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Propositions 

 

1. Integrated Pest Management must entail control of all organisms relevant to farmers.  

(this thesis) 

2. Integrated Pest Management is Integrated People Management.  

      (this thesis) 

3. In research for development, technicality and practicality must go hand in hand.  

4. Participatory research with farmers opens a third eye to observe society. 

5. Students of an agricultural university must spend a semester in the field with farmers.  

6. The title Doctor of Philosophy (PhD) is merely ornamental unless one realizes the 

philosophy behind it.  
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“It is not my contention that chemical insecticides must never be used. I do contend that we 

have put poisonous and biologically potent chemicals indiscriminately into the hands of persons 

largely or wholly ignorant of their potentials for harm. We have subjected enormous numbers 

of people to contact with these poisons, without their consent and often without their 

knowledge.” 

― Rachel Carson, Silent Spring, 1962 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 



ABSTRACT 

Naznin Nahar (2020). Co-designing Integrated Pest and Disease Management strategies in 

eggplant production in Bangladesh. PhD thesis, Wageningen University, Wageningen, The 

Netherlands, with summary in English, 164 pp. 

Integrated Pest Management (IPM) was developed in response to the crisis caused by  

unrestricted use of pesticides. The IPM concept matured over time and today, it stands on a 

solid conceptual basis and millions of farmers across the globe, especially in developing 

countries, have been trained in it through the Farmers’ Field School approach. Nevertheless, 

adoption rate remains frustratingly low. This thesis tries to understand why IPM is so difficult 

to implement for smallholder farmers in developing countries and what is needed to make IPM 

work for them. Eggplant production in Bangladesh was taken as a case and it involved various 

disease and insect problems. Involving farmers in the research, this study aimed to craft IPM 

options for farmers that could function in their context, that maximally use natural enemies and 

that significantly reduce pesticide use. It also assessed the possible reasons for IPM research 

failures and possible factors contributing to the success or failure of the crafted IPM.  

Farmers participated through interviews, group discussions and field experimentation in 

tailoring IPM. Negotiations and discussions with these farmers were used to get a better grip 

on the underlying complexity of all tested IPM options that might hamper adoption. Moreover, 

a few in vitro and screen house studies were carried out to identify the source of infection of 

the diseases and to disentangle relative roles of selected IPM components in reducing infections.  

For each of the disease and insect problems, farmers’ conventional practice of spraying 

proved ineffective. In contrast, a combination of IPM options proved technically sound and 

economically viable. However, bottlenecks to scale out these IPM options still remain. For 

damping-off (caused by several pathogens), soil application of Trichoderma harzianum (T. 

harzianum) in the nursery combined with seed treatment with hot water was effective, 

producing 25-64 percentage points more healthy seedlings than farmers’ conventional practice 

of spraying. This combined treatment also improved seedling quality traits. Laboratory and 

screen house studies confirmed soil as the major source of pathogen and T. harzianum as major 

player in both reducing damping-off and enhancing seedling growth. Seedlings raised either by 

improved practice or farmer’s practice were also transplanted either with or without soil 

application of T. harzianum in the production field. Transplanting seedlings from improved 

practice alone reduced wilt and fruit rot, increased marketable yield and farmers’ income 

compared with their conventional practice of spraying. An additional effect was found when T. 



harzianum was applied to the field soil. T. harzianum persisted in the improved management 

fields at the end of the growing season and reduced wilt and rot pathogens. For the management 

of the eggplant shoot and fruit borer moth (ESFB), pheromone trapping alone or combined with 

trap-catch-based biorational insecticide spraying reduced fruit infestation, increased yield and 

income at costs comparable to farmers’ conventional practice. These two IPM options did not 

affect predatory ladybird beetles and parasitoids Trichogramma spp. and Bracon spp. Farmers’ 

proposed conventional insecticide spraying with pheromone trapping did not provide further 

control beyond the trapping alone, rather it affected natural enemies. Farmers’ practice did not 

reduce infestation but reduced populations of natural enemies. Therefore, installing trap only 

or adding biorational insecticide spraying with trapping both can be recommended to farmers. 

However, farmers lacked knowledge of ESFB biology; they need such knowledge to understand 

the trapping mechanism and its efficacy. As trapping was tested in a network of nearby fields 

of these smallholder farmers, there was a shared concern from researcher and farmers whether 

the use of mass trapping as an individual farmer with a small plot would be effective; traps 

might attract male moths from surroundings outweighing the local depletion. Indeed trapping 

in a single field (4 trap) was found ineffective as it showed comparable fruit infestation with 

farmers’ practice field. In contrast, when traps were installed in an array of 4 × 6: 24 traps 

(combination of 3-4 adjacent fields) and in networks of nearby fields (3-5 fields at a distance 

of 10-25 m), infestation was substantially reduced compared with farmers’ standard practice. 

Per trap, catch of a 4-trap field was three times higher than in 24-trap and network fields; 

however, infestation in 4-trap field was higher than in 24-trap or network fields, indicating 

moths were attracted in a 4-trap field from surrounding untrapped fields. For effective trapping, 

concerted action is needed either by neighbours with directly adjacent fields allowing an array 

of 4 × 6 traps or by farmers of nearby fields. 

For each of the participatory studies, farmers desired some chemical treatment with IPM 

options. Although farmers dropped the chemical treatment after a year of study, still it is 

questionable whether they will continue with purely IPM options because these farmers are 

used to spray. Therefore it is better to include spraying with biorationals. Farmers rejected 

labour-intensive practices. IPM options, generated from this thesis, proved technically and 

economically viable, but there were some bottlenecks: unavailability of T. harzianum, seed 

treating machine and pheromone lures, a mismatch between farmers’ knowledge and use of 

pheromone trapping, and the need for social organisation for trapping to be effective. To 

alleviate these obstacles, extension and institutional support are required.  
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1. Losses from pests and diseases and their consequence to global agriculture 

The world population is increasing, and it is estimated to reach around 9 billion by 2050 

(Carvalho, 2006). Most of this population growth will occur in developing countries. To feed 

this growing population, 60-70% more food needs to be produced (Meyers and 

Kalaitzandonakes, 2015). One of the largest hindrances in worldwide contemporary 

agricultural production are pests and diseases. Worldwide plant pests and diseases are claimed 

to cause 30-60% yield loss depending on the crop (Oerke, 2006). Yield losses from pests and 

diseases have been estimated to range from 10 to 50% in South and Southeast Asian countries 

(Dhaliwal et al., 2010). These losses pose a major threat to income and food security, 

particularly for smallholders (Dhaliwal et al., 2010).  

To assure food security, agricultural production increased worldwide, partly through 

increasing the cultivated area, partly by producing more on the same land area. The latter was 

accompanied by increased use of agrochemicals, particularly fertilizer and pesticides. 

Agricultural intensification and increased use of pesticides go hand in hand (Matson et al., 

1997; Pingali and Gerpacio, 1997; Carvalho, 2006). Worldwide, annual use of pesticides has 

been reported to amount 2 million tonnes (Sharma et al., 2019). Extensive use and even 

overuse of pesticides occurred in developing countries (Echobichon, 2001; Schreinemachers 

et al., 2020). This has caused severe ecological, environmental and socioeconomic problems. 

Especially four problems stand out: development of resistance to pesticides, environmental 

contamination, high costs of expensive pesticides, and human health hazards (Edwards 1993; 

Pimentel, 1995; Pingali, 1995; Aktar et al., 2009; Gill and Garg, 2014; Nicolopoulou-Stamati 

et al., 2016). Moreover, overuse of pesticides kills natural enemies (predators, parasitoids) and 

other beneficial organisms (Theiling and Croft 1988; Ruberson et al., 1998; Goulson, 2018; 

Ostiguy et al., 2019). Decimation of natural enemies leads to secondary pest outbreaks and 

target pest resurgence (Dutcher, 2007). Ironically, despite a clear increase in pesticide use, 

crop losses have not significantly decreased during the last 40 years (Oerke, 2006). One of the 

major reasons for this is resistance development by pests and diseases. Ultimately, the 

reliance on pesticides has produced ‘a feedback loop of pesticide use’ often termed as the 

“pesticide treadmill”.  
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2. Integrated pest management 

Already 70 years ago, the major drawbacks of the use of pesticides incentivized the 

conceptualization of integrated pest management (IPM) approaches. The main focus was 

given during that period on preserving natural enemies by judicious use of pesticides (Ehler, 

2006). A decade later, Stern et al. (1959) proposed that integrated pest management should be 

developed based on an ecological framework in which chemical and biological control act 

together. The intention was to keep the pest population below economic damage threshold 

levels. Three years later in 1962, Rachel Carson depicted the consequences of indiscriminate 

pesticide use in her book “Silent spring” and called for sustainable pest management (Carson, 

1962). This book got the attention of the general public and the scientific community. 

Thereby, the stage was set for change. Since then IPM has been further researched and in the 

scientific literature is seen as an orchestrated integration of multiple complementary methods 

to suppress pests in a safe, cost-effective, and environmentally friendly manner (Kogan, 1998; 

Ehler, 2006; Barzman et al., 2015). With the passage of time, to support IPM development, 

new tools and strategies (both suppressive and curative) have been developed such as use of 

semio-chemicals, host plant resistance, cultural control1, biological control, and use of 

selective and biorational2 pesticides. The IPM, which was originally proposed as “Integrated 

control”, evolved over time and until today comes with 65 definitions. In the early days of 

IPM, the definition given by the Food and Agriculture Organization (FAO, 1966) was widely 

accepted among scientists: “Integrated Pest Control is a pest management system that, in the 

context of the associated environment and the population dynamics of the pest species, utilizes 

all suitable techniques and methods in as compatible a manner as possible and maintains the 

pest population at levels below those causing economic injury”. Kogan (1998) synthesized all 

available definitions and came with five aspects of IPM, which previous authors attempted to 

capture: i) the appropriate selection of pest control methods either used singly or in 

combination; ii) economic benefits to growers and society; iii) benefits to the environment; 

(iv) the decision rules that guide the selection of the control action; and (v) the need to 

consider impact of multiple pests. According to Kogan (1998) “IPM is a decision support 

system for the selection and use of pest control tactics, singly or harmoniously coordinated 

                                                
1Cultural control is the deliberate alteration of the production system, either the cropping system itself or specific 
crop production practices, to reduce pest populations or avoid pest injury to crops. For example: crop rotation, 
sanitation, removal of alternate hosts, early or delayed planting, destruction of refugia of pests and diseases. 
2Products that are mostly targeting the harmful organisms and are less detrimental to natural enemies and the 
environment. 
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into a management strategy, based on cost benefit analyses that take into account the 

interests of and impacts on producers, society, and the environment”. The IPM that has 

started focussing mainly on insect control, gradually, in definitions, expanded to control of a 

wider range of pests at a time. Prokopy (2003) emphasized this as “a decision-based process 

involving coordinated use of multiple tactics for optimizing the control of all classes of pests 

(insects, pathogens, weeds, vertebrates) in an ecologically and economically sound manner.” 

Since its inception, the concept and definition of IPM have been refined, redefined and 

tuned in many ways. Today, IPM stands on a solid conceptual basis. In practice, however, two 

approaches namely ‘tactical IPM’ and ‘strategic IPM’ are mentioned and both are 

fundamentally different in concept and impact. Tactical IPM is essentially a pesticide-based 

approach using crude thresholds. In contrast, strategic IPM is based on a detailed knowledge 

of the agroecosystem, its components and interactions. In other words, strategic IPM has been 

presented as the ideal and tactical IPM as a relatively weak expression of that ideal (Morse 

and Buhler, 1997). Due to the complex nature of the strategic IPM, the tactical IPM is often 

considered as a stepping stone towards the strategic IPM. 

However, in the eyes of farmers, IPM, like any other agronomic practice, should contribute 

to generating sufficient income helping them to sustain their livelihood (Morse, 2009; 

personal observation). They do not bother about technical excellence, and little about 

environmental benefit. A large part of the theoretical debate on maintaining ecological 

services beyond production and income is not their practical concern. In their view, IPM is 

something they may use if and when they can do it and it will provide them with tangible 

benefits. 

In the end, this consideration from a farmers’ perspective implies that IPM as it was 

originally envisioned in its full strategic form, will probably rarely be implemented. In the 

debate in the literature whether IPM should be more strategic or more tactical (operational), I 

would take the stand that striving for a pure strategic IPM while designing an IPM that should 

work for farmers may not be appropriate and allowing tactical components will be required, 

while maintaining the aim of reduced environmental damage. 

3. Low adoption of IPM and possible underlying reasons 

Despite the solid conceptual basis as indicated above, huge investment in IPM research and 

substantial promotion by scientists, environmentalists, and international and national 

agencies, IPM has a frustratingly low adoption rate particularly in developing countries 
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(Barfield and Swisher, 1994; Morse and Buhler, 1997; Ehler and Bottrell, 2000; Bajwa and 

Kogan, 2003; Orr, 2003; World Bank, 2005; Ehler, 2006; Morse, 2009; Zalucki et al., 2009; 

Parsa et al., 2014). Although one of the major goals of IPM was to reduce pesticide use, 

unfortunately, overall use of pesticides has not decreased in most countries, with a few 

exceptions (see for example Norton and Mullen (1994)). There was no convincing evidence 

for changes in pesticide use in targeted crops such as rice or cotton in e.g. Asia (Robinson et 

al., 2007; Narayanan and Viswanathan, 2015). Even in developed countries, reduction of 

pesticide use was questioned (Ehler, 2006).  

The reasons for the overall poor adoption of IPM in developing countries are varied, 

numerous and complex (Morse and Buhler, 1997; Orr, 2003; Parsa et al., 2014). A survey 

among practitioners and researchers from across the world by Parsa et al. (2014) identified 51 

obstacles for IPM adoption distributed over six categories: poor outreach, weak adoption 

incentives, weaknesses in proposed IPM, weaknesses in IPM research, pesticide industry 

interference, and farmer weaknesses. Globally, problems related to outreach, IPM itself and 

adoption incentive ranked as major. However, for Asia, particularly for South and Southeast 

Asia, weaknesses in IPM and IPM research, weak adoption incentive and pesticide industry 

influence were found more dominant (Parsa et al., 2014). 

Weaknesses in IPM might include the inherent complexity of IPM (IPM is more difficult 

to understand and implement compared with conventional spraying), labour-intensiveness, the 

fact that IPM requires time to have an effect, and the tendency of costs of IPM being much 

more apparent than its benefits. On the other hand, benefits of pesticides are much more 

apparent than their negative effects and IPM sometimes requires collective action within 

farming communities (Parsa et al., 2014). As mentioned earlier, IPM is often difficult to 

understand; several studies highlighted farmers’ knowledge level as a potential constraint to 

adoption (Litsinger et al., 2009; Peshin, 2013; Wyckhuys et al., 2019). Weaknesses in IPM 

research have been mentioned to include poor attention to farmers’ need (researchers are more 

inclined to their own logics on what farmers need rather than on the actual needs), lack of 

interdisciplinarity (instead of `holistic thinking' researchers are narrowly focussed within 

disciplines), and insufficient attention to participatory methods (Morse and Buhler, 1997; 

Parsa et al., 2014). Lack of adoption incentive such as market incentive for farmers and lack 

of favourable government policies and support can also have contributed to low adoption 

(Parsa et al., 2014). The powerful influence of the pesticide industry and unrestricted sale of 

pesticides in rural areas also keeps farmers from applying IPM approaches (Parsa et al., 
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2014). Finally, among outreach problems, insufficient training and technical support to 

farmers, limited access to IPM inputs, shortage of well-qualified experts and extensionists are 

worth mentioning (Morse and Buhler, 1997; Morse, 2009; Parsa et al., 2014).  

High adoption of IPM in developing countries is expected only if the barriers mentioned 

above can be tackled. However, it is also to be noted that IPM originated in the developed 

world based on the analysis of agroecosystems and contexts of farmers in that part of the 

world. Following the same philosophy (more strategic IPM) might not work for farmers in 

developing countries (Way and van Emden, 2000). For example, in developed countries, 

crops are grown in large areas (holdings are big), agroecosystems are comparatively simple, 

markets are stable, farmers are educated, extension services are rich, pesticide governance is 

strong. In contrast, in developing countries, more specifically in South and Southeast Asia, 

holdings are fragmented thus crops are grown in small areas, cropping systems are complex 

(Niroula and Thapa, 2005), markets are variable and seasonal, farmers are less educated, 

extension services are weak, and pesticides are available everywhere with limited governance 

(Morse and Buhler, 1997; Shepard et al., 2009; Shammi et al., 2017). When we offer the 

originally envisioned ideal IPM to farmers of developing countries, smallholders often fail to 

implement that IPM. Therefore, while developing IPM for developing countries, scientists 

should consider what is achievable under farmers’ conditions rather than what is technically 

and theoretically perfect (Morse and Buhler, 1997; Morse, 2009). IPM should address needs 

of farmers and their participation in the development process. It should also use several 

components that are compatible and not labour-intensive and more profitable than pesticide 

use (Morse, 2009; Parsa et al., 2014). Moreover, as pests are likely to move between 

smallholdings, solutions should be found for those elements that require collective action 

(Parsa et al., 2014). Ultimately, while providing IPM to farmers, their socio-economic context 

(in other words, labour, input and output markets, income and knowledge level) need to be 

considered seriously. In brief, to provide a realistic IPM to target farmers, both technical 

efficacy and practical applicability need to be considered. 

In this thesis, eggplant production in the Jamalpur district in Bangladesh is taken as a case 

to study the development of a more integrated pest management in a developing country and 

the underlying bottlenecks for use of such an IPM. I therefore continue by describing some 

relevant developments in the agriculture of Bangladesh.  
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4. Agricultural intensification in Bangladesh 

Bangladesh is a country with 162 million inhabitants with an average population density of 

1115 per km2, one of the highest in the world (BBS, 2018). With an ever-increasing 

population to feed, it is crucial to increase crop production. In Bangladesh, the average farm 

size has declined over the years. At present, average landholding per household is really small 

(0.6-0.8 ha) (BBS, 2018). Therefore, area expansion of production seems impossible. Effort 

has already been taken to increase crop yield per unit area through production of several crops 

per year on a single plot (Ahmed et al., 2009). In such cropping patterns, high-yielding rice 

varieties and different vegetables have been included resulting in an average cropping 

intensity of 190% for the country. In brief, agriculture of Bangladesh has changed from a 

primary focus on rice production to a more diversified production including high-value crops, 

especially vegetables (Rahman, 2009; Schreinemachers et al., 2016). The share of vegetable 

cultivation area of the total area of arable land has become almost doubled from 1980 to 2002, 

from 1.9 percent up to 3.6 percent (ADB, 2001). The area under vegetable production is 

470,414 ha with a reported 2.8% growth rate per year (Mahmoud and Shiveley, 2004; BBS, 

2010). This change has not only enhanced agricultural growth of the country but also 

improved the livelihood of smallholders (e.g. Weinberger and Genova II, 2005). Vegetable 

production provided at least three times higher income than rice production per unit land area 

(Shahabuddin and Dorosh, 2002; Weinberger and Lumpkin, 2005, 2007). This has 

incentivized policymakers to promote vegetable production among smallholders. 

Consequently, vegetable production in Bangladesh is more market oriented nowadays.  

5. Pesticide use in Bangladesh and its consequences 

Pesticide use in Bangladesh started back in the 1970s when the government started to 

encourage crop production by providing pesticides to farmers at no cost. This practice 

continued until 1974 and, afterwards, was changed to providing subsidy of up to 50% on 

pesticides (Amin and Basu, 2004). Agricultural intensification caused a sharp rise in pesticide 

use by a staggering 1340% from only 3135 metric tons of active ingredients in 1977 to 45,172 

metric tons in 2009 (Rahman, 2013). There was a fivefold increase in pesticide use between 

1990 and 2010 in Bangladesh (Pretty and Bharucha, 2015). FAO reported that 1% increase in 

crop output per ha was associated with a 1.8% increase in pesticide use. Afterwards, total 

pesticide use has been reported to have decreased by 26% until 2014. However, it is to be 

noted that this reduction might have happened in other crops but not in vegetables (Rahman, 
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2013). Also, due to weak regulation in pesticide marketing, there are many banned products 

still available in the market and used by farmers (Rahman, 2013; Shammi et al., 2017). Still 

pesticide use in Bangladesh is six times higher in vegetables than in rice (1.12 kg ha-1 vs 0.20 

kg ha-1) (Alam, 2013). This scenario is true for many Asian countries. For instance, pesticide 

use in vegetable production in China is around 44 kg ha-1, which is three times more than the 

world average of 14 kg ha-1 (Fan et al., 2015). Around 30% of the total pesticides were used 

for vegetable and fruit production in India and Thailand (Jungbluth, 1997; Lanting et al., 

1998). It has been reported that the health and environmental costs of pesticide use in 

vegetables in Thailand is five times higher per hectare compared with rice (Praneetvatakul et 

al., 2013). In Bangladesh, the yearly increase in pesticide use in vegetables is 1-2% (Dey, 

2010). Around 47% farmers of Bangladesh were found to have overused pesticides, with an 

average overuse rate of 3.4 kg per ha per growing season (Dasgupta et al., 2007). A recent 

study by Schreinemachers et al. (2020) reported that 60-100% of the sampled vegetable 

farmers in Vietnam, Cambodia and Laos overused pesticides. This indicates well that farmers 

of Southeast Asia spray excessively and inefficiently. This overuse of pesticides definitely 

increased the cost of production (Schreinemachers et al. 2020). Apart from increasing cost, it 

has severe effects on non-target organisms including natural enemies and beneficial insects, 

human health and environment. Health and environmental risks associated with high levels of 

synthetic pesticide use in Bangladesh have been well-documented (e.g. Dasugpta et al., 2005, 

2007; Akter et al., 2018; Sumon et al., 2018; Shammi et al., 2020). Contamination of 

waterbodies by pesticides is also well-documented (Shammi et al., 2017; Hasanuzzaman et 

al., 2018). In most of the vegetables including eggplant, pesticides are detected at the level 

beyond the maximum residue limit (Chowdhury et al., 2013). This led other countries to 

consider restricting vegetable imports from Bangladesh (Rahman, 2016). Most importantly, 

health of farmers is at great risk as they do not use any protective gear as reported by Akter et 

al. (2018).  

6. Integrated Pest Management in Bangladesh 

Also in Bangladesh, the history of IPM is long and one of the main incentives was the 

reduction of pesticide use. IPM first started in 1981 through FAO’s inter-country programme 

(ICP) targeting the rice crop. Afterwards, in the 1990s, this programme provided extensive 

training to DAE (Department of Agriculture Extension) and NGO staff and launched 

Farmers’ Field Schools (FFSs) to train farmers. With the technical and financial assistance 
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from international organizations like FAO (Food and Agriculture Organization of the United 

Nations), UNDP (United Nations Development Programme), DANIDA (Danish International 

Development Agency) and DFID (Department for International Development in the UK), 

IPM was not confined to rice only but it was extended to vegetables and by 2002, 4,534 FFSs 

on rice and vegetables had been completed that provided practical training to 113,239 

farmers. Consequently, Bangladesh officially formulated a national Integrated Pest 

Management Plan in 2002 based on mostly strategic IPM principles (MOA, 2002). IPM 

projects and training continued to expand with the aid of all those above-mentioned 

international agencies at different phases (Rahman et al., 2009). DANIDA funded a 

programme called “Strengthening Plant Protection Service (SPPS)” that ended in 2006 and 

resulted in 212,500 trained farmers through 8,500 FFSs. USAID funded the “IPM 

Collaborative Research and Support Programme (IPM-CRSP)” that started its first phase in 

1998 while the fifth phase is going on as the “IPM-Innovation Lab (IL)” project in 

collaboration with the Bangladesh Agricultural Research Institute (BARI). DFID funded an 

eggplant IPM project in which the World Vegetable Center (AVRDC) and BARI (Bangladesh 

Agricultural Research Institute) collaborated until the beginning of 2006. From the inception 

of vegetable IPM in the 1990s until today, with the aid of those international and national 

agencies IPM technologies for several vegetable crops have been developed and promoted by 

DAE and NGOs. Eventually, government permits registration of biocontrol products from 

2010. Until today, DAE has completed more than 20,000 FFSs and trained nearly a million 

farmers. Despite all those efforts, IPM is poorly adopted by farmers; in reality, IPM does not 

ripple out in wider communities, as observed across the world (Parsa et al., 2014). From data 

on pesticide use in vegetables, it is clear that farmers did not adopt IPM technology. Pesticide 

residues in different vegetables are well-documented (Chowdhury et al., 2013; Hossain et al., 

2015). In major vegetable growing areas, for example Jamalpur district of Bangladesh, 

pesticide residues above the maximum residue level are detected in the aquatic systems (Kizar 

et al., 2018). From the same area, 80% of the interviewed farmers mentioned health problems 

like headache and vomiting because they have to spray frequently (Akter et al., 2018). I 

hypothesize that the low adoption of IPM has both socio-technical and institutional reasons. 

Basically, there were huge efforts on IPM promotion but less efforts on developing IPM 

components or packages that will fit farmers’ socio-economic contexts. Practicability of IPM 

is often not considered; for example, whether the IPM matches with farmers’ knowledge, 

labour availability, and economic investment capacity has not been considered.  
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7. The Farmers’ Field School approach 

To promote IPM, the Farmers’ Field School (FFS) approach originated in Asia under the 

umbrella of the “FAO-IPM in Asia Programme”. It was first started with rice farmers in 

Indonesia in 1989. The main goal of this approach was to train farmers on agroecosystem 

analysis so that they could take their own pest management decisions. Typically, 25 farmers 

are selected for a FFS and trainers and farmers interact once a week throughout the cropping 

season. It stresses the importance of farmers growing a healthy crop, observing their fields 

weekly, conserving natural enemies, and experimenting themselves using relevant IPM 

components (Tripp et al., 2005). The FFS approach was later implemented in 12 other Asian 

countries. Later, to implement IPM, this approach crossed the boundaries of Asia and spread 

to Africa, Latin America, the Caribbean and Eastern Europe and in some cases to Australia 

and North America (Braun et al., 2006; Van den Berg and Jiggins, 2007). Gradually, the FFS 

approach shifted from rice to vegetables and other crops. FFS programmes are being 

implemented in 78 countries and four million farmers have been trained under such 

programmes, 91% of these from South and Southeast Asian countries including Bangladesh 

(Braun et al., 2006). Much success has been claimed for this approach, for example, yield 

increase, reduction in pesticide use and huge adoption of IPM (Prudent et al., 2006; van den 

Berg and Jiggins, 2007; Pretty and Bharucha, 2015). However, results of impact evaluation 

conducted by FAO and World Bank contradicted those claims of success. A World Bank 

study conducted by Feder et al. (2004) indicated that the IPM-FFS programme in Indonesia 

did not have significant impact on the trained farmers and their neighbours; trained farmers 

neither increased yield nor reduced pesticide use significantly compared to untrained farmers.  

Despite a significant effort to develop IPM packages for vegetables and training of farmers 

by FFS, IPM is poorly adopted. Therefore, a research programme was required to investigate 

causes of low adoption and how IPM can be made more adoptable for farmers. This research 

programme will be described in the following sections. 

8. Project background 

This thesis research is part of the NUFFIC-NICHE-BGD-156 programme in which 

Wageningen University and Research Centre (WUR) and Bangladesh Agricultural University 

(BAU) collaborate. The programme purposively selected areas of Bangladesh prone to 

disaster. PhD students conducted focus group discussions (FGD) with farmers and other 

stakeholders (GO and NGO personnel) in Jamalpur district, Bangladesh in September, 2013. 
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Amongst others, farmers designated pest control in eggplant (Solanum melongena L.) as 

problematic. They indicated they felt the need to spray a variety of chemicals at least three 

times per week and even daily during the peak growing season. More spraying seemed 

necessary than a few years back. Moreover, farmers observed health hazards, water pollution 

and disappearance of some spiders and beetles.  

Eggplant is one of the most important vegetable crops of South and Southeast Asian 

countries including Bangladesh because of its high consumption and economic value to 

farmers. In 2015-2016, an area of 50,000 ha was cropped with eggplant corresponding to 

nearly 10% of the area under vegetables (BBS, 2017). Eggplants are mainly cultivated by 

smallholders. As eggplant can be harvested and sold weekly for 4-6 months (prolonged 

fruiting period), it plays a pivotal role in the livelihood of small landholders. While eggplant 

production is very profitable, its sustainability is at risk. This thesis will therefore focus on 

identifying, designing and testing more sustainable pest management options in eggplant 

production through a participatory research approach. 

9. Constraints in eggplant cultivation and current pest management practice 

One of the major impediments of eggplant cultivation is the eggplant shoot and fruit borer 

moth (ESFB): Leucinodes orbonalis Guenée (Lepidoptera: Pyralidae) (Alam et al., 2006; 

Srinivasan, 2008). During the early vegetative stage, caterpillars of this moth penetrate shoot 

apices, causing these to drop off thus impeding plant growth. During the fruiting stage, 

caterpillars mostly infest fruits. Caterpillars tunnel inside the fruit and fill it with excreta, the 

latter enhancing secondary infection, and making the fruit usually unfit for sale and 

consumption (Srinivasan, 2008). Yield losses of 30 to 90 percent have been reported 

(Srinivasan, 2008).  

The vast majority of farmers in Jamalpur and the rest of Bangladesh rely exclusively on 

chemical insecticides to combat ESFB. Farmers spray a variety of broad-spectrum 

insecticides once per week to daily in the 6-month growing season (Mohiuddin et al., 2009; 

Shelton et al., 2018), investing 30 – 50 percent of input costs in insect control (Alam et al., 

2006). Such an insecticide-dependent strategy poses both environmental and health concerns. 

Consumers are concerned about the safety of the food they eat as studies regularly find 

pesticide residues above acceptable levels (Chowdhury et al., 2103; Hossain et al., 2015). 

Therefore, eggplant growers need environmentally-benign and cost-effective alternatives to 
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the currently used broad-spectrum insecticides. A change to more integrated pest management 

would be desirable. For that a full understanding of the insects’ life cycle is required.  

10. Biology of eggplant shoot and fruit borer  

The adult females lay eggs singly or in batches of two to five on the ventral surfaces of leaves, 

tender shoots, flower buds, or calyces of developing fruits. Each female lays about 260 eggs, 

which are creamy-white soon after laying, but changed to red before hatching. The incubation 

period is three to five days. After hatching, caterpillars bore into the shoots at the vegetative 

stage of the plant; however, at fruiting stage of the plant caterpillars limit infestation mostly to 

fruits. Caterpillars feed inside shoots and fruits by making tunnels. The larva usually has five 

instars. The larval period is about 2-3 weeks. Caterpillars then leave the shoots or fruits to 

pupate on plant debris on the soil surface or in the soil. The pupation occurs in tough silken 

cocoons. After one to two weeks of pupation, moths emerge, making the total life cycle 

duration between 20 and 45 days depending on temperature. It gives rise to five generations a 

year. The adult life span is about a week; the females live longer than the males. The moth is 

white or dirty white with pale brown or black spots on the dorsum of thorax and abdomen.  

The female is bigger than the male, with a bulged abdomen (Srinivasan, 2009; Mainali et al., 

2014; Mannan et al., 2015).  

11. Solutions offered so far to farmers for managing the eggplant shoot and fruit borer 

More than a decade ago the Asian Vegetable Research and Development Center developed 

and promoted an eggplant IPM strategy for ESFB control for South Asia including 

Bangladesh (Alam et al., 2006). This package, based on sanitation, regular removal of 

infested shoots and fruits, refraining from the use of pesticides and installing pheromone traps 

was successfully tested in pilot project studies on farmers’ fields in five districts in India and 

four districts in Bangladesh (Alam et al., 2006). Despite having this IPM strategy, farmers 

continue to use pesticides and adoption remains low. The exact reasons for current low 

adoption levels are hypothesised to be both technical and socio-institutional. However, one of 

the main reasons might be the strictly strategic nature of this IPM, in other words, no use of 

pesticides where farmers are habituated with using it. A further likely factor for poor adoption 

is that much effort merely considers a single major pest in an IPM strategy rather than all 

pests farmers would like to control (Horne et al., 2008). Finally, neglecting farmers’ needs, 
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not involving them in the research and providing them with predefined recipes of IPM is 

another likely reason for IPM not to succeed (Morse and Buhler, 1997).  

The success of an IPM programme depends on both technical efficacy of the recommended 

IPM options and their compatibility with the target farmers’ ecological and socioeconomic 

conditions (Maumbe et al., 2003). In brief, for pest management options to be adoptable, they 

have to be ecologically and environmentally sound and socially justifiable (Fernando et al., 

2009). In that sense, a tailored or crafted IPM is more likely to be successful than a predefined 

IPM. 

12. Objective of the thesis 

Based on the above background, the proposed study addresses as central research question:  

“What characteristics should an eggplant IPM package have to fit in current farming systems 

in Jamalpur, Bangladesh?” The main objective of this research is to contribute to the design of 

an IPM package with stakeholders that will be suited for farmers, maximally uses natural 

enemies and significantly reduces pesticide use. To this aim a diagnosis was made of reasons 

for poor IPM adoption through social investigation and biological experimentation followed 

by, largely participatory, experimentation to identify relevant components of IPM in the given 

farming system context. 

