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Abstract

Climate change, which manifests through shifts in temperature, rainfall patterns, and the
frequency of extreme events like droughts and floods, has a substantial impact on agricultural
production and food security.

This study investigates the influence of climate change on the irrigation needs of apple,
pear, and plum crops in two fruit-growing districts in western Serbia, specifically in the Kolubara
and Morava districts. This research aims to provide valuable insights for farmers to plan and adapt
their production strategies in response to evolving climate conditions.

To estimate the water requirements, crop evapotranspiration (ETc), effective rainfall (Pe),
and water deficit (In) were determined using historical climate data from meteorological stations in
Valjevo (Kolubara district) and Pozega (Morava district) for the observed period (1961 - 2021). For
projecting future water requirements (2021 - 2040), we employed data from eight regional climate
models within the EURO — CORDEX project. The analysis of water requirements for apple, pear,
and plum was conducted for both grassed and non-grassed orchards.

In the Kolubara district, the average seasonal water deficit during the observed period was

356 mm in grassed orchards and 191 mm in non-grassed orchards, with the most significant
irrigation requirements occurring in July and August, representing 60 - 70% of the seasonal water
requirement. Looking ahead to the future period (2021 - 2040), the average water deficit increases
to 401 mm in grassed orchards and 202 mm in non-grassed orchards, marking a 13% and 6% rise,
respectively, compared to the observed period. This signifies a need for 1 to 2 additional irrigation
sessions.
In the Morava district, the average seasonal water deficit during the observed period was 403 mm
in grassed orchards and 236 mm in non-grassed orchards, with the highest irrigation requirements
in June, July, and August, accounting for 80 - 90% of the seasonal water requirement. Due to an
anticipated increase in total precipitation in the future period (2021 - 2040) in the Morava district,
there is a decrease in the seasonal water deficit by 3% in grassed orchards and 16% in non-
grassed orchards. However, even with reduced water requirements in the future, there remains a
significant requirement for irrigation in May, June, July, and August when rainfall is limited.
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INTRODUCTION
Worldwide fruit production, especially in
arid and semi-arid climates, carries

significant risks without the incorporation of
irrigation. A universal challenge for fruit
growers revolves around the establishment
of an optimal irrigation regimen,
considering both the frequency and volume
of watering, aimed at achieving high-quality
yields while also safeguarding the
environment. Estimating irrigation needs
for herbaceous plants is relatively precise,
in contrast to the variability encountered
when estimating irrigation requirement for
fruit crops, mainly due to the differing
anatomical and morphological structures of
fruit trees and their adaptability to soil
water fluctuations. The water potential in
fruit orchards is closely linked to the solil's
moisture content (Yahyai, 2012).

Elevated daily temperatures, coupled with
water deficits, can adversely affect fruit
growth and vyield (Calderon-Zavala et al.,
2004; Jackson, 2011). To prevent
reductions in yield and fruit quality in the
following season, the soil moisture content
should be maintained at a level that avoids
substantial water deficits in fruit orchards
during and post-harvest (Johnson and
Phene, 2008; Abriskueta et al.,, 2010;
Marsal et al., 2010).

In the context of climate change, there is
an increasing frequency of dry periods
during the summer months and reduced
and uneven distribution of rainfall during
the growing season. Therefore, irrigation
becomes an essential measure in plant
production. Irrigation consumes around
70% of renewable water resources and
depends on the availability of freshwater
from rivers, lakes, and reservoirs (FAO,
2020). Many authors emphasize that in
future climate conditions, risks in fruit
production are increasing (due to
increased irrigation requirements, drought,
heatwaves, floods, frost, hail), and it is

necessary to implement adaptation
measures  through the use and
construction ~ of  irrigation  systems,
reservoirs, drainage systems, anti-hail

nets, anti-frost systems, the selection of
varieties resistant to dry climate conditions
(Trbic et al., 2022; Ahmadyan et al., 2019;
Vujadinovié Mandi¢ et al., 2022; Cosi¢ et
al., 2021; Lipovac et al., 2018; Makar et al.,
2022; Stricevi¢ et al., 2019). This study has
examined the irrigation requirements for
apple, pear, and plum in grassed and non-
grassed orchards in two fruit-growing
regions of western Serbia under changing
climatic conditions with the aim of assisting
producers in making decisions and
implementing suitable agrotechnical
adaptations to achieve high yields of good
quality.

