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ABSTRACT

In this study, it is aimed to determine the irrigation water required due to solar radiation in 
high technology greenhouses where soilless cultivation is carried out according to TS825 stan-
dards, and to determine the annual water consumption and storage capacity with the harvested 
rainwater. As a result of the calculations made for Turkey Mediterranean region, it has been 
determined that if 90% of the rainfall in the western Mediterranean region is harvested, 72% 
of the annual water consumption can be met, and 45% in the eastern Mediterranean region. In 
the inner regions where the terrestrial climate is dominant, 22%–32% of the annual water con-
sumption can be met with 90% of the rain harvested depending on the amount of rainfall. The 
required storage volume in the western Mediterranean is 0.420 m3.m-2, while it is 0.096 m3.m-2 in 
the eastern Mediterranean and 0.044 m3.m-2 in Kırşehir, where the continental climate prevails.

Cite this article as: Baytorun AN, Zaimoğlu ZB, Erkurt FE, Balcı B, Yeşiltaş HK. Calculation 
of rainwater harvest in greenhouses for semi-arid and continental climate zones. Environ Res 
Tec 2022;5:2:188–196.

INTRODUCTION

The increasing need for food in parallel with the population 
growth in the world increases the demand for agricultural 
products as well. It is estimated that by the year 2026, the 
world population will have reached 8.3 billion, with an in-
crease of 35% compared to 2000 [1]. In order to ensure the 
food security of the growing population in our country, it is 
necessary to increase agricultural production and produc-
tivity in agricultural production. It is not possible to say that 
our country has sufficient land and water resources, which 
are the two main elements of agricultural production. One 

of the most effective ways to increase production and effi-
ciency is to increase the yield per unit area of land. This is 
possible by using new technologies in agriculture and in-
creasing irrigated areas.

According to the State Hydraulic Works (DSI), average 
annual precipitation in Turkey is 574 mm. The average 
above ground and underground water potential of Tur-
key is 112 billion m3 per year [2]. Turkey's current water 
consumption is 44 km3.year-1. 74% of this water is used in 
agriculture while 15% is consumed as domestic water and 
11% is used in the industrial sector [3]. When water use 
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in our country is analysed by sectors, it is seen that the 
agricultural sector has the highest share. The pressure on 
resources in order to meet the increasing requirements of 
Turkey shows an upward trend [4].

Irrigation is the agricultural activity that has the highest 
effect on the yield increase in crop production. Water use 
efficiency (WUE), which is the ratio of yield to irrigation 
water usage, is generally used as a measure of water use 
in irrigation systems. Due to diminishing water resourc-
es, increasing water use efficiency is of great importance. 
WUE values in tomato production using greenhouses 
vary between 20.47 kg.m-3 and 47.7 kg.m-3 [5–7]. A sig-
nificant amount of water is consumed in vegetative pro-
duction in greenhouses. The ratio of tomato production in 
Turkey’s under cover vegetative production is 48%. Stud-
ies have shown that 193 litters of water are consumed for 1 
kg of tomato production [8]. This reveals that water saving 
should be especially taken into consideration in the com-
ing years in order to benefit more from the water resourc-
es that have diminished due to global warming.

Studies are being carried out to establish an optimum irri-
gation program for vegetables grown in greenhouses with 
medium technology on the Mediterranean coastline. In 
these studies, generally open water surface evaporation is 
used to determine the water requirement [9]. In their study 
on watering tomatoes in a glass greenhouse on the Mediter-
ranean coastline, Tari and Sapmaz (2017) took advantage 
of the Class A-Pan evaporation vessel and determined the 
water consumption to be 1.8 mm.day-1 in January-April, 
3.33 mm.day-1 in May and 5 mm.day-1 in June [10]. Us-
ing the FAO-Penman Monteith equality, Zabeltitz (2011) 
has determined the values as 0.86–3.5 mm.day-1 for Janu-
ary-April, 4.75 mm.day-1 for May and 5.9 mm.day-1 for June 
in his calculations of water consumption in Antalya, based 
on average daily temperatures [11].

Irrigation scheduling determines the amount of water ap-
plied to the plant (irrigation dose) and the application tim-
ing (irrigation frequency). Irrigation scheduling is made 
one in two different ways, depending water budget based 
on climatic data or soil and plant sensors [12].