This thesis made an attempt to craft together with farmers options for IPM that could 

function within their institutional and environmental conditions. Hence, problems regarding 

IPM and IPM research in relation to the actual complex of major pests and diseases in a 

concrete cropping system formed the core of the study, focussing on how IPM can be made 

adoptable. I used a transdisciplinary approach, where on the one hand, interacting with 

farmers and trying to incorporate their knowledge and suggestions, I identified underlying 

complexities of previous and proposed IPM. On the other hand, biological experimentation, in 

which the farmers themselves were fully involved, allowed to identify key elements about 

which knowledge is required. This also allowed to provide such knowledge to facilitate the 

implementation of an IPM approach in this key source for sustainable livelihood in 

Bangladesh. Both the farmers and myself could thereby assess the technical performance of 

tested packages for ESFB management, including effects on other pests and natural enemies, 

and separately analyse economic viability. In addition, it allowed me to analyse practical 

applicability, taking implementation aspects as possible underlying reasons and rationales for 

farmers to reject, adopt, or adapt them. While the study started with the ESFB as focal 
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organism it was allowed to shift attention to other relevant pests and diseases along the 

negotiations and experimentation. 

13. Study area 

Jamalpur is located in the newly declared Mymensingh Division of Bangladesh. It is located 

between 24°34' and 25°26' North and between 89°40' and 90°12' East. It occupies 

2031.98 km². The Brahmaputra river flows alongside the district. One of the major crops 

cultivated is eggplant. In terms of acreage, Jamalpur ranked top in eggplant cultivation in 

Bangladesh. Farmers cultivate eggplant in the cool dry season (Rabi: September-March) in 

the vast area of the river basin. Eggplant farmers in Jamalpur are market oriented and produce 

for a reasonably stable market. All the studies in this thesis were conducted in Pirijpur village 

(25°02′13"N-89°50′08"E) of Islampur upazilla3 (dominant eggplant producing area) of the 

district. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 1. Map of Bangladesh indicating study area Jamalpur district, the scale indicates distance in 
miles. 
 

                                                
3 the third administrative unit in Bangladesh after division and district.  
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14. The process of problem identification 

The current study used a farmers’ participatory and collaborative approach. Farmers 

participated through interviews, group discussions and field experimentation in tailoring IPM. 

Based on literature and from my entomological background, I initially decided to research on 

ESFB. To enter the research, I had focus group discussions with farmers and other 

stakeholders (persons from governmental and non-governmental organisations and scientists 

from the regional agricultural research station). I learned ESFB is a major problem 

constraining eggplant production. To start the field research, I first discussed with district and 

upazilla level agriculture officers and extension staff, and researchers from the regional 

agricultural research station. I gained an insight into current constraints of eggplant cultivation 

and also gained an idea of selecting village and farmers. Initially, I made visits to five villages 

of three upazillas and in each village I did a transect walk, visited farmers’ fields and held 

both formal and informal discussions with them. From this, I came to learn, apart from ESFB, 

there was another problem that farmers consider controlling urgently and that is bacterial wilt 

(Ralstonia solanacearum). Farmers also considered fruit rot (Phomopsis vexans) an important 

production constraint. Apart from these two diseases prevalent in the production field, 

damping-off in their nursery was a serious problem as it constrained to produce sufficient 

seedlings to transplant. Farmers mentioned when they transplant the seedlings that survived 

the damping-off in the nursery, many plants died in the field before fruiting. Hence, in 

consultation with researchers and the literature I considered that bacterial wilt, fruit rot and 

damping-off may be partly related problems (Panwar et al., 1970; Ramesh, 2008; Sharma and 

Razdan, 2012; Sharma and Sharma, 2014). Eventually, I learned that without considering all 

those disease problems, researching only ESFB would have little value to farmers. Therefore, 

finally I chose Pirijpur as study village (based on acreage of eggplant and transportation) and I 

chose farmers (or may be the farmers chose me) based on their enthusiasm to participate in 

the study. Based on the interactions I conducted participatory studies with these farmers 

related to the first three of the following specific objectives, while the fourth was studied as 

researcher managed trials in farmers’ fields: 

(i) To investigate a feasible disease management option for farmers’ nursery problems 

with damping-off (Chapter 2); 

(ii) To investigate the causes of the bacterial wilt and fruit rot and their management 

options (Chapter 3);  
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(iii)  To explore the effectiveness, profitability and practicability of alternative ESFB   

control measures to the sole reliance on broad spectrum synthetic pesticides (Chapter 

4); 

(iv)  To explore suitability of pheromone trapping for individual smallholder farmers 

versus trapping with a network of farmers (Chapter 5).  

Next to these objectives related to designing technically sound and economically viable IPM 

options for relevant pest and disease problems, the study also investigated the possible 

reasons for IPM research failures and bottlenecks to adoption of designed packages. 

15. Thesis outline 

This thesis consists of six chapters: this general introduction (Chapter 1), four research 

chapters (Chapters 2 to 5) and a general discussion (Chapter 6). 

In Chapter 1, the introductory chapter, I have given a background on IPM in general and 

causes of low adoption of IPM especially in developing countries, the history of IPM in 

Bangladesh, present pest management practices of eggplants and possible reasons of previous 

IPM failure. In this chapter, I have also introduced the research problem and objectives of the 

thesis. 

In Chapter 2, improved nursery management options were tested together with farmers to 

manage damping-off as an alternative to pesticide spraying in farmers’ homestead nurseries. 

Based on literature and upon treatment negotiation with farmers, soil application with T. 

harzianum, physical seed treatment with hot water and farmers proposed chemical seed 

treatment with Carbendazim were tested in a two-year participatory study. This study 

generated several feasible options for farmers. Apart from the joint study in the nursery, in 

vitro and screen house tests were performed without farmer participation to understand the 

relative role of seed and soil in causing damping-off as well as the relative contribution of the 

treatment components. This provided a better basis to contribute to the discussions with the 

farmers. 

In Chapter 3, an ecologically and economically acceptable wilt management method was 

developed with farmers. Following the results of the nursery study, healthy seedlings from 

improved nursery practices were tested together with farmers to reduce wilt and fruit rot. 

Seedlings were planted alone or with soil application of T. harzianum in the field soil. 

Sources of infection were explored by in vitro and molecular testing. In vitro tests and screen 

house tests were done to test carry-over of the pathogen in next year’s seed and soil. It turned 
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out that sustainable production of eggplant is technically and economically feasible with the 

use of IPM methods, which could be potential components of healthy eggplant production in 

Bangladesh. 

Chapter 4 deals with the eggplant shoot and fruit borer which was the entry point of the 

research. To find a feasible option for farmers, participatory tests were done after treatment 

negotiation. Apart from technical efficacy of the tested IPM, economic viability and practical 

implementation aspects were explored. In this chapter, pheromone trapping alone or with 

trap-based-biorational spraying or conventional insecticide spraying were tested and 

compared with farmers’ conventional regular spraying and an untreated control. Trapping 

alone or with biorational spraying was found economically and technically viable; however, 

from practical implication perspective one major bottle neck was understood: farmers’ lack of 

understanding of insect biology. Farmers can be expected to use tested IPM only when 

materials are available and with proper training on their knowledge on insect biology and 

mechanism of trapping. 

In Chapter 5, I studied whether local depletion of male moths can outweigh local 

attraction when traps are implemented in smallholder fields. Based on the observed 

population biology this chapter gives an indication of how farmers should organize 

themselves in the landscape to have better benefit from trapping. A concerted action among 

farmers would be needed.  

Finally, in Chapter 6, I integrate findings from Chapters 2, 3, 4 and 5 and discuss the 

basket of options that is generated with these studies. I discuss underlying bottlenecks of each 

of the tested IPM tools and ways of mitigating them. Finally, I point out several 

recommendations to be considered while developing adoptable IPM for smallholder formers 

in developing countries. Also, some recommendations are made on possible strategies for 

improving the extension system of Bangladesh to support IPM adoption.  

I hope my thesis provides the readers with new knowledge and insights, and that it will 

contribute to improving the livelihoods of smallholder vegetable farmers, increasing the 

sustainability of eggplant cultivation and will be used as an example how an IPM could be 

designed with and for farmers in developing countries. 
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Abstract 

Eggplant seedling production in homestead nurseries of farmers in Jamalpur (Bangladesh) is greatly 

compromised by damping-off. Therefore, farmers often do not have enough seedlings to transplant. 

Effective treatments of soil and seed to reduce disease pressure in the nurseries are available but little is 

known on the relative contributions of soil-borne and seed-borne pathogens to damping-off and on how 

nursery management can integrate management options under farmers’ conditions. A 2-year nursery 

study was conducted in consecutive seasons, jointly with farmers and using farmers’ preserved seed and 

farmers’ nurseries subject to damping-off problems. Year 1 involved a single nursery, Year 2 nine 

nurseries. The following treatments were tested: Trichoderma harzianum as soil amendment combined 

with seed treatment using either hot water or Carbendazim and farmers’ conventional practice: curative 

spraying after appearance of damping-off. In Year 1, a control (no intervention) treatment was also 

included. Emergence of seedlings, incidence of damping-off, seedling performance variables and 

farmers’ appreciation of seedling vigour were recorded. Soil treatment with T. harzianum combined 

with seed treatment with hot water increased seedling emergence and produced 25-64 percentage points 

more healthy seedlings than farmers’ conventional practice. This combined treatment also improved 

seedling performance (height, root length, lateral root development), and reduced stem girdling, a 

symptom associated with disease infection of transplants. To determine the contributions of nursery soil 

and farmers’ seed to damping-off, blotter and in vitro studies in the laboratory and tray studies in a 

screen house were performed. Soil proved to be the major pathogen source and treating nursery soil with 

T. harzianum had the largest positive effect on seedling performance, both reducing damping-off and 

enhancing seedling growth. 

Keywords: Damping-off, Integrated pest management, Seed treatment, Soil treatment, Source of 

pathogens, Healthy seedlings 
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1. Introduction 

Eggplant (Solanum melongena L.) is an important vegetable crop in Bangladesh because of its 

high consumption and economic value to farmers. As eggplant can be harvested and sold 

weekly, it plays a pivotal role in the livelihood of small land-holders especially. However, 

cultivation sustainability is greatly compromised by cascades of diseases from the nursery to 

the field and damping-off in the nursery is a major contributor (Singh, 1992; Pagoch et al., 

2015). Damping-off generally appears as pre-emergence loss involving failure to emerge and 

as post-emergence loss involving rotting and collapsing of seedlings at their base (Lamichhane 

et al., 2017). Damping-off is not limited to eggplant alone and has been found to affect up to 

80% (in worst cases even 100%) of seedlings resulting in poor seedling stands in nurseries of 

various crops (Gupta and Paul, 2001; Lamichhane et al., 2017). Seedlings that survive from 

infected nurseries often show the so-called “wire stem” or “stem girdling” syndrome (i.e. a 

blackish sunken lesion girdles the base of the stem, the stem becomes thin and hard, especially 

at soil level, and may bend or twist) resulting in reduced vigour (Laemmlen, 2001; Lamichhane 

et al., 2017). Transplanting such seedlings likely leads to carry-over of pathogens to the main 

field. Thus damping-off causes severe economic losses to farmers not only by constraining 

production of sufficient healthy seedlings to transplant but also by carrying diseases into 

production fields (Singh, 1995; Pagoch et al., 2015; Lamichhane et al., 2017). 

In Bangladesh, farmers usually raise eggplant seedlings in their homestead nurseries in July-

August when most land is not available for agriculture due to regular flooding. Moreover, 

preliminary interviews with farmers indicated that farmers who lose their complete nursery 

rarely have any option to sow a second batch as the delay would result in failing to fetch the 

higher price of the first few weeks of the harvesting season. Alternatively, they may buy or 

“borrow” leftover seedlings of poor quality from neighbours or relatives. Thus, it is a challenge 

to produce the required amount of healthy seedlings combating damping-off in the limited 

available time and land.  

Infected seeds, soils and seedlings serve as a primary inoculum source for epidemics in 

nurseries and production fields of various crops including eggplant (Somda et al., 2008; Sharma 

and Razdan, 2012). Eggplant farmers use their own preserved seed, which possibly carries 

infections from the previous year (Islam and Meah, 2011). Farmers establish nurseries in the 

same plots year after year as land is scarce; very likely, all these plots are contaminated. 

Damping-off pathogens can survive for many years in the soil once established (Menzies, 1963; 

Lamichhane et al., 2017). Disease management often becomes complicated by the presence of 
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multiple types of pathogens from multiple sources. Here, combining protective and curative 

treatments against soil-borne and seed-borne pathogens will therefore be required. 

Applying pesticides is a common method to control pests in developing countries, including 

Bangladesh (Ecobichon, 2001; Schreinemachers et al., 2016; Gautam et al., 2017). Farmers 

repeatedly apply pesticides both in nurseries and fields. Spraying is not only harmful for the 

environment and farmers’ health, if not effective it also is a drain on household income. 

Spraying in home gardens poses risks to poultry, livestock and children (Dasgupta et al., 2007). 

Frequent use of fungicides has led to the development of resistance in pathogens against such 

fungicides while it negatively affects non-target organisms (Tjamos et al., 1992; Pingali, 1995; 

Gerhardson, 2002; Fernando et al., 2007; Lamichhane et al., 2017). In the study area the broad-

spectrum systemic fungicide, Carbendazim, is available to farmers and sprayed in nurseries. 

Treating seed with such a fungicide is sometimes considered an effective chemical treatment 

with a relatively small impact on the environment compared to spraying, because little active 

ingredient is needed. However, such products might better be avoided and replaced by cheap 

and more sustainable alternatives to pesticides for eggplant growers of Bangladesh. 

With respect to soil-borne pathogens, Trichoderma spp. are well-documented bio-control 

agents against a wide range of such pathogens involving several mechanisms: antibiosis, 

mycoparasitism, promotion of plant growth and plant defensive mechanisms by induction of 

resistance, competition with pathogens for nutrients and space, and modification of the 

environmental conditions (Yedidia et al., 2001; Benitez et al., 2004; Harman et al., 2004; 

Howell, 2006; Verma et al., 2007; Hermosa et al., 2012). Soil amendment with Trichoderma 

spp. has been reported to control various pathogens in a range of crops (Harman, 2000; Prasad 

et al., 2002; Chakraborty and Chatterjee, 2008; Kapoor, 2008; Dubey, 2011; Molla et al., 2012; 

Bisutti et al., 2017; Doni et al., 2017). With respect to seed-borne pathogens, hot water 

treatment of seed is considered to be an effective method to control such pathogens and enhance 

germination without any detrimental environmental effects (Nega et al., 2003; reviewed in 

Mancini and Romanazzi, 2013).   

There are no reports available from Bangladesh regarding damping-off control in eggplant 

nurseries using an integrated pest management (IPM) approach or on joint experimentation with 

farmers. A few reports are available on testing the effect of Trichoderma spp. or seed treatments 

on vegetables in controlled or on-station experiments (Uddin et al., 2009; Islam and Meah, 

2011; Mia et al., 2016 ). Decades ago the IPM laboratory of Bangladesh Agricultural University 

developed a seed treating machine and formulated Trichoderma harzianum to treat the soil but 
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farmers do not seem to apply these techniques (Meah, 2003; Meah, 2007). Thus, these IPM-

based techniques remained “on the shelf” and further participatory testing to integrate them into 

farmers’ nursery management practice was needed. In fact, farmer participation in 

experimentation allows much better than on-station research to assess what is achievable under 

farmers’ conditions rather than only what is technically perfect (Morse & Buhler, 1997; Morse, 

2009; Parsa et al., 2014). Therefore, there was a need to develop a sustainable nursery disease 

management approach in collaboration with eggplant growers of Bangladesh.  

The aim of the current study was to analyse effects and suitability of IPM strategies by 

combining available alternative control methods to reduce damping-off and produce vigorous 

and healthy eggplant seedlings under farmers’ conditions. In addition, we aimed to establish 

under semi-controlled conditions the relative importance of soil and seed obtained from farmers 

as origin of the pathogen. We conducted a participatory nursery study with farmers combining 

available soil and seed treatments: treating soil with the biocontrol agent T. harzianum and 

treating seeds either with hot water or with the fungicide Carbendazim. Additional laboratory 

and screen house studies were conducted to determine i) pathogen incidence in soil and seeds, 

ii) the relative contribution of both origins in causing damping-off, iii) the relative contribution 

of different treatment components (hot water, Carbendazim, T. harzianum) alone and in 

combination in reducing damping-off and improving seedling vigour.  

 
2. Materials and methods  
 
2.1. Study site  

A participatory nursery study was carried out in Pirijpur village (25°02′13"N-89°50′08"E), 

Jamalpur district, Bangladesh, located in the so-called Old Brahmaputra floodplain. Jamalpur 

district is the major eggplant growing area of Bangladesh. Farmers cultivate eggplants in the 

Brahmaputra river floodplain during the cool dry season (Rabi season: September-March). 

 2.2. Participatory nursery study 

Prior to the start of the nursery studies, treatments were jointly established between the research 

team and the farmers. In that negotiation process, farmers clearly indicated their interest in also 

testing the locally available chemical seed treatment while researchers proposed the inclusion 

of the more sustainable hot water seed treatment and soil application of T. harzianum, both 

novel to the farmers.  
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2.2.1. Study in Year 1  

A single farmer nursery, which was subject to damping-off problems in previous years, was 

used to test four treatments: (i) a combination of soil treatment with T. harzianum and physical 

(hot water) treatment of seeds; (ii) a combination of soil treatment with T. harzianum and 

chemical (Carbendazim) treatment of seeds; (iii) a farmer control [i.e. weekly spraying of 

Carbendazim from appearance of damping-off to final uprooting, i.e. 33-35 days after sowing 

(DAS)]; and (iv) a no intervention control. The experiment used a randomized complete block 

design (2 m by 2 m plots) with seven replicates, where the seven participating farmers each 

managed one replicate and donated their seeds for their own replicate; all farmers in the area 

used the same local variety. After negotiation with farmers, 2 g m-2 seed was broadcasted per 

plot, a rather low density as per farmer assessment. The number of seeds per gram was counted 

in triplicates and found to be 253±11.1 (n=7) on average across farmers. 

Cultured T. harzianum suspension was obtained from the Bangladesh Agricultural 

University IPM laboratory (BAU-IPM); 25 mL of the suspension containing 12 × 106 CFU/mL 

was added per kg of a 1/1 mixture of peat soil and black gram (Vigna mungo (L.) Hepper) bran. 

Some 7-10 days before sowing 8 g m-2 of the mixture was incorporated into the top 10 cm of 

the nursery soil. A machine designed by the BAU-IPM Lab was used to clean the seeds. The 

machine consisted of a water bath with an electrical heating unit, timer and temperature control. 

The bath was filled with 2 L of water that was then heated to 50°C, while stirring the water. 

Batches of 20 g of seeds were placed in a cotton bag and immersed for 15 minutes, while water 

was stirred and temperature was controlled at 50-55°C. Hereafter seeds were removed from the 

bag, placed on clean tissue, dried and then sown. Chemical seed treatment was done with 

Carbendazim (Knowin 50 WP, Mcdonald Bangladesh, 500 g a.i. kg-1) using 2 g a.i./10 mL 

water kg-1 seed; this fungicide is available from village dealers in the area. Seeds were treated 

in batches of 10 g. Fungicide solution and seeds were placed in a plastic container, mixed by 

gentle shaking nearly 1 minute to ensure total coverage of seeds. Then seeds were air dried on 

clean tissues for 30 minutes and sown. As farmers’ control treatment, Knowin 50 WP was 

sprayed weekly as per manufacturer’s recommendation using 0.1 g m-2 using 1 g/0.5 L of water 

after appearance of damping-off to final uprooting of seedlings. 

Each plot was monitored daily for emergence and onset of damping-off. When full 

emergence occurred (10 DAS), the total number of seedlings per plot was counted as final 

emergence. Damping-off over time was recorded on every alternate day from onset until it 

stabilized (13-21 DAS). Seedlings that were damped-off were counted and removed from plots. 
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At transplanting (33-35 DAS), seedling growth parameters were recorded. Per plot, 100 random 

seedlings were uprooted and seedlings were sorted with farmers into three categories and 

counted. Categories included: good quality, moderate but acceptable quality, and poor quality 

based on a qualitative assessment of: seedling height, rooting depth, number of lateral roots, 

stem diameter at base of the seedling and girth ratio (ratio between diameter at stem base and 

midway the stem). Hereafter 10 random seedlings from the 100 seedlings that had been 

evaluated per plot were taken to measure root length, shoot length, numbers of leaves and lateral 

roots, stem diameter at base and midway the stem. Farmers also anonymously scored each 

other's seedlings as a batch based on overall growth of seedlings especially of seedling height, 

leaf greenness, stem diameter, stem girth ratio and number of lateral roots using a 3-point scale 

(good, moderate and poor). Seedling vigour index was calculated using a modified formula 

based on Abdul-Baki and Anderson (1973): 

𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 =  (𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙ℎ + 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑠𝑠ℎ𝑜𝑜𝑜𝑜𝑜𝑜 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙ℎ) × 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒  Eq. 1 

2.2.2. Study in Year 2 

In Year 2, the following changes were made to the protocol of Year 1: the untreated control 

was left out reducing the number of treatments to three. A total of nine farmers participated, 

every farmer testing his conventional treatment (farmers’ practice) against one of the two 

improved nursery practices. Five farmers tested the combination of T. harzianum and hot water 

and four farmers tested the combination of T. harzianum and Carbendazim. As in the first year, 

2 g m-2 seeds were broadcasted in the improved nursery plots (2 m by 2 m) and, following 

farmers’ practice, 7.5-16 g m-2 seeds were broadcasted in farmers’ conventional plots. The 

average number of seeds per gram (225.1± 17.5, n=9) and the exact quantity of seeds were 

recorded. 

Full emergence was recorded at 8 DAS and damping-off over time was recorded from onset 

until it stabilized (9-23 DAS). At transplanting (33-34 DAS), 250 random seedlings per plot 

were uprooted for evaluation. With the assistance of a farmer trainer, farmers evaluated the 

seedlings and counted the number of seedlings in each of three categories: good, moderate and 

poor quality. Then, 30 random seedlings from the 250 seedlings evaluated per plot were 

measured for root length, shoot length, number of leaves and lateral roots. Farmers also 

anonymously scored each other’s seedlings as in Year 1.  
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2.3. Laboratory studies 

2.3.1. Assessing pathogenic mycoflora on farmers’ seed 

Seeds obtained from seven farmers who participated in Year 1 were subjected to a blotter test 

and an agar plate test recommended by the International Seed Testing Association (ISTA, 

2017). For the blotter test, a pair of 85 mm diameter sterile blotter papers were soaked in sterile 

distilled water and placed in pre-sterilized 90 mm diameter Petri dishes. For each seed sample, 

400 seeds were distributed over 16 replicates, with per Petri dish 25 evenly distributed seeds. 

Dishes were incubated at 28 ± 2 °C under an alternate light and dark cycle of 12/12 hours. After 

seven days, the number of uninfected seeds and seeds infected by various fungi was counted 

under a stereo binocular microscope (50×). Fungal genera were confirmed by comparison with 

slides prepared from fungal growth on seeds. 

For the agar plate test pre-sterilized Petri dishes were filled with 15 mL of autoclaved Potato 

Dextrose Agar (PDA), which was then left to cool down. Seeds were surface-sterilized with 1% 

sodium hypochlorite (NaOCl) solution and rinsed thrice with sterilized distilled water. Per seed 

sample 100 seeds were aseptically and evenly distributed over four replicates of 25 seeds. Plates 

were incubated at 28 ± 2 °C. After 7 days, fungi were identified under a compound microscope 

(100-1000×) according to colony characteristics and morphology of sporulation structures. If 

multiple fungal colonies grew on a single seed and colonies were mixed, only the most 

conspicuous colony was counted. The percentage frequency was calculated according to Al-

Askar et al. (2014):  

 

𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 (%) =  𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑜𝑜𝑜𝑜 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 𝑤𝑤𝑤𝑤𝑤𝑤ℎ 𝑎𝑎 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 
𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 𝑜𝑜𝑜𝑜 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠  × 100  Eq. 2 

 

2.3.2. Assessing pathogenic mycoflora in farmers’ nursery soil 

Soil samples were taken from each homestead nursery of seven farmers who participated in the 

first-year study and also from the field where we carried out the nursery study in Year 1. Five 

soil cores were taken from the top 10 to 15 cm depth and combined per farmer. These pooled 

samples were carefully transferred to sterile plastic bags and transported to the laboratory within 

24 hours after collection. In the lab, soil samples were air-dried for 3 days, sifted with a 2-mm 

mesh sieve and stored for less than a month at 4 °C until testing. Fungal genera were determined 

by soil dilution plating on potato dextrose agar. To avoid bacterial contamination, the media 

were supplemented with the antibiotic streptomycin. For each collected soil sample, 1 g of soil 

was added to 10 mL of double distilled water, vigorously stirred for 15 minutes, and serially 
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diluted from 10-1 to 10-4. Dilution 10-4 was used to isolate fungi. Hundred microliter of the 10-

4 dilution was added to each of five sterile Petri dishes per soil sample. The Petri dishes were 

incubated at 28 ± 2 °C for 7 days. Based on colony morphology and microscopic observations, 

the most frequently occurring fungi were selected and subjected to purification following sub-

culturing. The fungal genera were confirmed macroscopically by distinctive colony 

morphology and microscopically by mycological keys (Watanabe, 1994; Dugan, 2008).  

2.4. Screen house studies 

Screen house studies were carried out at the BAU seed pathology centre between January and 

March 2017. Average maximum temperature over the period was 27.4 °C and minimum was 

21.9 °C (Weather yard, BAU, Mymensingh). In all below described studies, full emergence 

occurred 10-12 DAS and damping-off started just after emergence and continued up to 24 DAS. 

Emergence was monitored until full emergence and total number of seedlings/tray was counted. 

Then number of surviving and damped-off seedlings/tray were counted over time until 

damping-off stopped. Damped seedlings were removed upon scoring to avoid errors. 

2.4.1. Role of seed and soil in damping-off  

To assess the relative contribution of seed and soil in causing damping-off two randomized 

complete block experiments were conducted, each with five replicates as blocks and two 

factors: soil sterilizing (either unsterilized or sterilized) and seed sterilizing (either unsterilized 

or sterilized) which were orthogonally combined to four treatments. Seeds were treated with 

hot water as in the participatory nursery study. Soil was decontaminated by mixing 4% 

formaldehyde solution using 28 mL per kg soil, formaldehyde is a standard chemical control of 

soil borne biota (Lawrence, 1956; Dasgupta, 1988). We used in one study a lowly contaminated 

and in a second study a highly contaminated seed lot, as established with the blotter and agar 

plate tests (Section 2.3.1). The soil used in these studies was taken from highly infected plots 

of the participatory nursery study field. Aseptic trays (0.3 m × 0.2 m) were filled with 4 kg of 

soil. Per tray, 100 seeds were regularly placed with a blunt forceps in four shallow furrows at 

25 seeds each after which they were covered with a very thin layer soil. Emergence and 

damping-off were recorded as described above.  

2.4.2. Role of Trichoderma harzianum, hot water and Carbendazim alone and combined in 

reducing damping-off 

To determine the role of soil application of T. harzianum and seed treatment with hot water or 

with Carbendazim alone or in combination a randomized complete block design with five 
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replicates was carried out with six treatments: i) T. harzianum and hot water; ii) T. harzianum 

alone; iii) formaldehyde alone; iv) hot water alone; v) Carbendazim alone; and vi) an untreated 

control. The most infected seed lot as established by the blotter and agar plate tests (Section 

2.3.1) and highly infected soil from one of the farmer’s homestead nurseries were used in this 

experiment. Aseptic trays (0.3 m × 0.2 m) were filled with 4 kg of soil. The hot water and 

Carbendazim treatments of the seed were carried out as in the participatory nursery study 

(Section 2.2.1). Soil was either treated with 4% formaldehyde as described in Section 2.4.1 as 

a standard soil mycoflora control or amended with T. harzianum as biological control. T. 

harzianum was applied at 1 g/tray, based on the formulation described in Section 2.2.1, 10 days 

before sowing. Per tray, 100 seeds were placed in 4 rows of 25 seeds. Emergence and damping-

off over time were recorded as described above. From this study, seedling growth was also 

recorded: 10 random seedlings per tray were uprooted 34 DAS and root length, shoot length 

and leaf area were recorded. Weight of 10 seedlings per tray was measured after drying them 

at 70°C for 72 h .  

2.5 Statistical analyses 

Data were subjected to ANOVA by statistical package RX64 version 3.2.0. Residuals were 

checked for normality and homogeneity with the Shapiro-Wilkinson test and the Levine’s test, 

respectively. Tukey’s HSD test was used for mean separation. 

3. Results  

3.1. Participatory nursery study 

3.1.1. Emergence and survival of seedlings 

In both years, the percentage of seeds that failed to emerge (‘pre-emergence loss’) significantly 

decreased (P<0.05, Fig. 1) and the percentage of healthy seedlings of sown seeds at the time of 

transplanting significantly (P<0.05) increased compared to farmers’ conventional practice 

when soils were treated with T. harzianum and seeds with hot water. Farmers’ conventional  

practice did not affect pre- or post-emergence losses compared to the ‘no treatment’ control as 

tested in Year 1 (P>0.05, Fig. 1). When the hot water treatment of seeds was replaced by 

treatment with Carbendazim the pre-emergence loss was in between the farmers’ practice and 

the hot water treatment and not significantly different (P>0.05) from either one in Year 1. In 

Year 2, both Carbendazim and hot water treatment of seeds reduced pre-emergence losses 

compared to farmers’ practice (Fig. 1). A comparable pattern was observed for the post-

emergence losses through damping-off in both years, even though the percentage pre-
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emergence losses under farmers’ practice differed between years. The second year the “farmers’ 

practice” treatment was left completely to the farmers while in the first year the sowing density 

was controlled to correspond to that in the other treatments. In Year 2, this led to a difference 

in sowing density between the improved practices (2 g m-2) and the farmers’ practice plots (7.5-

16 g m-2). Including sowing density in the analyses did not significantly contribute to the 

explanation of the observed differences between treatments (P>0.10, data not shown), so this 

factor was not further considered in our analyses. 

The progress of the post-emergence damping-off loss (Fig. 2) started to differ among 

treatments soon after emergence in both years (13 and 9 DAS in Year 1 and Year 2, 

respectively), while differences started to stabilize by 21 DAS. The combined soil and seed 

treatment showed significantly (P<0.05) reduced damping-off over time and cumulative post-

emergence damping-off of emerged seedlings at 21 DAS was lower by 20-40 percentage points 

compared to farmers’ conventional practice (Fig. 2).  

3.1.2. Seedling growth  

At transplanting (33-35 DAS) the seedlings from soil treated with T. harzianum combined with 

seed treated either with hot water or Carbendazim differed significantly (P<0.05) from 

seedlings raised under farmers’ conventional practice (both years) or untreated control (Year 1) 

for all observed seedling variables (Table 1). No differences were observed between farmers’ 

conventional practice and untreated control or between the two seed treatments. Seedling 

height, root length, number of lateral roots and the overall vigour index of seedlings from the 

improved management treatments were more than double the values reported for seedlings from 

farmers’ conventional practice (Table 1). So-called ‘stem girdling’ was observed as symptom 

indicative of potential failure after transplanting by measuring the ratio between girth at stem 

base and the middle of the stem. This girth ratio was significantly (P<0.05) higher, indicating 

less risk of seedling failure, for seedlings raised on T. harzianum treated soil from hot water or 

Carbendazim treated seeds than for seedlings raised under conventional practices. At least 80% 

of the seedlings showed girth ratios of one or higher for improved management treatments 

compared to around 30% for farmers’ practice (Table 1). 
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Fig. 1. Pre-emergence loss, post-emergence damping-off and healthy seedlings (% of sown seeds) on 
plots treated with T. harzianum combined with either a seed treatment with hot water or with 
Carbendazim and farmers’ conventional practices (spraying after appearance of damping-off) in a 2-
year nursery study. The combination of healthy seedlings and post-emergence damping-off equals 
percentage emergence. In Year 1, also an untreated control was included. In Year 1, seven replicates for 
all treatments were sown and all treatments used the recommended sowing density (2 g m-2). In Year 2, 
five replicates of the T. harzianum with hot water treatment and four replicates of the T. harzianum with 
Carbendazim treatment were sown at the recommended sowing density like in Year 1, whereas farmers’ 
practice (in total nine replicates) was sown at the higher density farmers usually practise (7.5-16 g m-2). 
The data on farmers’ practice in Year 2 are the averages of all nine replicates. For each variable, values 
within a year followed by the same letter and font case are not significantly different (P>0.05) according 
to Tukey’s HSD test. 
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Fig. 2. Post-emergence damping-off of eggplant seedlings (% of emerged seedlings) between emergence 
and until it stabilized on plots treated with T. harzianum combined with either a seed treatment with hot 
water or with Carbendazim and farmers’ conventional practices (spraying after appearance of damping-
off) in a 2-year nursery study. In Year 1, also an untreated control was included. In Year 1, both T. 
harzianum treatments at all observations showed significantly (P<0.05) lower damping-off than the 
untreated control. T. harzianum with hot water showed lower damping-off at all observation dates than 
farmers’ practice except at13 DAS, whereas T. harzianum with Carbendazim showed lower damping-
off from 19 DAS onwards. In Year 2, both T. harzianum treatments showed significantly (P<0.05) lower 
damping-off than farmers’ practice at all observation dates. For details on replication and sowing density 
see caption to Fig.1. 

