
 

 

 

 

 

©2023,  

 

This work is licensed under the Creative Commons Attribution License 
(https://creativecommons.org/licenses/by/4.0/legalcode), which permits unrestricted 
use, distribution, and reproduction, provided the original work is properly credited. 
Cette œuvre est mise à disposition selon les termes de la licence Creative Commons 
Attribution (https://creativecommons.org/licenses/by/4.0/legalcode), qui permet 
l’utilisation, la distribution et la reproduction sans restriction, pourvu que le mérite de la 
création originale soit adéquatement reconnu. 

 

 

 

IDRC GRANT / SUBVENTION DU CRDI : - ALIEN INVASIVE FRUIT FLIES IN SOUTHERN AFRICA: 

IMPLEMENTATION OF A SUSTAINABLE IPM PROGRAMME TO COMBAT THEIR MENACES (CULTIAF -2) 

https://creativecommons.org/licenses/by/4.0/legalcode
https://creativecommons.org/licenses/by/4.0/legalcode


 

 

 

 
  

Alien Invasive Fruit Flies in Southern Africa: 
Implementation of a Sustainable IPM Programme to 

Combat their Menaces 
 

IDRC Project Number: 109040 
 

Research Organizations involved in the study 

o International Centre of Insect Physiology and Ecology (icipe) (Kenya) 

o Department of Agricultural Research Services (DARS) (Malawi) 

o Eduardo Mondlane University (EMU) (Mozambique) 

o Zambia Agriculture Research Institute (ZARI) (Zambia) 

o Department of Research and Specialist Services (DR&SS) (Zimbabwe) 

 

Location of Study 
Malawi: Salima, Lusaka & Ntcheu districts 

Mozambique: Manica & Inhambane provinces 
Zambia: Rufunsa &Chilanga Districts 

Zimbabwe: Murehwa, Mutoko & Zvimba districts 

By 

 

 
 

 Shepard Ndlela-icipe 
Samira A. Mohamed-icipe 
Beatrice Muriithi-icipe 
Holger Kirscht-icipe 
Michael Kidoido-icipe 

 

Donald Kachigamba- DARS 
Laura Canhanga- EMU 
Isaiah Nthenga-ZARI 
Louisa Makumbe- DR&SS 

Final Technical Report 
April 01, 2019 – March 30th, 2023 

Submitted 23 May 2023 

 
 

“This work was carried out with the aid of a grant from Canada’s International 

Development Research Centre (IDRC), www.idrc.ca, and with financial support from 

the Australian Centre for International Agricultural Research (ACIAR), 

www.aciar.gov.au/. 



 

 
1 

 

1. Executive Summary  
 

The main objective of the fruit fly IPM project was to improve food security, nutrition, and income generation 
opportunities, and to reduce poverty of millions of mango growers and various actors along the mango value 
chain. This was achieved through capacity building and scaling up a sustainable IPM package for 
managing/controlling fruit flies. At the immediate outcomes level, mango growers and various stakeholders are 
now aware of fruit fly IPM technologies, National Plant Protection Organizations (NPPOs) in Malawi, 
Mozambique, Zambia, and Zimbabwe have a better capacity to fight the fruit fly menace, and policymakers such 
as government officials (Ministers, Directors) have better evidence to influence policy eg testimonials from 
farmers, publications, videos, and data. At the intermediate outcome level, the project enhanced the quality and 
quantity of mango fruits thus reducing post-harvest losses.  

A total of 4,075 mango farmers were trained on various aspects of fruit fly IPM as Trainer of Trainers (ToTs) 
with 62% being women. Women play a huge role in agriculture development in Africa and they are the ideal 
drivers of gender-specific needs in agricultural extension. Out of these trained, 52 farmers were selected to host 
demonstration learning sites for knowledge dissemination where IPM technologies were showcased, and 38% 
of these learning sites were headed by women. Furthermore, the project trained 10,369 secondary school 
students of which 49% were female. Students can easily grasp concepts and are efficient disseminators of 
information within the family and also ensure the sustainability of project interventions. The project trained 6 
postgraduate students (3 MSc and 3 PhD), 67% female and these will enhance the capacity of various institutions 
in biological and socioeconomic aspects of fruit fly management.  

A total of 17,578 mango growers (53% women) are using various components of fruit fly IPM and through the 
correct and consistent use of technologies 7/10 mangoes were saved from fruit fly infestation, thus quality mango 
available to the households for consumption and selling. A total of 46,380 parasitoid wasps were shipped from 
icipe to Southern Africa as additional components of the fruit fly IPM technologies. Wasps alone can result in as 
much as 33% control of fruit flies. Enhanced yield increases food and nutrition security at the same time boosting 
incomes. Excess mangoes were dried mostly by women, using simple basket dries made of polyethylene nets. 
In Zimbabwe, a 20l bucket of fresh mango fetches around US$5 in Zimbabwe but 100g of dried mango fetches 
US$1. In Zambia dried mango fetches 8 times more than fresh fruit. Mango drying addresses postharvest losses 
and avails nutritious food during the offseason. Household income from mango sales tripled within 3 years from 
an initial 7% and this was attributed to quality mango and the reduction of postharvest losses through the use of 
the IPM package. At the onset of the project, only 7% of farmers knew about fruit flies. Due to rigorous awareness 
creation, this proportion increased 12-fold to 89% at the end of the project showing that farmers now understand 
the problem and know how to address it. Consequently, the proportion of farmers willing to pay for the fruit Fly 
IPM doubled from an initial 29% at project inception to over 54% at the endline survey. 

The project had initially planned to produce 20,000 extension and training materials, but this was exceeded 
as 10,000 brochures 14,400 leaflets, 5,000 stickers, 6,000 fruit fly training manuals, 1,000 gender training guides, 
200 posters, and more than 20 project banners were produced, and availed to mango farmers. A video 
documentary on project outputs was developed and is available online in the public domain. A total of 14 
manuscripts were published on open access to enhance barrier-free uptake of information and development. 
Through training and awareness, more than the 1 million targeted farmers were reached through television, 
videos, newspapers, magazines, and open-access publications. Our meetings were widely covered by both print 
and electronic media. 

Women largely dominate at low-profit nodes of the mango value chain such as selling at the farm gate or 
village markets, being retailers at local markets, and local processing. Men were mainly involved in transportation 
from farms to markets, wholesaling in main markets, and regional exports. While this corroborates the evidence 
documented in the literature that resource constraints could inhibit women’s participation in high-paying value 
chain nodes, their participation could be promoted by establishing better and more direct market connections 
and by linking them to local processors. It was reported that women’s empowerment status increased the 
possibility of considering a higher bid for the fruit fly IPM package. Their willingness to pay (WTP), was affected 
by access to extension services, level of education, and income levels among other factors. Their perception of 
fruit fly IPM, the distance to the market, and losses attributed to fruit flies negatively influenced WTP. Authors 
concluded that uptake and adoption of agricultural innovations hinged on efforts that increase women’s access 
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to agricultural extension services, and promotion of technologies that lower their workload while at the same time 
improving incomes. 

Most importantly, the implementation of the fruit fly IPM project resulted in the narrowing of the gender gap. 
The impact of the project activities on narrowing the gender gap or on women empowerment was evident in all 
the project countries, which was documented during the endline surveys in Zambia, Zimbabwe, and 
Mozambique. In Zambia for instance, the project level women empowerment in agriculture (pro-WEAI) score 
increased from 0.82 to 0.88, implying that women empowerment increased by 6% between baseline and 
endline surveys 
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2. The research problem  
Mango production and marketing in Southern Africa contribute significantly to food and nutritional security for 
millions of households. Men and women (adults and youths) also derive income through employment and direct 
sales at various points of the mango value chain. However, there are numerous constraints at the production 
level, as well as at the postharvest and marketing stages. Alien invasive (those invading Africa from other regions 
eg the Oriental fruit fly Bactrocera dorsalis from Asia) and native fruit flies such as the mango fruit fly Ceratitis 
cosyra, rank as the most damaging insect pests of mango. They lay maggots inside sound fruit, which then 
develop inside the fruit, destroying the mango pulp thus rendering the fruit unsuitable for eating or selling. Initially, 
before the invasion by the devastating Oriental fruit fly, damage levels were around 20%. These escalated to 
80% or even 100% in some places due to the combined effect of the invasive and native mango fruit fly. Some 
farmers responded by using broad-spectrum insecticides which were neither effective nor sustainable. This led 
to widespread neglect of mango trees and orchards, some cut them down and replaced them with other crops 
and the whole value chain suffered. Women and children suffered the most as they were the main beneficiaries 
through selling by the roadside and markets and also the income was mainly for household use eg buying food, 
and clothes, and paying school fees.  

The project, Fruit Fly IPM in Southern Africa was mooted, based on the successes that had been recorded 
by the International Centre of Insect Physiology and Ecology (icipe) and partners, particularly in East Africa. The 
Fruit Fly IPM package comprises the use of pheromones (attractants) and traps (for attracting and killing male 
fruit flies thus depriving females of mating partners thus unfertilized eggs are laid), the use of protein food bait 
(poisoned to kill both male and female fruit flies), sanitation in the orchard (destroying all infested fruits fallen on 
the ground or placing them in a tent-like structure called an Augmentorium which only allows natural enemies to 
escape but fruit flies die inside) and release of wasps called parasitoids and often referred to as farmers friends. 
There are two types of parasitoids (1) those that control fruit flies at the egg stage and those that (2) control the 
flies at the maggots stage. In East Africa, the consistent use of the fruit fly IPM practices was shown to reduce 
the proportion of mangoes lost to fruit fly infestation by more than 80%, increase income by 60% and reduce the 
widespread use of synthetic insecticides on mango by 74%. 

The overall objective of the project was to contribute to the improvement of food and nutrition security and 
create opportunities for generating incomes thereby reducing the poverty of smallholder mango farmers and 
various actors along the mango value chain. This was to be achieved through adapting, disseminating, and 
scaling up the fruit fly IPM technologies mentioned above, enhancing the capacity of individuals and institutions 
(MSc and Ph.D. students, Agricultural extension staff) in Southern Africa using the worth of knowledge at icipe 
and then assess the various socio-economic variables before, during and after implementing the project activities 
through a gender lens. The interventions go beyond fruit fly management by interrogating various social and 
economic aspects of project beneficiaries through understanding the intrinsic and extrinsic empirical drivers of 
women empowerment and disempowerment using the newly adapted survey-based index called Project-Level 
Women’s Empowerment in Agriculture Index (pro-WEAI) among other facets. Gender inclusivity and 
empowerment integrate the needs, preferences, concerns, and challenges of both men and women and place 
both at the table for decision-making. 

