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Table 1- Genereal information of farms in Miandoab and Mahabad regions

, ac 30 oS . . s oo CuS i Sl U el g
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Farms . . . Date of (Hus2) Sourse of u u
Row Village name Kind of planting .
code planting Area water
1 L2 (Lalakloo) 4l (Wheat) pu5 93/08/26 0.74 (Well) o> 581199 4099363
2 N1 (NezamAbad) sl plas (Barley) o 93/08/24 0.48 *(River) 4ilss,, 583402 4100936
3 H3 (hajhasan) s gl> (Barley) o 93/08/23 0.55 *(River) «ls>y, 4101995 4101995
4 M1 (khorkhore) s,g3 )¢5 (Wheat) pu5 93/08/13 0.92 * (Canal) Juis 565033 4099377
5 M2 (khorkhore) o455 (Wheat) pu:s 93/08/15 55 * (Canal) Juis 565072 4092432
6 T1 (NezamAbad) sUf sl (Sugarbeet) :3,u 94/01/15 0.4 *(River) als.sg, 583887 4099802
7 T2 S o6 (Sugarbeet) 8,05 94/01/15 0.62 (Well) ols 579256 4100172
(Tazekandlalakloo)
S o35 .
8 T3 (Sugarbeet) ., 94/01/15 0.78 (Well) ol 579833 4100019

(Tazekandlalakloo)
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Figure 1- Case study
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Table 2- Soil texture of the farms in the case study

asyj0 A5 SB Ges S cal ov) S o
Farm code Soil depth (cm) Soil texture Clay (%) Silt (%) Sand (%)

0-30 Silty clay loam 30 46 23

L2 30-70 Clay loam 28 41 31
70-100 Silty loam 9 61 30

0-30 Clay Loam 20 46 34

N1 30-70 Clay Loam 26 48 26
70-100 loam 20 53 27

0-30 Loam 20 25 55

H3 30-70 Sandy clay loam 16 20 64
70-100 Sandy loam 10 19 71

0-30 Sandy clay loam 18 20 62

M1 30-70 Sandy loam 8 18 74
70-100 Sandy clay loam 13 21 66

0-30 Clay loam 39 36 25

M2 30-70 Clay 41 36 23
70-100 Loam 23 34 43

0-30 Loam 6 54 40

T1 30-70 Loam 5 46 49
70-100 loam 7 35 58

0-30 Silty loam 8 66 26

T2 30-70 Silty loam 4 84 12
70-100 Silty loam 5 81 14

0-30 Silty clay 36 51 13

T3 30-70 Silty clay 43 41 16
70-100 Silty clay 41 45 14
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Table 3- Date, Flow and irrigation depth during growing season

as 50 o5 bl 6 N bl el Gos
el &, e o . N
Fa(rjm Irrigation date (4l 53 2) _ (“'“_‘L"')_ (o skee)
coae Flow Irrigation time Depth
2015/20/04 6.98 79 260
L2 2015/17/05 8.7 78 250
2015/02/06 8.7 78 250
N1 2015/29/04 51.78 35 133
2015/06/05 51.7 3.5 133
2014/20/10 16.7 13 142
H3 2015/17/04 16.7 13 142
2015/07/05 16.7 14 150
2015/26/05 10.2 15 98
M1 2015/06/05 34.95 6.5 88
2015/31/05 36.34 6.5 92
M2 2015/05/06 34 16 188
2015/31/05 37 17 207
2015/22/07 14.24 9 120
T1 2015/18/08 16.69 9 130
2015/05/09 27.24 8 188
2015/01/08 12.92 20 155
T2 2015/18/08 8.87 47 250
2015/04/09 18.58 25 277
2015/05/07 14.33 30 193
3 2015/27/07 14.33 20 132
2015/18/08 15.96 43 317
2015/10/09 14.33 26 173
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Figure 2- Wheat, barley and sugar beet crop coefficient estimated using CROPWAT model
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Figure 3- Wheat, barley and sugar beet evapotranspiration estimated using CROPWAT model
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Figure 4- Soil moisture variations at various soil depths in the farms
(The right side figure is with precipitation and the left side figure is without precipitation).
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Figure 4- Soil moisture variations at various soil depths in the farms
(The right side figure is with precipitation and the left side figure is without precipitation).
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Introduction: Agriculture consumes a large portion of groundwater resources. In order to understand the

status of groundwater resources in a basin and to optimize its management, it is necessary to carry out an
accurate examination of the fluctuations in the groundwater levels. Recharging groundwater aquifers is one of
the main strategies for water resources management which its accurate estimation plays a crucial role in the
proper management of ground water resources. That portion of the excess irrigation water which becomes in the
form of deep percolation should not be considered as wasted water, if its quality is not adversely reduced and it
enters and recharges groundwater aquifers. The question is whether deep percolations resulting from irrigating
farms with low application efficiencies and poor irrigation management in the Urmia basin would finally
recharge ground water aquifers or not. In order to provide a solution to the aforementioned question, after
calibrating HYDRUS-1D model, it was used to estimate the fluctuations of the levels of the water tables as a
results of irrigations or rainfalls in a number of wheat, barley and sugar beet fields located in Miandoab and
Mahabad regions where all agricultural practices were managed and carried out by the local farmers.

