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Abstract: The invasive fruit fly Bactrocera dorsalis poses a major threat to the production and trade
of mango in sub-Saharan Africa. Farmers devise different innovations to manage the pest in an at-
tempt to minimize yield loss and production costs while maximizing revenues. Using survey data
obtained from Embu County, Kenya, we analyzed farmers’ knowledge and perception as regards
the invasive fruit fly, their innovations for the management of the pest, and the determinants of their
adoption and dis-adoption decisions of recently developed and promoted integrated pest manage-
ment (IPM) technologies for suppression of the pest. The results show that farmers consider fruit
flies as a major threat to mango production (99%) and primarily depend on pesticides (90%) for the
management of the pest. Some farmers (35%) however use indigenous methods to manage the pest.
Though farmers possess good knowledge of different IPM strategies, uptake is relatively low. The
regression estimates show that continued use of IPM is positively associated with the gender and
education of the household head, size of a mango orchard, knowledge on mango pests, training,
contact with an extension officer, and use of at least one non-pesticide practice for fruit fly manage-
ment, while IPM dis-adoption was negatively correlated with the size of the mango orchard, prac-
tice score and use of indigenous innovations for fruit fly management. We recommend enhancing
farmer’s knowledge through increased access to training programs and extension services for en-
hanced adoption of sustainable management practices for B. dorsalis.

Keywords: fruit flies; integrated pest management; farmers’ innovations; mango; Kenya

1. Introduction

Mango fruits, Mangifera indica are valued across the tropics for both food and nutri-
tional security, as well as employment and income generation. In Kenya, mango is the
second most valuable fruit after bananas, accounting for 19.4% of fruit exports in 2017 [1].
Although in recent years the area under mango has increased, for instance by 3% between
2016 and 2017, productivity continued to decline [1,2]. The country’s production is still
far below the expected potential of about 2.8 million metric tons per year, with pests and
diseases cited as the main challenge contributing to this gap, chief among them the Teph-
ritid fruit fly Bactrocera dorsalis (Hendel). Other biotic causes for productivity loss include
mango seed weevil pest, powdery mildew, and anthracnose diseases. B. dorsalis causes
both direct and indirect mango losses (up to 80% according to Goergen et al. [3]). The
reduction in mango productivity and quality results in smaller market value of the mango
fruits and reduction in farmers’ income [4,5]. Moreover, B. dorsalis is subject to a sanitary
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barrier to the trade of fresh fruit commodities, threatening access to the international mar-
ket, and the food security of millions of mango farmers worldwide [6].

To keep the damages from B. dorsalis below the economic injury levels, mango farm-
ers in Kenya often rely on synthetic pesticides [7], which not only increases the cost of
production but also causes harmful effects to the environment and human health [8-10].
Moreover, the persistent use of insecticides may result in high insecticide residue levels,
which reduce the marketability of the products especially in the global markets [11].

Both farmers and scientists, however, actively innovate to mitigate the invasive pest
impact using alternative methods other than the harmful and expensive insecticides. Gen-
erally, farmers’ innovations form an integral part of sustainable agriculture including the
use of indigenous cropping and/or livestock systems [12]. Tambo and Wiinscher [13] ar-
gue that innovations developed by farmers could supplement the highly promoted and
externally driven technologies in addressing the numerous challenges facing agriculture.
Like many farmers in developing countries, farmers in Kenya have their grass root inno-
vations to manage the fruit fly pest. These innovations are majorly guided by either avail-
able local materials, for instance, the use of plant-based organic pesticides such as neem
(Azadirachta indica), bitter herbs such as pepper (Capsicum spp.), tobacco (Nicotiana taba-
cum), and ash, or informed by the existing farming systems in a community [14,15]. Simi-
larly, scientists have developed and disseminated integrated pest management (IPM)
practices as an alternative to broad-spectrum insecticides for the suppression of invasive
fruit flies. For close to a decade, the International Centre of Insect Physiology and Ecology
(ICIPE) and development partners have developed and widely promoted the fruit fly IPM
approach in the sub-Saharan African horticultural industry [16]. The approach comprises
five components that target the pest from the eggs to the adult using a combination of
biological, cultural, and physical pest control strategies. These include the use of the male
annihilation technique (MAT), spot application of protein food bait, application of Me-
tarhizium anisopline-based biopesticides, the release of parasitoids, and orchard sanitation
[4,5,16,17]. Adoption of fruit fly IPM has been found to generate significant economic,
health, and environmental benefits among mango growers and consumers [4,5,9,10,18,19].

Despite the demonstrated interest and benefits of fruit fly IPM, the adoption of the
technologies by the Kenyan mango farmers is still low. While farmers should use at least
three of the five IPM components to significantly suppress the fruit flies, a recent study
by Midingoyi et al. [18] in Embu, Meru, and Machakos shows that only 12% of the sam-
pled farmers had achieved this threshold, while a significant proportion of them (29%)
were not using any of the IPM methods, despite being aware of their existence and asso-
ciated benefits. Farmers’ choice between the use of pesticides, indigenous technical
knowledge, and IPM is mainly driven by cost implication, expected financial gains from
increased production, and protection of the ecosystem [8]. For fruit fly IPM, the adoption
dynamics have not been fully understood. Similarly, to other sustainable agricultural tech-
nologies, a wide body of the literature focus on the binary analysis of adoption, that is,
between adopters and non-adopters [20,21], with only a few focusing on factors affecting
discontinuous (dis-adoption) of technologies (e.g., An [22], Hassen [23], Neill and Lee,
[24], and Simtowe and Mausch [25]).

