Integrated wild boar management in agricultural ecosystem
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Wild boar (Sus scrofa L.), is one of the most wide-spread terrestrial animals in the world and cause severe damage to agricultural, horticultural and plantation crops. Wild boar’s diet has been recorded over 400 species of plants, among all 40 species belongs to commercial crops. Farmers reported that crop losses of 50–60% in maize and tapioca in severely affected areas. The significant signs of wild boars include rooting, tracks, trails, nests or beds, wallows, as well as tree damage and post rubs. There are three different survey methods used to monitor the wild boar damages crop fields include ground survey method, arial survey method and edge index method. Wild boars damage the crops and commercial crop cultivation fields resulting reduces crop productivity and causes great economic losses. Reducing the population of wild boars to desired level is difficult to achieve and quite expensive. Integrated wild boar managements strategies consist of cultural methods, physical methods, biological methods, indigenous ITKs and chemical methods. Integrated wild boar management is cost effective techniques to control the wild boar populations and minimizing the crops damages caused by wild boars to increase production and productivity of various agricultural, horticultural and forestry crops and reduce the man animal conflict. 
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1. Introduction
The wild boar (Sus scrofa L.), is one of the most wide-spread terrestrial mammals pest in the globe and their populations can attain considerable local densities due to high multiplicative speed, adaptability, and resourceful nourishing (Ballari and Barrios-Gracia, 2014). Wild boars can survive in different habitats, ranging from tropical forest, temperate forest, grasslands, and semi-deserts regions (Oliver, 1993). Wild boar populations are isolated and fragmented due to poaching and indiscriminating destroying of preferred habitats. These isolated populations became prolific and lack of preferred food forced them to depend upon agricultural and horticultural crops (Rao et al. 2015). As per International Union for Conservation of Nature (IUCN) Red List, the wild boar is listed as the Least Concern (LC), whereas in IWPA (Indian Wildlife Protection Act), it is under Schedule III protects species that are generally not endangered but require conservation, (Milda et al. 2023). 
Wild boars cause severe damage to agricultural, horticultural and plantation crops. Wild boar’s diet has been recorded over 400 species of plants, among all 40 species belongs to commercial crops (Chauhan and Rajpurohit, 1993). Wild boars attack crops at different stages from seedling to maturity (Groot Bruinderink et al. 1994). Wild boar’s harm the environment by reduce plant density, reduces biodiversity, increasing the soil erosion, and changing the soil properties. The rooting behaviour of wild boars distracts soil surface, uprooting crops, which increases the soil erosion. This led to disturb of soil quality and quantity over a period, decreases the crop productivity, and damage ecological balance (Liu et al., 2019). Wild boars damage the crops and commercial crop cultivation fields resulting reduces crop productivity and causes great economic losses. The objective of this review is to explore the information regarding the integrated management strategies for wild boar in agriculture ecosystem.
2. Detection of crop damages by wild boar
The significant signs of wild boars viz., rooting, tracks, trails, nests or beds, wallows, as well as trees damage and post rubs (Hamrick et al. 2011; Singh and Kumar, 2018). There are three different survey methods used to monitor the wild boar damages crop fields viz., ground survey method, arial survey method and edge index method. The ground survey method is the most conventional method and involves walking through the fields on foot to locate and measure patches of wild boar damage. The cost of ground survey method is very less per hectare and more accurate in distinguishing wild boar damage from the other species which causes damage to the crop plants. Second arial survey method involves the use of a remotely controlled aerial drone which takes digital photographs of the crop fields. These photographs are analyses, observed, and measured the crop damages caused by wild boars. The cost of arial survey method is more per hectare compared to ground survey method and takes less time compared to the ground method with a time cost of 0.28 h/ha compared to 0.34 h/ha. Third method is based on the theory that using an edge index would increase the efficiency since only edges of the field to be physically inspected. This method does not show any consistent relationship between fields so could not be further utilized (Sarwar, 2019).
3. Wild Boar Damage Assessment
To assess the wild boar damages of crop filed, sampling done by selecting five patches of 2 m2 in each field of one acre by covering all side and centre of the crop during initial stages of crop in field. The fields were selected to assess damage and for management purpose was of 1000 sqm area. The damage to agricultural crops was particularly severe, affecting different crops (Anshul and Manoj Kumar, 2025). 
Damage percentage: The percentage of plants in the plot that are damaged calculated as


The damage caused to agricultural crops by wild boars depending on animal density. Belt transects were established every 100 metres for the entire crop cultivating areas. The size of each belt transect unit was 0.1 ha (100 m × 10 m). The number of transects depended on the length of the area. The crop damage intensity in the belt transacts are estimated visually using a five scale as follows (Padaiga, 1994; Janulaitis, 1983).
