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Abstract. The ecological features of citrus (tangerine, orange, lemon) and the agro-meteorological conditions of
their production regions (Adjara, Guria, Samegrelo) are reviewed. The main agro-meteorological characteristics of the citrus
distribution regions are given (sums of active temperatures, atmospheric precipitation, relative humidity, number of frost-
free days, hydrothermal coefficient). Forecast equations for determining the phenological phases of ripening and flowering
of citrus crops are compiled.

The analysis of the climate change scenario shows, that the dynamics of climate change will affect the change in
such important agro-meteorological parameters as the duration of the vegetation period, the sum of active temperatures
(>10°C), etc. Taking into account the above, it was revealed that the predicted changes will have a positive impact on the
production of citrus. Against the background of an extended growing season, their distribution area will expand according
to vertical zonation. According to the developed scenario, an increase in the duration of the growing season with an increase
in air temperature by 1°C is favorable for the full formation of citrus fruits in areas where they are less provided with the
sum of temperatures. According to the mentioned scenario, with an increase in temperature by 1°C, the sum of active tem-
peratures (above 10°C) will increase by 240-260°C and as a result, the distribution zones of citrus will first rise by 100-
150m higher than their base (current) distribution zones.

Keywords: Citrus, active temperature, atmospheric precipitation, phenological forecast

Introduction. Typical representatives of the humid subtropical climate (Black Sea coast - Adjara, Guria,
Samegrelo) are citrus crops such as lemon, orange, tangerine. Their growth and development depend on agro-meteorological
conditions, which determine the possibility of their cultivation, yield and fruit quality. They require a special amount of heat,
vegetation begins at a temperature of 10-11°C, flowering is observed at a temperature of 16-18°C and lasts 15-20 days. The
root system of plants begins to develop at a temperature of 11-12°C. Fruits begin to grow after the end of flowering and
continue to grow intensively for up to 2 months, then this process gradually slows down and stops when the ripening period
arrives. Fruit growth depends on the average air temperature and optimal soil moisture. A temperature of 22-23°C is favor-
able for the growth of these citrus crops.

During the vegetation period, between phenological phases, from bud opening to flowering, the sum of active tem-
peratures above 10°C is required for lemon (“Akhalkartuli”), orange (“Washington Navel”) and tangerine (“Unshiu”) 400-
560°C; from flowering to maturity - the sum of active temperatures is 3500-3700°C. The amount of atmospheric precipitation
from the flowering phase to the maturity phase is 1100-1750 mm. In dry zones, additional melioration measures are neces-
sary. Excessive humidity increases the risk of fungal diseases. Relative humidity of 70-80% is optimal, especially during
the flowering period. These crops are characterized by weak frost resistance. Fruits are damaged at temperatures of -1, -2°C.
Lemon crops die from frost at temperatures of -8, -9°C, oranges at -10, -11°C, and tangerines at -11, -12°C.

Citrus crops develop normally and give high yields on light, nutrient-rich, well-drained, humus-rich soils (pH=5.5-
7.5). In the Black Sea coastal zone of Western Georgia, these crops are grown on peat, humus-carbonate, red soil soils. Wet,
strongly alkaline and sandy soils are unfavorable for these citrus crops. Southern, southwestern and southeastern slopes are
favorable. It should be noted that the plants should be protected from strong winds by arranging windbreaks [1].

Research object and methodology. The objects of the study were the regions of citrus cultivation - Adjara, Guria
and Samegrelo. The Adjara region is located in the humid subtropical zone of Western Georgia, the upper limit of which
extends from sea level to an altitude of 500-600 m. Above this altitude, it has relatively moderate and continental climatic
conditions. The region is bordered by Turkey to the south, the Samtskhe-Javakheti region to the east, the Guria region to the
north, and the Black Sea to the west.

The Guria region is characterized by partly hilly, high-mountainous and somewhat sloping, fairly extensive relief
conditions directed towards the Black Sea, from sea level to an altitude of 100 m. Hilly and hilly areas are located from sea
level to an altitude of approximately 400 m. The region is bordered by the Adjara region to the south, the Samtskhe-Javakheti
region to the southeast, the Imereti region to the northeast, the Samegrelo-Zemo Svaneti region to the north, and the Black
Sea to the west.

The Samegrelo region is characterized by a flat, hilly terrain. The lowland part of the region (up to 100-150 m
above sea level) extends quite widely towards the Black Sea. The region is bordered by the Caucasus Mountains to the north,
the Imereti region to the east, the Guria region to the south, the Abkhazia region and the Black Sea to the west. As a result
of the influence of the Black Sea in the region, the flat, lowland and hilly areas of Samegrelo (up to 500-600 m above sea
level) are in humid subtropical climate conditions.
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For the study regions, multi-year meteorological observation data have been processed and analyzed using the
method of mathematical statistics. The meteorological and agro-meteorological databases of the Institute of Hydrometeor-
ology of the Georgian Technical University have been used; the multi-year baseline (current) meteorological observation
data of the National Environmental Agency of Georgia for the vegetation period. A scenario (2020-2050) has been developed
for Western Georgia, with an increase in air temperature of 1°C. For this, the baseline (current) and forecast future scenario
data (2020-2050) of multi-year observations conducted at the meteorological stations of the National Environmental Agency
have been used and processed. The climatic parameter of the latter (average air temperature) has been calculated using the
ECHAM4 model and according to the A2 scenario.

