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Knowledge gaps among smallholder farmers hinder adoption of conservation

biological control
Abstract

Conservation biological control uses habitat management to enhance the survival and
impact of arthropod natural enemies for pest control. Its advantages are that it relies on
native or established invertebrate populations that are adapted to local agricultural
ecosystems and conditions. We surveyed 300 farmers in three agro-ecological zones of
Kilimanjaro Region, Tanzania to assess farmers’ knowledge of natural enemies, insect
pests and pesticide use and ways of accessing agricultural information to identify hurdles
to the adoption of conservation biological control measures. Data were collected through
face to face interviews using questionnaires and pictures and by using a novel voice-
response mobile phone survey. The farmers surveyed regarded almost all insects as pests,
with data analyses revealing that 98.7% of farmers were completely unaware of natural
enemies. After completing a short training course, however, awareness was transformed,
with 80% of farmers recognising beneficial insects and expressing an intention to change
farming practices to enhance their survival within the crop. Access to information about
synthetic pesticide alternatives was a limiting factor to uptake of biological control
measures with 8.7% of farmers reporting no access to agricultural information, while
others were mostly dependent on agricultural officers. These findings identified a severe
lack of knowledge among smallholder farmers about beneficial insects which will impact
adoption of conservation biological control. We recommend improved access to
information and knowledge among the technical officers and the smallholder farmers
with direct training on agro-ecological intensification for wider adoption of conservation

biological control.
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enemies, insect pests.

1.0 Introduction

Insect pests are a major limiting factor in crop production, leading to up to 50% vyield loss

in developing countries (Grzywacz, Stevenson, Mushobozi, Belmain & Wilson, 2014;



Mwang’ombe, Thiongo, Olubayo, & Kiprop, 2007; Shannag and Ababneh, 2007).
Currently, the majority of the farmers depend heavily on chemical pesticides to control
these pests (Wilson and Tisdell, 2001, Kariathi, Kassim, & Kimanya, 2016), but potential
impacts on the environment and human health are alarming (Amoabeng, Gurr, Gitau, &
Stevenson, 2013; Mahugija, Chibura, & Lugwisha, 2018; Tosi, Costa, Vesco, Quaglia, &
Guido, 2018). Overuse or misuse of these products can also lead to insecticide resistance
developing in the pest, aggravating outbreaks (Lekei, Ngowi, & London, 2014; Ngowi et
al., 2001). This is further exacerbated by non-selective pesticides eliminating natural

enemies of crop pests, removing the potential for natural pest regulation.

Insufficient knowledge among farmers is correlated with the farmers’ level of education
and access to limited knowledge is one of the main factors contributing to continuing
reliance on pesticides (Olajide, 2011). Ngowi, Mbise, ljani, London, & Ajayi (2007) and
Kariathi, Kassim, & Kimanya (2016) reported that many farming communities in
northern Tanzania are not aware of the hazards associated with chemical pesticides while
their excessive use is largely due to poor training and knowledge of alternatives. Most
farmers cannot read the instructions on application rates or heed safety warnings on
pesticide labels which in most cases are written in English. This can result in
inappropriate application, leading to increased insecticide resistance and greater pest
numbers associated with low numbers of arthropod natural enemies (Ntow, Gijzen,
Kelderman, & Drechsel, 2006; Williamson, Ball, & Pretty, 2008). In response to
insecticide resistance, some farmers mix several pesticides together at increased
concentrations, exacerbating their negative effects (Ngowi, Mbise, ljani, London, &
Ajayi, 2007; Wilson and Tisdell, 2001). These agricultural practices are impacting
ecosystem services including natural pest control as well as creating health problems to

humans and other non-target organisms.

Conservation biological control (CBC) is an approach to enhance the natural enemies of
insect pests that are already present in an area by manipulating the environment and
farming practices to maximize their collective impact of pest suppression (Aquilino,
Bradley, & Anthony, 2005; Eilenberg, Hajek, & Lomer, 2001; Martin, Reineking, Seo,
& Steffan-Dewenter, 2013; Palm, Blanco-Canqui, DeClerck, Gatere, & Grace, 2014).
However, an ecological approach to pest management is knowledge-intense, and thus
farmers need to be well informed about management practices and the landscape features

that support the population of natural enemies for pest regulation in their farms. Laizer,



Chacha & Ndakidemi (2019) found that cultural practices such as intercropping and crop
rotation to be the most common farming practices among the smallholder farmers in
Moshi rural district, but those practices did not address pest management. In addition, the
study found that 77% of the farmers considered ladybirds and honey bee to be insect
pests, showing the need to greatly enhance their knowledge about beneficial insects.
Several studies have reported on the need to consider the local knowledge for
understanding the complex agricultural issues among the farmers (Nguyen, Seddaiu and
Roggero, 2014; Meijer, Catacutan, Ajayi, Sileshi, & Nieuwenhuis, 2015). Therefore,
combining smallholder bean farming practices with ecological pest management options
such as CBC may facilitate knowledge assimilation and adoption for sustainable pest

control.

