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Executive Summary 

 
The Integrated Pest Management Collaborative Research and Support Program (IPM 
CRSP) is an initiative of USAID. It is a collaborative partnership among U.S. and host 
country institutions with an emphasis on research, education, training, and information 
exchange. Virginia Tech has been implementing IPM CRSP since 1993. This annual 
report covers October 2006 through September 2007 of Phase III.  
 
The objectives of the IPM CRSP program are: to advance IPM science; to develop IPM 
technologies, information, and systems for sound land management; to improve IPM 
communication and education; to improve the ability of beneficial practitioners to 
manage knowledge resulting in widespread adaptation and adoption of ecologically-
based IPM technologies, practices and systems; to provide information and capacity-
building in order to reform and strengthen policies and local/national institutions that 
influence pest management; and to develop and integrate sustainable resource-based local 
enterprises into national, regional, and global markets. It is designed to develop and 
implement a replicable approach to IPM that will help reduce agricultural losses due to 
pests and damage to natural ecosystems including loss of biodiversity. Finally, it is 
designed to reduce pollution and contamination of food and water supplies. 
 
The IPM CRSP implements a participatory approach—from farmer to consumer—by 
generating and disseminating IPM knowledge. It follows an ecologically-based approach 
centered on four basic tactics: natural and biological control, host plant resistance to 
pests, pesticide resistance management, and habitat management. These tactics are 
supported by social, gender, and policy/regulatory analysis to create the necessary 
environment for IPM adoption, and they are linked to communication, training and 
educational programs. 
 
In the past year, the IPM CRSP strove to regionalize and globalize projects that were 
institutionalized in the Phases I and II. There are seven regional programs: South Asia, 
Southeast Asia, Central Asia, West Africa, East Africa, Eastern Europe, and Latin 
America and the Caribbean. Additionally, the IPM CRSP includes six cross-cutting 
global theme programs that include: management of the invasive weed Parthenium in 
East and South Africa, regional disease diagnostic laboratories, management of insect-
transmitted viruses, thrips-borne tospoviruses, information technology and databases, and 
impact assessment. These global theme programs were designed to complement the 
regional programs. 
 
The IPM CRSP 2007 Annual Report is organized into the following sections: regional 
program research activity reports, cross-cutting global theme program activities, and 
training and institutional capacity development. IPM CRSP training outputs for FY 2007 
are: 
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• 57 long-term degree students (37 men and 20 women) and  
23,214 short-term participants, with a gender ratio of 2:1 men: women. 

• 42 journal articles and abstracts 
• 6 reports 
• 12 bulletins 
• 3 manuals 
• 2 pamphlets 
• 9 websites 
• 44 presentations 

 
 
Regional Programs 
 
IPM in Latin America and the Caribbean: Crops for broad-based Growth and 
Perennial Production for Fragile Ecosystems 
 
Principal Investigator: Jeffrey Alwang, Virginia Tech 
Host Countries: Honduras, Ecuador 
 
The objective of this program is to develop effective farmer-friendly technologies in IPM 
in vegetables and perennials, and to advance IPM science in the LAC region. Some of the 
salient findings were:  
 
In Ecuador, an assessment of pathogens in cocoa/plantain-producing areas was made. 
The intimate association of the vascular wilt pathogen, Fusarium oxysporum, and the root 
knot nematode, Meloydogyne incognita, has been established in areas growing the 
indigenous fruit, naranjilla. The combination of resistant rootstocks used for late blight 
and fruit borer control yielded 13% more than the sum of individual contributions. The 
solarization of soil using clear plastic resulted in lower transplant mortality and improved 
vigor in onions, lettuce, beets and cauliflower.  
 
In Honduras, pretreatment of strawberry transplants with hot water (43 degree C) for 30 
minutes killed all forms of the Cyclamen mite. It was observed that the predatory mite 
Neoseiulus californicus has potential for control of the Cyclamen mite in strawberries. 
Spray nozzle orientation affected pesticide efficacy in control of Thrips tabaci. Using a 
single hallow cone nozzle aiming straight downward with a spray pressure of 40 psi 
resulted in the best thrips control. Tomato, bell pepper and cucumber plant roots 
inoculated with the antagonistic fungus Trichoderma sp. or the mycorrhizal fungus 
Glomus sp. reduced incidence of damping off.   
 
Regional IPM Program for East Africa: Kenya, Tanzania, and Uganda 
 
Principal Investigator: Mark Erbaugh, Ohio State University 
Host Countries: Kenya, Tanzania, Uganda 
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The objectives were to develop a regional model of collaborative IPM and IPM programs 
for higher value horticultural crops. 
 
A regional model of collaborative IPM research, training, and knowledge dissemination 
has been established. A participatory approach to IPM research and technology transfer 
has been implemented. Regional IPM research needs for priority horticultural crops have 
been identified. An effective technology transfer and information dissemination plan for 
reaching regional producers including women has been developed. 
 
Indigenous solanaceous rootstocks that are resistant to bacterial wilt have been identified. 
Use of organic mulch greatly reduced weeds and pest infestation in the tomato fields. The 
begomovirus incidence on tomatoes in West Africa has been determined. Intercropping 
peppers with cowpea reduced infestation by aphids but did not have any impact on the 
incidence of thrips and whitefly populations. 
 
In passion fruit, occurrence of a potyvirus has been confirmed in Uganda. Also, local 
varieties that are tolerant to this disease have been identified. 
 
A molecular diagnostic tool for Xanthomonas compestris pv. musacearum, the causative 
organism for banana wilt in West Africa, has been developed. 
 
In coffee, there was a negative correlation of stem borers, leaf skeletoniser, berry borer, 
and scale insect occurrence to altitude. Fewer of these pests occurred at higher altitudes. 
 
Regional Integrated Pest Management Research and Education for South Asia 
 
Principal Investigators: Ed Rajotte, Penn State, and George Norton, Virginia Tech 
Host Countries: Bangladesh, India, Nepal 
  
The main objective of this program is to develop IPM technology and collaboration in the 
region. 
 
An IPM package has been developed to manage cucurbit fruit fly using the pheromone 
Cuelure in Bangladesh. Researchers identified eggplant and tomato germplasm resistant 
to bacterial wilt and root-knot nematode. Pumpkin and cucumber varieties have been 
screened for resistance to viral diseases. Okra germplasm was screened for resistance to 
yellow vein mosaic virus disease. A grafting method was developed for watermelon with 
cucurbit rootstocks for controlling fusarium wilt disease. IPM packages were developed 
for insect pests of country bean, cabbage and tomato. Mass rearing techniques of 
parasitoids and predators of pests of eggplant were improved. In Nepal,  sex pheromone 
traps were tested for the control of tomato and eggplant pests. IPM packages were 
developed for the pests and diseases of tomato, eggplant and okra in India, and these 
technologies have been imparted to 20,000 farmers. 
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Ecologically-Based Participatory IPM for Southeast Asia 
 
Principal Investigator: Mike Hammig, Clemson University 
Host Countries: Indonesia, Philippines 
 
The objective of this project is to develop IPM knowledge with smallholder farmers 
producing vegetables and other selected high-value crops in Southeast Asia. 
 
Citrus fruit drop in North Sumatra is being investigated. A method for mass rearing the 
predatory mite Amblyseius longispinosus for the control of spider mites has been 
developed in the Philippines. An IPM package for the control of cabbage insects has been 
developed in Indonesia. A whitefly monitoring system in the rice-vegetable cropping 
system in Nueva Ecija and Nueva Viscaya in the Philippines is being implemented. 
Training on grafting of eggplant and tomato on resistant rootstock for bacterial wilt is 
being conducted in the Philippines and Indonesia. 
 
Ecologically-Based Participatory and Collaborative Research and Capacity 
Building in IPM in the Central Asian Region 
 
Principal Investigator: Karim Maredia, Michigan State University 
Host Countries: Tajikistan, Kyrgyzstan, Uzbekistan 
 
The objectives of this project are to conduct research on landscape ecology in order to 
enhance biodiversity and biological pest management, to enhance product lines in 
biolaboratories, and to implement IPM extension programs. 
 
Over 60 local nectar plants have been identified and screened for incorporation into IPM 
technology in Tajikistan and Kyrgyzstan. The predatory mites Amblyseius mckenziei and 
Amblyseius cucumeris are being studied for utilization in biolaboratories in Kyrgyzstan 
and Uzbekistan. Several IPM extension publications have been prepared and distributed 
within the region. 
 
West Africa IPM Center of Excellence 
 
Principal Investigator: Donald Mullins, Virginia Tech 
Host Countries: Mali, Senegal, The Gambia, Guinea, Burkina Faso 
 
Whitefly population dynamics in several cropping systems were monitored for a full year 
in Senegal and monitoring network was expanded. A database was being developed on 
temporal and geographic information on weeds of the region. Collaboration between this 
program and the global themes programs “Regional Diagnostic Laboratories” and 
“Insect-Transmitted Viruses” were strengthened. A survey on the incidence and 
abundance of potato tuber moth in Senegal and Guinea was conducted. A regional 
pesticide residue analysis laboratory in Mali was strengthened, and a regional workshop 
on the QuEChERS (Quick, Easy, Cheap, Effective, Rugged, Safe) method was 
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conducted. A regional pesticide safety curriculum development workshop was drew 
particpants from five countries.  
 
Integrated Pest Management of Specialty Crops in Eastern Europe 
 
Principal Investigator: Douglas Pfeiffer 
Host Countries: Albania, Moldova, Ukraine 
 
This program addressed techniques for the control of the spider mite Tetranychus spp. in 
cucumber, whiteflies in tomato, and aphids in greenhouse tomato. The project 
implemented IPM scouting programs for cucumber and tomato crops in greenhouses. Soil 
solarization and grafting techniques were evaluated as non-chemical alternatives for pest 
and disease control in greenhouse tomato production.  
 
Global Theme Programs 
 
Management of the Weed Parthenium (Parthenium hysterophorus L.) in Eastern 
and Southern Africa Using Integrated Cultural and Biological Measures 
 
Principal Investigator: Wondi Mersie, Virginia State University 
Host Countries: Ethiopia, Uganda, South Africa, Botswana, Swaziland 
 
The objectives of this program are to survey the distribution of parthenium in Eastern and 
Southern Africa, and to implement biological and cultural control programs. 
 
The CLIMEX model was used to predict the possible spread of parthenium in Eastern 
and Southern Africa, and road surveys were conducted to positively identify its 
establishment. A quarantine facility has been established in Ambo, Ethiopia for screening 
the natural enemies of parthenium imported from Mexico via Australia and South Africa. 
The natural enemy Zygogramma bicolorata has already been imported to the Ambo 
quarantine facility, and host specificity studies are being carried out. In pasture 
management studies the grasses Panicum coloratum and Cynodon dactylon were found to 
be more aggressive than parthenium. 
 
Regional Diagnostic Laboratories 
 
Principal Investigator: Sally Miller, Ohio State University 
Host Countries: Guatemala, Benin, Kenya, Honduras, Jamaica, El Salvador, Uganda, 
Tanzania, Cameroon, Mali, Burkina Faso 
 
Efforts to develop an International Plant Diagnostics Network (IPDN) have been focused 
on development of plant disease diagnostic capacity in three critical regions: West Africa, 
East Africa and Central America/Caribbean.  
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Regional disease diagnostic laboratories in Central America/Caribbean include operations 
in the countries of Guatemala, Honduras, Jamaica, and El Salvador. The East African 
region includes Kenya, Uganda, and Tanzania. Countries in West Africa include Benin, 
Cameroon, Mali, and Burkina Faso. In Central America, spoke laboratories have been 
formed around the previously established hub laboratory in Guatemala. In West Africa, 
spoke laboratories were designated in Mali, Burkina Faso, and Cameroon. In East Africa, 
common interest groups were formed among regional plant pathologists for potato, seed 
health, maize, banana, tomato, indigenous vegetables; citrus; and post-harvest. Kenya, 
Tanzania, Uganda and Rwanda were identified as the countries within the East Africa 
component of the IPDN. A stakeholder meeting was held in East Africa to facilitate 
development of the netwlrk. A two-week plant disease diagnostics short course was held 
in Wooster, Ohio for 25 participants from 14 countries. 
 
Integrated Management of Thrips-Borne Tospoviruses in Vegetable Cropping 
Systems 
 
Principal Investigator: Naidu Rayapati, Washington State University 
Host Countries: India 
 
The main objective of this project is to minimize crop losses due to thrips-borne 
tospoviruses in smallholder vegetable farming systems. Reconnaissance studies for the 
occurrence of tospoviruses in vegetables in India were conducted. Tospovirus incidence 
in tomato, onion and watermelon were investigated. Molecular analysis of the 
watermelon bud necrosis virus genome, the vectoring capacity of thrips species infesting 
tomato, and diagnostic methods for the detection of tospoviruses in plants and thrips are 
being studied. 
 
Collaborative Assessment and Management of Insect-transmitted Viruses 
 
Principal Investigator: Sue Tolin, Virginia Tech 
Host Countries: Guatemala, Honduras, Jamaica, Cameroon, Tanzania, Dominican 
Republic, Burkina Faso 
 
The objective of this program is to develop integrated management strategies to control 
virus diseases and their insect vector populations that are applicable to multiple regions 
and cropping systems.A database on plant viruses was compiled. The virus diagnostic 
capabilities of personnel in West Africa, Central America and the Caribbean have been 
strengthened. IPM strategies for viruses in the Salama Valley of Guatemala and the Ocoa 
Valley in the Dominican Republic were under development. The source of TYLCV virus 
in the Dominican Republic and the spatial and temporal dynamics of TYLCV in tomato 
fields in Jamaica were undertaken. Commercially available virus-resistant germplasm of 
hot pepper, sweet pepper, tomato, cucumber and squash were screened in the Dominican 
Republic and Honduras. 
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Applications of Information Technology and Databases in IPM in Developing 
Countries and Development of a Global IPM Technology Database 
 
Principal Investigator: Yulu Xia, North Carolina State University 
Host Countries: SE Asia, W. Africa, Latin American and Caribbean 
 
The objective is to develop a locally generated database of research results from regional 
and global theme programs and to serve as a repository for IPM technology. 
 
A West Africa database for whitefly information systems and a Southeast Asia regional 
program database were under development. A database for fruitfly monitoring in Jamaica 
was created. Three dedicated websites were established for pest monitoring and GIS 
capacity-building. 
 