This study contributes to the existing literature in three ways. First, we analyze the
existing farmer’s inventions for the management of mango-infesting invasive fruit flies.
We adopt on-farm tracking of farmers’ innovations suggested by Salembier et al. [12] to
identify alternative fruit fly management practices dominant in the mango production
system in Kenya. This is the first study to our knowledge to study on-farm innovations
for the management of invasive fruit flies. Second, we assess how farmers’ knowledge and
perceptions towards the invasive fruit flies and management practices including the use
of IPM and other non-pesticides have changed over time since the initial dissemination
and promotional efforts of the technologies. Third, we evaluate the determinants of adop-
tion and dis-adoption decisions of the fruit fly IPM practices. The determinants of the lat-
ter group of IPM adoption have not been studied previously. To address these gaps, the
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study utilized primary data collected through face-to-face interviews with mango-grow-
ing households at the first site in Kenya and sub-Saharan Africa to receive the ICIPE’s fruit
fly IPM strategy over a decade ago.

2. Material and Methods
2.1. Conceptual Framework and Empirical Approach

Farmers’ decisions to adopt, dis-adopt, or not adopt the fruit fly IPM practices can be
modeled using the random utility theory [23,25]. Farmers are assumed to be economically
rational and will only adopt a technology if the utility derived from using it is higher than
the utility derived from not using it. Assuming the utility derived from using IPM prac-

ticesis Uy, and utility derived from not adoptingis Uj,,,, then a farmer will only adopt
it if

Yi;m = Ui(;)m - Uirzlam >0 (1)
and will not adopt it if

Yi;am = Uirzlam - Ui(;)m >0 (2)

where Y, is the latent benefits accruing from adopting or not adopting the IPM prac-
tices. The adoption/non-adoption decision is dichotomous and has been mainly modeled
using Probit or logit regression models. Furthermore, if the utility derived from continued
use (say utility Uf,,) of IPM diminishes, a farmer will abandon the use of IPM. Subse-
quently, the latent benefit from continued use of IPM can be defined as:

Yi;m = Ui%m - Ui%m >0 (3)

The dis-adoption decision presents a third category of farmers’ decisions that is often
ignored when evaluating static adoption—adoption vs. non-adoption—decisions [26,27].
Treating early dis-adopters and non-adopters the same, as is often done in static models,
may result in misleading and biased coefficient estimates as it ignores the dynamic effect
of learning and the inability to control for unobserved heterogeneity [28]. To model the
above decisions, therefore, we employ a multinomial logistic regression (MNL) to deter-
mine the determinants of farmer’s decisions to adopt, dis-adopt, or not to adopt the fruit
fly IPM practices. The MNL model allows institutional, socio-economic, and farming char-
acteristics to have different effects on the relative probabilities between any two choices
[29]. MNL is considered more attractive to Multinomial Probit due to its computational
simplicity in calculating the choice probabilities that are expressible in analytical form and
does not assume normality, linearity, or homoscedasticity [30]. The independence of the
irrelevant alternatives (IIA) property is the main limitation of this model which states that
the ratio of the probabilities of choosing any two alternatives is independent of the attrib-
utes of any other alternative in the choice set.

Let Aj be a random variable representing the adoption decisions of mango farming
households. It is assumed that each farmer faces a set of discrete, mutually exclusive
choices of adoption which depend on individual’s and farming characteristics and other
contextual factors X [31]. The specification on the relationship between the probability of
choosing option A;j and the set of explanatory variables X can be modeled as follows [31]:

exp (B X;)
Y¥exp (BiX))

To eliminate indeterminacy in the model, we assume that ) =0, then the probability

P(4=k)= =0,1..,k (4)

estimates (P]) are derived as:

exp (BiX))

P]-(Aj = k|Xk) = 1+ Z{‘ exp (ﬁlXj)

=0,1...,k; Bo=0 5)
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Estimating Equation (5) yields the k logs-odd ratios meaning that the outcome varia-
ble is the log of one alternative relative to the base.

ij | 1.
In <P_l> =X;(Bx — B) =X}, if L=0 (6)
J

To interpret the effects of explanatory variables on the probabilities of a specific
adoption choice being made for a unit change in the independent variable we estimate

marginal effects as follows.
k
Br — z Pp
=0

where X; and X are vectors of observable explanatory variables (including farmer and
farm characteristics, and institutional and market access indicators) that may affect the
three possible outcomes (Y;,,,); that is, the probability that a farmer adopts the fruit fly
IPM and continues to use it, the farmer adopts then dis-adopts the technology, or the
farmer never adopts it. Considering that the ICIPE fruit fly IPM strategy was first dissem-
inated in Kenya close to a decade ago, our study modeled adoption in two steps. First, we
analyze factors influencing the current use of the IPM where we apply a discrete choice
Probit model (1 if a household is currently using fruit fly IPM and zero otherwise). Despite
the fact that the fruit fly IPM comprises five different components, as mentioned in the
introduction section, the use of male annihilation technique (MAT), commonly referred
to as Fruit fly traps, was used in this study as the proxy for fruit fly IPM adoption, as this
is the most common and commercialized component of the IPM strategy. Orchard sanita-
tion is equally popular, but not a commercial product since the activity only requires farm
labor. Furthermore, Muriithi et al. [5] and Midingoyi et al. [18] demonstrate that the use
of MAT alone can result in significant yield gains. The use of orchard sanitation alone on
the other hand may not yield a significant impact as observed by Muriithi et al. [5]. The
discrete choice Probit model can be expressed as follows

where @ denotes the distribution function of the standard normal distribution, X is a vec-
tor of observable explanatory variables that may influence the IPM adoption decisions, as
outlined in Table 1. The choice of explanatory variables (X) is guided by the literature on
the adoption of agricultural technologies [21,32,33], including IPM [34-38], and contextual
characteristics. These studies observe that the adoption of agricultural technologies is de-
pendent on several factors including personal, social, cultural, and economic characteris-
tics, as well as those of the innovation itself.