In Turkey, irrigation for soilless agriculture production in 
high technology greenhouses established in recent years 
is scheduled according to the intensity of solar radiation. 
In soilless culture, normal planning for irrigation accord-
ing to solar radiation intensity is one irrigation applica-
tion per 80 J.cm-2. In this method, plants can be directed 
towards the desired growth characteristics by decreasing 
or increasing irrigation intervals. Increasing the irriga-
tion interval can increase salinity in the growing medium, 
which increases fruit sugar and generative growth as it in-
creases plant stress [13].

Rainwater harvesting is the collection and accumulation 
of the portion of the rainwater that passes to the surface 

flow and the provision of water necessary for plant and an-
imal production as well as domestic consumption [14]. The 
biggest problem that global climate change will create in 
terms of sustainable agriculture in the future will be water 
scarcity. In the future, in areas where water resources are 
not sufficient, it will be of great importance to collect rain-
water and use it for greenhouse irrigation. However, under 
these conditions, the gutters collecting rainwater and their 
storage volumes water should be calculated based on the 
amount of rainfall and daily water consumption [11].

In storing rainwater, the factors to be taken into consider-
ation when determining the storage capacity are the area 
of the greenhouse area and the size of the storage area, the 
distribution of rainfall, the total amount of rainfall, the wa-
ter requirement of the plant grown, and whether the storage 
tanks to be planned will be used only for storing rainwater 
or for a mixture made with waste or salt water [11]. In large 
greenhouse enterprises with high technology, storage struc-
tures are constructed by taking into account the daily max-
imum water consumption during the production period.

This study aims to determine storage capacity for different 
harvest rates and determine the rates of meeting water con-
sumption requirements with harvested rainwater by taking 
into account the monthly rainfall and daily water consump-
tion for tomato production in high technology greenhous-
es in three different climate zones in Turkey, established in 
compliance with TS 825 standards.

MATERIALS AND METHODS

In this study, the calculations are based on high technology 
greenhouses in Turkey in different provinces set in compli-
ance with TS 825, where greenhouse cultivation is common 
and the daily solar radiation in these provinces: Antalya, 
Mersin and Adana in Region I, Denizli, Yalova and Şanlıur-
fa in Region II, Kırşehir and Kütahya in Region III where 
there are geothermal resources.

Determining Plant Water Consumption
Daily water consumption in greenhouses where soilless ag-
riculture is carried out has been determined according to 
the intensity of solar radiation. In Table 1, monthly average 
solar radiation values for the 2004–2018 (kWh.m-2day-1) 
provided by the General Directorate of Meteorology for 
provinces located in different climatic regions are given. In 
the calculation of daily water consumption depending on 
the months, based on the values given in Table 1, 3 mL.m-2 
irrigation water was calculated for 1 J.cm-2 radiation energy.

Determining Storage Pool Capacity
In determining the accurate rainwater storage capacity, 
daily repetitions of rainfall are used. However, since these 
values are not known for many areas, in this study monthly 
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rainfall amounts were used in order to determine the stor-
age capacity. The monthly amount of rainwater that can be 
stored was calculated with Equation 1 [11].

CVm=Pre*RC (L.m-2month-1) (Equation 1.)

In the equation;

CVm: Amount of water harvested (L.m-2month-1), RC: Water 
harvest rate (%), Pre: Monthly precipitation (mm.month-1). 
In the calculations made, the RC value was taken as 40–90%.

Storable monthly rainfall was calculated with the help of 
Equation 2:

STPm=CVm–CWRm–EVpond (L.m-2month-1) (Equation 2.)

In the equation:

STPm: Monthly stored rainfall (l.m-2month-1), CWRm: 
Monthly plant water consumption (l.m-2month-1), EVpond: 
Evaporation losses in the storage pool (L.m-2month-1)

In the calculations made, evaporation losses from the stor-
age pool were taken as 0, assuming that the pool surface 
is covered with PE plastic. As a result of the calculations, 
when the monthly storable precipitation amount (STPm) is 
positive, the pool is filled, and when STPm is negative, the 
water in the pool decreases.

Storable annual precipitation depending on the stored rain-
fall per month was determined with Equation 3:

STPy=∑(+)STPm (L.m-2month-1) (Equation 3.)

