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Abstract: Cabbage growth and development require temperatures between 15
and 18°C. However, for most of the growing season, cabbage is exposed to
temperatures above 20°C. To obtain the highest possible prices on farmer’s
markets, cabbage producers start cabbage planting at the earliest possible dates
(early or late autumn). Cabbage growth is “pushed forward” by more abundant
irrigation, planting density, cultivation, and protection, to form a marketable
(technologically mature) head in the shortest possible time and achieve the highest
possible profit on the market. To improve the efficiency of water use and adapt
cabbage to warmer and drier conditions, it is recommended to use modified
production systems, with an emphasis on postponing the date of sowing or planting
to mitigate the effects of temperature increase and drought during cabbage
production. This paper aims to point out the effects of temperature and water stress
and to provide solutions that can be practically applied to mitigate the negative
impacts of these stress factors on cabbage production. Priority should be given to
the development of production systems that improve the efficiency of water use
adapted to the conditions of hot and dry weather. Irrigation of cabbage should be
organised as drip irrigation, as this is a more rational system, with the possibility of
comparative feeding and protection.
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Introduction

The geographic position of Serbia allows for a year-round open-field or
greenhouse production of cabbage. The production of early cabbage starts in
January and February, while late cabbage is harvested at the end of November or
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even later, until the occurrence of severe frosts. Cabbage is produced all year
round, as early cabbage for fresh consumption and as late cabbage for preservation.
The cultivation of cabbage is most often defined by the way it is used, i.e. fresh,
cooked or pickled. The specificities of the production methods mentioned are
closely related to the weather conditions in the part of the year when the production
takes place. Although it is adapted to different climatic and soil conditions,
cabbage is better suited to cooler and wetter growing areas (Osher et al., 2018).
This rule also applies to parts of the year with cooler temperatures, to which
cabbage responds very well at all stages of development (Cervenski et al., 2022).

Environmental factors have been changing more rapidly, affecting vegetable
production and quality. Reduced vegetable production is likely to be caused by a
shortened production period, which will negatively affect growth and development,
especially under conditions of heat stress and reduced water availability. Climate
change causes additional uncertainties and risks, increasingly limiting production,
which leads to an increase in the price of vegetables. These changes encourage the
spread of pathogens and the development of new pest species and pathogen strains
(Malhotra and Srivastva, 2014). The challenges to be faced in the coming years are
sustainability and competitiveness, achieving targeted production that can meet the
growing demands despite the reduction in arable land and water shortages. New
models are needed in order to improve the production of vegetables, with special
interventions in certain areas that require experience, knowledge, and the
application of new techniques and technologies (Malhotra and Srivastva, 2015).

Cabbage growth and development require temperatures between 15 and 18°C
(Hara and Sonoda, 1982; Criddle et al., 1997; Znidar¢i¢ et al., 2007; Kotota and
Chohura, 2015; Lesi¢ et al., 2016; Cervenski and Medi¢-Pap, 2018). However, for
the most part of the growing season, cabbage is exposed to temperatures above
20°C. In the Republic of Serbia, such temperatures occur from the beginning of
April to the end of September. In Serbia, the production of early cabbage in the
open field, the production of summer cabbage, and the first stage of the autumn
cabbage production take place during these months. So as to obtain the highest
possible prices on the farmer’s markets, cabbage producers start planting cabbage
at the earliest possible dates (early or late autumn). Cabbage growth is “pushed
forward” by more abundant irrigation, planting density, cultivation and protection,
in order to form a marketable (technologically mature) head in the shortest possible
time and achieve the highest possible profit on the market.

The aim of this paper was to point out the effects of temperature and water
stress and to provide solutions that can be practically applied in order to mitigate
the negative impacts of these stress factors on cabbage production.

The area under cabbage cultivation in Serbia declined steadily from 2010 to
2023. In the observed period, cabbage yields mostly increased (Table 1), possibly
due to the application of improved cultivation practices, such as the selection of
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high-yielding hybrids, sowing/planting a larger number of plants per unit area
(denser planting), irrigation, control of weeds, disease-causing and harmful insects.

Table 1. Cabbage production areas (ha) and yield (t/ha) in Serbia from 2010 to
2023 (https://www.stat.gov.rs).