Where necessary knowledge gaps were to be filled to address current and emerging issues. Since the project 
was participatory eg the involvement of farmers and institutions in project formulation and implementation, built 
a strong base for the interventions thus creating credibility, trust, and skills and competencies that last beyond 
the project implementation phase. The nature of the project allowed beneficiaries to influence the outcomes of 
development. The implementation of the project sought to ensure that both women and men have access to 
information, resources, and opportunities and benefit from the application of IPM technologies. The IPM 
technologies are user-friendly, reduce women’s workload, and are safe for the environment and the consumers 
of the mangoes.  

With the advent of COVID-19 in early 2020, the project had to rethink and evolve to adapt to the new 
environment of limited movement, which affected food supply chains. Meetings evolved from physical to virtual 
and the output and outcomes were impressive. Activities on mango drying were incorporated to absorb the 
shocks of losing the mangoes during peak harvesting periods when markets are flooded and prices are low. This 
potentially boosted household nutrition and income. Women and men were involved in making environmentally 
friendly drying baskets from netting material and they could dry other fruits and vegetables thus increasing shelf 
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life and adding value. As hidden inequalities were exposed during project implementation, corrective measures 
were inbuilt into the project to cater to differences in needs between men and women and narrow the gender 
gap and increase equality. For example, training was planned in such a way as to minimize barriers. 
Breastfeeding mothers were accommodated, times chosen to suit both men and women and participatory 
monitoring and evaluation ensured that the voice of both women and men were equally heard.  
 

3. Progress towards milestones  
 
Milestone 1: (a) Inception meeting report including: -M&E strategy including project indicators, gender 
strategy, communication strategy, agreed methodologies and implementation plan, ethical consideration,  
 

a) The project was officially launched on the 24th of July 2019 at a mango farm owned by Mr. Enock Manda 

in Chilanga, Zambia. Present were representatives from the International Development Research Centre 

(IDRC), the Australian Centre for International Agricultural Research (ACIAR), Common Market for 

Eastern and Southern Africa (COMESA), CABI, Total Landcare, and the Ministry of Agriculture (Zambia). 

Also present were the International Centre of Insect Physiology and Ecology (icipe) Director of Research 

and Partnerships, the Head of Plant Health, the Project Principal investigator (PI) and their research 

teams from icipe, the High Commission of Canada (in a non-representing capacity), the Department of 

Agricultural Research Services (DARS), Eduardo Mondlane University (EMU; representative), Zambia 

Agricultural Research Institute (ZARI) and Department of Research and Specialist Services (DR&SS). 

The speech to officially launch the project was read by the Director of Seed Control and Certification 

Institute (SCCI), Mrs Mable Matandiko Simwanza on behalf of the Minister of Agriculture (Zambia). The 

inception meeting was conducted from the 25th to the 26th of July at Sandy’s Creations – Garden Centre, 

Conference Centre, Restaurant, and Lodge-Chilanga (refer to the project launch and Inception meeting 

report: Annex 1). The objectives of the inception meeting were to enable stakeholders to clarify the scope, 

define methodologies, come up with plans, and align project objectives through a shared visioning 

process. The Monitoring, Evaluation, and Learning (MEL) Framework was developed (Annex 2) to guide 

both internal and external stakeholders of the project. During project implementation, the MEL strategy 

was used for tracking project progress, identifying gaps and weaknesses in the project implementation 

process, planning, prioritizing, allocating, and managing resources during the entire project cycle, 

monitoring the impact of project activities and outputs, providing lessons for continuous improvement of 

project activities, promoting learning and knowledge sharing and involving stakeholders in project 

implementation and monitoring (participatory approach). The gender strategy was developed (Annex 3) 

primarily to ensure that the Alien Invasive Fruit Fly project reaches, benefits, and empowers women 

farmers in Malawi, Mozambique, Zambia, and Zimbabwe. The gender mainstreaming strategy had three 

major components (i) gender analysis, (ii) gender-inclusive project implementation, and (iii) gender 

indicators and outcomes in monitoring and evaluation which represented a continuous sequence of 

activities that could be implemented in any order. The communication strategy was also developed 

(Annex 4) to identify and address communication-related opportunities and gaps in the implementation 

plans of the project, synthesize, translate, and package knowledge generated through the project as per 

the needs of all stakeholders and institute structured, multi-dimension pathways for the dissemination of 

information to different stakeholders. Project implementation was guided by icipe’s research ethics policy 

(Annex 5) as well as institutional policies for the partner institutions in the four countries where the project 

was implemented. icipe’s policy describes the ethical principles and standards icipe expects staff, 

students, and consultants working on icipe projects to adopt, implement and maintain.  

(b) Signed MOU with third parties, project Steering Committee composition, and terms of reference  
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Job Description for new staff recruited, 40 demonstration sites: Number of farmers, gender, and size of their 
farms 
 
MOU were signed with sub-grantees: Department of Agricultural Research Services (DARS) of Malawi (MOU 
Annex 6) and The Eduardo Mondlane University of Mozambique (MOU Annex 7). The Zambia Agriculture 
Research Institute (ZARI) of Zambia and the Department of Research and Specialist Services (DR&SS) of 
Zimbabwe signed direct agreements with IDRC. A steering committee was formed, with the project coordinator 
being the Chair. Project partners provided one representative to the committee. The committee monitored the 
quality of research, reviewed the performance of the project, and ensured good overall governance of the project. 
There were no new staff recruited but institutions seconded experts from within their structures. A total of 52 
demonstration sites were established with 15 in Malawi (11 male; 4 female); Mozambique (11 male; 4 female); 
Zambia (7 male; 5 female) and Zimbabwe (3 male; 7 female). farm size in southern Africa is not well defined as 
is the case in East Africa.  
 
Milestone 2: List of equipment procured by each project partner 
Various equipment were procured by project partners for use in implementing project activities. As per the 
description of the equipment in the project budget (cost of more than CAD 5,000, and useful life of more than 1 
year); icipe, ZARI, and DR&SS procured project vehicles (one each to make them a total of 3).  
 
Milestone 3: Ecological model for suitable areas for parasitoid establishment 
 
Life cycle simulation modeling was used to suitable areas for the establishment of Diachasmimorpha 
longicaudata, a wasp imported from Hawaii by icipe for mass release in Africa to manage the devastating fruit 
fly species Bactrocera dorsalis. Results show that the wasp could successfully establish itself in tropical and sub-
tropical regions under current and future climatic conditions. However, a slight change in the suitable areas is 
expected by the year 2050 due to a slight and gradual rise in temperature. Our findings provide important 
information for the further release of this parasitoid in Africa as well as for designing pest management strategies 
to limit the spread and reduce the impact of fruit flies sustainably. The findings were published (Annex 8) in open 
access journal: Ndlela, S., Azrag, A. G., & Mohamed, S. A. (2021). Determination of temperature thresholds for 
the parasitoid Diachasmimorpha longicaudata (Hymenoptera: Braconidae), using life cycle simulation modeling: 
Implications for effective field releases in classical biological control of fruit flies. Plos one, 16(8), e0255582;  
https://doi.org/10.1371/journal.pone.0255582; 
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0255582 (publication available at this link). 
 
Milestone 4: Import permit documents for Zambia, Zimbabwe, and Malawi 
 
Import permits allowing Malawi (Annex 9), Mozambique (Annex 10), Zambia (Annex 11), and Zimbabwe (Annex 
12) to receive wasps/parasitoids from icipe for the control of the invasive and devastating fruit fly Bactrocera 
dorsalis were obtained by the relevant authorities in the said countries.  
 
Milestone 5: Baseline survey including household socioeconomic and demographic attributes, data on 
production and use of pesticides, fruit damaged by FF, intrahousehold labour allocation, and dietary diversity 
index focusing on women 
 
Kindly refer to milestone 24 and the report in Annex 13. The report covers outcomes achieved in terms of 
increased yield and income of mango farmers, increase in dietary diversity, enhanced Knowledge and skill of 
mango growers and extension officers on fruit flies management, reduced Insecticides risk to the environment 
and humans, gender gap narrowed, regional market participation improved and Job opportunities created. 
 
Milestone 6: Report on 12 training of trainers workshops (number of trainees disaggregated by gender, including 
model farmers, private sector companies, NGOs, policymakers, and extension and agricultural officers) 
 

https://doi.org/10.1371/journal.pone.0255582
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0255582
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More than 50 ToTs were conducted in which 4,075 mango farmers were trained (1554 male and 2521 female) 
on various aspects of fruit fly IPM (Annex 14). The pictures show trainees displaying their certificates after 
completing the training on fruit fly IPM. We decided to have a mixed group of agricultural extension officers and 
farmers so that we create rapport between farmers and extension from the onset. Men and women were trained 
and the training addressed the needs of both gender separately women were accommodated bearing in mind 
the double role of production and reproduction. The meeting times were selected to accommodate the household 
chores they do which are perceived as women's duties.  
 
Milestone 7: Report on awareness activities among secondary and high school communities on mango 
production, fruit flies management strategies (number of students disaggregated by gender) 
 
A total of 10,369 secondary school students (5287 male and 5082 female) were trained on various aspects of 
fruit fly IPM. Also, more than 100 primary school children were reached and they recited poems at the end of 
the project dissemination event (Annex 15). The poems were about mango and fruit flies.  
 
Milestone 8: Number and gender of post-graduate scholars recruited in the project, which should include three 
females and two male MSc/Ph.D. students. 
 
A total of 6 postgraduate students (4 female and 2 male) were recruited for training in various aspects of the 
project. Three pursued PhDs and 3 MSc (Annex 16). 
 
Milestone 9: Working paper on the effectiveness of ovipositional deterrent semiochemicals for potential use in 
fruit flies management   
 
A paper was published (Annex 17) in open access platform: A Cheseto, X., Kirwa, H., Mohamed, S. A., Ekesi, 
S., Beck, J. J., & Torto, B. (2022). Field evaluation of glutathione and glutamic acid as host marking pheromones 
for control of Tephritid fruit flies in a mango orchard in Kenya. Pest Management Science, 79(4), 1585-1592. 
DOI 10.1002/ps.7331; https://onlinelibrary.wiley.com/doi/epdf/10.1002/ps.7331 and findings revealed fruit flies 
produce chemical substances called host marking pheromones (HMPs) which have the function of deterring 
other fruit flies of the same species from placing their eggs (ovipositing) on the mango. Host marking pheromones 
were shown to be effective against the mango fruit fly Ceratitis cosyra and the Natal fruit fly Ceratitis rosa but 
not on the invasive Oriental fruit fly Bactrocera dorsalis. These chemical substances can be harnessed and used 
to spray mangoes so that fruit flies will not oviposit/dep[osit their eggs on mango fruits. This technique, if 
developed, can add to the existing arsenal/ fruit fly IPM against devastating fruit flies of economic importance. 
 