0 – no damage
1 – sporadic damage (5%)
2 – less than half of all areas damaged (30%)
3 – more than half of all areas damaged (75%)
4 – all areas damaged (100%)


4. Integrated Wild boar Management 
4.1. Cultural methods
4.1.1. Planting of xerophytes around the crop fields
The xerophytic plants like Cacti sp. (Euphorbia caducifolia, E. meriifolia), Opuntia sp. (Opuntia elatior, O. dillenii), Zizyphus sp., (Ziziphus oenopolia, Z. mauritiana), and Agave sp. (Agave americana, Caesalpinia cristata) are planted around the fields on the bunds to prevent the wild boar’s entry and damages in the fields. This practice followed by the farmers and results shows that 60% success in wild boars’ entry to agriculture fields (Vasudeva et al. 2017).
4.1.2. Barrier crops
The castor as a border crop around maize field showed effective in controlling of wild boar damage and significantly increases yield.  This method is eco-friendly, easy to practise, increase yield, and livelihood of the farmers. Barrier crops attract pollinators and other beneficial insects which aid the additional pollination, control pest, and increase the yield. Henceforth, the area of castor cultivation also increases in the wild boar affected regions by using this method. This method creating awareness among the farmers about the castor role in controlling the wild boar management and the importance of castor crop as an alternative for reducing wild boar threat (Vasudeva et al., 2017).
4.2. Physical method
4.2.1. Fencing
Fencing is one the major physical method to control the wild boar. Different types of fences are used to control the wild boar damage viz., plastic fencing, barbed wire fencing, and solar fencing. Polypropylene fencing is a low-cost, easy to install and repair compared. It is effective as a short-term solution about 10 years. Creating barbed wire fence around the crop field in 3 rows highly effective method to preventing the wild boar damages in farm field. In barbed wire fencing the first row positioned just 1 foot above the ground. Solar fencing delivers a short-term shock when animals come in contact with the fence. The shock permits a warning effect while ensuring that no loss of life is caused. Solar photovoltaic module in the electric unit converts the solar energy into electrical energy and charges the battery through charge control unit. The charge control unit takes 12 v supply as input and energizes the same into 8000-to-9900-volt pulses. These pulses travels through the fence wires around 1 pulse/1.2 sec with the duration of 0.03 m sec at regular interval (Vanam et al., 2025; Andrian et al., 2023).
4.2.2. Use of coloured sarees
In this method, arranging different colored sarees around the crop field will make wild boars assume human presence in the area there by not preferring to enter such an area. Even though this method is not feasible in all situations, this method has some marginal benefits in the area of human movement. By using this, the extent of damage caused by wild boar can be minimized to the level of 30–55% (Rao et al., 2015).
4.2.3. Creation of sounds and light
To scare away the wild boars from crop field, farmers employ different methods like using firecrackers, making sounds through local drums, and empty tins, making boring fires and shouting. This type of method has proven to be effective on a community basis in protecting farmers fields from the wild boars and effectively controls crop damage up to 40–60% (Rao et al., 2015).
4.2.4. Hunting
Shooting and hunting are the greatest methods to control wild boar damage in crop fields and these methods need time and effort. With increasing wild boar densities, farmers choose nighttime controlling actions to carry on their combat against wild boar. Among various types of night hunting, the use of a rifle and spotlight is best for night hunting up to 100 m for vision and hunting. Night vision devices can detect wild boars from several hundred meters and allow us to take close shots. These techniques are cost effective and provide high accuracy for shooting. Another technique, thermal imaging devices, provide gray-scale visual images, and it can detect wild boar at more than half a kilometre away. (West et al., 2009).
4.2.5. Using dogs 
In widespread areas of wild boar attacks, farmers following trained dogs on a community basis to scare away the approaching wild boars. In selected cases, this method proved to be effective and sustainable. By using this method, it controls wild boar damage up to 50% (Rao et al., 2015). Dogs can assist in locating, tracking, and catching wild boar. Wild boars are hunted by variety of dog breeds among all bay or strike dogs are better to hounds or curs due to its an excellent sense of smell and run long distances (Rai, 2023; Mishra et al., 2024).
4.2.6. Trapping
Trapping is one of the important methods for eliminating wild boars, which require less time and work than hunting. Concentrated trapping program can reduce the wild boar populations by up to 80–90% (Choquenot et al., 1996). In general, traps are classified into two based on usage; one is portable traps and another one is fixed traps. Portable traps are the most common traps used to capture wild boars. These traps are small to medium size, easy to handle, and durable. Portable traps are classified into three based on design, viz., panel trap, silo trap, and box trap. 
Panel traps consist of three or more connected panels and are made up of metal or wood. The panels are welded metal frames (e.g., galvanized pipe) covered with welded or woven wire. The sections are approximately 3–5 m in length and 1.5–2 m in height. The door is a separate framed component connected to the ends of two panels or sections. An important advantage of the panel traps is flexibility of sturdiness and configuration options (Caley, 1994). Silo traps are made up of a roll of welded or woven wire fence and the size of the fence 10–15 m length and 1.5–2 m height. Integral funnel/squeeze doors used for silo traps using a portion of the continuous fencing. The advantage of silo traps is the ability to size or configure the trap to any physical constraints at a specific location than portable traps, and the drawback is that silo traps take longer time to set up and take down than do either panel or box traps (Protection, 2001). Box traps are enclosed unit with permanently connected sides in all the direction. This trap made up of either metal, wood, or a combination of both. The size of box traps for wild boars normally in the range of 1–3 m height and 2–4 m width and length. The doors are fixed either drop or hinged types (Mayer and Johns, 2019).