6P,

S = =
75X

= Py = P.(Br — B) @)

Table 1. Definition of Independent Variables Used in Probit and Multinomial Logit Regression
Models.

Expected Sign
Explanatory Variables Variable Definition Initial Adop- Dis-Adop-
tion tion
Demographic variables
Gender household head 1=male 0 =Female —/+ —/+
Household size Household size in count -+ —/+
Education of household Number of schooling years of the
head household head -
Age of household head Age of the household head —/+ —/+

Household resources
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Number of years in mango farm-

Mango experience -/+ —/+
ing
. Proportion of farm income out of
Share of farm income . + -
total annual household income
. Proportion of mango income out
Share of mango income . + -
of total annual household income
Total number of mango trees in
Mango trees . + -
production
Mango area Area under mango in Acres + -
. 1 =Mixed crop and livestock
Farming system + -
0 = Crop only
Farm size Total owned land in Acres + -
Access to market and institutional information
Attended training on mango
Training attendance production and/or marketing + -
1=yes, 0=No
Distance in walking minutes
Access to output .
Distance to nearest output market - +
Market
. Distance to the nearest source of
Access to input Market . - +
input
Access to extension  Distance to nearest extension of- _ N
services fices
. Distance to the nearest credit
Access to credit sources - +
source
. Visited by an extension officer in
Contact extension
officer the last 12 months + -
1=Yes, 0=No
Social capital and networks
Membership to a mango
Membership of mango . proa &
ou production/marketing group + +
grotp 1="Yes, 0=No
Membership to any rural
Membership of rural . .p > any
nstituti institution + +
institution
1=Yes, 0=No
Knowledge, and practices
Knowledge of non-pesticide fruit
Knowledge score  fly control strategies expressed as + -
a score @
Use of non-pesticide fruit fly
Practices score control strategies expressed as a + -
score @
Use Indigenous Innovations to
Indigenous Innovations manage fruit flies —/+ —/+

1=Yes, 0=No
Note: @ Knowledge and practice scores were generated by summing up positive responses to vari-
ous statements on awareness and use of different non-pesticide practices for management of B.
dorsalis. —/+ suggests that the expected sign is inconclusive.
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2.2. Study Area and Survey Data

The data utilized in this study were obtained from a randomly selected sample of
mango-growing households in Embu county, Kenya (Figure 1). The county is a good rep-
resentation of the mango sub-sector in Kenya and sub-Saharan Africa as most regions
grow the crop under similar climatic conditions and farming practices [39—41]. Moreover,
the county ranks among the top mango-producing counties in Kenya [1]. The agriculture
sector plays a significant economic role in the county. It comprises both cash crops (tea,
coffee, cotton, fruit trees, macadamia nuts, and khat) and food crops (maize, beans, sor-
ghum and millet, sweet potatoes) and livestock (cattle, shoats, poultry, and pigs). The sec-
tor contributes over 70% of the county’s economic base, generates 26% of the foreign ex-
change earnings, and employs over 85% of the county’s rural population. The biggest
share of the agriculture sector contribution comes from the horticulture sub-sector. During
the year 2015, the sub-sector earned the county USD 100 million from 164,000 MT of veg-
etables, USD 3.6 million from 180,000 MT of bananas, and USD 480,000 from 109,000 MT
of mango. Mango is the main cash crop in the lower-middle altitude region of the county
[42].

A two-stage sampling technique was adopted, where two sub-counties (Runyenjes
and Manyatta) were purposively selected based on mango production predominance. A
list of mango farmers from the two sub-counties was then developed with the help of sub-
county and ward agricultural officers. The list provided a sampling frame from which a
sample of 165 mango growing households was randomly selected. The survey took place
in August 2019 covering the preceding mango cropping season. Data were collected by
trained enumerators using a pre-tested structured questionnaire programmed in Cspro
software. The survey captured detailed information on mango production including
knowledge, perception, and practices towards mango-infesting pests and diseases, farm
and farmer characteristics, proxies for social capital and networking variables, market ac-
cess, and institutional information, and other contextual characteristics that influence the
adoption of non-pesticides innovations such as IPM. To capture farmers’ knowledge and
perception of mango-infesting pests and diseases, a stack of photographs of the most com-
mon pests and diseases and their infestation symptoms was presented to the farmers for
correct identification. Similarly, photos of different pest and disease management prac-
tices including fruit fly IPM components were presented to capture farmers’ awareness
and utilization of the different practices. To track farmers’ innovations in the management
of invasive fruit flies, the respondents were asked if they used any indigenous methods
to manage the pest. They were asked to describe the methods, including where they first
learned about them and the reasons for using them.
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Figure 1. Map of the study area.
3. Results