Materials and Methods: In order to ascertain the effects of irrigation on the groundwater recharge, the
required field data was collected from nine agricultural fields including one wheat farm, three barley farms, and
three sugar beet farms, all located in the Miandoab region and two wheat fields located in the Mahabad region.
All the water balance parameters for each one of the fields were measured in the studied fields, including the
depth of irrigation at each irrigation event by using WSC flumes. The Surface runoff from the studied farms was
considered as negligible, since all the fields were irrigated using closed end borders. The evapotranspiration of
wheat, barley and sugar beet were calculated in the regions using the CROPWATS8.0 model.

The soil texture of each of the study fields were determined by hydrometric method in the laboratory and
then soil hydraulic parameters were estimated by ROSETTA model. The soil moisture of all the fields during the
growing season were measured using a PR2 moisture meter instrument measuring soil moisture at various depths
up to 105 cm below the soil surface. The amount of deep percolation occurring during the growing season was
simulated by the HYDRUS-1D model. The soil water content measured by PR2 (Delta-T Device) probe were
used for HYDRUS-1D model calibration and validation using the inverse solution method. Because of the
occurrence of rainfall, irrigation and evapotranspiration, the atmospheric boundary condition was selected as the
upper boundary condition and free drainage was considered as the lower boundary condition in order to estimate
the groundwater recharge, assuming that water passes through and below the root zone. In areas with shallow
ground water depth, constant flow with zero flux was chosen as the lower boundary condition in order to
determine the fluctuations of the ground water level. Since the groundwater level in this case study was shallow,
zero flux was considered as the lower boundary condition. The soil moisture content before irrigation was
selected as the modelling initial condition.

Result and Discussion: The HYDRUS-1D model was calibrated by comparing the model estimated soil
moisture contents with the corresponding measured values which indicated the coefficient of determination (R?)

and root mean square error (RMSE) values ranging from 0.6 to 0.85 and 0.17 to 0.033 ( mg), respectively.

£
cm?

Another set of measured soil moisture data which was collected by using PR2 instrument and was not used for
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calibrating the model, was applied to verify the model simulation of the soil moisture content. Comparing the
measured and simulated soil moisture contents at this verification stage resulted in coefficient of determination

(R? and root mean square error (RMSE) values ranging from 0.62 to 0.88 and 0.002 to 0.023 (“"3),

cm’

respectively. There was no significant difference between the predicted and measured soil moisture data in all
the fields (P-value> 0.05). The minimum and the maximum coefficient of determinations in the validation stage
were obtained in the T5 field with a silty loam soil and in the H3 field having a sandy loam soil. The accuracy of
the model performance after it was calibrated and verified using the collected field data, was appropriate for
estimating the soil water content during the growing season. The model was used to simulate the soil water
contents from the soil surface to the depth of the water table during the growing season to evaluate the degree of
aquifer recharge if any happened. The soil moisture front advanced to a depth of 0.7 m below the soil surface in
the M1 field and to 4.7 m in the T1field. The amount of groundwater recharge varied from field to field
depending on each field’s soil type, cultivation and irrigation management including the depth and the time of
the irrigations. The amount of groundwater recharge increased by decreasing crop evapotranspiration. The
percentage of ground water recharge in N1, M1 and M2 fields due to limited availability of water resources
which resulted in deficit irrigation was very low. The irrigation water requirements estimated by the CROPWAT
model for the aforementioned fields were more than the depths of the irrigation water applied by the farmers.
The CROPWAT model estimated the irrigation water requirements during the growing season for wheat, barley
and sugar beet in the Miandoab region to be 308, 273 and 736 mm, respectively. However, the depths of
irrigation applied to such farms ranged from 306 to 500 mm.

Conclusion: This research was conducted to ascertain the effects of local farmer’s irrigation management
practices considered as poor management in some areas with plenty of water resources available and rainfall on
the amount of the groundwater recharge occurring in the regions studied located in the Lake Urmia basin. The
simulated groundwater recharge by the HYDRUS-1D model indicated that the amount of recharge varied from
field to field depending on soil type, cultivation and irrigation management practices. In all the fields, the highest
amount of groundwater recharge occurred when the crop evapotranspiration was low and therefore, enhancing
deep percolation to take place. The highest percentage of groundwater recharge was 28% of the sum of the
irrigation and rainfall depths which occurred in the barley field (H3).

Keywords: Groundwater level, HYDRUS, Irrigation, Recharge, Simulating



