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Abstract:  

One of the main obstacles to improved agronomic crop yield for achieving the expected produce to support global 

food security is thought to be disease and pest infestation. Given that cultivated harvests, especially cereals and 

pulses, are the primary food foundations globally, it is crucial to prioritize the management of their devastating 

pests and diseases. Currently, pests and diseases that affect agronomic crops are controlled by using pesticides 

and fungicides, which are chemical methods. Nevertheless, concerns about the long-term viability of agriculture 

have prompted the widespread and thorough acceptance of integrated pest and disease control strategies. The goal 

of integrating techniques is to manage different pests and illnesses by implementing specific cultural, mechanical, 

and biocontrol strategies, therefore limiting the harm that chemicals do to the environment and human health. 

However, the effectiveness of control measures often relies on their efficient deployment. Various cultural 

management methods, including cover crops, intercropping, trap crops, certain applications of tillage, and 

strategic plantation timing are able to potentially decrease pest populations and lessen the severity of diseases. 

This study presents a fuzzy logic-based framework for managing plant diseases and pests and examines its effects 

on the agro-industry business. The feasibility of implementing the suggested strategy using little meteorological 

data, such as temperature and humidity, has been shown. Accurate prediction of these illnesses using climate data 

can assist farmers in promptly implementing measures to control the diseases. 
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Introduction:  

Diseases and pests pose significant risks to agronomic crops, resulting in substantial losses for rural families and 

jeopardizing global food security. Plant diseases and pest insects are views that are anthropocentric. Food 

productivity and quality are decreased by an insect or bacterium, which is regarded as a pest or disease. Together, 

these nematodes, insects, and microbes produce several plant diseases. For the food chain in nature, these sorts of 

connections are highly complex and dynamic. Multiple varieties of pests and illnesses have been documented as 

having an impact on various crops, ranging from the first stages of seed growth to the conditions in the field. 

Furthermore, the frequency and intensity of different diseases and pests are typically linked to the timing of 

planting, the specific genetic characteristics of the plants, and the prevailing environmental circumstances 
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(Sharma and Sharma 1999). To mitigate the negative impact of diseases and pests on agricultural crops, it is 

necessary to implement suitable and efficient techniques (Sharma et al., 2015). Pest and disease infestation is 

recognized as a significant constraint in generating increased yields of cultivated crops to ensure global food safety 

(Igarashi et al., 2004). 

The indiscriminate application of pesticides results in both financial losses for farmers and a decline in crop 

quality. The primary objective of the Integrated Pest Management (IPM) system is to proactively mitigate pest 

issues in order to avert any potential economic losses. The objective of the IPM is to minimize the use of pesticides 

for pest management (Wilson et al 2004.). The literature presents several Integrated Pest Management (IPM) 

options, such as the efficient usage of synthetic chemicals, the application of natural pesticides, the use of certain 

crop cultivars, the implementation of crop variations, using biological control through natural enemies, and utilize 

decision support systems to assist farmers in determining the ideal timing for pesticide application (Bailey et 

al.2011). Accurate predictions regarding temperature and precipitation are crucial for the agricultural industry. 

Extreme climate conditions have a detrimental impact on agriculture production, as well as on the prevalence of 

pests and illnesses. Weather-based forecasting provides farmers with early warnings. This facilitates prompt 

intervention against diseases 

 

Pest and disease management in agronomic crops:  

Crop losses can be reduced by promptly identifying and correctly diagnosing the illness, and then implementing 

targeted management measures. One common technique for identifying plant pathogens is visual inspection. 

Usually, it's only feasible after the crop has already suffered significant damage; in this case, remedies will be 

ineffective or useless. Farmers must be able to identify illnesses in their early stages in order to be protected from 

the types of harm caused by pathogens. Effective control strategies may be employed to manage pests and diseases 

that affect different agronomic crops. Possible control approaches include cultural, chemical, biological, or a mix 

of many strategies. However, the effectiveness of the control measure being implemented often relies on its 

specific character. 