This study focused on the understanding of farmers’ knowledge about natural enemies,
insect pests and pest control practices in bean production systems in order to identify pest
management options available to the farmers and potential barriers to CBC. Access to
agricultural information was also investigated, and training provided, to ensure key
information was made available to farmers. This study presents both the results of a
traditional survey and critically evaluates the use of a mobile phone-based method for

data collection.

2.0 Materials and methods

2.1 Study sites

Sites were located across three agricultural zones in the Kilimanjaro region of northern
Tanzania within the Moshi rural district where common bean (Phaseolus vulgaris) is
widely cultivated. Three zones were classified based on elevation (Pabst, Kiihnel, &
Kuzyakov, 2013). A low zone was defined between 800 m to 1000 m asl, a mid zone
between 1000 m to 1500 m asl, and a high zone between 1500 m to 1800 m asl. The
maximum and minimum temperature from the data collected using climate loggers
(measured under shade and sun) for the low zone is 13.5°C and 46.5°C, the mid zone is
12.5°C and 46.5°C and the high zone is 7.5°C and 37.5°C, respectively. The high zone

receives more rainfall than other zones, and as a result, there is only one bean cropping



season during the short rains (July to October). Other zones have two bean cropping
seasons, during short (July to October) and long rains (March to June). The high zone
included Mbahe village (3.23°S, 37.50°E) which is located in the Marangu West ward.
The mid zone encompassed Mieresini village (3.33°S, 37.53°E) and the low zone Kilimo
Makuyuni village (3.40°S, 37.55°E) in the Makuyuni ward. The major crops cultivated in

all zones are maize and beans in small scale subsistence farming systems.

2.2 Sampling

Farmers growing beans in the three zones were identified with the help of agricultural
extension officers. The sample size formula was used to calculate the sample size as
described by Olejnik (1984) and Naing, Winn, & Rusli (2006), with some minor
adjustments to fit the time and budget limits, where 100 farmers among all bean growers

in the area were randomly selected from within each elevation zone.

2.3 Data collection

Before the interview, farmers were informed on the aims of the research and agreed to
participate in the study. All research ethics were obeyed including the confidentiality of
the names of the respondents during data analysis and reporting. Two methods were used
to collect data, face to face interview using questionnaires (Supplementary S1) and an
interactive voice response (IVR) survey platform (Chancellor, Priebe & Mkenda, 2019).
The IVR survey was used to evaluate whether smallholder farmers in sub-Saharan Africa
have the interest and capacity to utilize the IVR services. Similar information for some
measures were gathered from the two methodologies. Farmers were interviewed using
structured questionnaires with both closed- and open-ended questions. The researcher
made use of enumerators who were trained and able to speak local language in
administering the questionnaires.

Farmers’ awareness of natural enemies was tested by a closed ended question where they
were required to respond by either “YES” or “NO”. Their knowledge on the identification
of the natural enemies and insect pests was assessed using pictures of an adult individual
insect (Supplementary S2) of the following: hoverfly (Diptera: Syrphidae — using
Episyrphus spp.), lady beetle (Coleoptera: Coccinellidae — using the lunate lady beetle
Cheilomenes lunata) and long legged fly (Diptera: Dolichopodidae — using Condylostylus
spp.) as natural enemies and aphid (Hemiptera: Aphididae — using Aphis spp.), blister

beetle (Coleoptera: Meloidae — using Mylabris phalerata), and caterpillar (Lepidoptera:



Crambidae - using Maruca vitrata) as insect pests, presented as A4 printouts of high-
resolution photographs, accompanied by a silhouette image indicating actual size.
Farmers were asked to state whether they have seen such insects in their fields, the name

of the insects (in their local language), and their importance in agriculture.

The IVR data collection involved recording the questions (Supplementary S3) in the local
language of the region (Kiswahili) and uploading the recordings in to the mobile system.
Pre-trials and training for the IVR system was done through farmer meetings in all zones
where farmers were directed on how the voice-response system worked. A sample of 112
among the 300 farmers attended the meeting where 90 of those attended agreed to
participate in the actual IVR survey. The survey comprised a subset of questions that were
asked during the face to face interview which focused on insects (both beneficial and
pests) observed in their field and pest control methods deployed during the past week, as
well as accessibility of agricultural information. The farmers proposed a day and time at
which the calls would be made automatically every week throughout the bean cropping
season (July to September, 2016). Farmers were asked to inspect their fields every week
before the calling day in order to be able to respond to the questions, especially about
insect abundance. The farmers’ responses were recorded directly into the mobile system
as they were talking through the phones or by pressing buttons on phone keypads as

instructed. The recorded responses were then translated into English before analysis.