3.1. Descriptive Statistics
3.1.1. Dynamics of Fruit Fly IPM Adoption

As highlighted earlier, we classified the sampled households into three groups based
on their status of fruit fly IPM use. Those who were using fruit fly traps during the survey
were categorized as fruit fly IPM adopters, those who had never used any of the fruit fly
IPM components as non-adopters, while farmers who had previously used some compo-
nents of the strategy but were not using them during the survey or were not planning to
purchase for the succeeding season were classified as dis-adopters. Based on this classifi-
cation, 53% were adopters, 26% were non-adopters, and the rest dis-adopters. Among
those who had stopped using fruit fly traps, the majority cited unavailability of the prod-
uct on the market (34%), cost (31%), and lack of price incentives for pesticide-free mango
fruits (14%) as the major reasons for the technology abandonment. Farmers who had
stopped using the biopesticide and orchard sanitation using augmentation similarly cited
unavailability of the products on the market. Although orchard sanitation is viewed as
one of the most popular methods of managing fruit flies since it is not capital intensive,
most respondents (50%) had stopped practicing it citing that the IPM component required
intensive labor (64%). However, most (82%) survey respondents perceived IPM to be more
effective in the management of fruit flies compared to the use of synthetic pesticides (75%)
and acknowledged that the use of non-pesticide methods reduced the cost of production
and increased income through higher sales and better-quality fruits.
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3.1.2. Knowledge and Perception of Mango-Infesting Fruit Flies and Their Management
Practices

All the sampled mango growers correctly identified the invasive fruit fly and associ-
ated it with significant loss of their mango crop, with 98.8% of them citing it as the major
threat to mango production. The perceived mango losses due to fruit flies varied among
the three categories of farmers (Figure 2). The IPM non-adopters perceived high severity
of the pest of about 33% loss out of the total production while on average IPM adopters
reported about 27% (Figure 2). On average, other mango-infesting pests and diseases were
perceived to contribute about 9.3% and 8.6% of production loss, respectively (Figure 2).
The survey respondents reported spending about Kenya Shillings (KES). 2850 (USD 28.5)
on insecticides and KES.1400 (USD 14) on fungicides per acre per season.

32.56

28.64
26.94
B Losses due to fruit flies
Losses due to other pests
H Losses due to diseases
9.64
8.29
7.29 6.7

Adopters Non-Adopters Disadopters Pooled

IPM Adoption categories

Figure 2. Perceived proportions of mango loss out of total production due to fruit flies and other mango-infesting pests
and diseases in Embu County.

Figure 3 shows the survey respondent’s knowledge and use of different mango-in-
festing fruit flies management practices. The majority (90%) of survey respondents used
synthetic insecticides as the main method for the management of fruit flies. Although
farmers possess good knowledge of different non-pesticide methods of management of
fruit flies, the uptake is surprisingly low as demonstrated in Figure 3, possibly due to
limited access to the products, cost, unstable produce market, and labor intensity for or-
chard sanitation, as highlighted in the previous section. Similar challenges have been ob-
served by Parsa et al. [43] in their comprehensive overview of obstacles to IPM adoption
in developing countries. Positive responses to various statements on awareness and use
of different non-pesticide practices for management of B. dorsalis shown in Figure 3 were
summed up to generate the knowledge and practice scores mentioned earlier in Table 1.
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Figure 3. Knowledge and use of different fruit fly management practices in Embu County.

We also seek to uncover knowledge gaps in the application of the IPM practices.
When asked their timing for setting up the fruit fly traps, most of the respondents reported
that they laid traps at the fruit maturity stage (36%) and ripening stage (24%), while the
rest laid their traps at the flowering stage (12%), and when fruit flies attack the fruits
(1.2%). This finding demonstrates a knowledge gap as the recommended timing for set-
ting up the fruit fly traps is from the onset of fruiting through to maturity and harvesting
[44]. Furthermore, the trap lures (the attractant/insecticide mixture) should be replaced
every 6-8 weeks for effective control of the male fruit flies [45]. Most of the interviewed
mango growers however did not follow this recommendation with about 67% of them
reporting that they did not replace the lures until the mango season was over, while a few,
21%, and 12%, repeated the exercise every 8 weeks and 4 weeks, respectively. The fre-
quency of lure replacement however may vary depending on the type and longevity of
the attractant, retention capacity of the lure, rate of fruit fly catch, the season of fruit fly
activity, placement of the traps, the fruit fly species, and weather conditions [46]. For ex-
ample, lures containing methyl eugenol attractant for control of B. dorsalis should be re-
placed after 7 weeks on average. Improper timing of setting up the traps and replacement
of the lures may reduce the effectiveness of the MAT technology and therefore discourage
continued use of the practice.
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3.1.3. Farm and Farmer Characteristics

A descriptive summary of selected farm and farmer characteristics of the sampled
households grouped by the IPM adoption status is provided in Table 2. A statistical F-test
was conducted to test the difference in the means’ variances of the three groups.

The results show that the majority of the IPM adopting households are headed by
males (88%) and that they dominated (60%) in the management of their mango orchards,
suggesting that men control the mango sub-sector. Fruit fly IPM adopters had relatively
more years of education in comparison to non-adopters and dis-adopters. Other factors
that were significantly different among the three groups include the proportion of mango
income out of total annual household income, number of years in mango farming, acreage
under mango, number of mango trees in production, farmers’ contact with extension of-
ficers, mango group membership, knowledge and practices on IPM, and members train-
ing attendance as shown in Table 2. To attain knowledge and practice scores, farmers were
presented with dichotomous questions (Yes/No) on the different non-pesticide fruit fly
management strategies (presented in Figure 3) and asked if they were aware of the prac-
tice (knowledge) and if they had ever used it (practice). The total number of correct an-
swers was then summed up to represent the score.

Table 2. Comparison of farm and farmer characteristics of sample households across different
fruit fly IPM adoption groups in Embu county, Kenya.

