3-535
1211 H autumn South Wheat 2582-6563 0 2582-6563
2211 H autumn South Colza 4.4-128 0 4.4-128
3211 H autumn South alfaalfa 2022-2620 238-0 1784-2620
1311 H autumn  Jayzan Wheat 1891-3423 0 1891-3423
2311 H autumn Jayzan Colza 0-322 0 0-322
3311 H autumn  Jayzan  alfaalfa 0 0 0-0
1112 M autumn North Wheat 2569-4570 0 2569-4570
2112 M autumn North Colza 1-51 0 1-51
3112 M autumn North alfaalfa 291-535 0 291-535
1212 M autumn South Wheat 2582-6563 0 2582-6563
2212 M autumn South Colza 4.4-128 0 4.4-128
3212 M autumn South alfaalfa 2022-2620 1443-0 579-2620
1312 M autumn  Jayzan Wheat 1891-3423 1891-109
2312 M autumn  Jayzan Colza 0-322 0 0-322
3312 M autumn  Jayzan  alfaalfa 0 0 0-0
1113 L autumn North Wheat 2569-4570 1591-0 978-4570
2113 L autumn North Colza 1-51 0 1-15
3113 L autumn North alfaalfa 291-535 28-3.5 3-531.5
1213 L autumn South Wheat 2582-6563 2582-0 0-6563
2213 L autumn South Colza 4.4-128 0-38.5 4.4-89.5
3213 L autumn South alfaalfa 2022-2620 1738-1868 284-752
1313 L autumn  Jayzan Wheat 1891-3423 7-3405 1884-18
2313 L autumn  Jayzan Colza 0-322 0-322 0-0
3313 L autumn  Jayzan  alfaalfa 0 0 0
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Table 8 - Solution of the optimization model developed in winter

Symbol  Senario Period Subarea Crop ST SD SA
1121 HH winter North Wheat  2569-4570 0 2569-4570
2121 HH winter North Colza 1-51 0 1-51
3121 HH winter North alfaalfa 291-535 288-182 3-535
1221 HH winter South Wheat  2582-6563 0 2582-6563
2221 HH winter South Colza 4.4-128 0 4.4-128
3221 HH winter South alfaalfa  2022-2620 238-0 1784-2620
1321 HH winter Jayzan Wheat 1891-3423 0 1891-3403
2321 HH winter Jayzan Colza 0-322 0 0-322
3321 HH winter Jayzan alfaalfa 0 0 0-0
1125 MM winter North Wheat 2569-4570 0 2569-4570
2125 MM winter North Colza 1-51 0 1-51
3125 MM winter North alfaalfa 291-535 0 291-535
1225 MM winter South Wheat  2582-6563 0 2582-6563
2225 MM winter South Colza 4.4-128 0 4.4-128
3225 MM winter South alfaalfa  2022-2620 1443-0 579-2620
1325 MM winter Jayzan Wheat  1891-3423 0 1891-3403
2325 MM winter Jayzan Colza 0-322 0 0-322
3325 MM winter Jayzan alfaalfa 0 0 0-0
1129 LL winter North Wheat 2569-4570 1591-0 978-4570
2129 LL winter North Colza 1-51 1-49.5 1-15
3129 LL winter North alfaalfa 291-535 288-0 3-0
1229 LL winter South Wheat  2582-6563 2582-0 0-6563
2229 LL winter South Colza 4.4-128 0-38.5 4.4-89.5
3229 LL winter South alfaalfa  2022-2620 1739-2620 283-0
1329 LL winter Jayzan Wheat  1891-3423 7-3423 1884-0
2329 LL winter Jayzan Colza 0-322 0-322 0-0
3329 LL winter Jayzan alfaalfa 0 0 0-0
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Table 9-Solution of the optimization model developed in spring

Symbol  Senario Period Subarea Crop ST SD SA
1131 HHH spring North Wheat  2569-4570 0 2569-4570
2131 HHH spring North Colza 1-51 0 1-51
3131 HHH spring North alfaalfa 291-535 288-0 3-535
1231 HHH spring South Wheat  2582-6563 0 2582-6563
2231 HHH spring South Colza 4.4-128 0 4.4-128
3231 HHH spring South alfaalfa ~ 2022-2620 238-0 1784-2620
1331 HHH spring Jayzan Wheat 1891-3423 0-18 1891-3405
2331 HHH spring Jayzan Colza 0-322 0 0-322
3331 HHH spring Jayzan  alfaalfa 0 0 0
11314 MMM spring North Wheat 2569-4570 0 2569-4570
21314 MMM spring North Colza 1-51 0 1-51
31314 MMM spring North alfaalfa 291-535 0 291-535
12314 MMM spring South Wheat  2582-6563 0 2582-6563
22314 MMM spring South Colza 4.4-128 0 4.4-128
32314 MMM spring South alfaalfa  2022-2620 1443-0 579-2620
13314 MMM spring Jayzan ~ Wheat = 1891-3423 0-2535 1891-1070
23314 MMM spring Jayzan Colza 0-322 0 0-322
33314 MMM spring Jayzan  alfaalfa 0 0 0-0
11327 LLL spring North Wheat 2569-4570 1591-0 562-4570
21327 LLL spring North Colza 1-51 0-49.5 1-15
31327 LLL spring North alfaalfa 291-535 291-535 0-0
12327 LLL spring South Wheat 2582-6563 2582-.0 0-6563
22327 LLL spring South Colza 4.4-128 0-38.5 4.4-89.5
32327 LLL spring South alfaalfa  2022-2620  2022-2620 0-0
13327 LLL spring Jayzan  Wheat  1891-3423  1891-3423 0-0
23327 LLL spring Jayzan Colza 0-322 0-322 0-0
33327 LLL spring Jayzan  alfaalfa 0 0 0-0
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Table 10-Solution of the optimization model developed in summer

Symbol  Senario Period  Subarea ST SD SA

3141 HHHH  summer  North  alfaalfa  291-535 288-0 3-535

3241 HHHH  summer  South  alfaalfa 2022-2620 238-0 1784-2620
31441 MMMM  summer  North alfaalfa  291-535 0 291-535
32441 MMMM summer  South alfaalfa 2022-2620 1443-0 579-2620
31481 LLLL  summer  North alfaalfa  291-535 291-535 0
32481 LLLL  summer South alfaalfa 2022-2620 2022-2620 0
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Fig. 2- Comparison of WUE index in four seasons under the low scenario in networks
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Introduction

Drought and water shortage for agricultural consumption are vital issues in arid and semi-arid
regions of the world, and water is one of the most important factors contributing to crop yields
(Torabi Haghighi et al. 2020; Anjum et al. 2023). For instance, in Khuzestan province, frequent
irrigation is needed to sustain normal or high agricultural productivity due to the low rainfall.
However, the application efficiency is important when selecting a suitable irrigation method and
schedule in arid and semi-arid regions. Subsurface drip irrigation (SDI), offers promising opportunity
for reducing irrigation requirements while sustaining high water and crop productivity. SDI emitters
are installed in the soil profile near the root system, maximizing the water uptake (Manikandan and
Thiyagarajan, 2021). The sugarcane (Saccharum officinarum L.) growth is strongly dependent on
phosphorus (P) and potassium nutrition. Phosphorus (P) is an essential macronutrient in sustainable
production of sugarcane. Phosphorus plays fundamental roles in the sugarcane photosynthesis, root
development, tillering, growth and yield of sugarcane (Boschiero et al., 2019). Potassium is another
essential macronutrient for sugarcane growth and productivity. The importance of potassium in plant
metabolism and its role as a cofactor in activities of more than 60 enzymes has been reported. The
role of potassium in various plant physiological processes, namely, seed germination and emergence,
stomatal regulation, phloem transport, cation-anion balance, protein synthesis, photosynthesis,
energy transfer, osmoregulation, nutrient balance, and stress resistance is also reported (Sardans and
Pefiuelas, 2021).