Results and Discussion. Agroclimatic zone, located from sea level to 500 m altitude, the sum of active tempera-
tures is 4400-3600°C. Citrus fruits develop well in this zone, however, in some years the fruits of citrus crops do not reach
full maturity (oranges), especially in the Adjara and Guria regions. The full maturity of mandarin fruits (early varieties) is
ensured every year from sea level to 200 m altitude, late mandarin 8-9 times every ten years or more. In the Samegrelo
region it is provided every year. At this altitude, the maturity of orange fruits (early varieties) is provided 1-2 times in Adjara
and Guria, and 3-4 times in the Samegrelo region. According to the scenario, with a temperature increase of 1°C up to 300
m altitude, full maturity of tangerine (early, late) is expected every year in all regions, only at an altitude of 300 m in Adjara-
Guria, full maturity of late tangerine is expected 8-9 times every ten years. Orange (early) at the same altitude 3-4 times
(Adjara, Guria), 4-5 times (Samegrelo, Abkhazia) every ten years. Full maturity of tangerine up to 400 m altitude is expected
in all regions 8-9 times (early), 6-7 times (late) every ten years. As for the maturity of lemon fruit, it is desirable to harvest
it at the time of technical ripeness (light green, slightly yellowish). In this form, lemon fruit indicates a high content of
vitamin “C”. Therefore, the sum of temperatures above 10°C, 3800-4000°C, is quite sufficient for it, which ensures the
technical ripeness of fruits in the zone every year. In this zone, it is necessary to reliably protect lemon culture from winter
frosts. Table 1 shows the main agroclimatic characteristics of citrus-producing regions of Western Georgia [2, 3].

Table 1. Main agroclimatic characteristics of citrus-producing regions in the warm period (1V-X)

active temper- | sum of atmos- Relative hu- | Frost-free period

Meteo- ature sum pheric precipita- midity duration (days) HTC

station (>10°C) tion (mm) (%)
Akhalsheni 4300 1470 78 304 34
Batumi 4320 1440 80 302 3.3
Keda 3880 800 77 257 2.0
Kobuleti 3990 1360 81 246 3.4
Chakvi 4230 1500 80 282 35
Anaseuli 4150 1140 79 277 2.7
Atsana 4020 1130 80 272 2.8
Dablatsikhe 4160 980 74 272 2.3
Supsa 4060 1370 83 267 3.3
Ureki 4380 1180 80 288 2.7
Abasha 4310 790 - 270 1.8
Anaklia 4250 900 83 263 2.1
Zugdidi 4160 1010 79 250 2.4
Martvili 4210 1110 76 257 2.6
Senaki 4520 1000 76 288 2.2
Tsalenjikha 4000 1160 77 255 2.9
Chkhorotsku 4130 1200 - 250 2.9

Sunshine is one of the important factors for the normal course of physiological processes in agricultural crops. If
sunshine cannot provide this process, photosynthesis is inhibited, assimilation is weakened, as a result of which the plant
has difficulty supplying water and nutrients dissolved in it from the soil. All this affects the productivity of the plant. There-
fore, it is necessary to take into account the duration of sunshine in order to create better agroclimatic conditions for plants.
The course of the duration of sunshine is satisfactory for the growth and development of citrus fruits and the formation of
the crop during the vegetation period of the Adjara region. Frequent sunny days during the flowering and ripening phase of
plants are unfavorable. Such days can have a negative impact on the ripening of citrus fruits (late varieties of tangerines and
oranges). During the active vegetation period of plants (VI-VIII), average air temperatures in the humid subtropical zone
reach 18-23°C, which is favorable for the development of citrus crops. In autumn, according to temperature indicators (20-
14°C), conditions for ripening their fruits are better for early tangerines and oranges up to 200-300 maltitude.

