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Abstract                                                                                                                                                                                      The potato 
(Solanum tuberosum L.) is among the most important foods produced around the world and an essential source of carbohydrate, vitamins, 
minerals, and incomes for millions of farmers. Nonetheless, potato yields, tubers’ quality, and disease resistance are increasingly at risk due 
to climate variability, such as increased temperatures, erratic precipitation, droughts, floods, and pests/pathogens development. To counteract 
these problems, it is necessary to implement climate-resilient technologies for integrated potato production that will secure its cultivation and 
ensure food security across the globe. This review highlights recent achievements in integrated technology used to increase potato 
productivity, tubers’ quality, and resistance to diseases due to climate changes. The review focuses on climate-resilient and improved potato 
varieties, nutrient management, irrigation, conservation agriculture, crop rotations, integrated pest and disease management (IPDM), 
biological agents of protection, and the use of digital agriculture technologies such as remote sensing, artificial intelligence, and precision 
agriculture. There is special attention to the role of genomics, marker-assisted selection, genome editing, and micro biome technology in 
development of resilient potato varieties with improved tolerance to biotic and abiotic stress factors. Besides, there is also attention to post-
harvest handling, seed quality improvement and soil health practices as essential components in sustaining the quality of tubers and 
minimizing production losses. It is noted that integration of agronomy, horticulture, plant breeding, plant pathology, soil sciences, and 
climate-smart agriculture practices is more beneficial than implementation of technologies separately. Such integration helps not only 
increase resource-use efficiency, yield stability, nutritional quality and sustainability, but also makes potato production systems more resilient 
to climatic changes. Future research should be aimed at multidisciplinary approach, decision-support systems and innovations for farmers. 
The review offers a number of important insights for researchers, extension agents, policymakers, and potato growers interested in sustainable 
use of climate-resilient technologies in potato production.      
Keywords Potato (Solanum tuberosum L.); Climate change; Abiotic stress; Biotic stress; Integrated crop management; Precision farming; 
Disease resistance; Late blight; Early blight; IDM; Plant breeding; Molecular breeding; Biotechnology; Soil health; Nutrient management; 
Water management; Plant growth promoting rhizobacteria (PGPR).                                                                                                                                                                                   
1. Introduction                                                                                                                                                                

Potato (Solanum tuberosum L.), the third most important 
food crop in the world following rice and wheat, provides a 
rich source of carbohydrates, vitamins, minerals, dietary 
fiber, and antioxidants for millions of people worldwide. 
This crop is grown in over 150 countries in temperate, 
subtropical, and tropical zones. Potato is an essential crop 
because of its high yield potential and crop period in 
commercial as well as subsistence farming systems. In 
countries like India, China, Russia, Ukraine, the United 
States, and some European countries, potato growing is a 
crucial component of increasing income of farmers, 

employment generation, and agro-industrialization. 
Nonetheless, potato cultivation has faced threats due to the 
changing climatic conditions that include high temperatures, 
erratic rainfall, drought periods, heat waves, floods, and 
weather extremes. Such climatic changes directly affect crop 
growth, photosynthesis, initiation, bulking, and maturation, 
causing yield reduction and reduced marketability of tubers. 
Increased temperatures cause high plant respiration rates, 
low tuber set, and more physiological problems, like heat 
sprouts, hollow heart, and secondary growth. Water stress, 
irrespective of being due to either drought or excess rain, 
affects nutrient uptake, root growth, and tuber uniformity. 
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Climatic variability also leads to increased chances of occurrence 
and spread of pathogens and insects. Some of the important 
diseases include late blight (Phytophthora infestans), early blight 
(Alternaria solani), black scurf (Rhizoctonia solani), common 
scab (Streptomyces scabies), bacterial wilt (Ralstonia 
solanacearum), soft rot, viruses, and nematodes. At the same 
time, insects and pathogens are adapting to the increased 
temperatures, making control measures difficult and costly, 
involving increased use of chemical pesticides. Such climatic 
changes directly affect crop growth, photosynthesis, initiation, 
bulking, and maturation, causing yield reduction and reduced 
marketability of tubers. Increased temperatures cause high plant 
respiration rates, low tuber set, and more physiological problems, 
like heat sprouts, hollow heart, and secondary growth. Water 
stress, irrespective of being due to either drought or excess rain, 
affects nutrient uptake, root growth, and tuber uniformity. 
Climatic variability also leads to increased chances of occurrence 
and spread of pathogens and insects. Some of the important 
diseases include late blight (Phytophthora infestans), early blight 
(Alternaria solani), black scurf (Rhizoctonia solani), common 
scab (Streptomyces scabies), bacterial wilt (Ralstonia 
solanacearum), soft rot, viruses, and nematodes. At the same 
time, insects and pathogens are adapting to the increased 
temperatures, making control measures difficult and costly, 
involving increased use of chemical pesticides. In order to solve 
these issues, holistic approaches based on advanced agronomical 
practices, climate-smart agriculture, proper irrigation and nutrient 
management, precision farming techniques, cultivation of 
resistant varieties, use of biological control agents, IDM and 
advanced breeding methods are assuming great importance. The 
recent development in genomics, marker assisted selection, 
genome editing, remote sensing, artificial intelligence and digital 
agriculture have opened up new possibilities for improving the 
productivity and quality of potatoes as well as resistance to biotic 
and abiotic stress. Moreover, sustainable soil management, 
conservation agriculture, diversification of crops, bio-fertilization 
and plant growth promoting microorganisms play important role 
in keeping crop resilient to changing climates. This review is 
intended to provide a thorough analysis of the advancements 
made in an integrated approach towards increasing the yield, 
quality, and disease resistance of potatoes in varying climatic 
conditions. It discusses the importance of climate-smart 
agronomy, genetics, precision farming, biology, integrated 
disease management, and technology in creating sustainable and 
resilient potato production systems. This review also discusses 
the gaps that exist in the current research along with the future 
prospects for making potato production resilient to climate 
changes while maintaining productivity and sustainability. The 
present review seeks to critically analyze the recent 
developments in integrated approach towards enhancement of 
productivity, quality, and disease resistance of potatoes under 
varying climatic conditions. It emphasizes the importance of 
climate-smart agronomy, genetic modification, precision 
agriculture, biological approaches, disease management, and 
innovative technologies for creating a sustainable and resilient 
potato production system. The review also pinpoints the existing 
gaps in the field of research and discusses the future perspectives 
of increasing climate resilience with productivity and 
sustainability of the potato production system.                                                                      
2. Worldwide Importance of Potato Cultivation                                                                                                                      
The potato (Solanum tuberosum L.), which is the third most 
important food crop in the world, after rice and wheat, in terms of 