3.1.3. Farmers’ assessments 

In addition, farmers’ placement of seedlings in three categories (good, moderate and poor) and 

appreciation obtained from scoring each other’s seedlings clearly confirmed the relevance of 

these observations on growth parameters (Tables 2). In both years, farmers considered plant 

height, leaf greenness and stem diameter of seedlings from conventional practice plots as 

‘acceptable’ but scored the two improved management treatments as ‘best’. Girth ratio and 

number of lateral roots were scored as ‘poor’ for conventional seedlings and as ‘best’ for the 

improved management techniques (Table 2). According to farmers’ evaluation of seedlings, 

based on a qualitative combination of seedling height, girth ratio, root length and number of 

lateral roots, 40-70 percentage points more seedlings were scored ‘good’ in improved 

management treatments compared to seedlings from farmers’ conventional practice plots 

(Table 2). 
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3.2. Laboratory studies - pathogen incidence in farmers’ soil and seed 

Pathogen incidence linked to damping-off was assessed in blotter and agar plate tests for seeds 

obtained from farmers, who participated in the Year 1 nursery study. The tested, potentially 

pathogenic, fungi included Fusarium sp., Phomopsis sp., and Botrytis sp. In addition to these, 

Aspergillus flavus, Aspergillus niger and Penicillium sp. were observed (Table 3). Seed sample 

1 appeared least contaminated and Sample 7 most contaminated from the tests based on scores 

on Fusarium sp. (Table 3).  

 
Table 3. Percent incidence of fungal pathogens in farmers’ seed as observed in a blotter and agar plate 
test. 
 

Test  
type 

Seed 
sample 
no 

Fusarium 
sp. 

Phomopsis 
sp. 

Botrytis 
sp. 

Aspergillus 
flavus 

Aspergillus 
niger 

Penicillium 
sp. 

 
 
 
Blotter  

1 -1 - - 0.5 0.7 1.0 
2 - - - 1.0 1.2 20.7 
3 - - - 0.2 0.7 0.2 
4 - - - 0.2 0.7 0.5 
5 - - - 0.7 0.5 2.5 
6 - - - 0.2 0.5 4.0 
7 - - - 1.0 1.0 14.5 

 
 
 
Agar  
plate  
 

1 2.0 2.0 1.0 1.0 2.0 2.0  
2 2.0 2.0 1.0 3.0 3.0 12.0  
3 3.0 2.0 2.0 6.0 2.0 4.0  
4 4.0 1.0 1.0 14.0 5.0 7.0  
5 4.0 2.0 8.0 12.0 5.0 9.0  
6 5.0 2.0 1.0 5.0 7.0 1.0  
7 11.0 2.0 6.0 6.0 1.0  12.0  

1- denotes absence of the fungus. 

Home garden soil of farmers, who participated in the 1st year nursery study, and soil from 

the participatory nursery study field were tested on agar plates too. A larger range of fungal 

genera was observed from the soil samples than from the seed samples. All fungi observed on 

seeds were also observed in the soil, except Phomopsis sp. In addition Rhizoctonia sp., 

Sclerotium sp., Pythium sp., Phytophthora sp. were observed in the soil. 

3.3. Screen house studies 

3.3.1. Relative contribution of farmers’ soil and seed in determining damping-off and healthy 

seedlings 

Two seed lots, one with a low and another with a high pathogen incidence (Lots 1 and 7, 

respectively [Table 3]) were selected from the seed samples donated by the farmers. There was 
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no interaction effect between the soil and seed sterilizing treatments in the test with Lot 1 (Table 

4). This interaction could not be tested in the second study. Sterilizing the soil led in both studies 

to significantly (P<0.05) higher percentages emergence and healthy seedlings and lower 

damping-off (Table 4). Percent emergence was reduced by 21 and 30-34 percentage points 

when the soil was not sterilized for the most and least contaminated seed lot, respectively. There 

was also a significantly higher loss of 5 and 9 percentage points of emerged seedlings to 

damping-off. Sterilizing the soil also significantly increased the percentage healthy seedlings 

in both studies either when taken as percentage of sown seeds or when taken as percentage of 

emerged seedlings (Table 4). 

Table 4. Emergence, post-emergence damping-off and healthy seedlings as percentages of sown seeds 
and healthy seedlings as percentage of emerged seedlings for different combinations of soil and seed 
sterilization for two seed lots obtained from farmers during the participatory nursery study, one with 
low pathogen incidence (Lot 1: Sample 1 of Table 3) and one with a high pathogen incidence (Lot 2: 
Sample 7 of Table 3) as established during the in-vitro test reported in Table 3. 
 

Treatment Emergence (%) Post-
emergence 
damping-off 
(%) 

Healthy 
seedlings (% 
of sown seeds) 

Healthy 
seedlings 
 (% of emerged 
seedlings) 

Soil Seed Lot 1 Lot 2 Lot 1 Lot 2 Lot 1 Lot 2 Lot 1 Lot 2 

Sterilized Sterilized 88.2 a 76.8 a 0.2 b 0.4 b 88.0 a 76.4 a 99.7 a 99.4 a 

Sterilized Unsterilized 80.8 a 67.0 a 0.6 b 1.0 b 80.2 a 66.0 a 99.2 a 98.5 a 

Unsterilized Sterilized 54.2 b n.d.* 5.4 a n.d. 48.8 b n.d. 89.0 b n.d. 

Unsterilized Unsterilized 50.2 b 46.0 b 6.4 a 10.2 a 43.8 b 35.8 b 86.7 b 77.1b 

 
Values within a column followed by the same letters do not differ significantly (P>0.05) according to 
Tukey’s HSD test, * n.d. denotes no data 

3.3.2. Relative contribution of soil and seed treatments combined and alone to damping-off, 

seedling survival and seedling growth 

As we combined soil and seed treatments in the participatory nursery studies, the screen house 

studies were used to determine the contribution of treating only the soil or only the seed in 

reducing damping-off and producing healthy seedlings (Table 5). Seedling emergence and 

healthy seedlings as percentage of sown seeds increased by 13.8 and 29.2 percentage points, 

respectively, and incidence of post-emergence damping-off decreased by 15.4 percentage 

points when only soils were treated with T. harzianum compared to the untreated control (Table 

5). This was comparable to the effect of using formaldehyde, showing the efficacy of the 
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biological control and showing damping-off could not be reduced to zero by either treatment. 

No further significant change in emergence, number of surviving or diseased seedlings was 

found when seeds were treated with hot water. In this screen house study only treating seeds 

with hot water had the same effect on emergence as only treating soil with T. harzianum, while 

this seed treatment did not reduce post-emergence damping-off. The hot water treatment of seed 

ultimately produced more healthy seedlings compared to the untreated control (P<0.05). The 

seed treatment with Carbendazim resulted in an intermediate percentage of emergence that 

differed neither from the hot water nor from the untreated control. It also showed post-

emergence damping-off comparable to the control and produced an intermediate number of 

healthy seedlings which neither differed from the hot water treatment nor from the untreated 

control.  

Table 5. Percentage emergence, post-emergence damping-off and healthy seedlings as percentages of 
sown seeds for different combinations of soil and seed treatments. Seeds in this test were from Sample 
7 of Table 3. 
 
Treatments Emergence 

(%) 
Post-emergence 
damping-off  
(% of sown seeds) 

Healthy seedlings (% 
of sown seeds) Soil Seed 

T. harzianum Hot water 73.2 a 3.0 b 70.2 a 

T. harzianum No 70.8 a 4.2 b 66.6 ab 

Formaldehyde Noo 70.0 a 1.2 b 68.8 ab 

No Hot water 70.4 a 15.2 a 55.2 bc 

No Carbendazim 63.2 ab 15.8 a 47.4 cd 

No No 57.0 b 19.6 a 37.4 d 

 
Values within a column followed by the same letters do not differ significantly (P>0.05) according to 
Tukey’s HSD test 

Seedling performance (Table 6) was best for seedlings from treatments that included T. 

harzianum amended soil irrespective of whether seeds were treated or not. Root length and 

shoot length increased by about 1 cm and 3 cm, respectively, about one more leaf was present, 

and leaf area, seedling dry weight and vigour index increased nearly two fold compared with 

the untreated control and were all significant (P<0.05, Table 6). Treating seeds with hot water 

only, showed significantly (P<0.05) higher leaf area and vigour index than the untreated 

control. In all aspects of growth, seed treatment with Carbendazim did not differ (P>0.05) from 

the hot water treatment of seed or the untreated control except for the leaf number and area 

which both were higher than for the control.  
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4. Discussion  

This study tested if soil application of T. harzianum in farmers’ eggplant nurseries combined 

with a seed treatment either with hot water or Carbendazim could effectively improve 

emergence and reduce damping-off of seedlings and produce a higher number of healthy 

seedlings and more vigorous seedlings compared to farmers’ conventional practice. Combining 

nursery inoculation with T. harzianum and seed treatment reduced damping-off losses and 

improved seedling emergence and quality as compared to farmers’ conventional practice or no 

treatment at all (Fig. 1, Table 1). Laboratory and screen house studies further showed that soil 

was the major source of pathogens and treating soil with T. harzianum had the largest effect on 

damping-off control and on seedling vigour. 

4.1. Improved nursery management reduces both pre- and post-emergence damping-off  

Seedling emergence requires by definition the combination of germination and survival of 

seedlings until they appear above ground. The reduced emergence observed in the nursery 

studies could thus be both the consequence of lower germination or higher post-germination 

(but pre-emergence) death. While literature (Abd-El-Khair et al., 2010; Muthukumar et al., 

2010) considers differences after soil or seed treatments as reduced pre-emergence damping-

off, treating seed with hot water could both reduce seed-borne pathogens and enhance 

germination per se and thus not all differences in emergence are automatically due to reduced 

pre-emergence damping-off. We observed similar effects on pre-emergence losses for the hot-

water and Carbendazim treatments (Fig. 1, Table 5), while the fungicide treatment does not 

enhance germination. This makes it likely that the observed effects are largely through reduced 

pre-emergence damping-off. 

Post-emergence damping-off started to differ between the control and improved 

management treatments from emergence (9-13 DAS) until it stabilized (21-23 DAS) (Fig. 2). 

This suggests that damping-off continued to affect seedlings after emergence. Finally, in both 

nursery studies, improved practices led to a higher number of healthy seedlings at transplanting 

through both reduced pre-emergence loss and reduced post-emergence damping-off (Fig.1).  

There was a difference in the sowing density of the farmers’ practice between the two 

nursery studies. In Year 1, upon negotiation, farmers agreed to reduce their seed rate to that of 

the improved practice (2 g m-2 plot) whereas in Year 2 farmers were allowed to test their 

preferred seed rates under farmers’ practice which led to different seed densities between 

improved (2 g m-2 ) and farmers’ practice (7.5 - 16 g m-2). This was accompanied by a much 
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higher pre-emergence loss (71% in Year 2 versus 36% in Year 1). The higher sowing density 

may well have led to a higher chance of seed to seed (or seedling to seedling) contamination 

(Van Mourik et al., 2005; Narayanasamy, 2013). In fact also the post-emergence loss of 

emerged seedlings was higher in Year 2 than in Year 1 (Fig. 2). Here also the effect may have 

been partially due to a higher seedling to seedling contamination at the higher seed rates in the 

farmer control (Jurke and Fernando, 2006). Irrespective of this possible effect of sowing density 

the positive effect of the soil and seed treatments were highly significant in both years. 

4.2. Quality of surviving seedlings is higher with improved management 

In both nursery studies, improved nursery practices enhanced seedling quality for all observed 

variables as compared to farmers’ practice (Table 1), also according to farmers’ own 

appreciation (Tables 2). The most striking outcome from our study was production of at least 

40 percentage points more seedlings without ‘stem girdling’ or ‘wire stem’ disorder (well-

balanced and good seedling as mentioned in Tables 1 and 2) indicating most likely pathogen-

free seedlings (Keinath and Farnham, 2001). Also the enhanced stem diameter, plant height and 

root system are indications of healthy and vigorous seedlings capable of withstanding both 

biotic and abiotic stresses (Read and Stokes, 2006; Mastouri et al., 2010). These more vigorous 

and larger seedlings can be expected to perform better after transplanting (Harman, 2000; 

Mastouri et al., 2010). In fact, farmers in Bangladesh have limited options for seedling 

production after sudden nursery loss in case of end of rainy season flooding. As seedlings from 

a second sowing with improved nursery management reach required minimum size for 

transplanting faster, they may also be transplanted earlier, which reduces this problem. This 

same option of early transplanting could allow farmers an extra benefit due to an earlier first 

harvesting of fruits when they are early adopters of this improved practice.  

4.3. Soil, and not seed, is the major source of seedling contamination 

Tests on the relative contribution of soil and seed as origin of disease problems, i.e. blotter, in 

vitro and screen house tests, strongly indicated that the soil was the major source for pathogens 

causing damping-off. Sterilizing the soil with formaldehyde led to significantly higher 

percentages emergence and healthy seedlings and lower damping-off than sterilizing the seeds 

with hot water. This indicates farmers’ preserved seed might not cause major problems but their 

nursery soils are the habitat of pathogens and soil treating is most important (Table 4). The 

laboratory studies also indicated that a wider range of pathogenic genera could be obtained from 

the soil than from the seeds. 
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 4.4. Trichoderma harzianum is an effective management option 

The effects of formaldehyde, as proven chemical control of soil pathogens, and T. harzianum 

were comparable (Table 5) implying the latter is an effective bio control agent. T. harzianum 

alone seemed to be the major contributor to reducing damping-off and increasing the number 

of healthy seedlings and seedling quality (Tables 5 and 6). Neither the hot water nor the 

Carbendazim seed treatment led to a further reduction in damping-off or an increase in number 

or quality of seedlings when combined with T. harzianum (Table 5 and 6). Although seed 

treatment with fungicides like Carbendazim and with hot water have been reported to reduce 

seed-borne pathogens and hot water also enhances germination (Nega et al., 2003), our screen 

house studies showed that treating seed with hot water or Carbendazim is not as effective as 

treating soil with T. harzianum in improving emergence and reducing post-emergence 

damping-off (Table 5). These seed treatments neither outperformed T. harzianum in effects on 

damping-off nor produced any additional effect when combined. T. harzianum has been 

reported to enhance germination and emergence of various vegetable crops (Chang et al., 1986; 

Kleifeld and Chet, 1992; Mastouri et al., 2010; Shoresh et al., 2010; Asaduzzaman et al., 2013) 

and to enhance plant growth, either by promoting the production of growth stimulating factors 

or the solubilisation of inorganic nutrients and sequestration of inhibitory substances in the soil 

(Kleifeld and Chet, 1992; Inbar et al., 1994; Harman, 2000; Harman, 2006; Lorito et al., 2010; 

Shoresh et al., 2010; Harman, 2011; Hermosa et al., 2012).  

4.5. Improved nursery management requires reduction of farmers’ conventional sowing density 

While negotiating the first year study with farmers, it became apparent that farmers spray a 

variety of chemicals of which Carbendazim was a major one to tackle damping-off. Also they 

indicated to use their preserved seed at high sowing densities to get enough seedlings to 

transplant despite large damping-off losses. Both protective and curative aspects of treatments 

were discussed and respectively hot water and T. harzianum were proposed based on literature 

and on-station research. Farmers could agree on not spraying their nurseries but insisted on 

testing a chemical seed treatment and jointly Carbendazim was selected because of its 

availability on the local market and assuming it might not pose any environmental hazards 

because little active ingredient is needed to treat seeds. Reducing the sowing density to the 

research derived 2 g m-2 turned out to be a major hurdle. In Year 1, farmers accepted this sowing 

density as the study was performed after their homestead nursery had already been established. 

But in Year 2, the study was performed at their homesteads so these seedlings were needed to 

plant their fields. Reducing the sowing densities was only possible for the improved 
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management treatments (see also above). The rationale behind the high sowing densities of 

farmers seems a valid coping strategy to produce enough seedlings for transplanting from the 

limited land available (i.e. flood free at the end of the rainy season), despite large emergence 

failure and damping-off losses.  

In the participatory studies of both years, the tested improved management included low 

sowing densities, soil and seed treatment. The net outcome was that despite reducing sowing 

density enough seedlings could be produced to transplant of which the percentage of good 

seedlings per plot was much higher (at least 40 percentage points higher) than in the farmers’ 

practice (Tables 1 and 2). Despite broadcasting 4-9 times more seed than in the improved 

practice, farmers ended up with comparable numbers of seedlings (Table 2) only by including 

moderate quality seedlings when good quality seedlings were few (50-80% in improved 

practice versus 13-18% in farmers’ practice). In designing an IPM strategy it has to be kept in 

mind that the positive effects of the use of T. harzianum as soil amendment we observed would 

not be maintained if the sowing densities were increased to what farmers are used to. The 

enhanced emergence will lead to such high seedling densities that competition will lead to lower 

quality seedlings (Ross and Harper, 1972; Jurke and Fernando, 2006). Thus the observed effect 

of the improved management (Figs 1 and 2, Tables 1 and 2) is to be considered as the combined 

effect of lowered sowing densities and soil and seed treatments rather than only the effect of 

the soil and seed treatment.  

5. Conclusion 

As single practices often have shortcomings the IPM concept stipulates the need to combine 

multiple environment-friendly practices to avoid IPM failure (Chandler et al., 2011; Pretty and 

Bharucha, 2015). Here we would suggest that the minimum combination would be the 

application of T. harzianum to the soil and an adjustment of the sowing density to around 2 g 

m-2. Application of formulated T. harzianum would not be difficult to farmers. Moreover, 

farmers considered the peat-bran formulation of T. harzianum will provide nutrients to the soil. 

The addition of a hot water treatment can be considered as farmers seemed concerned about 

treating seeds. However, farmers’ training on seed treating needs to be assured. Despite 

farmers’ interest to treat seeds using Carbendazim and the lack of a negative interaction between 

Carbendazim and T. harzianum here and in other studies (Hu et al., 2016; Bisutti et al., 2017), 

farmers should not be recommended to use Carbendazim as a seed treatment, because in our 

study Carbendazim did not show any additional effects when T. harzianum was added to soil 
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and seeds were treated using hot water, thus the application of a seed treatment with 

Carbendazim is superfluous and should therefore be discouraged. 

To the best of our knowledge this is the first participatory research to combine soil and seed 

treatments in farmers’ conditions and with farmers, while testing the relative effects of such 

treatments and farmers’ seeds and soil under more controlled conditions. This study showed 

that under farmer conditions the emphasis should clearly be on reducing the effects of soil-

borne pathogens rather than emphasizing on the importance of seed-borne pathogens. Finally, 

further work following from this research could be 1) to test the performance of improved 

seedlings after transplanting in the field in terms of survival of plants, fruit health and crop 

productivity; 2) to monitor the ability of farmers to sustainably adopt and adapt the improved 

nursery management once the research is over; 3) to support the local production of T. 

harzianum as soil amendment so that it can become available at village level; 4) to monitor 

persistence and population level of T. harzianum in nursery soil. 
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Abstract 

Bacterial wilt (causal agent: Ralstonia solanacearum) and Phomopsis fruit rot (causal agent: Phomopsis 

vexans) are two major diseases constraining eggplant production in Bangladesh. No integrated 

management options to manage both diseases together are currently available; farmers spray pesticides. 

A 2-year participatory study was conducted to compare yield and disease severity of plants that 

originated from preceding nursery studies. Both soil and seed were found to be source of these 

pathogens. Seedlings raised according to farmers’ practice or in nursery soil treated with Trichoderma 

harzianum from seed treated either with hot water or Carbendazim were transplanted on fields either 

with or without soil application of T. harzianum. The seed treatments had comparable effects. Improved 

nursery management alone reduced wilt and fruit rot by 25-40 and 14-20 percentage points respectively, 

increased marketable yield by 8-19 t ha-1 and income by €1800-3700 ha-1 compared to farmers’ 

conventional practice of spraying. In Year 1, a comparable result was obtained treating only the field 

but not the nursery; farmers, however, did not want to repeat this treatment in Year 2 as costs were 

higher. Further disease reduction (10-11 and 0.6-6 percentage points respectively for wilt and rot) 

occurred when improved seedlings were transplanted into T. harzianum amended fields and 

consequently marketable yield increased by 5-7 t ha-1 and income by €500-900 ha-1. Both labour and 

material costs of the introduced technology were lower than the costs of current farmers’ practice. Given 

costs of labour and inputs and eggplant price fluctuations over years, farmers are recommended to use 

the improved nursery management practices. Also treating the field may depend on the capacity of 

farmers to invest in the additional labour and input. In fields with improved management, T. harzianum 

persisted at the end of the growing season and reduced populations of R. solanacearum and P. vexans. 

Also, seed preserved from improved management plots showed reduction of both pathogens compared 

to seed from farmers’ practice plots. The reduction of pathogens both in field soil and preserved seed 

for improved management plots may imply that a next crop will start with a lower level of disease 

pressure. Laboratory tests showed nursery raised seedlings from screenhouse experiments were always 

found infected with R. solanacearum, but soil application of T. harzianum alone or combined with hot 

water treatment of seed substantially reduced the infection. Given the positive results of our study, the 

technology should be made locally available to support eggplant IPM.  

Keywords: Integrated pest management, Phomopsis vexans, Ralstonia solanacearum, Soil treatment, 

Trichoderma harzianum, Seed treatment 
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1. Introduction 

Eggplant (Solanum melongena L.) is one of the most important vegetable crops of Bangladesh. 

Growing eggplant strongly enhances the livelihoods of small-holders because it can be 

harvested and sold weekly. However, sustainable production is greatly constrained by various 

diseases each year, of which damping-off in the nursery (different causal agents), bacterial wilt 

(causal agent Ralstonia solanacearum) and fungal fruit rot (causal agent Phomopsis vexans) in 

the field are most important (Ramesh, 2008; Singh et al., 2014; Pagoch et al., 2015).  

 In the nursery, damping-off appears within a week after emergence and continues for 

another week reaching a severity up to 80%. This disease is caused by various soil and seed 

fungi ultimately resulting in a poor stand of less vigorous seedlings (Nahar et al.2018). In the 

field, bacterial wilt has been reported to be the most destructive disease with a severity of 10-

90% (Ramesh, 2008; Vanitha et al., 2009; Nishat et al., 2015). Wilt may appear soon after 

transplanting and continues up to fruiting or even final harvest. Farmers often face substantial 

plant losses before fruiting resulting in severe economic losses. Ralstonia solanacearum 

generally invades plant roots from the soil through root injury or any natural openings to 

colonize the vascular system thus blocking translocation of water and nutrients. Consequently, 

wilt starts in the upper leaves followed by complete plant loss within a few days. Soil is the 

main source of infection of wilt; however, seeds and seedlings may also carry the pathogen 

(Ramesh, 2008; Vanitha et al., 2009; Tahat and Sijam 2010; Sharma and Sharma, 2014).  

After fruiting, Phomopsis fruit rot causes yield losses of 15-50% (Jayaramaiah et al., 2013; 

Mahadevkumar and Janardana, 2016). It starts as a pale, sunken, oval depression on the fruit 

followed by complete rot and mummification. Seed is the main infection source of fruit rot; 

however, P. vexans also persists in plant debris and in soil (Panwar et al., 1970; Vishunavat and 

Kumar,1994; Islam and Meah, 2011; Sharma and Razdan, 2012).  

Apart from seed and field soil, transplanted seedlings might be one of the crucial sources of 

disease development and spread in the field. Seedlings surviving damping-off in the nursery 

most likely carry-over pathogens to the main field. Moreover, such seedlings are prone to 

disease infection in the field because they are weak. Leaving rotten fruits and infected plants in 

the field is common practice of farmers in the study area (personal observation NN). Hence, 

field soil could also be a source of infection for both diseases. Therefore, transplanting healthy 

and vigorous seedlings as well as treating field soil might help to control wilt and fruit rot, thus 

improving yield and economic return to farmers (Ratha Krishnan et al., 2014; Lin et al., 2015).  
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In the current system, soil amendment with the biocontrol agent Trichoderma harzianum 

might be a good strategy. Trichoderma spp. have been well-documented to control a wide range 

of soil- and seed-borne pathogens (Harman, 2000; Harman, 2006; Dubey et al., 2011; Kulkarni, 

2015) including P. vexans (Srinivas et al., 2005; Ghosh, 2017) and R. solanacearum (Yendyo 

et al., 2017; Konappa et al., 2018). Trichoderma spp. are also known to enhance plant growth 

and productivity (Harman, 2000; Shoresh et al., 2010). However, the success of controlling 

disease organisms depends on survival and activity of Trichoderma spp. in the field throughout 

the cropping season (Longa et al., 2009). Main mechanisms that are deployed by Trichoderma 

spp. are antagonism, mycoparasitism, competition with pathogens for nutrient and space, and 

induction of systemic resistance in plants (Yedidia et al., 2001; Benitez et al., 2004; Harman et 

al., 2004; Howell, 2006; Hermosa et al., 2012).  

Pesticides are the major means of disease control for eggplant farmers in Bangladesh 

(Ecobichon, 2001; Gautam et al., 2017; Schreinemachers et al., 2017). Daily spraying of 

cocktails of pesticides has been reported (Rashid et al., 2003; Bentley, 2009). Improper use of 

pesticides has led to residue accumulation on eggplants (Chowdhury et al., 2013). This made 

importing countries to consider restrictions on vegetables, especially eggplants from 

Bangladesh (Rahman, 2016). Moreover, pesticides threaten farmers’ health and environment 

and lead to resistance development of pathogens against pesticides while they also impact non-

target and beneficial organisms (Pingali, 1995; Rahman and Alam, 1997; Dasgupta et al., 2005; 

Dasgupta et al., 2007; Aktar et al., 2009; Ma et al., 2009; Miah et al., 2014). Therefore, eggplant 

growers of Bangladesh require alternatives to pesticides.  

To manage bacterial wilt of eggplant, multiple measures such as use of resistant cultivars, 

grafting seedlings with wild rootstock, crop rotation, soil fumigation, and chemical controls 

have been recommended. However, all those measures have limited success and adoption 

because they are difficult to apply under farmers’ condition (Vanitha et al., 2009; Rahman et 

al., 2010; Islam et al., 2014). An integrated approach based on seed treatment with hot water, 

botanicals and T. harzianum and soil treatment with T. harzianum to control Phomopsis fruit 

rot has been suggested, but participatory testing in farmers’ field is still required (Islam, 2005). 

To the best of our knowledge, IPM-based management approaches for the combination of 

bacterial wilt and fungal fruit rot for eggplant have neither been developed nor jointly tested 

with farmers. Particular control measures for each disease would not only be difficult for small-

holder farmers to implement but will also be expensive. Therefore, a sustainable disease 

management approach for eggplants should be developed in collaboration with farmers. Indeed, 
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farmers’ participation in experimentation allows much better than on-station research to assess 

what is achievable under farmers’ conditions rather than what is technically perfect (Morse and 

Buhler, 1997; Morse, 2009; Parsa et al., 2014).  

In a preceding nursery study with farmers, we produced more healthy and vigorous seedlings 

treating soil with T. harzianum and seed either with hot water or Carbendazim compared to 

farmers’ practice (Nahar et al., 2018). In the present study, we transplanted improved seedlings 

with or without field soil treatment with T. harzianum and conducted additional supporting 

laboratory and screenhouse studies. We thus tested the following hypotheses: 1) transplants 

from improved nurseries will show smaller losses by wilt and rot and thus yield more, 2) 

transplants will carry less latent R. solanacearum infection, 3) an additional field application 

will further reduce wilt and rot levels and improve yield, 4) T. harzianum will be transferred 

with seedlings and will remain present throughout the season, 5) levels of target pathogens and 

non-target fungi in the field soil will be reduced, 6) pathogen (bacterial and fungal) incidence 

in seed preserved from experimental fields will be reduced, and, finally, 7) the treatments will 

provide farmers with an economically sound alternative for their disease management.  

2. Materials and Methods 

2.1. Study site 

A two-year participatory study was carried out in Pirijpur village (25°02′13"N-89°50′08"E), 

Jamalpur district, Bangladesh. Jamalpur district is the major eggplant growing area of 

Bangladesh. Farmers cultivate eggplants during the cool dry season (Rabi season: September-

March). The study was conducted in two consecutive Rabi seasons.  

2.2. Participatory field study 

2.2.1. Study in Year 1 

The study was laid-out as split-plot design using seven farmers’ fields as replicates. All fields 

had a history of bacterial wilt and fruit rot disease. Each field was divided into two main plots: 

one plot was amended with T. harzianum, the other one not. Each main plot was divided into 

three sub-plots to transplant differentially treated seedlings from a preceding participatory 

nursery study (Nahar et al., 2018) . Thus six treatments were tested: (i) Improved nursery 

practice 1 (nursery soil treated with T. harzianum and seed with hot water) combined with field 

soil application of T. harzianum; (ii) Improved nursery practice 2 (nursery soil treated with T. 

harzianum and seed with Carbendazim) combined with field soil application of T. harzianum; 

(iii) Farmers’ conventional nursery practice (no soil and seed treatment but spraying on 
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appearance of damping-off) combined with field soil application of T. harzianum; (iv) Only 

improved nursery practice 1; (v) Only improved nursery practice 2; (vi) Farmers’ conventional 

practice (spraying after disease appearance in both nursery and field). Depending on the land 

availability, plot size differed among farmers with a maximum sub-plot size of 15 × 7 m and a 

minimum sub-plot size of 7 × 5 m. Cultured T. harzianum suspension was obtained from the 

Bangladesh Agricultural University IPM laboratory (BAU-IPM); 25 mL of the suspension 

containing 12 × 106 CFU/mL was added per kg of a 1/1 mixture of peat soil and black gram 

(Vigna mungo (L.) Hepper) bran. Some 7–10 days before transplanting, 10 g m−2 of the mixture 

was applied to the already tilled soil and incorporated into the top 10 cm by another tillage or 

spading. Seedlings aged 34-35 days were transplanted at 0.7 × 0.7 m spacing. Two main plots 

were separated by at least 2 m and each sub-plot was separated by a bund of 0.5 m. Fertilizer 

application, irrigation and weeding were done as per farmer’s standard practice. In the farmers’ 

conventional plots, farmers sprayed pesticide (Carbendazim) at 10-15 days intervals throughout 

the season. 

 Plots were monitored regularly, excluding two border rows, to observe the onset of wilt and 

incidence was recorded weekly by counting wilted and healthy plants from onset to 

stabilization. A plant was considered wilted when a single branch or the whole plant showed 

leaf drooping or wilting and tagged to avoid repeated counting in the next observation; actual 

decision of removal was left to each farmer. From these observations, cumulative percent 

incidence of wilt over time was calculated. On fruiting, plots were monitored for onset of fruit 

rot. Fruit rot data were taken weekly from onset of rotting until farmers stopped harvesting. 

Eggplants with typical rot symptoms (pale, sunken, depressed, circular lesion) were plucked, 

counted and discarded from the field. Healthy eggplants were harvested and counted. Counts 

of healthy and rotten fruits were converted into weights based on average fruit weights 

established on subsamples. From these data, percent cumulative fruit rot over time was 

determined. Finally, total marketable yield accounting for both wilt and rot was calculated and 

expressed as t ha-1. Yield losses (t ha-1) attributed to wilt and fruit rot were estimated. At every 

harvest the average per plant yield of surviving plants was multiplied with the number of plants 

lost to wilt at that moment as estimated loss to wilt. Loss to fruit rot was estimated at each 

harvest as the number of fruits lost to rot multiplied by the average weight of harvested healthy 

fruits. Both losses were cumulated over the season. To assess the economic benefit of the 

treatments, expenses of inputs and labour involving crop protection and agronomic practices 
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were recorded per farmer. Price of eggplants was also recorded throughout the season. 

Ultimately, income from each practice was calculated. 

2.2.2. Study in Year 2 

Nine farmers participated and transplanted seedlings from the participatory nursery study of 

Year 2. The study was designed as randomized complete block design using each farmer as 

block. Each farmer tested three treatments: (i) Improved nursery practice combined with field 

soil application of T. harzianum; (ii) Improved nursery practice only; (iii) Farmers’ 

conventional nursery practice combined with their field practice. Five farmers opted for testing 

nursery practice 1 and four farmers tested practice 2 (see Section 2.2.1). Application of T. 

harzianum in field soil was done as mentioned in Section 2.2.1. Each farmer maintained three 

plots of 10 × 10 m maintaining plot to plot and farmer to farmer distances of at least 10 m. 

Again a bund of 0.5 m was constructed to demark each plot and avoid contamination. From 

each plot, observation was taken from an area of 4 × 4 m; plant spacing was 0.65 × 0.65 m but 

varied slightly among farmers. Initial plant number per plot was counted. Then incidence of 

wilt and fruit rot and marketable yield were recorded weekly as in Year 1 (see 2.2.1). Cost of 

implementing each treatment and price of eggplants were also recorded. 

At 170 days after transplanting (DAT) when farmers’ had stopped harvesting, to evaluate 

the influence of improved managements on plant growth, five random plants from each plot 

were uprooted by loosening soil carefully to measure root length, shoot length, stem diameter 

at base, number of branches and lateral roots. Farmers’ evaluation of plant growth was also 

recorded. Farmers anonymously scored each other’s plants based on the following criteria: plant 

height, root length, stem diameter, branch number, leaf colour on 3-point scale (1=poor, 

2=moderate, 3=good). Farmers also evaluated each other’s field based on overall appearance 

and harvest of eggplant fruits.  

