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Abstract 

Climate change and its impact on agricultural production due to the occurrence of extreme weather events appear 
to be more imminent and severe than ever, presenting a global challenge that necessitates collective efforts to miti-
gate its effects.There have been many practical and modelling studies so far to estimate the extent of climate 
change and possible damages on agricultural production, suggesting that water availability may decrease by 50% 
and agricultural productivity between 10 and 30% in the coming years ahead. Though there have been many stud-
ies to estimate the possible level of damage by the climate change on the production of many agricultural crops, 
no study has been conducted on the greenhouse tomato production. Therefore, this study was conducted to dis-
cover the effects of extreme high temperatures during the 2022–2023 growing season on the high-tech Turkish 
tomato greenhouse industry through a survey. The results showed that all greenhouses lost yield, ranging from 6 
to 53%, with an average of 12.5%. Survey data revealed that irrigation and fog system water consumption increased 
by 29.32% and 31.42%, respectively, while fertilizer and electricity consumption rose by 23.66% and 19%. Some 
76.5% of the growers declared difficulty in climate control, 11.7% reported tomato cluster losses with no information 
on yield loss, 9% experienced yield losses despite no cluster losses, and 61.7% observed a decline in tomato qual-
ity, leading to reduced sales prices. Considering these findings, it is recommended that greenhouses must adopt 
advanced climate control technologies, expand fog system capacities, and integrate renewable energy sources 
to enhance resilience against climate-induced challenges. Additionally, improving water-use efficiency, optimizing 
cooling strategies, using new and climate-resistant varieties and adjusting cropping seasons could help mitigate yield 
losses due to extreme temperatures. The study results offer extremely valuable insights into greenhouse production 
for researchers, technology developers, and policymakers for the mitigation of climate change effects and the devel-
opment of more sustainable production systems.
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Introduction
Changing climatic parameters, such as a potential rise 
in temperatures, changes in rainfall patterns, soil salin-
ity expansion, increased carbon dioxide concentrations, 
unusual UV(ultraviolet) radiation levels and extreme 
weather events like droughts and floods are threaten-
ing global vegetable production. Climate change is 
expected to cause deleterious effects on crop yields and 
profits until the end of this century and more frequent 
occurrence of extreme weather and changes in rainfall 
patterns [18, 26–28] which demonstrated associations 
between already observed increased temperatures and 
extreme weather events recorded in the last decade, 
especially in the incidence of heat waves and intense 
precipitation. Backed by extensive primary research, 
there are widely reported warnings of considerable 
decreases in horticultural crop productivity when tem-
peratures exceed critical physiological thresholds [4, 11, 
15, 16, 22–25, 28, 30, 32, 42, 48–50, 55–57, 59, 64, 67, 
72, 75, 76, 80, 81, 83].

Some studies suggest impacts could be profound, 
for example meta-analysis suggests for water alone a 
decrease in availability by 50% and increase in salin-
ity of 3–4dS.m−1(deciSiemens per meter) could reduce 
yields of fruit crops more than 20% [14, 28, 30, 72, 75, 81]. 
However doubling carbon dioxide concentration might 
increase fruit crop yields by 38% [14, 23, 29, 74, 79]. 
Stevanović et  al. [72] analysed different climate projec-
tions to look at distributional effects of high-end climate 
change impacts across geographic regions and across 
economic agents. Their findings suggest that climate 
change can have detrimental impacts on global agri-
cultural welfare, especially after 2050, because losses in 
consumer surplus generally outweigh gains in producer 
surplus. The study results indicate that damage in agri-
culture may reach the annual loss of 0.3% of future total 
gross domestic product at the end of the century globally, 
assuming further opening of trade in agricultural prod-
ucts, which typically leads to interregional production 
shifts to higher latitudes, to escape from the detrimental 
affects of climate change.