The annual deficit due to plant water consumption was cal-
culated with Equation 4:

Defy=∑(–)STPm (L.m-2month-1) (Equation 4.)

The stored annual precipitation amount was calculated with 
Equation 5:

STBy=STPy–Defy (L.m-2month-1) (Equation 5.)

While determining the storage capacity, the following con-
ditions were taken into account [15].

1- When STBy>0 or STPy>Defy the amount of stored water 
will meet the water needs of the plants during the produc-
tion period. In this case, the storage capacity should be tak-
en as VST=Defy (l.m-2).
When the precipitation changes over the months are large, 
the storage volume should be increased. In this case, the 
storage volume should be taken as VST=Defy (1+VC)(L.m-2).
2- If STBy<0 or STPy<Defy then stored rainfall is not suf-
ficient for irrigation. In this case, two conditions must be 
considered:
(a) If the amount of stored rainfall is greater than the 
monthly maximum rainfall collected (STPy>CVmmax) then 
the storage volume should be VST=STPy, and when the 
precipitation variation due to months is large, it should be 
determined asVST=STPy (1+VC).
(b) If the amount of stored rainfall is less than the month-
ly maximum rainfall collected (STPy<CVmmax) then the 
storage volume should be VST=CV_mmax, and when the 
precipitation variation due to months is large, it should be 
determined as VST=CVmmax (1+VC).

FINDINGS

The plant water requirements calculated based on solar ra-
diation in soilless agriculture practices in high technology 
greenhouses established in provinces located in different 
climatic regions according to TS 825 are given in Table 2. 
As can be seen from the Table 2, the highest daily water 
requirement in all three climatic regions is in July.
The plant production period in greenhouses varies depend-
ing on the climate of the region. The production in high tech-
nology greenhouses in the provinces within Region I starts in 
the last week of August and continues until the end of June. 
The water consumption amounts during the production pe-
riod depending on the daily total radiation intensities of the 
Antalya province located in Region I are given in Table 3.

Figure 1. Amounts of water consumption based on monthly rainfall and intensity of solar radiation in Antalya, where green-
house cultivation is intensively carried out, and in Kırşehir, where geothermal greenhouse cultivation has become a practice.
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If it is assumed that there is no vegetative production in 
the greenhouse due to the high temperature during July 
and August in Antalya climatic conditions, the amount 
of water consumed during the production period is 1.356 
m3.m-2a-1. According to different resources, the average 
water requirement in greenhouses for summer months 
can be taken as 5 L.m-2 plant area per day or 0.15 m3.m-

2month-1. The annual requirement is 0.8–2.0 m3.m-2. An-
nual water requirement in irrigation with fogging method 
can be 3 m3/m2 or more [15].

The fact that Turkey has different climate zones leads to 
different temperatures and different quantities of rainfall. 
In Figure 1, monthly water consumption amounts in the 
greenhouse based on monthly rainfall and intensity of solar 
radiation have been given. The values are given for Antalya, 
where greenhouse cultivation is a common practice and for 
Kırşehir, where geothermal greenhouse cultivation has be-
come widespread in recent years.

In Antalya, where greenhouse cultivation is a common 
practice, the amounts of rainfall in November-February pe-
riod exceed the water required for the plant production in 
the greenhouse (Fig. 1). In the case of harvesting and stor-
ing rainfall during this period, a significant part of the plant 
water required in the following months will be met.

Inner parts of Anatolia are insufficient in terms of rainfall. 
When the rainfall and water consumption are examined in 
Kırşehir, which is located in Central Anatolia and where 
geothermal greenhouse cultivation has gained momentum 
in recent years, it is seen that in the case of storing monthly 
rainfall, a very small part of the monthly water consump-

tion can be met, yet this amount is not for storage (Fig. 1). 
In Kırşehir, while rainfall cannot fully meet the water con-
sumption of the greenhouse in any month, it does not pro-
vide any possibility for storage.

The required storage capacities and the rate of meeting 
irrigation water with rainfall according to the water con-
sumption quantities calculated depending on the monthly 
amount of precipitation and intensity of solar radiation in 
Antalya are given in Table 4. The highest precipitation in 
Antalya climate conditions falls is observed in December 
and the total annual precipitation is 1085.3 mm.m-2. Con-
sidering that 90% of the rainfall on the greenhouse cov-
er surface is harvested, the amount of rainfall that can be 
stored is 976.8 mm.m-2year-1.

