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Summary

This research report is prepared to assess the impact of climate change on the spreading of plant pests. 
The findings are essential for strengthening the capacities of governments and regional technical 
networks to improve pest monitoring and early warning systems in the agriculture sector.

The year 2020 was designated by the United Nations as the as the International Year of Plant Health 
(IYPH), with the aim of reducing crop loss from pests, which is estimated at 40 percent. In the current 
report, we define agricultural pests as any organism harmful to plants, including viruses, bacteria, 
fungi, nematodes, insects, etc. We include those that cause direct damage as well as disease-causing 
organisms. Climate change is projected to worsen crop losses by another 10–25 percent, which in some 
regions would emanate from associated pests. Central Asia, the Caucasus and Southeastern Europe 
are among the regions experiencing larger crop losses. Farmers are facing increasing uncertainty due 
to climatic change, which is projected to have widened the geographical range for the infestation 
and spread of plant pests. However, complexities in understanding pests and plants relationships 
and uncertainty in pest distribution patterns and modes of movement create difficulties in predicting 
potential pest distribution under current and future climatic conditions. Robust modelling and 
simulation approaches – based on information about suitable climatic conditions for major crop pests, 
trends of changing climatic conditions and other environmental data – to predict the possible areas of 
future pest invasion can guide the relevant stakeholders in their decision-making and bring awareness.

Currently, the presence of pests is estimated to be higher in the Caucasus than in Central Asia. 
However, predictions show that Central Asia will have optimal bioclimatic conditions and experience 
higher pest occurrence. The Caucasus region is projected to have an overall conducive environment for 
the occurrence of agricultural plant pests. This study has found that the conditions may favour microbial 
pests causing plant disease more than insect, nematode, etc. pests. Comparing Central Asia and 
Southeastern Europe, it can be seen that the predicted occurrence from past and current bioclimatic 
conditions is much lower for Central Asia than for Southeastern Europe, but this is projected to flip over 
the 20-year period.

Of the 20 major pests, habitat suitability is projected to largely shift for the pest Blumeria graminis 
and the pest Thanatephorus cucumeris. Significant eastward shifts are projected for the pest Cephus 
pygmaeus, the pest Verticillium dahliae, the pest Ustilago maydis and the pest Myzus persicae. A 
southward shift is projected for the pest Puccinia graminis and the pest Clavibacter michiganensis. 
A notable shift to central–western Central Asia is projected for the pest Mycosphaerella graminicola. 
Reductions in bioclimatic suitability are projected for the pests Helicoverpa armigera, Rhopalosiphum 
maidis, Phytophthora infestans, Tetranychus urticae, Planococcus citri and Loxostege sticticalis. These 
pest-specific projections can be used to develop mechanisms for anticipating, forecasting and 
monitoring these major pests, leading to the avoidance of large crop losses of 20–55 percent in the near 
future. The results from this study may contribute to the better designing of suitable adaptation and 
mitigation measures.
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FIGURE 1. Map of the study regions: Southeastern Europe, the Caucasus and Central Asia
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Climatic change is projected to have significant impacts on crop yields, with 10–25 
percent global yield reduction projected per degree of global mean surface 
warming and more crop loss expected where warming increases both population 
growth and the metabolic rates of insects (Deutsch et al., 2018). It is estimated 
that up to 40 percent of food crops are lost to pests each year. As a result, to bring 
awareness, the United Nations declared 2020 as the International Year of Plant 
Health (IYPH) (FAO, 2020c). Closing the loss of crops is among the major pathways 
to ending hunger, reducing poverty, protecting the environment and boosting 
economic development. Unfortunately, the efforts to protect plant health are 
still low, especially in regions where crop pests are not considered as major 
constraints. Yet, these regions suffer and are projected to suffer enormous losses 
as climate change shifts the bioclimatic zones. When out of their natural areas, 
pests are historically known to cause the greatest damage.

Source: UN, 2020.
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The global average (2000–2018) value of crops  
– including cereals, roots and tubers, oils, vegetables and 
fruits – is estimated to be around USD 1.6 trillion, of which 
6.25 percent (USD 100 billion) was produced in the study 
region (FAO, 2020b). Of 121 crops grown in the region, eight 
have a production and economic value of more than USD 1 
billion (Figure 2). Although there is no exact estimate of the 
loss of value of crops due to pests, the potential loss due 
to pests is estimated to vary from 26–29 percent in wheat, 
soybean and cotton to 31–40 percent in maize, rice and 
potatoes (Oerke, 2006). Where plant protection measures 
are not applied, the losses are much higher. Plant protection 
is estimated to reduce yield losses by 39 percent for pests, 
with actual losses ranging from 8 percent to 14.5 percent 
(Figure 2).

There are sharp regional differences within Central Asia 
and Southeastern Europe, which experience crop losses of 
up to 38 percent and 34 percent, respectively (Oerke, 2006). 
It is estimated that the current annual global expenditure on 
pesticides is USD 15 billion (Willis, 2017), with annual usage 
of 3 700 000 tonnes of pesticides (2.9 percent used in study 
regions) and 473 000 tonnes of fungicides and bactericides 
(0.7 percent in study regions) (FAO, 2020a).