Milestone 10: Working paper on the role of endosymbiotic bacteria in mediating the tri-trophic interaction 
between the host plant/host insect and parasitoid determined  
 
Some insects habour specialized bacteria in the gut which influence the ecological and physiological functions 
of the insects carrying them (host). In experiments conducted by one PhD student funded by the project, results 
indicated that some gut bacteria found in the devastating Oriental fruit fly Bactrocera dorsalis, enhance the 
emergence of parasitoids and have a positive effect on the size and reproductive potential of the emerging 
wasps. This information can be used to boost the mass rearing of wasps/parasitoids. This work was published 
(Annex 18) in an open-access journal: Gwokyalya R, Weldon CW, Herren JK, Gichuhi J, Makhulu, EE, Ndlela 
S, Mohamed SA. (2023) Friend or Foe: Symbiotic Bacteria in Bactrocera dorsalis–Parasitoid Associations. 
Biology, 12(2), 274, https://doi.org/10.3390/biology12020274; https://www.mdpi.com/2079-7737/12/2/274. The 
student further investigated the physiological mechanisms influencing the efficacy of wasps/parasitoids in 
controlling fruit flies. Results indicated that Bactrocera dorsalis has a very strong immune system that fights 
parasitism by parasitoids. Specialized cells are produced when wasps oviposit eggs in the fruit fly maggots. This 
kills the wasp before it develops to kill the fruit fly. The wasp Diachasmimorpha longicaudata which was imported 
from Hawaii for the control of Bactrocera dorsalis shows great promise as it can evade the strong immune system 
of Bactrocera dorsalis. These findings were also published (Annex 19) in an open-access journal: Gwokyalya, 

https://onlinelibrary.wiley.com/doi/epdf/10.1002/ps.7331
https://doi.org/10.3390/biology12020274
https://www.mdpi.com/2079-7737/12/2/274


 

 
7 

 

R., Herren, J. K., Weldon, C. W., Khamis, F. M., Ndlela, S., & Mohamed, S. A. (2022). Differential immune 
responses in new and old fruit fly-parasitoid associations: Implications for their management. Frontiers in 
Physiology, 1663, https://doi.org/10.3389/fphys.2022.945370; 
https://www.frontiersin.org/articles/10.3389/fphys.2022.945370/full  
 
Milestone 11: Report on release of parasitoids in target countries 
 
A total of 22,380 parasitoid wasps (Fopius arisanus) that attack fruit fly eggs were released in the four 
countries. A further 24,000 wasps (Diachasmimorpha longicaudata) that attack fruit flies maggots were also 
released. The total number of parasitoids released was 46,380. The first release in Zimbabwe was officiated by 
senior government officials and traditional leaders (Annex 19a). It is important to get buy-in from policymakers 
when implementing project activities, as their influence is adequate to convince farmers. 
 
Milestone 12: Barriers and success factors for promoting, scaling up IPM technologies and increasing women 
and youth participation in the mango value chain through papers on: 
1- gender role in mango production including intrahousehold labour allocation and value chain. 2- barriers and 
enabling environment to benefit women from mango production interventions gender roles in mango 
production including intrahousehold labour allocation and value chain. 
 
A paper (Annex 20): Gichungi, H. M., Muriithi, B. W., Kirscht, H., Mohamed, S. A., Ndlela, S., & Menale, K. 
(2023). Does empowerment influence women’s willingness to pay for integrated pest management practices? A 
case study of mango growers in Zambia. Research in Globalization, 6, 100115, 
https://doi.org/10.1016/j.resglo.2023.100115 was published and reported that women’s empowerment status 
increased the possibility of considering a higher bid for the fruit fly IPM package. Their willingness to pay (WTP), 
was affected by access to extension services, level of education, and income levels among other factors. Their 
perception of fruit fly IPM, the distance to the market, and losses attributed to fruit flies negatively influenced 
WTP. Authors concluded that uptake and adoption of agricultural innovations hinged on efforts that increase 
women’s access to agricultural extension services, and promotion of technologies that lower their workload while 
at the same time improving incomes.  
 
Milestone 13: Report on successful modalities to connect smallholders with value chains including the number 
of farmers (disaggregated by gender) benefiting from newly created links with private mango processing and 
packaging companies and other mango aggregators 
 
In the current project phase, farmers were able to produce adequate fruit for household consumption and sale 
at local markets. A local entrepreneur (Chatukuta dried foods), who was the trainer of mango drying in Zimbabwe 
was awarded a huge contract to supply dried mangoes to Japan. We intended that thousands of smallholder 
mango growers would supply him with dried fruit. Unfortunately, this order could not be met because farmers 
lacked adequate equipment to dry their fruits. The net drivers (Annex 21) only work during sunny days and their 
capacity is small. There is a need to scale out mango drying by introducing greenhouse driers that have a large 
capacity. Dried mango has a huge market potential and demand is high. For example, in Zimbabwe, 100g of 
dried mango costs US$1, but when well packaged, 35g goes for between US$0.75 and US$1. While in Zambia, 
a basket of fresh mangoes fetches US$6, compared to US$49 when the fruits are dried.  
 
Milestone 14: Working paper on the cost-benefit analysis of existing and new IPM technologies and practices. 
 
This activity was not done; the baseline survey revealed that the majority of the farmers were not using chemical 
pesticides or any other methods to manage invasive fruit flies. The farmers were not controlling fruit flies. Trees 
were left as they were and farmers would harvest whatever sound fruit remained. Subsequently, there were no 
alternative methods to compare with the IPM innovations. 
 
Milestone 15: Functional regional network established 

https://doi.org/10.3389/fphys.2022.945370
https://www.frontiersin.org/articles/10.3389/fphys.2022.945370/full
https://doi.org/10.1016/j.resglo.2023.100115
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A WhatsApp platform was created to allow the four countries and experts from Kenya to converse and share 
information. This is at the level of model farmers, agricultural extension officers, and Research Scientists. This 
is not adequate as decision-makers in industry, government and other private practices are not part of this 
network. The current project phase has built adequate grassroots awareness that requires support to establish 
regional networks. Studies conducted by the project team have identified, through interactions with beneficiaries 
and stakeholders, various factors such as gender, power relations/dynamics, socio-economic status in society, 
and even ethnicity as hindrances to the effective acquisition and transfer of information. For regional networks 
to operate effectively, there is a need for the robustness of local community structures to be active. We propose 
a second phase of funding that builds upon the success stories of the current phase and build regional research 
networks (hubs) for area-wide control of fruit flies and scales the impact achieved thus far. Our inclusion of 
secondary school students in training supports IDRC’s concept of the future of work concept. Future interventions 
must ensure that current knowledge is mobilized, capacity strengthened, networks established and sustained, 
and impact scaled using a gender lens.  
 
Milestone 16: Awareness and capacity of partners on FF management through a documentary video 
produced and available in the public domain radio and TV programs aired 
 
Kindly refer to milestone 23 below. 
 
Milestone 17: Al least 3,000 mango growers (30% women) practicing IPM innovations demonstrated through 
the number and gender of farmers practicing IPM innovations 
 
A total of 17,578 mango growers (9306 male and 8272 female) were trained on fruit fly IPM and were using 
various components of IPM at various scales. This represents 53% women and 47% men. The most common 
component of IPM was the use of traps and lures to attract the males (Annex 22). This was so because, within 
a few seconds of setting the traps, farmers would observe fruit flies being attracted to the trap and in a few hours 
dying inside unable to escape. This was adequate evidence to convince them. 
 
Milestone 18: Report on parasitoids establishment, dispersal, and their effectiveness in suppression of fruit flies 
An MSc student who was supposed to conduct this work dropped along the way, citing a change of research 
interests. However, from field observations, the parasitoids have been observed in mango farms confirming that 
they have been established. From our experiences in East Africa, parasitoids can effect approximately 33% of 
parasitism/control of fruit flies under field conditions.  
Milestone 19: Working paper on demand for IPM interventions and willingness to pay by gender including IPM 
practices preferred, number of trees to be covered by IPM, Willingness to pay for IPM technologies, and factors 
that will drive farmers. 
This was achieved and documented in the published manuscript (Annex 23): Gichungi, H. M., Muriithi, B. W., 
Kirscht, H., Mohamed, S. A., Ndlela, S., & Menale, K. (2023). Does empowerment influence women’s willingness 
to pay for integrated pest management practices? A case study of mango growers in Zambia. Research in 
Globalization, 6, 100115; https://doi.org/10.1016/j.resglo.2023.100115). This study showed that empowering 
women through intentional inclusion in training, encouragement to join groups, and awareness creation of 
negative gender norms will increase agricultural technology uptake for which the willingness to pay can be seen 
as a proxy. Therefore, projects aiming to introduce new technology in rural households should integrate women's 
empowerment during implementation. Policy implications of the findings are that encouraging women's 
participation in agricultural production and marketing groups will not only increase their empowerment but also 
the uptake of innovation that increases agricultural productivity. Engaging a gender expert at the onset of 
agricultural projects aimed at introducing new technologies and integrating a gender analysis will contribute to 
ensuring women are not negatively affected by intervention strategies or intended project outcomes. The training 
on agricultural technology should be informed by gender analysis and aim at changing existing norms on intra-
household and community relationships to where both male and female primary decision-makers should attend. 
Due to pre-existing constraints such as heavy domestic workload, lack of finances, and lack of freedom of 

https://doi.org/10.1016/j.resglo.2023.100115
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movement, all of which prevent women's attendance of agricultural training, sponsoring women to attend the 
training is vital to increasing the participation of women and the potential benefits they will receive from increased 
education and technical training. Women including breastfeeding mothers were facilitated with transport and 
accommodation to attend training with their babies. This must continue in future project phases to encourage 
more women participation. Also, efforts to lower women’s domestic workloads, boost their finances, and sensitize 
others in the community to promote women’s freedom of movement would be key to empowering women, hence 
increasing their uptake of new agricultural innovations. A willingness to pay component was included in the 
Zimbabwe endline survey. Preliminary results reveal a high willingness to pay for IPM. 
 
Milestone 20: Report of post-IPM implementation study including household socioeconomic and demographic 
attributes, data on production and use of pesticides, fruit damaged by FF, intrahousehold labour allocation, and 
dietary diversity index focusing on women 
 
This will be generated using the panel dataset (baseline and endline). The report would be generated as soon 
as cleaning of the endline data is complete, however preliminary results are provided in Milestone 24. 
 
