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Abstract: The study aimed at investigating eventual deviations from typical recommendations of 

irrigation water application to crops in Cyprus given the undeniable changes in recent weather 

conditions. It focused on the seasonal or monthly changes in crop evapotranspiration (ETc) and net 

irrigation requirements (NIR) of a number of permanent and annual crops over two consecutive 

overlapping periods (1976–2000 and 1990–2014). While the differences in the seasonal ETc and NIR 

estimates were not statistically significant between the studied periods, differences were identified 

via a month-by-month comparison. In March, the water demands of crops appeared to be 

significantly greater during the recent past in relation to 1976–2000, while for NIR, March showed 

statistically significant increases and September showed significant decreases. Consequently, the 

adjustment of irrigation schedules to climate change by farmers should not rely on annual trends as 

an eventual mismatch of monthly crop water needs with irrigation water supply might affect the 

critical growth stages of crops with a disproportionately greater negative impact on yields and 

quality. The clear increase in irrigation needs in March coincides with the most sensitive growth 

stage of irrigated potato crops in Cyprus. Therefore, the results may serve as a useful tool for current 

and future adaptation measures. 

Keywords: climate change adaptation; irrigated crops; net irrigation requirements; crop 

evapotranspiration; monthly changes 

 

1. Introduction 

Theoretical considerations, climate simulation models and empirical evidence indicate that 

global warming is leading to increased water vapor and to increased land precipitation at higher 

latitudes, notably over North America and Eurasia [1]. However, contrary to many mid-to-upper 

latitude regions of the world, several regional studies have shown a dominant decreasing trend over 

the Mediterranean Basin [2], although changes will not be equivalent across all Mediterranean 

regions or seasons [3]. 

In Cyprus, this change is already being manifested by a decrease in mean annual rainfall and an 

increase in annual mean temperature. Model projections agree on its future warming and drying, 

with a likely increase of heatwaves and dry spells; a prospect that will worsen the already existing 

water scarcity [4,5]. 

The consequences of such temperature and precipitation changes on a number of aspects of 

human life and agriculture might be considerable. In agriculture, increased temperatures or the 

extension of dryness may have a negative impact on crop yields [6] and in turn on food security [7] 
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and may influence crops dynamics, e.g., the exclusion of some crops, or their replacement by others 

more adapted to the new conditions [8]. Changes in climatic conditions might also affect the 

proliferation and spread of invasive species, weeds, or diseases [9]. 

Crop production in Cyprus is covered by annual (e.g., potatoes and vegetables) and permanent 

(e.g., citrus, olives and grapevines) crops summing over 100 × 103 ha, of which 30% is irrigable land. 

Citrus and potatoes are the most widely grown crops in the country and consume over 30% of the 

total agricultural water (150 × 106 m3). Crop production is constrained by a highly variable climate, 

limited precipitation and high temperatures from mid-May to mid-September [10]. However, crop 

water needs may be fully or partly met by rainfall mainly from October to March. Given the projected 

lower precipitation it can reasonably be assumed that irrigation water availability and crop yields 

will be affected [11]. Nonetheless, previous work showed that, considering the changes over recent 

years in mean rainfall and pan evaporation data, the total irrigation needs of crops in Cyprus have 

not been modified, at least until now [12]. 

While extreme weather events, which are predicted to increase under future climate scenarios, 

are already considered a significant challenge for producers [13], little work has been done so far on 

the current seasonal or monthly changes of temperature or the distribution of precipitation 

throughout the year and the consequences that these modifications may bring upon crops. Such 

changes may have an impact on some critical stages of the biological cycle of plants and 

disproportionately affect productivity and yields [14]. For example, irrigation experiments showed 

different effects on wheat yield, quality, and water-use efficiencies depending on the plant-growth 

or phenological stage at which water deficits were applied [15,16]. Therefore, an eventual mismatch 

of crop water needs with irrigation water supply might be critical, and adaptation measures related 

to irrigation schedules or the adjustment of planting/seeding dates might be necessary. 