human consumption, is essential in terms of global food security 
and nutrition. The potato is cultivated in more than 150 countries 
in temperate, subtropical, and tropical areas, occupying 17–19 
million hectares of land annually and producing over 370 million 
tonnes of potatoes. Thanks to high productivity per hectare and 
short cycle of cultivation, potato became one of the most 
productive crops for feeding the growing world population. 
Potato is rich in carbohydrates, dietary fiber, vitamin C, vitamin 
B6, potassium, and antioxidants. Potato gives more energy and 
protein from a unit volume of water compared to other cereal 
crops. Therefore, it is one of the key elements of sustainable 
agriculture. Besides being a staple crop, potatoes are widely 
processed into chips, French fries, flakes, starch, flour, and 
alcohol. The crop is of considerable economic value as well. 
Millions of subsistence and large scale farmers earn their 
livelihood from potato farming as it has high market value and 
also gives quick economic returns. The leading nations where 
potato is grown include China, India, Ukraine, Russia, USA, 
Germany, Bangladesh, France, Pakistan, and the Netherlands. 
India is the second largest producer of potatoes in the world. In 
spite of its importance in the world, growing potatoes faces 
several problems that include changing climatic conditions like 
increasing temperature, unpredictable rains, drought, floods, 
pests, and diseases. This poses threat to potato yields, their 
quality, storage period, and their profitability. Hence, increasing 
the productivity of potatoes, improving their nutrition value, and 
disease resistance have become a major area of research in the 
world. Production of potatoes in the future is going to rely on 
climate-smart technologies, new breeding techniques, water and 
nutrient management, and disease management strategies. These 
will make potatoes more resilient to changes in environmental 
conditions, and at the same time guarantee sustainable 
production, better food security, and greater farmer revenues. 
Potatoes can thus be considered an essential crop for ensuring 
sustainable agriculture on a global scale.                                                                                                                                                                          
3. Effects of Climate Variability on Potato Production and 
Quality                                                                                                
Potato (Solanum tuberosum L.) is one of the most important food 
crops worldwide; however, potato productivity and tuber quality 
are very vulnerable to changes in the climate. Shifts in 
temperature, rainfall patterns, humidity, solar radiation, and 
occurrence of climatic extremes have had a great impact on 
potato production in temperate and tropical areas. Climate 
variability impacts all stages of crop development, from 
sprouting to germination, vegetative development, tuber set, 
tuber growth, and maturation, ultimately resulting in reduced 
yield and quality. Among climatic factors that affect potato 
production, temperature is the most significant one. Optimal 
temperature regime for tuberization ranges between 15-20°C; 
however, temperatures exceeding 25°C prevent tuber initiation 
and stimulate excessive vegetative growth. Heat stress reduces 
crop development time, causes premature plant senescence, 
lowers photosynthesis efficiency, and impairs carbohydrate 
transfer from the leaves to tubers. This results in smaller-sized 
tubers, non-uniform in shape, with reduced dry matter content. 
Moreover, heat stress contributes to physiological disorders like 
heat necrosis, hollow heart, and secondary growth, lowering 
potato process ability. Water scarcity and drought remain key 
constraints in potato farming. Insufficient water during tuber 
initiation and bulking phases results in reduced cell enlargement 
and therefore production of few tubers. Water scarcity results in 
nutrient deficiency, inhibition of photosynthesis process, and low 
water use efficiency, which greatly reduce yield. On the other 
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hand, excess rains coupled with waterlogged soils create 
anaerobic conditions in the soils that limit root respiration and 
nutrient uptake as well as tuber rot infections. Waterlogged soils 
encourage growth of soil borne diseases such as black scurf and 
bacterial soft rot. Weather fluctuations further affect the 
occurrence and level of infection from insects and diseases. High 
temperatures and humidity provide good conditions for 
pathogens such as late blight (Phytophthora infestans), early 
blight (Alternaria solani), and Rhizoctonia solani. Some insects 
including aphids, whiteflies, and potato tuber moth develop 
higher number of generations in warm weather conditions. The 
quality of the potato tubers is further compromised due to 
climatic variability. Heat and drought lead to reduced starch 
concentration, low dry matter, and high reducing sugar content in 
potatoes which compromise their fry quality and dark color of 
chips. Excessively wet climate can cause low specific gravity, 
higher cracking, and bruising. Climate stress will further reduce 
the concentration of vitamin C and composition of nutrients in 
tubers. Climate variability can cause further degradation of the 
soil health through increased erosion, nutrient leaching, soil 
salinization, and soil moisture variability. This would reduce 
fertilizer use efficiency and further cause harm to root growth 
and microbial processes. This makes maintenance of soil fertility 
and moisture level increasingly difficult in varying climatic 
conditions. In order to reduce adverse effects of climate 
variability on potato production, there should be adoption of 
climate-smart farming practices. These include use of heat, 
drought and disease-resistant cultivars, efficient irrigation 
techniques like drip irrigation, mulching, proper nutrient 
management, crop rotation, precision farming, weather-based 
forecasting of diseases and pests, and integrated disease and pest 
management. The use of conservation agriculture and resilient 
cultivars bred via conventional and molecular techniques could 
improve adaptation to varying climatic conditions.                                                                                                                                                                  
4. Determinants of Potatoes Productivity and Quality                                                                               
Productivity and quality of potato (Solanum tuberosum L.) tubers 
are controlled by various genetic, environmental, agronomic and 
biotic determinants. Optimum production of potato tubers that 
have excellent quality necessitates the optimization of all these 
determinants at every stage of growth. The importance of each 
determinant changes with the genotype of potatoes, the period of 
growth, soil types and climate conditions. A. Genetic Factors-
Genetics of a potato variety determines its productivity level, 
tuber size and shape, color, dry matter content, starch level, 
disease and pest resistance level. Improved varieties of potatoes 
with high productivity potential, heat and drought tolerance and 
disease resistance like late blight and viruses have higher 
productivity and quality of tubers. Processing potato varieties 
have high dry matter and low reducing sugar content for making 
chips and French fries. B. Climatic Factors-Potato is a crop that 
thrives well in cool climatic conditions within 15-20°C for tuber 
formation. Higher temperature inhibits tuber formation, increases 
respiration rate, and reduces dry matter accumulation, resulting in 
poor quality and low yields. Frost, erratic rains, droughts, and 
heat waves are also unfriendly climatic factors affecting growth, 
photosynthesis, and formation of tubers. Solar radiation and 
humidity are needed for maximum productivity. C. Soil Factors-
Potatoes thrive well in well-drained sandy loam to loamy soils 
with a pH of 5.5-6.5. The fertility level, structure, moisture 
holding capacity, aeration of the soil and organic matter content 
greatly affects the development of roots and tubers. In compacted 
and waterlogged soils, the roots fail to expand hence the 
incidence of diseases and low marketable yield. D. Nutrient 