Milestone 22: Report on 10 Agricultural Innovation Platforms establishment including the number of 
participants in functional AIPs 
Along the way, we dropped this activity as it is a subset of national and regional networks (See milestone 15). 
All our activities at the local and intercountry levels seek to achieve what AIPs would achieve. In most cases, 
AIP considers various aspects such as a conducive institutional environment, the right levels for fronting AIPs, 
availability of adequate capacities, knowledge, and skills, and monitoring and evaluation. All these are embedded 
in various project activities we undertook.  
 
Milestone 23: Knowledge translation activities to diffuse results and increase awareness of farmers on FF 
management. 
 
At the onset of the project implementation in 2019, only 7% of farmers knew about fruit flies. But this proportion 
had risen to 89% at the end line stage, showing that awareness had increased. More than 1 million farmers were 
made aware of Fruit Fly IPM through television (meetings, training, and workshops were shown on national 
television: Annex 24 (some we did not manage to get the footage)); social media, newspapers articles: Annex 
50 and magazines (Annex 26); farmer to farmer peer dissemination, demonstration farms, and farmer field days. 
A total of 14 peer-reviewed articles (Annex 57a) were published in open-access platforms. Additionally, over 10 
manuscripts are at different stages of development and are expected to be published before the end of the year, 
subject to the availability of funds. The publications are on the biology, social, and economic aspects of fruit fly 
IPM. Policy briefs were not published as we were dealing directly with policymakers ie national plant protection 
organizations and any policy issues were quickly assimilated and implemented. For example, where the project 
was expected to submit dossiers for parasitoid release, NPPOs approved the releases based on available data 
from icipe. Radio and TV stations were prohibitively expensive and we could not package any programs for the 
two platforms. We produced a documentary video (Annex 28) for the project: https://youtu.be/ytLgM08jPbk. The 
video documents how farmers have benefited from the implementation of various activities, particularly fruit fly 
IPM, capacity building, and mango drying. Farmer testimonies indicate that some farmers have managed to 
purchase livestock, pay school fees for their children, open bank accounts, and form finance lending clubs from 
the proceeds of mango farming. In terms of extension training materials; brochures (Annex 29a,b,c,d,e,f, g); 
stickers (Annex 30), banners (Annex 31a,b), and manuals (fruit fly manual: Annex 32; gender manual (Annex 
33) were produced and distributed (except in the case of banners). 
 
Milestone 24: Final report including outcomes achieved in terms of Increased yield and income of mango 
farmers; increase in dietary diversity; enhanced knowledge and skill of mango growers and extension officers 
on fruit flies management; reduced insecticides risk to environment and humans; gender gap narrowed; 
regional market participation improved; job opportunities created 
 

https://youtu.be/ytLgM08jPbk
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Mango yield increased from 7% at baseline to 18% at the endline due to the use of fruit fly IPM. The qualitative 
data collected in Zimbabwe and Mozambique reported an improved variety of food consumed and income 
generated by households from mango sales as a result of using IPM. This was attributed to the enhanced 
knowledge and skill of mango growers gained through training and physical demonstrations. At the beginning of 
the project implementation, only 7% of farmers knew about fruit flies. This proportion increased 12-fold to 89% 
at the end of the project, signaling that more farmers appreciated and understood the problem. An in-depth report 
is contained in Annex 13 
 

4. Synthesis of research results and development outcomes  

Objective 4.1. Increase the sustainability of mango production for food and nutrition security through 
the adaptation, dissemination, and scale-up of proven fruit fly IPM measures 
 
Activity 4.1.1: Establish demonstration and learning sites for scaling up proven IPM technologies. 
 
A target of 40 demonstration and learning sites was surpassed by 12 as 52 sites were established (see milestone 
1b for gender breakdown and distribution per country) for sharing ideas, teaching, and showcasing proven fruit 
fly IPM technologies. Mango growers were jointly selected by farmers, agricultural officers, and socio-economists 
to be trained as model/champion farmers. These model farmers manning demonstration learning sites were 
agents of peer-to-peer learning, explaining technologies in local languages understandable to their fellows. This 
way in situ-generated knowledge was shared, thus building reliability, trust, and confidence. The impact was 
phenomenal as neighbors testified that IPM technologies set up in learning sites were not only benefiting the site 
itself but communities around were feeling the cascading effects. For example, lures used in fruit fly traps can 
attract and kill flies as far as 1km, and released wasps are not restricted to the release site but disperse to other 
areas. in previous studies, we demonstrated that wasps can spread as far as 8km within one mango season. If 
we were to start the project again, we would train more farmers per district (100 plus) and co-opt more districts 
as project implementation sites to promote area-wide management of fruit flies. Using farmer-owned mango 
orchards as demonstration plots has proved to be one of the most effective village-based extension services and 
promoters of new technologies. The signage we erected at learning sites (Annex 34) proved to be an excellent 
vehicle of visibility. During the project life cycle, we learned that demonstration sites encouraged and inspired 
farmers to implement the technologies, and the recognition and respect for model farmers by their fellows spurred 
them to seek more information and increased production in terms of quantity and quality. It also encouraged 
them to recruit more farmers to adopt the fruit fly IPM technologies they were practicing. Indeed learning by doing 
is effective and the “seeing is believing” mantra is true. Our selection criteria which were gender-responsive, 
seeking to include women as host farmers for learning sites (38% of learning sites were headed by women) 
proved a game changer as other women testified that social and cultural barriers coupled with the inherent 
multiple productive and reproductive responsibilities deprived them of time, access to information and active 
participation in developmental issues.   
 
Activity 4.1.2: Scaling up IPM options using various dissemination pathways 
 
A total of 4,075 trainers of trainers (mango farmers) (38% men and 62% women) were equipped with fruit fly IPM 
knowledge and were given IPM starter packs (a package containing traps, lures/attractants, food baits, and 
sometimes augmentoria). A further 11,131 (53% men and 47% women) were directly reached using the farmer 
field day approach (on-farm workshops hosted by farmers and agricultural extension officers to practically 
demonstrate and discuss technologies). The farmers were also given starter packs. All these farmers used IPM 
technologies throughout the project implementation cycle. Before using IPM technologies farmers were losing 
between 80-100% of their mangoes due to fruit fly infestation. After using the technologies they were able to 
save 7 out of 10 mangoes. The outbreak of the COVID-19 pandemic in early 2020 resulted in restrictions on 
movement and gatherings thus public training, awareness and meetings could not be conducted. This had a 
huge negative effect on scaling the fruit fly IPM technologies.  

The Farmer Field Scholl (FFS) approach was adopted and farmers constituted groups of up to 40 members 
depending on the location, and cohesion of members in the community. Other factors affecting group dynamics 
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were also considered eg personal values, attitudes, community experiences, and general perceptions. A 
comprehensive report on some of the groups and an assessment of the use of technologies and other aspects 
are presented in the report (Annex 35). The report captures the experiences of only 10 groups in Zimbabwe. The 
assessment highlighted the need for additional capacity building of group leadership to enhance their ability to 
utilize efficiently the participatory monitoring and evaluation approach and empower the groups. Unfortunately, 
the groups still lag in strengthening group formalization, cohesion, and business development aspects. The 
assessment recommends the engagement of partners (implementing authorities) in facilitating agricultural 
extension officers to continuously monitor the learning groups in all project countries (mostly they lack transport 
and any kind of motivation eg perdiem). However, a scaled-up follow-up evaluation of the learning groups is also 
recommended to explore changes in additional indicators at the outcome and impact level. Participation in the 
learning groups resulted in increased use of fruit fly IPM and quantity and quality of harvested mango (refer to a 
testimonial by one farmer from Zimbabwe: Annex 36). Before the program, the farmer would harvest 50 boxes 
of mangoes and lose at least 20 due to fruit flies damage. However, this number has reduced to 1 or 2 boxes 
being thrown away after she started using fruit fly IPM technologies. 

The project has demonstrated that fruit fly IPM works and farmers are convinced since the implementation 
was not top-down but participatory. We expect that National Plant Protection Organizations (NPPOs) whose staff 
(agricultural extension officers) were trained, must incorporate project activities and avail budgets from national 
coffers to drive more training, awareness, and adoption of technologies. During the project implementation, we 
were unable to bring on board private sector partners to take up the provision of fruit fly IPM inputs such as traps 
and lures/attractants. This means that inputs are still not available to farmers. Where they are available (mostly 
for large-scale farmers) they are not affordable and often inaccessible. We recommend a rigorous approach 
towards area-wide control of fruit flies to sustain the demand for inputs, thus creating a business opportunity for 
the private sector to position themselves and exploit the market gap. Our project is like a young child learning to 
walk – now is not the time to allow the child to fall – there is a need for more support to build on the current 
success stories and help the child learn how to run.  
 
Activity 4.1.3: Conduct innovative research to fill knowledge gaps on IPM strategy for native and invasive 
fruit flies. 
Sub-activity 4.1.3.1. Exploring the use of semiochemicals for suppression of native and invasive fruit 
flies 
 
This activity was achieved. Naturally, fruit flies produce chemical compounds which they use to mark portions of 
the mango where they would have deposited/oviposited their eggs. This repels other fruit flies from depositing 
their eggs thus look for other sites where such chemicals have not been used to mark the spots. We can turn 
this natural phenomenon to our benefit by harnessing the chemical compounds or synthesizing such chemicals 
in the laboratory and we spray them on mango fruits and mango trees. Thus fruit flies will not deposit/oviposit 
their eggs assuming that their fellow flies have already done so. This keeps the mangoes fresh and uninfested 
by fruit flies. When pursued, this can be developed as an additional arsenal for fighting fruit flies and be added 
to the fruit fly Ipm package. Refer to milestone 9 and also to this publication (Annex 37): A paper was published 
in open access platform: A Cheseto, X., Kirwa, H., Mohamed, S. A., Ekesi, S., Beck, J. J., & Torto, B. (2022). 
Field evaluation of glutathione and glutamic acid as host marking pheromones for control of Tephritid fruit flies 
in a mango orchard in Kenya. Pest Management Science, 79(4), 1585-1592. DOI 10.1002/ps.7331; The 
publication can be accessed online through this link: https://onlinelibrary.wiley.com/doi/epdf/10.1002/ps.7331. 
We are currently looking for calls for proposals that support product development so that we can pursue 
enhancing the compounds leading to the commercialization of a product to be availed to mango farmers.  