IPM Impact Assessment 
 
Principal Investigator: George Norton, Virginia Tech 
Host Countries/Activities: All those wherein the other 12 programs operate 
 
The objectives are to provide leadership and coordination on impact assessment for each 
of the regional and global theme IPM programs.Minimum data needs, models, and 
impact indicators were refined for impact assessment. Geo-spatially recorded data on 
crop production, prices, trade, and potential versus actual yields on 20 commodities to 
use in an analysis of strategic priorities of global pest problems were collected. Extension 
and dissemination of information on IPM impact assessment methods beyond the IPM 
CRSP occurred through the publication of article, reports, a book and through the 
internet. 
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IPM in Latin America and the Caribbean: Crops for Broad-
based Growth and Perennial Production for Fragile 
Ecosystems

 

Dr. Jeffrey Alwang; Department of Agricultural and Applied Economics, Virginia Tech, 
215 I Hutcheson Hall, Blacksburg, VA 24061-0401  
 
Collaborators: 
Dr. Stephen Weller, Department of Horticulture and Landscape Architecture, Purdue 
University 
Dr. Paul Backman, Department of Plant Pathology, Penn State University 
 
Partners:  
1. Florida A&M University 
3. Instituto Nacional Autónomo de Investigaciones Agropecuarias (Ecuador) 
4. Instituto Dominicano de Investigaciones Agropecuarias y Forestales (Dominican 

Republic) 
5. Centro para el Desarrollo Agropecuario y Forestal (Dominican Republic) 
6. USDA/ARS Sustainable Perennial Crops Laboratory, Beltsville, MD 
7. USDA/ARS Vegetable Crops Laboratory, Charleston, SC 
8. CARDI – Caribbean Agricultural Research and Development Institute 
9. CAB International (Trinidad and Costa Rica) 
10. University of the West Indies 
11. FHIA – Honduran Foundation for Agricultural Research  
12. Zamorano – School of Tropical Agriculture, Honduras 
13. ICADA – Instituto Centroamericano de Desarrollo Agropecuario 
14. World Cocoa Foundation  
15. INIBAP 
16. AVRDC – The World Vegetable Center 
 
Host Countries: Ecuador, Honduras, Dominican Republic, and Trinidad and Tobago 
 
Development of early test to evaluate cocoa resistance to frosty pod and witch’s 
broom  
Three of the five methods originally tested for early evaluation of witch’s broom disease 
in cacao were repeated this year with a reduction of the inoculums concentration (from 
105 to 7,5 x 103) to account for the aggressiveness of the Ecuadorian pathotype of the 
fungus: the modified Holliday test, the semiautomatic system of inoculation-infection 
(SAI) or “Belt Spray Method”, and the agar drop method. This study was designed to 
compare these methods under similar conditions with the same cultivars in order to 
determine which one gives more consistent results under Ecuadorian conditions. 
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Seedlings presented a range of symptoms as described elsewhere for witch’s broom 
infection. Controls (non-infected) were symptomless. For infected plants, stem roughness 
(RT) and cotiledonary brooms (EC) were the most frequent symptoms, followed by 
hypersensitive reaction (RH) that kill inoculated seedlings. The total number of 
symptoms overrides the number of plants tested, because many seedlings presented more 
than one symptom. However, despite the reduction in the amount of spores, materials 
tested presented 100% incidence of the disease and differences for the parameters used 
for testing (incubation period and permanence of cotiledones) did not reach statistical 
significance. The tendency shown by mathematical differences between the clones 
indicates that resistant materials will have longer incubation periods. 
 
A new trial is being conducted to test a range of concentrations to determine the most 
suitable to discriminate resistance with an aggressive pathotype. 
 
The variable “permanence of cotyledons” (%), measured as the difference in days 
between the inoculated and the corresponding non-inoculated control, gave statistical 
significance, with the resistant plants showing larger permanence period (> 90 days 
difference) against 30 to 45 days in non-inoculated seedlings and with shorter 
permanence (around 60 to 85 days) in susceptible inoculated cultivars. 
 
The first group of plants obtained by somatic embryogenesis, bent (following Penn State 
techniques) to force the production of lateral shoots to use as root cuttings, have been 
placed in vermiculite and will be ready to test some of the above methods for resistance 
early testing. 
 
With relation to Moniliophthora roreri, an important advance took place during this 
period: the use of yeast extract apparently overcame the dormancy of spores of this 
fungus, opening ground to use this variable in early testing. 
 
An exploratory trial was conducted to test spore germination on three cocoa clones with a 
wide range of resistance to M. roreri (EET 233, resistant; EET 387, tolerant; EET 19, 
susceptible); the suspension used (500,000 spores/ml) for the test was prepared with yeast 
extract solution. Results produced significant results given the expected order, with larger 
germination (85%) on the susceptible and the lower (59% spore germination) for the 
resistant. Following this technique, a range of clones will be tested both from National 
and Forastero cocoa type.  
 
Assessment of pathogens in cocoa/plantain-producing areas 
Observations continue on an experimental plot to compare phenology, type, and amount 
of diseases and pests affecting the cocoa/plantain system under three spatial arrangements 
and the monoculture of plantain and cocoa. Tendencies observed during the first year 
after planting continue, with more obvious differences between the systems. For plantain, 
the single crop arrangement shows increasing populations of pest and disease; differences 
between the mixed plots become visible as well. 
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Leaf development and plant vigor evolve similarly in all treatments, with a slight delay 
for leaf development on the diamond design. 

The population of the nematodes Radopholus and Meloydogine in plots with single crops 
are double that of any of the other designs. On the other hand, the population of the 
banana stem borer, although still small, showed larger amounts of weevils in the two 
designs that keep plantain in single units (diamond and single crop=4 & 5 fold, 
respectively). As expected, the disease Black Sigatoka at this stage is following a similar 
pattern in all the treatments, not yet having any barrier between the plots. 

The situation is somewhat different on cocoa, which is growing underneath the canopy 
formed by plantain leaves. In this case, the incidence of witch’s broom is larger in the 
single crop, and lowest in the diamond design. Differences reach statistical significance 
between treatments. The same tendency is seen with relation to height and stem diameter 
on the plants, with the diamond design variables significantly lower than on other plots.  
The various systems under trial seem to have different tendencies for terminal buds and 
pulvinus infections.  

Identification of pests and diseases, and factors that influence them using 
participatory methods  
A general fact that has been confirmed time and again is the misidentification of sanitary 
problems affecting either single or mixed cultivation crops. Several surveys have been 
conducted throughout the coastal area with this and other projects, wherein information 
was collected to help address this issue. In all of the surveys, the methodology developed 
for plantain in an earlier phase of IPM CRSP was used; constraints were defined by 
presenting a range of photographs to farmers and recording the identification and ways to 
control it.  
 
Besides witch’s broom and Moniliasis, the genus Lasiodyplodia is causing damage on 
fruits, trunks, and branches, and obtained the highest percent of incidence, followed by 
Colletotrichum, Cladosporium, and Pestalotia.  There seems to be a tendency for lower 
areas to have more sanitary problems than those at higher altitudes.  
 
Although data are still being analyzed, results from a region in the Bolivar province 
(Cumandá) show that vegetative broom, cushion broom, and “chirimoya fruits” are 
recognized only by 30%, 39% and 36%, respectively, of farmer participants in the survey 
(28); WB infection at the fruit level was confused with “Monilia” by 73% of farmers. 
Seventeen percent of farmers were unable to recognize any type of brooms.    
 
Other infections at the fruit level, like Lasiodiplodia and Anthracnosis, were identified as 
“Monilia” by 67% of farmers, and 33% were unable to recognize any disease.   
 
In high and humid areas, it is common to see serious problems caused by parasitic algae 
(Cephaleurus sp), epiphytes, and aerial parasitic plants. In this case, 66% apply a generic 
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“bird weed” (“hierba de pajarito”), 22% did not recognize it as a problem, and 12% 
confuse it with witch’s broom or some other disease.  
 
The same method was used to ask for problems on plantain; in this case, the situation is 
more straightforward, although farmers only recognize Black Sigatoka as a foliar disease, 
even though they are not certain as for the causal agent.  They recognize as well that the 
problem is larger on mixed cropping; therefore they end up eliminating the plantain in 2-
3 years.  
  
Fifty percent of farmers think that problems of plantain may pass over to cacao—these 
being mainly ants, root borers and even black sigatoka.   
 
Identification of Fusarium control techniques in naranjilla-growing areas of 
Ecuador 
The intimate association of vascular wilt caused by Fusarium oxysporum and the root 
knot nematode (Meloydogine incognita) has been established and its control is the key 
point for an integrated control strategy in naranjilla. Seed disinfection was then 
developed to control the pathogen and avoid it in new areas for common naranjilla 
cultivation and also manage the pathogen in nurseries. Plant resistance appeared then a 
complementary approach which was searched in the INIAP gene bank of the Lasiocarpa 
section. Similar resistance studies were conducted for M. incognita. Six accessions with 
good levels of resistance to both Fusarium oxysporum and M. incognita are being 
evaluated successfully during the 2006-2007 year. Four of them (S. sessiliflorum, S. 
tequilense, S. hirtum and S. pectinatum) produced between 350 to 550 Kg more fruits 
than the control. 

In general, whenever rootstock resistant to Fusarium is used, longevity of the crop is 
extended and the control of late blight and the fruit borer become economically feasible. 

Another study showed the benefits of using single or combined control technologies for 
the main problems of naranjilla, showing that when resistant rootstocks are used, both 
late blight and fruit borer control are important, but when implemented together, the 
improvement of the crop is 13% larger than all the individual contributions together. A 
validation study of this finding will be conducted at farmers’ fields. 

Assessment of potential for field sanitation methods for control of diseases in 
naranjilla-producing areas of Ecuador 
Technology to efficiently control vascular wilt (F. oxysporum f. sp. quitoense), root knot 
nematode (M. incognita), late blight (P. infestans), and fruit borer (Neocidones 
elegantalis) is at present available. A study to quantify the benefits of individual or 
combined technologies is taking place in an area conducive to these pests and diseases. 
Contribution to vascular wilt and root knot nematode control is a key factor for the 
program, since with non-resistant rootstocks, plant longevity is short. When resistant 
rootstocks are used, both late blight and fruit borer control are important, but when both 
are implemented together, the contribution to the control is 13% more than the sum of the 
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individual contributions. A validation study of this finding will be conducted on farmers’ 
fields.    
 
IPM package for mixed cultivation in plantain 
The treatments used were: 1. Harvested residues (pseudostem, branch raquis, and leaves) 
were cut and spread over the base of productive units. This activity was carried out every 
two weeks. 2. Chemical usage: Principally glyphosate for weed control during the rainy 
season. Additionally, in the same season, chemical fertilizer will be applied based on soil 
analysis. 3. Organic amendments: During the rainy season, liquid organic amendments 
should be sprayed at the base of the plantlets’ productive units—two or three times 
during the season. 4. Control: In this treatment, management includes the usual farmer 
practices based on applying pesticide (Carbofuran) on pseudostem traps for black weevil 
control. 

Spreading organic amendment and an even distribution of harvest residues around the 
plantation account for a 5- and 3-fold increase, respectively, of healthy roots in relation to 
the chemical treatment. This situation was maintained throughout the year; during the dry 
season, however, only the use of organic amendments produced roots that were superior 
to control without treatment. 

The most interesting feature is that the population of nematodes—especially R. similes, 
which is the most dangerous due to its quick rate of reproduction—diminished in all 
treatments except in the chemical plot. To date, population in the dry season reached 
15,000 nematodes/100g in this plot against > 2000 in harvest residues, and around 2,000 
in the other treatments. 

Technology transfer  

Solarization of seedbeds and substrate used for production of transplants 
Two replicated soil solarization trials were established in 2007 to complete validation of 
results obtained in 2006. One experiment was established at FHIA’s Experiment and 
Demonstration Center for Vegetable Crops (CEDEH-FHIA, Comayagua) to evaluate the 
effect of solarization of the soil of seedbeds on transplants using onions as the model 
crop. Trial two evaluated soil solarization on cottage nursery substrate mixes used by 
small-scale farmers for production of transplants, and was conducted at FHIA’s Santa 
Catarina Experiment and Demonstration Station of La Esperanza (FHIA-LAE, Intibucá).  
 
This experiment evaluated solarization effects on lettuce, beets, and cauliflower. The 
experimental treatments were as follows: solarization for 6 weeks using either a single or 
double layer of transparent plastic sheet (3 mm thick) and chemical sterilization with 
Dazomet (Basamid®) in the LAE study, or Dazomet (Basamid®) and Metam sodium 
(Busan L®) in the CEDEH; in both sites an untreated control was included. Data obtained 
at both trials has been collected and is being analyzed. Preliminary interpretation of the 
results shows that at both locations and at either 10 or 20 cm of depth, the highest 
temperatures recorded in the substrate and/or soil occurred when solarization was carried 
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out using the double layer of plastic sheet. Seedlings developed in solarized substrate and 
seedbeds were taller and had lower mortality than those in the untreated control but 
similar to those in chemical sterilization. No major differences between treatments were 
observed in plant development or on the produce weight of the crops in the field.  
 
The solarization of soil or grower substrate mixes using a double layer of clear plastic 
resulted in a lower transplant mortality and improved plant vigor of onions, lettuce, beets, 
and cauliflower than untreated soil, and equaled the growth obtained using chemical soil 
fumigants. 
  
Solarization of field soil 
An additional study initiated in 2007 at LAE-FHIA (Intibucá) evaluated the performance 
of crops planted in the field where soil was solarized as a pre-plant treatment. This beet 
system has severe problems with Rhizoctonia root rot disease (caused by Rhizoctonia 
solani Kühn), and is difficult to control with current tools. Soil solarization is an ideal 
option in this cropping scheme and location, as the size of smallholders’ commercial 
plots averages approximately 434 m2, a size amenable for solarization. The trial was 
established as a split-plot RCBD. The main plots were soil solarization, soil treated with 
the fungicide Banrot (Etridizole + Methyl Tiofanate, 0.7 g/m2 applied to the soil on the 
bed), and an untreated control. Subplots were transplants produced in cottage substrate 
either subjected to solarization or without solarization. The harvest was finished in 
August, and data are being analyzed. Field observations show plants grown in solarized 
plots had improved vegetative above-ground growth and healthier and larger roots 
compared to those from untreated and chemically treated plots. 
 
Soil solarization of field plots resulted in more vigorous beet plants than plants in 
untreated or chemically treated soil.  
 
Use of transplants produced in anti-insect screen houses as an IPM tool in 
production of crops of the Solanaceae, Cucurbitaceae and Brassicaceae 
In collaboration with the USAID-funded RED-FINTRAC/FHIA project, a group of seven 
small growers was chosen at El Granadillo (San Pedro de Tutule, La Paz) to receive 
technical assistance and shared financial support to build greenhouse structures to protect 
transplants. The participating growers continuously grow lettuce, cauliflower, broccoli, 
carrots, beets, and tomatoes in land parcels that average in total 0.5 ha per crop cycle.  
These growers need maximum production in order to honor a contract to supply 
vegetables on a weekly basis to “Supermercado La Colonia,” a major supermarket in 
Tegucigalpa. The construction of the structure was initiated early in September 2007 and 
has a capacity for 100 (200 cell) seedling trays each. The assistance package includes the 
structure and introduction of substrate solarization prior to transplant seedling initiation 
as well as promotion of other IPM practices involved in commercial production. IPM 
practices include techniques to exclude pests from structures so transplants are disease- 
and insect-free when transplanted to the field, and instruction and development of a guide 
for smallholders on production of seedlings in protected structures. 
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IPM CRSP collaborators have initiated construction of protected transplant structures for 
smallholders to assist in reducing pest infestation and production of disease- and insect-
free transplants for field production.  