Pre training survey suggested a need to train the farmers on the major insect taxa that
occurred in bean fields and their agricultural relevance. Three training stations, one in
each elevation zone, were selected with the help of the agricultural officers. All the
farmers who were involved in the baseline survey (100 farmers in each zone) gathered at
their respective training stations for the training events. The training was conducted one
year after the baseline survey, during March to April 2017. Several insect species
(pictures and live insects collected from their farms) including those which were shown
during the pre-training survey were used in the training. Different pest management
techniques including the importance of some field margin vegetation in supporting
natural enemy populations were also part of the training. The training aimed at increasing
the farmers’ knowledge about natural enemies, insect pests and pesticide use, as well as
about good farming practices that will enhance the survival of beneficial insects while

reducing the insect pests in their farms. Four months after the training, farmers were



assessed on their knowledge change about insect identification using the same insect
species that were shown during the baseline survey. They were also assessed on their
interest to different types of pesticides to find out possible changes in pest management

techniques.

2.4 Data analysis

Statistical data analysis was conducted using the R program (R Core Team, 2017), version
3.5.1. Independent variables were elevation zone, age, sex and education level. The
dependent variables were the responses from farmers about accessibility of agricultural
information, awareness about natural enemies, identification of insects, pesticide use
practices and suggested ways to improve bean production. Chi square test (denoted as y?)
was used to test for differences between categorical variables using package FunChisqg.

The significance level was set at p < 0.05 and the degrees of freedom denoted by df.

3.0 Results
3.1 Participant characteristics

Farmers involved in the study were 39.3% (118) men and 60.7% (182) women (Table 1),
showing a greater number of women compared with men participate in agriculture in the
overall study area. Men and women participation in crop production was significantly
different among the three zones (x> = 24.837, df = 2, p < 0.001), with men percent
increasing from the low zone (20%) to the mid zone (45%) and to the high zone (53%),
while women were more in the low zone (44%), decreasing to 30% in mid zone and only
26% in the high zone. There was also a significant difference among the farmers in terms
of age and gender (x> =12.091, df = 2, p = 0.002). The participation of women within age
groups: 18 to 35 years, 36 to 45 years and above 45 years was 35.7%, 34.1% and 30.2%,
respectively, showing a slight decrease in farming with increasing age but broadly
speaking that farmers surveyed were evenly representative of ages groups. However, the
same age groups for men was 23.7%, 26.3% and 50.0%, respectively, showing lower

participation of younger men in agriculture.

Education level of the farmers among the three zones differed (y*> = 18.143, df =6, p =
0.006). Farmers with incomplete primary education were more abundant in the low zone
(10.0%), followed by the high zone (4.0%) and only 2.0% in the mid zone. Only three



farmers had attained further vocational education, all from the mid zone (Table 1).
Overall, significant differences in farmers’ age and education were apparent, (%> = 21.258,
df = 6, p = 0.001) with no farmers between ages 18 and 35 who had incomplete primary
education in any zone, while there were 13 farmers with incomplete primary education at
the age of above 45 years, suggesting the dropout from primary school was among
younger farmers. There was no significant sex difference (3> = 2.201, df = 3, p = 0.532)
in terms of education. The major economic activity recorded was farming, with 100.0%
in low zone and 95.0% in mid and high zones. Other business activities included shoe

making, tailoring and carpentry.

Table 1

3.2 Participation of farmers in the interactive voice response (IVR) survey

On average 70.4% of farmers responded to the call each week. More farmers from the
low zone were recruited compared to other zones as a result of their attendance to the trial
meeting and willingness to participate in the survey. Although a good number of farmers
participated each week, the number of respondents to the different questions varied,
where closed questions (which farmers were choosing from given options) were more
often responded than open ended questions (which farmers were supposed to answer from
their experience or after field observation). Of the two methodologies (face to face
interview vs. IVR survey) of data collection used in this study, face to face interview was
the most useful as the majority of farmers in the IVR survey did not respond to all

questions, whilst some farmers did not answer calls as had been agreed.
3.3 Farmer awareness of natural enemies and insect pests before training

Overall, 98.7% of respondents in the baseline survey were unaware of the existence of
natural enemies of pests. The majority of farmers were not able to distinguish natural
enemies from insect pests, even lady beetles, hoverflies and long legged flies (Figure 1a)
despite these natural enemies being abundant in their fields (PM, personal observation).
Most farmers did not recognize the insects at all and returned a “don’t know” response,
or else provided an incorrect identification. Many farmers were confused between the
lady beetle (the adults and larvae of which predate upon aphids) and Ootheca spp.