Responses to changed temperatures are more com-
plex. For tomatoes alone, substantial reviews [2, 3, 5, 6, 
8, 13, 31, 32, 35, 39, 41, 43, 46, 54, 61, 64, 66, 70, 73, 
77, 78] showed that core physiological processes driv-
ing growth and development on the plant each have 
separate and distinct responses. Thus warmer tempera-
tures up to an optima advance plant and fruit develop-
ment, but this could be at the expense of longer term 
growth, yield or fruit quality. From a farmers perspec-
tive the ultimate end goal is yield, the direct result of the 
integration of all these interconnected yet distinct plant 
process responses to temperature. There are numerous 

other studies looking deep into effects of increasing 
temperatures on the quality and other crop related 
issues, increase of diseases, pests and natural pest 
enemy populations due to climate change [7, 10, 19–21, 
34, 36, 37, 60, 62, 69, 71, 84].

Whilst there is now substantive, multi-decadal, 
evidence of profound effects of climate on hor-
ticultural crops, much of the primary data dem-
onstrating the responses has been from reductive 
experiments, studying in controlled environments 
perturbations to relatively few environmental or 
biological parameters. To understand responses at 
whole systems level much of these reductive data 
have been integrated into mechanistic crop mod-
els, such as for tomatoes TOMSIM(Tomato Simu-
lation Model), TOMGRO(Tomato Growth Model), 
CropSyst(Cropping Systems Simulation Model) along 
with some climate estimation models [5, 14, 43, 65, 
68]. Model forecasting power is now increasing as 
these bio-physical models are being integrated with 
more recent methods from the machine learning com-
munity. This includes applications of deep learning 
that can fine tune accuracy when there is remaining 
uncertainty with mechanistic model skill [85]. How-
ever, both reductive science even synthesized models 
have limits, in particular, they rarely consider how 
farmers will adapt their own agronomic behaviours to 
challenging environmental conditions, nor will they 
ever likely to have a full understanding of the vastly 
complex interactions which drive crop growth. The 
reality is that all horticultural crops are produced 
within a human-biophysical system. In horticultural 
science the human element of the system, what deci-
sions growers make in different circumstances, is 
poorly understood and relatively unexplored. Under-
standing these behaviours is though critical in deter-
mining how climate change might affect horticultural 
productivity. Farmers will attempt to adapt to changed 
climate in extremely complex and diverse ways, and 
responses to these adaptations will be a function of the 
climate challenges and the bio-physical circumstances 
within any crop production system (greenhouse struc-
tures, heating systems, crop genetics, market prices 
etc.) [50–52]. These adaptive decisions may mitigate or 
even worsen the theoretical consequences of climate 
challenges. It therefore follows that to understand the 
effects of climate change on horticultural crop produc-
tivity requires significant data from multiple different 
farms who have been exposed to climate extremes. 
These empirical data will comprise both the farmers 
adaptive as well as the bio-physical responses of the 
cropping system. These data then need to be bench-
marked to the outputs of current reductive science to 
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provide confidence in any measured impacts. How-
ever, whilst there are large numbers of farms produc-
ing nearly all horticultural crops obtaining data on 
crop – climate responses is difficult to obtain and few 
large and “open” data sets are known.

An agricultural production system could be accepted 
resilient to climate change impacts in case its vulner-
ability to such changes is at the minimum level. This 
is the case in high-tech hydroponic greenhouses which 
use high level of climate control and production tech-
nologies, giving them a defence tool and flexibility 
against climate change risks better than other under-
cover or open field production systems. Therefore, 
they are expected to cope with a much better perfor-
mance with the adverse affects of climate change on 
the crop growth and yield. Turkish soilless greenhouses 
could be classified as “Medium and High-technology 
Greenhouses(MTG and HTG)” according to the clas-
sification by Pardossi et  al. [63]. First high-tech glass 
and plasic greenhouses in Türkiye were built by Dutch 
and French greenhouse builders some 40  years ago. 
Since then, though Dutch, French and Spanish green-
house builders are still actively working in the Turk-
ish market, many local greenhouse builders developed 
and now build most of the greenhouses in the country. 
Interestingly, most greenhouse investors are from out 
of the horticulture industry, usually powerful growers 
with a technology and quality culture from their other 
businesses, such as tourism, construction, and textile. 
In addition to this, as the country has a vast potential 
for geothermal energy (number 1 in Europe), most of 
the greenhouse investments are concentrated in geo-
thermally rich areas recently. Türkiye has the largest 
geothermally heated greenhouse area in the world and 
approximately a quarter of the total high-tech green-
houses is geothermally heated. High-tech greenhouses 
have the highest capacity to resist the climate change, 
to be described as Climate Smart Agriculture(CSA) a 
description used by [26, 53, 58, 81].