This study aims to investigate whether one of the characteristics of the ongoing climate change 

in Cyprus is a significant modification of the seasonal or monthly water needs and irrigation 

demands of crops, and discusses the consequences for agricultural production of an eventual 

deviation of the prevailing irrigation schedules to the current climatic conditions. It also investigates 

the possibilities for adaptation to climate change challenges using planting period shifts or irrigation 

schedule modifications. 

2. Materials and Methods 

The analysis of water and irrigation needs in this study was applied to 35 irrigated crops 

cultivated in Cyprus. Some of these crops require their water needs to be met fully or partially by 

irrigation, while some require irrigation only occasionally. 

Mean monthly precipitation (mm) and pan evaporation (screened USWB Class A pan) data from 

16 weather stations provided by the Cyprus Meteorological Department were used. These stations 

were situated in the main agricultural areas of Cyprus. 

Crop evapotranspiration (ETc) was calculated from potential evapotranspiration (ETo) and pan 

evaporation (Epan) data obtained from the weather stations using the methodology proposed by the 

Food and Agriculture Organization of the United Nations (FAO) [17]. More precisely, Epan 

measurements were converted to reference evapotranspiration (ETo) using the equation: 

ΕTo = Kp × Epan (1) 

where Kp is the pan coefficient, which takes into account the type of pan, its environment and climate. 

Potential crop evapotranspiration (ETc) was calculated from ETo according to: 

ETc = Kc × ETo (2) 

where Kc is the crop coefficient, which depends on the kind of crop and its stage of development. 

Combining the previous two equations, ETc can be expressed as: 

ETc = Kc × Kp × Epan (3) 

Substituting Kc x Kp with a coefficient C equation, (3) becomes: 
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ETc = C × Epan (4) 

i.e., crop evapotranspiration is calculated directly from pan evaporation using a single coefficient. 

Values of the coefficients can be derived from the literature [18,19] but they were extensively studied 

and adjusted to local conditions by the Agricultural Research Institute of Cyprus (e.g., [20,21]). 

The net irrigation requirements (NIR) of the crops were calculated by subtracting from the actual 

water requirements of crops (ETc values) the effective rainfall (Pe), i.e., rain water that is not 

percolated below the root zone or run-off, but is stored in the root zone and can be used by the plants 

[17]. 

ETc and NIR values were estimated for the 35 crops cultivated in Cyprus under two overlapping 

periods, 1976–2000 and 1990–2014, for each of the 16 weather stations. The mean values obtained for 

these two periods for each season (winter: December–January–February, spring: March–April–May, 

summer: June–July–August, and autumn: September–October–November) and each month were 

compared for each crop. 

2.1. Statistical Analysis 

The mean seasonal or monthly ETc and NIR values for each studied crop and mean seasonal or 

monthly precipitation and Epan values obtained from the 16 weather stations were compared 

between the two studied periods (1976–2000 and 1990–2014) using a paired t-test (16 double samples 

for each crop over the 16 weather stations). A P-value < 0.05 in these tests was considered as 

statistically significant (GraphPad Software, Inc., San Diego, CA, USA). 

3. Results 

Differences of seasonal ETc and NIR estimates were not statistically significant between the 

studied periods. The results of the comparison of seasonal NIR between the two studied periods for 

selected crops cultivated in Cyprus are shown in Table 1. All crops showed decreased average 

irrigation needs in all seasons apart from spring, where some crops appeared to have greater 

irrigation water demands in the recent past. The P values for the NIR of many crops were close to 

statistical significance in autumn. 