(Coleoptera: Chrysomelidae) (a folivore) considering both to be pests. Farmers differed



in their identification expertise between zones for lady beetles (y*>= 19.614, df = 4, p <
0.001), long legged flies (y>= 12.072, df = 4, p = 0.017) and hoverflies (y*= 19.281, df =
4, p <0.001) where farmers from the high zone were the least accurate in identifying the
insects compared with other zones (Figure la). Farmers’ education level had no
significant influence in the identification of lady beetles (y*> = 10.892, df = 6, p = 0.092),
long legged flies (y*> = 4.449, df = 6, p = 0.616) and hoverflies (x> = 4.274,df =6, p =
0.640). Similarly, there was no significant difference in the identification of lady beetles
(x>*=0.289, df =2, p =0.866) and long legged flies (y*> = 2.654, df = 2, p = 0.265) between
men and women but only for hoverflies (y*> = 12.739, df = 2, p = 0.002) where women
were the most accurate. From the 1\VVR survey, only 3% of farmers were able to mention

the lady beetle as being a beneficial insect.

The pre-training results showed that the farmers in the three zones were more aware of
insect pests than of natural enemies. When shown insect pests in pictures, 53.3% of the
farmers were able to identify aphids (Aphis spp.), 37.7% caterpillars (including Maruca
and Helicoverpa spp.) and 11.3% blister beetles (Mylabris oculata) (Figure 1b). Blister
beetles are among the most apparent insect pests in the area (personal observation) being
large and brightly coloured and mostly feeds on flowers, thus occasionally reducing

yields, but the majority of farmers were not aware of them as an insect pest.

Awareness of the insect pests (aphids, caterpillar and blister beetle) differed between
zones (aphid: y?=37.414, df =4, p < 0.001; caterpillar: ¥*>=7.456, df =4, p=0.114, ns;
blister beetle: > = 30.939, df = 4, p < 0.001), with farmers in the high zone recognising
aphids most accurately, and farmers in the low zone being least accurate, while farmers
in the mid zone were most accurate at recognising blister beetles, followed by high zone
farmers; again, low zone farmers were least accurate (Figure 1b). However, education
level of the farmers had no significant influence on the identification of aphids (y>= 4.621,
df =6, p=0.593), caterpillars (y*> = 7.635, df = 6, p = 0.266), or blister beetles (y>=7.141,
df = 6, p = 0.308). The identification expertise did not differ between men and women
for aphids (y*>=1.795, df = 2, p = 0.407) and caterpillars (3> = 3.232, df = 2, p = 0.199)
but only for blister beetles (y* = 11.237, df = 2, p = 0.004) where women were more

accurate than men.

3.4 Farmer awareness of natural enemies and their insect pests after training



Farmers’ awareness of natural enemies increased from 1.3% in the baseline survey to
80.0% after the training. Farmers were able to identify the same insect taxa (both natural
enemies and insect pests) which were given during the baseline survey (Figure 1a and
1b). There was no significant difference in the identification of lady beetles between the
zones (y?= 8.313, df = 4, p = 0.081), but only for hoverflies (x> = 40.444, df = 4, p <
0.001) and long legged flies (y>=32.648, df = 4, p <0.001), where more farmers from the
mid zone were able to identify both insects as compared with the other two zones (Figure
1a). There was no significant difference in the identification of aphids between the zones
(y>=2.143, df = 6, p = 0.268), but only for caterpillars (y>= 300.12, df = 6, p <0.001 and
blister beetles (y>= 300.76, df = 6, p < 0.001) where more farmers from the mid zone

correctly identified caterpillars and blister beetles compared with the other zones.

Figure la

Figure 1b

Since most of the farmers were not familiar with natural enemies during pre-training
survey, they were not able to state their economic importance or agricultural relevance.
Most of the farmers were unaware of the functions of natural enemies while others
identified them as pests (Figure 2a). From the four given categories; natural enemy, insect
pest, pollinator and unknown, some farmers were able to identify the images of natural
enemies as pests of their fields, while others were completely unaware, a few regarded
them as pollinators (Figure 2b). However, after the training most of the farmers were able
to state the relevance of the insects in their field (figure 2a and 2b). About 69% of the
farmers were able to state the economic importance of hoverflies as a natural enemy

(16.7%), as a pollinator (22%) and as both a natural enemy and a pollinator (30.3%).

Figure 2a

Figure 2b



3.5 Pest management practices and challenges

3.5.1 Major insect pests

The most damaging insect pests according to 78.3% of farmers were aphids. Other
reported insect pests included whitefly (Hemiptera: Aleyrodidae), thrips (Thysanoptera:
Thripidae) and bean stem maggot/bean fly (Diptera: Agromyzidae), but they were only
mentioned by the farmers in low and mid elevation zones (Figure 3).. Ootheca
(Coleoptera: Chrysomelidae) were very common in low zone while caterpillar were more
pronounced in the high elevation zone. Fungal diseases and bruchid beetles (Coleoptera:

Chrysomelidae) were mentioned only in the high zone.

