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Table 1- Statistical data related to irrigated crops in Tajan Basin in 2018 (per hectare)

Jgmasmo CoiiS law 5 ,Slos 2 bowsd 365 oAl dgu

Crop  Cultivation area (ha) Yield (kg) Water (m3) Fertilizer (kg)  Net profit (Thousand Rials)
©r 27741 4309 290 57986

Rice
P> 1757 3579 250 16227

Wheat
<2 2075 3769 279 15862

Corn
]}K 575 2374 267 4976

Rapeseed

(Yo 5¥) e
Source:(30. 4)
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Table 2- Comparison of current cropping pattern with results of PMP model based on different scenarios of available water
(Unit: Hectare)

cuiS al 5o [CHJWWEL IRV Y o yad 33 O LidlS gy luw
Cultivation area Basic pattern Unit of changes Scenarios of reduction available water
5% 10% 15%
gy 27741 i 26450.706 25165.706 23885.662
Rice Quantity
Loy -4.651 -9.285 -13.898
Percent
pus i 1665.892 1574.619 1483.153
Wheat 175t Quantity
Loy -5.185 -10.380 -15.586
Percent
S i 1859.584 1638.485 1410.813
Corn 2075 Quantity
Loy -10.381 -21.037 -32.009
Percent
Il 575 i 472.561 366.371 255.844
Rapeseed Quantity
Loy -17.816 -36.283 -55.505
Percent
JS s waw Sl 30448.743 28744.811 27035.472
Total cultivation area 32148 Quantity
Loy -5.285 -10.586 -15.903
Percent
(U Cyoeee) (o ylan! capgllane e 60599 60587 60566
Expected utility (Million 60603 Quantity
Rials)
Loy -0.006 -0.026 -0.061
Percent
s 4 (6Ll cupollae Cons 1.88 Sl 1.99 2.10 2.24
s Quantity
Ratio expected utility to
crop level
Source: Research findings v ol (s le
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Table 3- Comparison of current cropping pattern with results of PMP model based on different scenarios of available
fertilizer (Unit: Hectare)

Sl 5 el ab 5o O i Alg OV ywd 3 39S ials olags luw
Cultivation area Basic pattern Unit of changes Scenarios of reduction available fertilizer
5% 10% 15%
gy 27741 e 26938.940 25156.596 25299.685
Rice Quantity
Loy -2.891 -5.711 -8.800
Percent
puS 1757 i 1614.872 1470.914 1320.296
Wheat Quantity
Loy -8.089 -16.283 -24.855
Percent
& 2075 i 1743.176 1403.665 1079.632
Corn Quantity
Mo > -15.992 -32.354 -47.97
Percent
1518 JTvR 372.342 163.822 0
Rapeseed 575 Quantity
Loy -35.245 -71.509 -100
Percent
JS cusS waw i 30669.329 29194.997 27699.619
Total cultivation 32148 Quantity
area
Loy -4.599 -9.185 -13.837
Percent
sl collas Sl 60600 60592 60578
(JY skee) 60603 Quantity
Expected utility
(Million Rials)
Loy -0.004 -0.018 -0.041
Percent
S paw 4 1.88 Quantity

Ratio expected
utility to crop level

Source: Research findings
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Table 4- Comparison of Stability index in current cropping pattern and PMP model based on different scenarios of available
water and fertilizer

Stk sl N )
Stability index al G Jeve 1
Basic Unit of
pattern  changes

o ynd 33 G LialS gy ylw
Scenarios of reduction available water

v ywd 3 395 ials lags lw
Scenarios of reduction available fertilizer

5% 10% 15% 5% 10% 15%
hpan O laie 12307.37 i 12344.35 12387.97 12439.583  12305.127  12289.434 12268.038

Used water Quantity

Loy 0.300 0.654 1.07 -0.018 -0.145 -0.319
Percent

o pe 355 ke e 2954 294.73 293.932 294.74 293.33 291.989
Used fertilizer ~ 295.98  Quantity

Loy -0.195 -0.422 -0.691 -0.418 -0.895 -1.348
Percent

Source: Research findings
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Introduction: Water scarcity, improper management of water resources, excessive application of chemical
inputs, and lack of proper cultivation patterns are present in agriculture. Lack of attention to these cases will
inflict irreparable damage on the agricultural sector. Accordingly, attention to sustainable agriculture,
conservation of water resources and prevention of improper use of chemical fertilizers are essential to reduce
environmental pollution. In many cases, there is agreement on the river basin scale as a suitable spatial scale for
analysis of water resources management. Tajan Basin with area of about 4187 km? is one of the important parts
of Caspian Sea Basin .The Current status of water resources in Tajan basin due to decrease in river runoff, has

doubled the focus on the basin's water resources management.

Materials and Methods: In this study, with the help of positive mathematical planning and maximum
entropy approach in GAMS, policies to reduce the use of chemical fertilizers and water in selecting the
appropriate cultivation pattern for 2017 in the Tajan basin were reviewed. Within the model, the farmer
maximizes the expected utility of their stochastic income, subject to resource and non-negativity constraints. To
include both market and yields uncertainty, we calculated profit covariance matrices by using national averages
for prices and yields for the 2018-2009 period. The resource constraints include land, water and fertilizer.
Selected irrigated crops in the region include rice, wheat, rapeseed and corn. In the present study for simulating
farmers' response, reduction scenarios including 5%, 10% and 15% of available water and fertilizer are
considered. There are also two environmental sustainability index that are related to amount of the used fertilizer
and water. The smaller the index is, the greater sustainability is provided in crop production.

Results and Discussion: Calibration of PMP pattern with maximum entropy approach showed that there is
no difference between the value of target function, inputs and cultivation level in the current situation and
calibration pattern. In all water reduction scenarios, the total cultivation area decreased. The results indicate that
the agriculture in the basin is vulnerable due to changes in available water. The 15% decrease in water resources
causes a significant decrease of 15/903% of the cultivation area. Cultivation area under fertilizer reduction
scenarios has been lower in comparison with water scenarios, and so reduces the used fertilizer and increases soil
conservation and water stock. In reduction scenarios of water and fertilizer, land reallocation is reduced due to
less reduction in expected utility of farmers. In water scarcity conditions and lack of fertilizer, rice and wheat
crops have higher economic benefits per hectare than other crops. The sustainability index for used fertilizer in
all reduction scenarios of water and fertilizer is lower than the current pattern. Also the index of the used water
in the PMP model is lower than the baseline in the region that decrease was 0.018%, 0.144% and 0.319% at
three levels of 5%, 10% and 15%, respectively. In the scenario of 15% reduction of fertilizer, land allocation and
economic benefits decreased by 13.83% and 0.034%, respectively. However used fertilizer and water index
improved to 1.348% and 0.319%, respectively. Therefore, improving the water and fertilizer application index
has a higher priority than reducing the expected utility in the region.

Conclusion: In the current cropping pattern, farmers do not pay attention to the environmental characteristics
and sustainability of the region. While with the policies of reducing the quantity and price of chemical inputs and
introducing different types of sustainability indicators, it is possible to develop a cultivation model. In addition to

earning the necessary profit, it enables the optimal use of fertilizer and water inputs. Changing the behavior of
farmers compared to the current pattern of input consumption requires strong motivation and reasons. Therefore,
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water quality tests and soil decomposition in the region, as well as providing appropriate formulas for optimal
use of chemical fertilizers is needed. Extension services to increase people's awareness is a good solution for
optimal use of inputs and increase the level of cultivation and farmers' profits.

Keywords: Expected utility, Positive mathematical programming, Sustainability index, Tajan basin