2.3. Surveying prevalence of bacterial wilt 

In three consecutive seasons (2015-2016: exploratory study; 2016-2017: participatory study 

Year 1; 2017-2018: participatory study Year 2) surveys were conducted to determine the 

prevalence of bacterial wilt across eggplant fields in the study village. Plants from 15 randomly 

selected farmer’s fields, excluding experimental fields, were inspected at various crop stages 

viz. few days after transplanting (20 DAT), at flowering (60 DAT), fruiting (100 DAT) and 

towards the end of the season (150 DAT). Selected fields were at least 800 m2. From each field, 

six subplots of 20 plants each were sampled in a zig-zag patterns along a diagonal transect 
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through each field to record percent incidence of wilt. Plants were scored as wilted when 

showing the typical symptoms of bacterial wilt viz. leaf drooping, wilting, oozing and vascular 

browning. 

2.4. Laboratory and screenhouse studies 

2.4.1. Persistence of T. harzianum in the experimental fields and its influence on P. vexans,  

non-target fungi and R. solanacearum 

 Soil samples were taken from all plots on all experimental fields of nine farmers of the Year 2 

study. Per plot a pooled sample was made from five soil cores taken randomly from the top 10 

to 15 cm near to a plant at the end of the season (175 DAT) when farmers stopped harvesting 

but plants were still in the field. Pooled samples were carefully transferred to sterile plastic bags 

and transported to the laboratory within 24 hours of collection. In the lab, samples were air-

dried for 5 days, sifted with a 2 mm mesh sieve and stored for less than a month at 4 °C until 

testing. To confirm the presence of T. harzianum and its influence on target pathogens Ralstonia 

solanacearum and Phomopsis vexans and non-target mycoflora, 1 g of soil was added to 10 mL 

of double distilled water, vortexed for 30 s, then shaken for 15 min and serially diluted from 

10-1 to 10−4. One mL of the 10−4 dilution was spread to each of four sterile Petri dishes with 

PDA (potato dextrose agar) media supplemented with streptomycin per soil sample to get 

reasonable count of colony forming unit (CFU). The Petri dishes were incubated at 28 ± 2 °C 

for 7 days. After incubation, CFU of T. harzianum, native Trichoderma spp. if any appeared 

and any other fungal genera including Phomopsis vexans were counted based on their 

distinctive colony morphology. For further confirmation, all representative fungi colonies were 

subjected to purification and identified macroscopically by colony colour and morphology and 

microscopically by morphological keys (Watanabe, 1994; Dugan, 2008). To confirm the 

applied T. harzianum colonies, it was compared macroscopically and microscopically with 

source T. harzianum of the BAU-IPM laboratory. Applied T. harzianum was distinguished from 

native Trichoderma spp. by its characteristic colony morphology (whitish green to pale green 

colour with effuse conidiation). For further confirmation, all representative Trichoderma 

colonies were subjected to purification by sub-culturing. T. harzianum was identified 

macroscopically by colony colour and morphology and microscopically by morphological keys 

(arrangement of conidiophores, phialides and conidia) according to Rifai (1969). Trichoderma 

colonies other than applied T. harzianum were not identified at species level and were termed 

“native Trichoderma spp.” After counting each fungal population they were expressed as CFU 

g-1 of soil. 
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To test the abundance of R. solanacearum in soil from study plots, 50 µL of the 10-4 dilution 

was spread on each of four sterile TTC (Triphenyl Tetrazolium Chloride) media plates. Plates 

were incubated at 28 ± 2 °C for 48 hours. After incubation, both virulent (white fluidal with 

pink centres ) and non-virulent (dark red) colonies from each replicate were counted and 

expressed as CFU g-1 of soil.  

2.4.2. Incidence of R. solanacearum, P. vexans and T. harzianum in seeds produced in the Year 

2 study  

Five random mature fruit from five random plants of each experimental plot (see 2.2.2) of nine 

farmers were selected to preserve seed from the Year 2 study. Farmers prepared the seed 

separately according to their standard procedure under the monitoring of a field research 

assistant. Seeds of five fruits per treatment and replicate were pooled, brought to the laboratory 

and plated on TTC media to screen for R. solanacearum and on PDA medium to screen for P. 

vexans and T. harzianum. Before plating, seeds were surface sterilized with 1% sodium 

hypochlorite (NaOCl) solution followed by three repeated washings with distilled water and 

blot-dried. Per seed sample, 100 seeds were aseptically and evenly distributed over four 

replicates of 25 seeds. Plates were then incubated at 28 ± 2 °C. After 48 hours of incubation, 

seeds with virulent and non-virulent R. solanacearum colonies were counted. After a week of 

incubation, seeds with P. vexans or T. harzianum colonies were counted. Prevalence of hosted 

pathogens or T. harzianum was expressed as a percentage of number of tested seeds. 

2.4.3. Sources of infection of R. solanacearum and P. vexans 

To determine the sources of infection of both pathogens, seeds were obtained from seven 

farmers and soil was collected from their fields prior to the Year 1 study. Seeds were screened 

to detect R. solanacearum and P. vexans by plating them onto TTC and PDA medium, 

respectively, according to the methodology described in Section 2.4.2. Soil was serially diluted 

and plated on respective media for R. solanacearum and P. vexans as described in Section 2.4.1.  

Seedlings from eight lots of farmers’ seed (seven farmers who participated in the Year 1 

study and one additional farmer from the village) were raised in eight trays (0.3 × 0.2 m) filled 

with 4 kg of soil originated from highly contaminated field of one of the farmers. Per tray, 100 

seeds were placed in 4 rows of 25 seeds. After two weeks of emergence, 10 apparently healthy 

seedlings were randomly picked per tray taking at least two from each row and brought to the 

laboratory for further testing to assess whether any latent seedling infection by R. solanacearum 

occurred (see Section 2.4.4. below). Seedlings were not tested for P. vexans. 
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2.4.4. Effect of soil treatment with T. harzianum alone or combined with seed treatment with 

hot water on R. solanacearum infection of seedlings 

In the screenhouse, a randomized complete block design in five replicates was carried out with 

three treatments: i) soil treated with T. harzianum and seed with hot water; ii) soil treated with 

T. harzianum only; and iii) farmers’ control (no soil and no seed treatment). The most infected 

seed lot as established in Section 2.4.3 and highly infected soil from one of the farmer's field 

were used in this experiment. Aseptic trays (0.3× 0.2 m) were filled with 4 kg of soil. T. 

harzianum was mixed with soil at 1 g per tray, based on the formulation described in Section 

2.2.1, 10 days before sowing. Hot water treatment of seed was done according to Nahar et al. 

(2018). Per tray, 100 seeds were placed in 4 rows of 25 seeds. After emergence, incidence of 

bacterial wilt was monitored every alternate day during three weeks. As none of the seedlings 

of any treatments showed wilt symptoms, seedlings were tested in the laboratory for latent 

infections. Per treatment, ten random seedlings per replicate were uprooted and tested in the 

laboratory. A part of the stem was cut from each seedling and surface sterilized by 70% ethanol. 

The stem part of each seedling was then soaked overnight in an Eppendorf tube containing 1 

mL of sterilized water. The next day, water from each tube was streaked on Petri dishes 

containing TTC media and dishes were incubated at 28 ± 2 °C for 48 hours. After incubation, 

the number of seedlings (per treatment per replicate) that developed either virulent or non-

virulent colonies was counted.  

2.5. Statistical analyses 

Data of all experiments were subjected to ANOVA following the respective designs by 

statistical package RX64 version 3.2.0 and Genstat 19th ed. Residuals were checked for 

normality and homogeneity respectively with Shapiro-Wilk and Bartlett’s tests. The Bonferroni 

post-hoc test was used for mean separation. Results of all statistical testing is reported in the 

tables, readers are referred to these to check on p-values related to effects reported as significant 

in the text. 

3. Results 

Molecular analysis identified all the bacteria that were isolated from seed and soil samples 

obtained from participating farmers and from seedlings raised from these as R. solanacearum 

(Appendix Fig. A1). We therefore surmised that the observed bacterial wilt was caused by R. 

solanacearum. 
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3.1. Reduced bacterial wilt and Phomopsis fruit rot and increased marketable yield under 

improved management 

In Year 1, the two-way interactions between nursery and field treatments with T. harzianum on 

percentage plants lost to bacterial wilt, percentage fruits lost to P. vexans, and loss attributed to 

fruit rot were significant (Table 1). For yield loss attributed to wilt and marketable yield, this 

interaction was not observed. The improved nursery practices alone significantly reduced the 

diseases and the losses attributed to either of them and increased the marketable yield. The main 

effect of treating the field with T. harzianum was a further reduction in losses attributed to wilt 

and an increase in marketable yield. Treating the field also reduced percentage plants lost to 

wilt and percentage fruits lost to rot and estimated yield loss to rot and this was stronger when 

the nursery had not been treated. No differences were observed in the effects of the two seed 

treatments in either year on disease severity, marketable yield and loss attributed to wilt or rot. 

In Year 2, the analysis showed neither interaction (P>0.15) between the two improved 

nursery management practices and the application of T. harzianum to the field nor a difference 

(P>0.25) between the seed treatments for any of the observed variables. For further analyses, 

the two seed treatments were therefore considered a single treatment and the comparison 

reported here is between treating seeds and nursery soil followed by either field application of 

T. harzianum or not and as third treatment farmers’ conventional practices in the nursery and 

field. Improved nursery management proved always a significant improvement compared with 

the conventional practices, so fewer plants and fruits were lost due to wilt and rot, respectively, 

the marketable yield was higher and the yield losses due to wilt and rot were lower (Table 1). 

The addition of T. harzianum in the field after the improved nursery management led to a 

significant increase in marketable yield and fewer plants lost to wilt than when the field was 

not amended, but there were no differences for percentage fruits lost to rot or yield loss 

attributable to fruit rot or wilt.  

 In Year 1, a comparable reduction was obtained by only treating the field soil or only 

treating the seed and nursery soil (Table 1). On discussing results with farmers after the first 

year, they concluded not to repeat the field only treatment in Year 2 as this reached the same 

results but demanded more work and inputs. 
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Table 1. Percentage plants lost to bacterial wilt or to Phomopsis fruit rot, marketable eggplant yield and 
estimated yield losses to wilt and rot from farmers’ fields treated with various combinations of nursery 
and field management. 
 

 

i  Management included a combination of seed and soil treatments in the nursery and soil treatment in 
the field as indicated. ii Farmers’ practice had no preventive treatment just spraying after appearance of 
diseases. iii In Year 2 the hot water and Carbendazim seed treatments had similar effects and were 
therefore combined. iv Values per year within a column followed by the same letter did not differ 
significantly according to the Bonferroni post-hoc test. 
 
3.2. Marketable yield of eggplant and profitability of different managements 

The highest marketable eggplant yield of 23-42 t ha-1 in Year 1 and 2 respectively, was obtained 

from the combined nursery and field treatment followed by 18-35 t ha-1 from only nursery 

management. These yields were 8-13 t ha-1 (Year 1) and 19-26 t ha-1 (Year 2) higher than under 

farmer conventional practice (Table 1). The assessment of costs and income showed that when 

eggplant prices are average farmers could earn more than €2000-5700 ha-1 by combining 

improved nursery and field practices, and around €2000-4800 ha-1 by improving the nursery 

management only (Table 2). Following their conventional practices farmers could earn only 

€200-1100 per ha. The analysis also showed that farmers could make a profit with improved 

management even in low price years, while farmers would face losses with their conventional  

 

Management treatmentsi Plants lost 
to wilt (%) 

Fruits                           
lost to rot 
(%) 

   Marketable 
       yield 
       (t/ha) 

     Estimated 
     loss to wilt  
     (t/ha) 

Estimated 
loss to 
fruit 
rot (t/ha) 

         Nursery  Field 

Seed  Soil Soil       
   T. harzianum       
Year 1        
Hot water Yes   Yes 11.8 ± 1.1 aiv 5.5 ± 0.9 a 23.6 ± 2.2 c 3.3 ± 0.8  a 1.4 ± 0.3 a 

Carbendazim  Yes   Yes 13.7 ± 2.2 a 8.3 ± 0.8 ab 22.1 ± 2.0 bc 4.0 ± 1.4  ab 2.1 ± 0.3 ab 

Hot water  Yes   No 22.1 ± 1.9 b 10.7 ± 1.0 bc 18.7 ± 1.3 bc 5.7 ± 1.3  ab 2.3 ± 0.3 bc 

Carbendazim  Yes   No 24.1 ± 2.8 b 13.9 ± 1.6 c 18.6 ± 0.9 bc 5.9 ± 1.6  ab 3.1 ± 0.5 c 

No  No  Yes 27.6 ± 2.5 b 13.8 ± 1.8 c 17.9 ± 1.6 b 7.2 ± 1.6  b 2.8 ± 0.3 bc  

No Noii  Noii 49.4 ± 3.3 c 30.8 ± 0.7 d 10.8 ± 0.5 a 10.5 ± 1.2  c 4.8 ± 0.2 d 

P-nursery   <0.001 <0.001 0.014 0.009 <0.001 

P-Field   <0.001 <0.001 <0.001 <0.001 <0.001 

P-interaction   0.003 <0.001 0.150 0.584 0.029 

Year 2        

Yesiii  Yes   Yes 17.8 ± 1.6 a    4.6 ± 0.5 a 42.6 ± 2.2 c 7.6 ± 0.6  a 2.1 ± 0.3 a 

Yesiii  Yes   No 29.5 ± 1.9 b   5.2 ± 0.5 a 35.7 ± 1.4 b 12.0 ± 0.9  a 2.0 ± 0.4 a 

No  Noii   Noii 70.4 ± 3.5 c 19.3 ± 1.9 b 16.5 ± 1.0 a 24.3 ± 2.3  b 4.1 ± 0.7 b 

P-treatments   <0.001 <0.001 <0.001 <0.001 <0.001 
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practice in a low price year. Farmers practice costed at least twice the money needed for the 

improved management packages when only material input cost was considered. Therefore, with 

any of the improved practices, farmers could make at least 10 times more money than with their 

conventional practices both in a normal and a low price year (Table 2). 

3.3. Loss of plants to bacterial wilt in farmers’ fields and the experiments 

The survey data of 15 fields in the village territory indicated comparable trends in all three years 

with 7-11% of plants lost to wilt shortly after transplanting, reaching 23-30% plant loss at 

flowering and around 50% during fruiting while reaching up to 60% at the end of the eggplant 

growing season (Table 3). This loss compares well with the observations on the farmer 

conventional management in our experiments in two of the three seasons (Fig. 1). Bacterial wilt 

symptoms in the experiments appeared within a week or so after transplanting and continued 

up to final harvest (Fig. 1). However, improved nursery plus field management or only 

improved nursery management, delayed onset of wilt by at least a week and reduced final losses 

compared to farmers’ practice. Wilt started 10-19 DAT with plant loss reaching 0.4-4.3% in 

farmers’ practice plots against 0-0.5% in treated plots. The progression over time of losses to 

wilt follow a smooth increase to reach the effects reported in Table 1. Higher final losses thus 

are accompanied by an earlier loss of more plants too (Fig. 1). The occurrence and magnitude 

of fruit rot was only monitored in the experimental fields. Fruit rot was observed at all eggplant 

harvests and losses remained more or less constant over time for the improved nursery 

management only, improved nursery and field management and farmers practice with around 

13, 7 and 31% respectively in Year 1and and 3, 2.5 and 14.5% in Year 2.  

 
Table 3. Percentage of plants lost to bacterial wilt in farmers’ fields (Pirijpur village, Jamalpur, 
Bangladesh) at different stages indicated in days after transplanting (DAT) during three cropping 
seasons 
 

Survey year Number of 
fields 
surveyed 

Establishment  
(20 DAT) 

Flowering  
(60 DAT) 

Peak fruiting  
(100 DAT) 

End of season 
(150 DAT) 

2015-2016 15 7.6 25.0 41.3 45.5 
2016-2017 15 9.3 22.9 43.0 51.5 
2017-2018 15 11.3 30.1 48.1 57.1 

 

 

 

 



Disease management in eggplant nurseries reduces wilt and fruit rot in plantings 

67 
 

 
 
Fig. 1. Percent cumulative bacterial wilt over the season in the Year-1 (top) and Year-2 (bottom) studies, 
comparing farmers’ practice in nursery and field with improved nursery management only (averaged 
over the two seed treatments) and improved nursery and field management (averaged over the two seed 
treatments). The crop started flowering around 60 days after transplanting (DAT), produced fruits 
between 80 and 160 DAT with a peak in fruiting from 90 to 140 DAT. Improved nursery management 
included soil application of T. harzianum and seed treating with either hot water or Carbendazim; 
improved field management included soil application of T. harzianum. Farmers’ practice included no 
seed or soil treatment but spraying at appearance of damping-off (nursery) or wilt (field).  
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3.4.  Plant growth and farmer evaluation of different management options 

In Year 2, plant growth was measured and assessed with farmers at the end of the season (170 

DAT). For all observed variables, except shoot length, plants obtained with improved nursery 

management alone or with both improved nursery and field management were significantly 

superior to plants from farmers’ practice plots (Table 4), while no differences were observed 

between treating both nursery and field or treating nursery only. Shoot length was superior only 

when both field and nursery management were improved. Improved management increased 

rooting depth and shoot length by 6-7 cm and stem diameter by 1-1.5 cm compared to plants 

from farmers’ conventional practice plots. In addition, the number of lateral roots almost 

doubled and the number of branches increased by 5-6.  

 Farmers’ appreciation of the plants and the overall condition of the crop at the end of the 

season were in line with these measurements indicating farmers also appreciated plants from 

improved practices, as better and healthier than plants from their own practice plots (Table 4). 

Farmers considered their crops as “poor” and the crop from improvement management plots as 

“good”; this appreciation was mostly based on improvements in stem diameter, rooting depth, 

and number of branches. 

3.5. Persistence of T. harzianum in the study fields and its influence on target and non-target 

pathogens 

The soil testing revealed that the applied T. harzianum persisted in all treated plots of farmers 

at the end of the season, 175 days after after transplanting (Table 5). The population density 

was higher (2.0 × 104 CFU g-1 of soil) in plots where T. harzianum had been applied at 

transplanting and seedlings raised in T. harzianum amended soil were transplanted. T. 

harzianum was also detected (0.9 × 104 CFU g-1 of soil) in the fields where seedlings from T. 

harzianum treated nurseries were transplanted but no T. harzianum was directly applied (Table 

5). T. harzianum was not detected in soil from farmers’ practice plots, however, a low but 

detectable level of a native Trichoderma spp. (0.2 × 104 CFU g-1 of soil) was recorded, but not 

identified at species level. This native species was not observed in improved practice plots. 

Populations of the pathogenic fungus, P. vexans and wilt bacterium R. solanacearum were 

significantly reduced in improved management plots by half compared to farmers’ practice 

plots (Table 5). For P. vexans this reduction was only significant when both field and nursery 

were treated. For R. solanacearum a significant additional reduction was observed when both 

field and nursery were treated compared to nursery only. The non-pathogenic Aspergillus sp.  
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was not influenced by improved practices; however, populations of another non-pathogenic 

fungus Penicillium sp., were significantly reduced compared to farmer practice plots. 

Population density of these fungi and bacteria were comparable between plots of the two 

improved practices.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

T
ab

le
 5

. P
op

ul
at

io
n 

de
ns

ity
 o

f f
un

gi
 T

ri
ch

od
er

m
a 

sp
p.

 (n
at

iv
e 

un
id

en
tif

ie
d 

sp
ec

ie
s)

, T
ri

ch
od

er
m

a 
ha

rz
ia

nu
m

, P
ho

m
op

si
s 

ve
xa

ns
, A

sp
er

gi
llu

s 
sp

p.
 a

nd
 P

en
ic

ill
iu

m
 s

pp
. (

C
FU

 g
-1

 dr
y 

so
il 

× 
10

4 )  
an

d 
ba

ct
er

iu
m

 R
al

st
on

ia
 s

ol
an

ac
er

um
 (C

FU
 g

-1
 dr

y 
so

il 
× 

10
6 ) o

bs
er

ve
d 

in
 so

il 
sa

m
pl

es
 c

ol
le

ct
ed

 fr
om

 th
e 

fie
ld

s 
at

 1
75

 d
ay

s a
fte

r t
ra

ns
pl

an
tin

g 
(e

nd
 o

f s
ea

so
n)

 in
 Y

ea
r 2

 (n
=9

). 
 

M
an

ag
em

en
t t

re
at

m
en

ts
 

Fu
ng

al
 p

op
ul

at
io

n 
 

Ba
ct

er
ia

l p
op

ul
at

io
n 

N
ur

se
ry

 
Fi

el
d 

N
at

iv
e 

Tr
ic

ho
de

rm
a 

sp
p.

 

Tr
ic

ho
de

rm
a 

ha
rz

ia
nu

m
 

Ph
om

op
si

s 
ve

xa
ns

 
As

pe
rg

ill
us

 
sp

p.
 

Pe
ni

ci
lli

um
 

sp
p.

 
Ra

ls
to

ni
a 

 
so

la
na

ce
ar

um
 

Se
ed

 
So

il 
So

il 
T.

 h
ar

zi
an

um
 

Y
es

i 
Y

es
 

Y
es

 
N

ot
 p

re
se

nt
iii

 2
.0

4 
± 

0.
28

 b
iv
 

1.
70

 ±
 0

.4
0 

a 
1.

22
 ±

 0
.2

2 
a 

1.
74

 ±
 0

.1
7 

a 
 3

.1
8 

 ±
 0

.3
7 

a 

Y
es

i 
Y

es
 

N
o 

N
ot

 p
re

se
nt

 
0.

96
 ±

 0
.1

7 
a 

2.
07

 ±
 0

.3
7 

ab
 

1.
25

 ±
 0

.4
3 

a 
1.

11
 ±

 0
.1

8 
a 

 4
.9

9 
 ±

 0
.3

5 
b 

N
o 

 
N

oii 
N

oii 
0.

26
 ±

 0
.0

7 
 

N
ot

 p
re

se
nt

 
3.

81
 ±

 0
.5

3 
b 

2.
25

 ±
 0

.3
3 

a 
3.

66
 ±

 0
.1

9 
b 

 8
.7

4 
 ±

 0
.5

8 
c 

P-
tr

ea
tm

en
t 

N
ot

 re
le

va
nt

 
0.

00
4 

0.
01

4 
0.

11
2 

<
0.

00
1 

 <
0.

00
1 

 i Th
e 

ho
t w

at
er

 a
nd

 C
ar

be
nd

az
im

 s
ee

d 
tre

at
m

en
ts

 h
ad

 si
m

ila
r e

ff
ec

ts
 a

nd
 a

re
 th

er
ef

or
e 

co
m

bi
ne

d.
 

ii  F
ar

m
er

s’
 p

ra
ct

ic
e 

ha
d 

no
 p

re
ve

nt
iv

e 
tre

at
m

en
t j

us
t s

pr
ay

in
g 

af
te

r a
pp

ea
ra

nc
e 

of
 d

is
ea

se
s.

 
iii

 Th
e 

or
ga

ni
sm

 w
as

 n
ot

 o
bs

er
ve

d 
on

 a
ny

 o
f t

he
 P

D
A

 p
la

te
s. 

  
iv

 V
al

ue
s 

w
ith

in
 a

 c
ol

um
n 

fo
llo

w
ed

 b
y 

th
e 

sa
m

e 
le

tte
r d

id
 n

ot
 d

iff
er

 si
gn

ifi
ca

nt
ly

 a
cc

or
di

ng
 to

 B
on

fe
rr

on
i p

os
t-h

oc
 te

st
.  

  



Disease management in eggplant nurseries reduces wilt and fruit rot in plantings 

71 
 

3.6. Incidence of R. solanacearum, P. vexans and T. harzianum in seeds preserved from 

eggplants in experimental fields of Year 2 

Seeds from eggplants produced in the Year 2 study were processed separately per treatment and 

tested in-vitro. R. solanacearum was detected on 31.8 ± 4.1% (n=9) of the seeds from farmers’ 

practice plots against 6 ± 1.1% (n=9) of the seeds from improved nursery and field management 

plots and 10.5±1.5% (n=9) from improved nursery management only plots. P. vexans was 

detected on 3 ± 0.3% (n=9) of the seeds from farmers’ practice plots against 0.4 ± 0.4% (n=9) 

of the seeds from improved nursery management only plots and no P. vexans was detected from 

improved nursery and field management plots.  

T. harzianum was detected in seeds, although at a lower percentage from improved nursery 

and field management plots and improved nursery management only plots respectively and not 

in seeds from farmers practice plots.  

3.7. Source of infection of R. solanacearum and P. vexans  

Laboratory test of soil collected from farmers’ fields and seeds collected from farmers’ 

preserved seed prior to the Year 1 study showed R. solanacearum population as 9.5×106 CFU 

g-1 of soil (n=7) and 28.7 ± 8.9% (n=7) of the seeds were infected with R. solanacearum. P. 

vexans was detected in soil; however, it was not quantified, and 2.8 ± 0.5% (n=7) of seeds were 

infected with P. vexans, confirming soil and seed as a source of infection.  

On seedlings raised from farmers’ seed of Year 1 (n=8, seven farmers who participated in 

the Year 1 study and one additional farmer from the village) and tested in the laboratory, on 

average 31.2 ± 6.1% of seedlings across farmers was detected with latent infection of R. 

solanacearum which confirmed seed to seedling transmission of the pathogen, and thus, 

seedling as a source of infection and possible carry-over of the pathogen from nursery to field. 

Such test was not done for P. vexans. 

3.8. Role of T. harzianum in seedling infection  

Seedlings carried R. solanacearum as latent infection when screenhouse-grown seedlings were 

tested three weeks after emergence, roughly the age of farmers’ transplanted seedlings. 

Seedlings grown on soil treated with T. harzianum and from seeds treated with hot water and 

only on soil treated with T. harzianum both showed significantly (P<0.001) reduced infection 

compared to untreated control (15-22% vs 60%); however, treatments could not annihilate the 

infection. This suggests a role of T. harzianum and seed treatment in reducing R. solanacearum 

infection through carry-over with seedlings. 
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4. Discussion  

A farmer-targeted integrated management of eggplant production against bacterial wilt, caused 

by R. solanacearum, and fruit rot, caused by P. vexans, was tested together with farmers. 

Seedlings transplanted from nurseries under improved management (farmers’ nursery soil 

treated with T. harzianum and farmers’ seed treated either with hot water or Carbendazim) 

either into untreated farmers’ fields or into farmers’ fields amended with soil applied T. 

harzianum, were found to reduce both diseases and increase yield and income compared to 

farmers’ conventional practice (Tables 1 and 2). The costs of the introduced technology was 

lower than the costs of current farmers’ practices, in terms of both labour and purchased 

materials. While improved nursery management alone had already a large effect, adding a field 

soil application of T. harzianum had an additional positive effect on reduction of wilt and on 

marketable yield. Wilt contributed more to yield losses than fruit rot. Laboratory testing of field 

soils showed that T. harzianum persisted until the end of the growing season and significantly 

reduced the population of both R. solanacearum and P. vexans in the soil and on the seeds 

collected from the eggplants.  

4.1. Improved management effectively reduced bacterial wilt and Phomopsis fruit rot and 

improved plant health; farmers’ practice was ineffective  

Improved management (nursery only, nursery and field combined) substantially reduced 

bacterial wilt and fruit rot. Nursery only management reduced plant losses to wilt by 25-40 

percentage points and fruit losses to rot by 14-20 percentage points compared to farmers’ 

practice of spraying (Table 1). While the superior quality and vigour of the seedlings after the 

nursery management aimed at controlling damping-off (Nahar et al., 2018) could be expected 

to contribute to withstanding pathogens (Read and Stokes, 2006; Mastouri et al., 2010), the 

current research also showed that further defence against diseases is provided by adding T. 

harzianum to the soil after transplanting (Table 1). Further 10 percentage points reduction of 

wilt and 5 percentage points reduction of fruit rot was achieved when a field soil application of 

T. harzianum was combined with improved nursery management. Transplanting seedlings from 

farmers’ conventional nursery practice with conventional field disease control failed to manage 

bacterial wilt and Phomopsis fruit rot. Due to bacterial wilt , farmers loose around 30% plants 

before fruit bearing (Fig. 1) increasing to 50-70% at the end of season (Fig.1, Table 1). Due to 

fruit rot (P. vexans), farmers failed to harvest 19-30% eggplant fruits (Table 1). Higher wilt 

incidence in the farmers’ conventionally managed field can be attributed to higher latent 
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infection carry-over with seedling after conventional than improved management as established 

in laboratory testing (section 3.8). This means seedlings bear latent infection and thus carry-

over R. solanacearum when transplanted and initiate infection soon after transplanting. Because 

7-14% of the seedlings was lost within a month of transplanting (Fig. 1) this initial loss was 

most likely not a new infection from the field. In contrast, seedlings from improved practices 

bear substantially lower infection, consequently carry-over less through transplanting to the 

field and this likely delayed onset of infection and reduced infection throughout the season (Fig. 

1). Latent infection of P. vexans in seedling was not tested, because, based on seedling 

characteristics of our nursery study (Nahar et al., 2018) it was likely to be free of P. vexans. 

Therefore, less rot development in field is partly attributed to transplanting of healthy seedlings. 

The improved health of transplants from improved nursery management (Nahar et al., 2018) 

practices showed still at the end of the season (Table 4), especially in terms of increased number 

of branches, lateral roots and root length. These traits of the transplants also likely play a role 

in combating diseases. T. harzianum, either field applied or carried over from the nursery (Table 

5, most likely via seedling root association) might have played a role in improved plant growth 

directly or through disease reduction. Trichoderma spp. has been reported to enhance plant 

growth by controlling deleterious root microorganisms, producing growth stimulating factors, 

promoting availability of necessary nutrients, reducing concentration of growth inhibitory 

substances and increasing nutrient uptake through enhanced root growth (Harman, 2000; 

Harman, 2006; Lorito et al., 2010; Harman, 2011). Measurement of plant growth was done only 

in Year 2 as farmers were hesitant to allow us to jointly uproot plants in Year 1. In Year 2, 

farmers were more convinced by the results and when requested to evaluate plant growth, they 

appreciated all variables and overall appearance of the improved management field as “good”.  

4.2. Improved management improves yield and reduces cost effectively 

 Improved nursery management alone increased yield by 8-19 t ha-1 compared to farmers’ 

conventional practice, while the combination of nursery management and field application of 

T. harzianum increased yield by an extra 4-7 t ha-1 (Table 1). In Year 1, a comparable yield to 

nursery management alone was obtained when only the field was treated with T. harzianum. 

Farmers’ were not interested in repeating this treatment in Year 2 as treating the nursery reduced 

seedling losses and led to better quality seedlings making their work more effective (Nahar et 

al., 2018). Moreover the costs of the T. harzianum application to the nursery is much smaller 

than field application. The treatment was thus not tested given the joint definition of treatments 

to be tested in this participatory set-up. 
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Nursery practices, field practices and their combination costed €50 (44-58), €177 and € 228 

(221-235) ha-1 respectively, all substantially lower than costs of current farmers’ practice (€587) 

(Table 2). The advice to farmers can be to start by treating the seed and nursery soil both as 

costs are lowest and it provides farmers with more certainty on producing good and sufficient 

transplants (Nahar et al., 2018). This is in line with farmers’ reasoning as shown by the refusal 

to test a field only application in Year 2. After treating seed and nursery soil whether the field 

soil should be treated or not may depend on the capacity of farmers to invest in the additional 

labour and input. The cash costs of €178 ha-1 led to €500 (Year 1) to €900 (Year 2) extra income 

(Table 2). In years with a low price this may be as low as €200 to €400 (Table 2). In conclusion, 

as price of eggplant fluctuates between years, the recommendation to also treat the field soil 

should be introduced with some care. In a low eggplant price year, farmers’ practice provided 

little or even negative income when all material input expenses were included. When labour 

was considered at formal price the losses were more substantial. Farmers currently provide all 

necessary labour themselves, meaning they may not consider labour costs. Yet their labour 

income in Euro per day would be low and well below the current formal price. With the 

proposed practices their labour will become more remunerative especially in average price 

years. 

The large yield and income differences between two years were also because farmers offered 

poor quality land and transplanted late in Year 1, whereas in Year 2 they tested all treatments 

in their own nurseries and main eggplant field. 

4.3. T. harzianum persisted in field soil and reduced target pathogen R. solanacearum and P. 

vexans 

We observed T. harzianum in the field soil samples from improved management plots at the 

end of the season, 175 days after transplanting while populations of R. solanacearum and P. 

vexans in those samples were reduced (Table 5), fully in line with the lower disease incidence 

in the crop. Presence of T. harzianum in soil that was not amended with T. harzianum but to 

which seedlings from T. harzianum enriched nursery soil had been transplanted suggests the 

fungus is carried-over from nursery to main field (Hadar et al.,1984) via roots or the adhering 

rhizosphere soil. This corresponds to reports that it can establish on plant roots (Harman et al., 

2004; Shoresh and Harman, 2008; Hermosa et al., 2012; Brotman et al., 2013). T. harzianum 

showed good adaptability in tested environmental conditions given the concentration of 2.0×104 

CFU g-1 observed in the field soil) at the end of the season. Indeed, the pH of 6.5 in the 

experimental fields fit requirements for growth and survival T. harzianum (Burpee, 1990), 
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while also the formulation with peat soil and black gram bran likely supplied an adequate starter 

food base for its growth and proliferation. Persistence of Trichoderma spp. after single 

inoculation has been documented earlier in other crops (Longa et al., 2009; Larkin, 2016; 

Oskiera et al., 2017).  