Figure 3

3.5.2 Pesticide use

Types of pesticides reported by farmers differed between the three zones (y* = 195.050,
df = 6, p < 0.001). Generally, synthetic pesticides were more commonly used compared
to other pest management techniques (Figure 4). About 52% of the farmers in the high
zone did not use any pesticides, whereas 41% used traditional pesticide materials such as
botanicals, ash, cow dung and urine to manage the insect pests. In the low and mid zones,

farmers mostly used synthetic pesticides (86.0% and 92.0%, respectively).

Pesticide application frequency also differed significantly (x> = 148, df = 8, p < 0.001)
among the three zones. On average, the application frequency was more than two times

per season for low and mid elevation zones and less than 1 per season in the high zone.

Figure 4
3.5.3 Pesticide use by farmers before and after training

Before training farmers generally reported that they would be inclined to use synthetic

pesticides but after the training most of them proposed to use non-synthetic approaches



such as pesticidal plants which have lower impacts on natural enemies. There was a
significant difference in the pesticide recommended for use between the zones before (y?
= 34.478, df = 6, p < 0.001) and after the training (y*> = 32.526, df = 6, p < 0.001). Many
farmers from low and mid zones reported that they used synthetic pesticides to manage
insect pests both before (19.3% and 17.3%, respectively) and after (8.0% and 4.3%,
respectively) the training event, compared with the high zone where only 8.3% before,
and 0.3% after being trained reported that they would use synthetic pesticides
(Supplementary S4). The percent of farmers who were unsure about which approach to
use before the training increased after the training in low and mid zones, while it

decreased in high zone.
Supplementary S4
3.5.4 Perceived disadvantages of synthetic pesticide use

Farmers mentioned various disadvantages/challenges in the use of synthetic pesticides,
and those disadvantages differed significantly between zones (y*> = 55.679, df =12, p <
0.001), but with no significant difference between men and women (x> = 6.843, df =6, p
= 0.336). Most of the disadvantages such as health problems, cost of buying pesticides,
pest resistance and language problems (as most packaging is in English) were frequently
mentioned in mid and low zones compared with high zone where most of the farmers

were not using the synthetic pesticides, thus not experiencing the challenges (Figure 5).

Figure 5

3.5.5 Health problems associated with the use of synthetic pesticides

Overall 58% of farmers reported to have experienced health problems that they attributed
the use of synthetic pesticides. Those most frequently mentioned in all the three zones
were eye irritation, flu, skin, chest problems and headache (Figure 6). Experience of
pesticide-attributed health problems were significantly (y>= 16.051, df = 6, p = 0.013)
more pronounced by women (118 out 182) compared with men (56 out 118). In addition,
farmers were also assessed on whether they use personal protective equipment during
chemical pesticides application. The results show that despite the health issues reported

among the users of synthetic pesticide, the majority of the farmers do not use any



protective equipment during pesticide application, and there was no significant difference
between zones (y?= 5.890, df = 2, p = 0.053), age groups (x> = 2.378, df = 2, p = 0.305)
or sexes (y>= 1.415, df = 1, p = 0.234). In the high zone, most of the farmers had not
applied synthetic pesticides, thus were not using personal protection. Comparison
between pesticide use types versus the use of protective gear showed a significant
difference (y*>= 30.423, df = 3, p < 0.001) where most of the farmers applied synthetic

pesticides without using any protective equipment.

Figure 6

3.6 Access to agricultural knowledge and information
3.6.1 Information sources

From face-to-face surveys, the major resource used by farmers to access agricultural
information included agricultural officers (60.4%), researchers (30.5%), and radio
(19.5%). Across all zones, 8.7% of farmers reported no access to agricultural knowledge
and information. Similar findings were obtained from the IVR survey where agricultural
officers were ranked first (41.7%), followed by researchers (30.6%), then fellow farmers
and farmer groups (22.2%) and radio (5.5%). Pesticide vendors were also mentioned as
among the sources of information to farmers because they provided information on the

type of pesticide to buy in managing certain infestation when the farmers visit their shops.

For increasing effective communication, 53.0% of farmers proposed more ways of
accessing agricultural knowledge and information in addition to those which were
currently used (agricultural officers, researchers and radio). The most mentioned
additional information sources from the interview were seminars or meetings and mobile
phones (Table 2). From the IVR results, the use of mobile phones as an information

source was proposed by the majority of farmers compared with other information sources.

Table 2

3.6.2 Access to agricultural training



Farmers were asked if they had attended formal agricultural training and the results show
more than 70.0% of farmers in all the three zones had never attended any training related
to agriculture. Only 24.0% in the low zone, 26.0% in mid zone and 31.0% in the high
zone had attended an agricultural training event. The results showed no significant
difference between farmers in the three zones (y* = 1.684, df = 2, p = 0.431), education
level (y> =4.747, df = 3, p = 0.191) or between men and women (3> =0.919,df =1, p =
0.338) in their likelihood of having attended a training course. The kinds of training
attended by some of the farmers in the study sites were related to organic farming
methods, agribusiness, bean production, as well as production of other crops such as
maize, vegetables, pigeon pea and coffee. The major providers of such training events
were agricultural officers, governmental institutions (Kilacha, Selian Agricultural
Research Institute (SARI) and Tanzania Coffee Research Institute (TACRI)), non-
governmental organizations such as SEVIA (Seeds of Expertise for the Vegetable Sector
of Africa) and TAHA (Tanzania Horticultural Association), together with some

researchers who were doing research in their area.