In the humid subtropical zone of the Adjara region, in some years, absolute minimum air temperatures of -8, -10°C
and above can be observed. Such temperatures are critical, because lemon and orange plants can freeze to the root collar,
and tangerines can be severely damaged. Therefore, for 4-5 years, it is possible that we will not be able to get a harvest from
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these crops. Therefore, in the fall (November-December), farmers and private sector farmers should use agrotechnical
measures to protect against frost (wrapping young citrus plants with three-layer burlap and other materials, piling soil on the
trunk of 5-6-year-old plants to a height of 30-35 cm, and other methods). The critical-damaging temperatures for these crops
are: -7°C for lemon, -9°C for orange, -11°C for tangerine. The average absolute minimum air temperature in Chakvi,
Alambari (Kobuleti region) and Batumi is -4°C, in Khelvachauri, Makhinjauri and Akhalsheni -5°C, in Chakvi -6°C. In
areas where the temperature is -4, -5 and -6°C, lemon crops (without protection from frost) can freeze once, twice and three
times (respectively) every ten years.

Analysis of meteorological observation materials shows that absolute minimum negative air temperatures in the
region will be observed in the coastal lowlands of the Black Sea until the end of April, with the exception of Kobuleti. In
the citrus growing areas of the Adjara region, negative temperatures are observed everywhere in late autumn (November).
However, these temperatures are not particularly critical or damaging for citrus. However, their frost resistance for wintering
is weak, since they are not yet fully acclimatized and are also not in a deep state of rest. Therefore, farmers should use
agrotechnical measures to protect citrus crops from frost in a timely manner in autumn (October-November).

The territory of the region is From the level of 150-200 m to a height of 10°C, with a temperature sum of 4000°C
and above, 50% is provided, the temperature sum of 4000°C and above is satisfactory for the full ripening of lemon, tangerine
(early variety) fruits (will ripen fully 9 times every ten years), the late tangerines variety (Unshiu) will ripen 7 times every
ten years. Oranges will ripen fully 3 times every ten years, only in Akhalsheni, Kafandiba, Chakvi and Khelvachauri districts
up to an altitude of 100 m [4, 5].

I - Agroclimatic zone covers the coastal lowland of the Black Sea, including the territories of Kobuleti and
Khelvachauri, up to an altitude of 100-200 m above sea level. The sum of active temperatures in this zone is more than
4000°C, atmospheric precipitation in the cold period is 1150-1290 mm, in the warm period (IV-X) - 1360-1500 mm. The
last frosts in the zone are observed on average on 4.111-15.111, and the first frosts on 2.XI1-7.1. The number of days without
frost is on average 246-304 days. The zone has favorable conditions for the development of citrus fruits (tangerine, lemon,
orange). It should be noted that full ripening of oranges is possible only 5-6 times every ten years.

Il - Agroclimatic zone is located at an altitude of 200-400 m above sea level. The sum of temperatures is 3000-
4000°C, atmospheric precipitation in the cold period - 850-1100 mm, and in the warm period - 800-1330 mm. The duration
of the frost-free period (days) is 255-273 days.

The late variety of oranges and tangerines (Unshiu) produced in this zone will not give the desired results due to
the lack of the sum of active temperatures. In addition, in these zones (I and I1) lemon crops without frost protection measures
can freeze 2-3 times, and tangerines once every twenty years. Therefore, in case of severe frosts (-8, -10°C and above), in
order to protect them, the plants should be covered with dry soil (up to 30-35 cm) in the fall. The rooted stem will not freeze,
it will survive, and after removing the frozen parts of the plant, we will get young shoots from the stem, which will yield a
harvest in 2-3 years. As for young citrus plants, they must be wrapped.

In the Guria region, citrus crops are grown in a humid subtropical zone. In some years, the absolute minimum air
temperature in the region can drop to -10, -12°C and above, which is critical (damaging) for citrus crops. Such temperatures
cause their root collars to freeze. As a result, the harvest is expected to be postponed for 4-5 years. Therefore, frost protection
measures provided for by agricultural technology should be carried out in November-December. The absolute minimum air
temperatures critical to citrus are: -7°C for lemons, -9°C for oranges, -11°C for tangerines.

In the regions of the Guria region, absolute minimum air temperatures are quite often observed until the end of
April. For example, in Dablatsikhe -5°C, in Anaseuli -6°C, in Atsana -7°C, in Ureki -4°C, in Lanchkhuti -9°C. Based on the
analysis of these absolute minimum temperatures, in some years severe damage to citrus crops is possible. Therefore, agri-
cultural specialists and farmers should choose areas relatively protected from frost when planting new citrus (lemon, tange-
rine, orange) plantations. In April-May, precipitation in the region is significantly reduced, almost 3-4 times compared to
other months. Despite this, it does not pose a particular threat to plants. However, in some years a further decrease in pre-
cipitation in this period (IV-V) (50-40 mm and less) is not ruled out. In such a case, a moisture deficit may be noted in the
soil, which will negatively affect the flowering of citrus crops. In such unfavorable conditions, it will be necessary to provide
the soil with moisture (soil loosening-cultivation, irrigation, etc.).