Evaluation of cowpea Vigna unguiculata as a rotation crop for the management of 
purple nutsedge Cyperus rotundus and as a host for beneficial insects 

Use of Cowpea as a host for beneficial insects 
F.J. Díaz and J. Jiménez-FHIA: This study was initiated in 2006 at CEDEH-FHIA and 
showed the presence of predators of the orders Coleoptera (Coccinellids, Chrysomelids, 
and Carabids) and Hemiptera (Pentatomids) and parasitoids of the order Hymenoptera 
(Ichneumonidae, Braconidae, and Aphelinidae). A second experiment was initiated in 
mid-September 2007 to validate the results obtained in 2006-2007.  
 
Use of Cowpea as a rotation crop for management of the root knot nematode. F.J. 
Díaz and J. Jiménez-FHIA: In an initial exploratory non-replicated observational trial, 
five cultivars introduced from the University of California at Riverside and a local 
landrace of cowpea (FHIA-C) were tested at CEDEH-FHIA in Comayagua. The cv. Big 
Buff, CB 46 and FHIA-C had significantly lower soil and root populations of the 
nematode, the greatest vegetative growth, and also yielded the highest quantities of seed. 
Based on those results, a replicated trial was initiated in September 2007 at CEDEH-
FHIA to determine with scientific rigor the performance of the five cultivars introduced 
from UC-Riverside and the local landrace of cowpea. In addition to assessing the reaction 
of the cowpea cultivars to the root knot nematode, the experimental scheme will 
determine the effect of the rotation with cowpea on the general performance of a follow-
up commercial crop of tomatoes. The tomatoes will be established on the same plots one 
month after the incorporation of cowpea. 

Evaluation of predatory mites as part of management programs for tarsonemid 
mites that affect eggplant and strawberry production in Honduras 

Disinfestation treatment of strawberry planting material with hot water for control 
of the Cyclamen Mite Phytonemus pallidus (Banks). H. Espinoza, J. L. Flores and 
Milton Toledo - FHIA. In a trial conducted at the end of 2006, dipping planting material 
in water at 43°C for 30 minutes killed all forms of the cyclamen mite Phytonemus 
pallidus. This and other prevention procedures such as exclusion minimized the chance 
of re-infestation for 26 weeks without the need for pesticide treatment for mite control. 
Chemically-treated planting material and the untreated controls required weekly miticide 
treatment. Based on these results, a validation/demonstration experiment was initiated in 
2007 with collaborating growers. However, high mortality of the hot-water treated plants 
resulted, apparently related to physiological differences in planting materials associated 
with a given photoperiod. 
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Pretreatment of strawberry transplants with hot water (43°C) for 30 minutes kills all 
forms of the cyclamen mite, P. pallidus. Additional testing will determine methods to 
reduce plant phytotoxicity of the hot-water treatment. 
 
Management of the cyclamen mite P. pallidus in strawberries with the predatory 
mite Neoseiulus californicus.  
H. Espinoza, J. L. Flores- FHIA. N. californicus was evaluated against the current 
management practice, which relies on chemical pesticides for control of the cyclamen 
mite P. pallidus in strawberries. The predatory mites maintained P. pallidus at acceptable 
levels during the dry season. When several events of heavy rain occurred, both predatory 
and phytophagous mite populations were reduced. After rainfall events, beds were 
covered with plastic tunnels. In covered experiments, the phytophagous mite populations 
recovered and reached damaging levels, whereas the predatory mites remained 
undetected. Re-inoculation with predatory mites may be necessary after environmental 
conditions lower populations. 
 
The predatory mite N. californicus has potential for control of the cyclamen mite P. 
pallidus in strawberries. Maintaining effective predatory mite populations may require 
additional field reinoculation. 
 
 Management of the Broad mite Polyphagotarsonemus latus in Chinese eggplant with 
the predatory mite Neoseiulus californicus. H. Espinoza, J. Jiménez-FHIA. A trial was 
established in Comayagua on January 10, 2006 to evaluate the effects of releases of the 
predatory mite Neoseiulus californicus for control of the Broad mite 
Polyphagotarsonemus latus in Chinese eggplant. Releases occurred on February 22 and 
March 31, but the predatory mites did not become established, and the experiment was 
terminated. Since a successful release of N. californicus had been attained in 2005, an 
analysis of climatic conditions was conducted in an attempt to explain the 2006 results. 
Analysis indicated that mites were most likely affected by the relatively low humidity 
that occurred during the days immediately after the release. In view of the inconsistency 
of the results and the difficult logistics in importation of the agent, it was decided to stop 
this line of research.  
 
Management of the Broad mite P. latus in Chinese eggplant with the predatory mite N. 
californicus is inconsistent under Honduran conditions. 
 
Management of the melon thrips Thrips palmi in Chinese eggplant  
H. Espinoza and J. Jiménez-FHIA. A field trial was established at the experimental 
station in Comayagua to study the distribution and population dynamics of T. palmi in 
Chinese eggplant when plants were grown on either plastic mulch or uncovered beds and 
with the use of broad-spectrum pesticides versus low-impact pesticides. Plots with plastic 
mulch required fewer applications of pesticides than non-mulched plots. The difference 
was established at the beginning of the vegetative period, apparently related to the 
deterrence of incoming thrips by the plastic mulch. Orius insidiosus imported from 
California were released in the plots treated with low-impact insecticides, but did not 
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become established. The plot with plastic mulch and broad-spectrum insecticides had the 
highest yields of exportable fruits. An economic analysis is still pending. 
 
Evaluation of entomopathogenic nematodes to manage the white grub larva of 
Phyllophaga obsoleta in strawberries in the Honduran Highlands 
 
The trial is in progress at LAE-FHIA. Treatments include two rates of the nematode 
Heterrorhabditis bacteriophora (the X rate recommended by the provider and a 2X rate), 
a commercial treatment (imidacloprid), and an untreated control. Treatments were 
applied the last week of August. In a preliminary evaluation conducted two weeks after 
treatment, no signs of nematode infection were observed, whereas moribund and dead 
grubs were observed in the insecticide-treated plots. A second nematode application was 
made in the second week of September, and the assessment of its effect is ongoing. 

Development of an IPM-based strategy for management of the Thrips tabaci-
Alternaria porri complex in onions in Honduras 

Effect of the orientation, number, and type of nozzle of the spraying equipment used 
for the control of Thrips tabaci in onions with pesticides   
J. M. Rivera C., L. F. Durán and J. Jiménez - FHIA. The study was established on March 
22, 2006 at CEDEH (Comayagua). Factors evaluated were a) nozzle type: flat or hollow 
cone; b) number and orientation of nozzles: one aiming downwards or two aiming 
forward and backwards, respectively; c) use of single-nozzle lance or multi-nozzle 
spraying boom; and d) pressure variation (40 or 60 psi). Parameters recorded in the study 
included yield (qualitative and quantitative), thrips control (number of thrips per leaf), 
time and volume required for application of each treatment, and coverage/deposition tests 
using fluorescent dyes and water-sensitive paper. The complete analysis of the data 
confirmed preliminary results, showing that pest control and yield were highest using a 
spraying boom fitted with four hollow cone single nozzles aiming downwards at 40 psi. 
 
Spray nozzle orientation affects pesticide efficacy in control of Thrips tabaci 
Single hollow cone nozzles aiming straight downward with a spray pressure of 40 psi 
resulted in the best insect control. 
 
Monitoring populations of onion thrips Thrips tabaci with white sticky traps  
H. Espinoza and J. Jiménez-FHIA. Four observation plots were established in 
Comayagua during the onion growing season. Five sticky traps with white cards were 
deployed in 0.25 ha plots to compare weekly catches in the traps with direct counting of 
thrips on the plants. The analysis indicated that trap catches were not correlated to direct 
counts. 
 
White sticky traps were not useful in correlating actual Thrips tabaci populations on 
plants in the field. 
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Evaluation of the effect of mycorrhizal fungi on growth, yield, and disease 
occurrence on tomato, bell pepper, and cucumber 

Evaluation of the effect on tomato, bell pepper, and cucumber from the application 
to the plant roots of the antagonistic fungus Trichoderma sp and the mycorrhizal 
fungus Glomus sp.  J. C. Melgar, J. Jiménez and Dennis Alvarez-FHIA.  One replicated 
experiment on each tomato, bell pepper and cucumber was established in May 2007 at 
CEDEH (Comayagua) to evaluate the effectiveness of biological products Trichozam 
(Trichoderma sp., 240 g/ha, Zamorano), Mycoral (Glomus sp., 25 g/plant, Zamorano), and 
Serenade (Bacillus subtilis, 8kg/ha), in comparison to a commercial chemical control 
treatment [1.25 l/ha of Previcur (Propyl 3-(dimethylamino) propilcarbamate) + 500 ml/ha of 
Derosal (methylbenzimidazol-2-carbamate)] applied as a drench at the time of transplanting 
and to an untreated control.  There was low incidence (<10%) of damping off in bell pepper 
and cucumber the first two weeks after transplanting, while there was a high incidence of 
damping off in tomato. In the control plots, 43% of the plants died, while in the plots that 
received the chemical treatments, 17% of the plants died. In the plots with biological 
treatments, the percentage of dead plants varied from 25% and 27% in plots treated with 
Trichozam and Mycoral, respectively, to 60% in plots treated with Serenade. Phytophthora 
sp. and Fusarium sp. were identified as the causal agents of this problem. Vegetative plant 
growth was similar for all three crops except tomato plants inoculated with mycorrhizal 
fungi, which were taller. There was low incidence of airborne diseases. Downy mildew 
(Pseudoperonospora cubensis) was present in cucumber by the end of the experiment, but it 
did not affect the crop. Late blight (Phytophthora infestans) and viral diseases also appeared 
in tomato. The experiments are still ongoing, so no yield data are yet available.  
 
Tomato, bell pepper, and cucumber plant roots inoculated with the antagonistic fungus 
Trichoderma sp or the mycorrhizal fungus Glomus sp. exhibited lower incidence of 
damping off than untreated controls. 
 
Evaluation of several botanical extracts and of a mycorrhizal product for control of 
the root knot nematode on eggplant.  F. J. Díaz, L. F. Durán, J. M. Rivera C.-FHIA. 
The treatments evaluated were extracts of Tagetes erecta (NemaGold®), Azadirachta 
indica (Neem-X®), Opuntia lindheimeri, Quercus falcate, Rhus aromatica, and 
Rhizophoria mangle (Sincocin-AG®), and the mycorrhizal fungus Glomus intradices 
(BuRize®), in comparison with nematicide oxamyl (Vydate 24L®) and an untreated 
control, using potted eggplants that were artificially inoculated with the root knot 
nematode and then held within a shade house. At 45, 77, and 92 days after inoculation 
(DAI) soil samples were analyzed, and at 92 DAI root samples were taken for analysis 
and rating of root knotting. Vydate 24L® provided significantly better control than the 
other treatments. Of the botanical extracts, NemaGold® was the treatment providing 
some control, although it also was the only treatment that caused phytotoxicity. 
 
Botanical extracts of Tagetes erecta (NemaGold®), Azadirachta indica (Neem-X®), 
Opuntia lindheimeri, Quercus falcate, Rhus aromatica and Rhizophoria mangle 
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(Sincocin-AG®), and the mycorrhizal fungus Glomus intradices (BuRize®) did not 
reduce incidence of root knot nematode on eggplant. 
 
Epidemiological information on late blight epidemic build-up in naranjilla 
 
In the previous year (2005-2006), metalaxil (Ridomil Gold) was identified as the most 
efficient conventional systemic fungicide to control naranjilla late blight (Phytophthora 
infestans), followed by cymoxanil (Fitorax). In addition to these results, metalaxil was 
also persistent in the plant, and effective protection was more efficient. In this year, 
potassium phosphanate (Fosfital), a non-conventional fungicide, was as efficient as 
metalaxil and with similar systemic properties. This finding will significantly improve 
management not only of naranjilla late blight, but also of other blights, such as potato late 
blight. Use of potassium phosphanate will help exploit more efficiently the efficacy and 
the long persistence of metalaxil. Introduction of potassium phosphanate in controlling 
late blight will reduce frequency of metalaxil applications and will therefore reduce the 
risk of resistance of the pathogen, which at present is the main difficulty of using 
metalaxil in potato late blight. In addition, as potassium phosphanate is a low-toxic 
compound, its use will help define new ecological strategies to control late blight in 
naranjilla. 
 
The organic fungicides copper sulfate penta-hydrated (Pentacobre) and Basillus subtilis 
(Rapsodi) were also evaluated. In general, both fungicides are less efficient than 
conventional fungicides; however, their efficiency was similar to propanocarb (Kemicar), 
a conventional fungicide recommended for Oomicetes. Efficiency of these fungicides can 
be significantly improved with sanitation and cultural management and make organic 
production of naranjilla feasible.  
 
Evaluation of biological fungicides to control late blight in naranjilla 
An experiment was conducted to test lower doses of Abamectina, targeting only small 
fruit up to 3cm in length. Doses of Abamectina between 1.0 and 1.5 ml/l yielded 72.0 and 
79.10% healthy fruits, respectively. Furthermore, the effect of the treatments were good 
up to four months from application; considering that from flower to harvest a naranjilla 
fruit takes an average of 3-5 months, it would be possible to significantly reduce the 
number of applications. 
 
In another experiment, the effect of Abamectina (Vertimec) was tested against that of a 
commercial preparation (Dipel, Aventis) of Bacillus thuringiensis (2,5 ml/l), 
Azadirachtina, and Diflubenzuron. Again, the best effect was given by the first two with 
up to 57 and 60% control. Although the usage of products derived from neem have wide 
acceptance as a new control alternative, this year’s experiment using another formulation 
of the product (neem oil, IREC) did not produce a better effect, having the same yield as 
the control. 
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The combined presence of the fruit borer and soil diseases indicates the necessity of 
integrating a more holistic approach for crop sanitation, considering pests and diseases 
simultaneously. 
 
Another conclusion reached from this study relates to the amount of solution used by 
farmers (800 l/ha). Half the dosage was used in these studies, targeting flowers and fruits. 
Considering that the dosage is calculated for volume of water and not for area, the aim of 
directing the aspersion only to flowers and small fruits allows a savings of 50%, as much 
insecticide as effort. 
 
Identification of key pest complexes and prioritization of research in Honduras 
 
Developed a list of field pests of the 26 most important local vegetable crops grouped 
according to type—i.e., viruses, fungi, and bacteria—and are prioritizing the list.  
 
Baseline survey: 
The IPM CRSP baseline household socio-economic survey in Honduras was completed 
during 2006-2007. The purpose of the survey is to provide a quantitative baseline for 
social and economic impact assessment in support of poverty reduction and sustainable 
agriculture objectives. The research also addresses IPM adoption constraints. The survey 
documents household demographics, land tenure, agricultural production and marketing, 
IPM practice, gendered division of labor and decision-making, and membership in 
production associations and other relevant groups. The resulting database contains 658 
variables. A stratified random sample of 151 households was constructed. Preliminary 
baseline reports were submitted by Estudio 1360 (in Spanish) and by Hamilton (in 
English). 
 
