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ABSTRACT

Although the agricultural sector consumes more than 90% of the extracted water, its efficiency is lower
than other sectors. Also, according to the population growth and critical role of food security, and the
necessity to supply water to other sectors, an increasing pressure to save water, optimized consumption
and increasing water use productivity in agriculture will occur in the future. Nowadays improving
water use productivity and producing more crops per water unit consumed are the main objectives of
agricultural activities. There are severa indexes to evaluate the water use productivity in agriculture.
Hence, investigation on the capabilities and deficiencies of each index is necessary. In this study, four
indexes of water use productivity including produced crop per one cubic meter of water (CPD), gross
benefit per one cubic meter of water (BPD), net benefit per one cubic meter of water (NBPD) and
benefit to cost ratio for three major crops in Iran, namely wheat, barley and potato are evaluated and
located with geographic information system (GIS). Results show that by combining all four indexes,
wheat in northern and western areas and Khuzestan province, barley in Khorasan Razavi province and
northern and central areas and potato in Hamedan province and northeast areas have a better
distribution in Iran.
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1. Introduction producers as well as selection of the

In Middle East countries, especialy in
Iran it is necessary to determine the real rate
of the water use productivity for different
agricultural products and to use software
and hardware methods in order to promote
and optimize its qualitative amount due to
gpecia climate conditions, limitations of
water resources and increase of agricultural
products. In this regard, attention to the
optimal use of natural facilities and
resources (e.g., land, water and other
agricultural products), increase in
productivity of production resources,
improvement of welfare level and income of
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effective and efficient pattern of the
productivity system of lands seem to be of
significant importance.

Considering the warm and dry climate of
Iran, the main restricting factor of the
agricultural development and production
increase is the shortage of water.
Agriculture sector will surely face more
shortage and restrictions in the future
considering the increasing demand for water
by urban and industrial sectors (Jafari and
Soltani, 2000). Current amount of
agricultural products of irrigated farms in
Iran is more than 57 million tons, whereas
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according to the economic, socia and
cultura developments, the amount of
agricultural products of irrigated farms
should become at least more than 186
million tonsin 2021. In order to achieve this
production level in 2021, and taking the
current water use productivity of 0.7
(kg/m®) into consideration, regardless of the
combination of agricultural products and the
different levels of precipitation at different
areas, the amount of the required water will
be more than 266 billion cubic meters
which cannot be gained considering the
total amount of precipitation as well as the
water that could be obtained from
subterranean and surface resources. Hence
there is no option other than increasing the
productivity of water consumption in the
irrigated farmlands (Faryab) of the country
up to 1.8 to 2 (kg/m®) (Ashgar Tous and
Tashakori Beheshti, 2005). Khazaei (2000)
also stated that it is necessary to meet the

major pat of the requirements of
agricultural devel opment through
economizing the consumption and
increasing  water  use  productivity.
Considering the limited production

resources and factors, efforts should be
taken to use the existing resources and
products efficiently and optimally in order
to be able to increase the production using
the current usage level of agricultural
products. In order to increase the
productivity of production factors, the factor
(s) reducing production has to be identified
and directed toward the promotion of
production, planning and further research
over the identified factor (s).

Different researches regarding water use
productivity for different agricultural
products were conducted at regional scale.
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A Study at Sirsai region in India by Singh
(2003) showed the mixture of Agro-
hydrologicl model of  soil-water—
atimosphere of the plant at farm scale
together with field information, remote
assessment and geographical information
system, and increased the credibility of
possible simulation of water productivity
from farm scale to the regional scale.

Kijne et a. (2003) stated that the original
meaning of water productivity is to
understand how the different existing
agricultural production systemsin afield or
region (considering the water shortage)
could use water more effectively.

Molden et al. (2003) also explained that
the meaning of water productivity is used
differently. They attributed the productivity
to the proportion of output unit (s) over
input unit (s).