Management-Fertilizer application plays an important role in 
ensuring high productivity and quality of the tubers produced. 
Excess nitrogen results in vegetative growth but it delays the 
maturity of the tubers and reduces dry matter content. 
Phosphorus is needed for the development of the roots and tubers 
at an early stage. Potassium increases starch content and 
enhances size of the tubers, resistance to diseases and storage 
quality. E. Water Management-Appropriate irrigation 
scheduling is very important all through the growth cycle of the 
crop, especially during the initiation and bulking phases. Water 
shortage as well as excess moisture leads to decrease in tuber size 
and quality. Water shortage causes reduction in tuber size and an 
increase in tuber deformities. Excess water results in water 
logging, leaching of nutrients, and an increased risk of diseases. 
F. Agricultural Practices - Optimal farming practices such as 
optimal planting time, plant spacing, size of seed tubers, planting 
depth, weed control, earthing up, crop rotation, and timely 
harvesting affect potato yield and quality. Certification of the 
seed tubers and precise farming practices improve yield and 
quality of potatoes.G. Biotic Factors -Diseases such as late 
blight, early blight, black scurf, bacterial wilt, and viruses 
decrease potato yield and marketability. Pests such as aphids, 
potato tuber moth, white grubs, and cutworms destroy the foliage 
and tubers. Integrated management practices are required for 
minimizing the loss of production. H. Agronomic Practices - 
Optimum practices, such as planting time, recommended spacing 
between plants, size of seed tuber, planting depth, weeding, 
earthing up, crop rotation, and harvest time, affect the yield of 
potatoes. Use of certified seed tubers and precision agriculture 
practices increase yield and quality of potatoes. I. Biotic Factors 
- The occurrence of several diseases, including late blight, early 
blight, black scurf, bacterial wilt, and virus infections, causes 
poor yield and low marketable nature of potatoes. Pest 
infestations from insect pests like aphids, potato tuber moth, 
white grubs, and cutworms cause leaf and tuber damage. It is 
important to adopt pest and disease management practices for 
increasing yield and quality. J. Physiological and Post-harvest 
Factors -Physiological problems such as hollow heart, greening, 
cracking, growth cracks, and black spot decrease the market 
value of potatoes. Recommended practices of harvest, curing, 
grading, packaging, and proper storage conditions are required to 
maintain potato quality, reduce weight loss, and increase shelf 
life.                                                                                                                                                
5. Integrated Agronomic Techniques for Enhancing Potato 
Yields                                                              Integrated 
agronomic techniques refer to the integration of improved crop 
management practices for achieving maximum potato yield along 
with soil health, efficient utilization of resources, and 
sustainability of environment. For attaining optimum potato 
yield, quality, and reducing risk factors under varying climatic 
conditions, it is necessary to adopt an integrated approach in 
agronomy. Variety Selection-Selection of varieties having high 
yield, resistance to various diseases, and capable of adapting 
themselves to the prevailing climatic conditions becomes 
imperative for obtaining increased productivity from potatoes. 
Varieties which can withstand heat, drought, and various 
diseases, including late blight, have greater chances of survival 
under varying climatic conditions. Use of healthy seed potatoes 
helps ensure successful cultivation. Optimum Planting and 
Seed Management-Planting at optimum times ensures that the 
crops make best use of favorable temperatures and moisture 
levels for their optimal growth. Seed potatoes that are healthy 
and of medium size (30-50 grams) and have been treated with 
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proper fungicides or biological agents before planting help 
enhance germination and increase the vigor of plants. Balance 
Nutrient Management- It is imperative to apply balanced 
proportions of macro-nutrients (Nitrogen, Phosphorus, 
Potassium) as well as secondary and micro-nutrients for 
achieving high yields of potato and maintaining its quality 
standards. The practice of INM includes the use of chemical 
fertilizers, farm yard manure (FYM), compost, green manures 
and biofertilizers. Effective Water Management-Potatoes need 
sufficient amounts of moisture in the soil especially during tuber 
initiation and bulking. Irrigation can be planned on the basis of 
water requirements of the crop as well as the status of soil 
moisture. Practices of drip irrigation, sprinkler irrigation and 
mulching increase the efficiency of water utilization. Soil Health 
Management-Healthy soil is very crucial in sustainable 
production of potatoes. Organic matter, crop residues, compost 
and biochar increase the healthiness of the soil as they improve 
its structure, water-holding capacity, biological activities and 
nutrient levels. Rotation of crops with legumes and other non-
host crops also decreases soil diseases and increases fertility. 
Weed Management-Weeds compete with the crop for nutrients, 
moisture, light and space. This results in reduction of the crop 
productivity. Integrated weed management includes use of 
cultural practices, mechanical weeding, mulching and selective 
herbicides. Precision and Climate-Smart Agriculture-Modern 
precision technologies like nutrient management, moisture 
sensors in soils, remote sensing techniques, GPS-controlled 
equipment, and decision support systems improve efficiency in 
using inputs and minimize costs. Climate-smart agricultural 
practices enable farmers to adapt to changes in climatic 
conditions and increase productivity with minimum 
environmental degradation. Integrated Pest and Disease 
Management (IPDM)-The integration of pest and disease-
resistant cultivars, crop rotation, biological pest control methods, 
fertilization, sanitation, and rational use of chemical pesticides is 
an effective way of managing pests and diseases. IPDM 
decreases the losses due to pests and diseases, delays the 
development of pesticide resistance, and guarantees 
environmentally sustainable potato production. Mechanization 
and Better Crop Management- Mechanization of potato 
production through the use of advanced equipment for tillage, 
planting, hilling, watering, spraying, and harvesting minimizes 
labor inputs, decreases crop losses, and increases efficiency of 
fieldwork.                                                                                                                                                                                  
6. Role of Horticulture Practices in Improving Potato Tuber 
Quality                                                                    Horticulture 
practices have an important role in improving the physical, 
nutritional, processing, and storage qualities of potato tubers. 
Effective management of crop during its planting and harvesting 
makes possible production of uniform, healthy, and marketable 
potato tubers having high consumer acceptability. 
Implementation of scientific horticulture practices not only 
increases yield but also improves tuber quality in terms of size, 
shape, dry matter, starch content, and shelf-life, especially in 
varying climatic conditions.                           a. Use of Good 
Quality Seed Tubers - Use of good quality, certified and disease 
free seed tubers is an important step in quality potato production. 
Health seed tubers having proper physiological age and proper 
size (30-50 g) make possible uniform germination, strong plant 
growth, and high marketable yield. Seed tubers can be treated 
with fungicides or biocontrol agents to prevent seed borne 
diseases and crop establishment. b. Variety Selection- Variety 
selection according to local agro-climatic conditions and market 