Under the climatic conditions of Antalya, when it is con-
sidered that greenhouse cultivation starts in the last week 
of August and ends at the end of June, 8.2 L.m-2 water can 
be stored by collecting the rainfall in the months of July and 
August. Assuming that 90% of the rainfall in September is 
collected (16.3 L.m-2month-1) and that 8.2 l.m-2 water kept 
in the tanks is used, only 14.6% of the 168 l.m-2month-1 wa-
ter requirement in September will be met by precipitation. 
The remaining amount of the irrigation water required in 
September (143.5 L.m-2month-1) must be met from differ-
ent sources. While the amount of required irrigation based 
on solar radiation decreases in October, with the increasing 
amount of rainfall, the amount of irrigation water needed 
from external sources is 65.3 L.m-2month-1.

In Antalya climate conditions, the collection of rainwa-
ter starts in November. As can be seen from Table 4, the 

Table 4. The monthly rates of meeting water requirement and the required storage capacities in Antalya climate conditions when 
90% of rainwater is harvested

Month Pre CVm dm CWRd CWRm STPm STPm IWm 
 mm/m2mon. mm/m2mon.  L/m2day L/m2mon L/m2mon. L/m2mon. L/m2

January 242.1 217.9 31 2.3 71.3 146.6 359.5 0.0

February 154.4 139.0 28 2.8 78.4 60.6 420.0 0.0

March 97.2 87.5 31 4.7 145.7 -58.2 361.8 0.0

April 50.4 45.4 30 5.9 177.0 -131.6 230.2 0.0

May 32.1 28.9 31 6.9 213.9 -185.0 45.2 0.0

June 10.9 9.8 30 7.5 225.0 -215.2 -170.0 170.0

July 4.5 4.1 0 7.2 0.0 4.1 4.1 0.0

August 4.6 4.1 0 6.6 0.0 4.1 8.2 0.0

September 18.1 16.3 30 5.6 168.0 -151.7 -143.5 143.5

October 72.1 64.9 31 4.2 130.2 -65.3 -208.8 65.3

November 133.6 120.2 30 2.7 81.0 39.2 39.2 0.0

December 265.3 238.8 31 2.1 65.1 173.7 212.9 0.0

Total 1085.3 976.8   1355.6   378.8

Rate of meeting irrigation water 0.72
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amount of irrigation water required due to the decreas-
ing solar radiation in November is 81 L.m-2month-1 and 
the amount of rainwater collected is 120.2 L.m-2month-1. 
Under these conditions, the remaining 39.2 L.m-2month-1 
of the collected rainfall can be stored. In the case of col-
lecting 90% of the rainfall after November in Antalya, it 
is possible to meet the irrigation water in the greenhouse 
without the need for water supply from external sources 
until the end of May.

The water requirement and storage capacity calculated 
based on monthly amounts of rainfall and water consump-
tion in Kırşehir, a province in Central Anatolia, are given 
in Table 5. As can be seen from the Table 5, in the case of 
greenhouse cultivation all year under Kırşehir climate con-
ditions, planting in the greenhouse starts in the last week of 
December and continues until the first week of December 
of the following year. Under these conditions, the storage of 
the rainfall in December takes place, and the storage capac-
ity of 43.7 L/m2 is sufficient as the rainfall in the following 
months meets only a small part of the monthly water re-
quirement. When 90% of the precipitation is harvested in 
Kırşehir climate conditions, only 22% of the annual water 
consumption can be met.

The rates of meeting irrigation water requirement with 
rainwater depending on different rainwater harvest rates in 
provinces located in different climatic zones according to 
TS 825 standards are given in Table 6. By harvesting 90% of 
rainwater in Antalya climate conditions, 72% of the annual 
water requirement can be met. In the event that harvest rate 
drops to 70%, this rate drops to 56%.

As can be seen from Table 6, the rates of meeting irri-
gation water with harvested rainwater show significant 
differences in the provinces located in Region I. If the 
rainwater harvest rate is 90% in Antalya, the irrigation 
water is met 72%, while this rate is 47% in Adana and 42% 
in Mersin. This shows that the rate of meeting irrigation 
water requirement is influenced by the amount of precip-
itation rather than the temperatures in different regions.