Year Production area (ha) Yield (t/ha) Year  Production area (ha) Yield (t/ha)
2010 20891 16.1 2017 10213 25.7
2011 20581 153 2018 8251 254
2012 20441 12.2 2019 7957 224
2013 19422 14.3 2020 7547 23.8
2014 11116 235 2021 7513 24.7
2015 12061 27.9 2022 7335 22.6
2016 10804 26.8 2023 7111 22.3

Thermal and precipitation characteristics of the vegetation period (April—
September) in the Republic of Serbia from 2010 to 2024

For a better understanding of the effects of temperature and water stress on the
production of cabbage, the thermal and precipitation characteristics of the growing
season (April-September) from 2010 to 2024 in the Republic of Serbia are
presented in this paper.

The number of days with a maximum air temperature > 20°C (Tmax >20°C) in
the growing season (April-September) in the period 2010-2024 ranged between
131 (2019) and 169 days (2018) (Figure 1).
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Figure 1. Number of days with T-max>20°C; T-max>30°C T-max>35°C during the
vegetation period (April-September) in 2010-2024 in Serbia.
(https://www.hidmet.gov.rs/)
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The number of days with a maximum air temperature > 30°C (Tmax >30°C or
summer days) in the growing season (April-September) in the period 2010-2024,
ranged between 17 (2014) and 85 days (2024) (Figure 1).

The number of days with a maximum air temperature > 35°C (Tmax >35°C or
tropical days) in the growing season (April-September) in the period 2010-2024
ranged between 0 (2014 and 2018) and 43 days (2024) (Figure 1).

In July and August, tropical temperatures were recorded at night (morning
temperatures were above 20°C), 26°C in July 2023, as well as 17 days in 2024
(https://www.hidmet.gov.rs/).

The number of rainy days during the vegetation period (April-September) in
20102024 varied from 29 (2023) to 70 (2014) (Figure 2).
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Figure 2. Number of rainy days during the vegetation period (April-September) in
2010-2024 in Serbia. (https://www.hidmet.gov.rs/)
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Figure 3. Precipitation in mm during vegetation (April-September) in 2010-2024
in Serbia. (https://www.hidmet.gov.rs/)
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Precipitation in mm during the vegetation period (April-September) in 2010—
2024 in Serbia varied from 152 mm (2023) to 698 mm (2014) (Figure 3).

Possibilities of mitigating the negative impacts of temperature stress on cabbage
production

When producing early cabbage in the open field or in the greenhouse, it is
necessary to react adequately and timely so as to reduce the impacts of low
temperatures. Low temperatures during spring can extend the planting time of early
cabbage and have a negative impact on early cabbage sown or planted in an
unheated greenhouse or in the open field, which can result in partial damage to
individual plants or complete failure of production. In the winter/spring period, low
temperatures in the range of 0°C and even below -10°C, with weaker or stronger
frosts, are possible. Under the conditions of low temperatures, the plant primarily
defends itself by closing the stomata, which reduces the intensity of one of the
basic physiological processes — photosynthesis. In order to strengthen the cabbage
seedling as much as possible, it is necessary to gradually expose it to external
weather conditions, unpredictable situations and temperature fluctuations
(Cervenski and Medi¢-Pap, 2018; Cervenski et al., 2022).

Early cabbage production in the greenhouse takes place in tunnels without
additional heating at a height of 1.8-2.5 m (Ilin et al., 2017), and is often
accompanied by the use of several polythene sheets to prevent vernalisation of the
early cabbage plants due to prolonged exposure to low temperatures.

At a temperature of 4-5°C, the vegetative cabbage head can undergo
vernalisation, while the most intensive processes occur at a temperature of 5 to 6°C.
This is an undesirable phenomenon in early production. Longer exposure to low
temperatures of 5 to 7°C in more sensitive cabbage varieties and hybrids leads to
vernalisation and flowering. Length of the vernalisation stage ranges from 30 to 70
days (Amasino, 2004). With a day length of 12 hours and temperature conditions
of 6°C, vernalisation lasts about 7 weeks. In early spring production, cabbage
seedlings can vernalise in 12—14 days during periods of low temperatures (Adzi¢ et
al., 2012; Cervenski and Medi¢-Pap, 2018).

