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Table 1- Area (ha) and production (ton) of each main cropsin irrigated and rainfed fields

Y gare o i el ol
Crops Area(ha) Share(%) Production (ton) Share (%)
e 63499 39 250108 10
Irrigated wheat
|
<
Irrigated barley 26114 16 88549 4
ol b &3 9495 6 85593 4
Irrigated corn
oo sle <5 18132 11 1008015 42
Irrigated maize
] s
! 5
Irrigated alfalfa 19605 12 213709 ?
! Fperss 7762 5 301518 12
Irrigated tomato
s 2097 1 5083 0.2
Irrigated canola
st obls 4k 16184 10 461794 19
Irrigated other crops
MJ ,DJ.;f
Rainfed wheat 80694 74 64824 76
o >
Rainfed barley 10049 ? 7387 ?
o2 (i
Rainfed lentil 14421 13 4687 6
w2 2973
Rainfed chickpea 3656 3 1373 2
w22 GobS & 807 1 6507 8

Rainfed other crops

Table 2- WFs components of main irrigated and rainfed cropsin Qazvin Plain

2958 Codd 8 9 o ol ¥ gasmo ;3 U gLy el =Y Jgua

ol Gpan ol ks,
KA PWE 3,Sles 358 Water Use (mm) ’WF (m*/ton)
Crops Yield (Kg/ha)  Fertilizer (Kg/ha) ET. P D s ol eSB M ggese
¢ Ceff ' Green Blue Gray White Total
. ol P35 3939 218 475 303 750 769 437 277 1467 2673
Irrigated wheat
. o 3391 232 426 299 600 882 375 291 1394 2651
Irrigated barley
Lﬁ.‘ b &5 9015 483 680 60 1000 67 688 268 422 1177
Irrigated corn
. ; 55594 453 695 29 1000 5 120 41 60 185
Irrigated maize
. ! s 10901 31 949 295 1650 271 600 14 913 1784
Irrigated alfalfa
ol s 38845 449 726 81 1550 21 166 57 233 420
Irrigated tomato
. ! b 2425 261 420 286 700 1179 553 539 2334 4066
Irrigated canola
w23 pS ) ) . )
Rainfed wheat 805 43 303 3762 532 4294
2 9 _ _ _ _
Rainfed barley 755 38 299 3960 550 4510
w2 gois - - - -
Rainfed lentil 325 26 95 2923 795 3718
22 297 376 25 - 95 - 2530 - 674 - 3204

Rainfed chickpea
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Figure 2- Ratio of each WF componentsin main irrigated and rainfed crops
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Table 3- Total volume of WF in main irrigated and rainfed crops

ol b, ggeoxe

Y guaso WF (MCM /year)
Crops sl G B i Egeone
Green Blue Gray White Total
N 1923 1093 - 3669 668.5
Irrigated wheat
Lol 78.1 332 - 123.4 2347
Irrigated barley
Glalbes s se9 L 361 1007
Irrigated corn
lulde 50 110 - 60.5 186.5
Irrigated maize
o s 579 1282 - 195.1 381.3
Irrigated alfalfa
SRS g3 501 L 703 1266
Irrigated tomato
o 13
) 60 28 - 11.9 207
Irrigated canola
22 ruxf _ _
Raintod wheat | 2339 34.5 278.4
™ 97 300 - 42 - 342
Rainfed barley ) ) '
w2 s 13 - 3 - 174
Rainfed lentil 7 7 7.
2 257 - 09 - 44
Rainfed chickpea ] ]
P 642.5 503.4 433 864.2 2053.4
Rainfed wheat
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Figure 3- Volume (MCM/year) and ratio (%) of each WF componentsin main irrigated (a) and rainfed (b) and total (c) fields
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Figure 4- Weight of consumed and exported crop and consumed virtual water volume (CVWYV) and exported virtual water
volume (EVWYV) of main crops
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Introduction: Qazvin plain is one of the most important agricultural regions in the central part of Iran.
Because of recent continuous droughts and the increases in the demands of different sectors such as agriculture,
industry, environment and domestic, the plain is faced witha severe shortage of water resources. Due to the
declining share of surface waters, farmers increased the using of groundwater. And the overusing of groundwater
for irrigation has caused the severe drop in water level of the aquifer. The critical situations in the Qazvin plain
have made the agricultural water management and crop pattern modification vital and necessary.Due to the
population increase, concepts and theories such as food security, environmental protection and sustainable
management of groundwater and surface water resources, virtual water footprint and virtual water trading are a
dynamic concept for water resource management in all sectors that has considered more in recent years.