Mean/Percentiles
Non- Dis-

Adopters Adopters F-Test
n=43 n=35

Explanatory Variables Pooled Adopters
n=165 n=87

Demographic characteristics
Gender of the household head

Male 80 87.36 69.77 74.29 331 %
Female 20 12.64 30.23 25.71 )
Household size (count) 3.65 3.67 3.60 3.57 0.05
Education of the household head 9.5 10.26 8.67 3,58 4,67
(years)

Age of the household head (years) 59.21 59.75 57.04 60.54 091
Household resources

Mango experience (years) 15.50 16.91 12.84 15.26 4.26**
Share of farm income (%) 53.75 69.28 59.77 65.63 1.78

Share of mango income (%) 28.54 33.13 21.91 24.74 5.97 ***

Mango area (Acres) 1.2 1.56 0.81 0.81 5.3 %%

Mango trees in production 92 124 42 76 5.39 ***
Farming system (crop-livestock)  96.36 95.40 95.35 100.00 0.83
Farm size (Acres) 421 5.13 2.98 3.46 1.89

Access to market and institutional information
Training Attendance; YES 47.88 67.82 25.58 25.71 17.5%*#*

Access to outp}lt ma'rket (distance in 53.75 5439 44,88 63.09 1.49
walking minutes)
Access to ll’lpl.lt mar.ket (distance in 34.88 1313 3151 4337 591
walking minutes)
Access to agricultural extension
services (distance in walking 82.81 79.89 84.65 84.57 0.15
minutes)
Access to credit source (distance in
walking minutes)

Contact with extension officer: YES  46.08 60.92 30.23 28.57 8.93 ***

82.81 79.1 83.63 91 0.45
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Social capital and networks

Membership mango group: YES 12.73 21.84 2.33 2.86 7.37 %%
Membership rural institution: YES =~ 91.52 95.40 86.05 88.57 1.88
Knowledge and practices?
Knowledge score 26.57 30.39 20.58 23.57  10.37***
Practices score 19.21 23.29 14.25 14.89 22.54 %%

Use Indigenous innovations: YES ~ 34.55 36.78 44.19 17.14 3.40**

Note: * p <0.1; ** p <0.05; *** p < 0.01. 2 Knowledge and practice scores were generated by sum-
ming up positive responses to various statements on awareness and use of different non-pesticide
practices for management of B. dorsalis as shown in Figure 3.

3.1.4. Farmers' Innovations for the Management of Tephritid Fruit Flies, Motivation, and
Source of Information.

Figure 4 shows the various indigenous methods innovated for the management of B.
dorsalis. Among the most practiced method was smoking the flies using bitter herbs such
as Mexican marigold (Tagetes erecta), tree marigold/ Mexican sunflower (Tithonia diversifo-
lia), pepper, and aloe vera as reported by 56% of the sampled mango growers. Modifica-
tion of existing strategies was also evident where farmers formulated food bait spray us-
ing molasses (as a bait) mixed with a pesticide (killing agent) (3.5%) and the use of plant-
based pesticides (neem and pyrethrum) (1.8%). While the use of neem powder is high-
lighted in the previous studies as an effective practice for the management of the pest [47]
there is no empirical evidence of the effectiveness of other reported methods such as
smoking the trees, although the method has been mentioned as one of the native methods
(farmer invention) for management of fruit flies [48,49]. Similarly, there is no scientific
evidence on the effectiveness of the other farmer’s self-reported practices. Rather than
purchasing a complete pack of fruit fly traps (trap and lure), some farmers used old con-
tainers as traps and only bought the lures. By doing this, they saved about 40% of the cost
per pack of the trap. On average, the cost of bactrolure (the mixture of an attractant and
killing agent) alone cost about KES. 205 (USD 20.5) while a complete pack of the trap (bac-
trolure and a trap) costs on average KES. 345 (USD 34.5)).

FARMER'SINNOVATIONS
Smoking Green bitter herbs such as Mexican marigold, Tithonia diversifolia, pepper 56.14 %
Smoking using dry leaves and cow dung with combination of orchard sanitation 19.30%
Food bait using molasses and a pesticide 3.51%
Plant based pesticides such as neem, pyrethrum 1.75%
Combination of different conventional methods e.g., pruning 19.30%

§ <%
< % g?
g %
= o
Lower.cost of production 50.88% . Fellow farmers 56.14%
Increased mcome.: th_rougil sale of quality Own idea 15.79%
hlcreasfc;upt:os::i.ligié; 8.77% Friends and relatives 14.04%
Reduced health and environmental risks Agricultural extension officers 7.02%
NGOs and other farmers’ forums 7.02%

1.75%

Figure 4. Farmers’ innovations for the management of the mango fruit flies.
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As noted by Tambo and Wiinscher [13], farmers add value to existing practices or
externally introduced techniques to solve their production constraints, save costs, and
adapt to changing conditions. The innovations identified from our study are not exclu-
sively new, but modifications of existing practices mainly aimed at fitting into the domi-
nant traditional farming practices. Tambo and Wiinscher [13] further noted that farmers’
innovations are related to diverse farming practices and largely involve the use of local
resources which are however not verified, but they increasingly spread through farmer
networks. The major motivation for using the above innovations was reported to be re-
duced cost of production (50.9%) and increased income through the sale of pesticide-free
fruits (38.6%). By mitigating against yield loss, farmers were able to have more output at
a lower cost of production and have an assured market for their pesticide-free fruits. The
major learning pathway of the innovations was through fellow farmers (56.1%), suggest-
ing the importance of social capital and networks in technology adoption. About 40% of
the respondents were aware of other farmers who were also using similar indigenous
methods to manage the mango fruit flies.