Table 1. P-values for the comparison of seasonal net irrigation requirements (NIR) between the two 

periods (1976–2000 and 1990–2014) for selected crops cultivated in Cyprus. Months that are not 

included in the irrigation period of a crop are indicated by n/a (non-applicable). 

 winter spring summer autumn 

Fruit trees (mountains) n/a 0.7157 0.1989 0.0680 

Green beans: greenhouse 0.1132 0.6404 n/a 0.1973 

Haricot beans n/a n/a n/a 0.0728 

Lettuce 0.6292 n/a n/a 0.1639 

Marrows: outside grown n/a 0.6714 0.1924 n/a 

Melons: outside grown n/a 0.6714 0.1879 n/a 

Monkey nuts n/a 0.6080 0.1667 0.0680 

Okra (lady´s fingers) n/a 0.9315 0.1750 n/a 

Onions dried n/a 0.9814 0.5567 n/a 

Peas general n/a 0.8110 n/a n/a 

Peppers: outside grown n/a 0.6533 0.1773 0.0680 

Pistachio n/a n/a 0.1903 0.0680 

Potatoes (spring crop) n/a 0.8070 n/a n/a 

Radish n/a 0.0054 n/a 0.0959 

Spinach n/a n/a n/a 0.0959 

Table grapes n/a 0.6484 0.5567 n/a 

Table olives n/a 0.6271 0.1953 0.0712 
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Table 2, showing the results for only the most water-consuming crops, indicates that March was 

the only month in which there was a statistically significant difference (increase) in ETc between the 

two periods (P < 0.05). The water demand of all crops in this month was significantly greater in recent 

years than in the distant past. Void cells in Table 2 indicate months that are not included in the 

irrigation period of crops in Cyprus. For NIR, apart from March, statistically significant differences 

between the two periods were also found for September, as seen in Table 3. In March, the irrigation 

requirements were greater for 1990–2014 than for 1976–2000, in contrast to what was found for 

September.  

Table 2. Crop evapotranspiration (ETc) values in mm of the most water-consuming crops in Cyprus. 

The upper number for each month indicates the average value for the 1976–2000 period and the lower 

number indicates the average value for the period 1990–2014. Non-significant differences between 

these two averages are indicated by n.s. (paired t-test) and significant differences (P < 0.05) by *. 

Months that are not included in the irrigation period of a crop are indicated by n/a (non-applicable). 

 
Bananas 

(Musa spp.) 

Citrus  

(Citrus spp.) 

Taro 

(Colocasia esculenta) 

Potatoes  

(Solanum 

tuberosum) 

January n/a  n/a  n/a  n/a  

February n/a  n/a  n/a  n/a  

March 
22.9 

* 
18.3 

* 
32.9 

* 
54.9 

* 
23.9 19.1 34.4 57.4 

April 
70.0 

n.s. 
65.2 

n.s. 
157.3 

n.s. 
95.9 

n.s. 
69.3 64.6 155.7 94.9 

May 
116.4 

n.s. 
99.7 

n.s.  
186.3 

n.s. 
130.4 

n.s. 
115.9 99.2 185.5 129.8 

June 
174.1 

n.s. 
132.3 

n.s. 
378.0 

n.s. n/a  
173.1 131.6 375.9 

July 
219.4 

n.s. 
138.3 

n.s. 
448.3 

n.s. n/a  
214.6 135.3 438.5 

August 
231.8 

n.s. 
176.0 

n.s. 
452.0 

n.s. n/a  
227.2 172.5 443.1 

September 
195.5 

n.s. 
119.4 

n.s. 
365.9 

n.s. n/a  
189.0 115.5 353.8 

October 
123.5 

n.s. 
52.7 

n.s. 
153.2 

n.s. n/a  
119.7 51.0 148.5 

November 
49.2 

n.s. 
9.6 

n.s. 
135.0 

n.s. n/a  
47.9 9.4 131.5 

December n/a 
 

n/a 
 

n/a 
 

n/a 
 

    

 

Meteorological precipitation and evaporation data was analyzed to gain insight into the causes 

of this change. Climate charts of the distribution of rainfall and Epan over the months of the year 