Source: FAO (2020b); Oerke (2016).
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7General description for each subregion: the main agricultural plants, including cereals, vegetables and fruits

he three subregions – Central Asia, the Caucasus and Southeastern Europe – have 
diverse agroecological zones, with the differentiated capacities to produce various 
crops. The Caucasus region, mainly the Southern Caucasus, consists of Armenia, 
Azerbaijan and Georgia. The Central Asia region includes Kazakhstan, Kyrgyzstan, 
Tajikistan, Turkmenistan and Uzbekistan, with larger populations living in rural 
areas. Southeastern Europe consists of Albania, Bosnia and Herzegovina, North 
Macedonia, Montenegro, Serbia and parts of Turkey, and geographically it covers 
a major part of the Balkan Peninsula area. All subregions are rich in their unique 
and diverse culture, ethnicity and religion (Rashidvash, 2015). Agriculture is an 
important sector of the economy, contributing large portions to annual national 
gross domestic products (GDPs) in all countries.

In all subregions, various pests have been recorded as damaging the major 
crops. We define pests as any organism harmful to plants, including viruses, 
bacteria, fungi, nematodes, insects, etc.

TABLE 1. Average annual production (tonnes) of various crops in the study region (2014–2017)

SN Major crops Caucasus Central Asia Southeastern 
Europe

Production 

1 Wheat 2 061 23 064 24 192 78 892

2 Maize 454 1 427 13 752 43 788

3 Potatoes 1 691 7 347 6 067 43 605

4 Vegetables 2 712 12 548 18 214 41 900

5 Sugar beets 329 0 21 223 40 493

6 Barley 1 066 3 215 7 570 22 469

7 Tomatoes 873 3 944 13 082 20 444

8 Sunflower seeds - 733 2 335 15 492

9 Fruits 848 3 257 5 549 9 654

10 Grapes 570 2 082 4 674 7 327

11 Onions 249 2 443 2 225 6 195

12 Cotton – 3 877 1 334 5 211

13 Apples – – 3 298 5 180

14 Soybeans – – – 4 059

Source: FAOSTAT, 2020.

T
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FIGURE 3. Map of the Caucasus region

Source: UN (2020); Fick and Hijimans (2017).

Note: Average Temperature and Precipitation of Caucasus region for the years 
1970 to 2000 as presented in the WorldClim.org database by Fick and Hijimans (2017). 
The country boundaries are from UN (2020).

MAJOR CROPS 
Wheat, barley and maize are the main cereal crops grown 
in the Southern Caucasus region (Figure 4 and Table 2). 
Farmers also produce vegetables including potato, tomato, 
onion, cabbage and eggplant. Beans and other pulses and 
sunflowers and other oil crops also are grown in the region. 
Some farmers also produce cotton, tea, spices and fruits, 
including grapes, apples, oranges and citrus.

The Caucasus region

Agriculture is a major economic sector, providing more than 
40 percent of total employment in the region (Ahouissoussi 
et al., 2014). The agricultural production systems of all three 
countries are quite similar due to parallels in the landscapes, 
types of soils, water availability and climate.
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TABLE 2. Average annual production (tonnes) of various crops in the Caucasus region (2014–2017)

SN Major crops Armenia Azerbaijan Georgia

1 Vegetables 918 1 654 140

2 Potato 614 869 208

3 Wheat 307 1 654 100

4 Tomato 288 531 54

5 Grapes 240 149 182

6 Fruits 216 546 86

7 Barley 167 860 40

8 Sugar beet 59 270 0

9 Onions 51 183 15

10 Maize 18 220 216

11 Nuts 4 50 35

12 Bean 5 10 7

Note: The annual average production numbers of each crop of each individual country are summed to get the total regional production of the crops. 
Source: FAOSTAT, 2020.
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Source: FAO (2020b). FAOSTAT.

FIGURE 4. Major crop productions (tonnes) of the main crops in the Caucasus region (2014–2017)
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Central Asia

The agricultural sector is climate sensitive, and potential 
adverse changes in temperature, precipitation and the 
frequency of extreme events (i.e. droughts, heat waves 
and floods) are likely to increase the vulnerability of poor 
rural communities. A slight change in such climatic factors 
as temperature, precipitation and extreme events can 
potentially adversely impact the crop production systems. 
Moreover, locally present and emerging pests cause 
irrecoverable damages to crop production, which severely 
affects the economy of the rural communities and compels 
the farmers to use chemical or biological pesticides to 
control pests, diseases and weeds.

MAJOR CROPS
Central Asia is an important agricultural region, where crops 
such as cereals, wheat, cotton, barley, fruits (e.g. grapes), 
vegetables, tomatoes and onions are produced. Although 
Central Asian countries produce a large variety of different 
crops, with large differences among the individual countries 
in terms of production quantity, the main cereal crops of the 
region are wheat, barley, maize, rice and oats (Figure 6 and 
Table 3). Potatoes, tomatoes, onions, and other vegetables 
also are grown on a large scale. Cotton is cultivated for 
commercial purposes. Sugar beets, beans, peas, soybeans 
and other pulses take a significant share of the overall 

Source: UN (2020); Fick and Hijimans (2017).