3.2. Empirical Results
3.2.1. Determinants of Fruit Fly IPM Adoption

The difference in knowledge and use of the fruit fly IPM strategies indicates anemic
adoption rates among the smallholder mango growers with instances of dis-adoption.
This study assessed the factors that influence farmers’ decisions to adopt fruit fly IPM
using the commercialized component (Male Annihilation Technique) as a proxy for IPM
adoption. We begin by modeling the dichotomous IPM adoption decisions (IPM use or
not) using the Probit model to test the hypothesis on characteristics associated with the
farm and farmer and the study context on fruit fly IPM adoption. In this analysis, we com-
bine dis-adopters and non-adopters and compare them with adopters (Table 3).

Table 3. Marginal effect of factors influencing the adoption of fruit fly integrated pest manage-
ment (IPM); Probit estimates.

Marginal Effects
Variables dy/dx Std. Err. Y4
Dependent Variable (1= Use IPM 0= Non-Users)

Demographic characteristics

Gender of the household head 0.1361* 0.0728 1.87
Household size 0.0029 0.0190 0.15
Education of household head 0.0205 ** 0.0109 1.89
Age of household head 0.0055* 0.0030 1.82
Household Resources
Mango experience 0.0032 0.0051 0.63
Share of farm income 0.0010 0.0014 0.76
Share of mango income 0.0013 0.0025 0.52
Mango area 0.0193 0.0769 0.25
Farming system 0.1189 0.1568 0.76
Access to market and institutional information
Training attendance 0.1436** 0.0670 2.15
Access to output market 0.0011 0.0009 1.20
Access to input market 0.0003 0.0013 0.24
Access to extension services -0.0010 0.0010 -1.06
Access to credit sources 0.003 0.0008 0.38
Social capital andnetworks
Membership rural institution 0.0904 0.1157 0.78

Knowledge and practices
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Knowledge score 0.0060* 0.0035 1.71
Indigenous innovations -0.1684 ** 0.0706 2.4
Constant -4.1704 1.4154 -2.95

Number of observations = 147, Pseudo R2= 0.2349, Log Likelihood = -61.73

Note: Statistical significance at * p <0.1; ** p < 0.05; *** p <0.01. dy/dx (marginal effects) is the
change in dependent variable (outcome) with respect to change in an independent variable (ex-
planatory variables) changes, holding other variables constant.

With respect to demographic characteristics, the gender, age, and education of the
household head increase the probability of fruit fly IPM adoption. For the proxies for ac-
cess to market and institutional information and the social capital, training on mango pro-
duction and/or marketing was positive and significantly related to fruit fly IPM adoption.
Training either through extension officers or lead farmers has a desirable impact on the
transfer of knowledge on improved technologies such as IPM.

Among the knowledge and practices variables, the use of indigenous innovations
was negative and significantly related to fruit fly IPM adoption while knowledge of dif-
ferent non-pesticide management strategies has a reverse effect on IPM adoption. This
suggests that, even though knowledge on different strategies would encourage the adop-
tion of IPM, the use of own farmers’ innovations could be an obstacle to the use of IPM.

3.2.2. Adoption, and Dis-Adoption of the Fruit Fly IPM Practices

In most adoption studies, technology dis-adopters are ignored, often classified as
non-users as we have done in the previous section. However, factors that may influence
a farmer to attrite from technology adoption may not be the same as those causing others
not to try the technology. Analyzing the two separately, therefore, may reveal important
policy recommendations for sustainable adoption of the technology. We estimate a mul-
tinomial logistic regression model to identify the characteristics associated with IPM
adoption, dis-adoption, and non-adoption. The regression results are presented in Table
4. The first two columns show the marginal effects for the continued IPM adopters, the
next columns the non-adopters, and the last columns the dis-adopters.

Table 4. Drivers of adoption and dis-adoption of fruit fly IPM strategy in Embu County.

Marginal Effects dy/dx
. Adopters Non-Adopters Dis-Adopters
\Y% 1
ariables Coef.  Std. Err. Coef Std. Err Coef Std. Err
Demographic characteristics
Gende;zggseh(ﬂd 02114** 00781 -0.1041 00729 -0.1073  0.0736
Household size -0.0113  0.0193 0.0071 0.0185 0.0042 0.0204
Education of - ~ - ~
household head 0.0253 0.0095 -0.0222 0.0101 0.0032  0.0099

Age of household head  0.0003 0.0030 -0.0041 0.0029 -0.0038 0.0034
Household resources

Mango experience 0.0015 0.0046 -0.0042 0.0049 0.0027 0.0046

Share of farm income  -0.0009  0.0012 -0.0004 0.0013 0.0013 0.0011

Mango trees 0.0004 0.0005 -0.0007 0.0006 -0.0002 0.0004

Mango area 0.2343***  0.0806 -0.0295 0.0766 —0.2048*** 0.0810
Access to market and institutional information

Training attendance ~ 0.1152*  0.0698 —-0.0383 0.0832 -0.0769 0.0783

Access to output

0.0003 0.0008 —-0.0010 0.0008 0.0007 0.0008
market
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Accesstoextension 904 00009 00012 00010  -0.0009  -0.0010
services
Access to credit source —0.0001  0.0008  -0.0004  0.0009 0.0004 0.0009
Contact Extension 1306+ 00721 -0.0415 00807  -0.0891  0.0721
Officer
Social Capital and networks
Membership of rural
institution
Membership of mango

group

0.1746 0.1229 -0.1050 0.1115 -0.0696 0.1141

0.0993 0.1156 -0.0282 0.1528 -0.0711 0.1594

Knowledge and practices
Knowledge score ~ 0.0105***  0.0041 0.0026 0.0043  0.0079**  0.004
Practices score 0.0298***  0.0051 -0.0149** 0.0057 -0.0150***  0.0050

Indigenous 100506 00734 0.1870** 00738 -0.1364*  0.0785
Innovations
Constant ] - 91753% 273 47797 153

Note: Number of observations = 145, Pseudo R?=0.3827, Log Likelihood = -88.79. Note: ***, **, *
represent significance levels at 1%, 5% and 10%, respectively.