 

Soil Fumigation:  

The primary cause of decreased productivity and increasing losses of agronomic crops worldwide is soil-borne 

pests and diseases. Some suitable soil disinfestation treatments are needed to achieve greater production while 

reducing disease- and pest-induced losses (Rokunuzaman et al. 2016; Mihajlovic et al. 2017). It is possible to 

efficiently disinfect soils against soil-borne diseases using a variety of chemicals, including methyl bromide, 

metham, and ethylene dibromide. The fusarium root-knot nematode in cotton was managed by soil disinfection 

using 1, 3-dichloropropene or chloropicrin (Jorgenson et al. 1978). Combining ethylene dibromide with 

fenamiphos resulted in a considerable reduction in the nematode population and an increase in sugarcane 

production (Chandler 1984). Fusarium wilt of chickpea was inhibited by bio-fumigation of the soil with an extract 

from Brassica Alba (Prasad and Kumar 2017). 
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Seed Treatment:  

Reduced productivity and higher losses of agronomic crops worldwide are mostly caused by diseases carried by 

seeds or insect infestation. Therefore, certain suitable seed treatments are needed to gain increased yield while 

reducing agronomic crop losses caused by disease and pests (Sharma et al. 2015). For seed treatments, a variety 

of chemicals are employed. Under field circumstances, treatment of cotton seeds with metalaxyl and Trichoderma 

virens boosted seedling stand and decreased disease occurrence (Howell et al.1997). Black point disease in wheat 

was managed with foliar and seed treatment with fungicides (Malaker and Mian 2009). Similarly, to this, treating 

spring wheat seeds with triadimenol alone or in conjunction with thiram improved grain production by effectively 

controlling leaf blight (Sharma-Poundyal et al. 2016). Triamefon and propiconazole treatment of sugarcane crops 

significantly reduced their smut occurrence, resulting in a larger agricultural yield in field settings (Bhuiyan et al. 

2015). 

 

Crop Rotation:  

Long-term cultivation of the same crop varieties on the same land eventually results in an abundance of disease 

outbreaks or insect pest infestations in the following years. Thus, it is advantageous to develop acceptable 

substitute crops in order to lessen the infestation of pathogens or pests in upcoming years (Bankina et al. 2015). 

An alternative plan including maize, soybeans, triticale-alfalfa, and alfalfa was used to monitor carabid activity 

(O'Rourke et al. 2008). According to Johnson et al. (2012), using corn as a rotation technique significantly 

decreased the occurrence of Armadillidium vulgare in soybean crops. A three-year rotation of wheat, soybeans, 

and corn decreased pests because the populations of granivore and detritivore predators increased (Dunbar et al. 

2016). Soybean output rose when rotated with wheat for a year; rotation with cotton did not exhibit any beneficial 

effects (Ashwarth et al. 2017). 

 

Planting Time:  

The frequency and intensity of different insect attacks and illnesses are often related to growth stage, genotype, 

planting date, and environmental factors. The two main factors that contribute to the epidemic spread of illnesses 

or pests are relative humidity and temperature in the atmosphere. The ensuing crop development phases are 

therefore determined by the planting date, which is particularly significant (Sharma and Sharma (1999). Cowpea 

pod-eating bugs were less likely to invade crops when planting was postponed and combined with pesticide 

treatment (Kamara et al. 2010). Planting soybeans early resulted in a decrease or complete avoidance of whitefly 

and aphid infestation when a combination of mung bean, sunflower, and maize was produced as a border trap crop 

(Abdallah 2012). In sweet sorghum, earlier planting under high, medium, and low densities as single, double, or 

triple rows revealed an increased frequency of cornstalk borer and armyworm (Cherry et al. 2013). Compared to 

normal or late planting, there was a notable increase in the invasion of red cotton and dusky bugs in early-sown 

crops (Shahid et al. 2014). According to Nath et al. (2017), the population of tobacco caterpillars was much greater 

in the crop seeded on July 20th compared to those sowed on July 5th or June 20th. This resulted in more leaf 

damage and a reduced produce of groundnut. The cotton crop that was planted previously in December had a 

higher production compared to those that were planted later (Gilio 2014). 
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Plant Spacing:  