MATERIALS AND METHODS

The analysis in these studies was
carried out using meteorological data
collected from the Valjevo (Kolubarski
district) and Pozega (Moravicki district)
meteorological stations. Table 1 presents
the coordinates and altitudes of the
meteorological stations employed in this
research.

Table 1 Meteorological Stations Used in the
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Research
District Station Latitude Altitude m a.s.l.
Kolubarski Valjevo 44° 17°' N 174
Moravicki Pozega 43° 51°N 311
A set of daily meteorological records
encompassing air temperature and

precipitation for the past four decades
(1961-2021) was subjected to analysis.
Using the FAO IDP (Irrigation and
Drainage Paper) No. 56 methodology
(Allen et al., 1998), the research involved
the computation of reference
evapotranspiration (ETo), effective rainfall
(Pe), crop evapotranspiration (ETc), and
water deficit (In). The Hargreaves method
was employed to calculate the reference
evapotranspiration:

ETo = 0.0023 - 0,408 - Ra - (Tmax — Tmin)°>
*(Tavg + 17.8)

Where: ETo - reference evapotranspiration

(mm-dant); Ra — extraterrestrial radiation (mm-dan-
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1); Tmax — maximum air temperature (°C); Tmin —
minimum air temperature (°C); Tavg — average daily
temperature (°C).

Effective rainfall was
considering daily rainfall
probability of occurrence.

determined by
with a 90%

Peday = Pday -0.9

Gde je: Peday — daily effective rainfall (mm); Pgay —
daily rainfall obtained from the meteorological
station (mm)

Crop evapotranspiration was calculated as
the product of reference evapotranspiration
and the crop coefficient:

ETc = ETo - kc

Where: ETc — crop evapotranspiration (mm-dan);
ETo — reference evapotranspiration (mm-dan); kc
— crop coefficient.

The crop coefficient values for apple, pear,
and plum, along with the duration of
vegetation and various phenophases, were
extracted from FAO 56 publication (FAO
Irrigation and Drainage Paper No. 56) for
both grassed and non-grassed orchards.
According to the FAO methodology, these
three fruit types fall into the same category
due to their similar vegetation duration,
phenophases, and water needs. Table 2
displays the crop coefficient values for
apple, pear, and plum during different
phenophases in both grassed and non-
grassed orchards.

Table 2. Crop coefficient values (grassed and non —
grassed apple, pear, plum orchards)

Phenophases
e=22 2  Duration of
Culture §= ©£§5=z 2  vegetation
- 83555 5 (a)
S50 g g
apple, pear and
plum (frost, non- 0.45 0.95 0.70 245
grassed orchard)
apple, pear and
plum (frost, 0.50 1.2 0.95 245

grassed orchard)
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The water deficit was determined by
calculating the diference between crop
evapotranspiration and effective rainfall.

In = ETc — Pe

Where: In — net water deficit (mm); ETc — crop
evapotranspiration (mm-dansl); Pe effective
rainfall (mm).

The analysis of future climate changes has
to include current and relevant results of
climate projections, which implies the
appropriate selection of one or more
scenarios related to greenhouse gases and
appropriate integrations of climate models
with the greatest spatial resolution
possible. The scenario RCP8.5 (Relative
Concentration Pathway) from the Fifth
Assessment Report of the
Intergovernmental Panel on Climate
Change (IPCC, 2014) was selected for the
analysis. This scenario does not envisage
the application of mitigation measures and
therefore it can be regarded as “the worst
option“. However, Serbia has already
reached the values of temperature change
envisaged for the following 20 years, so
the selection of more moderate scenarios
would be inappropriate in this case.