Note: Average Temperature and Precipitation of Caucasus region for the years 
1970 to 2000 as presented in the WorldClim.org database by Fick and Hijimans (2017). 
The country boundaries are from UN (2020).
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TABLE 3. Average annual production (tonnes) of various crops (products) in the Central Asia region  
(2014–2017)

SN Major crops Kazakhstan Tajikistan Turkmenistan Uzbekistan

1 Wheat 14 133 895 1 302 6 734

2 Vegetables 4 289 1 508 509 6 242

3 Potatoes 3 507 856 301 2 683

4 Tomatoes 706 373 340 2 525

5 Cottonseed 167 181 385 3 144

6 Fruits 76 104 96 2 982

7 Barley 2 906 135 26 148

8 Onions 699 514 94 1 136

9 Grapes 72 209 234 1 567

10 Maize 739 205 50 433

11 Rice 434 90 130 679

12 Sunflower 676 12 0 44

Note: The annual average production numbers of each crop of each individual country are summed to get the total regional production of the crops. 
Source: FAOSTAT, 2020.

Source: FAO (2020b). FAOSTAT.

production. Sunflowers, rapes, mustards and other oil crops 
are grown for oil production. Farmers cultivate fruits such as 
grapes, oranges, mandarins and other citrus. Among all types 
of crops, wheat occupies the largest portion of the regional 
production, followed by vegetables and potatoes.

FIGURE 6. Major crop production (tonnes) of the main crops in the Central Asia region (2014–2017)
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Southeastern Europe

The agricultural sector in Albania is economically important, 
contributing 23 percent to the national GDP of the country. 
The agricultural sector has been identified, however, as a 
vulnerable sector due to climate change impacts such as 
exposure to more pests and diseases and water scarcity, 
with altered crop yields and growing cycles.

The agricultural sector in Bosnia and Herzegovina is 
important for the national economy, contributing around 
7 percent to the national GDP (2010) and accounting for 
about 19 percent of the total employment generation, 
mainly in rural regions (UNFCCC, 2013). This sector also 
has been identified as the most vulnerable to climate 
change, including water resources, forestry and biodiversity, 
ecosystems and human health. In the past few decades, 
Bosnia and Herzegovina has experienced many extreme 
climate events due to changing climate (Zurovec et al., 
2015) and is threatened by water scarcity, yield reduction, 

exposure to agricultural pests and diseases, and, ultimately, 
food insecurity, due to climate change (UNFCCC, 2013).

Agricultural production in North Macedonia is sufficient 
to meet the national food demand, but the prevailing crop 
production practices are highly dependent on rainfall, 
increasing the country’s vulnerability to future climate change.

Turkey, with a total area of 783 562 sq. km and 
belonging partly to Europe and partly to Asia, is 30 percent 
arable land; 3 percent orchards, olive groves and vineyards; 
and 26 percent forest area.

In Serbia in 2017, agriculture, forestry and fishing 
accounted for around 6 percent of the national GDP, and 
about 1.6 percent of registered employment is provided by 
the agriculture, forestry and fishing sector. Crop production 
amounted to 62 percent of the total agricultural production, 
with the remaining 38 percent provided by livestock 
production.

 

Source: UN (2020); Fick and Hijimans (2017).

Note: Average Temperature and Precipitation of Caucasus region for the years 
1970 to 2000 as presented in the WorldClim.org database by Fick and Hijimans (2017). 
The country boundaries are from UN (2020).



Source: FAO (2020b). FAOSTAT.

13General description for each subregion: the main agricultural plants, including cereals, vegetables and fruits

TABLE 4. Average annual production (tonnes) of various crops (products) of the countries  
in Southeastern Europe (2014–2017)

SN Major crops Albania Bosnia and 
Herzegovina

North Macedonia Montenegro Serbia Turkey

1 Wheat 276 246 249 2 2 494 20 925

2 Sugar beet 35 1 10 0 2 722 18 455

3 Vegetables, other 697 694 618 36 946 15 223

4 Maize 380 868 137 3 6 201 6 163

5 Tomatoes 266 43 164 3 152 12 454

6 Barley 8 66 124 1 347 7 025

7 Potatoes 243 352 192 27 634 4 619

8 Fruits, Other 149 173 78 22 854 4 273

9 Grapes 204 31 259 23 151 4 006

10 Apples 93 64 - 2 387 2 752

11 Oranges, mandarins 29 - - 12 - 3 122

12 Sunflower seed 2 61 7 - 527 1 739

13 Onions 103 37 59 1 45 1 981

14 Nuts and products 15 5 6 1 18 1 009

15 Sunflower seed oil 1 0 - - 218 800

Note: The annual average production numbers of each crop of each individual country are summed to get the total regional production of the crops. 
Source: FAOSTAT, 2020.