The territory of the region is mainly provided with 50% of the sum of temperatures of 4000°C and above, depending
on the districts, which is sufficient for the full ripening of early varieties of tangerine and lemon fruits. At the mentioned
temperature (4000°C), 90% and above, except for Ureki (Ozurgeti) and other districts, the full ripening of citrus fruits cannot
be ensured. As for the orange crop, the full ripening of its fruits is expected 2-3 times every ten years, only in Ureki, Anaseuli
(Ozurgeti), Lanchkhuti and Dablatsikhe (Chokhatauri). For example, tangerines (Unshiu, a late variety), which require
4200°C and more for full fruit ripening, will reach full maturity in Ureki (Ozurgeti) on November 10, in Lanchkhuti on
November 15, in Dablatsikhe and Anaseuli on November 20, in Supsa (Lanchkhuti) on November 25, in Atsana (Ozurgeti)
on November 27.

I - Agroclimatic zone is located at an altitude of 10-200 m above sea level. The sum of air temperatures in the zone
above 10°C is 4000°C and more. The sum of atmospheric precipitation in the cold period is 800-850 mm, in the warm period
- 1000-1370 mm. In this zone, the last frosts are observed on average on 10.111-18.111, and the first frosts on 16.X11-25.XI1.
The number of days of the frost-free period is 274-290 days. Tangerine and lemon can develop normally in this zone. As for
orange, the full maturity of its fruits is ensured 3-4 times every ten years due to the lack of the sum of active temperatures.

Il - Agroclimatic zone. Located at an altitude of 200-300 m above sea level. The sum of active temperatures is
3000-4000°C. Atmospheric precipitation in the cold period - 850-900 mm, in the warm period - 1000-1200 mm. In the zone,
the last frosts are observed on 11.111-21.111, the first frosts on 11.X11-24.X11. The number of frost-free days is 265-288 days.
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The given zone has quite favorable agroclimatic resources for the normal development of citrus fruits (tangerine, lemon). It
should be noted that in zones I and 11, freezing of lemon crops is expected 3-4 times, orange crops 2-3 times every ten years,
and tangerine crops once every 15 or more years.

The humid subtropical zone of the Samegrelo region is not immune from severe frosts (-8, -10°C and above) that
can severely damage or completely freeze citrus crops and thus cause damage to the economy of the subtropical farming
sector. The critical freezing temperature of the root neck of the ,,Georgian lemon’’ is -7°C, and of the ,,Meyer’’ -9°C. In Poti
and Kheta (Khobi), the ,,Georgian lemon’’ will freeze to the root neck twice every ten years, and the ,,Meyer’’ once.

In the region, the sum of temperatures from sea level to an altitude of 200-300 m completely provide the full
maturity of tangerine and lemon fruits, while the full maturity of orange fruits cannot be providing, as they require a sum of
active temperatures of 4300°C and higher. Such a temperature can be providing only in the Abasha, Senaki, Khobi districts
and partly in the areas adjacent to Poti.

I - Agroclimatic zone covers the territory along the Black Sea coast from sea level to 200 m altitude, where the
Abasha, Zugdidi, Martvili, Senaki, partly Tsalenjikha, Khobi and Chkhorotsku districts are located. The sum of active tem-
peratures in the zone is on average 4400°C and slightly higher. The sum of atmospheric precipitation in the cold period is
630-850 mm, in the warm period - 800-1160 mm. The last frosts are observed on average on 15.111-20.111, the first frosts on
2.X11-7.XI1. The duration of the frost-free period (days) is on average 252-260 days. In this zone, the above-mentioned
factors fully providing the full maturity of citrus fruits from sea level to 200 m above sea level. In this zone, the production
of citrus crops, in addition to providing heat, depends on the minimum winter temperatures, where the average characteristics
of the absolute minimum air temperature are within the range of -5, -6°C. These temperatures are not critical for citrus,
although they are somewhat dangerous for lemons (without protection from frost). In this zone, the area of citrus can be
expanded on elevated slopes. In such places, the probability of -8°C frosts, which lead to complete freezing of only lemon
is 10-15%, that is Lemons will completely freeze 1-2 times every ten or more years. It is also possible to single out favorable
areas for the production of oranges and tangerines without frost protection, where the probability of frosts of -9, -11°C is
noted at 10%. Therefore, oranges will completely freeze once every ten years, and tangerines 1-2 times every twenty years.
Il - Agroclimatic zone includes the territory adjacent to zone I, as well as the territories of Zugdidi, Chkhorotsku,
Tsalenjikha and Martvili districts. It is located at an altitude of 200-500 m above sea level. The sum of active temperatures
decreases from 4200°C to 3700°C. The sum of atmospheric precipitation in the warm period is 1160-1220 mm. The last
frosts are observed on average on 21.111-29.111, the first frosts on 23.XI1-6.XI1l. The duration of the frost-free period is 236-
257 days. In this zone, agroclimatic conditions are favorable only for the development of tangerine and lemon crops (with
protection from frost for the latter), where the average absolute minimum temperatures do not exceed -7, -8°C. The distri-
bution area of the mentioned crops in this zone includes foothill areas up to 200-250 m altitude, in some places up to 300 m
altitude. At altitudes of the mentioned areas, the probability of frosts of -11, -12°C and above, which can lead to complete
freezing of the tangerine crop, will be observed by 10-20%. That is, tangerine will freeze 1-2 times every ten or more years.
In some years, when negative temperatures decrease to a critical minimum (-11, -12°C), it will be necessary to use frost
protection methods.