Consistent with the Probit analysis in the previous section, the gender and education
of the heads of households were positively associated with the continuous adoption of
fruit fly IPM. With respect to household resources, the continued adoption of fruit fly IPM
is positively associated with the size of a mango orchard, and the reverse is true for dis-
adopters. This suggests that farmers who had allocated more land to mango were more
likely to be adopters than dis-adopters.

Knowledge and practices on mango pests and non-pesticide management strategies
for the mango fruit fly are also positively associated with the continuous adoption of IPM.
This is plausible as a farmer who is aware of different pests that affect his mango orchards
and associated losses is likely to adopt a technology to reduce these losses. However, even
though practices on non-pesticide management strategies were negatively related to the
dis-adoption and non-adoption of IPM, knowledge score increased the probability of IPM
dis-adoption. This suggests that even though farmers are aware of other management
practices, knowledge alone does not adequately guarantee sustainable adoption of such
agricultural technologies. The use of own indigenous innovations is positively related to
non-adoption but negatively related to dis-adoption. This suggests that farmers who had
their innovation to manage B. dorsalis were unlikely to adopt the use of IPM; however,
those that successfully integrate IPM into their innovations, are unlikely to attrite. Subse-
quently, IPM and farmers’ innovations are complementarities in the management of inva-
sive mango fruit flies.

Training on mango farming and contact with an extension officer were also found to
have a positive and significant influence on IPM adoption decisions. Farmers who had
received training or had contact with an extension officer in the last two years were char-
acterized by the continued adoption of IPM. Sensitization of farmers on mango produc-
tion (i.e., pest management, inputs use, soil and water conservation) and marketing and
value addition are the different forms of training farmers reported having been exposed
to.

4. Discussion
4.1. Determinants of Fruit Fly IPM Adoption

The empirical analysis presented in the previous section showed that among demo-
graphic characteristics, gender, education, and age positively influence the adoption of
IPM. Gender can influence on-farm decision-making due to resource availability and al-
location. Though women are more aware of the potentially harmful effects of synthetic
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pesticides, the pest management decision is mainly made by the household head irrespec-
tive of their gender as argued by Erbaugh et al. [50]. However, men dominate as the house-
hold heads and plot managers in our study, and therefore a male-headed household is
more likely to adopt IPM than a female-headed household. Furthermore, gender-linked
differences in access to resources and inputs [51] for IPM Strategies could result in low
adoption among female-headed households.

More years of education are often associated with more ability to acquire, compre-
hend, and interpret information relating to sustainable pest management. In addition, ed-
ucation is often viewed as human capital that facilitates access and interpretation of new
information to address production constraints [7,49,52]. More educated farmers are likely
to be aware of the harmful implications of using synthetic pesticides and therefore the
effort to use more sustainable practices such as fruit fly IPM. Regarding age, more elderly
farmers are likely to adopt IPM than their younger counterparts, and this is consistent
with Rivera and Qamar’s [53] suggestion that older household heads have greater chances
of adopting new technologies. A conceivable explanation is that older farmers have more
experience in pest management and therefore more aware of the benefits of IPM. Further-
more, older households may possess the resources required to invest in sustainable pest
management practices. Age can also be interpreted as experience in farming which im-
proves farmers’ skills in production and low level of uncertainty regarding innovations
performance and can assess the advantages of new technology.

Though knowledge on non-pesticide management practices has a positive and sig-
nificant relationship with the adoption of IPM, the use of indigenous innovation has the
reverse effect. While farmers have mainly been described as adopters of technology rather
than generators of technology [38,54], their innovations guide research and development
of most technologies if verified and validated scientifically [55]. However, if farmers ap-
plaud the efficiency of their innovations parallel to other pest management methods, they
are unlikely to adopt it [54]. Nevertheless, with more knowledge about non-pesticide
strategies, the willingness to adopt IPM would increase significantly.

Training plays a key role in the adoption of IPM as revealed in our study. Our results
are consistent with those of Balasha [35] and Muriithi et al. [56] who found agricultural
training to be positively related to the potential adoption of IPM. Insufficient training and
technical support to farmers have been cited by Parsa et al. [43] as the major obstacle to
IPM adoption in developing countries. Although the importance of social networks in the
adoption of agricultural technologies is overemphasized in the previous studies, e.g.,
[32,51,56,57], none of our social capital variables are significant, although it displayed a
positive relationship with continued IPM adoption. However, given our small sample
size, we cannot rule out the possibility that the data do not have adequate power to detect
the true effect of rural group membership on IPM adoption. Through training, farmers
receive extension services which play a major role in enhancing farmers’ access to infor-
mation on pest management strategies, use of inputs as well as market linkages [57,58—
60]. Overall, our findings are consistent with Prokopy et al. [33] in their extensive litera-
ture review on the adoption of best agricultural management practices.