The survey was conducted in three micro-regions: one in the Comayagua Valley and two 
on the western hillsides bordering the valley. The geographical reach of the survey 
encompasses a broad range of IPM-targeted vegetables for both export and domestic 
markets, agro-ecologies, and transition phases for farmers who are diversifying into 
commercial horticulture from subsistence maize or coffee-based production. Households 
were also selected to allow comparison of IPM technology transfer methods. The regions 
are linked both through watersheds and the flow of labor from the hillsides to the valley’s 
export horticulture operations. 
 
Initial analysis demonstrates: 
IPM technology transfer by partner institutions is reaching its intended beneficiaries, i.e., 
small-scale farmers who are diversifying into commercial horticultural production. These 
farmers are broadly representative of their regions in terms of natural and human capital 
assets. A T-test of mean difference reveals no statistically significant differences in land 
ownership between beneficiaries of IPM transfer and non-beneficiaries (p = .973). 
However, both the smallest and largest farms are found among non-beneficiary 
households. Education does not differ significantly between the two groups, though both 
groups have, on average, no more than a primary education. Recipients of IPM transfer 
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are much more likely to be early adopters of a wide variety of horticultural crops destined 
for both domestic and export markets. 
 
Women farmers are less likely to receive IPM transfer, as they are concentrated among 
non-beneficiary households (37% by occupation listed on the survey vs. 17% for 
beneficiary households). 
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Regional IPM Program for East Africa: Kenya, Tanzania and 
Uganda 

Mark Erbaugh, International Programs, Ohio State University, Columbus, OH 43210 
 
Collaborators: 
Daniel Tayler, Virginia Tech 
National Agricultural Research Organization (NARO), Uganda 
Coffee Research Institute (CORI), Uganda 
Kenya Agricultural Research Institute (KARI), Kenya 
Sokoine University of Agriculture (SUA), Tanzania 
Tanzania Coffee Research Institute (TACRI), Tanzania 
World Vegetable Center (AVRDC) 
Agricultural Production Enhancement Project (APEP), Uganda 
Integrated Management of Thrips-Borne Tospoviruses Global Theme Program 
Regional Diagnostic Laboratories Global Theme Program 
Management of the Weed Parthenium Global Theme Program 
Regional Technical Committee (RTC) 
Samuel Kyamanywa, Regional Coordinator (RC), Uganda 
Mary Wabule, Kenya Agricultural Research Institute (KARI), Kenya 
Amon Maerere, Sokoine University of Agriculture (SUA), Tanzania 
 
Host Countries: Uganda, Kenya and Tanzania 
 
Networking Activities: The RTC met twice over the past year in Kampala, Uganda in 
March and September of 2007. USAID missions in all three countries were visited over 
the past year to keep them informed of our activities. Also, we met with scientists from 
IITA; the APHIS East and Southern Africa advisor, Dr. L. Garcia; and Steven New, 
director of the Kenyan Horticultural Development Program. Twelve visits were made to 
the EA Site by Co-PIs from OSU, VT, the University of Wisconsin, and AVRDC. The 
IPDN Global Theme launched its first activity, a Stakeholder Meeting and workshop on 
plant disease diagnostic technology training, in Nairobi, Kenya on March 5-8, 2007; this 
was followed by a two-week pest diagnostic workshop in late August at OSU’s Wooster 
Campus, in which 8 scientists from the EA region participated. Two co-PIs from the EA 
who participated in this workshop, Mrs. Mildred Ochwo-Ssemakula from Uganda and 
Mr. Hossea Mtui from Tanzania, also conducted additional research work at OSU 
laboratories. Dr. Kyamanwa and Erbaugh participated in the IPM CRSP annual meeting 
held at Virginia Tech in May. Finally, the EA site was visited by a member of the 
External Evaluation Panel, Dr. Roy Nishimoto and by the IPM CRSP Program Director, 
Dr. R. Muniappan in September 2007.  
 
Institution Building: OSU graduate student Hossea Mtui completed his MS thesis 
titled “Seed biology-based interventions for enhanced integrated crop management in 
tomato production by small-scale farmers in the Morogoro region, Tanzania.” He 
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graduated from OSU in September 2007. Mr. Basil Mugonola completed his course work 
for his PhD at Virginia Tech and returned to Uganda to conduct field work.  
 
Mr. Fred Magina continues with his thesis research on “Spatial distribution and temporal 
abundance variations of three important insect pests of coffee in Kilimanjaro Region, 
Tanzania.” Robert Gesimba continued with his dissertation research on “The 
development of an integrated disease management program for the control of Fusarium 
wilt (Fusarium oxysporium f. passiflora) of passion fruit.” The IPDN Global theme 
hosted a very successful one-week workshop in Nairobi attended by more than eighty 
scientists from the region and a two-week training workshop at OSU on disease 
diagnostics attended by eight people from East Africa, including two RP/EA co-PIs. 
Following the Nairobi workshops, Drs. Robert Maxwell, Sally Miller, Joe Kovach, and 
Mark Erbaugh conducted one-day field disease and biological monitoring activities with 
co-PIs and extension agents at research sites in Kenya and Uganda. All four then traveled 
to Uganda to participate in the Regional Technical Committee meeting in Kampala, 
Uganda, contributing their insights and suggestions to co-PIs as they presented their mid-
year results. Finally, Uganda site co-PIs Drs. Kovach, Bennett, Kleinhenz, and Doohan 
conducted research reviews and provided seminars on biological control, horticultural 
seed production, producing vegetables for export, and sustainable weed management, 
respectively, in Uganda and Tanzania. 
 
Implemention of Regional IPM Program  
The Regional IPM program for East Africa was launched and formalized with the 
selection of Dr. Kyamanywa as the Regional Coordinator at the first meeting of the RTC 
in Nairobi, Kenya on March 2-4, 2006. The RTC included representatives from each of 
three participating regional institutions, the Site Chair, and other regional and USA-based 
Co-PIs as available. There have been two meetings of the RTC held in Kampala, Uganda 
in 2007. 
 
Four socioeconomic baseline reports have been completed. Two studies on tomato from 
Kenya and Tanzania and two studies on coffee from Uganda and Tanzania have been 
completed and written. 
 
The following portal created by Dr. Dan Taylor of Virginia Tech, has been enhanced. 
-         http://www.aaec.vt.edu/ipmcrspuganda/IPMCRSPEA 
 
Two short-term USA-based training programs were implemented at OSU: Mrs. Mildred 
Ochwo-Ssemakula (Uganda) on passion fruit virus characterization and diagnostic primer 
design, and Mr. Hossea Mtui (Tanzania) on seed biology-based interventions for 
enhanced integrated crop management in tomato. Both of these scientists participated in 
the IPDN workshop held at OSU in August/September, 2007. Mr. Mtui completed and 
defended his Masters thesis on the same topic while at OSU. Mrs. Mildred Ochwo-
Ssemakula also participated in a one-week workshop on tospovirus identification at 
Washington State University with Dr. Naidu Rayapati. 
 

http://www.aaec.vt.edu/ipmcrspuganda/IPMCRSPEA
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Biological monitoring activities continue with tomato in all three countries and on coffee 
in Uganda and Tanzania. 

Development of IPM research programs for higher value marketed 
horticultural crops 

IPM package for tomato  
Uganda 
1) Through four farmer field schools that used demonstration trials, 180 farmers have 
been introduced to the IPM tomato package. The IPM package for tomato includes a 
resistant variety (MT56) + mulching + 3 sprays/season + staking, and has resulted in 
reduced incidence of Bacterial wilt (Ralstonia solanacearum), aphids, thrips, and white 
flies. Pesticide applications were reduced from the farmer control of 8 (most farmers will 
spray tomato between 15-24 times per season or as much as 3 times per week during 
rainy season) to 3 sprays per season. The yields were 40% higher on IPM plots. Farmer 
open-days were hosted at four locations. 

2) An on-station field trial was conducted to assess the performance of bacterial wilt-
susceptible tomato grafted onto three indigenous solanaceous (Solanum spp) rootstocks 
in Uganda. A randomized complete block design was used with 3 replicates, and the 
tomato varieties MT 56and Onxy were used as bacterial wilt resistant and susceptible 
checks, respectively. Data was collected on pest and disease incidence, growth, and yield 
parameters from 10 plants per plot. Onxy and rootstock S. indicum exhibited the highest 
bacterial wilt incidence of 100% and 83%, respectively. Rootstock S. complycanthum 
was the most tolerant with only 13% incidence, although this was not significantly 
(P<0.05) different from that of tomato variety MT 56 with 33%. Solanum spp 
(Katengotengo) with bacterial wilt incidence of 53% was also not significantly (P<0.05) 
different from that of MT 56. Late blight and bollworms were absent throughout the 
growth period. Aphid, white flies, and thrips incidence were not significant. All 
rootstocks united readily with the tomato, although an overgrowth occurred at and above 
the graft union, indicating higher growth rate and/or vigor of the tomato compared to that 
of the rootstocks. However, there was no significant (P<0.05) difference in the girth of all 
the rootstocks. Tomato variety MT 56 produced the highest yield of 2.84 kg/plant, which 
was more than three times (P>0.05) higher than that of the rootstocks. These results 
indicate that although the indigenous solanaceous rootstocks S. complycanthum and 
Solanum spp. (Katengotengo) can confer bacterial wilt resistance to commercial tomato 
varieties through grafting, they seem to have a negative effect on tomato yields. Grafting 
onto these rootstocks is therefore recommended as an economically viable IPM practice 
for areas where soils are infested with bacterial wilt disease and where bacterial wilt 
tolerant or resistant tomatoes are not readily available. 
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Table 1. Field performance of tomato grafted onto indigenous solanaceous 
rootstocks, Muarik, Wakiso District, Central Uganda (December, 2006 – March, 
2007). 
 
  

TREATMENT 

  

  
Bacterial 
Wilt 
Incidence 
    (%) 

  
Aphid 
  (/pl) 

  
Thrips 
(/pl) 

  
White 
Flies 
(/pl) 

  
Graft 
Union 
Diameter 
(cm) 

  
Plant  
Height 
(cm) 

  
Yield 
(Kg/pl) 

S. complycanthum 
(KITENGOTENGO) 

  13c 0.7 11.73a 7.13a 4.63 52.14 0.826b 

S. indicum 
(KATUNKUMA) 

  83a 4.0 11.43a 5.6b 4.34 56.20 0.48b 

S. spp 
(KATENGOTENGO 

53b 10.3 7.93ab 10.00a 4.01 50.22 0.86b 

MT 56 33bc  3.0 15.93a 12.97a     2.84a 
ONXY 100a 16.0 3.00b 0.00     0.0b 
LSD (0.05) 
CV (%) 

34.04 
31.7 

13.76ns 
10.7 

8.24* 
41.2 

6.57* 
48.8 

1.70ns 
12.9 

11.94ns 
9.95 

1.64 
87 

Means with the same letter are not significantly different at the 5% level. 

        Indigenous solanaceous rootstocks S. complycanthum (Kitengotengo) and S. spp 
(Katengotengo) are less susceptible to bacterial wilt than commercially available tomato 
varieties. 

         Indigenous solanaceous rootstocks provide 57 - 87% bacterial wilt field resistance 
compared to susceptible tomato varieties through grafting. 

        Although indigenous solanaceous plants reduce the yield of tomatoes grafted onto 
them, they produce higher yields than bacterial wilt-susceptible varieties growing in 
bacterial wilt-infested soils. 

Economics of IPM practices on dry season tomato production  
The two IPM practices, staking and mulching, did not have significant yield differences 
from farmer practices. Farmer practices consist of spraying tomatoes from 12 to 24 times 
during the growing season. Both IPM practices used only three sprays. At 12 sprays per 
season, farmer practices cost 1,004,884 Ugsh ($546 US) versus the IPM practices at 
251,211 Ugsh ($146 US) per hectare. Thus, based on reduced sprays, profitability can 
increase by $500 US per hectare for tomato producers. A rough estimate of the extent of 
tomato production in the agro-ecological zone where the trials were conducted is 2,000 
hectares. Given the cost savings from the reduced sprays, the potential increase in profits 
is $1 million US if all the framers in the agro-ecological zone adopt the IPM practices. In 
addition to these potential monetary benefits from reduced sprays, it is expected that 
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benefits from reduced human exposure to pesticides and their adverse health impacts, as 
well as reduced environmental impacts, would be substantial. 
  
Kenya:  
Tomato biological monitoring 
Six farmers were selected in the Nyagati and Wanguru sub-locations in the Mwea 
Division in Kirinyaga District. The farmers were interviewed weekly on their pest 
management practices. Information on the variety being grown, cropping systems, and 
the pesticide used was noted. In each farm, five quadrants were marked from which 
samples for arthropod pests, diseases, and weeds were taken. 
 
All the farmers prepared their land using an ox-plough. The tomato varieties grown were 
Onyx (4 farmers) and Riograde (2). During transplanting, the farmers used DAP and 
CAN fertilizers at a 1:1 ratio and used the same ratio for top-dressing after one month. 
Manure alone was mostly used (4 farmers), and no manure or fertilizer while planting 
seedlings in the nursery. All the farmers transplanted tomato seedlings from their own 
nurseries; none used direct planting. Furrow irrigation was carried out by all the farmers 
during tomato production. All the farmers used pesticides for pest control, but none 
practiced proper pest scouting before pesticide application. The insecticides were usually 
mixed together during application which was carried out on a regular basis among five 
farmers; the sixth farmer abandoned the crop and discontinued all operations. Leaf miner, 
whiteflies, aphids, and lygus bugs were the major insects observed in all the farms during 
the pre-bloom. 
 
Fungal blights (early and late blight) were the dominant diseases. Post-bloom pests 
included thrips, whiteflies, mites, lygus bugs, aphids, and bollworms, but their 
populations were low on the five farms assessed. Natural enemies were not recorded, 
probably due to the frequent use of broad spectrum pesticides. Fungal (early and late 
blight), bacterial wilt, symptoms of nematode attack, leaf and begomoviruses were 
common in all the farms despite the regular spraying. The whitefly-transmitted 
begomoviruses were observed and recorded with an incidence of 20 – 70% among the 
farms, while the fungal blights ranged from 10 – 30%. The major weed species on the 
tomato farms included Amaranthus hybridus, Commelina bengalensis, Datura 
stramonium, Pencum maximum, Bidenspilosa, Digitaria sp., Oxygonium sinatum, 
Galinsoga sp. Cynodon doctylon, Setaria vertiullata, and others less important. 
Physiological diseases such as blossom end rot, fruit cracking, and sun scorching resulted 
in yield losses ranging from 7-50%. Fruit losses due to bollworm damage ranged from 7-
18% while fungal bights caused fruit damage ranging from 3-75%. Fungicides were the 
major pesticides used and included Mancozeb (Dithane®, Sancozeb®), Thiovit, and 
insecticide/miticide Dimethoate, Abamectin (Dynamec®) and Vapcothion®. Foliar feed 
fertilizer (Easy grow®) was applied by most (5) farmers. Hand weeding ranging from 2 
to 4 weedings/crop season was recorded among the tomato farmers. 
 
All farmers used pesticides for pest management. However, they lacked knowledge of 
alternative pest control options and did not practice pest scouting. 
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Farmers incurred high production costs due to routine fungicide application. However, 
none of them had knowledge of or attempted to carry out cultural management practices 
such as crop rotation or irrigation methods that do not promote disease transmission.  
 
