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Abstract 

The crop system of soybean (summer)—maize or other cereals (fall/winter) succession has been 
adopted widely in the Neotropics. It inadvertently provides food in sequence to stink bugs 
(Hemiptera: Heteroptera: Pentatomidae), forming green bridges, which favor their outbreaks. 
Attempts to control these outbreaks, usually consists of chemical control on isolated crop scenarios. 
Analyzing the literature available, it is possible to conclude that stink bugs must be managed having 
a broader and more holistic perspective, taking the whole landscape into consideration, rather than 
the usual individualized perspective. Multidisciplinary recommendations should include insect pests 
plus weed and disease controls, crop harvest, sowed cultivars or varieties, and neighboring 
vegetation (cultivated or native) for effective stink bug management. In conclusion, during the first 
crop season, stink bugs should be controlled only in the reproductive stage of soybean (from R3 to 
R6 plant development stage), when population is equal or higher than ET (2 stink bugs.m−1). 
Biologicals should be used instead of chemicals whenever possible. When ET is surpassed at R7 or 
R8, more tolerant maize varieties (fast growing) should be sowed in the second crop season with the 
adoption of seed treatment. Always, grain losses during harvest and the presence of weeds must be 
avoided at the end of soybean season. Additionally, chemical insecticides sprayings on maize might 
still be necessary if Diceraeuss spp. outbreaks equal or surpass three insects.m−1 during maize early 
stages. This more precise and less impactful management of the agroecosystem will promote more 
sustainable and resilient management of these polyphagous pests. 

Keywords: Pentatomidae; crop systems; injury; green bridge; soybean; maize; integrated pest 
management; global challenges 
 

1. Introduction 

Stink bugs (Hemiptera: Heteroptera: Pentatomidae) form one of the largest families within the 
heteropterans [1]. As most polyphagous pests, feeding over 100 host plant species [2], they have been 
causing significant economic losses to several crops [3], including both, commodities [4], and minor 
crops [5]. Of growing importance around the world [6], stink bug nymphs and adults insert their 
stylets into plant tissues, inject destructive digestive enzymes, and extract its fluids, which trigger 
deformation and abortion of seed and fruiting structures, in addition to causing delayed plant 
maturation [2–7]. They also affect the quality and appearance of grains, fruits, and plant seedlings 
[8]. Leaves and shoots can also be injured [2] besides the transmission of phytoplasmas, bacterial and 
fungal pathogens, which can lead to secondary infections; all of these negatively affecting crop yield 
and quality [9]. 
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In the Neotropics, it is common to have continuous agricultural use of the same field, with 
successive short-lasting crops in the same year [10]. For instance, since early 1990s in Brazil, soybean 
cultivated in the summer followed by maize, wheat or sorghum cultivated in the autumn/winter in 
the same field has been the main agricultural production system [11]. This intense land use offers a 
constant food supply to pests along the year, which, combined with consistently high temperatures, 
forms a highly favorable environment. This allows continuous development and reproduction of 
stink bugs, leading to frequent outbreaks, triggering severe yield loss to those crops when not 
properly managed [6]. 

At least 54 different species of stink bugs are reported attacking soybean in the Neotropics [12], 
especially in Brazil [13], and in Argentina [14], major and third biggest global producers of this 
Leguminosae. Among those species, the Neotropical brown stink bug, Euschistus heros (F.) is the most 
important one due to both its increasing abundance [15] and challenging management [16], followed 
by the green-belly stink bugs, Diceraeus furcatus (F.) and Diceraeus melacanthus (Dallas) [10], which 
have evolved very successfully on the soybean-cereals-succession cultivation systems. As it can be 
seen, the importance of Diceraeus spp. in this crop system has been increasing over the last years, 
going from 3.7% of the whole stink bug population in 2014/15 crop season to 26.3% in 2024/25. An 
increase higher than 700% in the species abundancy in only 10 years (Figure 1). 

 

Figure 1. Stink bug species composition (%) over the years (different crop seasons) in the Neotropics, adapted 
from [17]. 