Considering the decrease of water resources and the possibility of developing subsurface drip
irrigation in the sugarcane fields and industries of Khuzestan in the coming years, investigating the
condition of soil nutrients and their uptake by sugarcane under of subsurface drip irrigation and
furrow irrigation conditions can be effective in evaluating soil fertility status and fertilization
planning in sugarcane fields. Therefore the purpose of this study was to comparison of the of
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phosphorus and potassium availability in the soil and their uptake by sugarcane under subsurface drip
irrigation and furrow irrigation conditions.

Materials and methods

This research was conducted in two sugarcane fields including subsurface drip irrigation and
furrow irrigation, located in Khuzestan Hakim Farabi Agro-Industry, SW Iran. In both subsurface
drip irrigation and furrow irrigation fields, after field preparation, sugarcane (CP69-1062 variety)
were planted in rows with a distance of 40 cm from each other. In the subsurface drip irrigation field,
the irrigation lateral pipe was placed in a depth of 20 cm from the soil surface, drippers spacing was
50 cm and drippers flow rate of 2.4 L h™. The distance of the irrigation lateral pipes from each other
was considered to be 183 cm according to the conditions of sugarcane cultivation. Before planting,
the application of phosphorus fertilizer 250 kg ha™ as triple superphosphate was done in both fields.
In this study, in order to comparison the soil phosphorus and potassium availability, soil sampling
was done at two and four months after cultivation. The soil was air-dried and passed through a sieve
(<2 mm). The soil’s available phosphorus and potassium were measured by 0.5M NaHCO; and 1M
NH,OAc extraction methods, respectively. In addition, shoot dry weight and the concentration of
phosphorus and potassium in the sugarcane shoot were determined at two and four months.
Harvested shoots of plant from each fields were thoroughly rinsed with deionized water and oven-
dried at 70 °C. Then, the dry weights were measured. Phosphorus and potassium concentration in the
shoot was measured after 4M HCI digestion. The phosphorus and potassium concentration of the
shoots were measured with a flame photometer and spectrophotometer, respectively. Also, the
phosphorus and potassium uptake in sugarcane shoot were calculated. Statistical analysis and average
data comparison was done using t test.

Results and discussion

The results showed that in both sampling times, the concentration of available phosphorus in the
soil in subsurface drip irrigation conditions was higher than that under furrow irrigation conditions.
Results indicated that at two months after cultivation, there was no significant difference between
available soil potassium concentrations in two irrigation methods. At the time of four months after
cultivation, the available potassium concentration of the soil was significantly higher in subsurface
drip irrigation conditions than in furrow irrigation conditions. In four months after cultivation, the
shoot dry weight of sugarcane under subsurface drip irrigation conditions was higher than under
furrow irrigation conditions. The results showed that in both times, two and four months after
cultivation, the concentration of phosphorus and potassium in sugarcane shoots was higher under
subsurface drip irrigation conditions than under furrow irrigation conditions. Although this difference
was not statistically significant for both phosphorus and potassium nutrients four months after
cultivation. In both sampling times (two and four months after cultivation), the phosphorus and
potassium uptake in the sugarcane shoot in subsurface drip irrigation conditions was significantly
higher than in furrow irrigation conditions.

Conclusion

Therefore, it can be concluded that in the early stages of plant growth (four months after
cultivation), the phosphorus and potassium availability in the soil and their uptake by sugarcane plant
can be improved under subsurface drip irrigation conditions.
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Table 1- Soil physicochemical characteristics of the studied fields

Soil Soil EC Organic Total Available  Available
Field texture (ds m) pH carbon Nitrogen  Phosphorus  Potassium
(%) (9kg")  (mgkg’)  (mgkg™)
Subsurface — Clay 281 7.81 0.35 0.64 3.44 92.2
drip irrigation loam
Furrow Clay 2.78 7.85 0.35 0.61 3.63 89.6
irrigation loam
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Table 2- Statistical comparison of available P and K in the soil based on t test

. . t

Sampling time df Soil available Phosphorus  Soil available potassium
T 8 1.82° -0.15™
T, 8 358" -1.42"

"™ *and ** are non-significant and significant at 5 and 1 % probability level, respectively
T1 and T2 are sampling time at two and four month of after planting, respectively
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Fig. 1- Soil available concentration of P in the subsurface drip irrigation (SDI) and furrow irrigation
(FI) fields at two (T1) and four (T2) month of after planting (Means with similar at each sampling
time letter are not significantly different (P<0.05) according to the t test.)
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Fig. 2- Soil available concentration of K in the subsurface drip irrigation (SDI) and furrow irrigation
fields at two (T1) and four (T2) month of after planting (Means with similar at each sampling time
letter are not significantly different (P<0.05) according to the t test)

)65(F|)$|4735.'.> é)l,‘gTj(SDl)h;‘kax} L5'°)"'5 s)lﬁgT«:)}a)é gt P pwd Jg@ WQQM—Y Js
bl 2818 pdiges Ol B 53 Diglate By > (51518 (S pSlw) Culs™ 31 L (T2) oko sl 9 (T1) 90 SO
(W18 Sl o BBt g T

T 00T wlal g oLE (188 A1 33 aawlis 9 siud DI 9 ikl olF Kis (939 SHbT dwbio -1 Jous
Table 3- Statistical comparison of shoot dry weight, Shoot P and K concentration and uptake based

. t
Sa{?rpr)]lemg df Shoot dry Shoot P Shoot K Shoot P Shoot K
weight concentration  concentration Uptake uptake
T, 8 0.28™ 4227 3337 1.417 259
T, 8 -3.47 2.27™ 1.24"™ 1.24" 5.84"

"™ *and ** are non-significant and significant at 5 and 1 % probability level, respectively
T, and T, are sampling time at two and four month of after planting, respectively
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Table 3- Mean comparison of shoot dry weight, Shoot P and K concentration and uptake at two (T1)
and four (T2) month of after planting

Sampling Field Shoot dry Shoot P Shoot K Shoot P Shoot K
time weight concentration  concentration Uptake uptake
Subsurface drip a a a a a
irrigation (SDI) 2.24 0.25 2.52 5.61 56.50
T
_Furrow 2.14° 0.22° 2.15" 4.70° 45.99"
irrigation (FI)
Subsurface drip a a a a a
irrigation (SDI) 3.32 0.21 1.84 6.97 61.14
T,
Furrow 3.06° 0.20° 1.74° 6.12° 53.27°
irrigation

Means with similar at each sampling time letter are not significantly different (P<0.05) according to the t
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Abstract

Water shortage is one of the most important threats to the survival and development of agriculture in
the country, so it is necessary to use different methods of farm water management to improve the
water productivity and water efficiency. In order to investigate the effect of vermicompost and
biochar on the yield and water productivity of corn, a factorial research was conducted in
Khorramabad city with a completely random basic design in three replications, the first factor was
irrigation water treatment at 4 levels including irrigation based on supplying 100% of Water
requirements (I11), providing 80% of Water requirements (12), providing 60% of Water requirements
(13), providing 40% of Water requirements (14) and the second factor including organic fertilizer,
vermicompost (C), biochar (B) and control treatment (I). The results of the research showed that
maximum wet yield, dry yield and plant height were observed in the 11-C treatment, which were
126.71 tons per hectare, 46.27 tons per hectare and 2.35 meters, respectively, and the maximum
amount of wet productivity and dry productivity was obtained in 12-C treatment was 16.79 kg/m3
and 5.9 kg/m3, respectively. Although the use of vermicompost had better results than biochar, the
use of biochar also increased the yield compared to the control treatment, so that in the treatment
without water stress and using biochar, the dry yield was 27.06%, the wet yield was 29.78%, and the
biological productivity 36.41% and more productive 46.01% increase in control treatment ratio was
observed. Therefore, the use of these two organic fertilizers was significantly effective in increasing
the yield and water productivity of corn.