(Figure 1a and b) illustrate the differences in these meteorological variables between the two 24-year 

periods. The mean March Epan value for 1990–2014 was significantly increased in relation to the 

1976–2000 interval. March and September were the only months that this statistically significant 

difference was observed. An increase in Epan in March was recorded at 13 of 16 weather stations.  
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a) 

 
b) 

 

Figure 1. Monthly averages for a) Class A pan evaporation (mm) and b) effective rainfall over two 24-

year periods (1976–2000 and 1990–2014) in Cyprus. Data from 16 meteorological weather stations. 
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Table 3. Net irrigation requirements (NIR) values in mm of the most water-consuming crops in 

Cyprus. The upper number for each month indicates the average value for the 1976–2000 period and 

the lower number the average value for the period 1990–2014. Non-significant differences between 

these two averages are indicated by n.s. (paired t-test) and significant differences (P < 0.05) by *. 

Months that are not included in the irrigation period of a crop are indicated by n/a (non-applicable). 

 
Bananas 

(Musa spp.) 

Citrus  

(Citrus spp.) 

Taro 

(Colocasia esculenta) 

Potatoes  

(Solanum 

tuberosum) 

January n/a  n/a  n/a  n/a  

February n/a  n/a  n/a  n/a  

March 
8.1 

* 
5.0 

* 
15.4 

* 
34.5 

* 
13.2 8.1 21.3 39.9 

April 
64.7 

n.s. 
59.5 

n.s. 
157.7 

n.s. 
92.3 

n.s. 
64.5 59.4 156.6 91.8 

May 
119.5 

n.s. 
101.6 

n.s. 
194.0 

n.s. 
134.4 

n.s. 
117.9 100.0 192.0 132.7 

June 
182.1 

n.s. 
137.5 

n.s. 
399.6 

n.s. n/a  
181.2 136.9 397.6 

July 
218.4 

n.s. 
137.3 

n.s. 
447.3 

n.s. n/a  
213.0 133.7 436.9 

August 
231.5 

n.s. 
175.7 

n.s. 
451.7 

n.s. n/a  
226.1 171.4 442.0 

September 
194.6 

* 
118.5 

* 
365.0 

* n/a  
186.7 113.2 351.5 

October 
120.0 

n.s. 
44.4 

n.s. 
151.7 

n.s. n/a  
118.2 45.0 148.9 

November 
20.1 

n.s. n/a n.s. 
107.9 

n.s. n/a  
20.3 107.5 

December n/a 
 

n/a 
 

n/a 
 

n/a 
 

    

 

All 16 stations showed decreased average precipitation in more recent years, with an average 

reduction of 36%. In all other months, the stations showed both increases and decreases in average 

rainfall when the two periods were compared. The statistically strong tendency to decreased 

precipitation during March was not followed by a respective decrease during the following two 

months of spring. In May, for example, at 12 out of 16 stations a tendency towards an increase in 

precipitation was noted. For September, which also showed a statistically significant change in the 

irrigation needs of crops, the opposite trend was manifested, with only 1 station out of 16 recording 

a decrease in rainfall.  

4. Discussion  

The re-estimation of irrigation required two successive past periods in order to evaluate the 

effect of the ongoing changes in precipitation and evaporative demand of the atmosphere on the 

water demand of crops. The results revealed some interesting effects of ongoing climate change, 

which usually do not receive the deserved attention, and which could prove to be a useful guide for 

farmers, policy makers, government officers and agricultural advisors. 