Currently, the use of traditional chemical insecticides has been the first line of defense used by 
farmers against stink bug outbreaks not only in the Neotropics but in the whole world [6]. However, 
those chemicals are usually old compounds launched more than 40 years ago, such as acephate 
(organophosphate); imidacloprid, thiamethoxan, and acetamiprid (neonicotinoids), lambda-
cyhalothrin, beta-cyfluthrin, and bifenthrin (pyrethoids) [18]. More recently, ethiprole 
(phenylpyrazoles), dinotefuran, and sulfoxaflor were released but the last two ones with similar 
mode of action than neonicotinoids, thus not expanding much the options for insect resistance 
management (IRM) strategies [19]. Consequently, chemical control has been of low efficacy, 
especially due to resistant stink bug populations [20]. Those difficulties of controlling stink bug 
outbreaks have been increasing, leading to an increase of insecticides use. A constant annual growth 
rate (CAGR) of insecticide use of 12% along the past ten years has been recorded. An impressive 1.2 
billion USD was spent by farmers with insecticides to manage stink bugs only in Brazilian soybean 
fields in the crop season of 2022/23 [19]. 
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Despite the current importance of chemical control to manage stink bugs, the overuse of harmful 
products brings negative side-effects [21], affecting pollinators and biocontrol agents [22], which 
poses considerable risks to the environment [23]. Therefore, reducing overdependency of traditional 
chemical insecticides to reach high yields in agriculture has been an increasingly global challenge 
[24]. In the Neotropics, where the agroecosystem is usually more complex, with higher biodiversity, 
warmer temperatures and successive crops cultivated over the same field all year long, instead of 
individually managing stink bugs in each crop individually, Integrated Pest Management (IPM) must 
be adopted at regional landscape, or at least at farmscape levels [25]. Stink bugs must be viewed as 
pests of the production system since they are feeding and causing damage to different crops forming 
this agroecosystem [19]. This includes soybean cultivated in the summer, maize or other cereals 
cultivated in sequence during autumn/winter (commodities), and different minor crops cultivated in 
the surroundings [6]. In this review we will focus on stink bug management from a more inclusive 
perspective of a landscape scenario (Figure 2), rather than the more traditional crop perspective, 
frequently adopted by farmers. In this landscape management, all the control strategies have their 
importance and limitations as discussed in the followings. 

 

Figure 2. Landscape Integrated Pest Management (IPM) taking the complexity of the agroecosystem into 
consideration. Figure created by the authors and enhanced using artificial intelligence tools. 

2. Role and Limitations of Chemical Control for Stink Bug Management Within 
Soybean–Maize Systems 

Chemical control remains a cornerstone for stink bug management around the world [6]. Its 
importance at near and medium time frame tends to continue high to keep pest populations under 
control [19]. However, chemical insecticide sprayings must be restricted to when population levels 
reach established economic thresholds (ETs) [26]. This can reduce insecticide use against stink bugs 
by an average of 46.6% when compared to farmers not adopting ETs [17]. From a long-period 
monitoring carried out from 10 consecutives crop season in Brazil, the adoption of ETs in soybean, 
within IPM context, reduced insecticide sprays against stink bug from 26.3% (2015/16) to 66.2% 
(2021/22) (Figure 3), illustrating the importance of spraying insecticides wisely. 
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Figure 3. Reduction of insecticide use to control stink bugs with the adoption of Economic Thresholds (ETs) 
within Integrated Pest Management (IPM) context, adapted from [17]. 

Around the world, sound ETs are established for stink bugs attacking soybean [17–26], despite 
slightly differing among countries due to: variations in crop value; different adopted cultivars with 
different resistance levels; variable stink bug control costs; different sampling procedures or species 
of stink bugs occurring in each region; local environmental conditions; and the availability and 
effectiveness of control technologies adopted by local farmers [27]. For instance, in Brazil, since the 
1970s, the recommended ET is two insects larger than 0.5 cm (including nymphs 3rd-5th instars and 
adults) per row meter if the fields are intended for grain production or one bug if the field is used for 
seed production [26–28]. In Argentina, ETs are 0.7 stink bugs per meter for soybean cultivars of 
maturity groups 3, 4 or 5 and 1.4 stink bugs if the maturity group is 6 or 7 [29]. 