In Figure 2, the rates of meeting the irrigation water with 
rainwater for different rainfall harvest rates are given for 
the provinces of Antalya, Adana and Mersin, which are 
located in Region I according to TS 825 standards and 
where greenhouse cultivation is intensely carried out. As 
can be seen from the figure, depending on the increase 

Table 5. The monthly rates of meeting water requirement and the required storage capacities in Kırşehir climate conditions when 
90% of rainwater is harvested

Month Pre CVm dm CWRd CWRm STPm STPm IWm 
 mm/m2mon. mm/m2mon.  L/m2day L/m2mon L/m2mon. L/m2mon. L/m2

January 48.4 43.6 31 1.9 58.9 -15.3 28.4 0

February 35.2 31.7 28 2.6 72.8 -41.1 -12.8 12.8

March 39.3 35.4 31 4.2 130.2 -94.8 -107.6 94.8

April 41.5 37.4 30 5.2 156 -118.7 -226.2 118.7

May 44.8 40.3 31 6.6 204.6 -164.3 -390.5 164.3

June 34.6 31.1 30 7 210 -178.9 -569.4 178.9

July 8.3 7.5 31 6.9 213.9 -206.4 -775.8 206.4

August 7.9 7.1 31 6.3 195.3 -188.2 -964.0 188.2

September 12.9 11.6 30 5.2 156 -144.4 -1108.4 144.4

October 26.7 24.0 31 3.7 114.7 -90.7 -1199.1 90.7

November 36.4 32.8 30 2.2 66 -33.2 -1232.3 33.2

December 48.5 43.7 0 1.7 0 43.7 43.7 0

Total 384.5 346.05   1578.4   1232.4

Rate of meeting irrigation water 0.22

Figure 2. Rates of meeting irrigation water requirement in 
different provinces according to TS 825 based on rainfall 
harvest rates.
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in rainwater harvest rate, irrigation water coverage rate 
increases linearly. Among the provinces located in Region 
I, the highest rainfall occurs in Antalya, while the amount 
of rain decreases from the western Mediterranean to the 
eastern Mediterranean. When 90% of the rainfall is col-
lected in Adana climate conditions, 47% of the irrigation 
water need can be met, while this value is 42% in Mersin.
The rate of meeting irrigation water requirement from 
rainwater is the lowest in Kırşehir, which is located in 
Region III. Table 6 shows the percentages of meeting irri-
gation water requirements at different rainfall collection 
rates in provinces located in different climatic zones.
It is necessary to know the volumes calculated according 
to the monthly rainfall and water consumption in order 
to resize the tanks to be established for storing rainwa-
ter. In Table 4, the storage volumes calculated depend-
ing on the monthly rainfall and plant water requirement 
in Antalya climatic conditions are given. As can be seen 
from the calculations made, if 90% of the rainwater is 
harvested, the highest storage volume is in February 
with 420 L.m-2month-1.

When the rainfall harvested in the regions with low amount 
of rainfall covers some of the water consumption, storage can-
not be made. As can be seen from the calculations in Table 5 
made for Kırşehir, where rainfall amounts are low, rainfall is 
not stored as the monthly rainfall amounts meet only a small 
part of the water consumption. Since irrigation water is not 
needed only in December, when planting is carried out, it is 
possible to store rainfall in this month.

Storage volume varies depending on harvested rainfall and 
water requirement. In Table 7, the maximum storage volumes 
calculated based on different rainwater harvest rates in prov-
inces in different climatic zones according to TS 825 standards 
are given. As can be seen from the Table, depending on the 
amount of rainfall, the highest storage volume occurs in Anta-
lya, while the lowest storage volume is calculated for Kırşehir, 
where geothermal greenhouse cultivation is practiced.