There is debate whether biocontrol agents may negatively affect non-target organisms, 

especially if non-native organisms are introduced (Brimner and Boland, 2003). The check on 

other soil mycoflora, particularly Aspergillus sp. and Penicillium sp. (Table 4) showed T. 

harzianum application indeed changed one but not both organisms. In the same line, native 

Trichoderma spp. were no longer observed when T. harzianum was observed. This differs from 

a number of other studies that observed no negative effect of Trichoderma on non-target soil 

microbiome (Harman, 2000; Whipps and Lumsden, 2001; Bankhead et al., 2004; Kiss, 2004). 

It may thus still warrant further study to understand the extent and consequences of the use of 

T. harzianum especially in the longer term. Yet, the application is preferred over the use of 

biocides. 

4.4. Improved management effects of one season can carry-over to a next season 

The lower populations of R. solanacearum and P. vexans in improved management field  may 

in fact imply that a next crop will start with a lower level of disease pressure. Similarly, lower 

population of both pathogens in seeds preserved from improved fields indicates reduced plant-

to-seed transmission of pathogens and thus making seedlings pathogen free. Presence of T. 

harzianum in improved seeds indicates its transmission from plant to seed which will be helpful 

for disease reduction in next year crops. 

4.5. Towards developing and implementing an IPM package for farmers 

To develop a sustainable disease management package for farmers, we first confirmed the 

prevalence of bacterial wilt and Phomopsis fruit rot in farmers’ fields by identifying the two 

major pathogens R. solanacearum and P. vexans by in-vitro testing of diseased plants and fruits 

collected from farmers’ fields. As there was no proper documentation of wilt severity, we also 

surveyed farmers’ fields for three years. Plant loss to bacterial wilt started just a few days after 

transplanting and continued throughout the season (Table 3). The very early plant loss provided 

a clue that farmers seedlings were most likely not healthy which was further confirmed by in-

vitro testing of the seedlings. Thus improved nursery management should be a prime focus for 

farmers. 
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To decide a proper management, determining the infection source of R. solanacearum and 

P. vexans was required. Although R. solanacearum is considered generally as soil-borne and P. 

vexans as seed-borne (Vishunavat and Kumar, 1994; Pan and Acharya, 1995), in the present 

study, both pathogens were detected from farmers’ seed and soil. Once P. vexans is present in 

eggplant stands, the soil may get contaminated through rotten fruits and crop debris where it 

can survive for at least up to a year (Panwar et al., 1970; Sharma and Razdan, 2012). Given 

presence in both soil and seeds we combined a seed treatment either with hot water or 

Carbendazim and a soil treatment with T. harzianum. For farmers this firstly aimed at avoiding 

damping-off losses and improving seedling vigour (Nahar et al., 2018). In a further screenhouse 

test seedlings were found comparatively healthy and substantially less infected after the 

improved practices than with farmers’ control (15-22% vs 60%). Therefore it is plausible that 

there was less carry-over of pathogens from nursery to field compared to farmers’ practice. This 

result corresponds to the reduced wilt infection with improved practice compared to farmers’ 

practice within a month of transplanting (Fig. 1).  

Considering the observed disease reduction and economic feasibility farmers could 

relatively simply improve their business by stopping the use of the ineffective pesticide 

spraying and treating their seed with hot water and nursery soil with T. harzianum. Repeated 

application of ineffective pesticides is a waste of money, will lead to the development of 

pathogen resistance against fungicide and creates health and environmental hazards (Pingali, 

1995; Gerhardson, 2002). Trichoderma spp. has earlier been documented to control a wide 

range of soil pathogens including bacteria and was reported as safe for the environment and 

farmers health (Harman, 2000; Whipps and Lumsden, 2001). Hot water treatment is well-

known for controlling a wide range of fungal pathogens (reviewed in Mancini and Romanazzi, 

2013), and R. solanacearum (reviewed in Yuliar et al., 2015), our data also indicate it does 

reduce R. solanacearum infection of eggplant.  

At present T. harzianum is not readily available at village level. Farmers would have to 

obtain Trichoderma from a research station of the national research system or request an 

agricultural extension staff to collect it for them. There is thus a need to create a business model 

for local agro-dealers or entrepreneurial farmers. The technology cannot be patented so local 

businesses will be needed. In the meantime, depending on the availability of Trichoderma, 

farmers need to take management decisions. If Trichoderma is scarce, farmers can best only 

treat the nursery because only 8 g m-2 is needed. If farmers could not treat the nursery due to 
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untimely available Trichoderma because of transport problems at the end of the rainy season 

when nurseries are planted, it is still worthwhile to treat the field. 

As farmers keep their seed over years to raise seedlings, one of the crucial findings from this 

study is that improved management also reduced both R. solanacearum and P. vexans seed 

infestation. Farmers using the improved practices are thus likely to also end up with improved 

seed, seedlings and consequently better disease reduction in their fields in the next year. 

5. Conclusion 

Sustainability of integrated pest management (IPM) greatly depends on involvement of farmers 

in the research process and generating solutions integrating ecologically sound and readily 

available components suitable in their farming systems (Röling and Pretty, 1997; Hagmann et 

al.,1999; Khoury and Makkouk, 2010). The use of hot water to treat seeds and T. harzianum as 

soil treatment would fit these criteria if the technology, which is low cost, is made available in 

Bangladesh. We here showed the large and positive effects on eggplant yield and income in 

addition to the earlier published positive results on the success in the nursery phase (Nahar et 

al., 2018). These practices provided feasible low cost disease control compared to farmers’ 

practice and can improve sustainability of eggplant production in the country and probably 

beyond. Both bacterial wilt and fruit rot were greatly reduced. T. harzianum sustained in the 

field till the end of eggplant growing season and reduced the population of both R. solanacerum 

and P. vexans in the soil and on produced seed. To the best of our knowledge, the present study 

is the first participatory research to develop an integrated package targeting both bacterial wilt 

and Phomopsis fruit rot during the field phase and damping-off during the nursery phase by 

combining nursery and field management in farmers’ conditions with farmers. To go from this 

proof of principle to actual adoption at large scale the following research is still needed: i) 

Techniques and their feasibility for the local production of T. harzianum as soil amendment and 

local hot water seed treatment as a service to farmers or by farmers individually; ii) Monitor 

the ability of farmers to sustainably adopt and adapt the improved management practices once 

the research is over; iii) Systematic evaluation of the influence of T. harzianum on the microbial 

community in nurseries and fields with adopting farmers to assess long-term main and side 

effects.  
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Appendix: 

 

Figure A1: Detection and identification of Ralstonia solanacearum from (A) farmers’ seed: Lane 1-7: 
Seed obtained from seven participating farmers prior to the Year 1 study, Lane 8-11: Seed from four 
additional farmers. (B) farmers’ soil: Lanes 1-7: Soil collected from seven participating farmers’ field 
prior to the Year 1 study, Lanes 8-10: Field soil from three additional farmers; Lanes 11-12: Home 
garden soil, typically where nurseries are found. (C) Seedlings raised from farmers’ seed in farmers’ 
soil: Lanes 1-8: Seedlings from seed obtained from seven participating farmers prior to the Year 1 study 
and one additional farmer from the same village. Lane M in all panels: Molecular marker. Molecular 
marker 1 kbp and primer (OLI-1, Y2) 288 bp. 

Molecular identification of R. solanacearum from farmers’ soil, seed and seedlings 

Bacterial isolates of seed (samples 1-7), soil (samples 1-7) and seedlings (samples 1-8) were 

re-cultured in TTC plates from virulent colonies of tests reported in section 2.4.3. Isolates of 

seed sample 8-11 and soil sample 8-12 were also obtained by plating them onto TTC media. 

Bacterial isolates were then inoculated on Kelman’s TZC agar slants, labelled and kept in the 

refrigerator for molecular identification. To extract the DNA, R. solanacearum colonies from 

the preserved agar slants was again streaked onto TTC medium and incubated for 24 hours at 

28 °C. Then a loop of bacterial culture from aforesaid media was transferred to 5 ml CPG broth 

A
. 

B C 
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and shaken for 18 hours at 28 °C by electric shaker. DNA was extracted from this liquid 

bacterial culture using Wizard® Genomic DNA Purification Kit (Promega, Madison, WI, USA) 

following manufacturer’s protocol for gram negative bacteria. DNA concentration was 

measured by NanoDrop 2000 spectrophotometer (Thermo Scientific, USA). Before analyses, 

DNA concentrations were adjusted to 100ng/μl. R. solanacearum was detected by using 0.4 

µM each of a specific primer OLI-1(5’-GGGGGTAGCTTGCTACCTGCC-3’) and non-

specific primer Y2 (5’- CCCACTGCTGCCTCCCTAGGAGT-3’) (Ramesh et al., 2011). PCR 

was performed in a total 25 μl of reaction mixture using 12.5 μl of GoTaqR G2Green Master 

Mix (400 µM dNTPs, 1X PCR reaction buffer pH 8.5, 3 mM MgCl2, 0.5 U Taq DNA 

polymerase) [Promega, Madison, WI, USA], 1 μl of each of the primer, 9.5 μl of nuclease free 

water and 100 ng (1 μl) of genomic DNA on a T100 thermal cycler (Bio-Rad, Hercules, CA, 

USA). Amplification was carried out with an initial denaturation at 96 °C for 2 min, followed 

by 35 cycles of 20 s denaturation at 94 °C, annealing for 20 s 68 °C, extension for 30s at 72 °C, 

and a final extension for 10 min at 72 °C. The amplified products were separated by gel 

electrophoresis using 1.25% agarose in 1X TBE buffer (Tris base, boric acid and 0.5 M EDTA 

[pH 8.0]) containing ethidium bromide (0.5 µg/ml) and visualize under UV trans illuminator of 

Alpha Imager HP System (ProteinSimple, San Jose, CA, USA).  
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Abstract  

Eggplant shoot and fruit borer (ESFB), Leucinodes orbonalis, is a major pest in eggplant production in 

South and South-East Asia. Farmers frequently spray insecticides to control it. Integrated pest 

management (IPM) based on mass trapping or pheromone trapping and sanitation (removal of infested 

shoots and fruits) has been suggested but poorly adopted. This study tested, together with farmers, 

combinations of IPM components that fit their farming practices, increase income, and preserve natural 

enemy populations. A 2-year participatory study was negotiated with these farmers, comparing (i) an 

untreated control, (ii) farmers’ conventional weekly spraying, with pheromone trapping either (iii) alone, 

or combined with (iv) trap-based biorational spraying, or (v) bi-weekly conventional insecticide 

spraying. Farmers rejected testing sanitation as too labor-intensive. In both years, pheromone trapping 

alone or combined with biorational spraying reduced fruit infestation, increased yield and income, and 

preserved natural enemies, showing technical efficacy at costs comparable with farmers’ practice. 

Replacing biorational spraying by conventional insecticides did not provide any control beyond 

pheromone trapping alone but reduced natural enemies. In contrast, farmers’ practice neither reduced 

infestation nor increased yield but reduced populations of natural enemies. Aphid and jassid populations 

were reduced only by biorational and conventional spraying. As farmers were reluctant to use only 

pheromone trapping, the addition of biorational spraying might be suitable. Discussion with farmers 

allowed us to understand how practical applicability of the tested IPM depends on farmers’ knowledge 

levels on insect biology, farmers’ desire to still use some spraying, and labor constraints to sanitation. 

Although technically and economically viable, the tested IPM may prove difficult to scale out, as 

farmers had difficulty understanding the ESFB lifecycle and the pheromone trapping mechanisms. This 

study is the first to disentangle the technical efficacy of pheromone-trapping-based IPM from its 

practical applicability for the targeted smallholder eggplant growers. 

Keywords: Eggplant shoot and fruit borer, Integrated pest management, Pheromone trap, Biorational, 

Participatory study 
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1. Introduction 

Eggplant (Solanum melongena L.) is economically one of the most important vegetable crops 

in many Asian countries, including Bangladesh. Farmers, especially small landholders, 

cultivate eggplant because of its prolonged fruiting period, generating cash income at least once 

per week for 4–6 months. However, income and production of this vegetable are severely 

constrained by the caterpillars of a moth, the eggplant shoot and fruit borer (ESFB), Leucinodes 

orbonalis Guenée (Lepidoptera: Pyralidae) (Alam et al. 2006; Srinivasan 2008). Yield losses 

of 30 to 90% have been reported (Srinivasan 2008). During the early vegetative stage, 

caterpillars penetrate shoot apices, causing these to drop off, thus impeding plant growth. 

During the fruiting stage, caterpillars mostly infest fruits. Caterpillars tunnel inside the fruit and 

fill it with excreta, the latter enhancing secondary infection, making the fruit usually unfit for 

sale and consumption (Srinivasan 2008).  

The vast majority of farmers in Bangladesh rely exclusively on chemical insecticides to 

combat ESFB (Fig. 1a). Farmers spray a variety of broad-spectrum insecticides once per week 

to daily in the 6-month growing season (Mohiuddin et al. 2009) investing 30–50% of input 

costs in insect control (Alam et al. 2006). Frequent use of insecticides threatens farmers’ and 

consumers’ health and pollutes the environment (Pimentel 1995; Miah et al. 2014). Indeed, 

insecticide residues above the maximum residue limits have been detected in eggplants 

(Chowdhury et al. 2013). Overuse of insecticides also leads to the development of insecticide 

resistance and kills non-target insects, including natural enemies (Ruberson et al. 1998), 

resulting in reduced natural pest control. Therefore, eggplant growers need environmentally 

benign and cost-effective alternatives to broad-spectrum insectic  

One alternative is to use sex pheromone-based mass trapping. Pheromones are species 

specific, active in small amounts, nontoxic to vertebrates, beneficial insects, and the 

environment, and leave no residues on the produce (El-Sayed et al. 2006; Witzgall et al. 2010). 

Moreover, the small chance of developing pheromone resistance makes it a long-term option 

for pest control (Witzgall et al. 2010). Pheromone-based practice has been reported to provide 

efficient management of various Lepidopteran pest species (El-Sayed et al. 2006; Witzgall et 

al. 2010). Insecticidal control of Lepidopteran borers is difficult, as caterpillars live inside 

plants, whereas pheromones target the adults, which live outside plants. Moreover, pheromone 

trapping could support the timing of targeted additional spraying, limiting insecticide use (Cruz 

et al. 2012). ESFB female sex pheromones have already been identified and synthetically 

produced (Zhu et al. 1987), and the efficacy of blends of two major components, (E)-11-
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hexadecenyl acetate (E11–16:Ac) and (E)-11-hexadecen-1-ol (E11–16:OH), has been tested to 

suppress the male moth population (Cork et al. 2001).  

 

        
 
Fig. 1. (a) Farmers usually spray insecticides to control the caterpillars of a moth infesting eggplant 
shoots and fruits; (b) An alternative practice of mass trapping with pheromone lures is available, in our 
experiments traps of several adjacent fields formed a network; (c) Field discussions with farmers 
revealed that they have a poor knowledge of the moth’s lifecycle. This restrains their acceptance to limit 
pest control to traps only, and explains why they are asking also for some spraying.  
 

Another alternative to broad spectrum insecticides is to use so-called biorational insecticides 

because these have limited or no effect on non-target organisms including natural enemies, 

birds, and mammals and are therefore considered environmentally friendly (Sarfraz et al. 2005; 

Rosell et al. 2008). Spinosad, originating from the soil bacterium Saccharopolyspora spinose, 

is considered an ideal candidate for incorporation in integrated pest management (IPM) because 

of its selective toxicity and favorable environmental profile (Bret et al. 1997; Sarfraz et al. 2005; 

Biondi et al. 2012). Spinosad is primarily a stomach poison with some contact, systemic, and 

transcellular activity and is active especially against a range of Lepidopteran insects and some 

Diptera, Coleoptera, and Thysanoptera (Bret et al. 1997; Williams et al. 2003). Spinosad is 

effective against various borers including ESFB (Kalawate and Dethe 2012). However, 

integration in trap catch-based applications has to our knowledge not yet been attempted in 

eggplant. 

a. b.

c.
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The Asian Vegetable Research and Development Centre (AVRDC) developed and promoted 

an IPM strategy for ESFB control for South Asia, including Bangladesh, in 2000–2006 (Alam 

et al. 2006; Srinivasan 2008). This package was based on sanitation through regular removal of 

infested shoots and fruits, refraining from insecticides, and installing pheromone traps. A 

national IPM policy was launched in Bangladesh in 2002, and extension staff were trained to 

train farmers through IPM farmers’ field schools. Despite these efforts, farmers continue to use 

pesticides and IPM adoption remains low, a phenomenon often observed, particularly in 

developing countries (Morse and Buhler 1997; Peshin 2013; Parsa et al. 2014). According to 

Parsa et al. (2014), globally, institutional problems, weak adoption incentives, and outreach 

problems are important factors limiting adoption. In South and South-East Asia, it is mainly 

weaknesses in IPM and in IPM research and outreach that limit adoption. IPM is labor-

intensive, and IPM research does not focus on farmers’ needs and lacks participatory 

approaches (Parsa et al. 2014). Furthermore, IPM research is often focused on technical 

efficacy, overlooking practical implementation efficacy for target farmers. Moreover, low 

profitability and high risk or uncertainty are often considered obstacles to IPM adoption (Morse 

and Buhler 1997; Peshin 2013). A further likely factor for poor adoption is that the major focus 

in an IPM strategy is on a single major pest rather than on all pests that farmers would like to 

control (Horne et al. 2008). For example, in Bangladesh, a major production constraint or risk 

alongside ESFB is bacterial wilt, which can lead to 20–70% plant loss (Nahar et al. 2019). 

Therefore, it is important to analyze IPM profitability for ESFB across a range of bacterial wilt 

levels. Finally, farmers’ knowledge level should be considered as a potential constraint to 

adoption (Litsinger et al. 2009; Peshin 2013; Wyckhuys et al. 2019).  

In the present study, we designed experiments together with farmers using available IPM 

components (pheromone trap, sanitation, biorational insecticide) and compared these improved 

management options with farmers’ conventional practices and no control as reference 

treatments. This allowed us to assess the technical performance of tested packages for ESFB 

management, including effects on other pests and natural enemies, and to separately analyze 

economic viability and practical applicability, taking implementation aspects as possible 

underlying reasons and rationales for farmers to reject, adopt, or adapt them.  
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2. Materials and methods 

2.1. Study site and farmer selection for the participatory study 

A participatory study on IPM of ESFB was carried out by the first author in Pirijpur village 

(25°02′13″N-89°50′08″E), Jamalpur district, the major eggplant growing area of Bangladesh, 

located in the so-called Old Brahmaputra floodplain. Farmers cultivate eggplants during the 

cool dry season (Rabi season: September–March). The steps taken to select the study village 

and participating farmers were as follows: i) focus group discussion with farmers from different 

upazillas (administrative areas), agricultural officers, scientists from the regional agricultural 

research station, and NGO representatives, introducing the study and seeking advice on villages 

worth investigating and ii) transect walks with local extension agents through five villages from 

two upazillas to assess eggplant cultivation constraints and farmers’ interest in research. On the 

basis of acreage of eggplant cultivation, farmers’ interest in getting involved, and accessibility 

(transport), three villages were shortlisted. After a visit by the first and the last author, Pirijpur 

was finally selected. In a first formal meeting, the extension agent then formally introduced the 

first author, who explained the objective of the study and invited farmers to participate in it.  

In subsequent village meetings, farmers were selected based on their enthusiasm to join the 

study, and treatments to be included in the study were negotiated. Besides the initial meeting, 

monthly meetings were held with participating farmers to understand their view on the research 

(Fig. 1c). At the end of the experimentation, results were discussed with these farmers. There 

were also frequent interactions with participating and other curious neighboring farmers during 

the field work. These discussions were used to assess the practical implementation aspects from 

farmers’ perspectives and possible constraints. 

2.2. Treatment negotiation and experimental design 

The choice of treatments was based on a combination of what the literature indicated as 

promising as suggested by the first author and what farmers considered as feasible and worth 

testing. Treatments were negotiated again for year 2 based on year 1 outcomes and insights 

gained.  

2.2.1. Year 1 (2015–2016) 

Eight farmers participated in the year 1 study. Testing of pheromone trapping (mass trapping 

through a female sex pheromone lure) either alone or with sanitation (removal of infested shoots 

and fruits at weekly intervals) was proposed as potential improvements on current farmer 

management. Six farmers instantly rejected sanitation as too laborious and complex; two 
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farmers started but after 1 week dropped it for the aforesaid reasons. Farmers were reluctant to 

implement pheromone trapping alone, as they considered it risky. Farmers proposed combining 

trapping with insecticide spraying. Trap-based biorational spraying was then proposed, and 

advantages of pheromone trapping and biorational were discussed in terms of reduced impact 

on natural enemies, farmers’ health, and the environment. Farmers insisted on also testing 

conventional spraying while trapping. Consequently, the following treatments were tested by 

each farmer on his/her fields: (i) pheromone trapping alone, (ii) pheromone trapping combined 

with trap-based biorational spraying, (iii) pheromone trapping combined with bi-weekly 

conventional insecticide spraying, (iv) farmers’ conventional weekly spraying, and (v) 

untreated control (for details see below).  

Replicates were allocated over the landscape depending on the farmers’ land availability. To 

minimize interference among treated plots and with surrounding fields not included in this 

study, two rules were applied in allocating treatments to the plots: (1) all participating farmers 

contributed one plot for each of the five treatments and (2) treatments with and without traps 

were applied in different fields belonging to the same farmer and as far from one another as 

possible, at a minimum distance of 100 m. Per farmer, treatments with traps were located as 

close to one another as possible, preferably in one field divided into 2–3 treatment plots. In the 

final layout, fields with pheromone traps formed two clusters, each containing plots of four 

different farmers, at a distance of 330 m. Thus, the field with pheromone traps formed two 

networks of nearby plots. Sizes of the pheromone-trap treated plots varied from 400 to 600 m2; 

farmers’ practice plots varied from 256 to 600 m2. Untreated control plots were set at 16 × 16 

m to minimize loss of harvest for the farmers. It was agreed that any harvest losses would be 

compensated.  

Soon after transplanting, a single pheromone trap (a plastic container with two opposite 

triangular openings where a layer of water could be kept in the bottom (Ispahani Biotech, 

Bangladesh) (Fig. 1b)) was installed in four farmers’ fields to monitor moth appearance, 

observed around 30 days after transplanting (DAT). The number of traps then installed varied 

according to the size of the trap-treated area, with a minimum of four traps per treatment 

installed in a 10 × 10 m grid, 5 m from all borders. The traps were mounted on bamboo poles 

and suspended 10 cm above the plant canopy. A 4.5-cm layer of water mixed with detergent 

powder (0.25% w/v) was maintained in the trap. The lure made up of a polyethylene vial 

impregnated with 0.1 ml of a hexane solution containing 3 mg of (97% w/w) (E)-11-

Hexadecenyl acetate (E11–16:Ac) and (E)-11-hexadecen-1-ol (E11–16:OH) was hung from the 
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plastic lid of the trap by a metal wire, so the lure remained in the middle between the triangular 

openings of the trap (Fig. 1b). Traps were installed jointly with farmers keeping the triangular 

openings north and south facing to minimize water evaporation. Lures were replaced every 4 

weeks, and farmers changed the water weekly, supervised by the researcher who simultaneously 

collected moths for counting. 

The biorational insecticide Tracer 45 SC (Spinosad) was sprayed at a concentration of 0.4 

mL/L of water (200 mL/ha) between 8.00 and 11.00 h using a knapsack sprayer. The spray date 

was guided by the researcher based on trap counts and ESFB lifecycle information. Given the 

reported lifecycle of the moth (Srinivasan 2008), a first peak of adult moths was expected 1 

month after the moth’s first appearance in the study area. Trap catches showed substantial 

increase in the population indeed around 1 month from first catches, and spraying was carried 

out within a week of the observed increase, taking into account the time needed for egg laying 

and hatching of 1st instar caterpillars. Subsequent sprays were planned at around 1-month 

intervals from the first spray. Trap catches were still monitored to assess the next peak in 

population density, and it was decided that spraying should be carried out when at least on 

average 4 moths/trap/week were observed. Thus, first spraying occurred at 64 DAT (4 

moths/trap/week) and subsequent spraying at 94 DAT (4 moths/trap/week), 130 DAT (10 

moths/trap/week), and 159 DAT (15 moths/trap/week), respectively. Although the rationale for 

timing spraying based on trap catches was discussed with the farmers, it was difficult for 

farmers to understand. Therefore, in negotiations about the timing of conventional insecticide 

spraying in combination with trapping, it was decided to apply the first spraying together with 

the first trap-based biorational spraying at 1 month after the first moths were observed and 

thereafter at roughly 15-day intervals. Farmers thus sprayed conventionally at 64, 79, 94, 111, 

130, 146, and 159 DAT. All fields showed a similar pattern of population dynamics, as the 

fields were close to one another. Therefore, spraying was carried out on the same day for all 

replicates. In farmer-managed plots, the insecticides chlorpyrifos (48 EC), cypermethrin (10 

EC), and malathion (57 EC), alone or in cocktails, were applied weekly at a concentration of 

each 1.5 mL/L of water (760 mL/ha) from 20 DAT to the end of the season. The actual dates 

on which farmers sprayed were recorded. 

2.2.2. Year 2 (2016–2017) 

Nine farmers participated in year 2, seven from the year 1 study and two new farmers. On the 

basis of the year 1 study, farmers suggested dropping the combination of trapping with 

conventional spraying as this treatment did not increase yield but killed natural enemies. Fields 



Technical efficacy and practicability of mass trapping 

93 
 

with pheromone trapping formed three clusters at a distance of 115–130 m. Except for this 

change, the research protocol of year 2 was as in year 1. Based on the same rationale as for year 

1, biorational spraying was carried out at 71, 107, 138, and 163 DAT. Farmers sprayed 

conventionally weekly, as in year 1. Pheromone treatment plots varied from 400 to 600 m2; 

farmers’ practice plots varied from 256 to 760 m2. Untreated control plots were set at 16 × 16 

m to minimize loss of harvest for the farmers. 

2.3. Observations and analyses 

Observations were made in the center of treatment plots at a minimum 5 m distance from all 

borders in a 5 × 5 m plot within each treatment plot in year 1 and in a 4 × 4 m plot in year 2. 

Henceforth, these plots are referred to as observation plots to distinguish them from the (larger) 

treatment plots. The initial number of plants was recorded in each observation plot; plant loss 

due to bacterial wilt was also recorded, and lost plants were compensated by including plants 

from rows directly adjacent to the observation plot, thereby gradually increasing the area of the 

observation plot but keeping a distance from all borders of at least 4 m. From this area, a 

theoretical total yield and a marketable yield were calculated as if there had been no plant lost 

to bacterial wilt. Data on plant loss to bacterial wilt were analyzed, and no difference between 

treatments was found (data not shown). Individual plots differed in level of bacterial wilt 

though, and, to analyze the pure ESFB effect, a total yield and a marketable yield at the observed 

average plant loss to bacterial wilt across replicates (27% in year 1 and 29% in year 2) are 

reported. 

2.3.1. Shoot infestation 

Observation plots were monitored weekly to assess initiation of shoot infestation. Shoot 

infestation data were recorded at 10-day intervals from onset (39 DAT) until it stopped (113 

DAT). Thirty randomly picked plants from an average of 55 plants were monitored, ensuring 

that plants from each row of the observation plot were represented, to count the number of 

infested shoots. Shoots that were wilted, had holes, or had frass attached were considered 

infested. A further five random plants per replicate were taken to count the total number of 

shoots per plant. This was extrapolated to the number of shoots in the sample of 30 plants. 

Ultimately, the percentage infestation was calculated from the total and the infested number of 

shoots of 30 plants.  
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2.3.2. Fruit infestation and yield 

Eggplants were harvested weekly from observation plots. Healthy and infested eggplants were 

weighed using a digital scale. Any fruits with holes, frass attached, or a secondary infection 

(sign of rotting) were considered infested. The percentage of infested fruits was calculated per 

observation day and plot, and these data were combined in the cumulative infestation.  

2.3.3. Production costs 

Farmers’ crop protection activity, the tested potential improved management activities, and 

material and labor input were recorded. Costs of inputs and sales prices of fruits were also 

recorded. Sales prices of fruits were used to assess normal average income per kilogram fruit 

and income per kilogram fruit under low price conditions. Costs of production were considered 

to include the total costs of all material inputs and hired labor (fertilizers, crop protection 

products, irrigation, hire of equipment, and labor for tillage) and the labor for crop protection. 

Labor for crop protection was accounted for separately as this varies with treatments. The own 

labor for standard practices not related to crop protection such as transplanting, weeding and 

harvesting was not included in total production costs. Income from all treatments was calculated 

separately for normal or low sale prices as: 

net incomei,y (€ ha-1) = marketable yieldi,y (t ha-1) × price (€ t-1) – costi (€ ha-1)  (1) 

where subscripts i and y refer to treatment and year, respectively. To assess risks for the 

different treatments relating to observed variability in bacterial wilt losses between years and 

fields, the breakeven points for investment in different ESFB control strategies and ranges of 

bacterial wilt were calculated in two steps. Based on a theoretical yield if no plants had been 

lost to bacterial wilt and a fraction of plants that were lost to bacterial wilt, the net income at 

any fraction of wilted plants (net income with wilt) is defined by the following: 

net income with wilti,y (€ ha-1) = theoretical yieldi,y (t ha-1) × (1-fraction wilted plants) × price 

(€ t-1) – costi (€ ha-1)  (2) 

where subscripts i and y have the same meaning as above. The net income with wilt at 

breakeven point is defined as zero, hence at breakeven point: 

theoretical yieldi,y (t ha-1) × (1-fraction wilted plants) × price (€ t-1) = costi (€ ha-1) (3) 

The percentage of wilted plants at breakeven point for each treatment i in year y can then be 

calculated as:  

% wilted plantsi,y = 100 × {1 - [costi,y (€ ha-1)] / [theoretical yieldi,y (t ha-1) × price (€ t-1)]}

 (4) 
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2.3.4. Moth counts 

Every week, the numbers of male moths caught per trap per plot were counted. When trapped 

moths were few, all moths were handpicked by forceps, counted, and discarded. When there 

were many moths, the water from the trap was poured on muslin cloths, and moths were 

counted. Traps that were less than 3 m distance from sprayed plots were eliminated from 

analysis.  

2.3.5. Counts of natural enemies and sucking insect pests 

Per treatment plot, one yellow sticky trap (25 × 10 cm, Horiver, Koppert, Netherlands) was 

suspended from a bamboo stick 15 cm above the plant canopy. Sticky traps were changed 

weekly. Removed sticky traps were carefully wrapped in a transparent, thin polythene sheet 

and brought to the laboratory for identification to genus level and counting of natural enemies 

and sucking insects. The number of a selection of natural enemies (ladybird beetle, 

Trichogramma spp., Bracon spp.) and sucking insects (aphids and jassids) was counted under 

a magnifying glass and a stereo microscope from 4 of 8 squares on each sticky trap.  

2.3.6. Statistical analyses 

Data were tested for normality and homogeneity of variances using Shapiro-Wilk’s and 

Levene’s tests. Only the percentage of fruit infestation and the yield data met these assumptions. 

These were analyzed using a standard analysis of variance with post-hoc mean separation 

according to Tukey, using Genstat version 18.0. For all insect counts and percentage shoot 

infestation, distributions were found non-normal, and therefore models using Poisson, zero-

inflated Poisson, and negative-binomial distributions were compared. Given Akaike's 

information criterion, data on the percentage of shoot infestation and ladybird beetle were found 

to be best analyzed using a Poisson distribution, whereas Trichogramma spp., Bracon spp., 

aphids, jassids, and male moths were best analyzed using a negative binomial distribution. 

These analyses were conducted in R version 64 3.6.1 using the packages: “glmmTMB”, 

“ggplot2”, “Rmisc”, “MASS”, “lsmeans”, and “lmtest”. 

3. Results and discussion 

The present study aimed to test a number of improved practices for the integrated management 

of eggplant shoot and fruit borer (L. orbonalis; ESFB), together with smallholder eggplant 

farmers, to separately analyze the technical efficacy, economic viability, and practical 

applicability of these practices and assess the chance of adoption. In brief, pheromone trapping 
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alone reduced shoot and fruit infestation and increased marketable yield and income compared 

to current farmers’ practice (Fig. 2a, b, c, and d; Table 1). Combining pheromone trapping with 

trap-catch-based spraying of the biorational Spinosad provided further reduction of shoot and 

fruit infestation, and increased farmers’ marketable yield and income. Farmers’ practice neither 

reduced infestation nor increased yield. However, compared to the untreated control, it 

drastically reduced natural enemies: predatory ladybird beetles (Coccinella septempunctata, 

Harmonia axyridis, Menochilus sexmaculatus) and parasitoids (Trichogramma spp. and Bracon 

spp.). In contrast, pheromone trapping alone or with biorational insecticides did not affect 

natural enemies compared with the untreated control. Limited use of biorational insecticides 

reduced jassids (Amrasca biguttula biguttula) and aphids (Aphis gossypii) comparably to the 

more frequent conventional insecticide application under farmers’ practice, whereas these pest 

populations were comparable and higher with pheromone trapping alone and in the untreated 

control. In terms of economic feasibility, pheromone trapping alone required less labor and cash 

input than farmers’ practice. Adding biorational insecticide slightly increased costs compared 

with farmers’ practice but increased income more. While experimenting, farmers rejected two 

IPM components: (i) removal of infested shoots and fruits at regular intervals, because it was 

too labor-demanding and (ii) combining conventional insecticides with trapping because in this 

case, they argued insecticide did not reduce ESFB while costing money and reducing natural 

enemies. During joint experimentation, discussing with farmers formally and interacting with 

them in the fields, we found that farmers had difficulty understanding the ESFB lifecycle and 

the pheromone trapping mechanism.  