The trends in the change of mean annual precipitation and mean annual temperature in Cyprus 

are not reflected equally or proportionally at different times of the year. Consequently, the 

adjustment of irrigation schedules to climate change by farmers should not rely on annual trends as 

practiced by local growers. Focusing on month-by-month changes revealed strong trends towards an 

increase in evaporation during March at all meteorological stations, which in combination with a 

respective decrease in precipitation attests that an adjustment of irrigation water provision to crops 
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is needed. Irrigation programs that are based on “old” meteorological data would result in water 

deficiencies, which may affect critical growth stages of plants. Moreover, in many cases, farmers now 

need to irrigate their crops during March, whereas previously, irrigation in March was negligible. In 

March, the precipitation dropped by 36% and the amount of water that would be needed to 

compensate for this reduction was estimated to be also 36% on average, as rainfall covered a large 

part of the total water demand of crops. Climate change effects on irrigation scheduling parameters 

were also found in Calabria, Italy. From an analysis of reference evapotranspiration (ETo) during the 

last decades, it was shown that a positive trend in summer precipitation also caused an advance of 

the last watering, resulting in a slight decrease of the length of the irrigation season [22]. 

The example of potatoes is probably indicative of the necessary adaptation measures. Potatoes 

are one of the most exportable products of Cyprus and one of the most water-consuming crops. The 

“spring crop” or the “main crop” is planted in November/February and harvested in March/June 

mainly for export, but also for local consumption. Stolonization and tuber initiation are the stages 

that are most sensitive to water shortage [23], mainly because they are the stages of the highest crop 

water demand. If water shortages occur during the mid-season stage, which in Cyprus coincides with 

March, the negative effect on the yield will be pronounced. Karafyllidis et al. [24] showed that limited 

soil moisture availability affected yield and the number and size of tubers. In the following year, seed 

produced under conditions of moisture stress produced plants with 20% fewer stems, 24–33% less 

yield, 18–22% fewer tubers and 19–22% fewer large tubers than plants from seed produced under 

abundant water supply. 

Hence, irrigation should be applied as an adaptation measure to safeguard yields if 

meteorological trends continue as they are today. An earlier shift of plantation dates could 

alternatively also be envisaged as an adaptation measure of potato cultivation, as crops would have 

completed their water-sensitive stage before the less favorable conditions of March. An analysis of 

the optimum adjustment of planting dates for corn and soybean was also suggested by Woznicki et 

al. [25] as one of the best adaptation strategies to cope with future climate change scenarios. 

However, in contrast, precipitation increased from 0.9 to 2.3 mm in September, affecting 

irrigation water demand for this month by only 5%. This is because the contribution of rainfall to the 

total amount of water that needed to be applied to crops in September was nevertheless very small. 

In this case, following current irrigation guidelines would result in supplying crops with an excess of 

water. This would not have a negative effect on productivity and yields but it would result in wasting 

water. The results, therefore, support the notion that in changing climatic conditions, the irrigation 

adaptation actions required are different in each case depending on specific conditions. Using a 

modeling approach to simulate the impact of various climate change scenarios on crop water and 

downscaling climatic parameters derived from global circulation models, Doria and Madramootoo 

[26] similarly suggested that in order to sustain crop production in the future, efficient irrigation 

scheduling for producers should be used as an adaptation measure. 

The monthly changes in weather conditions that were highlighted in this study and their 

significant effects on agricultural production constitute a very subtle aspect of climate change, as they 

are not obvious even as seasonal changes. As a result, we advocate for further examination and 

verification in other places with a similar climate. However, if the shown precipitation and 

evaporation trends continue in the future, rainfed crops could also be affected and emphasis should 

be placed on supplementary irrigation during March. The addition of small amounts of water in this 

month could improve and stabilize yields, providing the missing moisture for normal plant growth.  

5. Conclusions 

Irrigation schedules that are based on the average evaporation and rainfall records of an area 

have to be adjusted to recent changes of climatic parameters even if the year-round changes are not 

significantly affected. Shifts in rainfall and temperature “allocation” across the months of the year 

call for a corresponding adjustment of the irrigation water applied to crops, as an eventual mismatch 

with plant needs could significantly affect some of their critical growth stages. The adjustment of 
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irrigation schedules should be based on more local studies, even if they are in opposition to trends 

found in wider areas. 
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