Introduction
Corn is a one-year plant that belongs to the cereal family and has a higher yield compared to other
cereals (Warman, 2003). Using dificit irrigation is one of the effective methods to increase water
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productivity and increase production per water usage (Howell et al., 2004). The use of renewable
resources is one of the principles of sustainable agriculture, which leads to maximum agricultural
productivity and minimum environmental risks. The excessive use of chemical fertilizers has caused
an decrease in organic matter in soils, as a result of which the yield of the crop decreases. Therefore,
in order to maintain soil fertility, improve its physical and chemical properties, and maintain balance
in environmental factors, the use of organic and biological fertilizers in agricultural soils is inevitable
(Zhang et al., 2014). One of the organic fertilizers is biochar, which has become popular in recent
years (Leng et al., 2019). Biochar is charcoal prepared from plant biomass and agricultural waste,
which are burned in the presence of little or no oxygen (Ashoori et al., 2019). Another famous
organict fertilizers is vermicompost. The use of biofertilizers, including vermicompost, can improve
soil fertility in addition to meeting the plant's fertilizer needs (Ravindran et al., 2008).

Research Methodology

The current research was carried out under the climatic conditions of Khorram Abad with the
geographic coordinates of the region 48 degrees 15 minutes east and 33 degrees 26 minutes north and
an altitude of 1147 meters above sea level. Considering that the corn plant can be cultivated in the
temperature conditions of Khorram Abad, for this purpose this plant (variety SC-704) was selected.
In this research, biochar (burnt wood of fruit trees at 400 degrees Celsius and a small amount of
oxygen) and vermicompost were used. The irrigation system was also set based on tape drip
irrigation system with 15 cm intervals for each dripper. This research was conducted in the form of a
factorial design in three replications. The first factor is irrigation water treatment in 4 levels including
irrigation based on 100% of soil moisture deficiency (10), 80% of soil moisture deficiency (I11), 60%
of soil moisture deficiency (12), 40% of soil moisture deficiency (12). 13), compared to FC (Table 1).

Table 1- Irrigation treatment
Total irrigation water

Irrigation treatment

(mm)
787.2 l1go
662.8 lgo
538.3 leo
413.9 lag

The second factor is management of water stress by using biochar (2.5 tons per hectare) (B),
compost (12.5 tons per hectare) (C) and control treatment (without using any substance) (I) . (Table
2).

Table 2- Treatment of corrective substances
The amount of correction Treatments
material in each treatment

(ton/hec)
0 I
12.5 C
25 B

The average irrigation cycle is 3 days (common irrigation cycle for strip irrigation). A Class
evaporation pan installed in the field was also used to determine the irrigation depth. Irrigation
efficiency (Ea) was calculated at 95% and considering 5% losses. To calculate the water requirement
of corn, evapotranspiration of corn plant was done as the net depth of irrigation and Gross depth was
calculated as the amount of water given to achieve 100% water requirement treatment. After
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calculating the irrigation depth to calculate the water volume, the depth was multiplied by the area of
the plots and the obtained volume was controlled by a volumetric meter with a maximum output of
10 cubic meters per hour. At the end of the season, the crop was harvested by removing two planting
lines from around each plot from a surface equivalent to one square meter of internal planting lines.

During the harvest, it was done by removing two planting lines from around havest to one square
meter of internal planting lines. The height of the plant was measured at the time of harvesting in the
field and before removing the plant. Then, by transferring the plants to the laboratory wet yield,
biological yield and leaf area index were measured. Finally, to investigate the effect of different
treatments on water productivity, the water productivity index was calculated using equation (1).

WPI=Y/I (1)

In the above equation: (YY) is biological yield (kilogram per hectare), (I) is amount of irrigation
water (cubic meter per hectare) and (WPI) is irrigation water productivity (kilogram per cubic meter).

Results and Discusion

It was observed that The amount of wet yield in compost treatment (1100-C) by 126.71 tons per
hectare is more than biochar treatments (1100-B) by 103.09 tons per hectare and control treatment
(1100) by 76.85 tons per hectare. It should be mentioned that at this level of irrigation, the difference
between wet yield in different treatments was significant. It was the same reason in The 80% of
water supply. These results indicate that under irrigation of 100 and 80% of water requirement, the
application of compost and biochar has increased the wet yield and it also seems that the
performance of compost was better than biochar in increasing production. The trend of changes in
dry yield under different treatments is almost similar to wet yield. In the compost and biochar
treatments with 100 and 80% of water requirement, the application of these two substances had a
significant effect on the dry yield compared to the control treatment. The increase in dry yield in
compost and biochar treatments compared to the control treatment, in the irrigation level of
supplying 100% of the water requirement was 75.4% and 27%, respectively, and in the irrigation
level of 80% of the water requirement about 52.2% and 17.8% increase Found. In general, at 100%
and 80% irrigation levels of water requirement, no significant difference was observed between the
amount of height in different levels of biochar and compost. According to the results of the research,
a significant difference between the productivity in different treatments was observed at the levels of
100 and 80% of water requirement. The highest amount of productivity was related to 180- C with
16.74 kg per cubic meter of water and the lowest productivity related to 1100 with 10.01 kg per cubic
meter of water. According to the observations and data of this research, the compost amendment
material had a considerable superiority over other materials at all irrigation levels. Therefore, the use
of compost increases the crop yield per hectare. So that at the levels of 100% and 80% of water
requirement, the highest performance was specific to biochar treatments after compost.

Conclusion

By investigating the effect of dificit irrigation, compost and biochar on the yield of fodder corn
under strip drip irrigation in Khorramabad region, the results showed that different irrigation and
compost treatments, yield (wet and dry), plant height, and corn water efficiency. Increasing the use of
compost even in the conditions of high drought stress is cuse increases the yield and water
productivity and in the treatment of 80% of water requirement and adding 12.5 tons per hectare of
compost we increase the yield and water productivity while saving 20% of water. Substituting
organic fertilizers instead of chemical fertilizers not only does not reduce plant performance, but also
reduces environmental pollution caused by them.
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Table 1- Physical and chemical properties of farm soil

PWP

; ; FC K P N
Volume Pb
0-30 Silty loam 16.19 30.76 1.56 360 6.02 0.131
30-60 Silty loam 18.56 35.73 1.86 321 5.75 0.091
60-90 Silty loam 18.81 35.87 1.88 298 5.64 0.024
Jd Job 10 GrT 9T (i Slogas -¥ Jou
Table 2- Quality characteristics of irrigation water during the season
Na* Mg* TDS EC
SAR . meg/l)  (meg/l)  (megl)  (mgll) (ds/m) PH
0.73 1.28 1.6 397 0.6 7

ST slewd - Jouer
Table 3- Irrigation treatment

Irrigation treatment

Total irrigation water

(mm)
g0 590
leo 473.5
lag 357
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Table 4- Treatment of corrective substances

The amount of correction

Treatments material in each treatment
(ton/hec)
| 0
C 6
B 15
‘Water meler"‘;'. _\'
—~———Sub pipe
T CHT3 RT1 412 CILTI BI2T2
I3T1 I1.T4 BILT3 B.I3.T2 I2.T3 B.I4T3
. CRT2 BI4T2 LT3 12T4 CITI BI3T3
Main pipe —,
A
CHT12 BI2T3 BIIT1 71 CI2T3 BI4T1
CBT2 BILT2 4T3 CI1T3 BI2TI CI3T3
CI2TI BI3TI CIlLT2 I3T3 11.T2 CHTL

Fig. 1- General placement of the research project
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Table 5- Plant coefficients and average irrigation depth during the growth period

growing steps Measureq KC KC of F_AO Average irrigation
coefficient magazine volume (m°hec -1)
Initial 0.3 0.3 113
Middle 1.16 1.2 321
Final 0.7 0.55 168
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Table 6- Variance analysis of the effect dificit rrigation treatments and corrective materials on corn yield
and water productivity

Sources of Degrees of
changes freedom(Df)

average of squares

biological wet plant Wet yield Dry yield
productivity  productivity height
Irrigation 3 0.458" 5.73 0.5737 4423" 518.6
Corrective materials 2 4796 34.42" 0.0062" 1581" 241.2"
Irrigation 6 1.141° 6.59" 0.0207" 387" 68.6
Corrective material
Erorr 24 0.032 0.14 0.006 5 1.6
Coefficient of 3.94 2.77 4,02 2.87 4.6
variation