Below, an elaboration follows along the same lines: (i) technical efficacy, (ii) economic 

viability, and (iii) practical applicability of the tested improved IPM. 

3.1. Technical efficacy of the tested IPM 

3.1.1. Shoot and fruit infestation 

 Shoot infestation started around 40 DAT (days after transplanting) and continued up to 100–

115 DAT (Fig. 2). From the onset of fruiting (60 DAT), caterpillars switched to fruit infestation, 

and this increased up to final harvest (185 DAT).  

In both years, the two-way interaction between pest management and observation dates on 

percentage shoot infestation was significant (p <0.001), as differences between treatments were 

limited, when overall infestation levels were low before 60 DAT and after 80 DAT (year 1) to 

100 DAT (year 2) (Fig. 2a, b). When shoot infestation levels were higher, the effect of pest 

management treatments became significant. Pheromone traps kept shoot infestations below 3 
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(year 1) to 6% (year 2), roughly half the levels observed under farmers’ practice. The addition 

of conventional spraying to pheromone trapping tested in year 1 did not provide additional 

control; the addition of limited biorational spraying provided a slight but significant additional 

control in both years during peak infestation. Compared with not spraying at all, the farmers’ 

practice of regular spraying did not provide any significant control except in year 2 at 95 DAT 

when a limited control of 5 percentage points lower shoot infestation was observed compared 

with the untreated control (14% versus 19%) (Fig. 2a, b). 

 
 
Fig. 2. Percent shoot (a, b) and fruit (c, d) infestation and number of trapped male moths (e, f) over the 
two experimental seasons, moth counts only where traps were installed. Periods of trapping and farmers’ 
practice spraying and the days of biorational and conventional spraying (latter year 1 only) are indicated 
per year at the top of the figure. At most dates, infestations were higher for the untreated control and 
farmers’ practice plots than for the plots where traps were installed. Trapping alone or with conventional 
spraying (year 1 only) showed comparable infestation, and this was mostly higher than trapping 
accompanied by spraying biorational insecticide. 
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In both years, the interaction between pest management and observation dates on fruit 

infestation was also significant (p<0.001). Improved management provided better protection 

(10-58 percentage point lower fruit infestation) throughout the whole fruiting period (60–185 

DAT) compared with farmers’ conventional spraying (Fig. 2c, d). At the peak fruiting period 

(90–150 DAT), improved practices reduced fruit infestation by 28–44 percentage point 

compared with farmers’ practice. The addition of conventional spraying to pheromone trapping 

did not provide additional control; hence, farmers proposed dropping this treatment in the 

second year. However, adding biorational insecticide spraying to pheromone trapping provided 

an additional reduction in infestation (9–15 percentage point). Compared with the untreated 

control, the weekly spraying under farmers’ practice did not systematically reduce infestation; 

under farmers’ practice, only at two to three random dates was a limited reduction in fruit 

infestation by 2–12 percentage point observed in both years (Fig. 2c, d). 

The notable difference in effect on ESFB infestation between the 18 to 21 times spraying 

under farmers’ practice and the 4 times biorational application (Fig. 2) is most likely caused by 

a combination of factors, including the very short period between hatching and the 1st instar 

larvae entering shoots or fruits (Hanur et al. 2014), which provided a very narrow margin for 

control by the applied contact insecticides. Biorational spraying targeted the peak numbers in 

this life stage. Furthermore, insects might have developed resistance due to repeated insecticide 

use (Alam et al. 2006; Srinivasan 2008; Rahman and Rahman 2009). The trap-catch-based 

spraying of the biorational optimally targeted an expected peak in eggs and 1st instar larvae, as 

the applied Spinosad generally also kills the insect through contact and ingestion, although local 

systemic action through transcellular movement has also been reported (Williams et al. 2003; 

Van Leeuwen et al. 2005; Weintraub and Mujica 2006). Spinosad affected the moth population 

locally, because the number of moths per trap per week was reduced in Spinosad-treated plots 

compared with the adjacent plots with only pheromone traps or with conventional insecticide 

spraying (Fig. 2e, f).  

3.1.2. Populations of ESFB male moths, natural enemies and sucking insects  

For insect counts (ESFB moths, natural enemies, and sucking insects), the interaction between 

pest management treatments and observation dates was significant (p <0.001) in half of the 

cases; when the interaction was not significant, both time and treatment effects were. When 

significant, the interactions were always the consequence of no significant differences when 

few insects of a species were observed; when a species was more abundant, differences were 

always significant. In both years, adding biorational spraying to pheromone trapping 
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significantly reduced the peak numbers of male ESFB moths compared with pheromone 

trapping alone (Fig. 2e, f). The conventional spraying at times also reduced the moth 

populations slightly (Fig. 2e, f), but this did not translate into lower fruit infestations or higher 

yield, as reported above. The dynamics over time in male moth catches are obviously only 

available from pheromone-trapped plots. The population built up from nearly 90 DAT 

(December) and gradually increased up to 170 DAT (March). A first peak in the population 

was end of December at 90 DAT, roughly 1 month after the first appearance had been observed 

and thereafter again at 1-month intervals: 130 DAT (end of January), 150 DAT (end of 

February), and 170 DAT (end of March) for both study years (Fig. 2e, f). This corresponds 

more or less to the reported 1-month lifecycle (Srinivasan 2008). 

 
Fig. 3. Numbers of three major natural enemies: ladybird beetles (a, b), Trichogramma spp. (c, d), and Bracon 
spp. (e, f) over the two experimental seasons. Periods of trapping and farmers’ practice spraying and the days of 
biorational and conventional spraying (latter year 1 only) are indicated per year at the top of the figure. At most 
dates, numbers of natural enemies were lower for the farmers’ practice plots and plots where conventional 
insecticide spraying was combined with pheromone traps than for plots that were not sprayed or where the 
biorational insecticide was sprayed. 
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In both years, on most observation dates, the numbers of the observed predatory ladybird 

beetle complex (Coccinella septempunctata, Harmonia axyridis, Menochilus sexmaculatus) 

and parasitoids (Trichogramma spp. and Bracon spp.) were drastically reduced in farmers’ 

practice plots compared to plots with pheromone trapping alone or combined with biorational 

spraying (Fig. 3). When conventional insecticide was sprayed on pheromone-trapped plots, a 

substantial reduction in all natural enemies was also observed, and numbers of natural enemies 

on these plots were comparable with numbers on farmers’ practice plots. In contrast, the initial 

drop in the number of natural enemies after biorational spraying was always followed by a 

population recovery within 1 to 2 weeks. Numbers of natural enemies in pheromone-only-

trapped plots were comparable with those in untreated control plots. The observed effects are 

in line with a study by Hill et al. (2017) reporting that organophosphates, particularly 

chlorpyrifos, drastically reduced arthropod natural enemy densities in the field. Even one or 

two applications in year 1 in plots combining the conventional insecticide with pheromone 

trapping largely killed the natural enemies and ultimately kept them at low abundance 

throughout the season (Fig. 3). Therefore, farmers’ practice might be deprived of natural insect 

control. The reported natural enemies are not specific to ESFB; therefore, their reduction also 

compromises pest control of adjacent or succeeding crops. In our study, the number of natural 

enemies dropped right after spraying (Fig. 3) but recovered within a week, as observed earlier 

for Trichogramma populations (Scholz and Zalucki 2000). This short-lived effect of Spinosad 

on natural enemies may also be partly related to the trap-catch-based spraying that reduced the 

number of sprays. Our results are also in agreement with Liu et al. (2016), who reported that 

Spinosad did not affect predators and parasitoids of Spodoptera exigua, and studies reporting 

Spinosad to be mostly not harmful to predators, especially Coleopterans (Williams et al. 2003; 

Galvan et al. 2005), although other studies reported that Spinosad reduced the number of 

parasitoids (reviewed in Biondi et al. 2012).  

In both years, the populations of sucking insect complexes – jassids (mainly Amrasca 

biguttula biguttula) and aphids (mainly Aphis gossypii) – remained lowest in plots where 

pheromone traps were combined with limited use of biorational insecticides (Fig. 4). Farmers’ 

practice limited these sucking insect species to levels comparable to those for biorational 

spraying. Numbers observed in untreated control plots and pheromone-only-trapped plots were 

highest and comparable (Fig. 4). Our data do not allow assessment of whether these levels of 

jassids and aphids reduced yield. If sucking insects develop beyond this level, they might have 

higher impact on yield; in that case, farmers may revert to using insecticides in addition to 
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trapping. This reversion to spraying could be a pitfall of IPM. In the present study, adding a 

biorational reduced such a risk, as this cost-effectively reduced ESFB and controlled aphids and 

jassids. 

 
Fig. 4. Numbers of the two major sucking insects, jassids (a, b), and aphids (c, d) trapped by sticky traps 
per week over the two experimental seasons. Periods of trapping and farmers’ spraying practice and the 
days of biorational and conventional spraying (latter year 1 only) are indicated per year at the top of the 
figure. Numbers of major sucking insects were lower on most dates for plots where the biorational 
insecticide was sprayed than for plots that were not sprayed or where only traps were used. Farmers’ 
conventional spraying also reduced their numbers on some dates.  

3.2. Economic viability of the tested IPM 

The highest marketable yield was, in both years, obtained when pheromone trapping was 

accompanied by 4 times trap-based spraying of a biorational insecticide (Table 1). This yield 

was 12–14 t ha-1 higher than farmers’ conventional practice or the no treatment control, which 

were not significantly different. Pheromone trapping alone yielded 8–9 t ha-1 more than farmers’ 

practice. Yields from pheromone trapping alone or combined with conventional insecticide 

spraying were comparable. The difference between the net value of the harvest with improved 

management and that with farmers’ practice demonstrates an obvious advantage of IPM over 

farmers’ current practice (Table 1). Across the 2 years, it appeared that, by practicing improved 

management, farmers could earn €1300–1800 ha-1 more in years when eggplant prices were 
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normal, but still €900–1200 ha-1 more in years with low prices, compared to their current 

practice (Table 1). If farmers installed only pheromone traps they could, depending on eggplant 

prices, earn €1390 ha-1 to €980 ha-1 more than their current practice, at roughly 45% of the cost 

of their conventional practice. In year 1, combining conventional insecticides with pheromone 

trapping reduced income. Therefore, because of proposals from the involved farmers, this 

practice was not repeated in year 2. However, farmers might earn a further additional net €392 

ha-1 in years with normal prices and €176 ha-1 in years with low prices if they combined 

biorational insecticide spraying with pheromone trapping (Table 1) compared to only installing 

pheromone traps, but at substantial extra costs. Interestingly, farmers could gain €420 ha-1 by 

taking no insect protection actions compared to their current practices, simply because costs 

would be reduced. The costs of farmers’ practice over doing nothing were €485 ha-1, pheromone 

trapping costs €200 ha-1 less than farmers’ practice, costs of combining pheromone trapping 

and trap-based limited spraying of biorational insecticide were comparable with farmers’ 

practice; however, the aforesaid improved practices led to €1300–1800 ha-1 more income. The 

investment in pheromone trapping of €280 ha-1 provided a net extra income of between €530 

and €970 ha-1 compared to the untreated control, depending on the eggplant price. For farmers, 

who currently invest €485 ha-1 on insecticides at no profit, this investment should be feasible. 

This provides evidence that farmers’ practice is not based on an assessment of costs and 

benefits. 

Besides insect pests, a major production challenge in the area is bacterial wilt, observed to 

lead to between 20 and 70% plant loss (Nahar et al. 2019). On average, the experimental fields 

suffered 27–29% plant loss to bacterial wilt. There is a risk of investment in ESFB IPM being 

lost due to plant loss through bacterial wilt, a point raised by farmers when negotiating the 

present study; they stated “what if we do not have plants, where will we implement IPM for 

ESFB?” (Table 2). Indeed, farmers are not interested in a single-problem-oriented IPM when 

one problem constrains another economically (Horne et al. 2008; Parsa et al. 2014). We 

therefore used a simple model to assess breakeven points of different IPM options and found 

that pheromone trapping provided a positive income at plant loss to bacterial wilt of up to 59–

62 or 73–75% in years with low or normal eggplant prices, respectively, well above the 

breakeven points of 27–38 to 52–60% for farmers’ practice (Table 1). Therefore, the risk of a 

negative income is much lower when pheromone traps are used either alone or combined with 

biorational insecticides than with current farmers’ practice.  

 



Technical efficacy and practicability of mass trapping 

103 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

T
ab

le
 1

. E
co

no
m

ic
 a

ss
es

sm
en

t o
f d

iff
er

en
t i

nt
eg

ra
te

d 
pe

st
 m

an
ag

em
en

t s
tra

te
gi

es
 a

nd
 fa

rm
er

s’
 p

ra
ct

ic
e a

ga
in

st
 e

gg
pl

an
t s

ho
ot

 a
nd

 fr
ui

t b
or

er
 

(L
eu

ci
no

de
s o

rb
on

al
is

) a
nd

 a
n 

un
tre

at
ed

 c
on

tro
l. 

Pr
ic

es
 in

 lo
ca

l c
ur

re
nc

y 
(T

K
) a

re
 c

on
ve

rte
d 

ba
se

d 
on

 1
 €

 =
 T

K
 8

4.
7,

 th
e a

ve
ra

ge
 c

on
ve

rs
io

n 
ov

er
 

th
e 

ye
ar

s 2
01

5–
20

17
 

 Tr
ea

tm
en

ts
 

Ex
pe

ns
es

 
(€

/h
a)

i 
M

ar
ke

ta
bl

e 
yi

el
d 

(t/
ha

) 

 
Sa

le
s i

nc
om

e 
(€

/h
a)

 

 
N

et
 in

co
m

e 
 

(€
/h

a)
 

A
dd

iti
on

al
 in

co
m

e 
ov

er
 

fa
rm

er
s’

 p
ra

ct
ic

e 
 

(€
/h

a)
 

Pe
rc

en
ta

ge
 

 w
ilt

 a
t 

br
ea

ke
ve

n 
N

or
m

al
ii  

 p
ric

e 
Lo

w
iii

 
pr

ic
e 

N
or

m
al

 
pr

ic
e 

Lo
w

 
pr

ic
e 

N
or

m
al

  
pr

ic
e 

   
Lo

w
 

   
pr

ic
e 

N
or

m
al

 
pr

ic
e 

Lo
w

 
pr

ic
e 

Y
ea

r 
1 

 
 

 
 

 
 

 
 

 
 

Ph
er

om
on

e+
bi

or
at

io
na

l 
15

57
 

 3
3.

2 
aiv

 
44

81
 

29
20

 
29

24
 

13
63

 
16

94
 

10
87

 
75

 
61

 

Ph
er

om
on

e+
co

nv
en

tio
na

l 
15

07
 

28
.7

 b
 

38
78

 
25

27
 

23
71

 
10

20
 

11
40

 
74

4 
71

 
56

 

O
nl

y 
ph

er
om

on
e 

 
13

31
 

28
.9

 b
 

39
02

 
25

43
 

25
71

 
12

12
 

13
41

 
93

6 
75

 
62

 
Fa

rm
er

s’
 p

ra
ct

ic
e 

15
09

 
20

.3
 c

 
27

40
 

17
85

 
12

31
 

27
6 

0 
0 

60
 

38
 

U
nt

re
at

ed
 c

on
tro

l 
10

57
 

19
.9

 c
 

26
93

 
17

55
 

16
36

 
69

8 
40

5 
42

2 
71

 
56

 
Y

ea
r 

2 
 

 
 

 
 

 
 

 
 

 
Ph

er
om

on
e+

bi
or

at
io

na
l 

15
76

 
31

.2
 a

 
42

08
 

27
42

 
26

32
 

11
66

 
18

77
 

12
24

 
74

 
60

 

O
nl

y 
ph

er
om

on
e 

13
48

 
26

.3
 b

 
35

49
 

23
12

 
22

01
 

96
4 

14
46

 
10

23
 

73
 

59
 

Fa
rm

er
s’

 p
ra

ct
ic

e 
15

80
 

17
.3

 c
 

23
35

 
15

21
 

75
5 

-5
9 

0 
0 

52
 

27
 

U
nt

re
at

ed
 c

on
tro

l 
10

60
 

16
.7

 c
 

22
51

 
14

67
 

11
91

 
40

7 
43

6 
46

5 
67

 
49

 

i Ex
pe

ns
es

 in
cl

ud
e 

al
l c

os
ts

 o
f m

at
er

ia
l i

np
ut

s o
ve

r t
he

 se
as

on
 a

nd
 la

bo
r f

or
 c

ro
p 

pr
ot

ec
tio

n,
 b

ut
 n

ot
 la

bo
r f

or
 o

th
er

 c
ro

p 
m

an
ag

em
en

t p
ra

ct
ic

es
 

ii 
In

 a
 n

or
m

al
 p

ric
e p

er
io

d,
 e

gg
pl

an
t s

el
ls 

@
 1

35
€/

t (
av

er
ag

ed
 o

ve
r h

ar
ve

sti
ng

 m
on

th
s a

nd
 y

ea
rs

 o
f s

tu
dy

) 
iii

 In
 a

 lo
w

 p
ric

e p
er

io
d,

 e
gg

pl
an

t s
el

ls 
@

 8
8€

/t 
(a

ve
ra

ge
d 

ov
er

 la
st 

5 
ye

ar
s a

s a
ss

es
se

d 
fro

m
 fa

rm
er

s’
 in

te
rv

ie
w

s)
 

iv
 V

al
ue

s p
er

 y
ea

r w
ith

in
 a

 c
ol

um
n 

fo
llo

w
ed

 b
y 

th
e 

sa
m

e 
le

tte
r d

id
 n

ot
 d

iff
er

 si
gn

ifi
ca

nt
ly

 (p
>0

.0
5)

 a
cc

or
di

ng
 to

 T
uk

ey
’s

 H
SD

 te
st 

 
 



Chapter 4 

104 
 

3.3. Practical applicability of the tested IPM 

From the beginning to the end of the study, during negotiations, monthly discussions, and joint 

field observations, we recorded farmers’ reactions to, and observations on, different aspects of 

the studied IPM options. Only the most telling quotes are presented here (Table 2). We 

identified four major bottlenecks in the tested IPM options: (i) farmers’ knowledge on ESFB 

biology is partial at best, as they could not relate caterpillars and adult moths; (ii) traps and lures 

are not yet available at village level; (iii) farmers are not in favor of labor-adding practices and 

thus rejected sanitation; (iv) farmers questioned the efficacy of IPM if traps are not installed in 

a network of farmers’ fields as in the present study, but installed in individual fields. 

During initial discussions, farmers indicated that they were familiar with pheromone 

trapping because previously there had been a farmers’ field school training in the village. 

However, when asked what would be caught in traps, they answered keera (caterpillar). Soon 

after the first trap catches, farmers wondered why “strange flies” were caught instead of the 

caterpillars damaging their crops. When asked about the fate of caterpillars, they answered 

“caterpillar rots inside fruit”. Apparently, farmers had difficulty understanding the ESFB 

lifecycle. Therefore, farmers’ knowledge could be a fundamental constraint to IPM 

implementation (Litsinger et al. 2009). Correct farmers’ knowledge on insect biology and 

ecology is an important component to make strategic IPM successful. Without it, farmers will 

expect little benefit from these traps. Successful adoption requires knowledge on how to 

correctly implement the practice and what to expect from it, not just on the practice itself. 

However, even if that knowledge is improved now, the availability of IPM materials such as 

traps, pheromone lures, and biorational insecticides is limited in the study area, whereas farmers 

can buy broad spectrum insecticides on their doorstep. If these inputs are not made more readily 

available to farmers, the continued practice of improved IPM is likely to be negligible. During 

negotiations about improved management, the proposed removal of infested shoots and fruits 

as previously recommended by Alam et al. (2006) was immediately rejected. Indeed, IPM 

requiring more labor is unlikely to succeed (Beckmann and Wesseler 2003). Our results can be 

aligned with the findings of Peshin (2013), who reported that cotton IPM farmers in India 

strongly adopted timely sowing as it is simple, requiring no extra labor; on the other hand, 

monitoring insects for economic threshold level was poorly adopted because it required skill 

and labor. Therefore, if we want farmers to implement IPM, we need to think rationally about 

farmers’ how-to-do knowledge, skills, labor, and availability of IPM materials. 
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In the present study, fields of participating farmers made a network of nearby traps because 

of the extent of the study. In other words, this study shows that, as a trapping network, 

pheromone traps reduced shoot and fruit infestation and increased yield. We have not yet 

answered the question of whether trapping also works when a small landholder installs it in an 

individual field. This was also the concern of farmers who stated: “I think that the trap will 

attract more insects if I am alone” (Table 2).  

Table 2. Summary of selected statements made by farmers during the study and the context in which 
these were made 

 

 

 

 

Statement Context 

“Whenever we see infested shoots or 

fruits, we remove them. We are 

practicing this from our fathers’ time. 

We cannot do it weekly or regularly as 

structured practice, we do not have time 

for that.” 

During a negotiation meeting where we decided which improved 

practices would be tested in the field, it was suggested that farmers 

remove infested shoots and fruits as a practice. Most of the farmers 

immediately rejected the proposal. Two farmers did it once, and after 

that they reported it was too time consuming and laborious. 

Therefore, they decided not to practice it anymore. 

“What is inside the shoots and fruits is 

not in the traps. Traps catch flies only. 

Flies are not problem to us.” 

When pheromone trapping was proposed to farmers, most of them 

said that they knew about traps but that they catch morphs other than  

caterpillars. Farmers were confused by trap catches (whether it was 

some kind of fly or ESFB adults as described by the researcher) until 

the infestation became stabilized. One farmer attempted to remove 

traps at the beginning of the field study.  

“Keera (caterpillar) rots inside fruits.” When farmers were asked about the caterpillars’ lifecycle, they 

could not answer how caterpillars are born and how they develop. 

“We cannot kill them even if we spray 

regularly. How could you tell us not to 

spray?” 

This was a response when only pheromone trapping was proposed. 

“If we don’t have plants, where will we 

apply ESFB IPM?” 

Every year, farmers’ fields suffer from bacterial wilt. Farmers 

indicated that just working on an ESFB IPM was not that relevant to 

them.   

“I think I will attract more insects if I am 

the only person in the landscape with 

traps.” “I think that the trap will attract 

more insects if I am alone.” 

Farmers expressed their worry about using traps at individual level. 

They think that they will have more insects in their fields if they are 

the only one using traps. 
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4. Conclusion 

The present study tested an array of options with farmers. From a technical perspective, 

pheromone trapping alone or in combination with limited biorational spraying can improve 

marketable yields and farmers’ income at comparable input costs in terms of cash and labor. 

Therefore, farmers can either choose only pheromone trapping or add biorational spraying to 

trapping. We recommended and supervised firstly single trap monitoring on a few plots, 

followed by the installation of traps for mass trapping after the first moths were trapped 25–30 

DAT. Although we did not research the extent to which infestation would be reduced if traps 

were installed at flowering or fruiting stage, data on population dynamics (Fig. 2e, f) support 

the decision to avoid risks of substantial damage by waiting for longer than the first 

observations of moths in traps. Use of only pheromone trapping and refraining from insecticide 

use would be challenging for farmers currently used to calendar-based spraying (Morse 2009). 

Therefore, a combination of trapping with limited biorational spraying as a fallback option 

could increase the chance of adoption. This would also provide control if sucking insect 

populations got out of hand and thereby alleviate the risk of failure to introduce the new regime. 

However, in this study, the timing of biorational spraying was guided by the researcher. Only 

with more training may farmers independently be able to decide when to spray based on trap-

catch monitoring. Alternatively, farmers could be instructed to spray biorational insecticide at 

roughly 30–35-day intervals from the moment of first moth appearance to target eggs and 1st 

instar caterpillars. In addition, a critical level of 4 moths per trap per week could be introduced 

as the level above which spraying may be useful.  

Although farmers stated that managing traps was not more difficult and time consuming than 

conventional spraying, from a practical implementation perspective, given farmers’ contexts, 

two major constraints were observed: (i) farmers’ ability to comprehend the moth’s lifecycle 

and the trapping mechanism; (ii) unavailability of pheromone lures, traps, and biorationals at 

village level. Without at least addressing these constraints, IPM implementation will not 

succeed. 

To the best of our knowledge, this is the first study to disentangle the technical efficacy and 

the economic viability of pheromone-trap-based IPM from its practical applicability for the 

targeted smallholder vegetable growers. It allowed us not only to identify best options for and 

with farmers, but also to assess the underlying complexity of making IPM work for smallholder 

eggplant growers. This study was conducted in Bangladesh, but the findings on practical 

constraints are most likely valid across South and South-East Asia where the same pest is a 
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major problem and smallholders’ knowledge levels and farming conditions are comparable. 

This provides a novel insight for IPM researchers on the underlying complexity of IPM and the 

research approach that could help in designing workable approaches with farmers. 

From the observations and discussions in the field, we propose to study further: (i) whether 

results would be different when traps are not installed as a network as tested in the present study 

and consequently what density of trapping is needed to manage ESFB and whether this requires 

community-level organization; (ii) whether the involved farmers retain or abandon the tested 

IPM and also whether it spreads among other farmers in the same village; (iii) whether 

participant farmers’ knowledge on ESFB biology and pheromone trapping improves. 
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Abstract 

Mass trapping using pheromone traps could help control the eggplant shoot and fruit borer (ESFB) moth, 

a major pest constraining eggplant production in Bangladesh. In the smallholder context where lands 

are fragmented, it is unknown whether trapping on a single field basis would be effective and whether 

a minimum number of traps is needed to effectively deplete the local male moth population. Traps might 

attract a number of male moths from surroundings that could outweigh the local depletion and thus make 

the depletion ineffective. In the present study, we compared isolated fields with 4 traps or 24 traps (4 × 

6 traps) with a network of nearby fields with traps. The network comprised of three clusters having 22, 

28 and 40 traps respectively, spread over 3-5 fields per cluster and with 4-12 traps per field. Trap catch 

and fruit infestation (as an indicator of reproductive success) were monitored throughout the season. For 

infestation, farmers’ conventional practice of controlling ESFB was used as a benchmark. On average 

across the season, moth catch per trap per week was three times higher in the 4-trap fields than in the 

24-trap and network fields, the latter two showing similar catches. Reproductive success of moth was 

similar between 4-trap fields and farmers’ practice fields without traps, indicating that local depletion 

in 4-trap fields was cancelled out by attraction from surroundings making the local mass trapping 

ineffective. In contrast, reproductive success of 24-trap and network fields was 19 to 22 percentage 

points lower than in farmers’ practice fields; this indicates local depletion of male moths did outweigh 

attraction from surroundings. Depending on the exact landscape features and pest pressure, minimum 

trap densities should be established when advocating mass trapping in smallholders’ fields. This study 

showed that trapping in individual fields of limited size (4-trap fields) was ineffective. However, a 

continuous trapped area (24-trap fields) or a network of nearby fields with traps were equally effective. 

It indicates, in smallholder context, concerted action will be required for effective trapping.  

Keywords: Pheromone trap, Mass trapping, Smallholder farming, Concerted action 
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1. Introduction 

Pheromones are semiochemicals that contribute to pest management by modifying insect 

behaviour in a range of ways. Pheromones, particularly sex pheromones, interrupt insect 

reproduction by mating disruption through mass trapping and thereby provide pest control 

(Klein and Lacey, 1999; Witzgall et al., 2010). Pheromones act in small amounts and are 

species-specific, highly selective, and non-toxic to mammals or beneficial insects. Other than 

insecticides they therefore do not cause secondary pest outbreaks or pest resurgence. To 

alleviate the risks from pesticide use, pheromone-based pest management has become a 

valuable tool in integrated pest management (IPM) (Witzgall et al., 2010). For effective mass 

trapping, traps baited with synthetic sex pheromone are placed to remove a large proportion of 

male insects before mating with calling females. This reduces female reproductive success and 

thus provides long-term pest control (El-Sayed et al., 2006; Suckling et al., 2017). Control by 

mass trapping has shown considerable success for a wide range of insects, especially species of 

Lepidoptera, Coleoptera, and Diptera (El-Sayed et al., 2006; Witzgall et al., 2010).  

For mass trapping to be effective, the density of traps should be high enough to effectively 

reduce the local male insect population (Riedl, 1980; Jamieson et al., 2008; Larrain et al., 2009). 

Moreover, it is crucial to determine whether traps should form a continuous grid or would be 

equally effective if placed in clusters of a few nearby fields. The position of traps in a particular 

arrangement will influence the numbers of males caught in those traps. When traps are arranged 

in small groups, the traps on corners are expected to catch more male insects than those in the 

centres because corner traps are likely to attract male insects from a larger area while they 

‘cover’ the central traps from the immigrant moths (Fig. 1A). For the same reason plants in 

solitary plots with just a few traps or plants in plots that are at the corner of an area with many 

traps will likely be more heavily infested than plants in plots located in the centres of the area 

with many traps. These issues are especially relevant in developing countries where farming 

takes place on fragmented holdings of small fields. 

Farmers of South Asian countries including Bangladesh are typically smallholders with 

fragmented farmland (Ahsan et al., 1989; Jha et al., 2005; Niroula and Thapa, 2005; Rahman 

and Rahman, 2009). This is also true for eggplant (Solanum melongena L.) farmers in 

Bangladesh, who cultivate generally plots of 400 to 600 m2. These farmers suffer from severe 

yield and economic losses due to infestation of the eggplant shoot and fruit borer moth (ESFB, 

Leucinodes orbonalis, Lepidoptera: Pyralidae) (Alam et al., 2006; Srinivasan, 2008). To 

combat this pest, farmers weekly spray broad spectrum pesticides alone or in cocktails 
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(Mohiuddin et al., 2009; Shelton et al., 2018). Such huge application of a range of insecticides 

has caused classic pesticide-use problems including insecticide resistance (Ruberson et al., 

1998; Chowdhury et al., 2013; Miah et al., 2014). Moreover, pesticides are found ineffective 

and wasting farmers’ money, while pheromone trapping in principle provides a good alternative  

for these farmers (Chapter 4). 

Indeed, decades ago, a mass trapping treatment against ESFB was developed (Cork et al. 

2001, 2003, 2005) and promoted in South and South-East Asia including Bangladesh (Alam et 

al., 2006). The Department of Agricultural Extension (DAE), Bangladesh, has picked up this 

method and incorporated pheromone trapping as one of the components of eggplant IPM in 

their farmer field school IPM curricula (Mukta et al., 2020). However, neither the IPM 

developer nor the extension material provides an indication how this mass trapping can best be 

implemented in small land holders’ fields given the need for a sufficient trap density and proper 

trap arrangement to create a large enough depletion. 

In our previous participatory ESFB management study with farmers (Chapter 4), we tested 

pheromone trapping alone and in combination with biorational insecticide applications by 

placing traps as a network across nearby fields of varying size. We found the trapping to be 

effective, safe to natural enemies and economically sound (Chapter 4). However, the study did 

not test whether trapping in a single field of a smallholder (individual farmer level) in a 

landscape where the same crops are widely grown would be able to sufficiently deplete the 

local male moth population to provide an effective control. In case of trapping in a single field 

surrounded by fields without traps, more moths from the surroundings might be attracted 

annihilating the effect of local depletion. In our previous study (Chapter 4), farmers considered 

that maintaining traps was easy and trapping was cost-effective compared with conventional 

spraying; but farmers also stated their fear that insects might be attracted from neighbouring 

fields if they are the only ones in the landscape that implement trapping. 

In this study, we compared isolated fields with 4 traps (single field) or 24 traps (4 × 6 traps: 

3-4 adjacent fields) and a network comprising three clusters having 22, 28 and 40 traps, 

respectively, spread over 3-5 fields with 4-12 traps per field (Figs. 1 and 2). The between-field 

distance in the network was 10-25 m within clusters while the distance between nearest traps 

of two adjacent clusters was about 44 m or more. Male moth catches in the traps and fruit 

infestation from observation plots were assessed weekly, the latter representing reproductive 

success of the moths. We compared the infestation with observations in fields exposed to 

farmers’ conventional practice. 
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This study aims to contribute to insight into how pheromone trapping of ESFB can be made 

effective for smallholder eggplant growers. We hypothesize that if pheromone traps are 

installed at individual field level (4 traps), attraction of male moths from surroundings will 

outweigh local depletion and thus will make the trapping ineffective. When the trapped area 

will be increased either through a continuous trap setting (24 traps) or through a network setting 

of nearby fields, male moth depletion would be effective. We also hypothesize that when a 

larger area would be trapped with for instance 24 traps, reproductive success would be 

significantly reduced, and that plots in the centre of the trapped area would be significantly 

better protected than plots at the corners of the area or in the network. There is no good ground 

to hypothesize whether the corner plots of the area would be comparably or differently protected 

than plots in a network.  

2. Materials and methods 

2.1. Study site 

The experiment was conducted in Pirijpur village (25°02′13"N-89°50′08"E), Jamalpur district, 

the major eggplant growing area of Bangladesh, located in the so-called Old Brahmaputra 

floodplain. Farmers cultivate eggplants during the cool dry season (Rabi season: September–

March). 