Orange - an important export crop. It is used both for fresh fruit and for the production of juice and essential oils.
Orange (Citrus sinensis) belongs to the family of the Tegan. It is a perennial, heat-loving, evergreen plant. It grows best in
subtropical and tropical zones. It is mainly propagated by seedlings obtained by grafting. Seed propagation is rarely used.
The optimum temperature is 15-30°C. It prefers light, fertile, well-drained soils. Excessively moist and saline soils are
unfavorable, the optimum pH is 5.5-7.5. It requires regular watering, especially during the flowering and fruit formation
period. Its main pests are: citrus leaf mite, aphid, and scale. The most common diseases are fungal rot, citrus canker, and
phytophthora. The determination of the amount of orange harvest is still in the flowering phase. It is necessary to collect the
fruits in a timely manner so that the plant is better prepared for winter and all measures for protection against frost are taken
[6,7,8].

Four varieties of orange are distinguished by their fruits. In the subtropical conditions of Georgia, the ,,Hamlin”
orange variety is widespread. Its place of origin is Florida (USA). It is characterized by medium-strength growth, early
ripening and good ripening [9]. It is distinguished by a pleasant aroma and taste. It ripens in the first half of November and
is characterized by regular fruiting and frost resistance. The most frost-resistant of the industrial varieties of orange is “Wash-
ington Navel”. It is a low or medium-sized plant with a spreading trunk. The skin of the fruit is smooth, yellow or reddish
orange, rich in essential oilThe pulp is juicy and sweet-sour, with a pleasant taste. Its negative side can be considered the
cracking of the fruit during frequent autumn rains and the reduction of its durability during storage. As for the red-fleshed
orange, it belongs to the group of oranges of European/Italian origin, whose fruit has a red-pink pulp with a specific taste
(Figure 1).
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a

c
Fig. 1. Orange varieties: a - ,,Washington Navel’’; b - ,,Hamlin’’; ¢ - ,,Red-fleshed orange”’

Tangerine - a citrus evergreen tree or shrub, which is especially important for the subtropical zone. It is character-
ized by a sweet or sweet-sour taste and is seeded or seedless, depending on the variety. The optimum temperature for tange-
rine is 12-30°C; it is damaged at temperatures below -6°C (especially during flowering); requires lighting and a place pro-
tected from the wind. When choosing a place for growing tangerine, microclimatic conditions should be taken into account
- relief, height above sea level. Biological requirements of individual varieties for overwintering conditions. In the case of
its production, light or medium mechanical composition soils (pH - 5.5-7.0), with good drainage, are preferable. It does not
adapt to excessively wet, saline soils. Among the varieties widespread in Georgia, the famous ,,Unshiu”, whose homeland
is considered to be Japan. Currently, its distribution covers an area of 19 thousand hectares. Its tree is strong-growing,
compact, with an oval trunk. The fruit has a sweet-sour taste. It contains 6.17% sugars, acidity is 0.98%, vitamins - 36-38%.
This variety is high-yielding, withstands frosts of -10, -12°C. ,,Kowano-Wase’’ is an early form of ,,unshiu’’, ripens very
early. It is characterized by a sweet-sour taste, high marketable quality and is widely used for export. It enters fruiting in the
second-third year after planting, the fruits ripen in the first half of October. Among its early varieties, the following are
known: ,,Miyagawa-Wase", ,,Okitsu-Wase", ,,Miko-Wase", , Tiahara-Wase". The variety ,,Georgian Early” is a somatic
mutant of “Unshiu”. It is characterized by an aromatic, sweet-sour taste compared to “Unshiu” and the fruits ripen 25 days
earlier. The dates of picking mandarins vary depending on the region and variety. The early varieties ,,Kovano Vase” and
,,Georgian Early” are harvested from the second half of October, the late variety ,,Unshiu” in November (Figure 2).

a
Fig. 2. Tangerine varieties: a - ,,Unshiu’’; b - ,,Kovano Vase’’; ¢ - ,,Georgian Early”’