* %% and ns Significant at the probability level of one and five percent and non-significant respectively

Table 7- comparison table of average physiological characteristics of fodder corn plant
Slddgle D53 ol (S 59er 9d Oluogas (wSbo dwlio J9oa -V Jou

treatment Biological Bush height Wet yeild Dry yeild Wet
productivity (Meter) (tons per hectare)  (tons per hectare) ~ productivity

(Kg/M®) (Kg/M®)

I11-C 5.88° 2.35° 126.71° 46.27° 16.09 P
12-C 5.91° 2.17°« 110.95° 39.13° 16.74°
11- B 4,26 2.19" 103.09°¢ 33.52° 13.09¢
12-B 457" 2.09 97.76 ¢ 30.26 ¢ 14.75°¢
11 3.35f 2.25%® 79.43 ¢ 26.38°¢ 10.01 ¢

12 3.88°¢ 2.096 ° 75.19 ' 26.69 ¢ 11.34"
I3-C 434 1.99°¢ 67.75°¢ 23.36" 12.61%
I3-B 425% 2.04 % 66.28 9" 22.89" 12.31°¢
13 4.14°% 1.91" 67.90°¢ 22.26' 12.61 %
14-C 477" 1.61" 63.57" 19.76 9 15.36 ¢
14 458" 1.799 54.76" 18.97¢ 13.23¢
14- B 445 1.62" 54.42" 18.40¢ 13.15°

380es e (tal Bl el Jloge 5 CangneS g 2)18 oo Sl dghe O3 5 o Klos

CungeaS 039 3Slos dwyoo J3 4 (e 5 Cunl 023
5o rdaw sl 039 yino Mgi (li8l Caa 0 Hlaw 4 Caws
b oMol dlge 3l pliSoma 5 Slas lie (ol b el Aoy
2,55 bl (gl sre Golds S3438] o3le gk 5 Mo pd £ less
oo g 13 5l > 53 )Skee i it daw ol 2
w5k Glie (ppeS g a8 Jols (S 5 (5 FAUN)
2 P Sl mls bg (i o5 £8/VA) 13- B 4 sl
ol 5 wlas 3 )15 Tk ao s Fe o)ll cov aS el
2 o AYIOV) 14 - C e dm CawguaS soys 1 edlizal a8 ol
P 5 Sles ) doyd g pdaw (b dre i el (S

3 el a5 (V) US55 Sles Joges 4 a5l

(11- C) cusgiaS oy slos 3 5 3Skes i oy Vo
(11- B) sl cslajlost 51 it 5 US> 5 WEIVY (jeey
VEIAD oty (1) salis jlos g JuSa o o5 VoV o ol u0ay
()bl aw opl g3 a8 cal 5 BB a5 )3 oanlie [lSa ,> o
2 Bg) cmed Dgr b gme calisee (sloylos )0 2)Slos o Ciglas
09 Jn 5 G e ol dep A Gl o (lales
Woyd 0 ligews! paw b 12- C 5 5 5 Slee a5 slaigSay
2,80ae 5 1b (gySeilul 5l wopp Ar glalas ol st
Canddy 12 3] gty oo A0 lieus! o b 35 12-B 5
Lo A g Voo bl cov &S A8 e Lasiie @l ol el



va

FAAD Lo NFF LY o Lt FY o) 53

ST omtige e ke

Solisine ShalS ol jlog 4 Cos olS o Sl 0y3 VO 5 0
(Fakhrabadi and Khossima Chenar, 2021) .3l
il eslial &S L3S ol degh > (2015) Doan et al.,
obS 3o (I3l o )3 gl )3 CangeeS’ (50y9 9 CuwgraS
Pl it &S 29 0 o] GG g Cag) 39maS Ll )3 05290,
5 Behrouri et al., (2022).5)ls 486 gas90 oyl » 3
3 es Cunilys CungpaS goyg ) 365 D)5 &S X3)S e
ol (Sis i g JolS bl Laulyd 3 1) )3 (S g oS

150

(hectare)

Wet yield (tons per

Lol s (JuSa j> o5 OFIVE) 14 my lo oy jlow b dwoldo
Yadav et .culs ssls jles b gl oglis logw [l
SBpas b ) 3, Slas oyt &5 13,5 leie oa (2016) al.,
lrord 395 o> VB 5 CawgpeS s0y9 )L )3 (o iy lojer
g 35,18 s duw dunlio b el G 4 00 duogi ljae 4
Blo ojg o & 25 etalie (lSy g)lleS zskaw
os oz 2oy Vo ol 3 & cusl bl 4 by
ks |y aBlo 3 o9 G131 g G5 5 Cal 0 oolitl
bl s 93 ym 3 il S 5 5 (g S gy w00

BN R
N

180 160
Irrlgatlon treatments
C

ol

[B

Fig. 2- Comparison graph of the average yield of fodder corn
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Fig. 3- Comparison chart of average dry yield of fodder corn
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Fig. 4- Comparison chart of the average height of fodder corn plant
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Abstract

Open source is a part of the software that is not visible to most users, but in fact, the software can be
viewed, edited or developed from its source code. In fact, by writing the source code, the
performance of different parts of a software is determined, and it allows to add certain features to it
by accessing it. In this way, the performance of the program will also be improved or its problems
will be solved. Its documentation is provided through the public repository layer under the EUPL
license, which is freely accessible to the public. Also, besides the possibility of integration with
different models through open source (Inam et al., 2017a), it prevents problems in deciding long-term
strategies (Malard et al., 2017). So far, various integrated models have been developed in coding. In
most of these researches, the use of these developed models in combination with dynamic system
models has been reported (Hashemi et al., 2020, Prodanovic and Simonovic, 2010, Peck et al., 2014,
Malard et al., 2017, Inam et al., 2017a, Shrestha et al., 2013, Liao et al., 2012, Bulatewicz et al.,
2010). For example, Malard et al. (2017) and Inam et al. (a, b 2017) developed the SAHYSMOD
groundwater movement model for the Punjab region of Pakistan using the Python coding language.
Allocation of drinking, agricultural, industrial and environmental water resources was not found
based on the review of research records conducted for this research in this area using the PySD
model. Therefore, in this research, the VENSIM model was developed with the Python programming
language to simulate the allocation to evaluate the efficiency of the water resources system during the
years 2013-2017.

Methods

PySD, which refers to a VENSIM model created in Python, parses the VENSIM ".mdl' file into its
components and returns the results to Python, which enables the extraction of dependent components
from the VENSIM environment. It can easily be used to model communication or parallel distributed
computing and finally perform simulations without changing the dynamic structure of the systems or
the real variables of the developed model (Houghton, 2018). At this stage, by identifying the basic
relationships between different system components and subsystems, the package under Python
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should be created. The basic relationships governing them and existing assumptions were translated

into the Python programming language and were placed in the package (Hashemi et al., 2020). In the

present research, these things were realized in the following order:

1. Creating a dictionary so that all the parameters of the model are written in the majority of the
dictionary so that it can be called through the created library if necessary.

2. In the second stage, the dynamic model system was translated from the Windows version to
Python, which was the most important part of the work and requires the correct recognition and
calling of all its libraries and classes. This step requires sufficient mastery of the built dynamics
system model and familiarity with its main rules and approaches. The initial code was posted by
Houghton (2018) which was used for the initial simulation. It is also possible to apply changes
and check the results according to the simulation of the model and the assumptions that are
followed in it.

3. In the next step, the input data to the model was prepared. This step is exactly the same as the
VENSIM model, so that each batch of input data is stored in its desired folder and called in the
process of running the simulation.

4. For the calibration of the model, a special command has been written, which can be called the
relevant variable using the same dictionary written in the first step, and any changes can be
applied to it, and how its changes can be evaluated on the output.