The selected integrations of climate
models were taken from the project
“‘Development of the internet application
and platform for assessing vulnerability to
climate change and adaptation” realized
within the UNDP project “Advancing
medium and long-term adaptation planning
in the Republic of Serbia (Djurdjevic et al.,
2021) and they include a set of 8 regional
climate models with a 0.1° (about 12 km)
spatial resolution from the EURO-
CORDEX project dataset (Table 3). In
accordance with the mentioned project,
this study included the analysis of the
twenty-year future period 2021-2040.
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Table 3. Selected combinations of global and
regional climate models

Regional climate model Global climate model

CCLM4-8-17 ICHEC-EC-EARTH
CCLM4-8-17 MOHC-HadGEM2-ES.rcp85
CCLM4-8-17 MPI-M-MPI-ESM-LR
HIRHAMS ICHEC-EC-EARTH
RACMO22E ICHEC-EC-EARTH
RACMO22E MOHC-HadGEM2-ES
REMO2009 MPI-M-MPI-ESM-LR

REMO2009 MPI-M-MPI-ESM-LR

RESULTS AND DISCUSSIONS

Table 4 presents the data for crop
evapotranspiration (ETc), effective rainfall
(Pe), and water deficit (In) during the
growing season of apple, pear, and plum in
both grassed and non-grasseded orchards
for the observed period (1961 — 2021) in
the Kolubara District. It also includes the
median values from eight regional climate
models for ETc, Pe, and In for the future
period (2021 — 2040).

During the observed period, the average
seasonal water deficit was 356 mm in
grassed orchards and 191 mm in non-
grassed orchards, with the highest deficits
occurring in July and August, accounting
for 60 to 70% of the seasonal water
requirements. It's essential to emphasize
the importance of monitoring water deficits
throughout all growth phases. Sometimes,
despite adequate seasonal rainfall,
significant deficits and irrigation
requirements arise in specific months
during the growth phase when rainfall is
limited (as shown in Table 4).

Looking ahead to the period from 2021 to
2040, the average seasonal water deficit
increases to 401 mm in grassed orchards
and 202 mm in non-grassed orchards. This
represents a 13% and 6% increase,
respectively, compared to the observed
period. Notably, the most significant water
deficits occur in May, June, July, and
August, constituting over 90% of the
seasonal deficit, indicating a substantial
need for irrigation and comprehensive
water management throughout all growth
phases. On the other hand, increased
rainfall in the early spring and autumn
months contributes to a surplus in water
balance. These findings underscore the
impact of climate change and underscore
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the importance of conducting
comprehensive analyses to recommend
and implement appropriate adaptation
measures.

While grassed orchards exhibit higher
evapotranspiration and water deficits, the
practice of grassing orchards in regions
with sufficient rainfall creates favorable

microclimatic conditions that positively
impact fruit quality and soil erosion
protection. StriCevi¢ et al. (2017) also

stress that although grassing orchards
increases water requirements, it is
preferable, especially on sloped terrain, to
protect against erosion.

In Table 5, you'll find data on crop
evapotranspiration (ETc), effective rainfall
(Pe), and net water deficit (In) during the
growing season of apple, pear, and plum
for both grassed and non-grassed orchards
during the observed period (1961 — 2021)
in the Moravicki District. It also includes the
median values from eight regional climate
models for ETc, Pe, and In for the future
period (2021 — 2040).

In the observed period, grassed orchards
in the Moravicki District had an average
seasonal water deficit of 400 mm, while
non-grassed orchards had a deficit of 235
mm, with  the highest irrigation
requirements occurring in June, July, and
August, representing 80 — 90% of the
seasonal water requirement. Looking into
the future period (2021 — 2040), due to an
increase in overall precipitation, there is a
decrease in the seasonal water deficit by
3% in grassed orchards and 16% in non-
grassed orchards. However, it's important
to note that, despite a projected decrease
in water requirements, substantial water
deficits and the irrigation requirement
remain significant in May, June, July, and
August, when effective rainfall is limited.
On the other hand, significant rainfall
during the early spring and autumn months
contributes to the overall seasonal water
balance, highlighting the necessity of
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conducting detailed assessments during

each growth phase (as shown in Table 5).

