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Human health issues arising from the use of synthetic pesticides, concerns about their 
environmental toxicity and issues of pesticide resistance are making biological control 
agents (BCA) increasingly attractive (Abhilash and Singh, 2009; Chandler et al., 2011). In 
spite of the large number of available macrobial and microbial augmentative BCAs (van 
Lenteren 2012; van Lenteren et al., 2017), their market share is still small, representing 
about 5% of the global plant protection market. There is significant room for growth in the 
use of BCAs in low- and lower-middle-income countries (as categorized by the World 
Bank (2017)), particularly in Africa where the uptake of BCAs is still marginal (Olson, 
2015).  

One of the steps required for the uptake of BCAs by farmers is their recommendation by 
extension services. Our study focuses on factors that affect the uptake of BCAs for 
arthropod pests by national extension partners in the agricultural development programme 
Plantwise. Plantwise is a global programme led by CABI to facilitate the establishment of 
plant clinics where smallholder farmers can obtain diagnosis and practical plant health 
advice on written prescription forms (Danielsen and Matsiko, 2016). Extension officers 
working at plant clinics are supported with offline and online resources which include 
diagnostic tools, factsheets and pest management decision guides (PMDG, 2017). Using 
data generated by Plantwise’ national extension partners in Ghana, Kenya, Zambia, India, 
Nepal and Pakistan, BCA recommendations included in nationally produced PMDGs and 
BCA recommendations given by extension officers and documented in prescription forms 
were analysed.  

Overall, the rate of BCA recommendation in PMDGs for arthropod pests ranged from 
13.0% (Zambia) to 61.1% (India). Focussing on the ten arthropod pests most frequently 
diagnosed at plant clinics in each country, the rate of BCA recommendation in prescription 
forms ranged from 0.0% (Zambia) to 16.7% (India). It appears that, for most of those pests, 
BCAs are available in another country, except for major cocoa pests in Ghana. However, 
they may not be available at a national level, and when they are, they may not be included 
in the existing PMDGs, they may not be recommended by extension officers, or no PMDGs 
may be available for the corresponding pest (Table 12.2.1).  
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Table 12.2.1. Analysis of the barriers and potential to recommend biological control agents (BCAs) in 
response to plant clinic enquiries for the ten arthropod pests most frequently diagnosed at plant clinics 
in each countries: the availability of nationally produced pest management decision guides (PMDGs), 

the recommendation of BCAs by extension officers, the inclusion of BCA recommendations in nationally 
produced PMDGs, the availability of a suitable BCA at a national level and the availability of a suitable 

BCA in another country. 
 

Country 
 

Percentage ± SE of prescription forms: 
Number of 
prescription 
records for 
arthropod 
pests (n=) 

 With PMDG 
available 

With a BCA 
recommended 
by extension 

officers 

For which 
PMDGs have a 

BCA 
recommendation

For which a 
suitable BCA is 
available at a 
national level 

For which a 
suitable BCA is 
commercially 
available in 

another country 

Ghana 
(2,647) 

 
77.9 ± 2.9 1.2 ± 1.0 10.4 ± 3.9 10.4 ± 3.9 30.9 ± 14.8 

Kenya 
(2,636) 

 
100 ± 0.0 3.4 ± 0.4 43.3 ± 12.5 60.1 ± 5.0 96.3 ± 1.7 

Zambia 
(337) 

 
91.2 ± 4.2 0.0 ± 0.0 17.0 ± 1.9 29.6 ± 3.5 88.3 ± 5.1 

India 
(1,376) 

 
42.2 ± 2.6 16.7 ± 6.9 42.2 ± 2.6 64.2 ± 6.2 100 ± 0.0 

Nepal    
(325) 

 
69.5 ± 10.7 8.9 ± 4.2 18.5 ± 6.9 84.3 ± 10.7 100 ± 0.0 

Pakistan 
(4,100) 

 
68.1 ± 0.5 0.9 ± 0.4 16.9 ± 12.5 37.6 ± 3.7 96.5 ± 3.5 

 

 
In spite of the large number of PMDGs produced by national extension partners (over 

2000 as of December 2016), some major pests are not yet addressed with PMDGs and these 
gaps should be filled. The relatively low rates of BCA recommendation could in part be 
attributed to a lack of knowledge among extension workers, and this could be addressed by 
targeted trainings. Plantwise national extension partners, and extension services in general, 
should aim to systematically include nationally available BCAs in recommendations given 
to farmers and in extension material whenever appropriate. Availability of BCAs at a 
national level is constrained by regulatory frameworks. Registration processes which are 
not adapted to BCAs have been pointed to as a barrier to the broader uptake of BCAs 
(Harman et al., 2010; Sundh and Goettel, 2013). Kenya and India have adapted their 
registration processes to better suit BCAs (Hoeschle-Zeledon et al., 2013), and the larger 
number of BCAs registered in these countries underline how this affects their availability at 
a national level. Limited availability at a local level and high prices were identified as 
further important factors affecting the uptake of BCAs by Plantwise’s national extension 
partners. Better linkages among stakeholders (in particular, manufacturers, retailers, 
government agencies or trade sector actors) can contribute to the uptake of new 
technologies (Anandajayasekeram et al., 2008), and such linkages should be encouraged to 
make BCAs more widely available and to ease their uptake. 

The study gives novel insight into the potential of extension services to facilitate the 
use of BCAs in lower-middle-income countries. By identifying the factors that affect the 
uptake of BCAs by extension services in those countries, it highlights areas were key 
players in plant protection can prioritise action, and constitutes a baseline for further 
studies.  
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