Branthome [12] explained that total world tomato 
production increased 4% for both processing and fresh 
consumption in 2021 in comparison with previous grow-
ing season according to a FAO December 2022 report. 
In that report, it was indicated that Turkish production 
(13 million MT) doubled that of Italy, but was only one 
fifth of China(67 million MT), which alone accounted for 
nearly 36% of the total production in the world, and over 
the past decade (2011–2021), fresh tomato production 
continued to grow at a rate of above 2%, while production 
for processing tomato grew at an annual rate of 0.4%.

The Netherlands is the leader in production/m2 in the 
world, this country has been using the most advanced 
greenhouse technology and growing techniques for many 

years, in a way it is the number 1 country in fulfilling rules 
of CSA. Apart from the Netherlands, the highest pro-
ductivity was achieved by Poland, Portugal, the USA and 
Morocco, ahead of Spain, Turkey and Brazil. It should 
be noted that the yield per ha values in the table do not 
distinguish between open field and undercover tomato 
production and these figures for hydroponic greenhouses 
are almost double that of the world average in many 
countries around the world. Taking the point from here, 
Turkey has about 50.000 ha of greenhouse area in total, 
excluding low- and high-level tunnels, of which, 2.200 ha 
is so-called modern or high-tech greenhouses, which is 
only 4.4% of the total greenhouse area [17].

According to data from the Turkish Statistical Institute 
[77] in 2024, Turkey’s tomato production accounted for 
41.2% of the total production of vegetables cultivated for 
their fruits in 2021. This share increased by 2.3% in 2022, 
reaching 41.8%, making tomatoes the most produced 
vegetable among others. It is estimated that approxi-
mately 30% of Turkey’s tomato production comes from 
undercover cultivation, while 5% of the total production 
is exported [33, 44, 45, 47]

2022–2023 growing period was an extreme period 
where very hot spring–summer-autumn seasons pre-
vailed in many parts of the country. Therefore, this study 
aimed at observing if these high-tech greenhouses, which 
could be accepted in the context of “CSA”, were capable of 
coping with the high temperatures stress created by the 
climate change and whether there was any yield loss in 
tomato production along with variations in the consump-
tion of some other input elements such as water, fertiliser 
and electricity in different climate zones of Türkiye.

This study presents a novel dataset from 34 hydroponic 
tomato growers in Türkiye, covering a total greenhouse 
area of 326 hectares (approximately 17.5% of the total 
high-tech tomato production area), which was exposed 
to extreme summer temperatures during the 2022–2023 
growing season. The study analyzes the impact of warm 
summer temperatures on yield and examines how 
extreme temperatures, as a likely consequence of climate 
change, may affect crop production in high-tech green-
houses. Given their advanced technological systems, 
high-tech greenhouses are expected to be the most cli-
mate-resilient growing environments.

Materials and method
Study area
Türkiye is a large country bridging Europe and Asia-Mid-
dle East, with various climate zones shown in Fig. 1 [38]. 
Türkiye’s modern greenhouse farms are mostly concen-
trated in regions 1C and 2. The survey forms filled in and 
sent back from the farms from different climate regions, 
mainly 1A, 1B, 1C, 2 and 3, where 2 and 1C having the 
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largest shares, respectively. In climate zone 4 there is 
almost no modern greenhouse existence.

Gathering accurate data was a crucial aspect of this 
research to make reliable assessments of climate change 
impacts on high-tech greenhouse production in Türkiye. 
To achieve this, a survey was designed to evaluate the 
effects of climate change on greenhouse tomato produc-
tion during the 2022–2023 growing season (some survey 
questions are presented in Table 1), because 2023 spring–
summer seson was an extreme temperature season [82]. 
The survey was officially distributed to high-tech green-
house growers through the Ministry of Agriculture and 
Forestry, and completed forms were collected via its 
regional branches before being forwarded to the corre-
sponding author via email.