Sub-activity 4.1.3.2. Tri-trophic interaction between the host plant/host insect and parasitoid and the 
role of the endosymbionts in mediating such interaction. 

We reported that some bacteria in the gut of the fruit flies are beneficial to the natural control agents of the flies 
ie. the wasps/parasitoids. They act by positively impacting the reproductive potential (fecundity) of the wasps 
and increase the chances of their emergence from fruit flies. The emerging wasps are large, and this 

https://onlinelibrary.wiley.com/doi/epdf/10.1002/ps.7331
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occurrence can be used in mass-rearing wasps for release in mango orchards. The findings published (Annex 
38) are available in the public domain as Gwokyalya R, Weldon CW, Herren JK, Gichuhi J, Makhulu, EE, 
Ndlela S, Mohamed SA. (2023) Friend or Foe: Symbiotic Bacteria in Bactrocera dorsalis–Parasitoid 
Associations. Biology, 12(2), 274, https://doi.org/10.3390/biology12020274; and the paper can be downloaded 
for free from this link: https://www.mdpi.com/2079-7737/12/2/274. More information is available under 
milestone 10. 

Sub-activity 4.1.3.3. Characterize the land in terms of land use and land cover at a landscape level. 

Considering that the implementation of fruit fly IPM can be affected by how land is used and what trees are in 
abundance, we embarked on a study to classify land use and land cover (LULC). Results for Malawi and Zambia 
are presented in Annex 39. The vast areas are covered by grasslands, shrubs, forest lands, settlements, 
woodlands, and annual crops. Water bodies cover small areas of land and mango trees are sparsely distributed 
in project implementation sites. Extensive and exhaustive studies were later conducted in Zimbabwe and data 
collected in project sites together with satellite data was then analyzed using multiple methodologies to elucidate 
are-wide land use and land cover mapping, including detection of tree crops such as mango trees. We did not 
manage to conduct this activity in other countries due to the covid restrictions on movement as the study involved 
interacting with farmers and greater movement. Also budget constraints. Mango orchards were shown to occupy 
18% of the studied districts namely Mutoko and Murehwa in Mashonaland East and Zvimba district in 
Mashonaland West provinces. The mapping of the mango trees had an accuracy of more than 80%. Knowledge 
of such tree distribution helps in designing interventions. For example were to deploy more traps, and which 
areas to release parasitoids. Resource allocation using the ratio of farmers to their tre population is easily 
computed. The results (Annex 40) are published in an open-access journal: Mudereri, B. T., Abdel-Rahman, E. 
M., Ndlela, S., Makumbe, L. D. M., Nyanga, C. C., Tonnang, H. E., & Mohamed, S. A. (2022). Integrating the 
Strength of Multi-Date Sentinel-1 and-2 Datasets for Detecting Mango (Mangifera indica L.) Orchards in a Semi-
Arid Environment in Zimbabwe. Sustainability, 14(10), 5741, https://doi.org/10.3390/su14105741 and can be 
downloaded from this site: https://www.mdpi.com/2071-1050/14/10/5741. The results triggered massive 
awareness in the three districts, and increased farmers' desire to increase mango tree stands. Farmers 
requested training in tree grafting and this was done (Annex 41). Farmers are currently grafting improved mango 
varieties using indigenous drought-resistant trees as rootstock. Scientifically trees absorb carbon and store it in 
their tissues as they grow. Bearing in mind that industrialization and globalization are increasing the carbon 
footprint leading to global warming, we desire to promote mango tree planting in Southern Africa not only as a 
means for livelihood enhancement but also as a climate change mitigation measure. In future studies, we 
propose the exhaustive study conducted in Zimbabwe be replicated in other countries to build a regional 
database that can guide various initiatives in climate change studies, fruit tree science, and livelihood and 
resilience promotion.  

Sub-activity 4.1.3.4 Conduct modeling of areas suitable for parasitoids establishment: 

The findings (Annex 8) are reported under milestone 3 and published as Ndlela, S., Azrag, A. G., & Mohamed, 
S. A. (2021). Determination of temperature thresholds for the parasitoid Diachasmimorpha longicaudata 
(Hymenoptera: Braconidae), using life cycle simulation modeling: Implications for effective field releases in 
classical biological control of fruit flies. Plos one, 16(8), e0255582; https://doi.org/10.1371/journal.pone.0255582; 
and can be downloaded from this link: 
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0255582. Release of the wasp is going to be 
an integral component of fruit fly IPM in the future if institutions are capacitated to carry out their mass rearing, 
than expect to receive shipments from icipe in Kenya.  

Objective 4.2. Enhance the role of biocontrol agents in the suppression of the alien invasive Bactrocera 
dorsalis by undertaking field releases, post-release evaluation, and assessment of the impact of 
introduced parasitoids (Fopius arisanus and Diachasmimorpha longicaudata) 

 

https://www.mdpi.com/2079-7737/12/2/274
https://doi.org/10.3390/su14105741
https://www.mdpi.com/2071-1050/14/10/5741
https://doi.org/10.1371/journal.pone.0255582
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0255582
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Activity 4.2.1: Mass rearing of introduced parasitoids 
 
Millions of parasitoids were reared at icipe and shipped to various countries throughout the world including the 
project-implementing countries in Southern Africa. icipe has the capacity in terms of infrastructure and expertise 
to rear parasitoids. Parasitoid rearing requires controlled environments and the right diet. representatives from 
Zimbabwe and Mozambique were trained on fruit flies and parasitoid rearing. Malawi and Zambia did not train 
because their systems were not ready for parasitoid rearing.  
  
Activity 4.2.2. Upgrading national laboratories for parasitoid rearing 
 
Zimbabwe and Mozambique upgraded their rearing facilities while Zambia and Malawi did not fully upgrade. It 
was expected that the project will build capacity in parasitoid rearing as a means of sustainability beyond project 
implementation. Malawi could not start rearing parasitoids due to stringent regulations from their National 
Agricultural Technology Clearing Committee which requires rigorous testing of technologies before they are 
adopted. As for Zambia, there was no technician dedicated to project activities (was only available at the onset 
of the project). Parasitoid rearing requires specialized conditions involving light, aeration, temperature and 
humidity regulation, and rearing cages. 

Activity 4.2.3: Obtain import permit for the introduction and release of parasitoids in the target countries. 
 
All countries managed to obtain import permits/phytosanitary certificates (Annex 9-12) to enable icipe to ship 
parasitoids to their countries. This was made relatively easy by the fact that Malawi, Zambia, and Zimbabwe are 
the National Plant Protection Organizations and the office issuing permits resides within their Ministry structures. 
Mozambique, they were also working with the Ministry of Agriculture in their country. The permits allow the free 
importation and release of parasitoids.  

Activity 4.2.4: Introduction and large-scale augmentative releases of F. arisanus and D. longicaudata. 

A total of 46,380 wasps were released in Southern Africa. Of these 22,380 were Fopius arisanus and 24,000 
Diachasmimorpha longicaudata (refer to milestone 11). Modeling to establish suitable release areas was done 
(refer to milestone 3). The parasitoids are known to disperse at a rate of 8km per mango season. this can be 
enhanced by wind currents and the continuous availability of other fruits attacked by fruit flies.  

Activity 4.2.5: Assessment of establishment, colonization/dispersal of released parasitoid species, and 
assessment of their effectiveness on B. dorsalis populations. 

We did not manage to conduct post-release assessments as the recruited student dropped along the way citing 
a change of research interests. However, field observations show that the two parasitoids are still in the mango 
farms even 3 years post-release. In Kenya where the parasitoids were initially released, they are attributed to 
fruit fly control between 16-33%. This requires that several IPM technologies be used to complement each other 
and result in higher control of fruit flies under field conditions. 

Objective 4.3. Assess the socio-economic and gender impact of the IPM interventions in the mango 
production and value chain 

 
Activity 4.3.1: Understand barriers and success factors for promoting, scaling up IPM technologies, and 

increasing women and youth participation in the mango value chain.  
 
The baseline surveys conducted in all the project countries (i.e., a quantitative survey in Malawi and Zambia and 
a Qualitative survey in Mozambique and Zimbabwe) revealed common barriers to promoting and scaling up 
innovative practices for the management of mango-infesting fruit flies. These included limited knowledge of the 
fruit pests hence difficulties to identify suitable management or control strategies resulting in high pre- and post-
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post-harvest losses due to pests and diseases. We also found poor handling of the produce during harvesting 
and transporting to markets, and use of low-yielding, local mango varieties which are high in fiber and not 
attractive to accessible markets. The limited markets (regional and international) for the mango are possibly due 
to the low quality of fruits owing to poor or non-existent pest management practices. Limited knowledge, 
accessibility, and availability of integrated fruit fly management technologies contributed to low product quality. 
On the other hand, various opportunities for promoting fruit fly IPM technologies exist in the target countries. 
These include favorable agroecological factors for mango production, farmers’ willingness to adopt and pay for 
IPM technologies to reduce losses and increase income, availability of local markets, and the possibility to add 
value by mango processing (e.g. drying, juice making, etc.). This provides opportunities for enhanced market 
access and women empowerment through mango enterprises.  

We also conducted a survey to understand barriers to the uptake and scaling up of fruit fly IPM technologies 
not only in Southern Africa but in other regions such as Eastern, Central, Northern, and Western Africa. The 
study reported that the demand for fruit fly IPM outweighs the supply. However, respondents cited a lack of 
adequate awareness of IPM inputs, coupled with inaccessible, expensive ans and sometimes non-available 
inputs. It was reported that farmers lacked knowledge as training was either not there at all or targeted a few 
beneficiaries. The study recommended that current barriers to IPM adoption required holistic multi-stakeholder 
partnerships that influence policy, input supply, commercialization of products, and area-wide regional and 
international knowledge exchange. The findings are published as per IDRC’s open access policy and can be 
accessed through this link: https://www.mdpi.com/2071-1050/14/5/2954, under the reference Niassy, S., Murithii, 
B., Omuse, E. R., Kimathi, E., Tonnang, H., Ndlela, S., ... & Ekesi, S. (2022). Insight on fruit fly IPM technology 
uptake and barriers to scaling in Africa. Sustainability, 14(5), 2954, https://doi.org/10.3390/su14052954 (Annex 
42). 
 
Activity 4.3.2. Promoting successful modalities to connect smallholders with value chains. 
 