The marketable yield of tomato was reduced significantly due to avoidable physiological 
diseases such as blossom end rot and fruit cracking.  
 
There is an urgent need to train farmers on appropriate tomato production technologies. 
 
There is a need to develop/introduce Bacterial wilt-tolerant varieties as well as varieties 
that are tolerant to begomoviruses for production in this area. 
 
Evaluation of Tomato Pest Management Options in Central Kenya 
Tomato trials were conducted at KARI-Thika to assess the efficacy and economic 
benefits of five tomato pest management options. The five treatments were: (i) grass 
mulch application without insecticide application; (ii) grass mulch application at two 
weeks from transplanting and need-based pest control using bio-pesticides; (iii) farmers’ 
practice involving staking bi-weekly insecticide application; (iv) staking and need-based 
insecticide application using bio-pesticides; and (v) untreated control without insecticide 
application. The treatments were laid out in randomized complete blocks replicated four 
times. The variety used was Cal J, and all the agronomic practices were carried out 
uniformly among the treatments, except arthropod pest management.  
 
The arthropod pest population was low due to unusually heavy rainfall throughout the 
tomato crop season while fungal diseases (late blight Phytophthora infestans and early 
blight Alternaria solani) were prevalent. Insect pests prevalent during this season 
included aphids, whiteflies, thrips, leaf miners, bollworms, and beetles. The untreated 
control had the highest whitefly population score and bollworm damage (44.2%). The 
farmers’ practice fields had the lowest whitefly, aphid, and thrips population. Beneficial 
insects were recorded only from the IPM and untreated control plots. These included 
ladybird beetles and the aphid parasitoid Aphidious sp. During the second trial, arthropod 
pests including whiteflies, aphids, stinkbugs, thrips, spider mites, leaf miners, and blister 
beetles were recorded. Whitefly population was highest in farmers’ practice fields despite 
routine insecticide application. However, aphid population was low in farmers’ practice 
fields throughout the season. The spider mite population started building up after the 
fruiting stage, and the pest was adequately controlled through applications of Dimethoate 
alternated with Abamectin. Other pests recorded from the tomato crop were thrips, leaf 
miners, coreid bugs, Systates weevils, and flea beetles. Flea beetles disappeared as the 
crop grew older.  
 
Ladybird beetles were the major beneficial insects observed in the tomato field. The 
natural enemy was abundant in all the treatments except farmers’ practice treatments. 
Other beneficial insects recorded were lacewings and spiders, but their population was 
low and did not differ significantly within the treatments.  
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The mean total yield differed significantly within the treatments. Farmers’ practice had 
the lowest mean fruit damage (2540kg/ha) and the highest marketable yield (2,527. 
69Kg/ha), while the untreated control plots had the highest mean fruit damage 
(142.6kg/ha) and the lowest mean marketable yield (258Kg/ha).  
 
Economic analysis revealed that IPM practice resulted in higher economic benefits when 
staking or mulching was applied in tomato production. The farmer management option 
recorded the highest pest management cost (116,000KSh/Ha), which lowered the 
economic benefits to 35,661KSh/Ha, compared to 41,599.20KSh/Ha and 
40,783.80KSh/Ha in staking with need-based pesticide application and grass mulching 
with need-based pesticide application respectively. However, all the plots where 
insecticides were applied recorded higher economic benefits compared to plots without 
insecticide application. 
 
Insecticide application in tomato production significantly reduced pests and increased 
yield. Routine application of insecticides is hazardous to the environment and reduces the 
economic benefits. 
 
Need-based pesticide application would be environmentally friendly and increase the 
economic benefits of tomato production. 
 
Organic mulching greatly reduced the occurrence of weeds and pest infestation in the 
tomato plots.  However, farmers rarely use mulch. There is a need to further investigate 
the advantages of staking determinate tomatoes in Kenya. 
 
Kenya and Uganda: Identification of begomoviruses associated with tomatoes  
In March 2007, six tomato fields in the irrigated agricultural area near Mwea, Kenya and 
four tomato fields near Kampala, Uganda were visited and samples with viral symptoms 
were collected. Immunostrips from Agdia, which are specific for Tomato mosaic virus, 
were used to test multiple samples. All samples tested negative. The five samples from 
Kenya and three samples from Uganda were sent to Dr. Maria Rojas of the Department of 
Plant Pathology at the University of California-Davis. They tested positive for the 
presence of a whitefly-transmitted geminivirus using both DNA hybridization with a 
general probe and polymerase chain reaction (PCR) with two different sets of general 
primers. Samples were tested with PCR specific primers for three geminviruses: Pepper 
yellow leaf curl virus (PYLCV), Tomato yellow leaf curl Morondava virus (TYLCMV), 
and Tomato leaf curl virus (ToLCV). All three of these geminiviruses have been detected 
in tomatoes in West Africa. PYLCV was detected in all of the samples from both Kenya 
and Uganda. TYLCMV was not detected in any of the 8 samples, and one sample from 
Kenya had ToLCV.  Two other samples from Uganda were tested only with degenerate 
PCR primers, and these samples were negative for begomoviruses with this one set of 
primers. 
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There was a positive identification of begomovirus infection as one of the main problems 
in the Mwea area of Kenya, and Pepper yellow leaf curl virus was detected in all samples. 
All samples tested negative for Tomato mosaic virus.  
 
Study on Women’s Role in Pest Management at Mwea in Kenya 
 
Baseline socioeconomic data to help differentiate data on basis of gender. 
The baseline data was based on surveys conducted on 120 farmers, including 23 females 
and 97 males. The survey included 12 sections: basic data on respondents and survey 
area; land details; labor incurred in tomato production; inputs used for tomato production; 
output from one season; tomato market information; knowledge of pests; pest control 
practices; knowledge of pesticide handling and storage; information required for 
improving tomato production; and income sources and estimated amounts. 
 
The information on the labor incurred in tomato production focused on hired labor. This 
data was readily analyzed along gender lines. Results from previously-analyzed data 
tabulated in the baseline survey report indicated that activities such as nursery 
preparation, land preparation, preparation of ridges/holes, watering, and spraying were 
carried out by men. Women were involved in activities such as top dressing fertilizer, 
manure application, mulching, weeding, staking, and harvesting (Waiganjo et al., 2006). 
 
In terms of tomato output, the baseline survey indicated that most of the tomato product 
harvested was sold, and this seemed to be the case for both males and females. It appears, 
then, that tomato production in the Mwea area is mainly for commercial purposes. 
 
The baseline survey, however, presented some limitations. Although most of the pertinent 
questions such as those on division of labor, land details, tomato output, farmer sources 
of information, and knowledge of pests were included in the survey, the survey was not 
immediately amenable to sociological analysis.  
 
Horticulture in Mwea area 
1. In Mwea, there was a growing emphasis on horticultural production vs. traditional 

cash crops (tea and coffee). According to the officers, men were particularly 
disinterested in crop production because it did not have an income incentive.  

2. Horticultural production has resulted in income changes in most of the households. 
These changes stem from the fact that horticultural crops are short-term crops, 
different from the traditional cash crops. Further, there is a variety of marketing 
channels for horticultural crops, such as local marketing and urban markets, which 
differ from the traditional cash crops requiring sale through marketing boards. 

3. Horticulture faces a sustainability problem. Small-scale farmers are very vulnerable 
to failures in horticultural production, mainly caused by pests and diseases.  

4. IPM is playing an important research role in Mwea. IPM CRSP in Mwea has placed 
particular emphasis on the tomato because: a) it has been identified as a high-income 
crop for the Mwea area; b) it is suitable for small-scale production, and most of the 
farmers in Mwea are small-scale farmers; and 3) it suffers from a lot of disease. As 
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farmers in this area have engaged in an excessive use of pesticides, IPM intervention 
is invaluable. 

 
On-farm tomato trials in Tanzania 
An on-station experiment to evaluate the effect of seven tomato management techniques 
on pests was conducted from October 2006 to February 2007 and repeated May - 
September 2007 at SUA. The experiment consisted of randomized complete blocks with 
five replications in split plot treatments with two determinate tomato varieties (CALJ and 
TANYA) as the main plots and seven tomato management techniques as follows: 
(i) Fertilizer application: NPK (20:10:10) at the recommended rate of 180 kg N/ha in 3 
splits of 90, 45 and 45 kg N/ha at transplanting, flowering, and early fruiting, 
respectively, and weeding done twice with hand hoe. (ii)  Mulching: Dried star grass 
(Cynodon dactylon) applied at a thickness of 10 cm soon after transplanting and no 
weeding. (iii) IPM: Herbicide (Roundup) applied one week prior to transplanting; 
insecticide (Karate 5% EC) and fungicide (Mancozeb 80% WP) applied when 3 
insects/leaf/plant within 1m2 sampling area and/or 20% disease infection on at least one 
plant are observed; fertilizer (NPK) applied at flowering (45 kg N/ha) and no weeding. 
(iv)  Intercropping with cabbage: tomato intercropped with cabbage (cv. Romenco) at a 
spacing of 0.6 m within rows. In a repeat experiment, cowpea was used instead of 
cabbage. (v)  Grower standard: No basal fertilizer; fertilizer (Urea 46%N) applied at 100 
kg N/ha in two splits two weeks after transplanting and at flowering; weeding twice with 
hand hoe; insecticide and fungicide applied routinely (once a week) beginning two weeks 
after transplanting. (vi)  No control measure on diseases, insect pests, and weeds and no 
fertilizer application. (vii) Intercropping with spider plant: Green stem Spider plant 
(Cleome gynandra L.) planted between tomato rows at 70 cm intra-row spacing and 
weeding twice with hand hoe. In the repeat experiment, spider plants were plucked once 
every two weeks. 
 
Aphid population dynamics: Aphids infested tomato plants in all the management 
practices tested, but at differing levels. The level of infestation was highest (100%) in 
fertilizer treatment from 14 -28 days after tomato transplanting, while the lowest was in 
growers’ standard (1.6%).  
Leaf miner incidence: Leaf miners were observed in all management practices. 
However, infestation was lower in both grower standard and IPM than other management 
practices. While infestation incidence remained constant (100%) from 14 days to 21 days 
after transplanting in fertilized plots, it remained almost zero in plots under growers 
standard and IPM. 
Bollworm population dynamics: Tomato under IPM and grower standard had the 
lowest number of bollworms at all sampling dates compared to all other management 
practices. The tomato – spider plant intercrop had the highest number of bollworms 
averaging 4.4 per plant at 49 days after transplanting. 
Diseases severity: Disease incidence was highest in intercropped plots. The grower 
standard management practice consistently maintained the lowest levels of disease 
incidences over the crop but was not significantly different from the IPM treatment.  
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Nematode infestation: Nematode infestation incidence among treatments was not 
significantly different between treatments. The proportion of infected plants ranged from 
22% for IPM to 48% under tomato - spider plant intercrop. 
Weed infestation: Mulching and IPM had lower sedge and broad leaf weeds. However, 
late in the season sedges were able to emerge through the mulch. The check treatment 
was totally overgrown by weeds of all types. 
Tomato yield:  Mulching had a higher number of fruits per plant and per M2 than other 
treatments except fertilizer. The number of clean marketable fruits was significantly 
higher in grower standard but comparable to fertilizer, mulch, and IPM. Clean marketable 
fruit weight was highest in mulched plots but similar to fertilizer, IPM, and grower 
standard. 
 
Highlights: 
1. Reduced pesticide application under IPM (3X) gives results similar to grower 

standards where application is 12 to 24 times. 
2. From field observations it is possible to improve the performance of some of the 

techniques evaluated by adding other components, e.g., mulching, with application of 
pesticides as needed. 

3. Formulation of what will constitute IPM demonstration plots in the target villages has 
been done and initial on-station evaluation is in progress. 

4. Though weeds were ranked lowest as pests, nutsedges were singled out to be the most 
problematic. An on-station trial on yield loss assessment due to weeds is in progress 
using 5 test vegetables. 

5. The Mexican poppy, which emerges towards the end of the crop cycle and is 
consequently ignored by farmers, is likely to become a threat.  

Tanzania – tomato: Mtui thesis: Seed biology-based interventions for enhanced 
integrated crop management in tomato production by small scale farmers in the 
Morogoro region-Tanzania 

Quality assessments of tomato seeds used by farmers in the Morogoro region  
Seed germination vigor tests for four tomato seed sources (commercial ‘Tanya’ and ‘Cal 
J’, and farmer-saved seeds ‘Tanya G1’ and ‘Tanya G2’) were conducted. 
 
The Cal J cultivar produced fewer seeds per unit fruit weight than the Tanya cultivar. 
Farmer–saved seeds had higher germination percentages than commercial seedlots. 
Commercial seedlots produced seedlings with a higher vigor. Chlorine and hot water 
treatments were the most efficient treatments in hastening germination and improving 
seedling vigor. 
 
Effect of seed treatments on seedborne bacterial pathogens in tomato seeds 
This experiment was conducted to assess the presence of seedborne bacteria in four 
different tomato seedlots and to evaluate the efficacy of seed treatments in reducing 
bacterial contamination. Results showed that all the seedlots assessed were contaminated 
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with Clavibacter michiganensis subsp. michiganensis (CMM), Xanthomonas campestris 
pv. vesicatoria (XCV), and Pseudomonas syringae pv. tomato (PST). 
 
Both commercial and farmer-saved seedlots were highly contaminated with seedborne 
bacterial pathogens. Farmer–saved Tanya G2 seedlots had the highest contamination with 
bacterial speck pathogen. Chlorine and hot water seed treatments significantly reduced 
bacterial populations. 
 
Seed treatment effect on field tomato seedling survival, vigor, and bacterial disease 
incidence for plants originating from different seed sources 
A field experiment was conducted to evaluate four tomato (Lycopersicon esculentum 
Mill.) seed sources subjected to four different seed treatments (hot water, chlorine, 
Ridomil, and untreated check) and two mulch levels for subsequent incidence of bacterial 
leaf spot (BLS), bacterial speck (BS), and bacterial canker (BC), along with post 
transplanting vigor and survival. 
 
Seedlings from commercial ‘Tanya’, ‘Cal J’ and ‘Tanya G1’ seedlots had both superior 
vigor and survival index compared to ‘Tanya G2’. Chlorine and hot water seed treatments 
reduced bacterial disease incidence in the field. Organic mulch reduced bacterial speck 
severity and enhanced plant vigor. 
 
Assessment of yield differences encountered by farmers using four different tomato 
seed sources in Morogoro region 
Commercial ‘Tanya’ and ‘Tanya G1’ had a higher yield compared to ‘Cal J’ and ‘Tanya 
G2’. Chlorine and hot water-treated seeds led to a higher number of fruits per plant. 
Plants from hot water-treated seeds produced less sunscald fruits. Mulched plots 
produced more fruits per plant, and greater fruit weight and marketable yield per acre. 
Mulching reduced sunscald fruit disorder. 
 
