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Figure 1- Preparation of pots and planting
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Table 1- Date and volume (ml) of irrigation in different treatments

S‘“’tb 93/12/29 94/1/10 94/1/12 94/1/15 94/1/17 94/1/18 94/1/20 94/1/22 94/1/24 94/1/26
ate

Jﬁl{F‘f)w 94.3 74.6 52.0 2051 1679 1018 2038  196.1 77.9 174.4

d)%r;o/v. 96.0 488 49.3 240.7 176.0 1011 2156 @ 2054 78.2 187.3

‘5)%;::0/?' 106.0 1284 516 209.0 164.4 - 270.3 200.3 755 168.5
‘5)1”";%50/;' 96.0 - 37.3 1911 162.0 - 262.4 190.7 69.9 169.7

ga)tl; 94/1/28 94/1/30 94/2/1  94/2/3  94/2/5 94/2/6 94/2/8 94/2/10 94/2/12 94/2/14

JAKF"IS)LHI 1852 2983 251.3 2308 3163 1157 269.1 3624  356.0 3175

d)t‘él’joﬁ' 2029 2400 201.0 1840 2528 925 2153 2899 2848  296.3

‘S)L"gljom' 187.4 180.0 151.0 1384 189.6 694 1615 2174 2136 222.2

LS)L.?I;SO/;' 183.0 120.0 100.0 92.3 126.4 462  107.7 144.9 142.4 148.2

ga)tl; 94/2/16 94/2/17 94/2/19 94/2/21 94/2/23 94/2/25 94/2/27 94/2/29 94/2/31  94/3/2

JﬂL{Ff)LHI 377.3 1793 2311 335.7 3283 3772 4344 6436 546.7 533.4

d’%r’;oﬂ' 301.8 1434 1777 268.5 2626 301.8 3475 5149 4373 426.7

d’%joﬁ' 2264 1075 1333 2014 1969 2263 260.6 3862 3279  320.0

d’%l"’goﬁ' 1509 717 88.8 134.3 131.3 1509 1737 257.5 218.6 213.4
&b 04/3/4 94/3/6 94/3/8 94/3/10 94/3/12 94/3/14 94/3/16 94/3/18 94/3/20 &
Date Total

J”KFf)L"I 163.3 378 479.3571 237.6429 391.6143 402.2 416.5571 541.2286 403.7714 11357.37

d)%lrjoﬂ. 130.6 3024 3834 191 3133 381 3333 433 3232 9621.54

d)%ljoﬁ' 979 2268 287.6 142.5 235 241.2 250 325 2424 7509.42

d)%rgoﬁ' 653 151.2 1917 95 156.6 160.8 166.7 216.5 161.6 5304.4

LS Olaswin -Y Jgia
Table 2- Greenhouse characteristics

LA o)lons Glwptens (aip0 po) Colwe  Clade  (alipd) (20 SIS Jidg g9 Jyaro

Greenhouse no.  Clty Area (m?) Water source Flow (Lit/Sec) Greenhouse cover Crop
1 i 4500 0.2
2 S 3600 0.2
3 Abyek 3000 0.1 2 _
4 . 3000 _ 0.1 2 2
5 " 3000 43 01 »% -] 4 £
6 Qazvin 5000 = 0.2 > > "8
7 125 s 15000 1 2> ©
8 Boein 15000 1
9 Zahra 4000 0.5
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Figure 2- Effect of different parameters on greenhouse cucumber evapotranpiration
Wb o Ui 1y Aoy B 9 ) e )0 (g)ld gime s g e
* and ** significant at significance levels of 5% and 1%, respectively.
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Table 3- Evapotranspiration equations

. Jalso Wales el pd. (Sod 0 5 i ©layye (Sbe
@l . Equation coefficient . -
Equation a b c d Corrolation coefficient Average of square error
1 ET=TavgaRHavgbHc 0.812 -0.79 0.643 - - 0.865 0.781
2 ET=a Tmin+b RHmin+c Rn 0.382 -0.34 0.453 - - 0.658 1.919
3 ET=aTmax+bRHmax+cRn 0.088 -0.06 0.598 - - 0.456 3.055
4 ET=aTavg+bRHavg+cRn 0.298 -0.017 0.544 - - 0.555 3.497
5 ET=aRab TavgcH d 0.05 0.772 0.015 0.612 - 0.858 0.817
6 ET=aTavg+bRHavg+c H 0.165 -0.05 0.0118 - - 0.857 0.804
7 ET=aTmin+bRHmin+c H 0.199 -0.04 0.113 - - 0.856 0.809
8 ET=aTmax+bRHmax+c H 0.08 -0.02 0.126 - - 0.842 0.887
9 ET=aTmax+bRHmax+cRn +d H 0.078 -0.02 0.045 0.122 - 0.843 0.905
10 ET=aTavg+bRHavg+cRn +d H 0.163 -0.06 0.062 0.0113 0.859 0.814
11 ET=aTmin+b RHmin+ cRn +d H 0.193 -0.1 0.112 0.100 0.865 0.781
a[AlR, — &)]
12 Ely=——7F7T"7" 0575 - - - 0.463 2.865
Aty

13 _ BAK.) n .