Materials and Methods: The green (effective precipitation), blue (net irrigation requirement), gray (for
diluting chemical fertilizers) and white (irrigation water losses) water footprints (WF) of main crop production
were estimated for Qazvin plain. The average yield and fertilizer application in irrigated and rainfed lands, for
main crops wasobtained from Agricultural-Jihad Bureau of Qazvin Province in for 2003-2014. P, values were
calculated by USDA method and ET. was calculated by FAO-Penman-Montieth method using the model
CROPWAT. Values of a under irrigation and rain-fed were considered 5 and 10%, respectively. In this study,
WFgy has been calculated just for nitrogen fertilizers. The maximum nitrogen concentration in the receiving
waters based on the US-EPA Standard is 10 mg/lit. Due to the differences in crop yield under rainfed and
irrigation conditions, the WF components were calculated using crop yield for different conditions, separately.

Results and Discussion: Canola and maize with 4066 and 185 m’/ton have maximum and minimum WF in
the irrigated lands, due to the yield of two crops. Canola and maize have maximum and minimum yield between
the irrigated crops, respectively. The total wheat WF of was estimated 2673 m’/ton in the area. The total WF in
the rainfed lands is much more than the total WF in irrigated lands that is due to the significant yield differences
in the irrigated and rainfed lands, especially for wheat and barley. In recent years, because of the decrease in

precipitation, the rainfed crop yields have decreased considerably. Between the irrigated crops, wheat, barley,
tomato, and canola are the four crops which have similar white WF (about 50%) and gray WF (about 10%). Also
there are the same shares between white and gray WFs of corn and maize. The shares of white and gray WF in
corn and maize are 28 and 18, respectively. These results show that agricultural practices and managements are
similar. In other words, the irrigation system efficiency and fertilizer application are similar in farms and for
crops. Also there aren’t significant differences in the green and blue WFs of corn and maize. These similarities
in WF components are the result of approximate equalities in the evapotranspiration, effective rainfall, fertilizer
application, and depth of irrigation. In irrigated lands, white WF contains about 46% of the total water footprint
in the production of main crops. In irrigated and rainfed lands, about 42% of the WF is related to white water.
Thus, irrigation losses are about 864 MCM/year in the region, which is really considerable for a region that faced
with water shortage crisis. In rainfed lands, the gray WF component is about 13. In total. If this gray WF which
is the environmental need for protecting water quality doesn’t meet, contamination of surface and groundwater
resources will be occurred .Wheat has the most consumed and exported virtual water volume with 652 and 343

MCM/year, respectively. The export of wheat includes 28.4% of the total exported virtual water volume and
20.2% of the exported water resources volume. Total consumed and exported virtual water volume from the
region are 1031 and 1022 MCM/year. The exported volume of blue, gray and white WFs consists about 783
MCM/year. Therefore, considerable volumes of groundwater and surface water resources exported from the
region by exporting main crops. The exported weight of maize, corn, alfalfa and tomato from the region is
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greater than the weight of consumption in the region. The total of blue, gray and white WFs is much higher than
the green WF of these crops. The export of these crops imports the most pressure on groundwater and surface
water resources of the region.

Conclusions: Qazvin Plain as one of the most important plains in the central part of Iran faces to water
shortage crisis. The concept of virtual water and WF of agricultural production help to better agricultural water
management in the region. The total share of gray and white WFs in the region is about 907.5 MCM/year and
44% of the total WF in the agricultural main crop production. Low efficiency of irrigation systems and excessive
use of nitrogen fertilizers in farms are the most important causes of high shares of these two WF components.
The planting and export of summer crops hasa considerable share of VW trade in the region. Due to the high
water requirements, the total share of blue, gray and white WFs is high in these crops. These WF components are
supplied from the limited surface and groundwater resources of the region. Also, WF in rainfed crops is much
greater than the irrigated crops. Droughts and rain reduction are the main reasons of severe decreasing in the
yield of rainfed lands. Supplementary irrigation is a management for reducing WF and improving yield in
rainfed land. VW trade volume is about 1,022 MCM/year.

Keywords: Blue Water, Gray Water, Green Water, Virtual Water Trading, White Water