AVRDC/Arusha: Repellent crops for Thrips sp. in tomato 
 
Spiderplant: Results did not show significant differences among the three treatments 
tested. The drop in number of thrips in all treatments was due to heavy rains combined 
with low temperatures that occurred in the fifth week of counting. Spiderplant as a 
repellent crop did not affect the presence of Thrips sp in the experimental plots. Although 
the results were not significant, the data showed that spiderplant acts as a repellent crop 
as the number of thrips present on the monoculture was lower compared to the other 
treatments. In fact, spiderplant is well known to have volatile oils with insect repellent 
properties. However, this component doesn’t affect the normal development of Thrips sp. 
On the other hand, the presence of spiderplant between tomato plants attracts many 
aphids. It is known that spiderplant is heavily attacked by aphids. In general, our data 
indicated that the use of tomato-spiderplant intercropping system is not recommended to 
avoid heavy damage of Thrips sp, but this crop may perhaps be efficient for repelling 
other kinds of insects. 
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Sunhemp: Results show significant differences among the three treatments tested. The 
drop in the number of thrips in all treatments is due to heavy rains combined with low 
temperatures that occurred in the fifth week of counting. The effect of the sunhemp as 
repellent crop clearly affected the presence of Thrips sp. in the experiment. In fact, the 
tomato monoculture was most affected by thrips, while the sunhemp monoculture was the 
least affected. When intercropped with tomato, sunhemp significantly reduced the 
number of thrips, thereby demonstrating its repellent properties. 
 
IPM Technologies for scotch bonnet hot pepper 
Results indicated that the cropping system significantly affected the aphids and thrips 
population (P < 0.05). Infestation by aphids was lower in hot pepper intercropped with 
cowpea, whereas the reverse was true for thrips (Table 1). The pesticide application 
schedule significantly affected aphids and white fly infestation (P < 0.05). Treatments 
with carbofuran were very effective in lowering aphid infestation, much better than neem 
sprays whose effect was not different from the untreated (Table 1). On the other hand, 
neem sprays proved to be better than carbofuran in lowering white fly infestation (Table 
1). Plant performance attributes were not affected by the pesticide application plan 
(P<0.05). Cropping systems significantly affected the level of hot pepper regarding the 
number of fruits/plant. Growing hot pepper with cowpea had a lowering effect on the 
fruiting of hot pepper (Table 1). Viral infection, though rampant on the crop, was not 
significantly affected by the cropping system and pesticide application plan.  
 
 
Table 1. Hot pepper pests and fruiting as influenced by cropping system and  
pesticide application plans 
 
  Aphid/plant Whitefly/plant Thrips/plant Fruits 

Treatments Inter-
crop 

Sole 
crop 

Inter-crop Sole crop Inter-
crop 

Sole crop Inter-
crop 

Sole 
crop 

1 1.818 8.091 3.848 2.030 1.061 .091 1.000 3.667 
2 9.758 32.697 1.000 1.455 .455 .091 1.000 4.667 
3 .970 6.364 2.848 2.152 .606 .121 .667 3.333 
4 9.970 19.970 3.879 3.485 .697 .424 .000 2.333 
                  
                       
Treatments: 1 = carbofuran at transplanting, 2 = weekly sprays of neem, 3 = carbofuran + 
neem, and 4 = untreated control. 
The pesticide plan significantly affected aphids and white fly infestation. (P = 0.000, P = 
0.025 respectively.) 
The cropping system significantly affected aphids, thrips and fruiting. (P = 0.000, P = 
0.001, and P = 0.000 respectively.) 
 
Intercropping reduced the infestation of pepper by aphids, but did not affect the thrips 
and whitefly population. Neem application did not significantly affect the population 
density of aphids and thrips, but did affect whiteflies. The incidence of viral disease was 
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very high and was not influenced by either the cropping system or pesticide application, 
suggesting that the infection might have been from the seeds. Therefore, farm-generated 
hot pepper seed will be analyzed for viruses and other seedborne diseases. Field trials 
assessing some IPM options need to be repeated for conclusive results, and more 
improved tactics need to be tested to create a ‘packed basket’ of options. 

 
Pest management for integrated vegetable systems 
An on-station experiment to evaluate seven tomato management techniques affecting 
pests was conducted from October 2006 to February 2007 and repeated from May - 
September 2007 at SUA. The experiment consisted of a randomized complete block with 
five replications in split plot treatments with two determinate tomato varieties (CALJ and 
TANYA) as the main plots and seven tomato management techniques as follows: 
(i) Fertilizer application: NPK (20:10:10) at the recommended rate of 180 kg N/ha in 3 
splits of 90, 45 and 45 kg N/ha at transplanting, flowering and early fruiting, respectively, 
and weeding done twice with hand hoe. (ii) Mulching: Dried star grass (Cynodon 
dactylon) applied at a thickness of 10 cm soon after transplanting and no weeding. (iii) 

IPM: Herbicide (Roundup) applied one week prior to transplanting; insecticide (Karate 
5% EC) and fungicide (Mancozeb 80% WP) applied when 3 insects/leaf/plant within 1m2 
sampling area and/or 20% disease infection on at least one plant are observed; fertilizer 
(NPK) applied at flowering (45 kg N/ha) and no weeding. (iv) Intercropping with 
cabbage: Tomato intercropped with cabbage (cv. Romenco) at a spacing of 0.6 m within 
rows. In repeat experiments, cowpea was used instead of cabbage. (v) Grower standard: 
No basal fertilizer; fertilizer (Urea 46%N) applied at 100 kg N/ha in two splits two weeks 
after transplanting and at flowering; weeding twice with hand hoe; insecticide and  
fungicide applied routinely (once a week) beginning two weeks after transplanting. (vi)  
No control measure on diseases, insect pests and weeds and no fertilizer application. (vii) 
Intercropping with spiderplant: Green stem Spider plant (Cleome gynandra L.) planted 
in-between tomato rows at 70 cm intra-row spacing and weeding twice with hand hoe. In 
the repeat experiment, spiderplants were plucked once every two weeks. 
 
Aphid population dynamics: Aphids infested tomato plants in all the management 
practices tested, although at differing levels. The level of infestation was highest 
(100%) in fertilizer treatment from 14-28 days after tomato transplanting, while the 
lowest was in grower standards (1.6%).  
Leaf miner incidence:  Leaf miners were observed in all management practices. 
However, infestation was lower in both grower standards and IPM than with other 
management practices. While infestation incidence remained constant (100%) from 14 
days to 21 days after transplanting in fertilized plots, it remained almost zero in plots 
under grower standards and IPM. 
Bollworm population dynamics: Tomato under IPM and grower standards had the 
lowest number of bollworms at all sampling dates compared to all other management 
practices. The tomato – spider plant intercrop had the highest number of bollworms, 
averaging 4.4 per plant at 49 days after transplanting. 
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Diseases severity: Disease incidence was highest in intercropped plots. The grower 
standards management practices consistently maintained the lowest levels of disease 
incidence over the crop, but were not significantly different from the IPM treatment.   
Nematode infestation: Nematode infestation incidence among treatments was not 
significantly different between treatments. The proportion of infected plants ranged from 
22% for IPM to 48% under tomato - spiderplant intercrop. 
Weed infestation: Mulching and IPM had lower sedge and broad leaf weeds. However, 
late in the season, sedges were able to emerge through the mulch. The check treatment 
was totally overgrown by weeds of all types. 
Tomato yield: Mulching had a higher number of fruits per plant and per M2 than other 
treatments except fertilizer. The number of clean marketable fruits was significantly 
highest in grower standards but comparable to fertilizer, mulch, and IPM. Clean 
marketable fruit weight was highest in mulched plots but similar to fertilizer, IPM, and 
grower standards. 
 
Highlights: 
1. Reduced pesticide application under IPM (3X) gives results similar to grower 

standards where the application is 12 to 24 times. 
2. From field observations, it is possible to improve the performance of some of the 

techniques evaluated by adding other components, e.g., mulching with application of 
pesticides as needed. 

3. A formulation of what will constitute IPM demonstration plots in the target villages 
has been done, and initial on-station evaluation is in progress. 

4. Though weeds were ranked lowest as pests, nutsedges were singled out to be the most 
problematic. An on-station trial on yield loss assessment due to weeds is in progress 
using five test vegetables. 

5. The Mexican poppy, which emerges towards the end of the crop cycle, is 
consequently ignored by farmers and is likely to become a threat.  

 
Biologically based interventions for managing Helicoverpa armigera 
Investigators: S. Kyamanywa, MU; M. Otim (NCRRI) 
Collaborators: A. Roberts, VT; G.C. Luther, AVRDC-WVC; Z. Muwanga, (Wakiso 
District) 
The objective of this study is to develop a cost-effective, biologically-based tomato 
fruitworm (cotton bollworm) control package for tomato growers in the central region of 
Uganda. A survey was carried out in the important tomato growing districts of Wakiso, 
Kayunga, and Masaka to determine the incidence of and damage by bollworm. The 
location and elevation of sampled farms were obtained using a GPS unit. Sampling for 
bollworm on tomato was conducted during flowering and fruiting. Sampling for 
bollworm was also done on possible alternate host plants within a 30m radius of the focal 
tomato field. Information on pesticide use was obtained from farmers.  
 
In Wakiso District, higher fruit damage in one field coincided with the presence of an 
unsprayed maize field that was seriously affected by bollworms and hence acted as a 
bollworm refuge. In Masaka, the highest number of bollworm-damaged fruits was in a 
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field where the farmers used lower doses of insecticides. The major crops grown near 
tomato gardens include cassava, pineapple, banana, maize, green pepper and eggplant, 
while non-crop plants include lantana, spear grass, and couch grass. Among all these 
crops/plants, bollworm presence and damage was only observed in maize. No natural 
enemies of the bollworm (egg or larval) were recorded in tomato. All farmers invariably 
use insecticides for control of bollworm, usually based on a routine schedule. The 
insecticides commonly used for bollworm control are cypermethrin and profenofos.  
 
Higher tomato fruit damage in one field coincided with the presence of an unsprayed 
maize field that was seriously affected by bollworms and hence acted as a bollworm 
refuge. Major crops grown near tomato gardens include cassava, pineapple, banana, 
maize, green pepper, and eggplant, while non-crop plants include lantana, spear grass, 
and couch grass. Among all these crops/plants, bollworm presence and damage was only 
observed on maize. 

Integrated disease management strategy for passion fruit in the region 

Uganda:  
M. Ochwo-Ssemakula, S. Wasike, J. Karungi, R. Edema, E. Adipala, and S. Kyamanywa 
(Makerere University, Uganda); P. Seruwagi and M. Otim (National Crops Resources 
Research Institute, Uganda); M. Erbaugh, S. Miller, and P. Redinbaugh (Ohio State 
University) 
The objectives were:   to characterize passion fruit germplasm using molecular markers, to 
screen select yellow types for tolerance to viruses, to do molecular characterization of the 
prevalent potyvirus species, to develop diagnostic primers for virus identification, and to 
identify the insect vectors transmitting viruses. 
 
Preliminary analysis indicates some genetic diversity among passion fruit types. Yellow 
passion fruit types with tolerance to viruses have been identified in central Uganda. The 
complete coat protein gene for the prevalent potyvirus species infecting passion fruit in 
Uganda has been sequenced. Phylogenetic analysis confirms this potyvirus as a distinct 
species from other potyviruses so far reported on the crop worldwide. Four primer pairs 
have been identified that can be used to detect the potyvirus species infecting passion 
fruit in Uganda and to discriminate between the two subgroups of this potyvirus. Aphids 
were not found on passion fruit. Aphid species from alternate hosts in central Uganda are 
under investigation. 
 
It has been confirmed that there is an occurrence of a novel potyvirus on passion fruit. 
Tolerance was also detected in local passion fruit that may be useful in resistance 
breeding.  
 
Kenya 
Development of an Integrated Management package for Fusarium wilt of passion 
fruit  
R. Mata; M. Opita, M. Wabule (KARI) and R. Gisimba (Egerton University) 
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Two studies were conducted in year two: (a) isolation of the fungal disease of passion 
fruits and (ii) screening of passion fruit root stocks for resistance to fusarium root rot. 
 
Isolation of fungal species from diseased passion fruit samples 
Plant samples (leaf root and stems) were collected from approximately 40 farms selected 
from major production areas in Western, Nyanza, Central and Rift Valley Provinces. 
Sections of the plant tissue were sterilized and cultured in Tap Water Agar, Carnation 
Leaf Agar, and PDA. Morphological characterization was done through microscopy. 
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Table 1: Disease symptoms observed and fungi isolated in three regions sampled 
 
Region Passion fruit 

variety 
Symptoms 
observed 

Fungi isolated 

Wilting of 
plants 

Fusarium oxysporum 

Dieback  •     F. Oxysporum 
•     Alternaria sp. 

Leaf spots •     Alternaria passiflorae 
•     Septoria sp. 
•     Glomerella cingulata 

1. Western Kenya 
(Lugari/Bungoma) 

Purple passion 
fruit 

Fruit spots •     Alternaria passiflorae 
•    Colletotrichum 
passiflorae 
•     Septoria sp. 

Dieback •     Phytophthora sp. 
•     Alternaria sp. 

Fruit spots •     Alternaria passiflorae 
•     Glomerella sp. 
•    Colletotrichum 
passiflorae 
•    Pestalotiopsis 
mangiferae 

2. Nyanza Province 
(Kisii district) 

Purple passion 
fruit and local 
varieties 
(‘Amatondogoro’)

Leaf spots •     Alternaria passiflorae 
Dieback •     Phytophthora sp. 

•     Fusarium oxysporum 
•     Alternaria passiflorae 

Wilting •     Fusarium oxysporum 
•     Phytophthora sp. 

Leaf spots •     Alternaria passiflorae 

3. Central Province 
(Ithanga/Kakuzi division) 
  
  
  
  
  
  

Purple passion 
fruit 

Fruit spots •     Alternaria passflorae 
•    Colletotrichum passiflore

 4. Rift Valley 
(Elburgon/Mau Summit/ 
Bahati/Eldoret/Kitale) 

    •     Fusarium oxysporum 
•     Phytophthora sp. 
•     Phomopsis sp. 

 
There are several fungal pathogens attacking passion fruits in Kenya, and there is a need 
to characterize them and to evaluate their impact on the yield of passion fruit. The most 
prevalent diseases were the fusarium wilt and woodiness viruses.  
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Passiflora subrosa Passiflora flavicarpa are tolerant in the laboratory to fusarium root 
rot, but P. flavicarpa is susceptible in the field. 
 
Passiflora flavicarpa is the best rootstock for the purple passion fruit. Species like 
Passiflora mollisima and Passiflora ligularis give between 40% and 60% success.  
 
Passiflora subpeltata, Passiflora mollisima, Passiflora subrosa are as tolerant to drought 
as Passiflora flavicarpa.  
 
STEP mulch with Rodozim is the most effective combination for suppressing fusarium 
wilt under field production. Step Pot tends to slow down growth but has better water 
economy than basin, Step mulch, and no irrigation. 
 