MAJOR CROPS
Cereal crops – mainly wheat, maize, barley, rice and 
oats – dominate the crop production system of the region 
(Figure 8). The major vegetable crops are tomatoes, potatoes 
and onions. Grapes and apples are the common fruit crops 

in the region, and large amounts of sugar beets also are 
produced. Sunflowers, beans, olives and nuts are grown as 
well. Wheat accounts for most of the production, followed 
by sugar beets and vegetables (Table 4).
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17Identification of the top 20 pests that cause the greatest damage to major crops

Large number of crops are damaged due to different types of crop pests causing 
great financial damage to farmers. Many pests have been identified that affect 
the crops in different stages and are presented in the full version of this report. 
In order to emphasize main threat for the plant production in the investigated 
region, a structured inclusion or exclusion criteria was employed to identify the 
top 20 most dangerous pests for the major plants (Table 5). First, the importance 
of crops in terms of product volume and their economic value was averaged 
for the period 2000 to 2018. Then, a review of damage caused by the pest and 
associated diseases as catalogued in CABI’s Crop Protection and Invasive Species 

TABLE 5. Twenty pests that cause more than 10 percent  
(with the potential of more than 50 percent) yield loss to major crops 

Crop Pest

Wheat Oulema melanopus (oat leaf beetle)

 Cephus pygmaeus (European stem sawfly)

Puccinia graminis (stem rust of cereals)

Mycosphaerella graminicola (Septoria tritici)

Blumeria graminis (Powderly mildew of wheat)®k

Maize Rhopalosiphum maidis (green corn aphid)

Ustilago maydis (corn smut) ®a

Potato Myzus persicae (green peach aphid)*

Phytophthora infestans (Phytophthora blight)

Clavibacter michiganensis (Potato ring rot) ®k

Tomato Bemisia tabaci (tobacco whitefly)*

 Tetranychus urticae (two-spotted spider mite)*

Fusarium oxysporum (Wilt of tomato)®k

Cotton Helicoverpa armigera (cotton bollworm)*

 Aphis gossypii (cotton aphid)*

Verticillium dahlia (wilt)

Grapes Planococcus citri (citrus mealybug)*

Plasmopara viticola (grapevine downy mildew)

Sugar beet Loxostege sticticalis (beet webworm)

Thanatephorus cucumeris (crown and root rot)®t

*Larger number of publications, cause greatest damage in ®kKyrgyzstan, ®aAzerbaijan and ®tTurkey.



Source: CABI (2020a, 2020b). CABI’s Crop Protection and Invasive Species; Willis (2017). State of Worlds Plants.

18 Climate change impacts on twenty major crop pests in Central Asia, the Caucasus and Southeastern Europe 

0 10 20 30 40 50 60 70 80 90 100

Oulema melanopus

Cephus pygmaeus

Sitobion avenae

Mayetiola destructor

Tribolium castaneum

Haplothrips tritici

 Rhopalosiphum maidis

Oscinella frit

Ostrinia nubilalis

Ditylenchus destructor

Gryllotalpa gryllotalpa

Myzus persicae

Leptinotarsa decemlineata

Bemisia tabaci

Tetranychus urticae

Tuta absoluta

Aphis gossypii

Helicoverpa armigera

Pseudococcus citri

Colomerus vitis

Elsinoe ampelina

Loxostege sticticalis

Wheat

Maize

Potato

Tomato

Cotton

Grapes

Sugar beet

Yield loss (%)

Potential Actual

FIGURE 9. Twenty-two (22) pests that cause the greatest damage for the seven (7) major crops in the region

Compendiums (CABI, 2020a, 2020b) and country reports 
were taken into consideration. In total, 138 pests and 104 
diseases were reviewed, out of which 22 pests (Figure 9) 
that have been recorded to cause great damage were 
identified. Reports obtained from countries were used to 

check if the reviewed range captures the damages being 
recorded in the region. For some pests, their significance to 
agricultural development is highlighted using the number of 
publications between 2012–2016 listed in the State of Worlds 
Plants report by Kew (Willis, 2017).



Source: CABI (2020a, 2020b). CABI’s Crop Protection and Invasive Species; Willis (2017). State of Worlds Plants.
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FIGURE 10. Twenty-eight (28) diseases-causing pests that cause the greatest damage to major crops  
in the region, for major plants with their mean and potential damage 
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23Influence of climatic factors on the current and future distribution of major plant pests

Model and data

he species distribution was modelled based on global presence records and 
corresponding bioclimatic variables to estimate the potential niches for the 
occurrence of pests. This was done using Maxent, the most common model in 
ecological niche modelling (ENM), which estimates the probability of occurrence 
using presence-only data as a maximum entropy distribution (Phillips et al., 2006).

In order to retain biologically meaningful factors, bioclimatic variables were 
interpolated for 23 climatic subregions of weather station data with covariates 
– elevation, cloud cover and distance to coast – thereby adjusting estimates to 
geoclimatic limits, especially for areas with sparse weather station density and 
steep environmental gradients such as mountains (Fick & Hijmans, 2017). They 
capture annual trends (e.g. mean annual temperature, annual precipitation), 
seasonality (e.g. annual range in temperature and precipitation) and extreme 
or limiting environmental factors (e.g. temperature of the coldest and warmest 
month, precipitation of the wet and dry quarters).