Results and discussions

investigating the RMSE values showed this parameter has the best match between the simulation
and observation values in all the proposed cases and it was higher for Zr0 = 0.75 and agri coe = 1.5.
On the other hand, NnRMSE had the opposite trend. So that it is in the range of 12%-14%, which puts
it in the good to excellent range, and except for Zr0=0.75 and agricoe=1.5, the nRMSE is estimated
to be 20%, which makes it in the good range. (Kiani, 2010). In order to complete the evaluations, a
significance test was performed and the results of the t test showed that there is no significant
difference between the simulated and observed values at the 95% probability level (T-test>0.05). Of
course, except for Zr0 = 0.75 and agricoe = 1.5, which there is a significant difference at the 95%
level. This test proves the results of other statistics to a large extent.

Checking the supply and shortage related to rice also has a similar trend with other products of
this sector. Out of a total of 17 million cubic meters of required water, 7 million cubic meters have
been supplied and 42% of it has not been supplied. Of course, checking the numbers of supply and
shortage in different months of this product shows that the shortage is mainly in the hot months of
the year, when the base discharge and release of the reservoir in this area are reduced. Due to the
lower supply priority compared to the other two products and the relatively lower demand of this
product with citrus, its supply has had such a trend.

In the case of wheat, seed corn and oilseeds, there is a more or less different trend, so that this
parameter was almost 50% for oilseeds. Also, wheat and grain corn can be supplied by 20% and
31%, respectively, which after rice have the lowest supply priority in this region. The results of the
balance of resources and water consumption in the Tajan catchment basin in the existing conditions
with the VENSIM model during 2012-2016 showed that the agricultural demand in Finsk, Shahid
Rajaei, Zarem and the Tajan diversion dam is 18, 146, 93 and 478 million cubic meters, respectively.
6 million cubic meters (33 percent), 93 million cubic meters (63 percent), 100 million cubic meters
(59 percent), and 380 million cubic meters (80 percent) have been provided, respectively, and only in
the Tajan diversion dam area, the ability to provide 80 percent has been met. And in other regions,
significant deficiencies have been observed. On the other hand, the review of the balance of
resources and expenses in the drinking, industry and environment sectors in all regions shows that
the resources available in each region are sufficient to meet these needs, and in most regions, more
than 90% of these needs are not met. Therefore, there are still significant deficiencies in the
agricultural sector.



89
Development of system ... Vol. 47, No. 3, 2024

Conclusion

The evaluation of the sustainability criterion in estimating the efficiency of the water resources
system in providing the agricultural needs of the Tajan catchment area shows that few products are in
the acceptable range. Including citrus fruits in Finsk and Zarem region, summer crops in Shahid
Rajaei region and oilseeds in Zarem region. Also, stone fruit trees in Zarem and Shahid Rajaei region
and wheat in Finsk region show the lowest level of stability and zero. This problem shows the
significant deficiencies in this basin, especially in providing the needs of these products and the
significant lack of water resources in providing its needs, which requires the need for special
management measures such as changing the cultivation pattern, determining the optimal depth or
using other sources.
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Table 1- Current crop pattern in Tajan watershed in descending order of supply priority

Crop Pattern Upstrean cultivated area (ha)

Tajan Diversion Dam

Citrus 12940
Black root 64026
Rice 21961
Potager garden  23.5
Maize 369
Cereals 8.5
Oilseeds 435
Wheat 1710
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Table 2- Applied parameters in Tajan watershed during 2014-2018

ST (ign 5 p5le

Parameter Description Value Unit

CRSH.R Shahid Rajaee Crest height 138 meter

CR Fnsk Finesk Crest height 59 meter

CR Zr Zarem Crest height 78 meter

FCL SH.R SH.R Flood control level 153 meter

FCL Fnsk Finesk Flood control level 9.52 meter

FCL Zr Zarem Flood control level 60 meter

FCL AB Lagoon Flood control level 92 meter

Max Vol SH.R SH.R Maximum volume 162 Million Cubic meter

Max Vol Fnsk Finesk Maximum volume 11.8 Million Cubic meter

Max Vol Zr Zarem Maximum volume 82.73 Million Cubic meter

Max Vol Ab Lagoon Maximum volume 102 Million Cubic meter

Min Vol SH.R SH.R Minimum volume 17.12 Million Cubic meter

Min Vol Fnsk Finesk Minimum volume 2.27 Million Cubic meter

Min Vol Zr Zarem Minimum volume 13 Million Cubic meter

Min Vol Ab Lagoon Minimum volume 25.6 Million Cubic meter

Eva Res Evaporation 0.9 meter

Ea Agri Agricultural efficiency 70 Percent

SDﬁTQDem of SH.R Domestic demand 25 Million Cubic meter / Month
Er?er Dem of Finesk Domestic demand 0.6 Million Cubic meter / Month
Dom Dem of Zr  Zarem Domestic demand 3 Million Cubic meter / Month
gn:.gem of SH.R Industrial Demand 1 Million Cubic meter / Month
Ind Dem of Zr Zarem Industrial Demand 0.5 Million Cubic meter / Month
Aquifer Depth Zarem Industrial Demand 70 Meter
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Table 3- The results of VENSIM model calibration in Zarem Part using PySD model
PySD o 3 odlii! b p 5 dilare 38 VENSIM  Juo (zxiwlg I Job> mbi - Jgus

Zr0=0.75 Zr0=1.8
. Zr0=0.96 Zr0=4 Zr0=3 Zr0=3 . .

Year  Statistical tests Agri coe=3 Agricoe=4 Agricoe=45 Agricoe=6 '16‘%” coe= 'g‘g” coe=
RMSE (meter) 0.08 0.09 0.09 0.09 0.21 0.07

2014 NRMSE (%) 12.17 13 14 14.71 20 12
P-value "50.029 ™%0.077 "%0.032 "%0.015 *0 "50.051

R 0.053 0.68 0.65 0.69 0.59 0.052

RMSE (meter) 0.008 0.010 0.013 0.010 0.009 0.38

2015 NRMSE (%) -0.528 -0.772 -1.281 -0.570 -0.34 4
P-value "50.381 "5 0.511 "50.099 "50.059 >0 "50.057

R 0.94 0.92 0.92 0.93 0.95 0.93

RMSE (meter) 0.013 0.008 0.011 0.010 0.012 0.01

2016 NRMSE (%) -0.899 -0.284 -0.567 -0.338 -0.907 -0.917
P-value "50.124 "50.247 "50.309 50,785 $0.04 0.067

R 0.91 0.95 0.92 0.94 0.89 0.93

RMSE (meter) 0.009 0.014 0.008 0.009 1.24 0.21

2017 NRMSE (%) -0.397 -1.039 -0.197 -0.344 26.6 5.82
P-value ™% 0.102 "5 0.364 "50.752 "50.094 >0 "50.032

R 0.98 0.61 0.62 0.63 0.67 0.57

RMSE (meter) 0.85 0.003 1.38 1.24 2.2 0.46

2018 NRMSE (%) 1.22 -0.231 1.12 1.06 7.01 1.05
P-value "50.347 0,247 "S506 ™ 0.264 $0.051 "50.07

R 0.65 0.76 0.59 0.72 0.61 0.98

* Zr0 ,Agri coe :Reservoir correction factor and agricultural need correction factor respectively.

%M zmeter.

“*. S:Significance and n.s.: non-significance at the 5% probability level




DOI: 10.22055/JISE.2023.42931.2055

Table 4- summary of water allocation in Tajan Watershed in PySD environment
Pysd tausme 38 cxxi 3 9T 4bga 50 ST awasdd 4o ¢ Sy

description

upstream

water requirement supply before Dam
water requirement supply before Dam
Inflow to Dam

storage volume in Dam

Agricultural demand

Domestic demand

Industrial demand

Enviromental demand

Agricultural supply

Domestic supply

Industrial supply

Enviromental supply

Interflow of dam after supply demand
Demand after dam

Supply after dam

Baseflow of river (before bifurcation
node)

outflow after Supply and adding other
river

beseflow before sea

Exchangeable water to other province

Ab- bandan Abstraction
Baseflow after Ab-bandan
GW abstraction

Tajan River at
Finesk dam Part
31.78

22.07
19.37
16.27
48
31.54
29.88
29.29
3.3
8.22
4.3
16
19.05
18.35
110

182

Tajan River at ShahidRajaee.