3.6.3 Agricultural knowledge needs

When farmers were asked what information and training topics they would like to receive,
the most commonly mentioned topic was farming methods (53.7%), followed by pest and
disease control (21.7%), general agricultural education (9.2%), market information
(6.8%), inputs use (5.6%) and climate/weather conditions (2.1%). A similar trend was
observed from the IVR results (Table 3). With respect to farming methods, the farmers
were specifically interested in receiving more information about bean production together
with production of other crops such as maize and vegetables, good agricultural practices,
modern agriculture and organic farming methods. In terms of pest and disease control,
the major focus was knowledge of various bean pests, pesticide use and various ways of
managing pests in the field. Their major concern about climate or weather conditions was
knowledge of seasonal timing such as planting as well as information on the amount of
rainfall and kind of crops to plant. Knowledge and information required about inputs were
typically about good seeds and fertilizers. However, some farmers were interested in

receiving general agricultural knowledge and market linkages to increase their income.

Table 3



3.7 Farmer advice for improving bean production

Farmers’ suggestions on strategies to improve bean production were significantly
different (x> = 50.828, df = 22, p < 0.001) among zones. Provision of drought resistant
seed varieties, establishment of irrigation systems and provision of loans were only
mentioned by the farmers from the low and mid elevation zones while provision of quality
and high yield varieties, use of local pesticide materials and soil examination was

mentioned by the farmers from the high zone only (Table 4).

Table 4

4.0 Discussion

The study found that the majority of farmers were not aware of natural enemies and the
role they play in agriculture, and they consider most of the insects seen in their field as
pests. These results support the finding that biological control is poorly applied in most
sub-Saharan African countries (Wyckhuys et al., 2013). The reason for such poor
applicability is associated with poor knowledge about natural pest control, indicating the
need to bridge the gap that exists between research institutions and smallholder farmers.
Pest management through CBC will reduce the cost of production by smallholder farmers
who usually have poor access to external inputs. Mkenda, Ndakidemi, & Mbega (2017)
reported the need to identify innovative and acceptable ways of integrating biodiversity

in food production systems for sustainable agriculture with emphasis on CBC.

The farmers were initially not able to distinguish between lady beetle (Coleoptera:
Coccinellidae) and Ootheca spp. (Coleoptera: Chrysomelidae) and they considered both
of them to be insect pests. In addition, they were also not able to identify the blister beetle
as an insect pest which mostly feed on flowers. The reason for farmers not connecting the
pest with its damage may be due to the fact that blister beetles feed on the flowers and
may be confused with pollinators. This agrees with Banjo, Lawal, Fapojuwo, &
Songonuga (2003) and Blodgett, Denke, & Knerr (2010) who found the blister beetles
were not considered as a serious pest despite being found infesting several crops, and

causing considerable damage. This is also revealed by Lebesa et al., (2012) who reported



that majority of farmers did not employ any control measures against blister beetle
infesting various crops due to poor knowledge of the pest. Aphids were reported to be the
most damaging insect pest by the farmers in all the three zones. This concurs with

published literature for this crop in Africa (Abate and Ampofo, 1996).

Farmers’ knowledge about natural enemies, insect pests and pest management practices
increased significantly after being trained, indicating the need to educate the farmers
about good farming practices. The use of synthetic pesticides by such communities is
widely reported as the most common practice (Halimatunsadiah, Mazlan, Omar, &
Kamarulzaman, 2016; Ngowi, Mbise, ljani, London, & Ajayi, 2007; Williamson et al.,
2008). The dependence on synthetic pesticides may be partly due to farmers’ lack of
knowledge of other pest management options (especially biological control) together with
lack of awareness on the impacts of the pesticides on potentially beneficial non-target
organisms such as natural enemies of pests. This was realized after the training where the
majority of the farmers recommended the use of non-synthetic pesticides rather than the
synthetic pesticides. However, there is a need for continuous monitoring of the
implementation of what they recommended especially after the training, to avoid any
social desirability that may exist. Pesticide application frequency was found to be more
than two times per season for low and mid zones, indicating high pesticide use rates. A
similar study in Tanzania by Ngowi, Mbise, ljani, London, & Ajayi (2007) found
pesticide applications to be up to 5 times per cropping season, with 53% of the farmers
reporting an increasing trend in pesticide use. Education offers scope to liberate the
farmers from their current farming practices that rely too much use of agrochemicals
which are hazardous to health and the environment. According to Kremen and Miles
(2012) sustainability in agriculture requires farming practices that are less dependent to

external inputs.