According to Cherry et al. (2013), planting sweet sorghum in single, double, or triple rows at high, medium, and 

low densities either had no influence at all or very little on the population of armyworms and cornstalk borer. In 

cowpea, plants had no effect on sucking bugs, blooming thrips, pod borer, or beetles in response to varying 

planting times (Alghali 1991). The management of pest infestation was achieved by planting cowpeas at 20×30 

and 20×60 cm together with pesticide management (Karungi et al. 2000). Lowering the density of autumn 

plantings resulted in fewer flea beetle attacks, promoting faster canola crop development and early maturity (Lloyd 

and Stevenson 2005). With noticeably faster vegetative growth and production than a tighter planting design, the 

occurrence of ramularia leaf spot of cotton was dramatically decreased when cowpeas were embedded at a wider 

spacing. Moreover, under the severe CLCV assault, high plant density guaranteed excellent cotton yield (Iqbal et 

al. 2012; Singh et al. 2017). 

 

Intercropping: 

When compared to a non-intercropped area, the populations of aphids, whiteflies, Pegomyia mixta, and Cassida 

vittata were much lower when maize, faba beans, and cabbage were interplanted with sugar beet. However, no 

discernible effect of transmit intercropping was noted when intercropping cotton, wheat, and alfalfa, or when 

ladybeetles as well as green bugs were sown in sorghum (Phoofolo et al. 2010). Basil intercropping considerably 

decreased the pink bollworm invasion in cotton, which ultimately resulted in a higher yield (Schader et al. 2005). 

Numerous studies have shown that intercropping, where two or more component crops are grown together, may 

lower the occurrence of bacterial illnesses (Yu 1999), fungal infections (Hao et al. 2010), and bug pests (Basha et 

al. 2017). In order to get a better understanding of the specific process by which pathogens or pests interact with 

different intercrop components, leading to the incidence and intensity of diseases or pest infestations, it is 

necessary to do more study. 

 

Methods of Soil Cultivation (Tillage):  

To cultivate agronomic crops, many tillage strategies have been employed. Different agronomic crops' pests and 

illnesses have been found to be greatly impacted by tillage techniques and procedures. The number of usual 

predators that prey on flower bugs on cotton was decreased due to the increasing agronomy of rye and crimson 

clover under conservation tillage (Tillman et al. 2004). The severity of maize rootworm on pods was decreased 

by reduced tillage, but the number of collembolans, hymenopterans, and acarina rose in peanut crops (Cardo’za 

et al., 2015). According to Toledo-Souza et al. (2012), cultivating common beans with a no-tillage approach 

resulted in a considerable reduction in fusarium wilt occurrence and a greater production compared to standard 

harvesting methods. The use of the strip tillage technique, together with the practice of rye cover crop, resulted in 

a substantial decrease in the number of young thrips found on cotton and peanut plants. Furthermore, it 

significantly reduced occurrence of tomato spotted wilt virus in peanuts while simultaneously increasing the 

output in both produces (Knight et al., 2017). 
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Fertilizer Application: 

The dosage and administration of nutrients may have a considerable impact on the occurrence of insect pests and 

illnesses. Depending on the crops and their development phases, excessive or insufficient treatment may raise or 

decrease the population of pests and the prevalence of illnesses. In addition to inhibiting leaf blight, grain 

discoloration, and brown spots in lowland rice, the combined application of nitrogen (N) and silicon considerably 

decreased attacks by leaf folders, dead hearts, and stem borer (Malav and Ramani, 2015). The concentrations of 

soluble carbohydrates, proteins, and silicon were significantly altered by the application of N, phosphorous (P), 

or potassium (K). Among them, applying K to plant tissues decreased the amount of solvable proteins, free sugars, 

N, and silicon; also, it significantly decreased the assault of brown plant hoppers on rice (Rashid et al. 2016). 

Increased agricultural plant output and vegetative growth are attributed to higher doses of N, P, or K fertilizers. 