Table 4. Crop evapotranspiration (ETc), effective precipitation (Pe), water deficit (In) during the vegetation
season per fruit group for the observed 1961-2021 period and future period of 2021-2040 (Kolubara district)

Culture apple, pear and plum (frost, grassed orchard) apple, pear and plum (frost, non-grassed)
= 2 5 3 = 2 5 3
= S = o) ] = S = ) 2] <
Period S % ;‘% § s f §1 g fOf g % g § 5 :; §a g ,'8 g
bl |3} a2 3}
2 = ” < § o g = ” < § o ¢
(2] o) 2] o]
n n
ETc (mm) | 31 64 120 178 188 168 103 59 880 | 28 59 111 141 149 133 78 44 715
2061 -2021 | Pe (mm) 45 58 85 95 78 63 57 43 524 | 45 58 85 95 78 63 57 43 524
In (mm) -15 6 36 83 110 105 45 17 356 | -17 1 26 46 71 70 21 1 191
ETc (mm) | 33 73 147 183 192 170 98 56 945 | 29 60 116 145 152 135 75 41 749
2021 -2040 | Pe (mm) 57 75 63 97 63 58 69 64 556 | 57 75 63 97 63 58 69 64 556
In (mm) -15 4 80 83 127 103 19 -17 401 | -20 -9 49 46 87 67 -4 -29 202
ETc (mm) 2 9 26 6 4 3 -5 -4 65 2 1 5 4 3 2 -4 -3 34
Difference Pe (mm) 12 6 -21 2 -16 -5 12 21 32 12 16 -21 2 -16 -5 12 21 32
In (Mm) -1 -1 44 1 16 -2 27 -33 46 -2 -10 22 0 16 -3 25 -30 12

Table 5. Crop evapotranspiration (ETc), effective precipitation (Pe), water deficit (In) during the vegetation
season per fruit group for the observed 1961-2021 period and future period of 2021-2040 (Moravica district)

Culture apple, pear and plum (frost, grassed orchard) apple, pear and plum (frost, non-grassed)
= 2 5 a = — 2 5 7
= S = ) [ = = ) 2] =
Period 5 £ <5(. g S f §> 5 3 g g :% § S § §7 5 9 g
°a o °a 5}
= = - < & o 2| = ” < § o 2
(2] o) 2] )
7] (7]
ETc 31 65 122 180 192 171 103 59 892 | 28 60 113 142 152 136 78 43 725
2061 - (mm)
2021 Pe (mm) 47 54 77 76 77 59 52 45 489 | 47 54 77 76 7 59 52 45 489
In (mm) -6 11 45 104 115 112 50 13 403 | -19 6 36 66 75 76 26 -2 236
R ETc 32 71 144 183 190 170 97 53 929 | 29 59 114 145 150 134 74 39 736
2021 (mm)
2040 Pe (mm) 58 70 62 82 66 55 73 64 536 | 58 70 62 82 66 55 73 64 536
In (mm) -19 9 85 101 125 107 17 -18 394 | -23 -4 55 63 85 72 -6 -30 199
ETc 2 6 22 3 -3 -1 -6 -5 37 1 -1 1 2 -2 -1 -4 -4 11
Difference (mm)
Pe (mm) 12 15 -15 5 -12 -4 21 18 47 12 15 -15 5 -12 -4 21 18 47
In (mm) -3 -2 40 -2 10 -5 -34  -31  -10 -4 -10 19 -3 10 -4 -32  -28 37
levels reduce the water deficit, while

CONCLUSIONS
The results of this research indicate the

water requirements of apple, pear, and
plum in the Kolubara and Moravicki
Districts for the observed period (1961 —
2021) and the future period (2021 - 2040).
It can be observed that there is no
significant increase in water requirements
in the future period compared to the
observed period. What is essential to
emphasize is the need to analyze the
water requirements of fruit orchards during
all stages of development because it often
happens that the seasonal water deficit
does not provide an accurate picture of
the actual water needs. During early
spring and autumn months, higher rainfall
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during the summer months (June, July,
and August), significant deficits and the
need for irrigation arise. The obtained
results can assist producers in assessing
the risks of water deficit during the fruit
growing season and, accordingly,
implementing suitable agronomic
practices to achieve high-quality and
stable yields.
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