Development of diagnostic tools for Xanthomonas campestris pv. musacearum  
G. Tusiime (MU), S. Kyamanywa (MU); S. Miller and M. Lewis Ivey (OARDC-OSU); 
M. Maina and L.Tripathi (IITA-Uganda) 
The objective was to develop diagnostic tools to aid in the management of banana wilt 
disease, by:  
i) Developing an isolation and diagnostic media for Xanthomonas campestris pv. 
Musacearum; 
ii) Developing a molecular diagnostic tool for Xanthomonas campestris pv. Musacearum; 
iii) Characterizing Xanthomonas campestris pv. musacearum population in Uganda. 
The most promising antibiotics were cephalexin and 5-Fluorouracil. These were added 
into the most promising basal medium, CTA, to formulate a new selective media. The 
most effective concentration of the antibiotics was established at 40mg/L cephalexin and 
10mg/L 5-Fluorouracil. The basal medium contains (g/L) glucose, 1g; yeast extract, 1g; 
peptone, 1g; ammonium chloride, 1g; K2HPO4, 3g; MgSO4.7H2O, 1g; cellobiose, 10g 
and agar, 14g. RFLP analysis using the two resulted in common fingerprints for all 
isolates for each of the enzymes. This implied that the population of the bacteria was 
highly uniform. Additional DNA analysis of the bacteria using RAPD technique also 
gave similar results. The primers have successfully detected XCM in infected banana. 
They have also been able to detect bacteria directly from bacterial ooze from infected 
plants without prior need to extract pure DNA.  
 
A semi-selective medium, CCA, has been developed for isolation of Xanthomonas 
campestris pv. musacearum. This medium will allow easy isolation of the bacterium and 
facilitate detection of new outbreaks, monitoring of disease spread, and epidemiological 
studies. No genetic variation was detected in the Xanthomonas campestris pv. 
musacearum population. This implies a highly uniform population of the bacteria (clonal 
in nature). A molecular diagnostic tool for Xanthomonas campestris pv. musacearum has 
been developed and tested. It is very promising because it can detect the pathogen in 
infected tissue without the need to extract bacterial DNA.  
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Develop an IPM research program on major insect pests and diseases of coffee in 
the region 

Priority Insect Pests and Diseases of Arabica coffee (Coffea arabica L.) as defined by 
various sources in East Africa. 
 
Pests & Source Growers 

Uganda 
CORI 
Uganda 

TACRI 
Tanzania 

Kenya 

Insects         
Antestia bug (Antestiopsis spp. Ghesq. 
and Carayon) 

2 1 2 2 

White stem borer (Anthores leuconotus)     1 1 
Coffee Stem borer (Bixadus seirricola 
White) 

1 5     

Coffee berry borer (Hypothenemus hampei 
Ferr.) 

3   3   

Scales (Gascardia brevicauda and/or 
Coccus alpinus De Lotto) 

5 2     

Coffee leaf miner (Leucoptera meyricki 
and L. caffeina) 

  3 4   

Coffee root mealy bug (Planococcus 
ireneus De Lotto) 

6       

Coffee mealybug (Planococcus kenyae Le 
Pelley) 

  4   3 

Coffee lace bug (Habrochila ssp.) 4       
Diseases         
Leaf rust (Hemileia vastatrix) 2  2 Resistant 

varieties 
2** 

Coffee berry disease (Colletotrichum 
kahawae Waller and Bridge) 

1 1   1 

Red blister disease 4       
Armilleria, wilting root rot (Armillaria 
melea Vahl) 

3       

Fusarium, (Fusarium stilboides Wollenw) 5       
Elgon die back (Pseudomonas syringae 
Van Hall) 

4       

*   Rankings range from 1 – most important, to 6, lower in importance. 
** In Kenya, leaf rusts have been recently controlled by grafting a Ruiru III onto resistant 
root stock. Copper-based fungicides are also used to control leaf rusts. 
 
Socioeconomic baseline studies with coffee growers in Uganda and Tanzania  
Uganda: A baseline survey of 127 coffee growers (14 female/113 male) on Mt. Elgon 
was conducted. An important objective of this survey was to develop pest (insect, 
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disease, and weed) priorities from the farmers’ perspective to orient future research 
efforts. These priorities are listed in Table 9. Insect priorities are stemborer (Bixadus 
seirricola) and berry borers (Hypothenemus hampei) in Zones 1 and 2, and antestia 
(Antestiopsis spp.) in Zone 3. Priority diseases are leaf rust (Hemileia vastatrix) in Zones 
1 and 2, and coffee berry disease (CBD) (Colletotrichum kahawae) in Zone 3. Although 
weeds are often overlooked in research prioritization efforts, they are clearly an important 
priority that needs to be addressed. A priority weed is couch grass (Digitaria scalarum), 
with other important weed species being Oxalis latifolia, Bidens pilosa, and Galisonga. 
These results, from the farmers’ perspective, will need to be validated in future 
investigations, including on-going biological monitoring activities. 
 
The impact that zoning, farming systems, shading, and even climate change has on pest 
prevalence and management needs to be investigated in the future using longer-term 
studies. These factors also have implications for the development of new varieties with 
those already developed not appearing to have been widely disseminated or adopted. The 
impact of variety, and the factors already mentioned also impact coffee quality. 
Processing also impacts quality and, with a large majority of farmers preferring on-farm 
processing, which increases the variability of coffee quality, information as well as 
enhanced linkages with washing stations need to be improved. 
 
Obviously, coffee growers in this sample on Mt. Elgon are starved for new information 
and have not had very much access to information on production and marketing in the 
past; this needs to be altered to improve, if not save, the coffee industry in this part of the 
country. The role of the IPM CRSP in Uganda will be to explore some of these important 
issues with the goal of improving pest management, coffee quality, and quantity. This 
will need to be done in collaboration with marketing efforts that provide information to 
farmers on quality enhancement and new market opportunities. 
 
Tanzania: A baseline survey was conducted in the two districts on/near Mt. Kilimanjaro. 
A total of 120 (18 female and 102 male) farmers representing heads of households were 
interviewed. 
 
Characteristics of coffee growers 
The age distribution of coffee growers was similar in both districts. Overall, the majority 
of growers were above 50 years (75.8%), with only a few aged between 30 – 50 years 
(21.7%) or between 15 – 30 years (2.5%). 
 
Coffee growers in the Hai district had a much higher level of education than those in the 
Moshi district. Nevertheless, in all districts, most of the interviewed coffee growers 
(87%) had attained no more than a primary school level education. 
 
Sources for coffee production information were identified in order of importance to be 
the district extension agents, meetings and seminars, the media, cooperative societies, 
neighbors, NGOs, and TaCRI. About 14% of coffee growers in the Hai district and 4% in 
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the Moshi district indicated that they had no formal source of information on coffee 
production. 
 
The lowest family size was 2 (10.8% in Hai and 9.2% in Moshi), and the maximum more 
than 8 people (1.7% in Hai and 0.8% in Moshi) with an average of 4 people in both 
districts. Household farms ranged from 0.5 acre to more than 5 acres, with an average of 
1.5 acres.  
 
Crop production was the primary source of income, with coffee as the main cash crop for 
all the respondents in the Hai district and for 95% of the respondents in the Moshi 
district. Secondary sources of income were mainly livestock keeping and trade (20% and 
8%) in Hai and trade and salary (10% and 5% respectively) in Moshi. Annual household 
incomes ranged from 200,000 to 3,000,000 shillings in Moshi and up to 5,000,000 in Hai. 
In both districts, the average annual income was about 500,000 shillings. 
 
Coffee production practices 
The use of organic soil amendments such as mulch (58.3% and 53.3%) and farmyard 
manure (80% and 78.3% - in Moshi and Hai respectively) was more popular than the use 
of inorganic fertilizers. Only 6.7% and 33% of the respondents in the Moshi and Hai 
districts respectively indicated that they were using inorganic fertilizers. 
 
In both districts, coffee is either sold as fresh ripe berries or as dried parchment. 
Processing is either done at the household level or at central pulperies, sponsored by 
Technoserve. In the Moshi district, 75% of the respondents preferred processing their 
coffee at the household and 18% preferred the central pulperies, while 7% used both 
systems. All the respondents in the Hai district preferred processing the coffee at the 
household and therefore selling parchments. In all districts, central pulperies were buying 
ripe berries at a price of 240 shillings per kilo, while parchments are sold at 1800 
shillings per kilo. Central pulperies are advocated as a way to improve quality. However, 
it does not benefit farmers. 
 
Coffee pest prevalence and growers’ pest management experiences 
Insect pests: Insect pests of economic importance mentioned as prevalent in the two 
districts are the white coffee stem borer (WCSB), the antestia bug, the coffee berry borer 
(CBB), the coffee leaf minor (CLM), scales, and the mealybug (mentioned only at 
medium and high altitudes in Hai). WCSB was mentioned as the most important pest in 
Moshi, particularly at a high altitude. The pest was the second most important in the Hai 
district, being most prevalent at low elevations. The antestia bug was the most important 
in Hai, and most prevalent at medium elevations. 
 
Diseases: The major diseases identified by respondents were coffee berry disease (CBD) 
and leaf rust. In both districts, CBD was considered to be more prevalent at high 
elevations, while the leaf rust was so at low elevations. 
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Weeds: Important weeds mentioned were Digitaria scalarum and Cyperus rotundus. The 
majority of respondents indicated that they were capable of managing the weeds 
appropriately. 
 
Pest management practices: In all districts, 30% of the respondents indicated that they 
depended solely on pesticides in the management of insect pests and diseases. Seven 
brands of insecticides and 13 brands of fungicides were being used. Some farmers used 
locally identified bio-pesticides. These include wood ash, cattle urine and dung, animal 
fats, and botanicals such as tobacco, Tephrosia vogelli, Azadirachta indica, Aloe vera, 
Tithonia spp. and Mammea Americana. 
 
Pesticides handling practices: Results show that farmers in the Hai district are better 
informed of appropriate pesticide handling and use practices than those in Moshi. 
Nevertheless, in all districts, low-level knowledge of pesticide handling is prevalent. For 
example, 40% and 27% of the respondents do not usually read labels on pesticide 
containers or application instructions; 78% and 58% do not wear protective gear; 52% 
and 38% do not observe the minimum waiting time to re-enter a farm after pesticide 
application; 45% and 30% do not store pesticides appropriately; and 47% and 37% 
always prepare pesticide cocktails (in Moshi and in Hai districts respectively). 
 
Awareness of IPM: A high proportion (43% and 32%) are unaware of any harmful 
effects of pesticides; 48% and 22% do not know of any beneficial insects in pest 
management; and 37% and 32% (in Moshi and Hai respectively) do not know any 
alternative management method other than the use of chemical pesticides to control 
coffee insect pests and diseases. 
 
Farmers training in coffee production practices: Generally, very few farmers (less 
than 15%) have received training in coffee production techniques such as IPM, pesticide 
handling, insect and disease identification, and coffee quality aspects. 
 
Highlights 
1. Coffee is grown mainly by farmers of above 50 years of age with a low level of 

education. This coupled with low income may not be favorable to the adoption of 
new technologies. 

2. Production is mainly done by smallholder growers practicing mixed farming.  
3. Agricultural extension services play a major role in the dissemination of information 

to farmers. 
4. Pests are more prevalent at higher altitudes than at lower altitudes, which is contrary 

to expectations. 
5. There is high ignorance regarding pesticide usage, which indicates a serious health 

risk. 
 
Biological monitoring activities with coffee 
Uganda:  Six study locations were established in the districts of Manafa, Mbale, and 
Sironko, representing the southern, western, and northern slopes of Mt. Elgon 
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respectively. Each district had two study sites in each of low to medium (up to 1500m 
a.s.l.) and high altitude (above 1500m a.s.l.) areas.  
 
The spectrum of insect pests and diseases found on Arabica coffee at lower elevations 
was similar to that at higher elevations. Insect pests occurring at both altitude ranges 
included antestia bugs (Antestiopsis spp. Ghesq. and Carayon), stem borers (Bixadus 
sierricola White), coffee root mealybugs (Planococccus irenues De-Lotto), coffee leaf 
miners (Leucoptera meyricki Ghesq), coffee berry borer (Hypothenemus hampei Ferr.), 
lace bugs (Habrochila ghequrirei Ghesq.), leaf skeletonisers, tailed caterpillars 
(Epicampoptera andersoni Tams), canopy scales (Coccus alpinus and Coccus viridulus 
De Lotto), and canopy mealybugs (Planococcus kenyae Le Pelley and Ferrisia virgata 
Cockerell). Commonly occurring diseases included coffee leaf rust (Hemileia vastatrix 
Berk et Br.) and coffee berry disease (Colletotrichum kahawae Waller and Bridge). 
Incidences of stinging caterpillar (Parasa vivida Walker) and Elgon die-back 
(Pseudomonas syringae Van Hall) were recorded only at higher elevations, while berry 
moth (Prophantis smaragdina) and armillaria root rot (Armillaria mellea Fr.) were 
recorded only in the lower elevations. 
 
Influence of altitude on the occurrence of pests: 
There was a significant (p<0.05) negative correlation of stem borers, leaf skeletonisers, 
berry borers, and scale occurrence to altitude. These pests appeared to be less abundant at 
higher elevations. Lace bugs, root mealybugs, leaf miners, tailed caterpillars, canopy 
mealybugs, and coffee leaf rust were also less common at high altitudes, although their 
relationship with elevation was not significant (p<0.05). The correlation between the 
incidence of coffee berry disease (CBD) and altitude was significantly (p<0.05) positive. 
The occurrence of antestia bugs also correlated positively with altitude; increased 
elevation appeared to have no direct effect on the incidence of the pest. 
 
The influence of slope orientation on pest diversity and incidences on Arabica coffee 
in the Mt Elgon area of Uganda 
The general pest spectrums for the south facing slope (Manafa district), the west facing 
slope (Mbale District), and the north facing slope (Sironko district) were similar. 
 
Influence of pest management practices on pests of Arabica coffee in Mt Elgon area: 
The coffee plantations that received copper (Cobox) sprays only had antestia bugs, coffee 
leaf rust, coffee berry disease, and canopy scales as the most prevalent pests and diseases.  
Meanwhile, coffee under a combination of copper and sumithion sprays had antestia 
bugs, stem borers, root mealybugs, coffee berry borer, coffee leaf rust, canopy scales, and 
mealybugs as the most common pests. However, coffee that did not receive any pesticide 
treatment had stem borers, root mealybugs, coffee berry borers, coffee leaf rust, and 
canopy mealybugs as the most prevalent pests.  
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Tanzania: Assessing the potential of Pseudomonas for control of CWD and other 
wilt disease in coffee 
 
The objective was the development of sustainable and environmentally sound control 
measures for coffee wilt disease and other fusarium wilt diseases of coffee through 
evaluating the potential of Pseudomonas fluorescence to control Fusarium xylarioides 
and the other fusarium wilt diseases of coffee. 
  
Twenty-five Pseudomonas spp. were isolated from the 30 soil samples. Five were 
confirmed as pure P. florescence by PCR analysis. Cell-free metabolites produced by the 
bacterial antagonists reduced the colony area of F. xylarioides isolates by up to 90%, and 
growth of F. solani and F. oxysporum by up to 60%. The result showed that the 
antibiotics, including pyoluteorin (Plt), and 2,4-diacetylphloroglucinol (Phl), are also 
produced in agar and were able to reduce the growth of the pathogens. 
 