Lemon - an evergreen tropical plant. Its fruits are oval or oblong, yellow, with a sour taste, are used raw, as citric
acid. Due to its specific aroma, essences are prepared from its fruits. It contains: acids 3.5-8.1%, sugars - 1.9-3%, vitamin C
- 45-140 mg/100g, as well as vitamins P and B, pectin substances, phosphorus, potassium, calcium and magnesium. Lemon
culture is very demanding on temperature conditions. The optimal temperature for its development is 18-25°C, flowers,
buds and fruits die at temperatures of -1, -1.5°C, ripe fruits - 1.5, 2.8°C. In the lemon-producing regions of Georgia, its
vegetation begins in spring and ends in late autumn. The flowering phase occurs in spring, and before harvesting, an average
of 200-220 days are required, with active temperature sums of at least 3500°C. On the Black Sea coast, active temperature
sums are within 4100-5000°C, which is sufficient for lemon cultivation. Of all citrus crops, it is most damaged by prolonged
droughts. Despite the fact that lemon is light-loving, it adapts well to shading. It successfully develops on light, humus-rich,
well-drained soils and is characterized by high water requirements.

The following lemon varieties are mainly distributed in the Guria and Samegrelo regions of Adjara: ,,Georgian
Lemon”, ,,Villafranca”, ,,Meyer”, ,,Dioscuria”. Local (Georgian) forms of lemon are local populations selected over centu-
ries, well adapted to the conditions of Western Georgia, distinguished by their aroma and stable fruiting. ,,Georgian lemon”
is one of the most common varieties in Georgia. It is characterized by high yield, large fruit size and thin skin. ,,Villafranca’’,
characterized by high aroma, medium acidity and good fruit yield. Along with other common varieties (e.g. ,,Lubon’’,
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,,Eureka’’), this variety is well adapted to the local subtropical climate. ,,Meyer’’ lemon is a hybrid of lemon and orange,
less acidic. It is relatively tolerant of low temperatures (Figure 3).

b
Fig. 3. Lemon varieties: a - ,,Georgian lemon’’; b - ,,Villafranca’’; ¢ - ,,Meyer”’

The forecast of flowering of lemon, orange and tangerine is based on the dependence of flowering dates on the
duration of the period from February 1 to the date of bud break; the forecast of fruit maturity - on the dependence of maturity
dates on the duration of the period from March 1 for lemon and orange, from April 1 for tangerine. The following regression
equations are used to forecast the flowering dates of the above crops:

y=-0.72x+94 for lemon
y=-0.81x+101 for orange

In the formulas, y is the expected flowering date (number of days from the date of bud break to the date of flowering); x -
the number of days from February 1 to the date of bud break.
The following regression equations have been compiled to predict the maturity dates of tangerines, lemons and
oranges:
n=-0.68n1+200 for tangerine (,,Unshiu’’)
n=-0.73n1+245 for lemon (,,Villafranca’’)
n=-0.81n1+257 for orange (,, Washington Navel’”)

In the equations, n is the date of fruit ripening (i.e. the number of days from the date of the beginning of flowering to the
date of fruit ripening), ni is the number of days from March 1 for lemons and oranges, from April 1 to the date of the
beginning of flowering for tangerines. The forecast error is 7-8 days, and the lead time is 4-5 days.

Based on the baseline meteorological data and the scenario-developed temperature increase by 1°C, the dates of a
stable transition of the average daily air temperature above (in spring) and below (in autumn) by 10°C were determined, and
the sums of active temperatures were calculated between these dates. The given data are related to the height above sea level
(m), since the change in the mentioned indicators is directly related to the heights. These indicators were processed by the
method of mathematical statistics, where close correlations were revealed. Based on the above connections, regression equa-
tions have been compiled (scenario, with a temperature increase of 1°C for Western Georgia):

n=0.027h+51 (for determining the date of temperature above 10°C)
T=-16.711n-1.127h+ 5496 (for determining the sum of active temperatures)

In the equations, n - the date of the air temperature exceeding 10°C is 1 - from February (i.e. the number of days from
February 1 to the date of the temperature exceeding 10°C), h - height above sea level (m), T - the sum of active temperatures
above 10°C.

According to the equations, when determining the sums of active temperatures, first of all, the date of the air tem-
perature exceeding 10°C must be determined using the appropriate equation (i.e. the number of days from February 1 to the
date of the temperature exceeding 10°C). By inserting the obtained number of days into the equation for determining the
sum of active temperatures, the appropriate sum of temperatures is obtained.

Conclusion. Analysis of existing climate data and climate change scenarios shows that the dynamics of climate
change, over the next few decades, will have a noticeable impact on changes in such important agro-meteorological param-
eters as the duration of the growing season (will increase), the sum of active temperatures (will increase), etc. Taking into
account the above, it was revealed that current and projected climate changes will in some cases have a positive impact on
the production of some citrus crops. Against the background of an extended growing season, their distribution area will
expand according to vertical zonation. Citrus species, such as orange culture, will reach full maturity. However, it will be
necessary to additionally use effective irrigation systems (drip), mulching. Global temperature increase will also contribute
to the spread of pests and diseases. The changed precipitation regime, in particular, intensive precipitation, may lead to soil
erosion and a reduction or loss of crops. Prolonged droughts are also a threat.
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According to the developed scenario, with an increase in air temperature by 1°C, the determination of the dates of
the onset of temperatures above 10°C (in spring) and below it (in autumn) showed that in spring it begins on average 6 days
earlier, and in autumn it ends below 10°C by the same number of days later, compared to the dates of the onset of the base
(existing) multi-year air temperature above 10°C. Therefore, according to the scenario, the duration of the vegetation period
increases, which will be favorable for the growth and development of citrus crops and the full formation of the crop. In
particular, in areas where crops are less provided with the sum of temperatures.