Another study by Oweis and Hachum
(2003) concentrated on research regarding
the improvement of water productivity in
dry farming areas of west Asia and North
Africa. Also Ahmad et al. (2004) conducted
analyses to identify time and place variants
in productivity of water systems to cultivate
rice-wheat in Pinjab, Pakistan at farm scale.
The results showed that differences in water
consumption, cultivation date, and use of
fertilizers, soil quality and socio—economic
conditions could make changes to the place,
and that the quantity and time of
precipitation is also an important factor in
time changes.

Neirizi and Fakhrdavoud (2008)
determined the wheat water use productivity
in Chenaran as 0.38, 0.76 and 0.44 Kg per
unit of consumed water, respectively and
the sugar beet water use productivity as 1.8,
35 and 1.9 (kg/m®), respectively. The
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increased water use productivity in Torbat-
e-Heidarieh farm was due to the fact that the
farm benefited from sprinkler irrigation
system and a more scientific management.

Montazar and Kosari (2007) studied the
results from 73 researches in 13 different
provinces over 11 crops to investigate the
effect of changes in quantitative rates of
water use productivity indexes. They
reported that a comparison between the
water use productivity of the studied crops
in Iran and international rates showed that
the range of changes of productivity index
of agricultural productsin Iran is very vast.
In order to find better methods to use water,
water use productivity indexes could be
used. These methods and indexes help to
assess the method of using water and land
as well as the impact of each agricultura
product on the system performance. Using
these indexes, the performance of one
network or irrigation system could be
compared with the performance of other
internal and/or external networks.

The objective of this research is to study
and compare different water use
productivity indexes for different crops
including wheat, barley and potato in Iran,
the geographical distribution of water use
productivity throughout the country as well
as access to the best indexes in assessments
and the most productive products.

2. Materials and Methods

As it was pointed out, the water use
productivity in farming means the
agricultural product per water product.
Considering the variety of the crops of
agricultural sector that could be relevant to
the product quality, net vaue of the
produced crop, gross benefit, added value of
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the produced crop, employment, self-
sufficiency, etc. indexes were presented to
study the productivity. Among the most
common productivity indexes of water in
agriculture, four indexes namely crop
production per cubic meter of water (Crop
per Drop — CPD), gross benefit per cubic
meter of water (Benefit per Drop — BPD),
net benefit per cubic meter of water (Net
Benefit per Drop — NBPD) and benefit per
cost (B/C) could be noted.

In Crop per Drop (CPD) index, the
amount of water productivity is assessed by
the amount of produced crop per unit of
consumed water. Although calculation of
thisindex is easy, since the amount of crops
of different plants is different, the index
cannot be used to compare the water use
productivity of various plants.

In Benefit per Drop (BPD) index, the
amount of water use productivity per gross
benefit from selling the produced crop per
unit of consumed water is calculated. Since
in this index the gross benefit obtained from
selling the product is taken into account, the
precision is more than Crop per Drop (CPD)
and it could be used to compare the water
productivity of different plants. On the other
hand, since in this method the amount of
spent costs is not taken into account, proper
precision is missing to compare the plants
that do not have similar production costs.

The other index to measure the water
productivity in agriculture is Net Benefit per
Drop (NBPD) index which is calculated by
the net benefit from selling the product per
unit of the consumed water. To calculate
this productivity index, the net benefit
product and/or value added products are
taken into consideration. Although it is
dightly difficult to calculate this index, it
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has a higher precision in comparison with
other indexes.

Hence the water use productivity indexes
studied in this research are as follows
(Ehsani and Khaledi, 2003):

Production of the Crop per one cubic
meter of consumed water = Crop per Drop
(CPD)

1)
_ Produced Crop
CPD = / Consumed Water

Gross benefit per one cubic meter of
consumed water = Benefit per Drop (BPD)

BpD = Sold PmduCt/Consumed Water (2

Net benefit per one cubic meter of
consumed water = Net Benefit per Drop
(NBPD)

_ Net Benefit
NBPD = / Consumed Water (3)

Benefit per Cost (B/C)

B/C _ Benefit/cost 4)

The sustained costs to supply water for
farming are different in various irrigation
plans, thus benefit to cost ratio could be
used as awater use productivity index.