CONCLUSION AND EVALUATION

74% of Turkey's current water consumption is in agricul-
ture while domestic use and industrial use are 15% and 11% 

Table 6. Rates of meeting irrigation water requirement with rainfall in different climatic regions according to ts 825 based on 
rainfall collection rates

TS825 region  Region I   Region II  Region III

Provinces Antalya Adana Mersin Yalova Denizli Şanlıurfa Kütahya Kırşehir

Rainfall (mm/m2) 1085 671 616 757 572 464 562 385

Harvest rate (%)

 90 72 47 42 54 40 32 32 0.22

 80 64 42 37 48 35 29 29 19

 70 56 37 32 42 31 25 25 17

 60 48 31 28 36 26 21 22 15

 50 40 26 23 30 22 18 18 12

 40 32 21 18 24 18 14 14 10

Table 7. Storage volumes based on rainwater harvest rates in different climatic regions according to TS 825 (L.m-2)

TS825 region  Region I   Region II  Region III

Provinces Antalya Adana Mersin Yalova Denizli Şanlıurfa Kütahya Kırşehir

Rainfall (mm/m2) 1085 671 616 757 572 464 562 385

Harvest rate (%)

 90 420.0 95.9 95.9 117.7 36.9 28.3 76.4 43.7

 80 340.5 64.0 70.1 89.1 20.8 11.5 62.5 38.8

 70 261.0 40.1 44.3 60.3 18.2 3.8 54.7 34.0

 60 182.3 16.3 18.7 37.2 15.6 3.2 46.9 29.1

 50 117.4 10.0 9.3 17.1 13.0 2.7 39.1 24.3

 40 66.5 8.0 7.4 12.7 10.4 2.2 31.2 19.4

 30 15.8 6.0 5.6 9.5  1.6 23.4
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respectively. Turkey's growing need for water has increased 
the pressure on resources. Global climate change and the 
gradual reduction of water resources may put the sustain-
ability of agricultural production, which has important con-
tributions to human nutrition, at risk in the coming years.

Reducing water consumption in agriculture will be possible 
by increasing water use efficiency (WUE). In Turkey, which 
follows Spain in Europe in terms of greenhouse area, in-
creasing water use efficiency will be possible by collecting 
the rainwater that reaches greenhouse surface and using it 
for irrigation rather than implementing water constraints.

For harvesting and storing the rain water reaching the 
greenhouse cover surface, it is necessary to resize the wa-
ter gutters in the greenhouse structures and to accurately 
determine the storage volumes to be installed. When deter-
mining an accurate storage volume, daily rainfall and daily 
water consumption quantities should be known. However, 
it is not possible to obtain the daily amount of rainfall for 
every location. For the stated reason, monthly total precipi-
tation is taken as a basis in determining the storage volume.

Along the Mediterranean coastline, where greenhouse cul-
tivation is a common practice, rainfall shows significant dif-
ferences. While the annual precipitation amount in Antalya 
is 1085 mm.year-1, it is 671 mm.year-1 in Adana and 616 
mm.year-1 in Mersin. In the case of harvesting 90% of rain-
water in the production under cover in Antalya, 72% of the 
annual water consumption can be met, while in Adana and 
Mersin the rates are 47% and 42%. In the case of harvesting 
90% of rainwater, the required storage volume in Antalya is 
420 L.m-2, while it is 96 L.m-2 in Adana and Mersin.

In areas where terrestrial climate is dominant and geother-
mal greenhouse cultivation is carried out, the amount of 
rainfall is considerably low. Total annual precipitation in 
Kütahya is 562 mm.year-1, and in Kırşehir it is 385 mm.
year-1. In the study conducted, it has been shown that in the 
case of harvesting 90% of the rainwater in Kütahya climatic 
conditions, 32% of the annual water consumption can be 
met, while only 22% of it can be met in Kırşehir.

In order for the irrigation water in the greenhouses to rest 
and not to risk the product in the greenhouse, the water 
tanks installed should be of a sufficient size to meet the irri-
gation water need for at least two days. Considering that the 
effective size of greenhouses established as large enterprises 
is 20160 m2, the maximum water requirement in June in 
the Mediterranean region and in July where the continental 
climate prevails is 150 m3.day-1. In this case, the capacity 
of the water tank to be installed should be at least 300 m3. 
Whenever possible, the tanks to be established for storing 
rainwater should be built in a closed area within a green-
house tunnel. Under these conditions, evaporation of water 
is prevented during hot periods, and frostbite can be pre-
vented during cold periods. The diameter of the pipes that 
will carry the water to the collection tanks varies depending 

on the greenhouse floor area. The diameter of the collecting 
pipe should be 125 mm if the area where the rainwater will 
be harvested is 400–700 m2 and 150 mm when the collec-
tion area is 700–1200 m2 [11].
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