We conducted a gendered assessment of the mango value chain in Zambia, focusing on key value chain actors. 
The objectives were to map the mango value chain, determine existing gender roles, and identify profitable 
nodes of the mango value chain with a potential for female actors. Especially in mango production, these roles 
could influence the sustainable promotion of fruit fly IPM. The mapping exercise identified women dominating at 
low-profit nodes of the mango value chain such as selling at the farm gate or village markets, being retailers at 
local markets, and local processing. Men were mainly involved in transportation from farms to markets, 
wholesaling in main markets, and regional exports (refer to PowerPoint presentation Annex 43). While this 
corroborates the evidence documented in the literature that resource constraints could inhibit women’s 
participation in high-paying value chain nodes, their participation could be promoted by establishing better and 
more direct market connections and by linking them to local processors. Such processors however require high 
high-quality mango fruits (free from pests, pesticides, and low in fibre), which could be achieved through 
promoting the use of IPM to reduce fruit fly infestation and also high-yielding improved mango varieties. These 
were efforts extended through the current project. This work was conducted by an MSc student and was 
presented at the University of Zambia School of Agricultural Sciences, 3rd Symposium, 29th to 30th September 
2022. 
 
Activity 4.3.3: Forecast the potential demand for the developed IPM technologies in the target areas. 
 
Empirical analysis of the potential demand of the fruit fly IPM was achieved using quantitative baseline survey 
data collected in Zambia and Malawi. In Zambia, we estimated the change in the potential demand for the IPM 
after the project intervention during the endline survey. While at baseline only 29% of the survey respondents 
were willing to pay (WTP) for the fruit fly IPM package, the number willing to pay for the same doubled at the 
endline, suggesting that the growers became fully aware of the postive impact of the intervension, and hence 
the increased demand for the innovations. In Malawi, the baseline data revealed that 50% of the survey 
respondents were willing to pay for the IPM package. In Mozambique and Zimbabwe, the qualitative data 
collected at the end of the project demonstrated increased awareness of the IPM innovations and willingness to 
continue using them for the management of invasive fruit flies. The short quantitative survey implemented after 

https://www.mdpi.com/2071-1050/14/5/2954
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the FGDs confirmed this observation as there was a high willingness to pay for IPM, if not for the initial prize of 
4 USD at least at a discounted price. results (Annex 20) are published in open access under the following 
reference: Gichungi, H. M., Muriithi, B. W., Kirscht, H., Mohamed, S. A., Ndlela, S., & Menale, K. (2023). Does 
empowerment influence women’s willingness to pay for integrated pest management practices? A case study of 
mango growers in Zambia. Research in Globalization, 6, 100115. https://doi.org/10.1016/j.resglo.2023.100115. 
https://www.sciencedirect.com/science/article/pii/S2590051X23000059. 
 
Activity 4.3.4: Assess the impact of IPM interventions on income, nutrition, human health, and the environment 

using gender-disaggregated data. 
 
The impact of IPM on the welfare of mango growers was evident as documented by farmer’s testimonies, and 
qualitative and quantitative data collected at the end of the project. In Zambia, for instance, the household annual 
income generated from mango enterprises increased from 7% at the baseline to 18% at the endline. The change 
was attributed to the increased quantity/yield of mango sold as the quality improved after using the IPM 
packages. Furthermore, pre-and post-harvest losses due to fruit flies were reduced, hence increasing the surplus 
for the market. The qualitative data collected in Zimbabwe and Mozambique similarly reported improved income 
from mango sales because of using IPM and practicing mago drying. Although the empirical analysis for the 
dietary diversity score data has not been completed, the qualitative data revealed an improvement in the variety 
of food consumed by households that were purchased using the additional income generated from mango. This 
was pronounced in Zimbabwe where women noted they became breadwinners by using the money they earned 
from mangos. Furthermore, mango driers enabled them to preserve their mango and use them to feed their 
household members during the off-season. While the promotion of IPM technologies is expected to reduce the 
use of chemical pesticides and hence exposure risk to humans and the environment, the majority of the surveyed 
farmers did not use chemical pesticides to manage fruit flies. Subsequently, the counterfactual scenario for 
comparison with IPM interventions was not present to enable us to estimate the human health and environmental 
impact of the IPM. 
 
Activity 4.3.5: Conduct a cost-benefit analysis of the existing management practices and the proposed IPM 

technologies. 
 
Refer to section 3 above, Progress towards milestones, milestone 14. 

Activity 4.3.6: Stakeholder engagement for planning and developing an M&E system. 

Inception and project launch meetings were separately held in Zambia to lay the foundation for implementing the 
project (Refer to the inception and launch meeting in Annex 1). The two meetings were attended by stakeholders 
from the four countries. The meetings set the platform for alignment and buy-in as all members kicked off the 
project with the same information and expectations. It was at the same meeting that the Monitoring, Evaluation, 
and Learning (MEL) Framework/strategy was formulated. The strategy set out provisions for Planning, 
prioritizing, allocating, and managing resources during the entire project cycle, tracking progress on project 
implementation, ways of involving stakeholders in project implementation and monitoring, identifying gaps and 
weaknesses in the project implementation process, and seeking corrective actions, providing lessons for project 
continuous improvement, monitoring the impact of project activities and outputs and promoting learning and 
knowledge sharing.  

A system for participatory monitoring was developed and implemented based on the Farmer Field Scholl 
(FFS) approach where groups of farmers learn through observation and experimentation in their context. The 
PM&E plan (Annex 44-1) for the groups was developed by farmers. This was purposefully done to ensure that 
farmers own the process since they set the indicators of success based on their situation. Some of the aspects 
considered in the plan are household nutrition, quality of harvested mangoes, usage of IPM technologies, and 
group empowerment among others.  

In addition to participatory monitoring and evaluation, the project held a hybrid mid-term monitoring and 
evaluation meeting from the 1st to the 2nd of December 2021 (See report of the meeting Annex 45). Due to the 

https://doi.org/10.1016/j.resglo.2023.100115
https://www.sciencedirect.com/science/article/pii/S2590051X23000059
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COVID-19 pandemic, partners could not meet physically and only the icipe contingent met physically while the 
rest joined virtually. It was evident that the pandemic had affected the imp[lementation of project activities and 
partners agreed that it was prudent to request no extension from the donor. It was noted that mango growers 
were excited and motivated to learn about and use the fruit fly IPM technologies. However, the greatest stumbling 
block remains the availability of IPM inputs and this could affect the adoption of technologies. The resolution was 
to try and build interest and demand for the inputs by training more farmers on IPM and increasing awareness 
for the same so that the private sector could see value in exploiting that demand gap.  

Nine months down the line, a monitoring and evaluation meeting was held from the 1st to the 2nd of September 
2022:  

(i) to review the status and progress of the project, (ii) to actively identify issues, risks, and lessons and (iii) to 
plan for the no-cost extension. It was noted with regret that Malawi had not started scaling up the project activities 
since the country’s Agricultural Technology Clearing Committee (ATCC) was insisting that though technologies 
are tested and proven elsewhere, there was a need to test them in Malawi before they are scaled out. Malawi 
was encouraged to submit data on the efficacy of the technologies as soon as possible to fast-track the approval 
process. Countries agreed that scaling up activities was to be the major activity. Also agreed as of importance 
was the training of secondary school students, and implementation of surveys led by icipe’s Social Science and 
Impact Assessment Unit (SSIAU) (refer to Annex 46 for the workshop report).  
 
Objective 4.4. Enhance human and institutional capacity for research and development for sustainable 

mango production in the target countries and beyond 

Activity 4.4.1. Initiate and foster national and regional networks for the implementation of area-wide fruit 
fly management. 

The project has laid the groundwork for the creation of a regional network for research and implementation of a 
huge program for controlling fruit flies. A robust and sustainable network is one created in response to a clearly 
expressed need. It is this need that we have created in Malawi, Mozambique, Zambia, and Zimbabwe. We 
provided an effective solution (fruit fly IPM) to a huge problem (loss of mangoes up to 100% due to fruit fly 
infestation) and added value to the fruits (mango drying) thus increasing income and improving food availability 
and nutrition. Awareness was created through training and participatory implementation of project activities. We 
have identified, through interactions with beneficiaries and stakeholders, various factors such as gender, power 
relations/dynamics, socio-economic status in society, and even ethnicity as hindrances to the effective 
acquisition and transfer of information. In our meetings and training, we involved government officials (Directors, 
permanent secretaries), Institutional heads, political leaders (councilors and influential people), traditional 
leaders (chiefs and headmen), common interest groups (CIGs), Agricultural extension services, and farmers. 
This ensures inclusivity and instills confidence at all levels. The project implementation period was short and was 
worsened by the effects of the COVID-19 pandemic. The project engagement is an adequate experience to push 
for policy advocacy at the regional level. A five-year project without the COVID-19 factor would have been ideal 
to push for regional networks. We propose that the momentum built in the current project phase be used as the 
basis for building regional capacity and help synthesize and strengthen research and development in Southern 
Africa. The opportunity for the second phase from the current donors or other interested funders must (i) bring 
together current partners together and incorporate other public and private sector entities and forge common 
goal networks based on trust built by the project; (ii) in addition to issues already identified by the ended project, 
recognize other contemporary and emerging issues that may need regional collaboration and real-time address 
e.g the invasive mango white scale Aulacaspis tubercularis from Asia which threatens to wipe mango in the 
world. The fruit fly and other invasive pests respect no boundaries and only regional focus and capacity can 
curtail the menace.  

Activity 4.4.2: Strengthen Agricultural Innovation Platforms (AIPs) to enhance stakeholder interaction 
and capacity for effective information sharing and market 
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Refer to Milestone 22: Report on 10 Agricultural Innovation Platforms establishment including the number of 
participants in functional AIPs. our current participatory monitoring and evaluation groups are ideal spaces for 
learning and change and can be upgraded in future project phases into incorporating members from various 
organizations such as traders, food processors, social economists, gender experts, developmental experts, 
market players, and others all who have to represent various interests. We note that there is a need for the 
“convergence of sciences” concept where targeted programs are implemented to evolve systems thinking and 
result in softening of rigid institutional policies toward research and community development. learning in real-
time is required to push policy advocacy and social learning.  

Activity 4.4.3: Carry out training of trainers (ToT) on major aspects of the project activities and outputs 

A total of 4,075 farmers (38% men and 62% women) were trained on various aspects of fruit fly IPM. They were 
expected to train fellow farmers but this was only successful in Zimbabwe where half of these ToTs were trained. 
In the future, we propose that trained ToTs must be facilitated with resources to conduct further training and key 
performance indicators jointly agreed upon with them. This will include a formal reporting framework to 
encourage authenticity.  

Activity 4.4.4: Awareness creation among secondary and high school communities on mango 
production, and fruit flies management strategies. 
 