Reservoir Part
107

182
567
146
51.58
30

12
88.5
49.37
11

30
138

164

303

Tajan River at
Zarem Part
140

8.03
8.03
240.55
454
52
46.8
28

6

45
37
24
4.9
73
5.05
4.88
92

116.83

Tajan River at Tajan
diversion Part
447

54.06
54
432
389

333
243

98
483
915
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Table 5- Simulation of supply and deficit in the 5-year average in the Tajen watershed (MCM) by the PySD model
PySD Jow 3l o8kl b (MCM) x5 3 9T dbga 30 b 0 (1alo 33 3905 § cpmoli O a0 (S 3w danli —0 Jgu>

Months April May June July August September

Part Crops Deficit Supply Deficit Supply Deficit  Supply Deficit  Supply Deficit  Supply Deficit Supply

Finesk Dam. - - 1.2 - 0.02 0.07 0.15 0.12 0.26 0.08 0.12 0.02

Black ShahidRajaee Dam 4,77 - 9.27 0.09 9.58 0.2 9.40 0.3 8.09 0.13 2.85 -
root trees Zarem Dam - - 2.1 10 15 0.6 16 - 8.6 0.24 8.7 1
Diversion Dam 3.71 0.67 6.6 7.35 0.27 7.53 - 6.40 0.05 2.22 0.01 0.30

Finesk Dam. - 0.06 - 0.02 - 0.04 - 0.03 - 0.01 - -

Citrus ShahidRajaee Dam 1.27 - - 1.15 - 1.75 - 1.6 - 0.65 - -
Zarem Dam 0.03 23 0.24 19.6 0.32 16 0.3 10 0.19 8.85 0.1 11
Diversion Dam 13.61 4,12 22.70 27.56 0.53 27.8 - 23.6 - 8.20 0.25 1.72

Finesk Dam. - - 0.09 - 0.86 1.34 0.71 2.09 0.26 1.74 0.07 0.68

Rice ShahidRajaee Dam - - 1.82 - 2.6 - 2.17 - 0.87 - - -
Zarem Dam 0.32 2.56 25 1.3 3.25 0.58 2.45 0.63 1.47 0.57 1.17 0.80
Diversion Dam 25 - 12.6 39 0.4 52 - 53 - 45 0.35 15

Potager Fines_k Da_m. - - 0.01 - 0.29 - 0.04 - 0.01 - - -
garden Shahld.Rajaee Dam - - - 0.02 - 0.08 - 0.14 - 0.07 - -
Diversion Dam 0.02 - - 0.24 - 3 - 3.18 0.3 2.65 0.02 1.06

Finesk Dam. - - - - 0.03 - 0.03 - 0.06 - 0.02 -

oilseeds ShahidRajaee Dam - - - - - 0.01 0.02 - - - - -
Zarem Dam - - - 0.01 - 0.02 - 0.02 - - - -
Diversion Dam - 0.08 0.54 1.04 1.78 1.1 0.98 0.93 0.07 0.32 - 0.02

. Finesk Dam. - - - - - - 0.03 - 0.02 - - -
Maize Diversion Dam - 0.23 1.6 3.14 291 3.25 0.15 2.76 0.03 0.96 - 0.07
Finesk Dam. - - - - 0.12 - 0.06 0.24 - 0.05 - -

Wheat ShahidRajaee Dam - - - - - 0.12 0.06 3.45 - 0.05 - -
Diversion Dam - 0.24 1.65 3.27 3 3.66 1.1 2.85 0.12 1 - -

- - - - 0.02 - 0.01 - 0.02 - - -

Cereals Finesk Dam.
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Table 6- Evaluation of the performance criteria of Tajen irrigation and drainage network in supplying
agricultural demand during 2014-2018

Evaluation criteria

Parts Crops

Reliability Resiliency Vulnerability Satiability
Finesk 0.51 0.41 0.12 0.21
Zarem Blackroot 0.12 0.03 0.02 0.01
ShahidRajaee trees 0.35 0.17 - 0.06
Diversion Dam 0.67 0.49 0.04 0.36
Finesk 0.70 0.55 0.01 0.85
Zarem Citrus 0.71 0.43 0.15 0.95
ShahidRajaee 0.98 0.66 0.06 0.61
Diversion Dam 0.59 0.43 0.2 0.2
Finesk 0.73 0.38 0.11 0.68
Zarem Rice 0.43 0.66 - 0.29
Diversion Dam 0.87 0.9 - 0.78
ShahidRajaee Potager 1 0.86 - 0.86
Diversion Dam garden 0.73 0.37 - 0.65
Diversion Dam Maize 0.71 0.32 0.24 0.18
Zarem Oilseed 1 1 - 1
Diversion Dam 0.65 0.4 0.2 0.2
Finesk 0.37 0.05 0.05 0.02
ShahidRajaee Wheat 0.9 0.77 0.24 0.52
Diversion Dam 0.66 0.4 - 0.64
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Introduction

Nowadays, due to the expansion of urbanization, the emergence of various industries and the
increase in the level of social well-being, irreparable damage has been caused to the environment,
including the loss of forests and rangelands, the discharge of urban and industrial wastewater into
rivers and seas, and the lack of drinking water resources pointed out that it has caused problems for
humans (Zhang et al., 2010). In terms of quantity and quality, water is one of the most important and
vital parts of any ecosystem and affects all its aspects. Reducing the amount of water flow and its
guality have important negative effects on the ecosystem and its organisms. Therefore, determining
the flow regime and water quality of the river is an important factor determining the health of the
river (Razzaghi Rezaieh et al., 2017). Water quality indicators (WQI) are one of the best and easiest
ways to determine the status and conditions of water quality, which determine the quality
characteristics of water without statistical and mathematical complications; used for quality and
necessary decisions. (Hassan Khan et al., 2011).

Zamani et al. (2020) investigated the water quality of Beheshtabad river using the Liou pollution
index measured along the river at 7 selected stations during six months. The results showed that the
Liou pollution index was in a good quality range and the parameters were within the standard range.
All three indicators were within the good quality of water in the study area.

Methodology

In the current research, to analyze the water quality characteristic of Karoon River in Bavi
county, the methods of NSFWQI and IRWQIsc quality indicators of Liou pollution index were used
and evaluated.

NSFWQI ,IRWQIsc and Liou INDEX
Equation (1) was used to calculate the NSFWQI index. This index It is based on 9 parameters
such as: BOD, DO, nitrate, total phosphate, temperature change, turbidity, total solids, pH, and Fecal
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Coliform. (Shokohi and Bahmani, 2021). In this equation, W; is the weight parameter, Q; is the
quality parameters and n is the number of calculation parameters of this index and it is classified
according to table (1). Equation (2) was used to calculate the IRWQIsc index based on 11
parameters. In this index, each parameter has a specific weight, and the value of each index for each
parameter is obtained using its ranking curve, and the Landa value is equal to the sum of the weights

(Table2) (Radwanc et al, 2019).
NSFWQI=X7_, Wi Qi

IRWQIsc = (1Y) 1/2

1)
)

Table 1- National Sanitation Foundation Water Quality Index (Mohseni Bandpey et al., 2014)

Parameters Coluors Value Rank
great blue 90-100 |
good green 70-90 I
medium yellow 50-70 Il
bad orange 25-50 v
Very bad red 0-25 \Y
Table 2- Classification of surface water quality of Iran based on IRWQIsc index (Mazlomi et al., 2023)

Parameters Values

Great 85-100

Good 70-85

Relatively good 55-70

Medium 45-55

Relatively bad 30-45

Bad 15-30

Very bad 0-15

The Taiwan Environmental Protection Agency has used this index as water quality data to classify
stations in order to check water quality. In equation 3, S; is the index score for classification of
pollution Table (3) and its average value is checked with four parameters (Liou and et al. 2003).