demand plays an important role in determining tuber quality. 
Varieties having high dry matter content, cooking quality, disease 
resistance and heat/drought tolerance are the best for obtaining 
quality tubers. c. Proper Planting Techniques-On time planting 
with proper spacing and depth results in proper growth of the 
plants and proper development of tubers. Proper spacing avoids 
competition for nutrition, water, and sunlight among the plants 
which helps in growing large and uniform size of tubers. 
Appropriate depth of planting is also important as it helps in 
preventing greening of the tubers. d. Balanced Nutrient 
Management- Balanced application of the nutrients is an 
essential component for growing quality tubers. Nitrogen favours 
vegetative growth but its excess application results in reduced 
dry matter production and delay in maturation process. 
Phosphorus favors root development and tuber formation 
whereas potassium increases the starch level, tuber hardness, skin 
quality, storage quality and resistance against physiological 
disorders. Organic manures and bio-fertilizers add to the soil 
fertility and increase nutrient use efficiency.     e. Irrigation 
Management-Maintenance of optimum soil moisture is essential 
at the time of tuber initiation and tuber bulking stage for the 
production of high quality potatoes. Drought results in small, 
misshapen, and cracked tubers. On the other hand excess 
irrigation may result in waterlogging and diseases infection along 
with poor storage quality of the tubers. f.Earthing Up and 
Mulching-Earthing up avoids the exposure of the tubers to 
sunlight, prevents their greening and solanine production. Other 
benefits include better soil aeration, tuber expansion and 
weeding. Organic and plastic mulching conserves soil moisture, 
regulates soil temperature, controls weed development, and 
increases tuber cleanliness and quality.g. Integrated Pest and 
Disease Management-It is crucial to manage diseases such as 
late blight, early blight, bacterial wilt, and common scab, and 
also insects such as aphids and potato tuber moth in order to 
ensure the best quality of tubers. Integrated Pest and Disease 
Management (IPDM), through the use of disease-resistant 
varieties, crop rotation, biological control agents, field sanitation, 
and proper pesticide use, lowers crop damage and decreases 
pesticide residues  h. Harvesting and Post-Harvest 
Management-Harvesting of the tubers during physiological 
maturity results in maximized tuber size, dry matter and 
storability of the tubers. Post-harvest losses, nutrient levels, and 
shelf-life of potatoes can be lowered by careful harvesting that 
prevents mechanical damage. Curing, grading, packing and 
storing of the tubers under optimum temperature (4–10 °C 
according to the end purpose) and relative humidity (90–95%). i. 
Climate-Smart Horticultural Management Techniques-The 
use of climate-smart horticulture practices like conservation 
tillage, precision irrigation, nutrient management, crop rotation, 
and decision making based on weather patterns improves the 
quality of potatoes as per changes in the climate. 

7. Year-wise Advances in Potato Breeding for Climate 
Resilience in India 
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8. Integrated Disease Management (IDM) in Potato                                                                                    
Integrated Disease Management (IDM) in potato refers to a 
comprehensive and sustainable system that involves cultural, 
genetic, biological, physical, and chemical measures to limit 
disease occurrence and reduce pesticide usage. Potatoes are 
vulnerable to several diseases caused by fungi, bacteria, viruses, 
nematodes, and phytoplasma, including late blight, early blight, 
black scurf, bacterial wilt, common scab, potato viruses (PVY, 
PVX, PLRV) and potato cyst nematodes. Proper IDM starts with 
the selection of healthy seed potatoes and disease-resistant/tolerant 
cultivars. Use of disease-free seed eliminates pathogens' entry to 
the field and provides good crop establishment. The application of 
cultural practices plays an important role in disease control. Crop 
rotation with non-host crops for 2–3 years assists in limiting soil-
borne pathogens like Rhizoctonia solani, Streptomyces scabies and 
Ralstonia solanacearum. The practice of field sanitation and 
removal of diseased plant parts, volunteer potatoes and weeds is 
necessary for eliminating sources of inoculum. Well-drained soils, 
balanced fertilization, appropriate spacing and irrigation decrease 
humidity and development of late and early blight. The biological 
control measures are being considered in IDM of potatoes. The 
beneficial microorganisms include Trichoderma harzianum, 
Trichoderma viride, Pseudomonas fluorescens, and Bacillus 
subtilis, which help in combating soil-borne pathogens through 
competition, antibiosis, and induction of systemic resistance. Seed 
inoculation and application of these biocontrol agents increase 
plant vitality and decrease the risk of infection in a sustainable 
manner.Chemical control continues to play a vital role along with 
other methods of management. Potatoes can be treated with the 
right fungicides before planting to avoid seedborne and soil-borne 
infections. Prophylactic fungicide applications through spraying 
with contact fungicides including mancozeb or chlorothalonil, 
followed by systemics such as metalaxyl, cymoxanil, 
mandipropamid, or fluopicolide, help in preventing late blight 
under favorable weather conditions. These fungicides must be 
alternated depending on their various modes of action to overcome 
the possibility of developing resistance. Insecticides may also be 
needed to control the insect vectors, which spread viruses. Disease 
monitoring and prediction systems are great aids for quick 
interventions. Disease symptoms can be detected through field 
scouting while the disease prediction models based on weather 
forecast the onset of certain diseases like late blight. Technologies 
for precision farming, remote sensing, UAVs, and decision support 
systems add to the capabilities of disease monitoring and efficient 
application of pesticides.The successful IDM program for potatoes 
utilizes resistant cultivars, seed health, crop rotation, proper 
nutrition, biocontrol agents, timely fungicides, vector management, 
and regular disease monitoring. Apart from the reduction of crop 
loss and reduced costs of production, an IDM program results in 
the improvement of potato quality, reduction of the development of 
pathogen resistance, environmental safety, and sustainability of 
potatoes cultivation.                                                                                                                           
9. Role of Biological Control and Microbial Technologies in 
Potato Disease Control                                      The application of 

biological control methods and microbial technology has become 
an important aspect of sustainable potato farming as a means of 
ensuring an environmentally friendly alternative to indiscriminate 
use of chemicals. These techniques involve the use of beneficial 
microorganisms and their metabolites to control diseases, promote 
plant growth, and improve soil quality. The biological control 
agents (BCAs) function through such methods as competition for 
nutrients and space, antibiosis, mycoparasitism, secretion of 
hydrolytic enzymes, and induction of systemic resistance in plants. 
Their incorporation in potato farming reduces the prevalence of 
major diseases like late blight, early blight, black scurf, common 
scab, bacterial wilt, and soft rot, while limiting environmental 
pollution and emergence of resistance to pesticides. Some of the 
commonly used biological fungi in potato farming include 
Trichoderma harzianum, Trichoderma viride, and Trichoderma 
asperellum. These organisms help to control soil borne pathogens 
such as Rhizoctonia solani, Fusarium spp., and Sclerotium rolfsii 
by mycoparasitism, enzymatic action, and competition. Besides, 
they improve the growth of roots and facilitate nutrient absorption, 
producing healthy plants and increasing tuber yield. In addition to 
beneficial fungi, bacteria have also proven helpful in the control of 
potato diseases. The bacteria Pseudomonas fluorescens, Bacillus 
subtilis, Bacillus amyloliquefaciens, and Bacillus velezensis are 
capable of producing antimicrobial agents, siderophores, and lytic 
enzymes that suppress fungal and bacterial pathogens. Most of the 
aforementioned bacteria have plant growth-promoting 
rhizobacteria (PGPR) properties, increasing nutrients uptake, root 
growth, and environmental stress tolerance. Treatment of seeds 
with PGPR has been reported to increase plant vigor and suppress 
Ralstonia solanacearum and Streptomyces scabies.Microbial 
technologies have greatly contributed to biological control of 
diseases. Microbial consortiums, consisting of many beneficial 
microorganisms, are more efficient in disease suppression than 
single strains. New bioformulations have increased storage life of 
inoculum, such as liquid formulations, encapsulation of microbes, 
and polymer-coated inoculants. With the help of genomics, 
metagenomics, and microbiome engineering new insights into 
beneficial microbes of potato rhizosphere were achieved, resulting 
in improvement of the efficacy of bioinoculants. In addition, 
nanotechnology-based microbial delivery systems are being 
developed for protection of microbial viability and colonization in 
the field. 
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                                         Biological Control and Microbial 
Technologies 