The incoming forms and data then were classified by 
listing all the answers to questions asked in excelsheet 
files and then coded for statistical analysis. The green-
houses with a size smaller than 1  ha, growing in soil, 
producing seedlings or young crops and with any crop 
other than tomato were eliminated from the listing to 
be able to focus solely on modern greenhouses tomato 
production. From the excel sheets(Supplementary 
Material 1), weighed means of water, fertiliser and elec-
tric consumption increases and yield decreases were 
calculated separately. Further, by using SPSS statistical 

program, histogram of answers and importance of 
some answers were checked.

Authors developed a method that could help under-
stand the climate change affect on the crop production 
in general (they call this method as “Kürklü-Pearson 
method”). The method was an attempt to see whether 
there was a relationship between the temperature 
increase due to climate change and the yield losses 
declared by the growers from different parts of Türkiye. 
For this purpose, long years(changing between 10 and 
92  years) means of temperature data of the locations 
which declared yield losses for 2022–2023 growing 
season and for 2021 were requested from the General 
Directorate of the State Meteorological Affairs of Tür-
kiye (see Fig.  1 above and Table  2 below for climate 
zones). From the data, total number of days with tem-
peratures over 30  °C for each year were extracted for 
the growing periods and used for analysis. For each dis-
trict, percentage increase in the total number of days 
with temperatures above 30  °C between 2022–2023 
growing season and 2021 were, where the climate 
data were appropriate, calculated. The percentage of 
increase in days over 30  °C versus yield loss was pre-
sented as a graph to indicate the relationship between 
global warming and yield loss for greenhouse tomatoes.

Fig. 1  Climate zones of Turkey(adopted from [38]) and locations of greenhouse farms answering the survey(1A zone is warmer than 1B and 1C 
regions, 1B zone is at the heighest above sea level and coldest one, 1C zone is warmer than 1B but colder than 1A region. 1B and 1C zones are 
for crops growing for Summer or Summer-Spring season. Zone 4 is mostly rainy and cool, Zone 2 is warm in winter and hot in spring–summer, zone 
3 climate is in between 2 and 4. Zones 1A, 2 and 3 are for winter production)
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Table 1  Some of the selected climate affect survey questions for high-tech greenhouse growers

Survey Question Response

1.What is the location? …?

2.What is the company name(optional)

3.What is your total greenhouse area …ha

4.What is the type of your greenhouse? □ glass □ polyethylene

5.What are the side wall and top height? …m …m

6.Which one is the ventilation system of your greenhouse ? □ continuous double butterfly
□ single arm

7.Estimated ventilation rate of your greenhouse ? …%

8.What was the crop(for tomatoes) grown? □ cluster □ cocktail □ cherry □ beef

9.What was the growth media? □ cocopeat □ rockwool □ perlite □ 
other(please specify…)

10.What was the production type? □ winter □ summer □ 
other(specify…)

11.What are the technologies lacking? …

12.What is the installed fog system capacity? …mL/m2h

17.In what percentage has your irrigation water consumption increased compared to previous season? …%

18.In what percentage has your electricity consumption increased compared to previous season? …%

19.In what percentage has your fertiliser consumption increased compared to previous season? …%

20.In what percentage has your fog system water consumption increased compared to previous season? …%

21.Did you have difficulties in controlling the climate of the greenhouse compared to previous season? □ yes □ no

22.Have you lost some clusters in your tomato greenhouse compared to previous season?. If “yes”, how many? □ yes, …clusters lost
□ no

23.What was your tomato yield? …kg/m2

24.What was your tomato yield in previous season? …kg/m2

25.Have you observed climate-caused quality loss in tomatoes compared to previous season? □ yes □ no

26.Have you faced reduced sales price due to this? □ yes □ no

27.Can you explain possible causes of your yield loss with your own words?