The study region falls under six climatologically distinct subregions in 
Southeastern Europe, the Mediterranean and West-Central Asia, as specified by 
the Intergovernmental Panel on Climate Change (IPCC) for the sixth assessment 
report (AR6) (Iturbide et al., 2020; Kim et al., 2020). Climatic models to predict 
the potential future distributions of the selected pests were chosen under 
different predicted climatic regimes (GCMs) and socioeconomic scenarios (SSPs). 
Downscaled monthly future climate data was downloaded from the Coupled 

T
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Model Intercomparison Project Phase 6 (CMIP6) for four 
General Circulation Models (GCMs) and two Shared Socio-
economic Pathways (SSPs) for the time period 2040–2060. 
Here we consider two extreme ends to give a possibility 
interval: sustainable development (SSP126) and fossil-
fuelled development (SSP585). Kim et al. (2020), in their 
evaluation of CMIP6, found that the intermodal spread 
from 32 CMIP6 models for daily maximum temperatures 
were narrower than CMIP5, while the daily minimum 
temperatures were comparable. Even for cooler climates, 
the bias in surface temperature using the CMIP6 multi-
model ensemble (MME) simulation was found to be 0.46°C 
lower than that of CMIP5 MME (Zhu & Yang, 2020). At the 
time of analysis, CMIP6 models were yet to be evaluated for 
use in specific regions, and general model strengths and 
weaknesses were used to select four GCMs (BCC-CSM2-MR, 
CNRM-CM6-1, CNRM-ESM2-1, MRI-ESM2-0) that have less 
bias in predicting the future conditions for the study region.

For all pests, 45 candidate models with parameters 
reflecting all combinations of three distinct subsets of the 
19 bioclimatic variables, five feature classes and three 
regularization multiplier settings were evaluated using the 
KUENM package in the R programming language (Cobos et 
al., 2019). Presence data was downloaded from the GBIF 
database (GBIF, 2020) and adjusted for sampling bias using 
the kernel density distribution for all presence records of 
their taxonomic family.

Current and future climatic habitat 
suitability for major crop pests

The climate-induced presence or absence of pests in the 
region is projected for the period 2040–2060. The bioclimatic 
suitability was used to model with the maximum entropy 
distribution. Currently, the presence of pests is estimated to 
be higher in the Caucasus than in Central Asia. Predictions 
show that Central Asia would have optimal bioclimatic 
conditions and is projected to experience higher pest 
occurrence in the future. Based on the analysis of past 
and current climatic conditions, the Caucasus region 
has the most suitable conditions for the occurrence of 
pests Clavibacter michiganensis, Helicoverpa armigera, 
Plasmopara viticola and Ustilago maydis.

The best-fitting models predict more favourable 
conditions for the occurrence of major pests in Central Asia 
than in other regions, with much less suitable conditions 
projected for the Southeastern Europe region. Comparing 
Central Asia and Southeastern Europe, we see that the 
predicted occurrence from past and current bioclimatic 
conditions is much lower for Central Asia than for 
Southeastern Europe, but this is projected to flip over the 
20-year period.

Figure 11 shows suitability maps for the 20 major 
pests affecting wheat, cotton, maize, potatoes, tomatoes, 
grapes and sugar beets. The wheat pest Oulema melanopus 
is projected to be of a lesser concern in all regions, while 
Cephus pygmeus is projected to be of a lesser concern in 
the western regions but of a greater concern in Central Asia. 
Blumeria graminis is projected to be of a great concern 
for all regions, especially in Central Asia and some parts 
of other regions, where the probability of occurrence 
shifts from almost zero to as high as one. This is indicative 
of more conducive bioclimatic conditions for Blumeria 
graminis in the medium term of 2040–2060. The wheat pest 
Puccinia graminis is projected to be of major concern in 
the southern parts of Southeastern Europe, the Caucasus 
and Central Asia. Although the current distribution range 
is more in the northwestern areas of Southeastern Europe 
and Central Asia, the distribution shifts south and east 
over the 2040–2060 projected period. The distribution of 
Mycosphaerella graminicola shows its dominance in the 
Caucasus, Southeastern Europe and parts of the eastern 
Central Asia, but its future distribution range is projected to 
shift to central and western Central Asia.
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The distribution range of the cotton pest Aphis gossypii 
is spread across all regions, but under climate change it will 
shift mostly to Southeastern Europe, the Caucasus and the 
northeastern and western subregions of Central Asia. The 
central and western subregions of Central Asia are projected 
to have moderately declining conditions. For the cotton pest 
Helicoverpa armigera, conditions are predicted to become 
less favourable, except in Turkmenistan. Verticillium dahliae 
is predicted to be of a major concern in northern Turkey and 
Bosnia and Herzegovina. Its future distribution range shows 
a shift to central Turkey, North Macedonia, Azerbaijan and 
the greater part of Central Asia. A huge change is projected 
in the central to southwestern part of Central Asia, affecting 
Kazakhstan, Uzbekistan and Turkmenistan.

For maize, the pest Rhopalociphum maidis is predicted 
to have moderate suitable conditions for the habitat 
in the regions, which is likely to decrease in the future. 
Ustilago maydis is predicted to be of greater concern in 
northern Turkey, Serbia and Bosnia and Herzegovina and 
the northwestern part of Kazakhstan, and it is projected to 
continue to be a potential threat in the hinterland of Turkey, 
the southern Caucasus and the north and southeastern 
subregions of Central Asia.