10. INM for Potato Crop(Integrated Nutrient Management)                                                                                           
INM technique is the sustainable system wherein the use of 

chemical fertilizers, organic manures, crop residues, bio-fertilizers, 
and others is made together so that the soil is maintained fertile, 
nutrients are utilized efficiently, and potato crops give high yields. 
The potato plant is a nutrient-exhausting crop because it has 
shallow root system and grows rapidly. This crop is highly 
productive too. Thus, an INM approach is necessary in order to 
increase the yield, quality of tubers, and their pest, disease, and 
abiotic stress tolerance.Use of organic nutrients in the form of 
farmyard manure (FYM), compost, vermicompost, poultry manure, 
and green manures improves the soil properties, both physically 
and chemically. The application of organic materials increases the 
soil organic carbon content and makes the soil structure better by 
increasing its water holding capacity and stimulating beneficial 
microorganisms. It gradually releases nutrients in the soil 
throughout the crop growth period. Application of well-
decomposed FYM is widely recommended in the rate of 20–25 t 
ha⁻¹ before planting. Chemical fertilizers supply the essential 
nutrients needed at the critical growth periods of potato plant. 
Nitrogen (N) favors vegetative growth and leaf canopy, 
phosphorus (P) stimulates the growth of roots and tuber initiation, 
while potassium (K) favors tuber bulking, starch formation, disease 
resistance, and tuber storage. Nutrient application based on soil 
analysis helps to avoid nutrient deficiencies and excessive use of 
fertilizers, hence reducing environmental pollution. Nitrogen split 
application together with phosphorus and potassium basally is an 
efficient way of utilizing the nutrients without causing their loss by 
leaching or volatilization. The use of biofertilizers in INM 
programs is increasing to enhance the availability of nutrients and 
minimize the use of chemical fertilizers. Nitrogen-fixing bacteria 
like Azotobacter and Azospirillum provide nitrogen fixed 
biologically, while phosphate-solubilizing bacteria and phosphate-
solubilizing fungi increase phosphorus availability from insoluble 
forms in the soil. Arbuscular mycorrhizal fungi enhance 
phosphorus uptake, water uptake ability, and drought and disease 
tolerance in plants. Combining the use of biofertilizers with the 
other sources of nutrients increases nutrient use efficiency. Equally 
important is the role of micronutrients in potato growth and tuber 
quality. Zinc, boron, magnesium, sulfur, iron, and manganese are 
involved in enzyme activation, chlorophyll formation, 
carbohydrate utilization, and tuber formation. Their deficiency can 
cause reduced yield, poor tuber quality, and increased vulnerability 
to diseases. Soil and plant analysis-assisted site-specific 
application of micronutrients guarantees adequate nutrition and top 
crop performance.The latest INM developments are precision 
nutrient management, sensor-assisted fertilizer recommendation, 
fertigation using drip irrigation, controlled-release fertilizers, 
nanofertilizers, and digital decision support systems. These 
innovations optimize fertilizer use efficiency, decrease losses of 
nutrients and environmental impact, and reduce costs of fertilizer 
use. The tools of precision agriculture such as remote sensing and 
GIS soil fertility mapping allow farmers to use nutrients according 
to needs of the crop and the field. An effective INM strategy 
should include soil testing, proper fertilization, organic manure 
application, biofertilizer use, micronutrient application, and proper 
nutrient management. Such an integrated approach helps increase 
potato yields, size and quality of the potatoes, their dry matter 
content and processing quality, increases resistance to diseases and 
adverse environment, as well as soil health maintenance.                                                                                                                                                                                                                                                               
11. Integrated Pest Management (IPM) in Potato                                                                                                      
Integrated Pest Management (IPM) is a sustainable and eco-
friendly practice that utilizes a combination of cultural, biological, 
mechanical, physical, genetic, and chemical measures for 
controlling insect pests in potatoes while reducing the use of 
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pesticides and their adverse effects on the environment. There are a 
number of economically important insect pests that attack potatoes, 
which include aphids (Myzus persicae and Aphis gossypii), potato 
tuber moth (Phthorimaea operculella), whiteflies (Bemisia tabaci), 
cutworms (Agrotis ipsilon), leafhoppers, thrips, white grubs, and 
termites. In addition to causing damage by feeding on the crop, 
some of these insect pests act as vectors of viral diseases like 
Potato virus Y (PVY) and Potato leafroll virus (PLRV), thus 
causing losses in potato production. Prevention using cultural 
practices forms the cornerstone of IPM. Farmers should use 
certified and pest-free seed potatoes, practice crop rotation with 
non-host crops, field sanitation involving removal of volunteer 
potatoes and weed hosts, and timely planting of potato crops to 
avoid peak levels of insect pests. Earthing up helps prevent potato 
tuber moth attacks, while proper fertilization and irrigation make 
the potato crop healthy and less prone to insect infestations. 
Monitoring and surveillance of pest population on regular basis are 
necessary for implementing IPM strategies. Pest population must 
be detected on fields in early stages through frequent scouting. 
Yellow sticky traps are helpful in detecting aphids and whitefly 
populations while pheromone traps help in detecting and trapping 
potato tuber moth population. Control methods should only be 
implemented when pest population exceeds the Economic 
Threshold Level (ETL).Biological control is a very important 
component of sustainable potato pest control. Natural predators 
like Coccinella septempunctata (ladybird beetle), Chrysoperla 
carnea (green lacewing), and hoverflies control aphids naturally. 
Trichogramma wasps are natural parasitoids of eggs of potato tuber 
moths and many other lepidopteran pests. Entomopathogenic fungi 
like Beauveria bassiana and Metarhizium anisopliae, as well as 
bacteria like Bt (Bacillus thuringiensis) can successfully control 
different insect pests without causing harm to beneficials. 
Mechanical and physical means additionally decrease the numbers 
of the pests. Infected parts of the plants, deep summer ploughing to 
reveal the larvae, proper storage sanitation, building of an 
appropriate storage facility, usage of light and sticky traps are 
among the factors that help to efficiently manage pests. While 
storing potatoes, maintenance of recommended temperature and 
humidity levels prevents the potato tuber moth and storage pests' 
infestations.The application of insecticides must be reasonable and 
only if the other means do not work. Selective insecticides must be 
used according to the pest incidence and economic threshold level 
while changing the insecticides with various mechanisms of action 
in order to prevent development of insecticide resistance. 
Insecticide treatment of the seeds might help to protect the plants 
from pests during the growing season. Strict observance of 
recommended doses, intervals of spraying and preharvest intervals 
helps to minimize the presence of pesticides and to ensure safety 
for humans and environment.Recent developments in integrated 
potato pest management include precise pest monitoring, remote 
sensing, pest monitoring via drones, decision support systems, pest 
forecasting using weather, RNA interference technology, semio 
chemicals pest management and host plant resistance developed 
with traditional breeding and biotechnology methods IPM system 
incorporates the use of pest-resistant varieties, disease-free 
planting materials, cultural management, biological control agents, 
monitoring, mechanical control, and chemicals on as-needed basis. 
Such an approach will help keep pest numbers to levels that do not 
cause any economical damage, reduce production costs, delay the 
development of insecticide resistance, conserve the environment, 
enhance tuber yield, and make the production profitable.                                                                                                                                                             
12. Climate-Smart Technologies for Potato Farming 
Sustainability                                                                                  