2.2. Trap settings 

We tested three types of trap settings: a 4-traps setting (in a single small field) in seven 

replicates, a 24-traps setting (in 3-4 adjacent small fields) in five replicates, and a setting as a 

network of nearby small fields with traps (Figs. 1 and 2). Replicates of each trap setting and 

farmers’ practice were allocated over the landscape depending on the availability of eggplant 

fields from farmers that were willing to contribute fields for this study. In the network setting, 

also used for Chapter 4 year 2, three clusters (considered replicates) could be distinguished that 

had respectively 22, 28 and 40 traps, spread over 3 to 5 fields with between 4 and 12 traps each 

and a between-field distance of 10-25 m within clusters, while the distance between nearest 

traps of two adjacent clusters was 44 and 50 m (Fig. 1C). For comparison of infestations without 

pheromone trapping, there were nine replicates of observation plots in farmers’ practice fields. 

Distances between farmers’ practice fields and fields of any trap setting and between replicates 

of the 24-trap fields and 4-trap fields were all kept at a minimum of 100 m to avoid interference. 
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                                     Photo 1. Pheromone trap arrangements in the landscape 

In the network fields, the traps were installed at 30 days after transplanting (DAT) while 

traps in the 24- and 4-trap fields were installed 45 DAT due to a delay in field selection. Traps 

were installed in a 10 m × 10 m grid keeping 5 m distance from all field borders. Water pan 

traps (Ispahani Biotech, Bangladesh) were mounted on bamboo poles and baited with lures 

consisting of a polyethylene vial impregnated with 3 mg of a (97% W/W) (E)-11-hexadecenyl 

acetate (E11-16:Ac) and (E)-11-hexadecen-1-ol (E11-16:OH) blends dissolved in 0.1 ml 

hexane solution (Ispahani Biotech, Bangladesh) (Photo 1). Trap height was adjusted 

periodically according to plant growth to keep it 10 cm above the canopy. Lures were replaced 

every four weeks and water with detergent for effective insect drowning was changed weekly. 

In the 24-trap fields, traps were placed in 4 lines, each having 6 traps. According to this setting, 

there were 4 corner, 12 border and 8 centre traps (Fig. 1A). In the network fields, the 4-12 traps 

were always installed in two lines thus having a varying number of border traps only and no 

centre traps. In the 4-trap fields, all traps were in the corner. No spraying was done in 

pheromone trap treated fields; farmers were promised monetary compensation in case yield 

would be compromised. In farmer-managed plots, we observed that the insecticides 

Chlorpyrifos (48 EC), Cypermethrin (10 EC), Malathion (57 EC) alone or in cocktails were 
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applied weekly at a concentration of each 1.5 ml/L of water (760 ml/ha) from 20 DAT to the 

end of the season.  

 

             

 

 Fig. 1. (A) A typical 24-trap setting, with two observation plots in opposite corners and one in the 
centre; size of observation plots was 4 m × 4 m. (B) A 4-trap setting with observation plot. (C) The full 
network of fields with traps and the three distinguished clusters, each with 3-5 fields and per field 4-12 
traps. Actual fields extended always at least 5 m on all sides beyond the indicated rectangle areas with 
traps. Observations plot indicated with dotted lines were not used in this study as pheromone trapping 
was accompanied by trap-catch-based spraying of biorational insecticide as additional insect control 
measure used in the study reported in Chapter 4.  
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2.3. Observations 

Moths per trap were recorded weekly while replacing the water in the traps. When trapped 

moths were few, all moths were hand-picked directly by forceps, counted and discarded. When 

there were many moths, water from the trap was poured on muslin cloth, and moths were 

counted.  

Eggplants were harvested weekly from 4 m × 4 m observation plots (Fig. 1). To avoid 

influence of spraying in nearby fields, observation plots were placed in the centre of fields with 

a minimum of 5-8 m distance from borders of nearby fields for the network and 4-trap fields. 

In the 24-trap fields, eggplants were harvested from three observation plots: two diagonally 

placed corner plots and one plot from the centre (Fig. 1A). To avoid interference by pesticide 

applications, corner observation plots were at least 8 m away from the borders of any nearest 

field. Healthy and infested eggplants were weighed using a digital scale. Any fruits having 

holes, frass attached or a secondary infection (sign of rotting other than through Phomopsis rot, 

Chapter 3) were considered infested. The percent infested fruits per plot was both calculated 

per observation day and cumulative over the season; the latter was calculated based on 

cumulative weight (kg) of infested and healthy fruits. Any plant loss in observation plots due 

to bacterial wilt was compensated by including plants directly surrounding the observation plot. 

Thereby, a total yield was obtained as if there were no wilt losses.  

2.4. Statistical analyses 

All statistical analyses were performed in R version 3.6.1. Data were tested for normality and 

homogeneity of variances using Shapiro-Wilkinson and Levene’s tests. Yield data met all 

assumptions and were analysed using a standard analysis of variance with post-hoc mean 

separation using Tukey’s HSD test (α = 0.05). Moth count and fruit infestation data was not 

normally distributed and therefore models using Poisson, zero-inflated Poisson, negative-

binomial for the moth count were compared. A beta distribution was used for fruit infestation. 

Based on Akaike's Information Criterion (AIC) moth counts were best analysed using a 

negative binomial distribution. For both data sets the best model included observation time, 

treatment and their interaction as fixed effect and field and trap number as random effect. 

Random effects were added to correct for possible correlations from observations coming from 

the same field or trap.  
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3. Results 

3.1. Trap catch 

The interaction between time of observation and treatment was significant as catches for the 

different treatments varied over time (P<0.05). However, as a general trend, trap catches were 

highest in the 4-trap fields as was the seasonal average catch per week (Figs 2A, 3A). 

Sometimes catches in the 4-trap fields were not significantly higher than what was found in the 

corner traps of the 24-trap fields (8 of 21 observations) or the network (3 of the 21 observations). 

Averaged over the season, though, the catches in 4-trap fields (44.8 moths per trap per week) 

were roughly twice that in corner traps of the 24-trap fields (24.3 moths per trap per week) and 

three time that in network traps (14.8 moths per trap per week). The catches in the centre traps 

of the 24-trap field were generally lowest and on average (8.2 moths per trap per week) roughly 

half that in network and border traps (14.8 and 16.5 respectively), although in 7 of the 21 

observations, catches were not significantly different from network traps and in 4 of the 21 

observations not significantly lower than in the border traps of the 24-trap fields. Network traps 

and corner and border traps of the 24-trap field were not systematically catching different 

numbers of moths, although on half of the observation days catches were found to differ 

significantly. When significantly different corner traps always had higher catches, while 

network traps and border traps took turns in having the next higher catches (Fig. 3A).  

 

 
 
Fig. 2. (A) Seasonal average of number of eggplant shoot and fruit borer (ESFB) male moths caught per 
trap per week, (B) Percent cumulative fruit infestation by ESFB caterpillars, (C) Estimated yield of 
eggplants under different trap settings and farmers’ practice, assuming no plant loss to bacterial wilt (for 
further details see text). In pane A data for farmers’ practice plots are absent as no traps were installed 
there, in panes B and C data for 24-border are absent as no observation plots were installed there. Error 
bars represent standard errors of the mean. 
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Fig. 3. (A) Weekly ESFB male moth catch over time under different trap settings; there were no traps 
in farmers’ practice fields. (B) Percent fruit infestation over time under different trap settings and in 
farmers’ practice fields. The broken coloured lines and open symbols for infestation observed in 4-trap 
and 24-trap fields indicate data obtained before effects could be expected based on late placement of 
traps (see text). The two horizontal lines at the bottom of pane B indicate for both panes duration of 
pheromone trapping in network fields (solid black line) and in 4-trap and 24-trap fields (the broken 
lines). 

3.2. Fruit infestation 

The observations 60 and 67 days after transplanting were excluded from analysis because of 

difference in trap installation time between networks and other trap settings (see Materials and 

Methods). The interaction between time of observation and treatment was significant as 

infestation for the different treatments varied over time (P<0.05). At most dates across the 

season, infestation of farmers’ practice fields and 4-trap fields was similar (P>0.05) as were 

seasonal averages with 55% and 52% respectively (Figs. 2B and 3B). Only on 5 out of 16 

observation dates was infestation of fruits on 4-trap fields different from infestation on farmers’ 
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practice fields. Infestation of centre plots of 24-trap fields were always lower than corner plots 

of the same trap setting and network fields; only on 4 observation dates at the beginning of the 

harvest period was infestation between corner and centre plots similar. Network fields showed 

lower infestation than 24-centre plots at the beginning of harvest period because traps in the 

network fields were installed 15 days earlier than 24-trap fields; however, from 118 days 

onwards centre plots gradually showed lower infestation than network fields. As a consequence, 

the seasonal average for the centre of the 24-trap fields showed substantially lower infestation 

(11-13 percentage points) than observation plots in the corner of the 24-trap fields and network 

fields and all three had significantly lower infestation than plots exposed to farmers’ practice 

(Fig. 2B). Corner plots of 24-trap fields and network fields showed a same infestation 

throughout the season except at the beginning of the harvest period when infestation in network 

fields was lower due to time difference in trap installation dates between these fields (Fig. 3B).  

3.3. Yield 

Significantly higher fruit yields were obtained from centre and corner plots of the 24-trap fields 

and from plots in network fields than in plots of the 4-trap fields and farmers’ practice fields. 

Farmers’ practice and 4-trap field plots produced similar yields (19-20 t/ha), while an extra 7-

10 t/ha was obtained in the corner plots of the 24-trap fields and plots in the network fields; 

finally, centre plots of the 24-trap fields yielded yet another 7-10 t/ha more so almost double 

the yields of plots in farmers’ practice fields (Fig. 2C). These yields are total yields excluding 

reductions caused by bacterial wilt. Actual average wilt infestation across all fields reached 

24%, so actual marketable yields were roughly 24% lower across all treatments. 

4. Discussion 

The aim of the study was to observe whether trapping in a small field (4-trap setting) surrounded 

by fields without traps but with the same crop would lead to such attraction of male moths from 

surroundings that it would outweigh local depletion and make the depletion ineffective. And 

whether increasing the trapped area in size to 50 m × 30 m with 24 traps, or when a comparable 

larger number of traps would be dispersed over nearby fields in a network setting, depletion 

would outweigh attraction from surroundings as shown by reduced fruit infestation and could 

thus provide effective control. We further hypothesized that when a more continuous area 

would be trapped (the 24-trap fields) infestation (reproductive success) would also be 

significantly more reduced in the centre of the trapped area than in plots at the corners of the 
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area and the network. We further posed the question whether corner plots in these 24-trap fields 

would have the same or a different protection compared to the plots in the network setting. 

Putting traps in a single small field (4-trap setting) was found to be ineffective because it 

showed similar infestation with farmers’ conventional practice fields without trapping. Despite 

catching three times more moths per trap per week than 24-trap and network fields, 4-trap fields 

showed 17-30 percentage points higher fruit infestation than aforesaid two trap settings (Fig. 

2A, B). This finding suggests that attraction from surroundings outweighed the depletion in the 

4-trap setting. When the trap number and trapping area was increased beyond that of the 4-trap 

setting to that of the 24-trap fields or the network of nearby fields, effective depletion was 

achieved (i.e. depletion could outweigh the attraction from surroundings) as evidenced by the 

lower fruit infestation than in 4-trap fields and farmers’ practice fields. Again, in 24-trap fields, 

trap catch and reproductive success (as evidenced by infestation) in the centre plot was lower 

than that of corner plots and infestation in corner plots was comparable with infestation in the 

network fields. It suggests if trapping is done in a continuous grid over a larger area, plots in 

the central part of that area will be more protected and plots in corner areas will have the same 

protection as the fields in the more dispersed sets of traps in our network setting of traps (Fig. 

1). These findings have important practical implications for the introduction of mass trapping 

in the context of smallholder farming communities. 

4.1. Possible reasons for differences in efficacy of mass trapping in 4-trap and 24-trap and 

network  fields 

Mass trapping aims at locally depleting male populations to such an extent that it impairs the 

mating success and thus reduces infestation (El-Sayed et al., 2006). On average across the 

season, traps from 4-trap fields attracted around thrice as many male moths per trap as traps in 

the 24-trap or network setting fields (Figs. 2A and 3A). Despite the observed mass trapping in 

the 4-trap fields of around 45 moths per trap per week (Fig. 2A), fruit infestation was similar to 

plots where no traps were placed (farmers’ practice fields) and substantially higher than in the 

observation plots in 24-trap and network fields. Moreover, despite weekly spraying farmers’ 

practice does not control the ESFB as infestation was comparable to untreated control plots 

(Chapter 4). The lower numbers of trapped male moths in the 24-trap fields (15 moths per trap 

per week) were accompanied by lower infestation in both corner and centre observation plots 

(Fig. 2B). Assuming that the percent infestation reflects reproductive success, it demonstrates 

that female reproductive success was compromised by the mass trapping of male moths in the 

24-trap fields but not in the 4-trap fields. Assuming that the female population spread and egg 
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deposition are not influenced by the pheromone traps, females are equally available across the 

landscape to mate with any males that are not (or not yet) caught, whether such males emerged 

locally or were attracted from the surrounding area by the luring substances. In normal 

conditions, females find sufficient males to mate and will then find eggplants to lay all their 

eggs. Male moths may become the limiting factor of the reproductive success of females if the 

male population is sufficiently depleted locally. The current study indicates that just 4 traps 

surrounding a plot in a landscape with a lot of eggplant fields will not allow sufficient depletion 

to hamper reproductive success. A larger trap density is needed. 

In 24-trap fields, averaged across the season, traps that were in the centre of the field caught 

the lowest number of moths per week per trap and the corresponding reproductive success was 

also lowest in the central observation plots which were surrounded by eight centre, twelve 

border and four corner traps (Fig. 1A). This finding makes it plausible that attraction from 

surroundings played a much smaller role in these plots, and mainly locally emerged males 

escaping control might have allowed reproduction. Despite this substantial impairment of the 

reproductive success of females full control was not reached. Such full control has also not been 

reported in other successful cases of pheromone trap use; Cork et al. (2005) e.g. reported a 

remaining 18% infestation. However, reproductive success was reduced by 34 percentage 

points compared with farmers’ control, making it an effective strategy. Compared with the 

centre plots, the corner plots of the 24-trap fields showed higher fruit infestation (13 percentage 

points higher; Fig. 2B). Due to its location in the corner, attraction from surroundings probably 

partially compensated the local male population depletion. Despite this attraction from 

surroundings, depletion in corner plots was more effective than in 4-trap fields as indicated by 

the 17 percentage points lower reproductive success and roughly half the number of male moths 

caught per trap per week. One of the reasons for this higher effectiveness might be that the male 

moths attracted by the lures in the 24-trap setting were spread over more traps and a larger area. 

So, dilution of attracted moths is larger when more traps are situated close-by. A similar type 

of catch difference between corner and centre traps was reported in other studies for 

Lepidopteran insects (Mafra-Neto and Habib, 1996; Suckling et. al., 2017). Lower infestation 

in network fields might also be linked to the fact that moths were diluted in the larger area.  

Infestation was equally reduced in the corner plots of 24-trap fields and network fields and 

infestation in centre plots was either comparable or lower than both, the latter especially 

towards the end of the season (Fig. 3B). Also trap catches averaged across the season were 

similar for traps in network fields and traps in 24-trap fields, although on most dates lower 
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catches were observed in the centre traps of the 24-trap fields. This means the network setting 

led to sufficient depletion of the male moth population that emerged locally and that was 

plausibly attracted from surrounding areas to have a net reduction of reproductive success. 

Although fields in the network sometimes had four traps like the individual plots in the 4-trap 

fields (Fig. 1C), adjacent plots in the network were located sufficiently close-by to dilute the 

moths attracted from the surroundings. 

4.2. Population build-up and infestation over time 

In the 4-trap fields, due to attraction from surroundings, the male moth population remained 

higher throughout the season particularly from 75 DAT onwards compared with the 24-trap and 

network fields (Fig. 3A). Thereby reproductive success in the 4-trap fields gradually increased 

(Fig. 3B), as shown by increasing fruit infestation. Especially from 126 DAT to the end of the 

season it drastically rose as was observed in farmers’ practice fields (Fig. 3B). The completion 

of the life cycle of ESFB has been reported to take 25-40 days (Srinivasan, 2008; Mannan et 

al., 2015). The first moths were observed around 30 DAT. After roughly three generations (100-

126 DAT), the infestation went up gradually in the 4-trap fields and under farmers’ practice 

(Fig. 3B). In the corner and centre plots of the 24-trap fields and in the network fields, 

infestation was stable throughout the season and lower than in farmers’ practice fields at most 

time points throughout the season. However, only from half-way the season onwards a 

substantial reduction of infestation became apparent as populations did not get out of hand as 

on farmers’ practice fields (Fig. 3B).  

The infestation data at the start of the season clearly show that there is a time lag of roughly 

one generation between installing traps and reduction of infestation. In network fields, the traps 

were installed 30 DAT, while traps in the 4-trap and 24-trap fields were installed 45 DAT. 

Infestation in the network fields was lower than in farmers’ practice fields at first harvest 60 

DAT (Fig. 3B), while infestation in the 24-trap fields dropped below that of farmers’ practice 

plots only from day 74 onwards, so roughly one generation time (Srinivasan, 2008; Mannan et 

al., 2015) after traps were installed. So, it takes time before trapping leads to effective 

population reduction. We conclude: i) starting trapping early is essential for farmers, also as 

early in the season prices of eggplants tend to be highest; ii) farmers have to wait quite a long 

time to see substantial reduction of infestation compared with their current practice which was 

earlier shown to be as good as doing nothing (Chapter 4); iii) farmers need to understand that 

there is a 20-30 day time difference between peaks in catches and peaks in infestation. The 

latter two aspects are important complications to scale out trapping among farmers. Our data 
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also tell how difficult it is to make farmers understand the efficacy of mass trapping because at 

the beginning of the season the effects are limited as shown by the small differences compared 

with farmers’ practice. 

4.3. Management implications 

Our study was conducted in a typical eggplant growing village of Bangladesh where 80% of 

total cultivable land is occupied by eggplant (personal observation) and where infestation by 

ESFB is around 50% (Chapter 4). Therefore, the question was how suitable pheromone trapping 

is when the average field of a single smallholder allows to install just four traps. Based on trap 

catches, infestation and yield, results from the present study indicate that such trapping indeed 

would not be profitable and in fact economically risky, supporting the farmers who stated “if 

we put traps alone then we might attract more insects” (Chapter 4).  

Both when 24-traps are placed as a continuous array of 4 × 6 traps and when traps are placed 

in a network setting where 22-40 traps were placed in three clusters, the infestation is reduced 

and yield increased to a level that outperformed current farmers’ practice. Hence, both types of 

trapping are a strategy for farmers to adopt. Given current plot sizes and prevalence of eggplant 

cultivation in the study area, farmers of nearby fields should organise themselves. Although an 

exact minimum number traps cannot be established from the current data, we suggest farmers 

to either create a network of at least 22 traps on nearby fields covering roughly 0.4 ha as in our 

network or organise themselves as direct neighbours to form a continuous 10 m x 10 m grid of 

24 or more traps. In our previous study over two years on ESFB management, trapping in the 

network was cost-effective (Chapter 4), therefore, trapping by installing a continuous array of 

24 traps would also be cost-effective. Installing 24 traps would require 3-4 farmers to organise 

themselves while sharing the costs and labour. The better control observed in the centre plots 

of the 24-trap fields indicates that more dense networks or larger fields will likely be more 

effective as the central area would become larger. Whether the centre of a larger field would be 

showing yet lower infestation than the centre of the 24-trap fields cannot be concluded without 

further research. The observation that farmers with central plots will benefit more than those 

who are in the corners may potentially become a source of dispute. Such differences we have 

not seen between the plots in the networks, but there were also no real central plots (Fig. 1C), 

likely leading to less chances for debate.  
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5. Concluding remarks 

The study showed that mass trapping of ESFB in eggplant cropping is ineffective for an 

individual smallholder farmer, given the typical land holding size and fragmentation in 

Bangladesh. We showed that when the trapping area was larger (continuous 10 m × 10 m grid 

of 24 traps), local depletion of the population of male moths became larger than any attraction 

from surrounding areas giving an effective control. Thereby, concerted action of smallholder 

farmers is needed to make mass trapping successful. We conclude that a continuous array of 24 

traps or a network of nearby small fields with in total 22 or more traps and a minimum trap 

density on 1 trap per 200 m2 were both effective arrangements. Further research could establish 

more exactly the minimum network size and trap density to suppress moth populations. Given 

the importance of the role of attraction in annihilating the targeted local depletion in mass 

trapping, establishing the exact attraction range of trap settings in landscapes that vary in moth 

density is needed to refine advice on minimum trap density. Whether individual trapping is 

effective in eggplant cultivation area with fewer and more widely spread eggplant fields might 

also be an interesting study. 

In the present study, we have fine-tuned the method of trap placement for mass trapping by 

smallholders. Extension services and research organisations should consider these findings 

when recommending pheromone trap-based insect management to smallholders. Our findings 

are useful not only for Bangladesh but also for other countries of South Asia where the same 

pest is major and vegetable farmers are by and large smallholders. We are the first to disentangle 

that pheromone trapping despite massive trapping of target males does not necessarily lead to 

effective mass trapping and that such effective trapping means not only placing pheromone 

traps but also organising (neighbour) farmers.  
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The research described in this thesis was inspired by the poor adoption rate of integrated pest 

management (IPM) in developing countries. Despite huge investment in IPM research and its 

substantial promotion, IPM has a low adoption rate, particularly in developing countries (Morse 

and Buhler, 1997; Parsa et al., 2014; Bottrell and Schoenly, 2018; Alwang et al., 2019). Reasons 

identified include weaknesses in research, poor outreach, poor quality of the proposed IPM and 

poor farmer training and organisation (Parsa et al., 2014). When developing solutions, more 

attention was given to technical excellence of IPM than to practical implementation (Morse and 

Buhler, 1997). The core of this thesis is to understand why IPM is so difficult to implement for 

smallholder farmers in developing countries and what is needed to make IPM workable for 

them. To contribute to this understanding, eggplant production in Bangladesh was taken as a 

case because eggplant farmers poorly adopted a previously recommended IPM for the control 

of the eggplant shoot and fruit borer (ESFB); their main pest control strategy is frequent 

(weekly) spraying. The main objective of this thesis was to craft together with farmers IPM 

options that could function in their context, that maximally use natural enemies and that 

significantly reduce pesticide use. Alongside, this thesis assessed the possible reasons for IPM 

research failures and possible factors contributing to the success of and bottlenecks to adoption 

of the crafted IPM. A major contribution of this thesis thus lies not only in providing IPM 

options that are suitable for farmers but also providing insights on how IPM can be made more 

adoptable for smallholder farmers. 

The general introduction chapter of this thesis culminated into the following four research 

objectives: 

(i) to investigating a feasible disease management option for farmers’ nursery 

problems with damping-off (Chapter 2); 

(ii) To investigate the causes of the bacterial wilt and fruit rot and their management 

options (Chapter 3);  

(iii)  to explore the effectiveness, profitability and practicability of alternative 

eggplant shoot and fruit borer (EFSB) control measures to the sole reliance on 

broad spectrum synthetic pesticides (Chapter 4); 

(iv)  to explore suitability of pheromone trapping for individual smallholder farmers 

versus trapping with a network of farmers (Chapter 5).  
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Through a number of participatory studies conducted with eggplant farmers, I attempted to 

provide IPM options for both disease and insect problems: damping-off in the nursery, bacterial 

wilt and fungal fruit rot in the production field and damage from caterpillars of the eggplant 

shoot and fruit borer moth in the production field. I have also used the negotiations and 

discussions with these farmers to get a better grip on the underlying complexity of all tested 

IPM options that might hamper adoption. Besides the participatory study with farmers, I 

conducted a few in vitro and screen house studies to identify the source of infection of the 

diseases and to disentangle relative roles of selected IPM components in reducing infections. 

My research provided technically sound and economically viable IPM options for farmers for 

each of the disease and insect problems farmers had indicated to be their major concern. 

However, bottlenecks to scale out each of these IPM options still remain. 

In this General Discussion, I integrate the results from the four research chapters, evaluate 

them in the light of the original objectives of the thesis, and discuss the insights and 

recommendations that appear from my findings. I discuss what basket of options my research 

has generated for farmers, what the bottlenecks were to implement those options and how these 

bottlenecks can be alleviated. I also reflect on the research approach of this thesis and discuss 

how this approach helped me to assess whether the identified IPM options are practicable or 

not feasible for farmers. Finally, I provide suggestions on what needs to be considered while 

developing IPM for smallholder farmers in developing countries. I conclude this chapter with 

my personal reflections and some concluding remarks. 

1. General findings from the research 

Damping-off is a major nursery problem of eggplant farmers that constrains production of 

sufficient healthy seedlings to transplant. Farmers spray their homestead nurseries to control 

damping-off with a range of products whose action is questionable based on active ingredients. 

Together with farmers I analysed effects and suitability of IPM strategies by combining 

available alternative control methods under farmers’ conditions (Chapter 2). Soil application of 

Trichoderma harzianum (T. harzianum) combined with seed treatment with hot water reduced 

damping-off losses, increased seedling emergence and produced more healthy seedlings than 

farmers' conventional practice. This combined treatment also improved seedling performance 

(height, root length, lateral root development), and reduced stem girdling, a symptom associated 

with disease infection of transplants and with poor seedling vigour after transplanting. A seed 

treatment with Carbendazim suggested by farmers did not have any additional effect when T. 
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harzianum was applied in the soil. Soil proved to be the major pathogen source and treating 

nursery soil with T. harzianum had the largest positive effect on seedling survival and quality, 

both reducing damping-off and enhancing seedling growth.  

Next to this nursery disease, bacterial wilt (Ralstonia solanacearum) and fruit rot 

(Phomopsis vexans) are two major diseases in the production field that constrain eggplant 

production of smallholders. Farmers spray to control these diseases. As an alternative, I tested 

a farmer-targeted integrated management option together with farmers (Chapter 3). Seedlings 

raised by conventional practices or following improved nursery management (nursery soil 

treated with T. harzianum and seed treated either with hot water or Carbendazim) were 

transplanted in farmers’ fields either with or without soil application of T. harzianum. Using 

seedlings from improved nursery management tested in Chapter 2 reduced both diseases and 

increased yield and income compared with farmers’ conventional practice. A comparable result 

was obtained when treating only the field with T. harzianum but not the nursery. Disease 

occurrence was further reduced when seedlings from improved nursery practices were 

transplanted in a field amended with T. harzianum. The costs of the introduced technology were 

lower than the costs of current farmers’ practices, in terms of both labour and purchased 

materials. Soil and seeds both proved to be sources of pathogens. In vitro testing showed that 

T. harzianum persisted in the field soil until the end of the growing season and significantly 

reduced the population of both R. solanacearum and P. vexans in the soil and on the seeds 

collected from the eggplants. The reduction of pathogens both in the field soil and on the 

preserved seed from improved management plots may imply that a next crop will start with a 

lower level of disease pressure. This remains an aspect for further research. 

The ESFB moth is another reason for the low eggplant production in Bangladesh. 

Caterpillars of this moth live and feed inside the fruit making them unfit for sale and 

consumption. Farmers massively spray insecticides to control the ESFB moths resulting in 

severe health and environmental problems. In a participatory study with farmers, I tested 

pheromone trapping alone or with conventional insecticide spraying or with a trap-based regime 

of biorational insecticide spraying (Chapter 4). Compared with current farmers’ practice, 

pheromone trapping alone reduced fruit infestation and increased marketable yield and income. 

Moreover, it did not affect the abundance of natural enemies of other potential pest insects. 

Combining pheromone trapping with biorational spraying further reduced fruit infestation, and 

increased yield and income, and also did not affect natural enemies. However, combining 

pheromone trapping with conventional spraying did not provide further control compared with 
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trapping alone, while reducing natural enemies. Farmers’ conventional practice neither reduced 

infestation nor increased yield compared with no treatment at all, but it drastically reduced the 

abundance of natural enemies. Aphid and jassid populations, both potential problem insects, 

were reduced only by biorational and conventional spraying. In terms of economic feasibility, 

pheromone trapping alone required less labour and cash input than farmers’ practice. Adding 

biorational insecticide slightly increased costs compared with farmers’ practice but increased 

income more. Discussion with farmers revealed that farmers have difficulty in understanding 

the ESFB biology and the mechanisms behind pheromone trapping. 

Eggplant farmers in Bangladesh are smallholders with fragmented lands. Putting traps only 

in an individual field in a landscape where eggplant is the major crop might not be effective: 

traps might attract so many male moths from the surroundings that it could outweigh the local 

depletion and thus make the depletion ineffective. I tested (using farmers’ fields but under 

researcher control, so not with farmers’ participation) three types of trap settings: isolated fields 

with 4 traps, isolated fields with 24 traps (4 × 6 traps) and a network of  fields with traps 

(Chapter 5). The network comprised of three clusters having 22, 28 and 40 traps respectively, 

spread over 3-5 fields per cluster and with 4-12 traps per field (Chapter 5, Fig. 1). Averaged 

across the season, moth capture per trap per week was three times higher in the 4-trap fields 

than in 24-trap and network fields; the latter two showed comparable catches. Reproductive 

success of the moth, as indicated by fruit infestation, was similar for fields with 4-traps and 

farmers’ practice fields without traps indicating that local depletion was cancelled out by 

additional attraction from surroundings making the trapping ineffective. Thus, putting traps in 

a typical individual field proved inefficient. In contrast, local depletion of male moths did 

outweigh attraction in 24-trap and network fields as reproductive success (infestation) was 

significantly lower than in farmers’ practice fields. Depending on the exact landscape features 

and pest pressure, minimum trap densities should be established when advocating mass trapping 

in smallholders’ fields. I found that a continuous trapped area (24-trap fields) or a network of 

nearby fields with traps might be equally effective.  

Combining the findings of the four chapters, I will discuss below the basket of options of 

farmers to manage pests and diseases.  
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2. Basket of options for farmers 

All the IPM options for either disease or insect control proved to be more technically effective 

and economically sound for farmers than their current practice of spraying (Chapters 2, 3, and 

4). Thereby, the research reported in this thesis provides an array of options that can be 

advocated to farmers: 

i) soil amendment to homestead nurseries with T. harzianum alone or combined with hot 

water treatment of seeds can control damping-off;  

ii) transplanting improved nursery seedlings alone or with field soil amendment of T. 

harzianum can control bacterial wilt and fruit rot;  

iii) pheromone trapping alone or combined with trap-based biorational spraying can 

control the ESFB, provided at least 22 traps are present on nearby fields covering 

roughly 0.4 ha area.  

I did not observe compatibility problems between IPM components for disease or insect 

management. For example, when hot water treatments were combined with soil application of 

T. harzianum or when improved seedlings were transplanted to T. harzianum amended field 

soil or when biorational was sprayed in pheromone trapped field, none of the IPM components 

for each management practice compromised the other components. Here, one exception has to 

be noted: whether soil application of T. harzianum would be compatible with farmers’ present 

sowing rate cannot be answered. In the nursey management study (Chapter 2), upon negotiation 

with farmers, seed rate was reduced 2-4 times compared with their conventional seed rate. As 

T. harzianum seems to improve emergence of seedlings both by enhancing germination and by 

reducing pre-emergence damping-off, in the case in which seed rate will be high, the effect of 

T. harzianum may be compromised due to seed to seed and seedling to seedling contamination. 

Therefore, to maintain the effect of T. harzianum on seedling quality, sowing rate needs to be 

reduced. 

Farmers could either practise the disease management strategy or the insect management 

strategy. However, integration of both strategies would be best. Because more plants surviving 

from wilt will lead to more fruits and more of those extra fruits will remain free of ESFB 

damage; therefore, there will be an additive effects when management of disease and insects 

would be combined. Whether proposed disease and insect management are compatible cannot 

be assessed from the present thesis; however, it is not likely that soil application of T. harzianum 

will affect pheromone trapping and vice versa. The farmers’ practice of conventional spraying 
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was neither effective against the nursery and field diseases (damping-off, wilt and rot, 

respectively) nor against the ESFB. Rather, the farmers’ practice for ESFB control was harmful 

for natural enemies such as predatory ladybird beetles and the parasitoids Trichogramma spp. 

and Bracon spp. (Chapter 4). Moreover, it has been reported that frequent spraying affects the 

aquatic ecosystem (Sumon et al., 2018) and affects farmers’ health (Akter et al., 2018) in the 

study area. In reality, farmers might feel that it is challenging and risky to try IPM for both 

disease and insect management. In that case, they can go for either disease or insect IPM first. 

It has been reported that farmers usually try out IPM in a piece-wise fashion but not as a fixed 

package (Shepard et al., 2009; Peshin, 2013). Therefore, I suggest farmers should start with the 

damping-off management in the nursery (Chapter 2). It only requires soil amendment of T. 

harzianum and the amount of T. harzianum needed will be limited compared with field 

application. The addition of a hot water treatment can be considered. Because, after the joint 

experimentation, farmers understood that this treatment did not compromise the germination of 

seeds, rather it enhanced germination. Field soil amendment of T. harzianum in addition to the 

nursery can also be recommended (Chapter 2). Farmers may even consider using T. harzianum 

only in the field soil but not in the nursery; it was also effective but costs more than nursery 

treating (Chapter 2). The choice farmers will eventually make will depend on their interest in 

using each IPM option and their ability to analyse which one would be more profitable for them. 