Due to global climate warming, according to the scenario, with a temperature increase of 1°C, the sum of active
temperatures (above 10°C) will increase by 240-260°C and more. As a result, the distribution zones of citrus crops will
initially rise by 100-150 m, compared to their base (current) distribution zones.
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Agrometeorological characteristics and phenological forecasts of citrus under modern climate conditions /Maia
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The ecological features of citrus (tangerine, orange, lemon) and the agro-meteorological conditions of their produc-
tion regions (Adjara, Guria, Samegrelo) are reviewed. The main agro-meteorological characteristics of the citrus distribution
regions are given (sums of active temperatures, atmospheric precipitation, relative humidity, number of frost-free days,
hydrothermal coefficient). Forecast equations for determining the phenological phases of ripening and flowering of citrus
crops are compiled.

The analysis of the climate change scenario shows, that the dynamics of climate change will affect the change in
such important agro-meteorological parameters as the duration of the vegetation period, the sum of active temperatures
(>10°C), etc. Taking into account the above, it was revealed that the predicted changes will have a positive impact on the
production of citrus. Against the background of an extended growing season, their distribution area will expand according
to vertical zonation. According to the developed scenario, an increase in the duration of the growing season with an increase
in air temperature by 1°C is favorable for the full formation of citrus fruits in areas where they are less provided with the
sum of temperatures. According to the mentioned scenario, with an increase in temperature by 1°C, the sum of active tem-
peratures (above 10°C) will increase by 240-260°C and as a result, the distribution zones of citrus will first rise by 100-
150m higher than their base (current) distribution zones.
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GOGOHNLMZBO JMWEMMIIOL S53MMIGEHIMOMEMY0MMHO JobslinsmGIWdo ©s BIBMEMRONMo 3MHMYbnbgdo
3035¢0b 05659900039 30HMdIBA0 /0505 8gwsdy, HoMGR0 dgeady/ bEGe-ob 380-0b FHMIsms 3OO 0-2026.-
&139.-943. 72-79. -Jotro., B9, Jobom., 0byw., Hb.
296bEamos 30GHOWLYdOL (FsbEsM0bo, BMmGMMbowo, Wodmbo) 93mEwma0MMo Ms30gdYMHYds6o s

900 Afo0dmgdgemo Hg0mbgdol (sFots, gm0, LodgyMgwMm) 53MHMAYEHJMOMEMAO0MGO 30MdJd0. IM(39IME0s
BOGHOMLIdOL  A93MEIGIOL  M50MmbJdOL  JOMOMIEO  5MMIYEHINOMEMY0MO  FobolosMgdWIdO  (5dGH0wWE
39939M5GH MM X58900, 5BHIMLBYHMEo boergdqdo, 89nsMEId0m0 3gbosbmds, wMyobzm ®ams Moibzo,
30MOMmNIOHINo  309530309630). 9gagbowos 3oGH®MLMZbo  3MEMMIdoL Lodjoxzol s Y3530 MdOL
196m@My09Ho BsbgdOL gbLEBEZMOL LESOMPBMBM F6EHMEgdgd0.