Higher NPK dosages, however, also coincide with an increase in the growth and mortality rate of rice brown plant 

hoppers (Rashid et al. 2017b). When K was applied appropriately, the prevalence of rice borer was decreased and 

crop yield increased (Sarwar 2012) 

 

Disease forecasting based on weather: 

The development of a disease is significantly influenced by the weather. The disease triangle concept provides a 

clear explanation of the role that weather plays in the development and transmission of diseases (Bos et al. 1995) 

Figure 1 illustrates the disease triangle notion graphically. Three things need to happen at the same time for 

sickness to manifest. A susceptible host plant is required initially. Only a few viruses can infect any given variety 

of plants. Additionally, the plant needs to be in a developmental stage that makes it vulnerable to infection by the 

pathogen. The existence of an active pathogen is the second prerequisite. There cannot be a disease if there is no 

pathogen. An environment that the pathogen can employ to infect plants and produce disease is the third  

requirement. It is possible to stop the disease from spreading if early warning signs of favourable weather 

conditions are available. This is the main idea behind illness predictions based on weather. 

                                                                                                                                     

                                                                          Figure 1: Disease triangle 

 Use of Fuzzy logic in disease forecasting: 

Knowledge bases, neural networks, fuzzy logic, and other techniques can be used to create an expert system. The 

suggested paper uses fuzzy logic to construct an expert system for disease forecasting. (Zadeh 1965) introduced 

the initial development of fuzzy set theory and fuzzy logic. The agricultural system is a partially understood and 

intricate structure. The application of fuzzy logic theory is highly advantageous in the development of a decision 

support scheme for agricultural systems (Huanga et al.) The research presents the successful application of fuzzy 
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logic in an agricultural system to address many elements of agricultural activities. The paper suggested the 

potential application of fuzzy logic in a plant disease forecast structure grounded on weather conditions. Weather-

based prediction is a technological method that forecasts the likelihood of illnesses occurring based on the current 

atmospheric conditions in a certain geographical area. 

 

 

 

Figure 2: Diagrammatic representation of the weather-based plant disease prediction  

 

A leaf is a vital component of a plant. The majority of infections develop and thrive on the leaf's surface. The 

duration of leaf wetness is a crucial factor in the development of a disease. Table 1 displays a selection of the 

sample rules. The suggested study presents the final result in the form of a dialectal variable that provides a 

primary indication of disease occurrence in the host plant. Timely detection of disease enables the efficient 

utilization of pesticides on the farm 

 

Regulation Regulation 

No 

1. If (Humidity be dry) and (Temperature be very low) and (Leaf wetness duration 

be very low) then (Disease is very low). 

2. If (Humidity be dry) and (Temperature be very low) and (Leaf wetness duration 

be low) then (Disease is very low). 

3. If (Humidity be dry) and (Temperature be very low) and (Leaf wetness duration 
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is medium) then (Disease is very low). 

-  - - - - - -  

-  - - - - - -  

-  - - - - - -  

. . 

50. If (Humidity be moderate) and (Temperature be very high) and (Leaf 

wetness duration be very high) then (Disease is low). 

-  - - - - - -  

-  - - - - - -  

-  - - - - - -  

124. If (Humidity be high) and (Temperature be very high) and (Leaf wetness 

duration be very high) then (Disease be very high). 

125. If (Humidity be very high) and (Temperature be very high) and (Leaf 

wetness duration be very high) then (Disease is very high). 

 

 

Table 1: Plant disease estimation using fuzzy rules 

 

Conclusion:  

The goal of integrated pest management, or IPM, is to avoid diseases while using pesticides as little as possible. 

IPM includes weather-based disease prediction as one of its techniques. Many climatic parameters, including 

temperature, relative humidity, length of leaf wetness, and wind speed, are applied to predict the likelihood of 

crop disease early on. Various pests and diseases that affect cultivated crops may be successfully accomplished. 

Nonetheless, the control measure that is used often determines the level of control. While a number of cultural 

management techniques, including intercropping, cover crops, trap crops, tillage methods, and plantation timing, 

may lower pest populations and disease severity, they are not equally successful as commercial chemical 

treatments in field settings. Likewise, the practicality of using biocontrol chemicals and plant extracts is not 

economically feasible in real-world agricultural settings. Nevertheless, the efficacy of these methods can be 

augmented by merging them with other control strategies, such as incorporating traditional practices alongside 

reduced chemical treatments. Further studies should give priority to the advancement of crop varieties that exhibit 

pest and disease tolerance or even resistance through the utilization of modern biotechnological techniques.  
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