On the one hand, quality polyethylene films in early production preferably
have a high surface tension of the inner layer, so that the hanging drops do not
reflect a significant amount of direct sunlight and thus reduce the length and
intensity of photosynthetic activity. On the other hand, direct sunlight transports
more heat than diffused sunlight and the temperature under such foils is
significantly higher. If such foils also contain a supplementary thermo-protective
barrier against the radiation of heat accumulated in the soil and in the young plants
during the sunny days, then in addition to exceptional earliness, larger and more
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beautiful heads, higher yields and significantly higher profits can be expected
(Momirovi¢, 2004, Kim et al., 2022).

The maximum film thickness acceptable from the point of view of thermal and
mechanical properties depends on the width of the film, which is about 80 microns
for tunnels covered with an 8 m wide film. Tests have shown that the non-drip,
thermo-protective foil of 80 microns ensures a temperature higher by 4-5°C after
weaker morning radiation frosts compared to the standard foil of 160 microns,
which is mainly used by our manufacturers (Cervenski and Medi¢-Pap, 2018).

Mulching is also a key factor for the successful cabbage production (Ili¢ and
Milenkovi¢, 2022). Natural mulch contributes organic matter to the soil, whereas
synthetic mulch raises soil temperature, retains moisture, and minimises weed
competition. The impact of seeding varies with the growing season. Using black
polyethylene film to cover the soil is advisable when the spring is cold and wet, but
its benefits may be diminished at higher temperatures (Adamovi¢ et al., 2023).
Black polyethylene mulch absorbs heat from solar radiation, raising soil
temperature, which helps boost cabbage production, particularly during the winter
season (Farjana et al., 2019; Adamovic¢, 2020; Ponji¢an et al., 2021).

Production of cabbage in greenhouses during the winter-spring period requires
additional heating and the use of double covering foils and agro-textiles inside the
greenhouse. Fleece films, categorised as non-woven agro-textiles, are made with
specific technology from UV-stabilised polypropylene and serve as a thermal
barrier that mitigates temperature extremes in the crops. They do not contain any
chemical agents, but the fibres are connected by a specific thermal process. They
have high light transparency and permeability to water and air, and are applied by
directly covering young, sprouted or transplanted plants (Khramov et al., 2022).

In cabbage production, they are used at low temperatures, rarely at extremely
high temperatures, or when additional protection against harmful insects, vectors,
dangerous viral diseases, or in the organic growing system is required. These light
thermal protection barriers usually weigh 17-60 g/m’, but when they are slightly
thicker, they provide an ideal environment for accelerating the growth of cultivated
cabbage, ensuring earlier arrival and higher yields, and protecting crops in the
coldest periods. They are especially effective during light radiation morning frosts
when, thanks to the retention of long-wave thermal radiation, the temperature of
the ground layer is 4 to 5°C higher. The effect of previously accumulated heat in
the soil and in the plants does not last longer than a few days if very cold weather
accompanied by weak daylight lasts longer. Therefore, the best effect of covering
the plants directly with agro-textiles is related to transitional seasons. In addition, it
is notable that due to the high permeability of agro-textiles, we can easily irrigate
the cabbage using micro-irrigation without removing the foil beforehand. However,
the application of pesticides or water-soluble fertilisers is not allowed, because it
can drastically reduce the duration that extends over several seasons of vegetable
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growing (Ilin et al., 2017; Stanciu, 2023). In the study by Stanciu (2023), covering
cabbage with agrotextile in early production in the greenhouse and in the open field
resulted in a 4-7-day earlier harvest as well as a higher rosette diameter, plant
height, number of leaves in the rosette, head weight, leaf weight.

For cabbage production in greenhouses during spring and autumn, the average
daily temperature should range between 15 and 25°C, i.e. 10 and 30°C (Xianbing
et al., 2020). In warmer years, plastic mulching films can increase the soil
temperature around the root system, which can negatively impact cabbage growth
and yield. Therefore, they should be avoided in areas with high levels of solar
radiation (Djigma and Diemkouma, 1986, Diaz-Pérez and Batal, 2002, Adamovi¢
et al., 2023). Some authors (Hou et al., 2010) recommend removing plastic films at
a certain stage of plant development.