Scattered studies were conducted at
national level and regional level to enhance
water use productivity of different crops.
There is a mgjor need at nationa level to
conduct comprehensive research over
important and fundamental crops that are
mostly required by the people.

In Iran three major crops, i.e. wheat,
barley and potato are in the groups of most
important and fundamental crops that play a
significant role in the dally lives of the

20

Iranian people. That is why this study
concentrates on reviewing the water use
productivity indexes of these three crops
using geographical information system and
ArcGIS10 software in order to assess the
pattern of farming these crops from water
consumption point of view by calculating
the productivity of the crops.

In order to calculate the consumed water
for each of the above indexes, the net
irrigation  requirement  was  initialy
calculated according to the data of 165
synoptic meteorological centers throughout
Iran using CROPWAT software and Water
National Document (NETWAT software). It
is worth mentioning that the average
effective precipitation was also taken into
consideration in order to calculate the
quantities of the net requirement. In order to
calculate the productivity index, the rea
consumed water or in other words, the gross
irrigation requirement of plants as one crop
was the basis of calculation. For this
purpose, the gross irrigation requirement is
calculated considering the irrigation
efficiency of each province and the results
areshown in Table 1.

Then the performance, the gross value of
production, the total costs of production, the
gross benefit and added value of the crops
are required to calculate each of the four
water use productivity indexes for the crops.
The gross value of production is the result
of adding up the value of the major crops
and the minor crops. The gross benefit is the
result of the difference between the gross
value of crops and the total production
costs, and the added value is the result of
adding up the gross benefit and the laborer's
costs. The laborers cost is estimated as the
result of multiplying person—day—work by
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laborers value that was 129,900 Rials in also taken into account in the studied
1391(20 March 2012 - 20 March 2013). production costs.
The costs to supply irrigation water were

Table 1. Efficiency of irrigation water in Iran (Sohrab & Abbasi, 2009) and gross irrigation requirements

of Wheat, Barley and Potato
Gross Irrigation

Province Efficiency Requirements(m3/ha)

(%) Wheat Barley Potato
Kohkiloye 54.1 6317 4867 12356
Kerman 40.5 10651 8009 15077
Chaharmahal 30 10927 8662 14860
Khozestan 441 6616 5134 9220
K horasan-Jounoubi 35 11228 9866 27238
Esfehan 395 11478 9588 17561
Lorestan 40 6931 5230 18196
Ghom 35 7082 5303 19751
Markazi 50.4 7534 5757 17955
Hamedan 45.6 7055 5533 16973
Tehran 44.1 6049 5020 15641
Kordestan 40 6445 4800 15322
Ghazvin 52.3 6981 5613 15481
Mazandaran 51.2 3678 3010 9993
Semnan 41.3 7275 6345 16118
Zanjan 357 8832 6979 17647
Khorsan-Razavi 42.7 10301 8893 23238
Golestan 41.9 5115 4115 11208
Khorasan-Shomali 35 7215 6165 18276
Ardebil 64.8 4588 3404 10382
Azarbayjan Gharbi 51.3 5450 3957 12282
Gilan 47 4624 3590 8642
Boshehr 40 6041 4903 8041
Azerbayjan Sharghi 435 6539 4835 14317
Fars 50.3 8323 6806 11550
Hormozgan 37 6337 5496 16065
Yazd 47.2 12104 10070 17666
Kermanshah 424 5660 4269 17753
llam 35 6839 5298 14398
Sistam 35 8973 7228 17537
Mean 46.1 7439.60 5958.17 15358.13
Table 2 shows the gross vaue, total products per hectare of cultivation of the

production costs, gross benefit, person—-day— three crops in million Rials in the provinces

work, laborers costs and added value of under study. All the relevant values of the
21
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crops from table 1 and 2 were inserted into
descriptive table of Iran map divided by
each province using ArcGI S10 software and
then were interpolated using Inverse
Distance Weighted (IDW) method. Then the
raster map was extracted based on the
mentioned amounts of crops throughout
Iran including all parts. Later, the raster
maps of the geographical distribution of
different water use productivity indexes in