4.2. Adoption, and Dis-Adoption of the Fruit Fly IPM Practices

Continuous adoption of IPM practices was positively associated with gender and ed-
ucation of the household head. Education is viewed as human capital in knowledge and
information interpretation which can enhance adoption decisions with a male household
head is correlated with adoption of IPM in mango production as also revealed by Zwane
[59]. As expected, more years of education were negatively related to the non-adoption of
mango fruit fly IPM.

Disadoption was negatively associated with the size of the mango orchard while con-
tinued adoption was characterized by larger sizes of mango orchards. The results are con-
sistent with other farmers’ adoption behavior where land allocated to a specific crop is
likely to have a positive influence on their decisions [61], probably to maximize returns
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from their larger farm sizes [56]. Furthermore, a farmer with more acreage under mango
has commercialized his enterprise and therefore has the incentive to continue using the
fruit fly IPM to reduce the economic losses associated with the pest. Moreover, they could
be better resource endowered compared to the non-adopters, to facilitate investment in
IPM practices, unlike the dis-adopters who mainly depended on the project’s support.

While it is plausible to note that most of the farmers learned about the fruit fly IPM
through the African fruit fly program of ICIPE, continued sensitization after the end of
the project may have lacked from the local government institutions and crop protection
extension service providers. This is shown by the empirical results where both knowledge
and practices on non-pesticide management practices were positively associated with
continuous adoption but the knowledge was positively linked to dis-adoption. This shows
the need for continuous sensitization by the relevant institutions to ensure sustainable
adoption of agricultural best practices. Lack of favorable government policies and support
has been highlighted by Parsa et al. [43] as the most second important obstacle to IPM
adoption in developing countries.

Farmers’ innovation if integrated with IPM discourages disadoption; this shows IPM
and farmers’ innovation are complementary and emphasizes the need to borrow from the
dominant farming systems while designing innovative sustainable farming practices.
Training maintained a positive association with continuous adoption as in the Probit anal-
ysis. Farmers advance their knowledge and skills through training and these findings are
consistent with other studies emphasizing the role of information in the adoption of IPM
[18,34,35,62]. The positive association between contact with extension workers and con-
tinuous adoption is plausible as extension services enhance access and sharing of new
knowledge and skills in the management of constraints such as invasive fruit flies. This is
consistent with previous studies on the role of extension services in the adoption of agri-
cultural technologies, e.g., [18,35,63-65].

5. Conclusions and Policy Implications

This study documented farmers” innovations for the management of mango-infest-
ing fruit flies, assessed farmers” knowledge and perceptions towards fruit fly infestation,
and use of fruit fly IPM, and evaluated the determinants of adoption and dis-adoption of
the existing fruit fly IPM practices. The results reveal the use of synthetic pesticides as the
major fruit fly management practice, despite the assiduous IPM promotion effort by ICIPE
and partners in the study region. While the results demonstrate good knowledge of the
fruit fly IPM and other non-pesticide fruit fly control practices, the uptake is very slow,
presenting rather a disturbing epilogue on the adoption of sustainable agriculture such as
IPM.

With regard to IPM adoption, we classified the farmers into three categories:
adopters (those who were using at least one of the commercialized fruit fly IPM practice-
fruit fly traps), dis-adopters (those who had previously used any of the IPM practice but
stopped), and non-adopters (farmers that had never adopted any of these practices). The
dis-adopters cited unavailability of the IPM products on the market, cost of the products,
and lack of price incentives for their produce as the main reasons they stopped using the
products.

Farmers are innovative in solving farm-level challenges such as the management of
the invasive fruit fly pest. The use of smoke from bitter herbs such as Mexican marigold
and pepper was among the main indigenous practices reported by the survey respondents
for the management of tephritid fruit flies. These innovations are mainly based on the
availability of local resources with the major motivation for adoption being to lower the
cost of production and are mainly acquired from fellow farmers or other forms of social
networks. Modification of the fruit fly traps was also evidenced, suggesting that farmers
can pay less for the IPM products by adapting the locally available materials. The use of
such indigenous innovations however requires scientific assessment and validation to un-
derstand their potential contribution to the sustainable management of the invasive



Agriculture 2021, 11, 338

17 of 20

mango-infesting fruit flies. Understanding the dominant farming practices such as indig-
enous innovation and blending them with new technologies such as IPM could enhance
the adoption rates.

The empirical results showed a positive relationship between IPM adoption and gen-
der, age and education level of the household head, training attendance, and knowledge
on non-pesticide management. On the other hand, households with smaller mango or-
chards (in terms of land size) were likely to abandon fruit fly IPM technology. The dis-
adopters seem to be well acquainted with the non-pesticide practices for the management
of fruit flies as demonstrated by positive knowledge score; however, those that used such
practices, as well as indigenous innovations, were less likely to stop using the IPM prac-
tices. To reduce the likelihood of farmers abandoning IPM and other agricultural technol-
ogies, continuous technical support by the relevant authorities such as government exten-
sion officers is key even after the end of the projects.

For successful design, dissemination, adoption, and diffusion of sustainable agricul-
tural technologies such as IPM, both market, and household level characteristics play a
role. Providing knowledge alone cannot sustain adoption, having access to the products
is vital for continued use, as well as providing market incentives for pesticide-free pro-
duce. As demonstrated using the regression analysis, providing access to extension ser-
vices could discourage the dis-adoption of the fruit fly IPM. In addition, continuous sen-
sitization of farmers on different pest management strategies and positive externalities of
using non-pesticides practices for pest control through farmers’ training could also en-
hance the continued use of good agricultural best practices including IPM. While we find
potential complementarities between IPM and farmers’ innovations, further research is
required to verify the effectiveness of the suggested indigenous inventions for the man-
agement of mango fruit flies.
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