July and August are usually the hottest months of the year. These two summer
months are characterised by temperature stress with high temperatures over 32—
33°C, and often 34-35°C. Chang et al. (2016) reported that daily temperatures
exceeding 30°C during summer reduce the yield and quality of cabbage. A larger
number of leaves and a larger leaf area were recorded when growing cabbage at
20°C, compared to 25°C, while no significant differences were observed between
20 and 22.5°C (Suh et al., 2012). The same authors state that the decrease in yield
under the influence of a temperature of 22.5°C amounts to 4%, while the decrease
in yield under the influence of a temperature of 25°C amounts to 15%.

Optimum temperatures for cabbage are 20°C during the day and 15°C at night
(Kalloo and Bergh, 2012). The occurrence of high temperatures also represents
stress. Temperature stress can have a negative effect on the final stage of the
vegetation period of summer cabbage and the initial phase of the vegetation period
of late or autumn cabbage intended for preservation. Extended periods of higher
temperatures lead to an increased number of plants that do not form heads,
premature flowering, smaller heads (Kalloo and Berg, 2012), firmer leaf texture,
curling, scalding, and damage to the leaves of the rosette and heads, as well as
slower growth (Yue et al., 2021), loose heads, and the appearance of multiple
smaller heads on a single plant (Figures 1 and 2).

Due to the high temperatures caused by climate change, plants adjust their
metabolism, which can affect their nutritional value. High temperatures trigger
physiological and biochemical changes in plants that influence their nutritional
potential (Gmizi¢ et al., 2023). The same authors note that high temperatures
significantly increased the content of total phenols, soluble sugars, carotenoids,
potassium, sodium, and antioxidant capacity as measured by the ABTS and FRAP
assays.

In order to maximise the profitability of production, producers should know
the cultivated cabbage variety/hybrid and, above all, its vegetation period. In spring
production, knowing the vegetation period of the cultivated cabbage variety/hybrid



240 Janko F. Cervenski et al.

can ensure that negative effects of high temperature stress, which is more common
in June and July, are avoided. Stanciu (2023) emphasises the importance of hybrid
selection for extra-early cabbage production.

Figure 4. Loose head. Figure 5. Multiple heads of cabbage.
(Adamovi¢ B., 2024) (Adamovi¢ B., 2024)

Knowing the length of late cabbage vegetation from the autumn production,
the aforementioned practices can be organised with a time shift in planting dates
towards August or September. Temperatures are more optimal for the production
of autumn cabbage during September, October and November. With this system of
organising cabbage production, the priority to bringing fresh autumn cabbage to the
market, when the prices are at their highest, is lost. However, producers get a safer
production of better-quality cabbage, which should be the main goal of any
production.

One way to maximally compensate for the impacts of high temperatures on
cabbage production is to cultivate locally grown cabbage varieties. Cabbage
varieties and populations that originated or became domesticated in a particular
area should be cultivated as much as possible for several reasons. These varieties
are well adapted to local climatic conditions, tolerate new climatic changes well,
often have better quality (sugar content and lower leaf thickness) than other
cultivated cabbage hybrids, and are part of the culinary tradition in a particular
area.
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Possibilities of mitigating the negative impacts of water stress on cabbage
production

Cabbage requires high soil moisture throughout the growing season, which
makes it a hydrophilic plant. Shock and Wang (2011) state that the plant species
Brassica oleracea is one of the most sensitive to soil water deficiency, while Bute
et al. (2021) claim that cabbage is moderately sensitive to water stress. If soil
moisture exceeds desirable levels, cabbage will consume it inefficiently and
uneconomically (Cervenski and Taka¢, 2012). Cabbage forms a large above-
ground mass with large leaves and has a shallow but extensive root system, with a
depth of up to 30 cm, where the greatest root mass is concentrated in the top 10-cm
layer (Yamamoto et al., 2015). The root surface area through which it absorbs
water and nutrients is up to 25 cm” (Cobos-Tores et al., 2021). The visible leaf area
at the beginning of head formation ranges from 0.59 to 0.91 m’, and during the
head formation stage, it ranges from 0.57 to 0.85 m® (Liiling et al., 2022), which
affects the high transpiration and water requirements, while the cabbage leaf area
index is around 3.96. The high leaf area index and the high transpiration lead to
rapid soil drying (Seidel et al., 2017).