In general, in most areas of Neotropics, immediately after the soybean harvest, maize or other 
cereals are sowed. After maize germination, ETs for Diceraeus spp. might vary accordingly to the 
cultivar; e.g., from 0.27 [30] to 0.8 insects m−2 [31]. Alternatively, ETs are stated as insects per meter 
(0.5 stink bugs m−1 of row) [31] for more susceptible cultivars while for more tolerant ones, 2 stink 
bugs m−1 of row (6 plants) are adopted as ET [33]. 

Taking into consideration the soybean-cereals production system, there is no ETs for insecticide 
use considering the landscape perspective. Economic thresholds are established for each isolated crop 
despite the population of Diceraeus spp. damaging maize (or other cereal) seedlings come from the 
previous soybean crop. After soybean harvest, Diceraeus spp. remains on the soil, sheltered under 
straw, and feeds on different weeds, such as Commelina benghalensis L. or volunteer soybean [34–36]. 
At maize emergence, they start feeding on seedlings [37,38]. This force additional chemical control of 
once considered secondary pest, increasing insecticide sprays in the production system [31–39]. 

Insecticide application late in the soybean season (R7-R8 soybean development stages), to reduce 
Diceraeus spp. at early maize cycle, proved to be inefficient [40]. Among possible reasons, this 
happens because the area cultivated with maize in the second season is smaller than the area 
cultivated with soybean during the first season. For instance, only in Brazil, soybean was cultivated 
in 47-48 million of hectares in 2024/25 followed by maize in the second season cropped in about 17 
million hectares [41]. Despite the use of insecticides to control stink bugs on soybean in the 
reproductive stage, populations move (concentrate) into the fewer areas with maize, remaining at 
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high levels at the time of maize initial growth [42–44]. Therefore, it is important to take into 
consideration the impact of the dispersion of stink bugs that occur after soybean harvest. Millions of 
hectares cultivated with soybeans during the first season (summer) will be reduced by more than half 
with maize in the second season (fall/winter). Consequently, after the soybean harvest, stink bugs 
concentrate their populations over the smaller area with maize [45] making any insecticide spray 
close to the soybean harvest inefficient to reduce the population. 

It is also important to take into consideration that Diceraeus spp. are more tolerant than E. heros 
to insecticides, with resistant populations being more frequently recorded [20]. It is also important to 
consider the behavior of Diceraeus spp. to stay on the soil for longer periods of time sheltered under 
straw, which prevent contact with insecticides, reducing their efficacy [46]. Moreover, zeta-
cypermethrin and thiamethoxam + lambda-cyhalothrin have low effect in the management of 
Diceraeus spp. [46,47]. This highlights the challenge of selecting not only the best active ingredients 
but also the best moment for controlling Diceraeus spp. in the soybean—maize succession system [46]. 
An alternative tool for stink bug landscape management in these production systems has been the 
maize seed treatment with highly soluble systemic insecticides (neonicotinoids) [20–44]. 

3. Recommended Procedures at Soybean Harvest 

An important challenge for managing stink bugs is the presence of soybean grains on the soil 
after soybean harvest, as well as the consequent presence of volunteer soybean plants in addition to 
weeds. Those plants as well as the lost soybean grains serve as food sources for stink bugs to remain 
in the same field until maize emergence, when they will damage those seedlings [35]. An average of 
4 to 6% of soybean is considered to be lost during harvest in Neotropics [48,49]. Considering the 
production of ca. 170 million tons in 48 million hectares only in Brazil in 2024/2025 crop season, and, 
that there are from 5,000 to 6,600 grains in each kilogram of soybean [50], it would potentially result 
from 885 to 1,168 volunteer soybean plants per hectare [production (170) x loss (average of 0.05 or 
5%) ÷ cultivated area (48) x grains per kilo (from 5,000 to 6,600 grains)]. This configures the potential 
size of the problem regarding soybean loss at harvest which helps to increase stink bug outbreaks in 
early maize stages cropped in the sequence. 