The differences in farm size in the three zones (Mkenda et al., 2019) may influence the
type of pesticide use. The size of the farms in low and mid zones are large compared with
the farms in the high zone, therefore the availability of plant based pesticides may be
insufficient to apply to larger farm sizes in low and mid zones, hence promoting the use
of synthetic pesticides. CBC can more easily be adopted by the farmers in the high zone
where the fields are relatively small and have less use of synthetic pesticides than in low
and mid elevation zones. Climate may also influence the adoption of CBC in the three

zones due to differences in vegetation cover along the elevation gradient of Mt.



Kilimanjaro (Hemp, 2006). There is sufficient vegetation cover which may effectively
enhance CBC throughout the year in the high zone, as compared with low and mid
elevation zones, due to differences in the amount of rainfall and temperature (Mulangu &
Kraybill, 2013). However, habitat management such as promotion of field margin
vegetation in low and mid elevation zones may provide food and refuge to natural
enemies of insect pests especially during the off-season when the bean fields remain

almost bare after harvest.

Several studies have reported increased chemical pesticide use as a result of increased
insecticide resistance, planting of crop varieties that are highly susceptible to pests,
ineffective pesticides, market growth in ‘discount’ and often unauthorized pesticides,
subsidy and donations and lack of attention to the economics of pest management
(Williamson et al., 2008). It is further reported an increased pest infestation with
decreased beneficial insects in the fields as a result of misuse and/or overuse of synthetic
pesticides (Belmain, Haggar, Holt, & Stevenson, 2013; Heitala-Koivu, Lankoski, &
Tarmi, 2004; Landis, Wratten, & Gurr, 2000; Wyckhuys et al., 2013). In contrast,
botanical pesticides experiments conducted in the area (Mkenda et al., 2015; Mkindi et
al., 2017) have reported to be less harmful to non-target organisms, hence important in
enhancing CBC. These results call for further research on the feasibility of CBC within

the smallholder bean farming systems.

Various challenges in the use of synthetic pesticides such as health problems, cost of
buying pesticides, pest resistance and language problems (as most packaging is in
English) were mentioned by the farmers in low and mid zones where the majority of them
are synthetic pesticide users. Similar findings about the challenges of pesticide use were
also reported by Ngowi, Mbise, ljani, London, & Ajayi (2007) and Ntow et al. (2006).
The most frequently reported negative perception of pesticide use was health problems,
which was usually associated with incorrect pesticide use. Similar results have been
reported by Ashburner and Friedrich (2001); Matthews, Wiles, & Baleguel (2003) and
Sibanda, Dobson, Cooper, Manyangarirwa, & Chiimba, (2000) as a common problem in
African countries. Common misuse practices include the use of inappropriate products,
incorrect dosage, leaking application equipment, use of mixes of several pesticides,
tongue testing of concentration and non-use of protective equipment such as face masks,
gloves and shoes. This is manifested in the present study in which the majority of the

farmers declared that they do not use any protective equipment during pesticide



application. This is further supported by Amoabeng et al. (2017) who reported that 77%
of the farmers surveyed were not using protective gear during synthetic pesticide
application. Although the health of the farmers is clearly affected by misuse of synthetic
pesticides, farmers usually do not report the symptoms to local health centres and are
unlikely to understand longer term chronic effects of exposure. According to Margni,
Rossier, Crettaz, & Jolliet (2002) most of the health problems associated with synthetic
pesticides use are neurological and may not be easily recognized by the medical
community due to the fact that pesticides consist of active ingredients as well as inactive
ingredients which are difficult to identify. Farmers need to be given all the appropriate
information on the negative effects associated with the use of chemical pesticides as well

as alternative eco-friendly methods of managing pests.

Many farmers identified that they lacked important agricultural knowledge and
information which could help them in making an informed decision in their day to day
agricultural practices, due to the limited number of information distribution sources.
While agricultural officers were found to be the major source of information, many
farmers were not satisfied with their service because of inadequate frequency of
interaction owing to few officers to cover all areas. A study by Adhiguru, Birthal, &
Kumar (2009) and Ronald, Dulle, & Honesta (2014) also found most of the smallholder
and marginal farmers had poor access to agricultural knowledge and information due to
insufficient availability of information sources available. Aina (2006) reported that some
farmers were unable to access agronomic information and may even go for five years
without coming into contact with extension officers. A major concern by farmers was the
need for government to increase the number of agricultural officers so that they could
have access to better knowledge and information and more frequently. This concurs with
other studies conducted in Tanzania by Adam, Sindi, & Badstue (2015); Aina (2006);
Elly and Silayo (2013); Mtega, Ngoepe, & Dube (2016); Siyao (2012) and Lwoga,
Stilwell, & Ngulube (2011) who also found that the limited number of extension officers
did not allow for effective information dissemination. The second most important source
of information was found to be researchers which concurred with Daniel et al. (2013),
Lwoga, Stilwell, & Ngulube (2011), Msoffe and Ngulube (2016) and Mtega, Ngoepe, &
Dube, 2016). However, in our study it was found that while many researchers provided
useful information at the beginning of their research projects, once projects finished no