The accurate estimation of crop water requirements is an important
prerequisite for high yields and crop productivity (Seidel et al., 2017). Water
requirements are also determined by the growth phase, and the greatest is during
the seedling stage, intensive growth of the rosette leaves and head formation
(Karagi¢, 1998). In addition, water requirements are determined by the time and
location of crop growth. The water requirements are the highest during the hot days
of July and August, and higher than during the head growth at lower temperatures
and higher humidity, which reduces transpiration and evaporation of water from
the soil (Bosnjak, 2003). Similarly, Seidel et al. (2017) state for the agroecological
conditions in Germany that plants expirience drought stress for up to 62 days after
transplanting, and that rainfall or irrigation in later stages can compensate for the
stress caused by early water deficiency.

Multi-year research by Domuta et al. (2017) shows that autumn cabbage
requires a substantial amount of water. This is supported by Biiylikcangaz (2018),
who states that cabbage requires 380 to 500 mm of water depending on the climate
and length of vegetation. Domuta et al. (2017) found that irrigation significantly
increased the average cabbage yield by 153%.

It is also important to take into account precipitation throughout the entire
growing season and the climate of the region where cabbage is grown, as well as to
ensure critical irrigation stages during the 6—7-leaf stage and the beginning of head
formation are not missed (Bute et al., 2021). The absence of irrigation during the
head formation stage reduces head mass by more than 50%, leading to
unacceptable market losses (Radovich et al., 2004). The same authors note that, in
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addition to lower yields, the value of the crop also decreases due to deviations in
the shape and size of the heads.

Lower soil moisture slows down the formation of heads, which remain small
and soft, while irrigation during head development results in larger and heavier
heads, with a lower dry matter content (Radovich et al., 2005). Cabbage is sensitive
to changes in soil moisture, especially in the stage of head formation and
technological ripening. A water deficit 3 to 4 weeks before harvest lowers yield
and quality. Low soil moisture stops the growth, while the leaves and heads are
small and loose. If drought stress occurs in the earlier stages of plant development,
it slows down the growth of the above-ground biomass, resulting in reduced plant
height and smaller leaf area (Seidel et al., 2017). On the other hand, excessive
humidity during this period can cause cracking in the heads. This occurs when the
soil is dry for a prolonged period and when rewetting occurs through precipitation
or watering (Cervenski and Medié-Pap, 2018).

Irrigation and watering norms depend primarily on weather conditions and the
amount and distribution of precipitation. Irrigation norms, i.e. the amount of water
applied expressed in mm or litres, range from 3 to 8 or even more. For every 5 mm
of natural rainfall, irrigation should be postponed by one day and conducted at
every 6 to 8 days with about 30 mm of water (Dragovic et al., 2006).

A decrease in soil moisture leads to an increase in soil temperature, which is
another key factor affecting cabbage growth. Hamad et al. (2022) indicate that
cabbage growers frequently apply high amounts of nutrients and water to increase
yields, while Bute et al. (2021) state that excessive water usage become a standard
practise in order to achieve higher yields. Excessive and frequent irrigation can
negatively affect yield, but not as much as insufficient irrigation (Cripps et al.,
1982). In addition to increasing overall costs, excessive irrigation can lead to
nitrogen leaching (Imtiyaz et al., 2000; Seidel et al., 2017).

Irrigation can be performed using sprinklers (Imtiyaz et al., 2000; MarsSi¢ et
al., 2012; Seidel et al., 2017) or a drip irrigation system (Radovich et al., 2004;
Znidar¢i¢ et al., 2007; Marsié et al., 2012; Adamovi¢ et al., 2023). Sprinkler
irrigation produces a favourable effect on the microclimate, lowering the
temperature of the leaves by 7-12°C compared to the air temperature. Additionally,
sprinkler irrigation increases the relative humidity, which should range between
85% and 90% for cabbage (Bute et al., 2021). Subsurface drip irrigation is a more
efficient method of water management compared to other irrigation techniques. It
offers several benefits, including water conservation, easy fertigation, and reduced
surface runoff and deep percolation (Hamad et al., 2022). The main advantage of
the drip irrigation system is that it reduces the occurrence of unfavourable
conditions (wetting of leaves and heads), so the intensity of pathogen infestation in
cabbage is much lower compared to irrigation systems using artificial rain (Vlaji¢
etal., 2017).