RPI=1/4¥%_, Si

©)

Table 3- - Parameters and classification of River Pollution Index (Aminpour Shiani et al., 2016)

Parameters A
No pollution Undeniable Moderate High
pollution pollution pollution

DO >6.5 4.6-6.5 2-4.5 <2
BOD <3 3-4.9 5-15 >15
TDS <0.5 0.5-0.99 1-3 >3

NH4 <20 20-49 50-100 >100
Index score Si 1 3 6 10
Value RPI 2> 2-3 3.1-6 >6

Interpolation

ArcGIS 10.3 software and the weighted interpolation technique were used to create a spatial
distribution map for measuring water quality, enabling estimation at other points with known
coordinates. Inverse Distance Weighted (IDW) interpolation methods have been used (Equation 4)
and its validation was investigated by using equation (5).
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L) z(x) == (@)

1 YN (Xi_x.)?
RMSE = /# (5)

Results and Discussion

According to the Table (4), the values of the measured indicators showed that the highest and
lowest values of the NSFWQI index were in November and February respectively; on average, it is
placed in the average quality ranking with a value of 55. One of the most important reasons for the
reduction of this index is the presence of water pumping stations of Ramin power plant and Yadgar
Imam power plant to the river, which increases the pollution of this part of the river. In addition,
according to the IRWQIsc index, the water quality of the Karoon River was the lowest value in
September with average quality, and relatively good quality in August. Total hardness and high
dissolved oxygen were ranked in the worst water quality. It is also ranked as average. Based on the
LIOU pollution index, it will be more able to moderate pollution than the NSFWQI index based on
Table(3). Based on this index, in July with a value of 3.8, it is relatively polluted and in October with
a value of 5.1, it is also ranked as relatively polluted. Due to the presence of agricultural and
industrial wastewater along the Karoon river, of the lack of high quality for drinking was verified and
needs to be purified. The IDW interpolation method was found to be more accurate in estimating
data. The NSFWQI index showed the highest quality of water at Kot Sayed Sultan, while the Liou
index indicated medium pollution at Zargan and Ramin power plant. The IRWQIsc index showed the
highest quality of water at Kot Seyed Sultan, while the green index indicated average quality at
Ramin power plant. These results suggest the IDW method is more accurate in estimating water
quality (Figurel).

Table 4-the numerical value of indices in Karoon river
Index Apr May Jun Jul Aug Sepr Oct Nov Dec Jan Feb Mar
Liou 41 4 4.3 38 39 43 5 3.9 41 43 38 41
IRWQIsc 58 54 56.7 57.7 617 489 492 57 542 55.1 54 49.9
NSFWQI 585 589 544 56,7 59.2 553 541 595 534 53 471 50
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Fig 1- Monthly chart of water quality change

Conclusion

In the current research, using quality indicators and water pollution as the most important water
guality indicators,the water quality of the Karoon River was ananlyzed.Due to the fact that many
studies and researches have not been done to investigate the water quality of Iranian rivers in terms
of quality grading, the use of NSFWQI, IRWQI and Liou techniques are suitable as simple methods
for the initial knowledge of river quality and can be used by managers and engineers for quality
protection planning. Regular monitoring of rivers in a targeted manner planning and appropriate
design and then grading it with the method of qualitative indicators provide the possibility of access
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to changes and qualitative developments and predicting pollution reduction measures in the river
catchment area for managers and officials.
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Table 1- Method of measured parameters

parameters Method
DO Do meter
PO,® NO, Spectrophotometer
BOD, pH pH meter, Weight difference
TSS Weighing method
Fecal coliform MPN
Temperature Mercury Therommeter
Turbidity Turbidity meter
EC EC meter
NH," Spectrophotometer
COoD Titration
Total Hardness Titration
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Table 2- Required parameters and selected weight for calculating NSFWQI (Kumar et al., 2014) and
IRWQIsc index (Mazlomi et al., 2023)

INDEX PO,° DO BOD COD pH TSS FC TH NH,” EC TUR TEM NO,
IRWQIsc 0.087 0.097 0.117 0.093 0.051 - 014 0.059 0.09 0.096 0.062 - 0.108
NSFWQI 0.1 0.17 011 - 0.11 0.07 0.16 - - - 008 0.1 0.1

(Mohseni Bandpey et al., 2014)(NSFWQI) cuilug e dbis O cois” ol -Y Jaue
Table 3- National Sanitation Foundation Water Quality Index (NSFWQI)
(Mohseni Bandpey et al., 2014)

parameters coluors value rank
great blue 90-100 |
good green 70-90 I
medium yellow 50-70 11
bad orange 25-50 v
Very bad red 0-25 \Y/

(Mazlomi et al., 2023) IRWQISC ozl bl Ol 9! (b SOST Cuies” (Sodinb —¢ Jous
Table 4- Classification of surface water quality of Iran based on IRWQIsc index
(Mazlomi et al., 2023)

parameters coluors value
great Qo 85-100
Good 70-85
Relatively good o 55-70
Medium 45-55
Relatively bad 30-45
bad [ ) 15-30
Very bad ® 0-15
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Table 5- Parameters and classification of River Pollution Index (Aminpour Shiani et al., 2016)

Parameters ; A

No pollution Undeniable Moderate High

pollution pollution pollution

DO >6.5 4.6-6.5 2-4.5 <2

BOD <3 3-4.9 5-15 >15

TDS <0.5 0.5-0.99 1-3 >3

NH,4 <20 20-49 50-100 >100
Points of “i” (S;) 1 3 6 10
RPI <2 2-3 3.1-6 >6
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Table 6- Descriptive equivalent of the calculated index (Hernandez et al., 2012)

Target parameters value
Drink, Industry, Irrigation Great 0-25
Drink, Industry, Irrigation Good 26-50
Industry, Irrigation Medium 51-75
Irrigation Bad 76-100

B 5ol 367 s - Jguer
Table 7- Parameter analysis results

Parameters Apr  May June Jul Aug Sep Oct Nov Des Jan Feb Mar

BOD 15+ 21+1. 24+#1. 18+l 19+0 1.4+0. 070 24+1 15+1. 22+l 21+1 28#1
08 2 1 2 .6 7 8 4 3 .3

COD 117 9.9+4. 102+ 129+5 125+ 358+ 203+ 164+ 112+ 144+ 175+ 16.3%
6.7 3 3.8 2 25 41.6 8.9 7.4 31 6.6 2.9 53

DO (%) 708 827+ 707+ 703+1 70.7+ 628+ 63.6+ 86.8+ 631+ 56.8+ 625+ 66.5*
+17. 232% 352% 0.6% 1.1% 18.8% 193 20.6% 14.1% 9.4% 6.8% 9.9%

3% %

EC 166  1243.1 1569.7 2562.7 1832. 4310.2 4335 2971. 2315. 1613.6 2270. 1876
5.3+ #433. +873. #1134, 9451 #2530 +475 6+140 5£126 #416. 8466  *,557
751. 3 7 8 9 7 3 7 6 4 8
1

FC 939 1011 1164 1783+ 259.1 2511 134+ 1845 1239 59.7+ 196.1 172%
+55. 701 +741 693 +134. 225 66.2 +75.7 +46.3 218 +44 44.2
3 2

NH, 0.9+ 0.7#0. 1.1+0. 05+0. 050 0.7#0. 1.7#1 0.6#0. 0.6+0. 0.5+0. 0.5+0 0.6%0
05 2 7 2 1 4 4 2 2 1 A 2

NO3 1.3+ 1.2+0. 1.2#0. 1.9+0. 0.7+0 15+0. 22+0 1.2+0. 24+0. 3.2+1. 2+03 2.7#0
09 9 6 8 .6 4 4 8 8 4 3

PO, 0.2+ 0.3#0. 0.2+0. 0.2#0. 0.1+0 0.3+0. 0.2#¢0 0.2#0. 0.2#0. 0.1+0. 0.1+0 0.1+0
01 1 1 3 1 1 1 1 1 3

TH 499. 4255  409.7 4645+ 4659 8405 990+ 699+2 585. 464.2 422+ 5118
5+1 +965 172,  116.3 +97.7 %367 701.4 205 6+170 +123. 553 +89
55.1 9 1