30053)0b 330 gd0b Lgbs®ol sBsgroBo sB3z96gdL, HMI Jerods@ ol 33w0gdol 0653035 393wgbsl
9dcsbgbl  obgmo 9603369 m3zs60  sMHMIgEHIMOMEMAOMEGO  356M599GHMJOOL  (33¢0gdsDY,  MIMAMOO3SS,
1539293530™  39M0MmEOL  boba®dwogmds,  5J@ome  Ggd3gMsGHGems  xs00  ©@o  5.8.  50bodbyeol
239m35¢0L{obgdom, 250Mm0339ms, MM 3OHMABMBOMIOMWO (33¢00wgdgd0 3nDBOGHOWG go3wgbol Imobgbl
BOGHOMLM3ZBo  3YWEHOHYPPOL  FoMmBmgdsbyg.  aobsbyMdwoggdymo  1s3939G030M  3gM0omEol  gmbbyg
2989OMMZEYds  Fo00 3930 EJgOoL Moo 39MGH0IOMMO  BMbswmdol  dobggom. 8gdwmdsggdero
U3gbsom, 359M0L  GH9939MsGHvMOL 1°C-00 BsGHgdolsl bs33a9GSGOM  39M0M©OL  bobaMmdwwogzmdol BHs
baelsg®garos 30GOMLM3s60 3wEHMGoms bogmazqdol bHwo FmOIoMIdOLIMZOL 08 50 gdTo, Lowss
obobo 3983965l Kxsd00 Bs3wYdsE M0 MBOHMB3gEYMBoWo. s0bodbmwo bzgbsMom, #gddgModmeol
1°C-00 35@gd0bol 5dBHoMO 3gd3gModeoms xsdo (10°C-ol Bgz0m) Imods@Hgdl 240-260°C-00 ©s 89990
BOGHOMLM3ZB0  3NEHMMIOOL  F93MEIWIOol  Bmbgdo  3oMmzgws 100-150 -0 s0fg3lb oy, Fomo
2393039900 bdsbBolM (B0dEObsMY) BMBIOMSE FgsMgdoom.
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YIK: 551.583
ArpoMeTeopoJIorHyecKHe XapaKTepUCTHKHU U (peHOoI0ruYecKre MPOrHO3bl IMTPYCOBBIX KYJBTYP B COBPeMeHHBIX

KJIMMATHYECKHX ycaoBusix /Maiis Menanse, luopruii Menanze/ C6. Tpynos UTM I'TV. - 2026. — tom 139. - ¢. 72-
79. - I'py3.; Pe3: I'pys., Anri., Pyc.

PaccMoTpeHs! SKoJI0THYecKie 0COOCHHOCTH INTPYCOBBIX KyJIBTYp (MaHIAapHH, alleIbCHH, JIMMOH) U arpOMETe0po-
JIOTUYECKHE YCIOBHS PETHOHOB MX Mpou3BojcTBa (Amxapus, ['ypus, Camerpeno). [IpuBeeHbl OCHOBHBIE arpOMETEOPOIIO-
T'MYECKUE XapaKTEPUCTUKU PETMOHOB PACHPOCTPAHEHHS LUTPYCOBBIX (CyMMBI aKTHBHBIX TeMIlEpatyp, arMoc(epHbIe
0Ca/IKi, OTHOCHUTEIIbHAsI BJIa)KHOCTh, KOJMYECTBO OE3MOPO3HBIX JAHEH, rugporepmuueckuii kodduunent). CocraBieHbl
ypaBHEHHs IPOTrHO3UPOBAHMS st OnipeiesieH sl (heHoIornueckux (a3 co3peBaHusl U [IBETEHUS IMTPYCOBBIX KYJIBTYP.

AHanu3 crieHapusl 3MEHEHHs KJIMMaTta M0Ka3bIBaeT, YTO JUHAMHUKA U3MEHEHHMs KIIMMaTa MOBJIHIET Ha H3MEHEHHE
TaKMX BAXHBIX arpOMETEOPOJIOTHYECKUX MAapaMETPOB, Kak MPOJOJIKUTEILHOCTh BET€TAIMOHHOTO MEPU0/ia, CyMMa aKTHUB-
HBIX TemriepaTyp u Ap. C y4eToM BBIIIEN3I0KEHHOTO BBISIBIICHO, YTO IPOTHO3UPYEMbIE H3MEHEHUS OKAXKYT MOJIOXKHUTEIHHOE
BJIMSTHAE Ha IIPOM3BOJICTBO IIUTPYCOBBIX KyIbTyp. Ha hoHe mpoeHHOro BereTallmoHHOTo MepHo/ia UX apeall pacrpocTpa-
HEHUS PaCIIMPHUTCS N0 BEPTUKAIHLHOMY 30HAIBHOMY NpH3HaKy. CoriacHo pa3padOTaHHOMY CIIEHApHIO, yBEIWYEHHE Mpo-
JIOJDKUTEIIFHOCTH BEr€TallMOHHOTO MIEPHO/a MPH TTOBBIILICHUH TeMIlepaTypsl Bo3ayxa Ha 1°C criocoOCTBYeT MOTHOLIEHHOMY
(hOpMHPOBAHUIO IUTPYCOBBIX IJIOAOB B paifoHaX C HEJIOCTATOYHBIM KOJIMYECTBOM TeMIieparyp. [1o ykazaHHOMY crieHapHIo,
IpH MOBBILICHUH TeMIepaTypbl Ha 1°C cymma akTuBHBIX Temnepatyp (Boie 10°C) yBenuuurcst Ha 240-260°C, u B pe3yib-
TaTe 30HBI PAaCTIPOCTPAHEHUS UTPYCOBBIX KYJIBTYp B IepBble NogauMyTcs Ha 100-150 M BEIIE 10 cpaBHEHHUIO C UX 0a30-
BBIMH (TEKYIIUMH) 30HAMHU PAaCTIPOCTPAHEHHS.
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