Grain harvest loss is impacted by different factors [49]: the adjustment of the speed of the reel 
and the distance between parts in the harvest machine [51]; operation of used cutting platforms [52]; 
the maintenance of the harvest machine [53]; and the speed of machinery. Therefore, efficient IPM 
programs must include not only pest control but also other multiple-discipline recommendations. 

4. Adoption of Resistant/Tolerant Plants for Stink Bug Management 

Among the different pest control strategies, host plant resistance has been historically 
considered a cornerstone to sustainably manage pests [54] and a fundamental component of IPM [55]. 
The adoption of plant resistance is compatible with all other control strategies in IPM, being 
economically, ecologically, and environmentally advantageous by avoiding or at least reducing the 
need of chemical control [56,57]. For sucking insects such as stink bugs, an important factor to be 
considered is the hardness of plant tissues. Plants with rigid tissues are less preferred as hosts, as 
they limit the feeding capacity of those insects [58]. The deposition of lignin, cellulose, suberin and 
other macromolecules in the cell wall of the plant gives greater hardness to the tissues, causing 
resistance to penetration of the stylets [59]. 

In the case of resistant/tolerant soybean cultivars to stink bugs, attempts were done to develop 
cultivars in the past, but results were limited [60] due to their relatively low yield potential. However, 
more recently, tolerant plants bearing the so-called “Block” technology are less damaged by stink 
bugs and show seed yields comparable to those of traditional commercial cultivars [61]. Genetic 
improved soybean plants having this tolerance to stink bugs have supported the double of insect 
infestation with the same level of damaged grains, being ideally to be cultivated in the latest sowed 
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soybean fields in the landscape, which will suffer from higher stink bug outbreaks after the harvest 
of neighboring fields. 

Maize seedlings are more susceptible to the injury by stink bugs at early plant stages, from VE 
(emergence: when the coleoptile breaks the soil surface) to V5 (weaning: 5 leaf stage—when plant 
develops crown roots and stops relying on seed reserves, becoming reliant on soil nutrients) [62]. 
When stink bug populations are high at late reproductive stages of soybean (R7-R8), no insecticides 
should be used because they are ineffective to prevent outbreaks in the crop being sowed after 
soybean harvest [35], but more resistant or tolerant cultivars of maize with insecticide seed treatment 
should be considered to be sowed in the succession. 

These tolerant maize cultivars show some favorable traits such as: high initial vigor and rapid 
growth (plants that fast develop in the early stages have a greater capacity to overcome damage 
caused by toxin injection into the seedling collar); thicker/more rigid stem (greater stem diameter 
offers greater physical resistance to the insertion of the stink bug’s stylets); recovery capacity or 
regrowth vigor (plant’s ability to produce new leaves and resume growth even after the apical 
meristem is damaged, reducing the need for replanting); resistance to breakage (hybrids with greater 
stem rigidity suffer less from lodging or deformation -”crooked” or “goose neck” plant, when 
attacked); and low rate of super-sprouting (cultivars with lower super-sprouting due to the death of 
the apical bud). Tolerant maize cultivars, combined with systemic seed treatment (e.g., 
neonicotinoids), show lower percentage of attacked seedlings and greater ear weight (up to a 29.5% 
increase in productivity) [63] proving to be an excellent management strategy for stink bugs in the 
soybean-maize production system. 