Table 2  Survey localities, production types, coordinates, height above sea level and climate zone

Location(District/City) Production Season Coordinates Height above sea 
level(m) and Climate 
zone

Bismil/Diyarbakır Winter 37.851708, 40.663921 548 (Climate zone 1A)

Ceyhan/Adana Winter 37.028931, 35.817807 29 (Climate zone 2)

Kozaklı/Nevşehir Summer, Spring 39.209699, 34.850977 1064 (climate zone 1C)

Diyadin/Ağrı Summer 39.539805, 43.671202 1938(Climate zone 1B)

Ergene/Tekirdağ Summer 41.244902, 27.761158 157(Climate zone 3)

Tarsus/Mersin Winter 36.916628, 34.895677 25(Climate zone 2)

Sarayköy/Denizli Winter 37.924112, 28.925474 162(Climate zone 2)

Merkez/Kırşehir Summer 39.146095, 34.160505 986(Climate zone 1C)

Bergama/İzmir Winter 39.118921, 27.177325 71(Climate zone 2)

Dikili/İzmir Winter 39.112371, 26.934484 8(Climate zone 2)

Salihli/Manisa Winter 38.486149, 28.139053 101(Climate zone 2)

Ahmetli/Manisa Winter 38.516242, 27.935863 89(Climate zone 2)

Manavgat/Antalya Winter 36.786529, 31.446838 9(Climate zone 2)

Sandıklı/Afyonkarahisar Summer, Spring 38.464900, 30.269398 1094(Climate zone 1C)

Çobanlar/Afyonkarahisar Summer, Spring 38.701527, 30.781546 993(Climate zone 1C)



Page 6 of 12Kürklü et al. BMC Plant Biology          (2025) 25:339 

Results and discussion
Total survey answers classified according to greenhouse 
sizes above 1 ha, using growth media other than soil and 
producing only tomatoes. Some basic outcomes of the 
survey are as follows: average side wall and top height 
were 6.16  m and 7.6  m, respectively, for glass green-
houses and these were 4.6 and 6  m for plastic green-
houses. Average required ventilation rate estimation by 
growers was 40.2% (which was satisfactory for Turkish 
greenhouse growing climates under normal weather con-
ditions). Share of growers giving correct or meaningful 
answers on fog system installed capacity was 14.7% (that 
means that a great majority of growers were not aware of 
the fog system capacity that their greenhouses must have 
or already have). In countries like Türkiye, where high 
temperatures and very low humidities could occur fre-
quently, having the know-how and basic info on the fog 
system is of prior importance as it is the most important 
tool of humidifying and cooling down the air during heat 
waves. About 68% of growers who made comments on 
coping with the climate change implications on green-
house production suggested new cooling and climate 
control technologies, while 14% suggested solar electric-
ity systems and new generation greenhouse covers(that 
implies covers reducing heat load of greenhouses such as 
near-infrared(NIR) reflecting covers or transparent PVs, 
or even nano-covers that converts all solar wavelengths 
to red light mostly used by crops for photosynthesis). 
About 14% of the growers suggested rainwater and drain-
age collection re-use technologies to be developed, and 
another 4% put forward the idea to breed new climate 
resistant varieties.

Some further data of the survey are given in Table  3 
below. It appeared that 34 growers with a total green-
house area of 326 ha (which is 17.5% of the total hydro-
ponic tomato production area in Türkiye). The number 
of growers declaring yield loss was 27, which was 79.4% 
of the total where some growers declared clusters losses, 
but no yield loss figures given. Normally, the authors 
could have estimated the approximate yield loss for those 
who only reported cluster losses with no yield loss indi-
cation, but this has not been done to respect the survey 
answers used as they were fed in. Yield losses changed 
from 4 to 53% at maximum, however there were only 
2 extreme cases with 33% and 53% yield losses deviat-
ing from the mean, that may suggest that there might be 
other reasons for yield loss in those greenhouses in addi-
tion to the affects of climate change, such as improper 
use or inexistence of heating/cooling technologies 
and other cultural practices, not specified in the sur-
vey. So, some parts in our further analysis, these 2 were 
neglected. The yield loss up to 10% was observed by 11 
growers (32% of the total) and between 11 and 20% yield 

loss by 10 growers (29.4% of the total). Further calculated 
survey statistics are as follows: Plastic covered green-
houses(91%), glass covered greenhouses (17.6%), coco-
peat growing media(91%)-other growing media such as 
rockwool and torf + perlite mixture(9%), winter produc-
tion(61.7%), Summer production(35.3%), other type of 
production-usually Spring–Summer season(3%), Clus-
ter tomatoes(91%) + others such as cherry-beef-cocktail 
tomatoes(9%).