Climate-smart technologies refer to innovative techniques that aim 
at enhancing potato productivity, improving resistance to climate 
change and minimizing the environmental impact of potato 
cultivation. Potato farming is vulnerable to variations in 
temperatures, rainfall, droughts, flooding, and other weather-
related problems due to its sensitivity. This makes potato plants 
suffer from reduced productivity and yield. The combination of 
advanced technologies, sustainable farming practices, and efficient 
management of natural resources plays an integral part in the 
implementation of Climate-Smart Agriculture (CSA).One of the 
most powerful climate-smart strategies includes the breeding and 
cultivation of climate-resistant potato varieties. Modern breeding 
techniques, such as conventional breeding, marker-assisted 
selection, genomic selection, and gene-editing technologies, enable 
to cultivate potato varieties tolerant to heat, drought, salinity, frost 
and resistant to late blight and viruses. Precision agriculture plays a 
very crucial role in climate smart potato production. Technologies 
such as GPS, GIS, remote sensing, UAVs, satellite images, soil 
sensors, and IoT based monitoring systems can be used to monitor 
crop condition, soil moisture content, nutrients in soil and any 
outbreak of diseases. Variable rate application of fertilizers, water 
and pesticides helps in improving the use of inputs, minimizing 
production cost and decreasing environmental pollution. Efficient 
water management technologies are important as potatoes are very 
susceptible to both drought and excess water in the field. Drip 
irrigation, sprinkler irrigation, fertigation, automatic irrigation 
schedule, rainwater harvesting and soil moisture sensors will help 
in making efficient water use and having appropriate soil moisture 
content for proper development of tubers. Mulching of the crop 
using organic residues or biodegradable plastic films. Climate-
smart nutrient management focuses on balancing the fertilization 
using Integrated Nutrient Management (INM) involving the use of 
organic manures, compost, bio-fertilizers, crop residues, and 
chemical fertilizers after doing soil tests. Controlled release of 
fertilizers, nano-fertilizers, precision fertigation, and decision 
support systems contribute to increased nutrient-use efficiency, 
reduction of greenhouse gas emission, and soil quality 
improvement. Conservation agriculture measures such as minimum 
tillage, crop residues, and crop rotation are more beneficial to the 
soils in terms of organic carbon content, moisture conservation, 
and soil fertility. Another major climate-smart technology involves 
Integrated Pest and Disease Management (IPM and IDM) with the 
help of weather forecasting systems. Early warning systems, 
disease prediction models, mobile technologies, and advisory 
systems assist the farmer in making timely decisions concerning 
diseases like late blight and insect pests, leading to reduced 
application of pesticides. Bio agents and disease-resistant varieties 
add on to sustainable pest and disease management. Other modern 
technologies that can help potatoes to become more resilient to 
climate change include cold storages equipped with automated 
systems of temperature and humidity regulation, controlled 
atmosphere (CA) storage, renewable energy-driven storage, and 
enhanced ventilation. Irrigation systems powered by solar energy, 
renewable energy technologies, and energy-efficient farm 
machinery help to minimize the use of fossil fuels and limit 
greenhouse gas emissions. Advances in AI, machine learning, big 
data analytics, digital platforms for agriculture, climate models, 
and smart mobile applications give farmers detailed 
recommendations concerning irrigation, fertilization, pest and 
disease management, and harvesting. These technologies assist in 
improving decision-making processes, optimizing the use of 
resources, and enhancing climate change resilience.To sum up, 
climate-smart technologies offer a comprehensive approach to 
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sustainable potato production by including improved varieties, 
precision agriculture, advanced water and nutrients management, 
IPDM, conservation agriculture, renewable energy, and digital 
technologies. The use of such technologies increases potato yield, 
improves tubers quality, saves natural resources, minimizes 
greenhouse gas emissions, and increases climate change resilience 
of potato farming systems.                                                                                                                                                                               
13. Post-Harvest Management for the Maintenance of Potato 
Quality                                                                      Post-harvest 
management is an essential aspect of potato production that seeks 
to maintain tuber quality, prevent quantitative and qualitative 
losses, and prolong the storage life from harvest up to consumption 
or processing. Poor post-harvest management causes damage to the 
potato due to bruising, loss of weight, sprouting, occurrence of 
diseases, and poor processing quality. Proper post-harvest 
management includes proper harvesting, curing, grading, storage, 
transportation, and packing of potatoes to maintain their physical, 
physiological, and nutritional quality.Tuber harvesting should be 
done when tubers attain physiological maturity and the haulms 
have naturally dried or haulms have been destroyed. Tubers should 
be harvested from dry soil to avoid mechanical damage and soil 
contamination. Mechanically damaged tubers suffer from cuts, 
bruises, and skinning and are therefore vulnerable to diseases and 
rots during storage. Tubers should be harvested in cool weather 
and protection from direct sunlight is important for tuber quality. 
Immediately after harvest, the tubers need to be cured for 10-14 
days at 15-20 °C with relative humidity of 85-95 %. The process of 
curing aids the wound healing by suberization and formation of 
protective cork covering which prevents water loss and infection 
by fungi like Fusarium spp., Pectobacterium spp. and Rhizoctonia 
solani. Diseased, damaged, green and deformed tubers have to be 
discarded during grading and sorting.Proper storage is necessary 
for the maintenance of quality of potatoes. Fresh table potatoes are 
stored at 4-7°C whereas the seed potatoes are kept at 2-4°C for the 
preservation of physiological quality. The potatoes meant for 
processing into chips and French fries are stored at 8-12°C to 
prevent cold induced sweetening which results in high sugar 
content causing black coloring during frying. Relative humidity 
should be 90-95 % in order to prevent water loss and shrinkage 
along with good ventilation. Another vital component of post-
harvest management involves sprout control. Sprouts accelerate 
respiration and moisture loss as well as reduce nutrients, and thus 
they make potatoes less marketable and decrease their quality 
during the process of processing. Currently, modern sprout 
inhibitors, low temperatures and improved ventilation help to delay 
sprouting while retaining the quality of tubers. Regular observation 
of the storage environment is required to avoid physiological 
disorders like blackheart, pressure bruising, chilling injury and 
excessive weight loss.During packaging and transportation, the 
main objective is to prevent mechanical injury and exposure of 
potatoes to unfavorable environment. Compared to sacks, 
ventilated plastic containers, mesh bags and corrugated fiberboard 
cartons provide better protection for tubers. Gently moving 
potatoes when loading, unloading and transporting helps to prevent 
bruises and minimizes the entry of storage pathogens. Diseases 
control in post-harvest includes sanitization of storage facilities, 
removal of affected tubers, and maintenance of proper temperature 
and humidity. Hygiene, disinfection of storage facilities, and 
inspection can prevent diseases like dry rot (Fusarium spp.), soft 
rot (Pectobacterium spp.), silver scurf (Helminthosporium solani), 
and late blight tuber rot.Emerging technologies that have 
transformed the field of post-harvest management include 
automated grading machines, optical sorting, non-destructive 