Tur 176. 1756  38.6+ 23.4+1 285+ 498+ 592+ 317+ 63.6+ 1059 628+ 1753
71 *181. 385 3.6 20 47.4 82.1 16.5 60.1 +85.6 543 +40
829 8

pH 7.8+ 8.0£0. 6.6+2. 7.8+0. 79+0 8+03 75+0 7.7#1 8+15 7.5+0. 7.5+0 7.5+0
04 6 7 5 2 2 6.5 2 2 2

TEM 225 25+4. 281+ 259+#3 289+ 253+ 273+ 221+ 19+0. 188+ 174+ 205+
22 6 1.8 3.5 0.5 2.2 14 9 8.6 11 2.6

TSS 709. 4595 688.1  939+4 739.8 11213 1071. 9413 987.3 7446 1043. 849+
53 #1751 £395. 00.9 +163.  +803. 341 £375. 705 +335 2435 283.9
371 .1 5 1 1 2 9 8

(am8lis Oludd B O 53 3) Og 5 dilsag) 1o b asls (sous Hlude —A Jeu>
Table 8- Numerical value of indices in Karoon river (From Zergan to Anafcheh village)

Index  Apr May  Jun Jul  Aug Sepr Oct November Des Jan Feb Mar
Liou 42 4.1 4.3 3.8 4 4.3 51 3.9 4.1 44 39 41
IRWQIsc 58 54 56.7 57.7 617 489 492 57 54.2 551 54 49.9
NSFWQI  58.5 589 544 56.7 595 553 541 59.2 534 53 471 50
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Table-9 Root Mean Squared Error (RMSE) value of parameters

Parameters NSFWOQI
RMSE 1.65

IRWQI LIOU
1.73 1.66
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Fig. 3- Zoning of water quality changes based on indicators
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Introduction

Due to the limited water resources and the need for optimal use of them, the importance of using
treated wastewater in cases where lower water quality is required is determined.( Munoz and Guieysse,
2006) On the other hand, untreated wastewater can lead to many environmental issues.( Kalyuzhngi et
al,2005) The use of low-tech wastewater treatment systems and no energy consumption or low
energy consumption help to reduce economic costs and improve the environment. Since biological
processes are one of the most common and affordable methods in wastewater treatment and the main
purpose of biological treatment is to use microorganisms to convert organic matter into other
products, remove or reduce nutrients and other contaminants, so the purpose of this study is to reduce
TSS, total nitrogen and nitrate using the combined process of AO in the treatment of industrial
wastewater from metal industries.( Zhou and Lisng, 2008; Adam et al 2006).

Methodology

The experiments were carried out in the wastewater treatment plant (using the input wastewater of
metal industry) in Najafabad Industrial Zone, located 5th km of traffic police station. The pilot used
in this study consisted 5 reservoirs (balancing reservoir, anaerobic pond, aerobic pond, sludge
sedimentation and sludge return) in which water flows from the reservoir with higher height to the
adjacent reservoir using difference of elevation load. A balancing tank with a volume of 100 liters
which is located at the highest elevation compared to aerobic and anaerobic ponds, was used to
prevent organic loading, acidic or toxic shocks in most treatment systems. The media used in the
anaerobic part is PANPAK type which has a specific surface area of 300 square meters per cubic
meter which was used to create a suitable environment for the growth of microorganisms. This
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reservoir was used to prevent the shortcut flow, wastewater entry from below and close to the floor
and its output from a high altitude and near the water level were used. In the aeration tank, cube-
shaped media with a higher specific surface area are used than in the anaerobic tank (800 m2 / cubic
meter) to create better conditions for the growth of microorganisms. Sedimentation tank was used to
the sludge setting and separate the treated wastewater from the sludge. It should be noted that there
are control and drain valves in this pilot to adjust the discharge. The diameter of the pipes that
connect the tanks is approximately 1.25 cm. Figure (1) shows the pilot plan.

1 e ] 1 F1
~ "™

_ Sludge transfer line
7 to aeration tank

6

1- Balancing tank 4- Sedimentation tank

2- Anaerobic tank 5- Storage tank 8—Rclurncd sludge tank

6_ Returned sludge
transmission line

3- Aerobic tank O-Pilot outlet pipe

Fig. 1- Schematic diagram of the pilot

Results and Discusspn

According to the experiments performed on the wastewater entering the pilot, interval of changes
on the studied parameters was determined. Table (1) shows the range of parameters studied in this
study.

Table 1- The interval of changes of the studied parameters in the incoming wastewater

Parameter The interval of changes measurement unit
Ph 5/8- 5/6 -

N 300-100 Milligram per liter

NO3 20-0 Milligram per liter

TSS 700-200 Milligram per liter

Figure (2) shows the rate of nitrogen removal in the combined aerobic anaerobic method. Figure
(3) compares the nitrate concentration of the output wastewater from the pilot using the Iranian
environmental standard to discharge to water courses. According to Figure (4), it can be seen that the
TSS in wastewater has been significantly reduced using this method. On the other hand, Figure (5)
presents the transparency of output wastewater from anaerobic and aerobic units compared to the
incoming wastewater.



125
Biological treatment of ... Vol. 47, No. 3, 2024

300

250 \

200 \

& \
o
A
E 150 \ —e— Nitrogen input
? 100 _— —&— Nitrogen output
g \/_/-\_\-
g~}
50
(o]
1 2 3 4 5 6 7

Test number

Fig. 2- Nitrogen removal diagram in the pilot during the research
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Fig. 5- Left to right input stewater, anaerobic wastewater and pilot wastewater, respectively
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Conclusions

Anaerobic treatment is more effective to digest and remove organic matter due to the presence of
anaerobic bacteria. This causes the two purification phases to complement each other, so that the
anaerobic phase reduces the organic load to a permissible level for the aerobic phase and in the next
stage, it makes the aerobic phase to an acceptable organic load. This treatment method is
significantly effective in the removal of organic matter, TSS, nitrogen phosphate and produces much
less nitrate than the amount of Iranian environmental standard to discharge to water courses.
Anaerobic-aerobic (AO) method can be used as a reliable method for introduced wastewater
treatment of metal industries. It should be noted that in all stages of the experiments, the volume
index of sludge was in the range of 50 to 150 mg / I, which indicates the appropriate quality of
clarifying sludge sedimentation. Other advantages of this pilot include high resistance of the system
to hydraulic, organic and toxic shocks. The reason for this is the presence of anaerobic phase at the
beginning of the pilot. The results indicate that AO combined treatment method is a suitable option
for treatment of industrial wastewater with relatively high organic load. This method can be a good
alternative to conventional activated sludge method and anaerobic systems. Reaching concentrations
of organic matter below the standard limits to discharge to water courses, use in irrigation of green
space, agriculture and injection into groundwater sources, reveals the effective use of the pilot in the
treatment of industrial wastewater.
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Table 1-TSS, MLSS, MLVSS, nitrogen and nitrate test measuring devices

Devices used

Models and features

Chinese plant
Filter paper
Furnace

oven
Desiccator
Scales

NO3-N measuring vial
Nitrogen measuring vial stage one

Nitrogen measuring vial stage two

With a volume of 25 cc

Model Wattman 42 with a size of 125 mm

Model C.P.1.G

Model Feter electronic-U630

In order to protect plants and papers from moisture
ADAM digital scales with an accuracy of 0.001 g
Range of 0-30 mg / | Made by German Aqualtic
Company

Range of 0-25 mg / | Made by German Agqualtic
Company

Range of 0-25 mg / | Made by German Aqualtic
Company

bl olyen Szd i gy — Sk 0

mg
TSS () = R

(oo o550) w35 5 iy = 35l 29 550 5 903 i
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Lged pasule po>
SSV 1000

mg
SV = —iss

5999 SN 43 Adllan 3590 S golyly O i 03b =T Jou=
Table 2- The interval of changes of the studied parameters in the incoming wastewater

Parameter The interval of changes measurement unit
pH 6/5- 8/5 -
N 100-300 (mg/L)
NO3 0-20 (mg/L)
TSS 200-700 (mg/L)
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