4.3. Biological method
4.3.1. Contraception 
Injections of gonadotropin-releasing hormone (GnRH is an effective method to reducing the reproduction capacities in wild boar. The injections cause infertility in both the sex of wild boar. Though, this infertility is not permanent and last in 1–4 years. To avoid this problem multiple injections is required to infertility for longer time wild boar (Miller et al., 2004).
4.3.2. Chilli Powder spray
Chilli powder acts as a natural repellent for wild boar and other animals. The chilli powder (100 g) is mixed with water (1 litre) and sprayed along the fences. The mixture is sprayed at the interval of weekly once. This is the effective method to controlling the wild boar damage up to 65–70 % in crop field (Bargavi et al., 2022).
4.3.3. Cow dung + cow urine + Neem leaves soaked water 
First solution prepared with mixing of cow dung mixed with cow urine. The second solution is soaking of neem leaves in water for 1-2 days. Both the solution is mixed in the ratio 2:1 (2 part of first solution and 1 part of second solution). The final solution sprayed along the fences at weekly interval. This is the effective method to controlling the wild boar damage up to 40–50 % in crop field (Piyush et al., 2018).
4.4. Indigenous Technical Knowledge (ITKs)
4.4.1. Spraying of local pigs dung solution 
The pig dung collected from local pigs and mixed with water to prepare a solution. The solution drenched the soil around the crop from the distance of 1 foot. This method confuses the wild boars with a false assumption of entering the other pigs' territory and prevents the movement of territorial conflict. For more effectiveness, 2-3 drenches are done at weekly intervals. This is the effective method for controlling the wild boar damage up to 50% in crop fields (Bargavi et al., 2022).
4.4.2. Burning of dried dung cakes 
Dried cakes prepared from local pig dung are burned in earthen pots. This process generates smoke during dusk, and the smoke, coupled with the local pig dung smell, helps sensitize wild boars to the presence of local pigs. Wild boars mistakenly believe they are entering another pig's territory, which prevents territorial conflicts from occurring. This is an effective method for controlling wild boar damage by up to 35-50% in crop fields (Vasudeva et al., 2017).
4.4.3. Fencing with coconut ropes soaked in mixture of sulphur + pig oil 
Coconut ropes are arranged in three rows with a distance of one foot around the crop, and the ropes are tied to wooden poles. The solution is prepared by mixing sulfur and pig fat oil, and the mixture is smeared on coconut ropes. This sulfur and pig fat oil mixture creates the typical smell that repels the wild boars, so they do not enter the cropping area. The sulfur and pig fat oil mixture is applied on coconut ropes at ten-day intervals, and this method minimizes wild boar damage by up to 60–80% in crop fields (Venkata Ramesh, 2019).
4.3.4. Human hair as deterrent 
Wild boar has poor sight and hearing mechanisms and depends on its smell sensory mechanism only for the movement as well as locating of food. Wild boars move from one place to another place by sniffing on the ground, thereby getting direction into the anticipated routes. Human hair collected from local barber shops and spread on the wild boar movement route. This human hair gets sucked through nostrils, causing severe respiratory irritation to wild boars during sniffing. Due to this, the wild boar gets totally disturbed and loses its track by making distress calls, which will ward off other wild boars entering the cropped area. This is an effective method for controlling wild boar damage by up to 40-50% (Vasudeva et al., 2017).
4.5. Chemical method
Granular insecticides are mixed with sand are placed in perforated polythene bags and hung at a height of 60–100 cm, spaced about 3 m apart around the crop. The slow release of odour by wind currents confuses wild boars by masking the natural smell of the crop, thereby deterring their entry (Chauhan et al., 2009). Warfarin is widely used as a rodent toxicant act as an anticoagulant, has been used to control and eliminate the wild boar populations (Saunders et al., 1990). Other toxicants like, Compound 1080, Sodium nitrite also control the wild boar population but showing mixed results in different region of the world (Cowled et al., 2006). 
5. Conclusion
Wild pigs are major problems in agricultural ecosystem causing crop damages and reduces the crop production and productivity. Signs of wild boars’ movement in the field identified by rooting, tracks, trails, nests or beds, wallows, as well as trees damage and post rubs. Integrated wild boar managements strategies consist of cultural methods, physical methods, biological methods, indigenous ITKs and chemical methods. Reducing the population of wild boars to desired level is difficult to achieve and quite expensive. There are several solutions for preventing damage and controlling animal populations, but each one has benefits and drawbacks. Hence, there is a need for evolving of suitable eco-friendly techniques for minimizing of the crop damage by wild boars to increase production and productivity of various crops, and also reduce the man and animal conflict.
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