Survey data revealed that irrigation and fog system 
water consumptions increased by 29.32% and 31.42%, 
respectively and fertiliser and electricity consumption 
increased by 23.66% and 19%, respectively.

Some 76.5% of the growers declared difficulty in cli-
mate control, 11.7% of the growers reported tomato clus-
ter losses with no information on yield loss, 9% of the 
growers expressed no cluster losses but with some yield 
losses, 61.7% of the growers declared a loss in tomato 
quality thus resulting in reduced sales prices at the same 
time. Some growers(14.7%) did not give any indication on 
yield losses despite some of them expressed difficulty in 
climate control, reduced quality and sales prices. One of 
the most important questions and answers in the survey 
was the “reason for yield loss” by the eyes of the grow-
ers. About 82.3% of the growers declared that the reason 
for yield loss was the high temperatures. Further, survey 
answers for irrigation and fog system water, fertiliser 
and electrical consumption increases, number of cluster 
losses, previous and survey year yields and yield loss per-
centages were presented as histograms as shown in Fig. 2 
below.

For irrigation and fog system water plus fertiliser con-
sumption frequencies seem to be very close, around 20 
to 25% with 8 to 10 frequencies. It seemed that highest 
frequency for previous year yield was 30 kg/m2. Tomato 
yield in survey year was between 24 and 32 kg/m2 mostly.

A Cronbach’s Alpha test was conducted for the answers 
“yes” to be able to understand the significance or trusta-
bility of the answers. According to this test, if Cronbach’s 
Alpha is between 0.6 and 0.8, the answers are accepted as 
trustable. For the present analysis, this value was 0.625, 
that meant the answers were meaningful and trustable.

It is important to note also here that tomato yield at 
locations following winter production at sea level was 
about 31.5  kg/m2 on average. This was 54.25  kg/m2 for 
summer production 800  m + above sea level, whereas it 
was 37.11  kg/m2 for growers following Spring–Summer 
season 800  m + above sea level, country average being 
41 kg/m2. Yield losses for all these 3 types of growing sea-
sons were 10%, 4.6% and 11%, respectively. Total weighed 
mean yield loss was calculated as 12.56%.

An attempt was made to correlate global temperature 
change levels with the yield loss from greenhouses. For 
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different regions, the ratio of yield loss in 2022–2023 
growing season versus ratio of change in total number 
of days with over 30 °C outside air temperature which is 
generally accepted as the temperature where detrimental 
effects start on tomatoes [3, 8, 13, 31, 39, 46, 61] as shown 
in Fig.  3. This figure includes exclusion of two extreme 
yield loss cases(33 and 53%) due to other possible reasons 
explained before. Some climate data from some locations 
which declared yield losses were not possible to obtain. 
So, a data set for 15 locations are presented in Fig. 3.

It seems that though the relationship could not be used 
for an estimation, however, it shows that this Correlation 
is significant at the 0.05 level (2-tailed). If, one could go 

further with this method, adding ratios of change such as 
in cloudy days, rainy days, maximum temperatures, aver-
age minimum–maximum temperatures, solar radiation 
etc., and then after by averaging all the climate change 
ratios and comparing them with yield loss, a very useful 
tool to predict yield loss could be obtained. If the climate 
data such as temperature, cloudiness, rain etc. could all 
have been obtained fully and the percentages of varia-
tions with the previous year were calculated for all dis-
tricts, it would be called “Climate Change-Yield Loss” 
graph and that would be a very useful tool to understand 
the climate affect on crop yield in general in many differ-
ent parts of the world.