For the potato pest Myzus persicae, a huge shift is 
predicted from the western regions of Southeastern Europe 
and the Caucasus, where the occurrence is projected to 
decline, to Central Asia, in particular the central parts 
of Kazakhstan. For the potato disease-causing pest 
Phytophthora infestans, the optimal climatic distribution 
range is predicted to be the northern subregions of 
Southeastern Europe, but future predictions show limiting 
conditions over the 2040–2060 simulated period. While the 
current distribution range of the potato pest Clavibacter 
michiganensis is the northern parts of the regions, a 
southward shift is projected to cause significant threats to 
future potato growing in Turkmenistan, Uzbekistan and 
southern Turkey, which are currently predicted to have low 
C. michiganensis prevalence.

Across the study region, the major tomato pests 
are predicted (modelled using past and current climatic 
conditions) and projected (future projections/predictions 
based on climate change models) to have low to moderate 
bioclimatic habitat suitability. Bemisia tabaci is predicted 
to have low prevalence, but climate change projections will 
moderately shift the probabilities of occurrence in Turkey 
and Uzbekistan. Tetranychus urticae is projected to be of 
a lesser concern in the future, but the current predictions 
show areas with suitable climatic conditions in Albania, the 
western part of Turkey, Serbia and Georgia. The tomato pest 
Fusarium oxysporum is predicted to have low possibilities 
of occurrence in Turkey and Albania, with future shift to 
southeastern Turkmenistan and Uzbekistan.

Climate change is projected to have lesser impact on 
major grape pests Planococcus citri and Plasmopara viticola. 
Planococcus citri is of a lesser concern, as its bioclimatic 
suitability range is predicted and projected to be much lower 
under future climate change. For Plasmopara viticola, which 
is predicted to be prevalent mainly in Southeastern Europe 
and the Caucasus, future occurrence is projected to drop.

The sugar beet pest Loxostege sticticalis is predicted 
to occur in Central Asia and Southeastern Europe, but its 
suitability range in the region is projected to significantly 
decline over the 2040–2060 predicted period. However, 
the sugar beet pest Thanatephorus cucumeris is projected 
to increase its distribution, especially in Central Asia’s 
central and western subregions. In Southeastern Europe, a 
southward shift is projected.
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FIGURE 11. Bioclimatic suitability for occurrence of 20 major crop pests, the predicted future distribution 
and corresponding climate induced change
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FIGURE 11. (cont.)
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28 Climate change impacts on twenty major crop pests in Central Asia, the Caucasus and Southeastern Europe 

 
FIGURE 11. (cont.)
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FIGURE 11. (cont.)
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FIGURE 11. (cont.)
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NB: The thresholds used on the legend are from Maxent plus the 0.5 and 0.75 suitability probability.
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FIGURE 11. (cont.)
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NB: The thresholds used on the legend are from Maxent plus the 0.5 and 0.75 suitability probability.
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FIGURE 11. (cont.)

1
0.75
0.5
0.494
0.377
0.233
0

Albania

Armenia

Azerbaijan

Bosnia and Herzegovina

Georgia

Kyrgyzstan

Kazakhstan

North Macedonia

Montenegro

Serbia

Tajikistan

TurkmenistanTurkey

Uzbekistan

Aral Sea Lake Balkhash

1
0.75
0.5
0.494
0.377
0.233
0

Albania

Armenia

Azerbaijan

Bosnia and Herzegovina

Georgia

Kyrgyzstan

Kazakhstan

North Macedonia

Montenegro

Serbia

Tajikistan

TurkmenistanTurkey

Uzbekistan

Aral Sea Lake Balkhash

1
0.75
0.5
0.25
0
-0.25
-0.5
-0.75
-1

Albania

Armenia

Azerbaijan

Bosnia and Herzegovina

Georgia

Kyrgyzstan

Kazakhstan

North Macedonia

Montenegro

Serbia

Tajikistan

TurkmenistanTurkey

Uzbekistan

Aral Sea Lake Balkhash

Cotton pests (cont.) / Helicoverpa armigera

Current distibution

Future distribution (2040–2060)

Change

NB: The thresholds used on the legend are from Maxent plus the 0.5 and 0.75 suitability probability.
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FIGURE 11. (cont.)
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NB: The thresholds used on the legend are from Maxent plus the 0.5 and 0.75 suitability probability.
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FIGURE 11. (cont.)
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FIGURE 11. (cont.)
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NB: The thresholds used on the legend are from Maxent plus the 0.5 and 0.75 suitability probability.
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FIGURE 11. (cont.)
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NB: The thresholds used on the legend are from Maxent plus the 0.5 and 0.75 suitability probability.
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FIGURE 11. (cont.)
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NB: The thresholds used on the legend are from Maxent plus the 0.5 and 0.75 suitability probability.
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FIGURE 11. (cont.)
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NB: The thresholds used on the legend are from Maxent plus the 0.5 and 0.75 suitability probability.
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FIGURE 11. (cont.)
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NB: The thresholds used on the legend are from Maxent plus the 0.5 and 0.75 suitability probability.
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FIGURE 11. (cont.)
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NB: The thresholds used on the legend are from Maxent plus the 0.5 and 0.75 suitability probability.
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FIGURE 11. (cont.)
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NB: The thresholds used on the legend are from Maxent plus the 0.5 and 0.75 suitability probability.
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FIGURE 11. (cont.)
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NB: The thresholds used on the legend are from Maxent plus the 0.5 and 0.75 suitability probability.
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FIGURE 11. (cont.)
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NB: The thresholds used on the legend are from Maxent plus the 0.5 and 0.75 suitability probability.
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FIGURE 11. (cont.)