5. Augmentative and Conservation Biological Control 

Augmentative biological control is essential strategy to build a more sustainable agriculture, 
especially in commodities such as soybean and maize, where the overuse of chemical insecticides has 
been of increasing concern [21]. Among the most studied and adopted biocontrol agents against stink 
bugs, egg parasitoids have been gaining momentum [64,65]. There are at least 23 different species of 
egg parasitoids reported on soybean [66], making them the most important biocontrol agents of this 
pest group [67,68]. The species Telenomus podisi Ashmead (Hymenoptera: Scelionidae) is the most 
promising alternatives to manage E. heros [69]. Due to its high parasitism capacity and availability in 
the Brazilian market as a commercial biocontrol agent, it has been released in 150,000 to 250,000 
hectares of soybean annually in the country [70]. 

Fed adults at densities of ca. 6,000 parasitoids per hectare, released 2-3 times on a 14-day interval 
[65], result in >90% of eggs parasitized [71], being efficient against E. heros and also D. melacanthus 
[72] among other stink bug species [62–67]. For instance, T. podisi has been recorded naturally 
parasitizing eggs of Oebalus poecilus (Dallas) and Tibraca limbativentris (Stål) on rice [73] indicating 
that this parasitoid can possibly be also released in other crops where pentatomids are key pests. In 
Paraguay, high parasitism of O. poecilus eggs in rice fields after releases of T. podisi has been observed. 
More details in how to rear and release T. podisi in field crops in the Neotropics can be found in [16-
65]. One of the befits of adopting egg parasitoids against pests is their capacity to control the pest at 
early stages (egg) before any injury being done on the plants. However, it imposes some challenges 
for the precise use of the parasitoids on the right timing. Farmers are used to monitor and control 
adults and nymphs of stink bugs in their fields. Over the crop season they would monitor the field 
several times to estimate the population size for insecticide-application decision. However, to correct 
adopt eggs parasitoids, farmers will have to get used to monitoring stink bug eggs, requiring pest 
scouters to be trained to acquire such new skills what can be a more time consuming operation in the 
field, which if it is the [16–65case will be more costly. 

Despite the high potential of biological control using T. podisi, additional control strategies 
(chemical or biological) might be needed. Detailed understanding of the potential for combining eggs 
parasitoids with other compatible control tools against stink bug is essential for achieving the best 
stink bug management [13]. Threats posed by chemical pesticides against T. podisi as well as the 
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possible perspectives of adopting more selective chemicals are discussed [74]. This reveals the need 
of different strategies combination to efficiently and sustainably manage stink bugs in complex 
agroecosystems [6]. 

Active ingredients belonging to the group of insect growth regulators, such as chlorfluazuron, 
teflubenzuron, novaluron and lufenuron, are more selective to T. podisi [75] but are usually used 
against lepidopterous pest. In contrast, pyrethroids (bifenthrin, beta-cyfluthrin, zeta-cypermethrin) 
and organophosphates (chlorpyrifos and acephate) are efficient against stink bugs, but are harmful 
to egg parasitoids, especially to adults, which are more susceptible than pupae remaining protected 
inside the egg chorion [70–77]. Therefore, these broad-spectrum insecticides should be avoided at 
least 10 days before and 15 days after T. podisi releases [65]. 

The best option to mitigate negative impact to egg parasitods is the use of other biocontrol 
agents. Three species of entomopathogenic fungi have been commercialized in Brazil as 
augmentative biocontrol agents, Beauveria bassiana (Bals.-Criv.) Vuill., Metarhizium anisopliae 
(Metsch.), and Cordyceps fumosorosea (Wize). The isolate BRM 2335 of M. anisopliae has shown high 
virulence against different species of stink bugs [78–80]. It causes mortality and also reduces E. heros 
feeding activities by 86%, which completely ceases after five days of spraying [81]. 

In addition to augmentative, conservation biological control should always be taken into 
consideration. We need to better learn to take advantage of native biodiversity of natural enemies, 
always present in any agroecosystem. Studies are needed and much should be learned about how 
the target pests live and reproduce. For example, life histories of stink bugs, following their 
abundances on crops and wild vegetation, number of generations per year, hosts and associated 
plants, and natural enemies’ roles should be studied in detail to help in mitigating their impact to the 
crops [82]. 