Table 3  Result of survey data for the yield loss in 2022–2023 growing season compared with the previous(2021–2022) season

City(District) A CCD CL NCL PYY SYY YLP QL RSP RYL

Konya(Meram) 4,8 yes yes 1 _ _ _ _ _ HT

Manisa(Salihli) 7,2 yes yes 4 32 30 0,06 yes yes HT

İzmir(Bergama) 10 yes yes 4 29 24 0,17 yes yes HT

İzmir(Bergama) 50,6 yes yes 4 28 23 0,18 yes yes HT

İzmir(Bergama) 15 yes yes 3 30 26 0,13 yes yes HT

İzmir(Dikili) 6 yes yes _ 29 27 0,07 no no HT

İzmir(Dikili) 17,8 no _ _ _ _ _ _ _ HT

Manisa(Salihli) 35 yes yes 1 30 28 0,07 yes yes LLL

Antalya(Manavgat) 15.64 yes no _ 28 28 0,00 yes yes HT

Antalya(Manavgat) 4,5 yes no _ 35 30 0,14 no no HT

Antalya(Manavgat) 11,87 no no _ 16 16 0,00 no no _

Adıyaman(Kahta) 1,5 no no _ 30 30 0,00 yes yes WLT

Adana(Ceyhan) 7 yes yes 5 30 20 0,33 yes yes HT

Adana(Sarıçam) 3 no yes 2 _ _ _ yes no HT

Antalya(Serik) 12 no no _ 29 29 0,00 no no _

Antalya(Kepez) 6 yes yes 1 25 22 0,12 no no _

Manisa(Ahmetli) 2,9 yes yes 2 35 30 0,14 yes yes HT

Diyarbakır(Bismil) 1,5 yes yes 7 15 7 0,53 yes yes HT

Şanlıurfa(Eyyubiye) 1,55 yes no _ 25 24 0,04 yes yes HRH

Mersin(Tarsus) 3,5 yes yes _ 30 27 0,10 yes yes HRH

Tekirdağ(Ergene) 10 yes yes 9 35 32 0,08 yes yes HT

Afyonkarahisar(Sandıklı) 20 yes no _ 60 55 0,08 no yes HT

Afyonkarahisar(Sandıklı) 7,4 no no _ 50 50 0,00 no no HT

Afyonkarahisar(Sandıklı) 11 no no _ 50 50 0,00 no no HT

Nevşehir(Kozaklı) 6,25 yes yes _ 57 52 0,09 no no HT

Nevşehir(Kozaklı) 3 yes yes 2 40 35 0,13 yes yes HT

Nevşehir(Kozaklı) 9,2 yes yes 1 45 43 0,04 yes yes HT

Nevşehir(Kozaklı) 3 yes yes 1 40 35 0,13 yes yes HT

Nevşehir(Kozaklı) 2 yes yes 3 _ _ _ yes yes HT

Nevşehir(Kozaklı) 2,4 yes yes 1 _ _ _ yes yes HT

Ağrı(Diyadin) 4 no yes 3 30 24 0,20 no no LLL

Denizli(Sarayköy) 12,6 yes yes _ 23 21 0,09 yes yes HT

Afyonkarahisar(Çobanlar) 5 yes yes 2 40 38 0,05 _ _ HT

Kırşehir(Merkez) 12,6 yes yes 3 30 25 0,17 yes yes HT
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The survey results presented here are in line with 
World Bank Group [81] which estimated 7% decrease 
in crop yields in Asia and Africa and more than 30% in 
Arabian Peninsula nd Horn of Africa by 2030 and also a 
FAO [28] report predicting a crop yield decrease of 25% 
for Turkey as a resul of climate change. Further, yield 

loss results of this study were in agreement with the trial 
results and indications of [2, 3, 6, 13, 19, 20, 31, 39, 41, 
43, 46, 61, 66], where negative affects of temperatures 
over 30 °C were explained well. Quality losses mainly due 
to high temperatures were found to be serious after the 
evaluation of this survey, which was in agreement with 

Fig. 2  Frequency of answers to some survey questions by growers(YLP shown as ratio)
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[62]. However, as for the open field tomato production in 
Nepal, Bhandari et al. [9] found no significant difference 
on the climate change affect on tomato production.

Findings in this research also a supporting evidence 
of a recent report by Hortidaily [40] which stated that 
horticultural export of Spain dropped 6% in 2023 due to 
adverse weather conditions, implying a yield loss due to 
climate change.