A total of 10,369 secondary school students (51% male and 49% female) were trained on fruit fly IPM. This was 
slightly above the 10,000 targeted at project inception. The concept of reaching out to young people is far-
reaching as it builds resilience at an early stage. They are the vehicles of change for the future thus early 
mobilization for the uptake of climate-smart technologies, and sustainable livelihoods create a future generation 
of young people who are exposed to diversity and are enthusiastic about lifelong learning that impacts their 
communities. The students have been taking an active role in disseminating fruit fly IPM to their peers and 
parents. Some parents cannot read and write thus their children read for them and explain concepts in a family 
set up which may be better understood than when parents attend training in large groups which are often short 
and they are forced to learn so much content within a short period. Certain barriers that exist in large groups are 
broken and they receive information from their children without fear of being criticized or laughed at. Some 
parents see no value in attending public meetings due to a lack of time and a rigid mindset. In the comfort of 
their homes at their own pace, they can learn from their children.  
 
Activity 4.4.5. Conduct public awareness to facilitate large-scale adoption. 

A total of 11,131 mango farmers were made aware of fruit flies IPM through targeted field days. Such educational 
days were mostly held in mango farms where fellow farmers and technical people demonstrated technologies to 
enable community learning and awareness. Before the release of the parasitoids, sensitization meetings were 
conducted. For example, in Zimbabwe, the public awareness event to mark the historical first release of the 
wasps/parasitoids for the control of fruit flies was attended by senior government officials, heads of government 
institutions, communities, and traditional and political leaders. The meeting aimed to sensitize farmers on 
beneficial wasps and appraise them on the availability and application of other components of IPM such as mass 
trapping using lures, use of protein baits, sanitation, and the use of biological pesticides.  

Initially, we had planned to produce 20,000 extensions and training material on fruit fly management but we 
did excess. For example, 10,000 brochures 14,400 leaflets, 5,000 stickers 6,000 fruit fly training manuals, 1,000 
gender guides, 200 posters, and more than 20 project banners were produced and availed to mango farmers. 
Of the leaflets produced, 2500 were in the local language of Malawi Chichewa. Branded polo T-Shirts (Annex 
47), hats (Annex 48), and bags (Annex 49) were also produced to aid awareness and visibility of the project.  
Various articles on project successes were published in the media (Annex 50) for the links. Some of these 
successes are highlighted in the project awareness video (Annex 28) which is available online 
https://youtu.be/ytLgM08jPbk. The video highlights success stories in the four project-implementing countries for 
example success in controlling fruit flies (7 out of 10 mangoes survived from an initial 8-10 out of 10 mango loss), 

https://youtu.be/ytLgM08jPbk
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increase in incomes, reduction of women's workload, access to group membership by women and income 
generating opportunities through mango dying. The greatest setback reported in the video is the non-availability 
of IPM inputs which has negatively affected the adoption of technologies and threatens the sustainability of the 
project beyond the implementation phase.  

We held the end-of-project meeting in Harare from the 14th to the 15th of March 2023 in Harare (attended by 
more than 100 people) followed by a final field day with mango farmers in Murewa (90km from Harare) on the 
16th (attended by 11490 mango farmers (640 males and 850 females). The end of the project meeting aimed at 
taking stock of important project milestones and setting the stage for the future sustainability of project outputs 
and outcomes. While the field event was meant to be a platform to meet farmers and sign off on the project. The 
two events were attended by the Deputy Minister of Lands, Agriculture, fisheries Water, and Rural Development: 
Honourable Vangelis Haritatos, Her Excellency the Canadian Ambassador to Zimbabwe Mrs Christina Buchan, 
senior government officials from Zimbabwe, and project representatives from Kenya, and the 4 Southern African 
countries. The proceedings of the end of the project meeting are presented in the report in Annex 51. Audio-
visual recordings of the meeting are in Annex 51a,b,c,d,e,f.  
 
Activity 4.4.6. Postgraduate training 
Six postgraduate students (3 male and 3 female) (Annex 16) were recruited and undertook various studies 
relevant to the project. The 7th student dropped out soon after recruitment.  

Mwaba Muleba (MSc) conducted a gendered assessment of the mango value chain in Zambia and found 
that women dominate among local traders and retailers; while men are mainly brokers for main markets, thus 
placing women in the less profit-making nodes of the mango value chain. Women are involved in the weeding 
and trading of mangoes while men are involved in the labour intensive activities. It was evident some roles and 
decisions are conducted jointly and market margins differed across value chain actors with traders earning the 
least margin, (2.2%) followed by farmers (4.1%) (Refer to presentation in Annex 43).  

Dulce Zanela Cau (MSc) carried out studies on gender relations in the mango production system and the 
socioeconomic impact of fruit flies in the districts of Macate and Gondola in Mozambique. She reported that there 
was no clear division of tasks between men and women, in work related to the farm. However though were 
exclusively responsible for domestic duties defined as women's duties such as taking care of children, cooking, 
and fetching firewood. This means that overall women have more duties than men. Decisions on what crop to 
plant and other farm-related decisions were jointly made but the men have final decisions. Women reported that 
they did not complain or seek assistance on domestic chores because traditionally no sane man is expected to 
assist in such duties except when the woman is seriously sick (Refer to presentation in Annex 44).  

Chikondi Maere (MSc) assessed the parasitism occurring in the invasive Oriental fruit fly Bactrocera dorsalis 
and the native mango fruit fly Ceratitis cosyra before the release of the wasps imported from Hawaii. Bactrocera 
dorsalis was the more dominant species at 60% with Ceratitis cosyra at 40%. Seemingly both had no effective 
parasitoids controlling them under natural field conditions. This was the justification for releasing natural 
enemies/wasps from icipe (Refer to presentation in Annex 52). 

Yohane Chimbalanga (Ph.D.) was recruited to assess the socio-economic and gender-based impact of fruit 
fly IPM technology on the Mango value chain in Malawi. His task was to take a leading role in the A-WEAI and 
pro-WEAI work but unfortunately discontinued his studies along the way due to family issues.  

Rehemah Gwokyalya (Ph.D.) was recruited to fill knowledge gaps, particularly on interactions between the 
parasitoid wasps, and their host insects the fruit flies. Her work is reported under milestone 10 (Refer to 
presentation in Annex 53). 

Raphael Njurai Miano (Ph.D.) worked on the chemical aspect of the relations between fruit flies and 
parasitoids. Raphael reported that fruit flies are attracted to the volatiles or chemical signals released by fallen 
mango fruits. this, therefore, calls for cleanliness on the farm by removing and destroying fallen fruits (Refer to 
presentation in Annex 54). 

We are confident that this capacity building has enabled the students to identify their strengths and 
weaknesses thus improving their decision-making skills and productivity. They have gained new skills and 
competencies that they will use in initiatives aimed at fighting the fruit flies. The new skills and competencies 
help them to take control of their lives, and enable them to contribute immensely to community development.  
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5 Synthesis of results towards AFS themes  
Increasing agricultural productivity (Availability) 

(i) Previously farmers were losing 8/10 to 10/10 mangoes in extreme situations but for farmers who have 

consistently and correctly used fruit fly IPM, 7/10 mangoes were saved. Farmers in Zambia reported that 

fruits were being used for batter trade eg used as payment for labour in weeding and working on the 

farm. Mango drying introduced in Zambia and Zimbabwe using simple basket nets ensured that excess 

mangoes are dried and not lost to waste. The mango harvesting period is very short, spanning at most 

three weeks, and this results in a flooded market with prices going low. Drying ensures that excess is 

dried and can be sold during the off-season (100g can fetch as much as US$ 1 instead of a 20l bucket 

of fresh fruit costing less than US$ 5). The dried mangoes are also food for households during the dry 

season. 

(ii) The IPM story has created interest in the farmers who had abandoned their mango orchards and even 

so, farmers are planting more mango trees, particularly improved varieties to augment their indigenous 

varieties. Industrial processes the world over are producing lots of carbon emissions, resulting in global 

warming. Through a process called Carbon sequestration, trees capture the carbon in the atmosphere 

using it as carbon dioxide in the process of photosynthesis thereby reducing carbon levels and 

subsequently reducing global warming/climate change. Studies elsewhere have shown that mango trees 

offer a huge potential for carbon sequestration estimated at 101.7 t ha−10 for mango orchards which is 

almost double the carbon absorption by vegetable cropping systems or other seasonal crops.  

(iii) The IPM package is relatively easy to apply/use. Even youths and women can use it since it does not 

require manual effort as compared to carrying 15-20 liter knapsack sprayers when applying synthetic 

chemical insecticides. This has significantly reduced women’s workload and drudgery (they are already 

overburdened by their inherent reproductive and productive role in the family). Once traps with lures are 

hung on the tree they continue being effective for 4-6 weeks without requiring any input from the farmer. 

As regards mango drying, women’s workload is reduced because drying uses easy-to-make, and clean 

nets/baskets, slicing of the mangoes can be done by the whole family during family time, and Men can 

join in the mango drying without feeling degraded as the work is not particular to any gender 

(iv) The fruit fly IPM package is ecologically friendly, it has no adverse effects on the users, non-target 

organisms like pollinators, or the consumers of the fruits. Synthetic insecticides are toxic to the users, 

leave residues in fruits, kill bees and other pollinators, and pollute water and soil systems, unlike the IPM 

package. When natural enemies of fruit flies (parasitic wasps) spread naturally unaided, thereby being 

effective over large areas of land yet they are just released at a localized area. They continue controlling 

fruit flies without further releases thus their contribution to fruit fly control is highly sustainable. The use 

of the augmentorium ensures that the fruit flies are killed together with seed weevils and the mango waste 

is recycled as manure and used on the farm. This is waste management for improved soil health.  

Improving access to resources, and/or markets and income (Accessibility) 
(i) The project enhanced women's access to agricultural extension information. Training activities were 

tailored towards inclusivity to ensure that knowledge and technologies were disseminated to all. When 

capacities and potential contributions of both men and women are pooled, the multiplier effect of such 

inclusive action ensures the sustainability of projects beyond project closure. Thus, the human 

development perspective must be jointly embraced by both men and women to build sustainable 

partnerships, especially with various stakeholders concerned with agricultural development and the 

empowerment of men and women at all social and economic levels. Specifically for women, Training, 

and meetings were conducted at a time when both men and women are free must be free to reduce 

barriers to information access. Breastfeeding mothers and those taking care of young children (Annex 55 



 

 
20 

 

were allowed to bring their children and house helps to meetings to ensure that women’s reproductive 

roles do not interfere with training. Women were major players in decision-making in participatory and 

monitoring groups, they were equally heard and their needs were separately identified and addressed. 