The choice of the farmers will also depend on the availability of materials. If T. harzianum is 

scarce, farmers can best only treat the nursery. If farmers cannot treat the nursery as T. 

harzianum is not timely available because of transport problems at the end of the rainy season 

when nurseries are planted, it is still worthwhile considering treating the field. 

For management of ESFB, there are also various options. Farmers can either choose only 

pheromone trapping or add biorational spraying to trapping. Both practices reduced fruit 

infestation, improved marketable yields and farmers’ income at input costs in terms of cash and 

labour comparable with those of farmers’ practice. Based on single trap monitoring on a few 

plots, we recommended installing traps for mass trapping after moths were first trapped 25-30 

days after transplanting (DAT). Use of only pheromone trapping and refraining from insecticide 

use will be challenging for farmers used to calendar-based spraying. Therefore, suggesting 

combining trapping with limited biorational spraying as fall-back option could be more 

appealing to them, providing also control against sucking insect populations building up to 

damaging levels and thereby alleviating the risk of failure of introducing a new pest 

management strategy (Chapter 4). 
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 In the ESFB management study (Chapter 4), pheromone trapping was tested in a network 

of nearby fields (3-6 nearby fields at 10-25 m distance each having 4-12 traps forming a cluster 

of 22-55 traps). As mentioned earlier, pheromone trapping was found technically and 

economically sound . However, it was unclear if trapping effects would also be observed when 

a single small field would be treated stand-alone. In Chapter 5, I found that trapping was 

ineffective when carried out on individual small fields that allowed placement of just 4 traps, a 

field size typical for smallholder eggplant farmers. In contrast, trapping was effective when 

placed as a 24-trap array (10 m × 10 m grid of 4 × 6 traps) or as a network of nearby fields. 

This indicates that concerted action among smallholder farmers is required for trapping to be 

effective. Based on the findings of Chapter 5, I suggest farmers to either create a network of at 

least 22 traps on nearby fields covering roughly 0.4 ha or organise themselves as direct 

neighbours to form a continuous 10 m × 10 m grid of 24 or more traps (Chapter 5, Fig. 1). 

However, what would be the exact minimum number of traps for effective trapping requires 

further research. In our previous study over two years on ESFB management, trapping in the 

network was cost-effective (Chapter 4); therefore, trapping by installing a continuous array of 

24 traps would also be cost-effective. Installing 24 traps would require 3-4 farmers who need 

to organise themselves while sharing the costs and labour. At present, it seems extension 

personnel in Bangladesh including farmer field school trainers are not aware of the need to have 

a minimum size network to make sure local depletion is not outweighed by additional attraction. 

The minimum need for organisation was not indicated in any of the analysed IPM training 

materials. While this analysis was limited to a single country in Southeast Asia, I assume the 

same is likely true for training materials and farmer field school training in other countries as 

also AVRDC (Asian Vegetable Research and Development Centre), reporting on the use of 

pheromone traps, does not address this complication (Alam et al., 2003; Cork et al., 2005).  

IPM is poorly adopted when offered as a predefined package (Morse and Buhler, 1997; Parsa 

et al., 2014). Such packages often fail to meet the needs of farmers (Morse and Buhler, 1997). 

IPM is also poorly adopted when it combines many options in a package for example cultural, 

physical, mechanical, biological options of pest control. Combining many components in a 

complementary way might satisfy the philosophy of IPM; however, whether it will be able to 

suit farmers is questionable. That is, farmers, particularly smallholders in the developing world, 

have limited labour, knowledge, and economic buffering capacity. In Bangladesh, farmers are 

recommended to practise grafting of eggplant seedlings with wild rootstock to produce healthy 

seedlings, soil fumigation, and use of resistant varieties to control bacterial wilt, but this all has 
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limited success and adoption (Vanitha et al., 2009; Rahman et al., 2010). In this thesis, while 

jointly experimenting with farmers, I crafted options for farmers that are effective as a single 

component or as a combination of two components maximum. Moreover, I found that the same 

options worked for both wilt and fruit rot management. Particular control measures for each 

disease would not only be difficult for smallholder farmers to implement but might also be 

expensive. Instead of providing pre-defined “ready-made IPM”, farmers should rather be 

provided with a basket of options so that they can try-out, adapt and adopt ( as also advocated 

by Meerman et al., 1997). Because the IPM options from this study were designed together with  

farmers they are most likely to be taken up by farmers. However, there are still bottlenecks for 

the use of these IPM options and without removing those, sustained use of this IPM by the 

participant farmers and scaling out this crafted IPM to other will not be possible.  

3. Remaining bottlenecks of IPM options and possible ways to alleviate them 

The thesis provided a ‘basket of options’ for farmers all of which were proven to be technically 

and economically sound. Yet, there are also several remaining bottlenecks in the tested IPM 

options that will be explained each in more detail:  

i) unavailability of IPM materials in the village;  

ii) farmers’ inability to comprehend ESFB biology;  

iii) social organisation needed for pheromone trapping; 

Regarding the first point: For improved nursery and field disease management, requirements 

include a seed treating machine and Trichoderma formulation. Both are not available in the 

village at this moment. These are only available with Bangladesh Agricultural University 

(BAU) where these were researched and invented, around 80 km from the study area. Similarly, 

pheromone lures, traps and biorational insecticide for ESFB control are currently not available 

in the village. None of the materials are sold in the nearby agro-input shops. Traps and lures are 

sold by the manufacturing company agent or by enthusiastic farmer trainers of local farmer 

field schools (FFS) who see this as a ‘green business’. Biorational insecticides are sold by major 

pesticide dealers only. In contrast, farmers can easily buy chemical pesticides from local shops 

just a doorstep away. While disease and insect management studies presented in this thesis 

show these chemical pesticides are actually ineffective and the IPM options much more 

effective, unavailability of these IPM materials can make all IPM options practically ineffective 

to farmers. Low IPM adoption due to unavailability of IPM materials has been reported earlier 
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in Bangladesh and other developing countries (Muthuraman and Sain, 2002; Borkhani et al., 

2010; Parsa et al., 2014; Kabir and Rainis, 2015). To alleviate the unavailability of IPM 

materials, village level enterprises by enthusiastic farmer trainers or farmers or village youth 

can be established. In this regard, help from local extension (upazilla agriculture office) is 

required. In Bangladesh, FFSs are run by local extension in the villages with predominant 

vegetable cultivation. On completion of the farmer field school, farmers are suggested to start 

an IPM club where trained farmers not only discuss the crop management issues but also save 

money to buy inputs and machineries that are required for improved crop management. Given 

this role and set-up IPM clubs could become instrumental in changing availability if agro-input 

shops fail. IPM club members could buy the seed treating machine and help all farmers to treat 

seeds on a payment basis. As electricity is available in most of the villages of Bangladesh, 

operating the machine does not seem to be problematic. For Trichoderma, enthusiastic farmers 

(especially women) and youth of the village or farmer trainers of the local field school could be 

trained on Trichoderma preparation so that they can set up their own business and sell the 

product. Local extension could ask the IPM laboratory of BAU to provide the training or at 

least the training materials for farmers and IPM clubs and provide the starting materials at a 

reasonable price. Farmer trainers who are enthusiastic about setting a ‘green business’ should 

be supported by government. Given the time and effort spent in creating IPM FFS and 

promoting IPM with farmers the government should also consider supporting development of 

the related input value chain to avoid farmers are trained in using materials that are not on the 

market. Extension might also inform the local agro-input dealers about these materials and 

encourage them to sell these.  

Regarding the second point: To understand the mechanism of mass trapping by pheromone 

traps and trap-catch-based timely spraying of biorational insecticide, it is necessary that farmers 

have knowledge on the ESFB life cycle. Farmers were found to have no inkling that caterpillars 

are the juvenile stage and moths are the adult stage of the same organism. Moths are nocturnal 

and they rarely can be seen at day time. When farmers saw moths in the traps they were 

surprised and asked how this trapping would reduce infestation because it is the caterpillar that 

causes damage to the fruits (Chapter 4, Table 2). Farmers have no idea that caterpillars are born 

from eggs, pass their juvenile stages inside fruits, exit fruits to pupate in the soil or plant debris, 

and afterwards transform into moths. When I explained to them that pheromone traps attract 

male moths, thereby gradually depleting the moth population and hampering mating success 

and thereby reducing infestation, farmers raised another question: why do traps not catch female 
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moths? Moreover, there was a lag phase between trap catch and infestation. Therefore, due to 

farmers’ limited understanding on biology, it was hard for them to understand why there were 

many moths in the traps when fruits are not yet very infested and then 2-3 weeks later fewer 

moths in the traps but there were many infested fruits. After trap installation, it took 1-2 life 

cycles (roughly 30-60 days) to build up to a tangible effect as shown when plotting the data 

(Chapter 4, Fig. 2c,d). It remains difficult for farmers to understand the effect of trapping and 

thereby at the first few harvests, farmers doubted the effect of trapping. For biorational 

spraying, I guided the farmers to spray based on careful monitoring of trap catches and spraying 

was done within a week after trap catches averaged more than four moths per trap to target the 

eggs or first instar caterpillars that live outside the fruit. Farmers had difficulty in understanding 

this rationale of biorational spraying, again because of a lack of knowledge on the life cycle 

and related vulnerability to spraying. Without a sufficiently clear understanding of insect 

biology and related aspects mentioned above, farmers may not be able and expected to 

implement mass-trapping-based IPM of the ESFB. Many researches already revealed that 

farmers’ knowledge gap on crop pest biology contributes to low IPM adoption, influence their 

pest management decision and make them dependent on pesticides (Robinson 2007; Bentley et 

al., 2009; Litsinger et al., 2009; Wyckhuys et al., 2007, 2013, 2019; Mkenda et al., 2020). Other 

studies also reported low adoption of IPM due to farmers’ knowledge gap on insect biology 

(Orr et al., 2001). In sweet potato weevil management in Malawi, farmers did not understand 

the rationale of sealing soil cracks, because they could not connect the adult weevil observed in 

the soil and the larvae found inside the tubers (Orr et al., 1998). Successful implementation of 

IPM depends on improving farmers’ knowledge on pest biology, particularly the life cycle (Orr, 

2001).  

Farmers’ knowledge on insect life cycle may be improved by experiential learning. Indeed, 

sustainable agriculture requires experiential learning (Leeuwis and Pyburn, 2002; Van de Fliert, 

2003). In this regard, FFSs could play a role. The life cycle of ESFB can be monitored jointly 

in a cage study and the different stages of the insect’s life cycle could then be shown and their 

relation explained to farmers. Alternatively, a video of the life cycle can be shown and related 

to what farmers can observe in their field. It has been reported that video-mediated learning 

enhanced farmers’ knowledge on botanical pesticide preparation compared with conventional 

lectures in Bangladesh (Chowdhury et al., 2015). In another study on rice seed innovation in 

Benin and Bangladesh, video-mediated learning improved farmers’ understanding on 

underlying principles of the technology (Van Mele, 2006).  
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In theory, the FFS approach suggests to not use much lecturing (Gallagher, 2003), rather 

emphasize on joint field observations. However, it has been reported that lecturing is most 

widely used instead of participatory field observations (Winarto, 2004; Palis, 2006). From my 

personal experience of an IPM FFS targeted to eggplant farmers, there was no life cycle 

demonstration of ESFB; also after putting pheromone traps in a field of one randomly chosen 

participant farmer, there was no monitoring of infestation. This lack of field observations and 

in-field discussions may have contributed to the farmers’ poor understanding of insect biology 

and thus poor adoption of IPM. This would be in line with the findings of Robinson et al. (2007), 

where rice IPM FFS trained farmers of Bangladesh could not identify plant hopper nymphs; 

most farmers thought the nymphs were related to a stem borer moth, an entirely different insect 

from plant hopper. I would argue that FFS learning should be more field-oriented.  

Regarding the third point: Chapter 5 confirmed that trapping as an individual field (4-trap) 

was ineffective. Traps provided effective control when traps were placed as 10 m × 10 m grid 

of 24 traps or network of nearby fields (Fig 1 C). Trapping requires concerted action of farmers. 

Installing 24 traps would require 3-4 farmers (direct neighbours) who need to organise 

themselves while sharing the costs and labour. Network of fields also requires organisation 

among farmers. I also found that when traps were organised as a 24-trap array, centre plots were 

better protected than corner plots. This might create tension among farmers. Also, when traps 

will be organised as network of farmers, in between there will be fields without traps that will 

get benefit as free rider. All those factors might create conflicts among farmers. Without 

concerted and social organisation among farmers, trapping might not be effective. This is a 

major bottleneck for applying pheromone-based mass trapping for smallholders. To alleviate 

this bottleneck, the necessity of farmers’ collective action needs to be explained to farmers in 

FFS training. Farmers involved in IPM clubs should thus also organise themselves to comply 

with this required minimum density. 

4. Reflection on research approach used: crafting the basket  

Engaging farmers from the very beginning was the most important element of the research 

presented in this thesis. For each study (Chapters 2, 3, 4), except for the research reported in 

Chapter 5, farmers were intimately engaged through negotiating treatments, implementing and 

aftercare of the treatments wherever possible (mixing T. harzianum in soil, installing 

pheromone traps, changing water in traps; all supervised by the researcher). Moreover, monthly 

meetings were held to understand their views and worries to learn about treatments. Also, 
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formal and informal discussions were held in the field to learn from each other. Farmers were 

also engaged in the assessment of different improved treatments. Simultaneously, I conducted 

laboratory and screen house studies to identify the source of infection and the relative role of 

treatment components.  

Farmers’ involvement in the research enabled me to put the research in the proper context 

and to come up with a basket of options that are technically reliable and also feasible in the 

present farming context. This also helped me to realize the bottlenecks of the different options. 

I proposed IPM elements based on scientific literature and discussions with scientists from 

Bangladesh Agriculture University and other relevant agricultural research institutes in the 

country, while also farmers had their ideas to propose. For example, they strongly suggested to 

test a seed treatment with Carbendazim (Chapter 2) and to add conventional insecticide 

spraying in the pheromone trap treated fields (Chapter 4). I also learned about their worry of 

boiling seeds when using the hot water treatment machine; and their worry of attracting insects 

from neighbouring fields if they would install traps as a single farmer. The latter worry led to 

an extra field study reported in Chapter 5. Discussion with farmers revealed that labour-

intensive IPM will not work for them (Chapter 4) because they opposed the proposal of 

sanitation of the crop by hand (regular removal of infested shoots and fruits). Rather than testing 

it by paying them for the work the decision was to drop the treatment as not applicable.  

Apart from the participatory study with farmers, I did several in vitro and screen house 

studies to figure out the source of infection and to disentangle the relative role of IPM 

components. I learned that soil is the main source of the pathogens causing damping-off, seed 

and soil both are the sources of the pathogens causing wilt and rot, and Trichoderma is the main 

player to reduce all those diseases, thus corroborating the findings from the on-farm 

experiments.  

5. What is to be considered while developing IPM for developing countries: lessons 

learned from this study 

5.1. Ensure engagement of farmers in the research and attention to farmers’ needs 

Involving farmers in the research helps understand the needs and aspirations of farmers within 

their context. When farmers are involved in the research and their needs are taken into 

consideration, the research findings and recommendations become more relevant to farmers 

(Pretty, 1998; Sinzogan, 2006). Initially, my research focus was only on an insect, i.e. the ESFB. 

While discussing with farmers I learned that, apart from ESFB, there were a few disease 
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problems relevant to farmers: damping-off in the homestead nursery and bacterial wilt and 

fungal rot in the production field. It seemed farmers would not value a participatory study of 

ESFB unless these disease problems were also taken seriously. Indeed, farmers often mentioned 

“If we don’t have plants, where will we apply IPM for ESFB?” in reference to the need to tackle 

their problem with plant loss to wilt (Chapter 4, Table 2). What researchers consider a problem 

might not be the only problem to farmers. Addressing wrong problems can cause low IPM 

adoption (Orr and Ritchi, 2004). When farmers are involved in the research and their problems 

are taken seriously, farmers feel assured, sense ownership of the study and thus become 

motivated to actively participate in the research. For example, in this study, when I decided 

together with farmers that IPM options for both insect and disease problems would be tested, 

farmers became more interested in the study. With full enthusiasm, they welcomed me, 

allocated their lands for treatment deployment and actively participated in the group discussions 

and field observations. Treatment negotiation with farmers allowed me to understand their urge 

to test insecticides with researcher proposed IPM options. For example, chemical seed treatment 

with Carbendazim for damping-off management in the nursery, conventional spraying with 

pheromone trapping for ESFB management in the field. Because of their interest in using 

pesticides with IPM options, while discussing benefits of biorational insecticides over 

conventional insecticides, it was decided to also test a biorational insecticide with pheromone 

trapping. Also, in the ESFB management study of year 1, when it was realized that conventional 

insecticide spraying did not provide any further control beyond only pheromone trapping but it 

killed natural enemies, the decision was taken together to not include this spraying in the year 

2 study. When sanitation (removal of infested shoots and fruits) was proposed to the farmers, 

they immediately rejected this, considering it too labour-intensive. When a hot water seed 

treatment was proposed in the damping-off management study, farmers initially questioned 

whether it would kill the seeds or inhibit seed germination. Believing the researcher’s 

explanation that it was safe, farmers agreed to test it in year 1. When farmers’ saw better 

seedling emergence in improved management plots compared with their conventionally 

managed plots, their worry about seed boiling had completely gone. They agreed to keep this 

seed treatment in the year 2 study. Hence, engaging farmers in the present study not only helped 

figure out the relevant problems of farmers to be researched, but also helped find out IPM 

options relevant to them. Indeed, farmers’ participation in experimentation allows much better 

than on-station research to assess what is achievable under farmers’ conditions rather than what 

is technically perfect (Morse and Buhler, 1997; Morse, 2009). However, conventional 
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agricultural research often neglects farmers’ needs, does not engage farmers in the research and 

provides researchers’ recipe to farmers; such technology often failed, and farmers follow their 

own agenda (Röling, 1988; Matteson et al., 1994; Röling, 1996; Morse and Buhler, 1997; Van 

Huis and Meerman, 1997; Parsa et al., 2014). Based on my own experience and the related 

literature t, I conclude that while developing IPM, researchers need to pay attention on farmers’ 

needs and socio-economic contexts. 

5.2. IPM options should not be labour-intensive 

Smallholder and resource-poor farmers will not favour labour-intensive IPM strategies 

(Goodell et al., 1990; Beckman and Wesseler, 2003). In the ESFB management study (Chapter 

4), I proposed farmers to test sanitation (removal of infested shoots and fruits) as one of the 

IPM components. Among eight participants, six farmers immediately rejected it. Two 

enthusiastic farmers started it, however, after a week they dropped it as it was too complex and 

laborious. In Bangladesh, eggplant farmers are suggested by research and extension to practise 

regular sanitation. However, this practice was poorly adopted (Kabir and Rainis, 2015), reason 

might be labour intensiveness. Rice farmers of Bangladesh were also taught by FFSs to practise 

leaf clipping, netting and insect scouting; however, farmers continued to use pesticides as they 

considered all these practices too labour intensive (Robinson et al., 2007). Rejection of labour 

intensive practices was also reported from elsewhere, for example, African farmers rejected 

earthing-up, mulching, and sanitation (Orr and Ritchi, 2004; Togbe et al., 2015). Farmers in the 

developing world in fact require IPM options that require limited labour. While designing IPM, 

this practicality needs to be kept in mind. 

5.3. Rational pesticide use should be kept as an IPM component 

Vegetable farmers of South and Southeast Asia, including Bangladesh, heavily depend on 

pesticide use for insect and disease control (Gautam et al., 2017; Schreinemachers et al., 2017, 

2020). Eggplant farmers of Bangladesh apply pesticides weekly (Chapter 4, Mohiuddin et al., 

2009; Shelton et al., 2018). Recommending them not to use any pesticide might be in vain. For 

example, one of the important components of the previously developed ESFB IPM was not to 

use any pesticide (Alam et al., 2006). I surmise this is one of the main reasons why farmers 

rarely adopt that IPM. In my study, when I negotiated treatments with farmers, they demanded 

to include pesticide for each disease and insect management study (Chapters 2, 3, 4). For 

instance, farmers tested a seed treatment with Carbendazim in the damping-off management 
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study (Chapter 2) and conventional insecticides spraying with pheromone trapping in the ESFB 

management study (Chapter 4). Yet, in the latter study farmers dropped the conventional 

insecticide spraying combined with pheromone trapping after the year 1 study because this 

spraying did not provide further control beyond trapping but killed natural enemies; I argue that 

these farmers might not go for only trapping because they are habituated with pesticide 

spraying. Moreover, farmers wanted to keep pesticide treatments also to avoid uncertainty of 

the efficacy of IPM materials. Because, these farmers are smallholders and if the IPM fails they 

will live the dire economic consequence. Apart from ESFB, there were minor insects, for 

example aphids and jassids, in the eggplant fields. Farmers’ spraying of broad spectrum 

insecticides reduced their population (Chapter 4). When only pheromone trapping would be 

used, these minor insects might appear as major; farmers will then again return to spraying. To 

prevent this, I suggest to keep biorational insecticide spraying with pheromone trapping as 

biorational spraying reduced the aphids and jassids populations (Chapter 4). Although there is 

debate whether a full strategic IPM should use pesticides (Morse and Buhler, 1997), for making 

IPM adoptable, a complete devoid of pesticide use will not work for these farmers. Farmers are 

not yet ready to use a fully strategic IPM. Therefore, keeping pesticide use but replacing broad 

spectrum formulations by biorational ones and then convert to monitoring-based application 

would be a fall-back option for farmers (Chapter 4). 

5.4. Keeping IPM components that are easy to understand 

 Farmers of Bangladesh are habituated with pesticide spraying. In this context, shifting from 

spraying to IPM would require: introducing an IPM components that are not difficult to practise 

compared with spraying; also, the effect of the IPM component should be visible. For instance, 

in this thesis, soil application of T. harzianum was much more appreciated by farmers than 

pheromone trapping. T. harzianum required mixing an amendment into the soil just one time 

before broadcasting seed in the nursery and transplanting seedling in the field. Effect of T. 

harzianum was visible within two weeks from the seedling growth, less failure of seedlings in 

the nursery and later also from less plant death in the field. In contrast, although farmers stated 

maintaining traps is not difficult, understanding the trapping mechanism and observing the 

effect of trapping was difficult. With proper provisioning of the IPM materials and farmers’ 

training, I understand farmers might pick up the application of T. harzianum before they go for 

trapping. 
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6. Personal reflections and concluding remarks 

Since its inception 70 years ago, IPM has changed over time and today it has a strong conceptual 

basis. This change mainly focused on technical excellency of IPM by combining and 

experimenting multiple complimentary tactics, for instance cultural, biological, physical and 

mechanical methods. IPM also strongly focused on maintaining environmental benefits and 

‘ecological services’ other than production. However, whether the IPM would match farmers’ 

knowledge, labour, and economics remained neglected. While developing IPM, researchers 

should not determine IPM components strictly based on the IPM philosophy, rather they should 

think rationally - both from a technical and practical implementation view point - what would 

be best for farmers. Researchers must have good grounding on the philosophy of IPM but must 

also have the capacity to readjust the IPM to farmers’ needs without strictly sticking to the IPM 

philosophy. For instance, I learned from this thesis that farmers still want to do some spraying; 

therefore, biorational spraying was included in the ESFB management study. The strategic 

components of IPM (like mass trapping and not using pesticides) are priority; however, 

including rational use of a selective pesticide together with strategic components would not 

deviate fundamentally from the philosophy of IPM.  I also learned from my research that other 

than a single organism, all organisms that are most relevant to farmers should be taken into 

account while designing IPM. For instance, I started my PhD research focusing on an insect 

only, namely ESFB; however, while interacting with farmers, I understood that there were more 

equally compelling problems (diseases: damping-off, bacterial wilt and fungal fruit rot); not 

considering diseases in the research would have made the research less interesting to farmers, 

and this would have made them less interested in IPM as a concept too. What IPM means to the 

researchers matters, yet taking into account what IPM means to farmers will help make them 

adopt IPM. Otherwise, IPM will remain elusive to the vast majority of farmers in developing 

countries. 
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Summary 

 

In response to the unrestricted use of pesticides, the concept of integrated pest management 

(IPM) was developed in the1960s. It matured over time and was strongly promoted. Millions 

of farmers across the globe have been trained through the Farmers’ Field School approach, 

mainly in developing countries. Despite huge investments in IPM research and promotion, IPM 

is not embraced by farmers: its adoption rate remains frustratingly low. Various reasons for this 

include weaknesses in IPM research, poor quality of the proposed IPM, poor outreach, poor 

farmer training and organisation. While developing IPM, more attention has been given to 

technical excellence than to practical implementation.  

This thesis aims to understand why IPM is so difficult to implement for smallholder farmers 

in developing countries and what is needed to make IPM work. Eggplant production in 

Bangladesh was taken as a case to contribute to this understanding. Eggplant farmers poorly 

adopted a previously recommended IPM; they spray broad-spectrum pesticides frequently (at 

least weekly) to control pests, more specifically the eggplant shoot and fruit borer moth. 

Involving farmers in the research, this study aimed to craft IPM options for smallholders that 

suit in their context, that maximally use natural enemies and that significantly reduce pesticide 

use. Simultaneously, based on joint experimentation with farmers, this study aimed to provide 

insights into how to break through the complexities and pitfalls of IPM to make it more 

adoptable for smallholder farmers.  

The starting premise was to work on IPM for eggplant shoot and fruit borer (EFSB: 

Leucinodes orbonalis, Lepidoptera: Pyralidae). Based on discussions with farmers and field 

observations, I identified further major disease and insect problems of eggplants and then 

sought solutions for each of the problems together with these farmers. Relevant disease and 

insect problems to farmers were: damping-off (multiple fungal pathogens) in the homestead 

nursery, bacterial wilt (Ralstonia solanacearum) and fungal fruit rot (Phomopsis vexans) in the 

production field and indeed the original target insect ESFB infestation in the production field. 

For each of the disease and insect problems (Chapters 2, 3, 4), farmers’ conventional practice 

of spraying proved ineffective. In contrast, a combination of IPM options available in the 

scientific literature but not all tested in the field were found to be technically sound and 

economically viable. Nonetheless, there were bottlenecks for the use of these IPM options.  

Chapter 2 investigated a feasible disease management option for farmers’ nursery problems 

with damping-off. I proposed soil application of Trichoderma harzianum (T. harzianum) and 
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seed treatment with hot water while farmers proposed to include a chemical seed treatment with 

Carbendazim. A two-year participatory study was conducted in farmers' nurseries subject to 

damping-off and farmers’ preserved seeds were used. On negotiation with farmers, sowing rate 

was reduced by a factor four both in improved management and farmers’ practice plots in year 

1, farmers maintained the same sowing rate in the improved management plots in year 2 but 

followed their conventional sowing rate in the conventional practice plots. Soil application of 

T. harzianum combined with hot water seed treatment produced 25-64 percentage points more 

healthy seedlings than farmers’ conventional practice of spraying. This combined treatment 

also improved seedling quality traits. Adding Carbendazim seed treatment with soil application 

of T. harzianum produced similar effects as including a hot water seed treatment. Therefore, it 

seems there were no compatibility issues when chemical seed treatment was combined with 

soil application of T. harzianum. Blotter and in vitro studies in the laboratory and tray studies 

in a screen house confirmed soil as the major source of the pathogen and T. harzianum as major 

player in both reducing damping-off and enhancing seedling growth. Farmers may go for only 

soil application of T. harzianum; however, the tested reduced sowing rate needs to be 

maintained. If they wish, they can also combine the soil application with a hot water treatment 

of the seed.  

Chapter 3 investigated causes of bacterial wilt and fruit rot during the field stage and sought 

solutions with farmers to manage these two diseases. As more healthy and vigorous seedlings 

were produced from improved nurseries than in farmers’ nurseries, the principal researcher and 

the farmers jointly decided to transplant these seedlings as a disease management option in the 

production field. Soil application of T. harzianum in the field was also chosen as another option. 

Finally, seedlings raised according to farmers’ practice or in nursery soil treated with T. 

harzianum from seed treated either with hot water or with Carbendazim were transplanted in 

fields either with or without soil application of T. harzianum. Improved nursery management 

alone reduced wilt and fruit rot, increased marketable yield and farmers’ income. An additional 

effect was found when T. harzianum was applied to the field soil as well. Only field soil 

application of T. harzianum was also found to be effective; this treatment was only tested in 

year 1 of the study because costs were higher than only transplanting improved seedlings 

(improved nursery management). To manage diseases in the production field, farmers are 

recommended to use the improved nursery management practices. Moreover, T. harzianum can 

be applied to the soil in the field; however, the practicality of this option will depend on the 

capacity of the farmers to invest additional labour and cash for input. T. harzianum persisted in 
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the improved management fields at the end of the growing season and reduced wilt and rot 

pathogens. Seeds preserved from improved management showed less infection with pathogens 

than seed from farmers’ practice plots. Reduction of pathogens at the end of the crop cycle both 

in the field soil and in preserved seed indicates that the next crop might start with lower disease 

pressure.  

Chapter 4 explored the effectiveness, profitability and practicability of alternative ESFB 

control measures and compared their effects with the sole use of broad-spectrum synthetic 

pesticides. Based on the literature, I proposed pheromone trapping and removal of infested 

shoots and fruits (sanitation). Farmers immediately rejected the sanitation as too labour-

intensive. Farmers proposed combining conventional insecticide spraying with pheromone 

trapping. Understanding their desire to spray, I also proposed another treatment, trap-based 

biorational spraying, and informed farmers that biorationals are less detrimental to natural 

enemies and to the environment. Pheromone trapping alone or combined with biorational 

spraying reduced fruit infestation, increased yield and income at costs comparable to farmers’ 

practice. These two IPM options did not affect predatory ladybird beetles or parasitoids. After 

a year of study, farmers dropped combining conventional insecticide spraying with pheromone 

trapping because spraying did not provide further control beyond pheromone trapping but 

reduced natural enemies. Farmers’ practice neither reduced infestation nor increased yield 

compared to zero control plots but reduced populations of natural enemies. Although 

pheromone trapping only was effective, I advocate to keep biorational spraying as well, because 

farmers felt more assured when they also sprayed a biorational. Moreover, biorational spraying 

reduced the population ESFB further and reduced populations of aphids and jassids. If these 

minor insects increased, farmers would go back to conventional spraying. Farmers mentioned 

installing traps and changing water from traps is neither complex nor time consuming; however, 

farmers’ lack of knowledge of ESFB biology is a major bottleneck; they need such knowledge 

to understand the trapping mechanism and its efficacy.  

Chapter 5 explored the suitability of pheromone trapping for individual smallholder farmers 

versus trapping with a network of farmers. In Chapter 4, traps were installed in nearby fields 

of participant farmers which created network of fields with traps. Eggplant farmers are 

smallholders with fragmented land. There was a shared concern that the use of mass trapping 

for an individual farmer with a small plot would be ineffective; traps might attract male moths 

from surroundings outweighing local depletion. Therefore, I tested three types of trap settings: 

a 4-trap setting (individual small field), a 24-trap setting (combination of 3-4 adjacent fields, 
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allowing an array of 4 × 6 traps) and a network setting (3-5 nearby fields at 10-25 m distance, 

each field having 4-12 traps forming three clusters at a distance of 40-50 m). Moth catch per 

trap per week was three times higher in the 4-trap fields than in the 24-trap and network fields. 

Reproductive success of the moth, as indicated by fruit infestation, was similar for fields with 

4-traps and farmers’ practice fields without traps, indicating that local depletion was cancelled 

out by additional attraction from surroundings. In contrast, the 24-trap setting or the network of 

nearby fields both sufficiently depleted the male moth population reducing fruit infestation and 

increasing yield compared to farmers’ standard practice. Trapping in typically sized individual 

fields (4 trap-fields) was ineffective. For effective trapping, concerted action is needed either 

through neighbours with directly adjacent fields allowing an array of 4 × 6 traps or by farmers 

of nearby fields. 

Chapter 6 reflects on thoughts and insights of what measures should be taken to provide a 

workable IPM. Using a transdisciplinary approach, I could identify the most relevant problems 

of farmers and seek solutions together with them. Rather than providing farmers a predefined 

IPM package, this study generated a basket of options for and with them. All IPM options for 

disease and insect management were technically and economically viable. While the 

combination would be most effective also sound options for partial implementation are 

indicated. These developed alternatives to current massive spraying might be useful for other 

eggplant growing areas having similar socio-economic conditions and biotic stresses. Yet, there 

were a few remaining bottlenecks for the use of these IPM options: unavailability of T. 

harzianum, seed treating machine and pheromone lures in the village, a mismatch between 

farmers’ knowledge on insect biology and use of pheromone trapping, and the need for social 

organisation for effective trapping. Farmers are expected to adopt these IPM options only when 

these bottlenecks are removed. Extension and other institutional support are required.  

This research will contribute to designing IPM for smallholders in developing countries. My 

research approach may show the way to developing or adjusting more sustainable agricultural 

innovations in general. Research and extension, agricultural research institutes and universities 

and policymakers of Bangladesh and similar countries may use this thesis to fine tune their 

approach to designing agricultural innovations that suit farmers’ needs.  

In conclusion, IPM is difficult for smallholders but not impossible if combined with 

integrated people management. Without proper collaboration and communication between 

research, extension, farmers, and the agro-input value chain it will be difficult to make IPM 

work for smallholders.  
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