Possibilities of cabbage production under climatic changes 243

If the cabbage is produced during the dry season at temperatures above 30°C
(during July and August), irrigation should be carried out every 8—12 days with a water
rate of 3040 mm. Frequent watering (every 4-6 days) at high temperatures (above
30°C) can contribute to the formation of loose cabbage heads, which reduces the
market value of cabbage (Cervenski et al., 2008; Cervenski and Medi¢- Pap, 2018).

The main element of rational irrigation in cabbage production is the
knowledge of the potential evapotranspiration, i.e., plant water requirements, or
consumption of water that contributes to the highest yield of good quality (Karagic,
1998). Cabbage has a lower evapotranspiration than other vegetable crops, because
its leaves are covered with a thin wax coating and have a lighter colour, but it has
higher water requirements. Evapotranspiration depends on the environment, the
amount and distribution of precipitation during the growing season and water
requirements of the plant. All these parameters are significantly changed by
postponing the date of planting. Cabbage evapotranspiration decreases with later
planting due to changes in the environment, i.e., a decrease in the sum of
temperatures at later planting dates (Karagic et al., 2001).

Conclusion

The weather conditions in Serbia are gradually exceeding the levels required
for the production of cabbage. The effects of temperature and water stress on
cabbage production are increasing. Average air temperatures are the highest in July
and August, causing temperature and water stress, which increases the cost of
production and affects the final price of technologically mature heads.

To improve the efficiency of water use and adapt cabbage to warmer and drier
conditions, it is recommended to use modified production systems, with an
emphasis on postponing the date of sowing or planting in order to mitigate the
effects of temperature increase and drought during cabbage production.

The avoidance of temperature and water stress must be adjusted with the aim
of achieving maximum quality / technological compaction of the head, and the
time needed for obtaining the highest price on the market.

The development of production systems that improve the efficiency of water
use adapted to the conditions of hot and dry weather should be prioritised. The
irrigation of cabbage should be organised as drip irrigation, as this is a more
rational system, with the possibility of comparative feeding and protection.
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Rezime

Za rast 1 razvoj kupusa, optimalne temperature su od 15 do 18°C. Medutim,
veéi deo vegetacionog perioda kupusa je izloZzen temperaturama preko 20 °C. Iz
razloga dobijanja $to vece cene na zelenoj pijaci, proizvodaci kupusa krecu sa $to
ranijim rokovima sadnje kupusa (ranog ili kasnog jesenjeg). Na sam kupus se ,,vrSi
pritisak” kroz obilnije navodnjavanje, gus¢i sklop, prihranu i zastitu da bi u Sto
kra¢em roku formirao trziSno zbijenu glavicu (tehnoloski zrelu), koja bi ostvarila
§to bolju dobit na trzistu. U cilju poboljSanja efikasnosti kori$¢enja vode i
prilagodavanja kupusa toplijim i suvljim uslovima, za preporuku je koriS¢enje
modifikovanih proizvodnih sistema. Akcenat moZemo staviti na pomeranje datuma
setve ili sadnje u cilju borbe protiv sve prisutnijeg povecanja temperature i perioda
nedostatka vode tokom sezone uzgoja kupusa. Cilj ovog rada je ukazati na uticaj
temperaturnog i vodenog stresa, te dati odredena reSenja koja se mogu prakticno
primeniti radi ublazavanja negativnog uticaja pomenutih stresova na proizvodnju
kupusa. Prednost bi trebalo dati razvoju proizvodnih sistema za poboljSanje
efikasnosti koriS¢enja vode prilagodenih uslovima toplog i suvog vremena.
Navodnjavanje kupusa bi trebalo organizovati sistemom kap po kap. Ovim
sistemom navodnjavanja racionalnije tro§imo vodu, uz moguénost uporednog
prihranjivanja i zastite.

Kljuéne re€i: temperaturni stres, vodni stres, kupus, navodnjavanje,
malCiranje.
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