EL=a+— oy +ecle,—ad+ i teRF -. 10.8 1726 0.105 -9.9 -0.16 0.861 0.825

SALH) f

14 EL= ye +bls,—sJ+ oy TORE .. 1548 0.067 -8.63 -0.04 - 0.847 0.881
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Figure 3- Comparision of evapotranspiration estimation methods
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Table 3- Evapotranspiration and yield of cucumber in different treatments
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Figure 4- Evapotranspiration and yield of cucumber in different treatments
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Figure 5- Yield and water productivity of greenhouse cucumber
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Introduction: Greenhouses have a key role in agriculture productions. Given the ability of controlling
production factors, there is the possibility of out-of-season cultivation in greenhouses, which is important in
terms of food security, economics, and agricultural marketing. Estimation of water requirement for planning the
development of greenhouses and their operation is very important. Awareness of the exact amount of water
requirement is important both in terms of production and growth. Many studies have shown the usefulness of
greenhouses in improving yield, physical and economical productivity. So far, comprehensive studies have not
been carried out on the productivity of greenhouse cucumber cultivation and its effects on water resources in
Qazvin province. Therefore, the goal of this study was to determine the greenhouse cucumber water requirement
and provide a model for estimating evapotranspiration of cucumber under greenhouse condition. Also,
determining greenhouse cucumber productivity in Qazvin province and evaluating the effect of this improvement
on water resources were other objectives.

Materials and Methods: This research was carried out in a greenhouse near Qazvin city. The height of the
greenhouse from the ground was 4 meters, and its plastic cover was made of polyethylene. Experiments were
carried out in greenhouse with greenhouse seedling on 20-3-2015 in two rows of pot. The greenhouse was
equipped with the necessary tools to measure temperature, maximum and minimum temperature, relative
humidity, and solar radiation. Soil texture in this research was clay loam with 30, 32 and 38 percent of sand, silt
and clay, respectively. The water content was, , 31% and 16 percent at field capacity (FC) and permanent wiling
point (PWP) respectively. An irrigation interval of two days (a favorable condition) was considered. In this
experiment, the seeds of the Royal cucumber were used to coincide with the planting time and harvesting length.
The plastic pots with a diameter of 18 cm and a height of 23 cm were utilized. The pots were filled with equal
quantities of fine and fine gravel (for drainage) and then with the agricultural soil prepared for cucumber
cultivation. In order to provide conditions similar to the actual cucumber planting in the flower bed, the pots
were placed close to the greenhouse. The irrigation of the plants was carried out manually for 83 days. The
relative humidity, temperature and radiation were measured hourly. Further, the effects of irrigation on different
characteristics of the test plants were observed and recorded. The moisture content was measured by weight and
soil moisture reduction in full irrigation was compensated for the FC moisture content in each irrigation interval.
Until 30 days after planting (Stages 4-6), the pots were irrigated with equal amounts. In order to evaluate the
effects of deficit irrigation, four treatments were considered. These treatment were as follows: first treatment
(FD): irrigation depth equal to 100% of the plant evapotranspiration with five replications, treatment (DI120):
irrigation depth equal to 80% of the plant evapotranspiration with five replicates, treatment 3: (DI140) irrigation
depth equal to 60% of the plant evapotranspiration with five replicates and the fourth treatment (DI60): irrigation
depth equal to 40% of the plant evapotranspiration with five replications.

Results and Discussion: The maximum and minimum evapotranspiration was 8.7 and 1.06 mm/day in 61
and 13 days after transplanting, respectively. By investigation different mathematical models, the best models for
estimation of cucumber evapotranspiration in greenhouse was the power model based temperature, humidity and
height of crop with R? of 0.86. The FAO-Penman-Monteith and Blaney-Criddle models exhibited the best and
worst performance with R? of 0.42 and 0.24, respectively. The cucumber water productivities in greenhouses
ranged from 9.23 to 22.44 Kilograms per cubic meter. This wide water productivity range shows the importance
of management and operation in water productivity improvement in greenhouses.

Conclusion: Estimation of greenhouses cucumber water requirement and water productivity are very
important. The best model for estimating cucumber evapotranspiration in greenhouse was the power model
based on temperature, humidity and height of crop with R? of 0.86. In this study, cucumber water productivity
was estimated in Qazvin greenhouses. The results showed that cucumber water productivities ranged from 9.23
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to 22.44 Kilograms per cubic meter. Consequently, 117 ha greenhouse is required for producing the present
value of cucumber in the province. This option would save 15 millions of cubic meter water in this area.
Development of greenhouses with regarding to various economic and social aspects can help decision-makers in
solving water shortage problems.

Keywords: Deficit irrigation, Evapotranspiration, Penman-Monteith