Women in Zimbabwe were involved in drama groups where their acting skills showcased the level of 

information gained from the project (Annex 56).  

(ii) Through access to agricultural extension material/information, women were able to:  

▪ Some women have constituted groups that pool resources together and they can lend money to 

fellow farmers in the community at a small interest rate. 

▪ Some women reported that they used the proceeds from mango sales to pay school fees for their 

children. 

▪ Some, jointly with their husbands enhanced the mango proceeds and bought cows, goats, and 

pigs. These are vital as drought power, providing milk and meat for the family. 

▪ A group in Malawi opened a bank account for the women, thus they have more control over their 

finances. 

When men are engaged lovingly without making them feel pressured, they are likely to reciprocate 
and allow their wives to attend training on agricultural extension services. Gender must be introduced 
to men and women, not women only, otherwise, men will treat it as activism aimed at turning their 
women against them to influence positive social and cultural norms. 
 

(iii) School children were reached through public addresses in their school and interactive discussions on 

aspects of fruit fly management. We realize that as the world population increases, and climate change 

affects production systems, it is the young people who will make a change to achieve global prosperity. 

We present to them that there are various opportunities in agricultural technologies that they can exploit. 

A lack of vibrant extension services continues to deprive farmers of information and technologies and 

school children are the ideal vehicles of information and technology beginning with their immediate 

families. harnessing positive peer pressure may help us build a strong brigade of knowledgeable young 

minds for the present and future. 

Improving nutrition (Utilization) 
(i) Increased mango yield (quality ad quantity) and reduced postharvest losses (Annex 36 testimonial from 

mango farmer who reported that from harvesting 50 boxes of mango and losing 20 to fruit fly damage to 

losing only 2 at most) have meant that households can afford fruits as part of their meals. Mangoes are 

both a source of food and nutrition. Mangoes are a superfood packed with minerals and vitamins essential 

in growth, preventing, and fighting diseases. A 2022 report noted that 1 in 3 children in Southern Africa 

(estimated at 18.6 million children) were stunted due to poor nutrition, diseases, and poor psychosocial 

support. The study further reported that children lacked diverse diets since consumption of fruits and 

vegetables was low. We envisage that the increased yield of mangoes will lead to increased consumption 

at the household level.  

(ii) Mangoes ripen in a short period, leading to an oversupply of fruits in the market. About 25-45% of 

postharvest loss occurs at various stages of the mango value chain. We introduced mango drying and 

this resulted in excess fresh fruit being dried (reducing postharvest loss). This ensures that nutritious 

dried mango flakes (non-perishable) are available for consumption by households during the mango off-

season. Though our project did not study the effects of COVID-19 on nutrition, there is adequate 

undocumented evidence showing that restriction of movement affected food production systems leading 

to a huge shift in dietary practices by households to cope with the pandemic. Women used the mango 

driers to dry traditional vegetables which contributed immensely to household dietary diversity. 
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Informing policy 
(i) Our advantage was that project partners were National Plant Protection Organizations (NPPOs). The 

function of NPPOs is to safeguard agricultural systems and the environment from the negative impacts 

of pests by working closely with stakeholders. This made it easier to reach out to the Ministries of 

Agriculture in the project-implementing countries. The Minister of Agriculture of Zambia officially 

commissioned the project in Zambia (was represented by a senior director in government), and the 

Common Market for Eastern and Southern Africa (COMESA), was aware of the meeting and sent a 

delegate in a non-representative capacity. COMESA is a regional body with 21 member states whose 

core mandate is to enforce regulations pertaining to trade, and development within member states. The 

official release of parasitoids in Zimbabwe was officiated by the Permanent Secretary of the Ministry of 

Lands, Agriculture, fisheries Water, and Rural Development, we presented our project to Her Excellency 

the Canadian Ambassador to Zimbabwe Mrs. Christina Buchan on the occasion of a virtual conversation 

on climate resilient food systems in Zimbabwe, a member of our team was invited by Her Excellency the 

Canadian Ambassador to a breakfast in honor of the visit of Canada’s Assistant Deputy Minister Patricia 

Pena held in Zimbabwe, the end of project meeting was graced by the Deputy Minister of Lands, 

Agriculture, fisheries Water, and Rural Development: Honourable Vangelis Haritatos, together with Her 

Excellency the Canadian Ambassador to Zimbabwe Mrs. Christina Buchan, and senior government 

officials. In all these meetings, the relevant officials were engaged in project outputs. Furthermore, 

traditional leaders were consulted and involved in project activities since they make policies at the local 

level. Traditional leaders in Zimbabwe rallied their subjects to donate food such as vegetables, maize, 

mealie meal, peanut butter, chicken, goats, etc which complement the food for the 11490 mango farmers 

(640 males and 850 females) who graced the event.  

(ii) Policymakers have expressed satisfaction that the project has impacted various levels of development 

and addressed several challenges faced by mango farmers. There was a promise that the government 

through ministries of agriculture would continue facilitating agricultural extension officers in disseminating 

IPM information even beyond the project implementation period.  

 

6. Project outputs 
Main outputs of the project: have been adequately addressed in the milestone and synthesis of research 
results and development outcomes sections. The outputs were dully disseminated based on the following 
understanding: purpose: we created awareness management/control of fruit flies using environmentally friendly 
IPM technologies. this resulted in the use of the various technologies availed to the farmers. Users of the 
results: mango farmers in Zambia, Malawi, Mozambique, and Zimbabwe. What our results/outputs solved: 
7/10 mangoes were saved from fruit fly damage, the quality of mangoes improved and postharvest losses were 
reduced. Women and school children had access to agricultural extension information and Food, nutrition, and 
incomes were improved in households. Dissemination methods: open access publishing in peer-reviewed 
journals, video, public websites, online publications, newspapers, magazines, and television. Expected impact: 
improved food and nutrient security and reduced poverty. 
 
Output not completed: Documentation of establishment and dispersal of released parasitoid wasps in the mango 
agrosystem. The student who was supposed to conduct the work dropped along the way and the project was 
unable to recruit a suitable student to fill the gap. This activity will be completed in future projects subject to the 
availability of funds.  
 
We published peer-reviewed manuscripts in open-access journals (Annex 57a) but we still have more 
publications (refer to the list of publications in Annex 57b). These will be published if resources become available 
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in complementary projects. Data will be archived in icipe’s Data Management, Modelling, and Geo-Information 
Unit (DMMGU) repository.  
 
We fully met the IDRC’s Open Access Policy as outputs are fully available and freely accessible to end users. 
This breaks all barriers to access to information and accelerates research and the uptake of technologies.  
 

7. Problems and challenges 
a) Fruit Fly IPM technologies were not upscaled to the same level as other countries, due to the constraint 

by the National Agricultural Technology Clearing Committee (NATCC), which requires that all 

technologies be tested first before upscaling no matter how simple or vital they are. This was not 

apparent at the project formulation and inception stage. In as much as solar drying is a traditional 

knowledge systems method, the requirement for testing involving food scientists, engineers, etc 

applied. The project encouraged the project team in Malawi to expeditiously submit data collected from 

IPM technologies set up with pilot farmers to the committee to fast-track approval. 

b) The COVID-19 pandemic led to restrictions on movement and gatherings. We could not train or conduct 

awareness activities. Farmers could not take their produce to the market hence they incurred heavy 

losses. People lost jobs and household incomes plummeted. The project introduced mango drying as a 

way of preserving and adding value to the fruits which could not be taken to the markets. This proved a 

game changer as it was highly received by both men and women.  

c) Financial risk: The continued depreciation of the Zambian Kwacha posed a major risk in the 

implementation of activities as the cost of most items more than doubled. This resulted in less being 

bought for example traps and lures for use in IPM activities. In the future, we propose that countries 

receive project funds in the currency of the project (CAD) or other stable currencies such as the US$ and 

Euro. 

d) Social economic surveys coincided with heavy rains making most roads impassable and difficult to reach 

survey sites. 

e) The Ph.D. student who was to work on various socio-economic aspects opted out of his studies citing 

family-related challenges. There was nothing the project team could do to change his mind. Most of the 

work was then done by the socio-economic team of icipe which resulted in too much burden and difficulty 

in processing and reporting socioeconomic findings.  

8. Overall assessment and recommendations  
(i) Such projects as the fruit fly IPM project that deals with tree crops require a longer implementation period. 

We suggest 4-5 years, with an option for phase II depending on phase I outputs and outcomes, or the 

current 3 years with an option for another 3 years as phase II.  

For example, we scaled the fruit fly IPM technology in Zambia, Malawi, Zimbabwe, and Mozambique. We 
demonstrated that the technology works in various farmer settings through participatory research, and 
we created enthusiasm. There is now a need to develop the systems and processes further and scale up 
in new locations to achieve area-wide control (fruit flies respect no boundaries). To achieve sustainability, 
there is a need to scale up social and economic impact in relation to the social need identified during 
project implementation.  

(ii) Program officers must be facilitated to visit, access, and engage the project team members to enrich and 

fine-tune the project toward donor focus and priorities. Receiving the technical reports is not adequate. 

There are some finer details and observations which require presence on the ground.  

http://idrc.ca/en/misc/pages/open-access-policy.aspx
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This ensures that the donor gets to understand the successes and challenges faced (field realities) by 
the implementing institutions but also interacts with the beneficiary communities, thereby creating a bond 
/relationship with communities beyond availing resources.  

(iii) Budgets for all implementing countries must be in some stable currency such as the CAD, USD, EURO, 

and other currencies which are not highly affected by inflation.  

A fixed budget based on the exchange rate of that when the budget was approved may present 
challenges 2-3 years down the line as local currencies tumble (very common in Africa). There may be a 
need for inflation adjustment at the budget approval stage or consequently approve the budget in the 
donor currency or any other currency of choice. In our case, institutions experienced higher than-planned 
expenses in operations and were unable to deliver some project deliverables.  

(iv) The budget for gender activities must be discussed with the grant recipient before signing contracts. 

Gender activities require large sums of resources especially if they involve pro-WEAI, A-WEIA, or any 

other complex tools (this has been addressed in the last call for proposals by IDRC on research hubs. 

The move is noble). 

Though gender was mentioned in the approved project proposal, the processes were silent on how to 
budget-heavy programs such as pro-WEAI and A-WEIA were to be conducted. The studies chewed quite 
a large budget which was not planned for in the initial budget.  

(v) Posters and other documents produced by Wrenmedia must include logos of the project implementing 

institutions to make it easier to post on institutional microsites or even print and use as project visibility. 

Without logos for implementing institutions, it is very hard to link the work, the donor, and the 

implementing organization.  
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