quality assessment with hyperspectral imaging, IoT-based storage 
management, smart sensing technologies, traceability through 
RFID, AI-based quality prediction models, and cold storage 
powered by renewable energy sources. These innovations help in 
improving efficiency of storage, reducing losses, maintaining 
quality, and increasing the value of potatoes.To sum up, post-
harvest management involves efficient harvesting, curing, grading, 
scientific storage, sprout control, disease prevention, packaging, 
and use of modern storage monitoring technologies. All these 
measures greatly reduce post-harvest losses, improve quality, 
increase shelf-life, enhance processing qualities, and increase 
profitability and sustainability of potato farming.                                                                                 
Conclusion                                                                                                                                                                           
It is very critical to consider integrated strategies that will ensure 
sustainable production of potatoes amidst all the changing climatic 
conditions. Combining improved agronomy, climate-smart 
varieties, INM, IPM, IDM, biotechnology, precision farming, 
water management, and advanced post-harvest handling techniques 
will be a complete package to improve potato production, tuber 
quality, and its resistance to diseases. Instead of applying just one 
management technique, an integration of various management 
technologies will enhance resource use efficiency, increase crop 
resilience, and stabilize yields despite various climatic 
conditions.The changes brought about by climate change have 
increased heat stress, drought, erratic rainfall patterns, and 
emergence of new pests and diseases that have made traditional 
production practices unreliable. Thus, climate-smart technologies 
like precision irrigation, sensor-based nutrient management, 
disease prediction based on weather conditions, remote sensing, 
AI, IoT, drones, and decision support systems are becoming 
increasingly vital. Certified seed tubers free from diseases, 
resistance varieties, crop rotation, fertilizer balance, conservation 
agriculture, beneficial microorganisms, as well as pesticide and 
fertilizer use based on need can greatly help in reduction of pest 
and disease burden and increase soil health and biodiversity. In 
addition to that, scientific advances in molecular breeding, 
genomics, gene editing, microbiome engineering, nanotechnology-
based agriculture, and precision farming are offering new 
possibilities in designing high-yielding and climate-resilient potato 
production systems.Post-harvest management is crucial in 
preservation of tuber quality, loss reduction, long-term storage, and 
increasing market value. Harvesting techniques, curing, grading, 
improvement of storage facilities, cold chain and monitoring 
systems contribute to maintenance of processable quality and 
reduction of food waste; therefore, contributing to increase of 
farmers' income and availability of quality potatoes throughout the 
year.Future research should concentrate on integration of modern 
breeding technologies with digital agriculture, biological 
advancements and sustainable resource management as a solution 
to problems caused by climate change. Special attention should 
also be paid to location-specific management practices, farmers' 
education, policies and technologies transfer. Enhancement of 
cooperation between researchers, extension service, policymakers, 
and farmers will contribute to faster development and distribution 
of innovative technologies. In summary, integrated techniques are 
the best option when it comes to increasing potato yield, improving 
quality, disease resistance, and adaptation to climate variability. 
These techniques can help achieve sustainable agriculture, better 
livelihoods of farmers, food and nutrition security, natural resource 
conservation, and overall environmental sustainability. With 
climate change influencing agricultural practices, integrated and 
climate smart potato production will be essential in ensuring 
profitable production of potatoes. 