1
0.75
0.5
0.433
0.306
0.051
0

Albania

Armenia

Azerbaijan

Bosnia and Herzegovina

Georgia

Kyrgyzstan

Kazakhstan

North Macedonia

Montenegro

Serbia

Tajikistan

TurkmenistanTurkey

Uzbekistan

Aral Sea Lake Balkhash

1
0.75
0.5
0.433
0.306
0.051
0

Albania

Armenia

Azerbaijan

Bosnia and Herzegovina

Georgia

Kyrgyzstan

Kazakhstan

North Macedonia

Montenegro

Serbia

Tajikistan

TurkmenistanTurkey

Uzbekistan

Aral Sea Lake Balkhash

1
0.75
0.5
0.25
0
-0.25
-0.5
-0.75
-1

Albania

Armenia

Azerbaijan

Bosnia and Herzegovina

Georgia

Kyrgyzstan

Kazakhstan

North Macedonia

Montenegro

Serbia

Tajikistan

TurkmenistanTurkey

Uzbekistan

Aral Sea Lake Balkhash

Sugar beet pests / Loxostege sticticalis

Current distibution

Future distribution (2040–2060)

Change

NB: The thresholds used on the legend are from Maxent plus the 0.5 and 0.75 suitability probability.
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NB: The thresholds used on the legend are from Maxent plus the 0.5 and 0.75 suitability probability.

Source: UN (2020) modified by Authors modelled climate change induced pest distributions.

Note: The pest distributions were modelled using 19 climatic variables for the years 1970 to 2000 (WorldClim.org by Fick and Hijimans, 2017) 
and pest occurrence data from Global Biodiversity Information Facility (gbif.org, 2020) and then projected for the years 2040—2060 using four 
General Circulation Models (GCMs) and two Shared Socioeconomic Pathways (SSPs). The country boundaries are from UN (2020).
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CURRENT AND FUTURE DISTRIBUTIONS OF PESTS 
IN CENTRAL ASIA
The results of the analysis of the bioclimatic suitability 
for the presence of major pests in Central Asia show that 
conditions are favourable:

■	 for Helicoverpa armigera, Puccinia graminis and 
Oulema melanopus in all five Central Asia countries;

■	 for Myzus persicae in all Central Asia countries except 
Kyrgyzstan;

■	 for Loxostege sticticalis in Kazakhstan and Kyrgyzstan;
■	 for Tetranychus urticae in Turkmenistan and 

Uzbekistan; and
■	 for Ustilago maydis and Clavibacter michiganensis in 

Kazakhstan.
Climate change is projected to create favourable 

conditions for the occurrence of Clavibacter michiganensis, 
Thanatephorus cucumeris, Blumeria graminis and Cephus 
pygmeus. Subtle reduction in climate suitability is projected 
in Kyrgyzstan and Tajikistan for Helicoverpa armigera; 
in Kazakhstan, Kyrgyzstan and Tajikistan for Loxostege 
sticticalis; and in Turkmenistan and Uzbekistan for 
Tetranychus urticae and Oulema melanopus.

CURRENT AND FUTURE DISTRIBUTIONS OF PESTS  
IN THE CAUCASUS REGION
In the Caucasus (Figure 13), the bioclimatic suitability 
for pests is highly organism- and pathogen-specific. It is 
projected that climate change would induce increased 
incidences of the cotton pest Aphis gossypii, the maize 
pest Ustilago maydis in Armenia and Azerbaijan (with 
reduced suitability in Georgia), the potato pest Clavibacter 
michiganensis, the tomato pest Bemisia tabaci, and the 
wheat pest Blumeria graminis. Significantly reduced 
suitability is projected for a number of pests in the Georgian 
region. In all three countries, reduced bioclimatic suitability 
is projected for the cotton pest Helicoverpa armigera, the 
sugar beet pest Loxostege sticticalis and the wheat pest 
Oulema melanopus. In Azerbaijan and Georgia, suitability 
is furthermore predicted to decrease for the grape pest 
Plasmopara viticola and the tomato pest Tetranychus 
urticae. Additionally, reduced suitability throughout 
Georgia is predicted for the cotton pest Verticillium dahliae, 
the potato pest Phytophthora infestans and the wheat 
pest Puccinia graminis. The suitability for Clavibacter 
michiganensis is projected to increase mainly in Armenia 
and Azerbaijan and to decrease in Georgia. 