HIE
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Iran were prepared using overlay of the
existing maps per formula of each index.
The fina maps were the result of
different maps of water use productivity
indexes for the three crops using stretched
classification where the scope of changes
and the maximum and minimum of the
mentioned indexes are well marked on this
classification and are presented at the end of
the relevant maps as far as wheat as an
exampleisconcerned (Fig 1, 2 and 3).
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Fig. 1. Spatial distribution of CPD index per Kg/m3 for Wheat
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Fig. 2. Spatia distribution of BPD index per 10 Rials/m3 for Wheat

Eventually taking into consideration the where the figures of each province as the
gained indexes as an average according to average of each gained productivity rate of
each province, table 3 which is the final that province are enumerated to be used by
result of the study in hand was established the researchers and experts.
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Fig. 3. Spatial distribution of NBPD index per 10 Rials/m® for Wheat

3. Results and Discussion

Considering the gained maps, it was
found that the highest productivity of wheat
in Iran (CPD) is 2.4 (kg/m3) in Khuzestan
province, while it is 0.2 in South Khorasan
province. Comparison with NBPD index
shows that Khuzestan province had the
highest rate of productivity and talent to
farm wheat.
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Asfar as barley is concerned, the highest
productivity in CPD is9.89 which is located
in Khorasan Razavi province and is quite
high and suitable in comparison with the
international index which is 1.8 to 2. The
lowest productivity is 0.25 (kg/m3) in South
Khorasan province and the average
productivity level is lower in other parts of
Iran. The north, east and central parts show
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the required talent for farming and
eventually NBPD index in Yazd province
shows the best value as far as BPD index is
concerned.

Potato shows the highest productivity
equal to 19.01 (kg/m3) in Hamedan
province and is the highest among the other
two crops as far as the highest productivity
rate is concerned. The high productivity
justifies its farming despite being costly.
There is a high potential to produce this
crop in Kerman province, and Gilan and
Mazandaran provinces stand the next. The
east and northeast parts of Iran are not
suitable for this purpose.

As it is noticed in table 3, potato has the
highest productivity of water as far as the
four BPD, CPD, NBPD and B/C indexes are
concerned in all provinces and this shows
that although potato is a costly crop in the
production process, its high productivity
according to all indexes turns it to a
productive and economical crop.

The total average amounts of water use
productivity of whesat, barley and potato in
Iran are 0.54, 0.91 and 1.62, respectively.
Even potato that has the highest
productivity is very low in comparison with
the international productivity index which is
1.8to 2 (kg/m3).

Comparison between the rates of water
use productivity indexes of the crops under
study and international figures shows that
the range of changes of productivity indexes
of agricultural productsin Iran is very vast.
The maximum amounts of these indexes
provide a view of the productivity potential
of the crops that could also increase through
improvement of management solutions and
methods. The minimum amounts also show
the status of water use productivity in
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traditional farming  without  applying
management methods and  efficient
irrigation systems.

Generally speaking, BPD index has

higher precison in comparison with CPD
index, but is incomplete because it does not
take the production costs into consideration.
NBPD index has a higher economic
precision in comparison with the other two
indexes. Benefit per cost index could aso
indicate productivity of water because the
costs of irrigation water supply are included
in the production costs, but this index is
mainly considered from macro-economy
point of view.

Since any of the mentioned indexes have
their own advantages, selection of an index
as the superior index is difficult and each of
the indexes could be used considering the
conditions, needs and policies of each
region and province of the country, holding
and gaining the indexes and mixing their
results together.

4. Conclusions

Generaly speaking, CPD index is used
more often than other water use productivity
indexes due to being ssimpler. This index is
usually used in calculations, while the other
indexes are less noted. Hence it is suggested
to pay specia attention to this issue in the
conducted studies and/or in the future
studies as different water use productivity
indexes are likely to have different results.