Journal of Animal Environment, Vol. 18, No. 7s, Spring 2026 

335 

                                                                                                                                                                                       
References 

EFERENCES  
1. Adekanmbi T., Wang X., Basheer S., Nawaz R.A., Pang T., 
Hu Y., Liu S. Assessing Future Climate Change  
Impacts  on  Potato Yields  - A  Case  Study for  Prince  Edward  
Island,  Canada.  Foods.  2023,  12(6), 1176.  
doi10.3390/foods12061176.   
2. Alyokhin  A. -  Colorado potato  beetle  management  on  
potatoes:  Current challenges  and  future  prospects.  
Fruit, Vegetable, and Cereal Science and Biotechnology, 2007, 3 
(special issue 1), 10-19.  
3. Anonymous. -  The measurement of potato blight. Trans. 
Brit. Mycological Society 31, U.K. 1947, pp. 140- 
141  
4. Bucurean  E.,  Bunta  G.  -  Control  of  wireworms  (Agriotes 
spp.)  by  chemical  seed  treatment.  Analele  
Universităţii din Oradea. Fascicula Protecţia Mediului, 2011,  Vol. 
XVII, 23-26.  
5. Čepl J., Kasal P., Svobodova A.  -  Potato weed management 
in condition of technology of destoned ridges.  
48th Symposium "Actual Tasks on Agricultural Engineering", 
Zagreb, Croatia, 2021, 361-369 Downloaded  
from https://cabidigitallibrary.org by 82.208.136.135, on 10/28/24.  
6. Cingel A., Savić  J.,  Lazarević J., Ćosić T.,  Raspor M., 
Smigocki A., Ninković  S. - Extraordinary Adaptive  
Plasticity  of  Colorado  Potato  Beetle:  “Ten-Striped  Spearman”  
in  the  Era  of  Biotechnological  
Warfare. International  Journal  of  Molecular  Sciences,  2016,  
17(9),  1538.  
https://doi.org/10.3390/ijms17091538.  
7. Cohen  Y.,  Cisi,  U.,  Mosinger  E.  -  Systemic  resistance  of  
potato  plants  against  Phytophthora  infestans  
induced by unsaturated fatty acids. Physiol., Molecular, Plant 
Pathol., 1991, 38, 255 – 263.  
8. Ferro D.N. - Biological control of the Colorado potato beetle. 
In: Zehnder GW, Jansson RK, Powelson ML,  
Raman KV (Eds.) Advances in Potato Pest Biology and 
Management, 1994, APS Press, St. Paul, 357-37.  
9. Haverkort A.J., Boonekamp P.M., Rutten R., Jacobsen E., 
Lotz L.A.P., Kessel G.J.T., Visser R.G.F., van der  
Vossen E.A.G. - Societal  costs of late blight in  potato and 
prospects of durable  resistance through cisgenic  
modification. Potato Res., 2008, 51, 47–57. 10.1007/s11540-008-
9089-y.  
10. Jennings S.A., Koehler A.K., Nicklin K.J., Deva C., Sait S.M., 
Challinor A.J. Global Potato Yields Increase  
Under  Climate  Change  with  Adaptation  and  CO2  Fertilisation. 
Front.  Sustain.  Food  Syst.  2020;4:519324.  
doi: 10.3389/fsufs.2020.519324.  
11. Menari  M., Dadashi M.R.,  Sheikh F., Ajamnoruzi H. - 
Evaluation  of drought stress tolerance  in some faba  
bean genotypes using drought tolerance indices. Romanian 
Agricultural Research. 2022. no. 39, 35-43.  
12. Meno  L., Escuredo  O., Rodríguez-Flores  M.S., Seijo  M.C.  -  
Modification  of the  TOMCAST model  with  
aerobiological  data  for  management  of  potato  Early  blight.  
Agronomy, 2020,  10 (12),  
1872, 10.3390/agronomy10121872.  
13. Meno  L., Escuredo  O., Rodríguez-Flores  M.S., Seijo  M.C. -  
Looking  for  a  sustainable potato  crop. Field  

assessment of early blight management. Agricultural and Forest 
Meteorology, 2021, Volumes 308–309,  
https://doi.org/10.1016/j.agrformet.2021.108617.  
14. Mohamed  S.P.-  Integrated Pest  Management Strategies for  
Sustainable Agriculture: A  Review of Current  
Practices and Future Directions. Asian Journal of Advances in 
Research, 2023, Volume 6, Issue 1, 475-483.   
15. Nikoukar  A.,  Rashed  A.  -  Integrated  Pest  Management  of  
Wireworms  (Coleoptera:  Elateridae)  and  the  
Rhizosphere in Agroecosystems. Insects. 2022, 13(9),769. 
https://doi.org/10.3390/insects13090769.  
16. Poggi  S.,  Le  Cointe  R.,  Lehmhus  J.,  Plantegenest  M.,  
Furlan  L.  Alternative  strategies  for  controlling  
wireworms  in  field  crops:  A  review. Agriculture. 
2021,  11(5),  436  
https://doi.org/10.3390/agriculture11050436.  
17. Runno-Paurson  E., Loit  K., Hansen  M., Tein  B., Williams  I. 
H.,  Mänd M.  - Early  blight destroys  potato  
foliage  in  the  northern  Baltic  region. Acta  Agriculturae  
Scandinavica,  Section  B  —  Soil  &  Plant  
Science, 2015, 65(5), 422–432. 
https://doi.org/10.1080/09064710.2015.1017003.  
18. Skendžić  S. Zovko  M., Živković  I.P.,  Lešić V.,  Lemić  D. 
The Impact  of Climate  Change on Agricultural  
Insect Pests. Insects. 2021, 12(5), 440. 
https://doi.org/10.3390/insects12050440.  
19. Skiba D., Sawicka B., Pszczółkowski P., Barbaś P., Krochmal-
Marczak B. The impact of cultivation  
management and weed control systems of very early potato on weed 
infestation, biodiversity, and health  
safety of tubers. Life (Basel). 2021, 11(8), 826. doi: 
10.3390/life11080826.   
20. Struik P.C., Wiersema S.G.  - Seed potato technology. 
Wageningen Pers., Wageningen, 1990, 51.  
21. Tiwari  I.,  Shah K.K., Tripathi  S.,  Modi  B.,  Subedi  S.,  
Jiban  Shrestha  J.  -  Late  blight  of  potato  and  its  
management through the  application of  different  fungicides and  
organic amendments: a  review. Journal  of  
Agriculture and Natural Resources, 2021, 4(1), 301-320 doi: 
https://doi.org/10.3126/janr.v4i1.33374.  
22. van  Herk W.G.,  Vernon  R.S., Goudis  L., Mitchell  T. -  
Protection of  potatoes and  mortality of  wireworms  
(Agriotes obscurus)  with  various  application  methods  of  
broflanilide,  a  novel  meta-diamide  
insecticide. Journal of Economic Entomology, 2022,  Volume  115,  
Issue  6,  1930– 
1946, https://doi.org/10.1093/jee/toac152.  
23. Vernon R.S., van Herk W.G. -  Wireworms as pests of potato. 
In: Giordanengo P., Vincent C., and Alyokhin  
A. (ed.), Insect  pests  of  potato:  global  perspectives  on  
biology  and  management, 2nd  
ed. Amsterdam: Academic, 2022, 103–148.  
24. Weng  L., Tang  Z., Sardar  M.F., Yu Y., Ai K.,  Liang S.,  
Alkahtani J.,  Lyv D.  -  Unveiling the  frontiers of  
potato  disease  research  through  bibliometric  analysis. Front.  
Microbiol.,  2024,  15:1430066.  doi:  
10.3389/fmicb.2024.1430066.  
25. Yellareddygari  S.K.R., Taylor  R.J., Julie  S.  Pasche, 
Gudmestad  N.C.  -  Quantifying  control  efficacy  of  
fungicides  commonly  applied  for  potato  early  blight  
management.  Plant  Disease, 2019, vol  103,  no.  
11, 2821-2824 https://doi.org/10.1094/PDIS-03-19-0670-RE.  



Journal of Animal Environment, Vol. 18, No. 7s, Spring 2026 

336 

26. Zarzecka K., Gugała M., Sikorska A., Grzywacz K., 
Niewęgłowski M. - Marketable yield of potato, and its  
quantitative  parameters  after  application  of  herbicides and  
biostimulants.  Agriculture.  2020, 10,  49.  doi:  
10.3390/agriculture10020049. 
  
 
 
 
 
 
 
 