one returned to the farmers to monitor longer term implementation and scale up of the



knowledge gained. There is a need for researchers to work more closely with farmers as
well as agricultural extension officers for effective learning, adoption of the technology
and sustainability even after research projects cease. Various research findings which
could have increased efficiency in agricultural productivity are not known or applied by
the farmers due to poor research dissemination (Lwoga, Stilwell, & Ngulube, 2011).
Farmers have limited access to much of agricultural information from research
institutions, universities and public offices despite being the target group for this

information.

Farmer research networks (FRN) have been cited as an effective option of involving
farmers in research for more effective uptake of knowledge (Nelson, Coe, & Haussmann,
2016). Farmer Field Schools (FFS) have also been promoted as a practical approach of
disseminating knowledge among farmers (Nelson et al., 2001). Khatam et al. (2010)
reported some of the advantages of FFS to be self-confidence, skills and knowledge
improvement, helping farmers in learning by doing and discouraging the use of pesticides
while motivating farmers in using homemade pesticides thereby conserving the
environment. These information sources were also found to be useful from other studies
(Isaya, Agunga, & Sanga, 2016; Lwoga, Stilwell, & Ngulube, 2011; Magesa, Michael, &
Ko, 2014; Mtega, Ngoepe, & Dube (2016)).

Agricultural training is one of the ways that could help the farmers to be better informed
of new agricultural techniques and practices (Nakano, Tsusaka, Aida, & Pede, 2018;
Sjakir, Awang, Azima, Hussain & Zaimah, 2015). The percent of farmers who had never
attended any training in this study was 73% which was reasonably high compared with
the findings of a similar study conducted in the Kilolo district in the Iringa region of
Tanzania where 51% of respondents had never attended any training (Mwamakimbula,
2014). This requires further investigation on social and economic factors leading to poor
access of the information and training opportunities among the farmers. Mwamakimbula
(2014) found that of those who never attended training, 51.7% said it was because they
did not get information about the training while 40% did not know when the training
events are conducted. The results of this study showed no significant difference in access
to formal education or training events between men and women which contrasted with
other recent reports (Mtega, Ngoepe, & Dube, 2016; Mudege, Mdege, Abidin, &
Bhatasara, 2017; Riley, 1995).



Farmers proposed various ways of improving bean production in the area, the most urgent
being provision of education on bean production, as most of the farmers claimed to grow
beans from experience without any training. Education on pest management and other
inputs was also suggested by the farmers since insect pests are among the most common
and visible problems affecting bean production. Pest management was very much
oriented to chemical pesticide use by the calendar rather than using damage assessment
and IPM principles, and without any knowledge on the environmental side effects of the
chemicals. Synthetic pesticides are registered products, so farmers do not see a reason
why they should not be used because they did not consider the impacts of the misuse of
synthetic pesticides to the environment (Korir et al., 2015). As a result of various
challenges experienced from the use of synthetic pesticides, they declared the need for
education on alternative ways to manage the pests as well as safe use of various
agricultural inputs. The farmers were also concerned with timely provision of the
agricultural inputs as they were mostly provided too late. Among the agricultural
subsidies that were provided by the government in the study area were pesticides and
fertilizers. However, there is a need to rethink whether the agricultural subsidies are
causing more harm than good with regard to sustainability in agriculture (Dorward, 2009).
This is because the agricultural subsidies may lead farmers to overuse fertilizers and
pesticides, leading to negative environmental impacts including impacts on beneficial

arthropods.

5.0 Conclusion

Farmers in the Kilimanjaro region of Tanzania lack a fundamental understanding of the
importance of biodiversity on farms and its role in pest management, and lack training
around use of local and botanical pest control methods. Researchers are failing to
disseminate their findings effectively to farmers, the end-users. In view of this, educating
farmers about the value of natural enemies and the practise required to maintain
populations of these arthropods as well as controlling insect pests and different ways of
managing them is essential to support sustainable production among smallholders. There
is a need to improve farmers’ knowledge about agricultural landscape biodiversity for
better management to support natural pest regulation. They should be trained to assess
insect damage and to develop an economic threshold for the different bean pests in the

region in order to reduce synthetic pesticide use. CBC should be promoted among



smallholder farmers through appropriate knowledge provision and tools to facilitate its
adoption. One of the factors leading to low levels of adoption of improved agricultural
techniques is the lack of agricultural information among the farmers, which is associated
with poor linkages between knowledge providing institutions and farming communities.
Addressing these barriers will enable movement towards more environmentally

sustainable crop production.
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