One of the most comprehensive and
complete productivity indexes is NBPD
which is used less often due to its difficult
calculation process, but it could have more
acceptable and realistic results, if used due
to being comprehensive and that is why this
index is suggested to be used more often.
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Table 2. Performance, Gross value, Total cost of production, Gross benefit, Person-Day-Work, labor costs and
value added per acre in Wheat, Barley and Potato

Wheat Barley Potato

Performmce Grosvabe Totlood Gooss Benefit PersonDyy  Ishoreosts walecadded Poformance Grossvalue Totloodt GrosBenefit PersoeDay  laborcoss valueadded Performance Grossvabee Totd oot Gooss Bencfit PersonDey  Isboroosts  valeeadded
(Rgha)  (Millica Risljof prodection Mellica Rial) ~ wodk  (Vllion Rial) Milkoo Ridl)  (Kgha)  |MGllion Riaf)of prochuction |NGllion Rl woek  (Million R (MEllice Rial)  (Rgha)  (Vlliom Rial)of prodection (VEllicaRial)  work  (N&llicm Rial} | Mllion i)

Province

Kofkwe %0 B M6 SMNS 40 0% WM BT S M wp ogmoose 0 0 0 0 0 04
Kerman W M9 W 4 T M BH E8N G 1 % g ew & s M4 %1 630 16 M5 658
(haharmahal MBI BT 486 S M 0 M NI 8% 3T g gm0 mm Wm0 88 1S W B 8 M6
Khozestan 0600 731 4 B U 465 18000 4 m 137 64 1 AR T R U 169 19 54 n4
Khorgsan-Jounouj 28200 BX %6 56 ©M 682 B M4 BB 5B g ey s oMy om B S8 e NS 16
Esfehan A0 D9 0% 1% B el 139 608 1260 M 18 mw ee 15 ™S 48 W 186 M6 159 S
Loestn I3 88 B4 I MB350 M0 8B 65 I qnp 2 40 M6 & XM M3 %1 6 44
Ghom M5 138 190 3 B 30 N UM W TR S wn o g M w0 0 ) 0 ) 0
Markaz o BE o W 74 Awooin W03 4370 1178 68l % nm 8485 B3 s 167 3 27 68 B3
Hamedan S0 M6 i [ X 1 (] 0% 43 W KM M e M oMy W %i I % i) 9
Tehran FLLH TR T . 7 1 I 1 e e I L . L L I I L L L )

WEA B OS® O Rl6 N6 M6 1R e
Kordestan

=
=

B g om0 W &2 BN RT W 8
Ghazvin DO WE R A BE 36 T3 BRI IS DS LD wy an o sy el w3 W B0 5
Mazandaran B0 M3 39 0B & 1M LB N 3% 34 I mu o 55 T4 WM4 B4 MBS M2 BS B
Sermmat SR BH U6 S AN SF IR I8 0H 8 3 pg am 0 w5 0 65 M BT 53 W &
Tanjan ¥moonn o IH o 33 B 35 88 BN 0% 6 4B my s 7m0 9ms £ B8 ME B8 51 &5
KosnRazi 560 B9 66 7% AD 3 WS WA % SN 6D w3 30 e M@ W X 1 Ws w5 5
Golestan ET I S T L 5 T O & L Y T T S TP S PR 1T SR ST PO PR
KhomsanShomali B850 031 74 480 RE 48 9% MK 0D &% 3wy s s e 95 N9 &6 1 16 48
Ardebil R S S Y T T et I T s
Avabayjan Gharbi 8660 1278636 6l NI 27 9B BN 8% 3® 30 ey a3 M3 B6 o N8 N8 W3 g W
Gilan NEH 0N 0H W 0 0N 0® NME 00 0N 08y ¢ oy WE 8 6 W s

Boshehr WM el I BH O OAM 0 T MMM BB M 1N ywm um 7wl 0 ] ] ] ] ]
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Table 3. Average of different indicators of water use productivity from GIS maps

for Wheat, Barley and Potato

Wheat Barley Potato
Province CPD BPD NBPD B/C CPD BPD NBPD BIC CPD BPD NBPD BIC
(Kg/m (10Rias/ (10Rials/ (Kg/m (10Rias/m (10Rias/m (Kg/m (10Rials/ (10Rials/
3) m3) m3) 3) 3) 3) 3) m3) m3)