6. Innovative Tools for Stink Bug Management 

Taking into consideration the few diversity of tools efficiently used against stink bugs due to 
different reasons, for instance: 1) resistant populations to insecticides; 2) few activity ingredients with 
activity against stink bugs; 3) lower performance of entomopathogens against stink bugs compared 
to lepidopterous; 4) no transgenic plants available against stink bugs; among others, the development 
of new innovative tools against stink bugs have been intensively studied, despite still few alternatives 
being already available for farmers [85]. 

Among the most advanced studies, pheromones in baited traps were efficient in attracting and 
capture stink bugs [86,87]. With costs of pheromone production being reduced, this technology will 
start to be used more frequently not only to monitor insects but also to help controlling them by 
mixing pheromones with insecticides and even biological control entomopathogens [88]. 
Pheromones will be also used in traps for monitoring stink bugs. The use of images from automated 
traps, satellites or drones to perform stink bug sampling and monitoring with precision and low costs 
will revolutionize stink bug manage and might be at a close step to become reality with the aid of 
artificial intelligence (AI). Imaging methods to identify captured insects, combining texture, color and 
shape information is really disruptive and should be improving stink bug monitoring and 
management at middle term future [85]. 

Botanical insecticides have stood out as an innovative alternative to synthetic chemicals and its 
growing research and adoption promises to boost the bioinsecticide market, representing a 
sustainable transition in global agriculture and a good alternative for stink bugs [89]. In addition, the 
application of RNA interference (RNAi) has emerged as a promising approach for the targeted 
control of stink bugs [90]. Putting together a more precise and cheaper stink bug monitoring 
associated with the used of not only biological control but also newer innovative “greener” sprayable 
insecticides based on RNAi, essential oils or even the adoption og genetic improved plants (GMs or 
edited plants) have been intensively studied against stink bugs [89,90] and are included in the newer 
innovative tools to be developed against those pests. Only the junction of great diversity of tools, in 
a more complex approach of landscape management, will enable stink bugs be sustainably managed. 
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7. Final Considerations and Conclusions 

It can be concluded from this review that the use of a single tool against stink bugs is fated to 
failure if not used within an IPM context taking the landscape scenario into consideration. Against 
isolated strategies, nature will always find a way to select resistant populations or to have the empty 
ecological niche occupied by other species (e.g., outbreaks of secondary pests), or similar negative 
consequences. Aiming for a more resilient, sustainable and efficient stink bug management, a more 
complex landscape perspective over the traditional individualized crop perspective is required [17]. 
Pest management recommendations must evolve to crop protection procedures, and then, to 
landscape management. By leveraging interdisciplinary collaborations and regulatory 
advancements, precision pest control strategies promise to redefine agricultural practices, paving the 
way for a sustainable and resilient future for global food production [8]. 

Chemical insecticides use actually inevitable [84], should be restricted to when pest populations 
reach established ETs [17]. Moreover, stink bug populations management should not aim the 
complete elimination of stink bug from the fields, but to keep their population under control, 
providing hosts to maintain natural biological control in the area. 

Whenever possible, biological control alternatives should be wisely used to replace chemicals 
[91]. They also need to be used within IPM context, respecting ETs, which still need to be studied and 
developed for biological control reality. It seems clear that the overuse of biological control can also 
bring negative side-effects [92], despite being lower than those of overuse chemicals. 

In conclusion, during the first crop season, stink bugs should be controlled only in the 
reproductive stage of soybean fields (from R3 to R6 plant development stage), when population is 
equal or higher than ETs (2 stink bugs.m−1). When ETs is surpassed at R7 and R8, more tolerant maize 
varieties (fast growing) should be sowed and seed treatment performed. Always, losses during 
harvest and the presence of weeds must be avoided at the end of soybean season. Additionally, 
chemical insecticides sprayings on maize might still be necessary if Diceraeuss spp. outbreaks equals 
or surpass three insects.m−1 during maize early stages. Novel IPM tools under study already 
presented and discussed [85] should be implemented when available to reach the ultimate goal of a 
more sustainable and resilient management of pest stink bugs. 
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