CURRENT AND FUTURE DISTRIBUTIONS OF PESTS  
IN SOUTHEASTERN EUROPE COUNTRIES
Figure 14 shows that in Southeastern Europe there are 
more downward-facing bars for change than upward-facing 
ones. This indicates that, in general, the habitat suitability 
for pests in the Southeastern Europe region is projected 
to decline. However, across the region, climate change 
increases bioclimatic suitability for the cotton pest Aphis 
gossypii, the potato pest Clavibacter michiganensis, and 
the tomato pest Bemisia tabaci. Suitability is projected to 
decrease for the cotton pests Clavibacter michiganensis 
(though not as much in North Macedonia) and Helicoverpa 
armigera, the grape pest Plasmopara viticola, the potato 
pest Phytophthora infestans, the sugar beet pest Loxostege 
sticticalis, the tomato pests Fusarium oxysporum and 
Tetranychus urticae, and the wheat pests Puccinia graminis, 
Cephus pygmeus and Oulema melanopus. Noteworthy, 
the habitat suitability in the Southeastern Europe region 
for Oulema melanopus, Plasmopara viticola and Loxostege 
sticticalis is predicted to be higher, but in the future, it is 
projected to drop, indicating a much lesser probability of 
their occurrence. Although habitat suitability for the maize 
pest Ustilago maydis and the sugar beet pest Thanatephorus 
cucumeris is projected to decrease in Albania and in Bosnia 
and Herzegovina, it is expected to increase in Turkey and 
North Macedonia. 
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FIGURE 12. Climate change-induced distribution of major crop pests in Central Asia 
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Source: Authors modelled climate change induced pest distributions.
Note: The pest distributions were modelled using 19 climatic variables for the years 1970 to 2000 (WorldClim.org by Fick and Hijimans, 2017) and 
pest occurrence data from Global Biodiversity Information Facility (gbif.org, 2020) and then potential change projected for the years 2040—2060 
using four General Circulation Models (GCMs) and two Shared Socioeconomic Pathways (SSPs). 
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FIGURE 13. Climate change-induced distribution of major crop pests in the Caucasus 
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Source: Authors modelled climate change induced pest distributions.
Note: The pest distributions were modelled using 19 climatic variables for the years 1970 to 2000 (WorldClim.org by Fick and Hijimans, 2017) and 
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FIGURE 14. Climate change-induced distribution of major crop pests in Southeastern Europe
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53Recommendations on the need for monitoring for individual pathogens in specific subregions

Agriculture continues to play a significant role in the economy and livelihoods 
in the three subregions: Central Asia, the Caucasus and Southeastern Europe. 
The agricultural production of USD 100 billion recorded by FAO is short of the 
potential production if adjusted for pests, which cause crop losses of 8 percent to 
30 percent. The region is at crossroads, with climate change projected to create 
warmer and more humid conditions conducive for pest infestation, exacerbating 
economic losses by another 10–25 percent, shifting losses from 8–30 percent 
to 18–55 percent. To a significant extent, these negative effects would be a 
consequence of induced pest prevalence and potential mass reproduction, 
which would erode the gains of favourable conditions for crop production. It is 
therefore imperative for the governments in the region to devise mechanisms for 
anticipating, monitoring and controlling pests.

Using past and current pest occurrence and bioclimatic data plus the future 
predicted bioclimate scenarios, this work has revealed that (except for the wheat 
pest Blumeria graminis, which would spread to all parts) the projected hotspots 
are crop, species and subregion specific. Hence, crop-, pathogen- and region-
specific strategies need to be devised.

In Central Asia, projections are for the wheat pest Cephus pygmaeus to spread 
to central Kazakhstan and Uzbekistan, for the wheat pest Blumeria graminis to 
spread widely, and for the pest Puccinia graminis to have wider occurrence in 
Turkey, Uzbekistan, south Kazakhstan and southeastern Kyrgyzstan. The cotton 
pest Verticillium dahliae and the potato pests Myzus persicae and Clavibacter 
michiganensis are projected to cover the whole area of Turkey, Uzbekistan and 
Kazakhstan. The sugar beet pest Thanatephorus cucumeris is projected to spread 
across all of Central Asia.
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In the Caucasus (Azerbaijan and Armenia) and 
Southeastern Europe (central Turkey, Serbia and North 
Macedonia), climate change is projected to enhance 
bioclimatic suitability for the wheat pest Blumeria graminis, 
the cotton pest Aphis gossypii and the maize pest Ustilago 
maydis. Meanwhile, climate change is projected to enhance 
bioclimatic suitability for the tomato pest Bemisia tabaci, 
the potato pest Clavibacter michiganensis and the sugar 
beet pest Thanatephorus cucumeris (in central-southeastern 
Turkey and eastern North Macedonia).

Climate change is projected to reduce the bioclimatic 
range for the wheat pest Oulema melanopus in Southeastern 
Europe (except southern Turkey) and in the Caucasus. 
Similarly, declining climate suitability is projected for the 
wheat pest Puccinia graminis in Southeastern Europe 
(except southern Turkey) and across Georgia and Armenia. 
Bioclimatic suitability also is expected to decline for the 
cotton pest Helicoverpa armigera in all subregions of the 
Caucasus and Southeastern Europe, as well as in Kyrgyzstan 
and Tajikistan. The climatic suitability for the tomato 
pest Tetranychus urticae is projected to be reduced in 
Southeastern Europe, the Caucasus, west Turkmenistan, 
Uzbekistan and Kazakhstan.
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