Kohkiloye 054 8188 16105 08158 081 4839 69307 037 097 6741 934 0
Kerman 048  60.02 13279 02463 048 1701 119762 -002 248 13913 22223 081
Chaharmahal 034 4306 9291 05503 047 3297 25531 040 171 14368 192 117
Khozestan 047 5629 10532 05964 067  36.84 158.07 051 26 21045 27397 0.69
Khorasan-
Jounoubi 025 4915 10839  0.587 0.3 4247 446.78 069 074 1641 8381 -0.25
Esfehan 035 4328 10174 01804 067 2649 97727 015 124 10329 1548  0.66
Lorestan 052 5866 10332 02911 082 39.04 89.36 0.26 147 1515 18478 1.37
Ghom 053 10468 15347 10199 433 44.71 129.71 0.24 074 5443 80.7 0
Markazi 052 8886 13316 12487 17 56.7 11786 073 13 14724 1835 218
Hamedan 059 8425 12893 07628 097 47.3 98.91 0.32 1.94 200 2485 117
Tehran 078 12236 18156 0965 143  54.38 131.67 0.31 15 11947 20876 035
Kordestan 065 10563 15344 13649 092 72.74 115.95 0.85 195 196.66 261 0.98
Ghazvin 058 7083 11558 03482 095  34.03 1028 010 139 167.82 25024 107
Mazendaran 111 1925 29877 18141 175 100.64  241.82 0.74 218 242 37115 081
Semnan 057 8125 15199 08158 0.88 53.84 666.36 0.59 131 175 24133 170
Zanjan 043 6164 9485 07345 058 51.02 91.55 0.79 1.49 175 22471 121
Khorsan-Rezavi 034 6L72 10962 10921 046 5363 44644 105 104 12512 2128 116
Golestan 068 91.34 17095 04895 115 77.89 250.66 0.48 2 23326 33584 065
Khorasan-
Shomali 05  69.94 10962 06469 046  56.62 265.18 051 105 30322 3904 205
Ardebil 084 14128 17966 11455 103 7992 12708 064 247 21974 30632 063
Azarbayjan
Gharbi 062 10044 15101 1.0083 0.78 65.5 122.06 052 201 18111 27228 054
Gilan 07 7624  107.59 0 104 4323 25066 0 255 262 39635 107
Boshefr 05 5228 13466 0.3957 055  39.66 543.46 037 178 5323 8525 0
Azerbayjan
Sharghi 052 7009 11254 03083 069  43.05 93.65 017 196 20328 28131 1.24
Fars 044 5014 11313 02157 047 15.48 999.81 -007 195 7472 13184 034
Hormozgan 061 10007 15433 10081 0.46 12 708.71 0 177 4263 8855 015
Yazd 031 4904 11467 07992 042 2745 369886 035 135 69.84 11829 0
Kermanshah 069 10329 14286 09977 104 33.17 59.19 0 092 6226 90 -0.16
Ilam 051 6355 10506 06154 069 2491 54.62 0.31 1 9046  114.87 0
Sistam 036 5844 11767 10349 0.36 30.3 626.12 059 185 4972 9166 0
Mean 054 7974  134.69 0.74 091 4538 458.69 040 162 14267 20652 0.72
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It is very useful to use and apply
productivity indexes, especialy NBPD
index to organize farming patterns due to
the farmers economic justification. This
index is concentrated on net benefit and
since the farmers am is to gan the
maximum benefit, it is very understandable
and judtifiable for them and could help the
farmers reach their main aim which is
gaining more benefit. This defines the
above index in the best possible way.

Comparing the water use productivity
indexes with the redlities of the country and
the current farming pattern of crops, it is
concluded that in some regions the current
farming pattern does not correspond with
the crops productivity in that region and that
a crop which is farmed in the region is not
suitable for it considering its current
productivity rate. It is concluded that
changing the farming pattern of the region
could result in optimizing the production
output which is the main objective of the
study in hand.
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