Given the technological high-technology greenhouse 
(HTG) and medium-technology greenhouse (MTG) soil-
less production area in Türkiye, which is approximately 
1,800  ha, and an estimation that 90% of these green-
houses cultivate tomatoes, the total tomato production 
area can be calculated as 1,620 ha. The estimated tomato 
loss during the survey year was approximately 4.15  kg/
m2, resulting in a total production loss of 13,529,000 kg. 
With an approximate market price of 1.1 euros per kil-
ogram (Euro/kg), this corresponds to a total economic 
loss of 14,881,900 euros. Furthermore, if this loss were 
considered as an opportunity cost for greenhouse invest-
ments, climate change might have led to the forfeiture of 
a 10-ha HTG glass greenhouse or a 20-ha HTG plastic-
covered greenhouse investment area, along with the loss 
of at least 200 jobs in a year. Additionally, various indirect 
costs, such as pest and disease management, increased 
water and electricity consumption, and other operational 
expenses, should also be taken into account.

Another very important indication of climate change 
reflected in the survey is that irrigation water, fertilizer, 
and electricity consumption tend to increase signifi-
cantly along with yield losses [1]. This tells us that the 
climate control will be very difficult and expensive in 
greenhouses for future, as present technological sys-
tem capacities will not be be able to cope with adverse 

climate affects and expensive new modifications might 
be needed. Therefore, use of renewable energy sources 
for electricity supply for greenhouses, better cooling and 
climate control Technologies (preferably combined with 
closed or semi-closed greenhouse technology and new 
generation shading systems and Technologies allowing 
a high percentage of Photosynthetically active radiation 
(PAR) transmission and light diffusion along with elec-
tricity production from NIR, in other words transparent 
photovoltaic or agrivoltaics, stronger tomato varieties 
against the heat stress (all these were also suggested by 
some growers in the survey), and possible changing crop-
ping seasons to reduce the damage of the climate change 
affects should be considered as the measures to be taken.

Another important finding was that the growing peri-
ods were shifted from summer production to winter 
production in some regions, to escape from exteremely 
high summer temperatures, such as transplanting in 
July–August and removing crops in June of the folowing 
year instead of transplanting in December and removing 
crops in November of the other year.

Conclusions
The survey conducted in this study yielded useful results 
and in agreement with most of the literature cited in this 
study. It was clear that the level of yield loss(12.56%) was 
severe basically due to climate change(hot and extreme 
weather). Considering climate change issues, we sug-
gest that for new greenhouses to be installed in the 
future, fog systems must be designed with 30-40% extra 
capacity(over the standard calculation) to cope with cli-
mate change challenges that will come more frequently 
and severer levels in near future.

Fig. 3  Relationship between yield loss ratio and temperature change ratio(Pearson Correlation, rxy = 0.628, p < 0.05)
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Authors awareness must be noted that temperature 
is not the only factor affecting crop growth and yield 
directly, there could be also other indirect factors influ-
enced by high temperatures such as pest and disease 
infestation, climate control system efficiency, crop man-
agement practices along with other factors such as irriga-
tion strategies, irrigation water quality, pest and disease 
management strategies etc that could also affect the yield 
potential in a greenhouse.

One way or the other, climate change seems to force us 
to change our way of farming and push us for a shorter 
growing periods than before. That is a challenge that 
must be overcome by all means of CSA from new and cli-
mate resistant crop varieties to technology development 
along with political programs to be adopted seriously 
together with all institutions and experts coordinating 
under one goal. Further, as has been indicated in this 
study, pressure on water resources will increase further 
as the weather gets drier and hotter, both irrigation and 
cooling requirements of the greenhouses will increase 
dramatically. Therefore, invention and development of 
new water-saving irrigation and cooling technologies 
along with rainwater collection systems will be the key 
issues for future efficient and climate resistant green-
house production. Further studies should focus also on 
discovering combined affects of climate change on green-
house production to take necessary scientific and tech-
nological measures to overcome all problems created by 
increasing temperatures. New growing techniques must 
be tried and climate resistant crop varieties must also be 
developed to help reduce climate impact on yield losses.
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