Screen house and field evaluation. In the screen house, the suppression of CWD 
incidence was 30% over a period of 90 days. Under field conditions, no incidence of 
CWD was recorded one year after the establishment of the trial. Data collection shall 
continue up to the first change of cycle of the planted coffee.  
 
In-vitro inhibition tests resulted in 70% fx suppression, and screen house tests resulted in 
30% suppression of fx. 
  
Characterization of Pathogenic Strains of Colletotricum kahawae in Uganda. 
CBD was only prevalent at three fields in Sironko districts, and all were at altitudes 
above 1800 meters above sea level (masl) (Table 1). However, the disease was not 
observed in the other three districts even at higher altitudes (>1800 masl).  

In one field in the Sisiyi sub-county of the Sironko district where symptoms of CBD were 
suspected, the pathogen could not be isolated, and therefore symptoms were due to 
causes other than CBD. The absence of CBD in most parts of Elgon region was probably 
due to the less conducive warm and drier environment that prevailed during the time of 
the survey as opposed to that at the high altitudes in Sironko (Figures, 1, 2 and 3). In all 
cases, incidence of the disease remained below 30%.  

Coffee berry disease infection and disease development is influenced by temperature and 
moisture, among several other factors. Optimal temperatures for germination and lesion 
development of the pathogen are 170 C, although the germination optimum could be 
increased to 22 0C if nutrients were present. Maximum temperature for germination is 30 
0C (and 35 C with nutrients) with a minimum of 100C. In practice, as with most 
Colletotrichum pathogens, germination and infection requires free water from rain, mist, 
or dew. Water is also required for the dispersal of spores. Studies with alternating cycles 
of desiccation indicate that infectivity is generally reduced with desiccation and is 
completely lost after 10-12 days. It is therefore possible that the required field conditions 
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for pathogen development were not conducive to elicit the disease in the region during 
the survey and could have affected disease development in the region. 

However, pathogen isolation was done for the few samples obtained on artificial media of 
Malt Extract Agar (MEA), and a total of four isolates are being maintained as artificial 
cultures in the laboratory at COREC where observation of growth characteristics is also 
in progress. Generation of nitrate non-utilizing fast-growing mutant cultures using 
Puhala’s potassium chlorate media is being undertaken and will be used for generation of 
appropriate heterocharyons. Another visit is strongly recommended during and after the 
current heavy rains to enable us to collect more samples in the region. 

CBD incidence was generally low and only observed at four field locations in Sironko 
districts, all above 1800 masl. Only four isolates have been obtained. Pathogen 
development might have been affected by the less favorable conditions at the time of the 
survey (high temperatures, less moisture and humidity). 
 
Julita Bulali (Masters)  
Hosea Mtui (Masters)  
Robert Gesimba (Ph. D.)  
Mildred Ochwo-Ssemakula (Ph. D.)  
Fredrick Magina (Masters)  
Basil Mugonola (Ph. D.)  

 

Other Training 

Village feedback on tomato baseline survey and biological monitoring (Field Day)  
Farmer field day (Field Day)  
Farmer seed treatment training (Outreach)  
Tomato grafting (Workshop)  
GIS research training (Workshop)  
Coffee baseline survey in Uganda (Research)  
Coffee baseline survey in Tanzania (Research)  
Producing vegetables for export (Other)  
Organic production theory and practice (Other)  
Sustainable weed management (Other)  
Vegetable seed production (Other)  
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Moshi rural districts, Tanzania. TaCRI, IPM – CRSP. 
 
Website created: Dan Taylor, VT: 
http://www.aaec.vt.edu/ipmcrspuganda/IPMCRSPEA 
 
Training Manuals: 
• Robinah Ssonko Namirembe, Z. Muwanga, and T. Omara (2006). Management of 

Bacterial Wilt of Tomatoes through Grafting onto Indigenous Resistant Rootstocks 
(in Luganda for Farmers). She has also developed a Teaching Aid video on the 
grafting of tomatoes. 

• Kyamanywa, Sam, M. Otim, P. Okori and K. Jeninah. (2005). A manual for pesticide 
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Field School Participation on IPM Adoption in Uganda. Presented at the 24th Annual 
Conference of AIAEE, May 20-24, 2007, Polson, Montana. 
  
Erbaugh, J.M., (2007). IPM CRSP Regional Program: Background, Rationales and 
Progress. Presented at the IPDN Workshop held in Nairobi, Kenya. 
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Erbaugh, J.M. (2007). IPM CRSP East Africa Research Site Progress Report. Presented 
at the Annual Meeting of the IPM CRSP, Blacksburg, Virginia. May 2007. 
 
Presentation to APEP TOT on coffee pests and diseases in Uganda (Dr. G.J. Hakiza). 
 
Dr. Matt Kleinhentz: September, 2007  
1. Makerere University: Producing Vegetables for Export (35 people, 15 female) 
2. Makerere University: Organic Production Theory and Practice. (36 people, 15 female) 
 
Dr. Doug Doohan: Sokoine University of Agriculture. Sustainable Weed Management 
(65 people 21 female) 
 
Dr. Mark Bennett: Sokoine University of Agriculture. Vegetable Seed Production. (38 
people with 14 female). 
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Regional Integrated Pest Management Research and 
Education for South Asia  
 
Principal Investigators: 
Ed Rajotte, Penn State University  
George Norton, Virginia Tech 
Collaborators: 
Short Heinrichs, University of Nebraska 
Sally Miller, The Ohio State University 
Gregory Luther, World Vegetable Center, Taiwan 
Naidu Rayapati, Thrips-borne Tospoviruses Global Theme Program 
M. Murugan, Site Coordinator, Tamil Nadu Agricultural University, India 
A.N.M. Karim, Site Coordinator, Bangladesh Agricultural Research Institute, Bangladesh 
Luke Colavito, Site Coordiantor, Winrock International, Nepal 
Nutan Kaushik, The Energy and Resources Institute (TERI) 
Bangladesh Agricultural Research Council (BARC) 
Bangladesh Agricultural Research Institute (BARI) 
CARE-Bangladesh 
Mennonite Central Committee [MCC] 
Action Aid 
Practical Action 
 
Host Countries: Bangladesh, India and Nepal 
 
Regional network of IPM expertise  
A regional network of expertise has been established among scientists in Bangladesh, 
India, and Nepal. Networking is primarily accomplished through collaboration with host 
country institutions such as BARC, BARI, BSMR Agricultural University, CARE-
Bangladesh, Mennonite Central Committee (MCC), Action Aid-Bangladesh, Practical 
Action-Bangladesh, Winrock International-Bangladesh, and IRRI-Bangladesh. 
Networking with other countries within the region, such as India and Nepal, is 
maintained through program planning and workplans. As a part of this networking 
activity, three scientists from the Nepal Agricultural Research Council received training 
in May 2007 on various IPM technologies for vegetable crops, especially on eggplant and 
tomato grafting. They were provided with training materials and seeds of pest-resistant 
eggplant varieties. After their return to Nepal, they trained their extension officers and 
scientists on eggplant and tomato grafting so as to transfer the technology at the field 
level. The site coordinator also plays a role in networking with different host country and 
foreign-supported projects in the country by hosting them at the IPM CRSP site and by 
attending meetings that are represented by various organizations. 
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USAID Mission support 

USAID missions were visited in Nepal, India, and Bangladesh, but no new funding was 
obtained.  P.L. 480 funds obtained by the program in India for BARC continue to be used 
to extend IPM CRSP technologies.  

Collaboration with Global Theme projects and Regional Centers 
Collaboration occurred between the South Asia regional program and the Tospovirus 
Global Theme in India as well as with the Impact Assessment Global Theme in 
Bangladesh. Two students from the Impact Assessment theme worked on Bangladesh 
topics for their theses and helped with the Baseline survey data analysis. 

Pest and beneficials survey 

Survey for assessing pest status of mite species and developing IPM package for 
their management 
S. N. Alam, N. K. Dutta, M. K. Uddin, A.K.M. Ziaur Rahman (BARI), A.N.M. R. Karim 
(IPM CRSP/Virginia Tech), and Edwin G. Rajotte (Penn State) 
  
The red spider mite Tetranychus spp. has recently appeared as one of the major pests 
causing serious damage in different vegetables. Farmers have failed to control this pest 
effectively in spite of frequent use of various pesticides. Outbreaks of red spider mite are 
believed to have resulted from injudicious use of pesticides, particularly the pyrethroid 
insecticides. In order to develop IPM package for its control, surveys were conducted in 
four major vegetable growing areas to assess its pest status in eggplant, cucumber, bitter 
gourd, teasel gourd, ribbed gourd, snake gourd, and aroids during both winter and 
summer seasons. These surveys were carried out fortnightly; mite population was 
counted with the help of a 10x magnifying glass from 6 plants of each plot, and damage 
severity was recorded from three non-sprayed fields (IPM fields) and three fields sprayed 
frequently with pyrethroid insecticides.  
 
Evaluation of eggplant and tomato germplasms for resistance to bacterial wilt (BW) 
and root-knot nematode (RKN) 
Shahabuddin Ahmad, M. A. Rashid, A.K.M. Quamaruzzaman, M. A. Rahman, M. S. 
Nahar, S. N. Alam (BARI), A.N.M.R. Karim (IPM CRSP/Virginia Tech), Sally Miller 
(Ohio State), and Edwin G. Rajotte (Penn State) 
 
Bacterial wilt (BW) and root-knot nematode seriously damage eggplant and tomato crops 
every year. The farmers apply various pesticides indiscriminately without knowing the 
pest or achieving any satisfactory control of the pests. Several resistant eggplant and 
tomato lines were identified by carrying out research in previous years. Through repeated 
selection and confirmation of resistance, three eggplant varieties having multiple 
resistance to fruit and shoot borer, jassid, BW, and RKN were released in 2006. These are 
BARI Begun-6, BARI Begun-7 and BARI Begun-8 (‘Begun’ means eggplant). These 
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varieties are now being demonstrated in different sites through BARI and extension 
programs of the Department of Agricultural Extension. In Bangladesh, numerous 
eggplant varieties are cultivated in different areas depending on their ecological 
adaptability and consumer acceptability. There is a need to develop a number of pest-
resistant varieties so as to offer more options and flexibility to the farmers for their 
cultivation in different areas. Developing an improved tomato variety is more important, 
as no pest-resistant tomato variety is available in Bangladesh.  
  
The experiments were conducted at the BARI farm in Gazipur in sickbeds infested 
artificially with bacterial wilt (BW) inoculum and root-knot nematode (RKN). The 
evaluations of eggplant and tomato germplasms against BW were done only in the winter 
season, whereas those against RKN were conducted during both winter and summer 
seasons. The BW sickbeds contained Ralstonia solanacearum bacterium with a 
population density of 1.7 x 108 CFU/ml of water by the dilution plate method. The RKN 
sickbeds were prepared containing 2000-3000 RKN larvae per kg of soil in the winter 
season and 3000-4000 RKN larvae per kg of soil in the summer season.  
  
Evaluation against BW: Twenty-three eggplant lines and 60 tomato lines were 
evaluated against BW in sickbeds. Three-week-old eggplant seedlings were transplanted 
at 30cm spacing in one-meter long rows, 50 cm apart in three replications. Tomato 
seedlings, however, were planted at 20 cm spacing in rows having 30cm distance 
between them in two replications. Out of 23 eggplant lines, one line (BL-118) showed 
resistance (20% wilting), and five lines exhibited moderate resistance (23.3-26.3% 
wilting) (Table1). Among the 60 tomato lines, five showed moderate resistance reaction 
(25-40% wilting); none was resistant (Table 2).    
  
Table 1. Eggplant and tomato lines showing resistance to bacterial wilt in sickbeds. 
BARI farm, Gazipur, 2006-2007. 
 
Eggplant 
accessions 

% wilting Reaction Tomato accessions % wilting Reaction

BL-118 20 R VRT-012-3-2 40 MR 
BL-114 26.3 MR VRT-ex-1-1 40 MR 
BL-072 26.3 MR VRT-013-4-1 40 MR 
Thai-2 23.3 MR VRT-009-2-1 40 MR 
Cross 1x6 23.3 MR VRT-009-1-1 40 MR 
Cross 4x5 40 MR Cross 1x7 25 MR 

  
Evaluation against RKN: Eggplant and tomato lines were evaluated in both winter 
(November-January) and summer (March-May and June-August) seasons. One and a half 
month old seedlings of both eggplant and tomato were transplanted in sickbeds in two 
replications at 20cm spacing in one-meter rows, 30 cm apart. After 45 days of planting, 
the plants were uprooted carefully, washed in running water and examined for RKN 
galls. The root system was indexed following a 0-10 scale (Zeck 1971): 0=roots without 
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gall, and 10=roots with severe gall. The disease reaction was designated as 0=Highly 
resistant (HR); 1-2=Resistant (R); 2-3=Moderately resistant (MR); 3-4=Moderately 
susceptible (MS); 4-6= Susceptible (S); and 6-10= Highly susceptible (HS). During the 
winter and summer seasons, a total of 40 eggplant germplasms, 20 in each season, were 
evaluated; among them four were selected as resistant and 15 as moderately resistant to 
RKN (Table 2). Among the 68 tomato germplasms tested in the winter (48) and summer 
(20) seasons, four exhibited resistant reactions and 16 were moderately resistant (Table 
3). All the selected materials will be retested next year for confirmation. 
  
Table 2. Eggplant and tomato lines selected as resistant to RKN. BARI farm, 
Gazipur, 2006-2007. 
 
Eggplant 
accession 

Gall index Reaction Tomato 
accession 

Gall 
index 

Reaction

BL-113 1.81 R Cross 5x6 1.75 R 
EGN-09 2.33 R VRT-013-1-1 2.00 R 
Cross 17x8 2.33 R VRT-015-1-3 2.00 R 
BL-083 2.34 MR WP-8xC-51 2.33 R 
BL-102 2.43 MR VRT-013-4-1 2.94 MR 
BL-153 3.00 MR VRT-013-3-1 2.67 MR 
BL-072 2.92 MR VRT-013-2-2 2.11 MR 
BL-153 white 2.52 MR VRT-009-2-1 2.33 MR 
Tarapuri 2.39 MR VRT-009-2-1? 2.86 MR 
Bombai 2.33 MR VRT-005-3-1 2.86 MR 
Mixture 2.50 MR VRT-015-3-4 2.50 MR 
EGN-03 2.83 MR VRT-011-1-3 2.43 MR 
EGN-02 3.00 MR WP-4 2.48 MR 
EGN-04 3.17 MR Cross 7x10 2.48 MR 
Cross 4x9 2.83 MR Cross 2x6 3.00 MR 
Cross 5x11 3.50 MR Cross 4x6 2.64 MR 
Cross 3x13 3.00 MR Cross 6x8 2.93 MR 
- - - FP-2xMP-1 3.00 MR 
- - - FP-2xMP-3 3.00 MR 
- - - FP-5xMP-5 3.33 MR 

  
Results of the experiments have shown that eggplant and tomato germplasms genetically 
resistant to BW and RKN are available and could be used as farmer varieties depending 
on the acceptability of their horticultural qualities, or they may be used as resistant 
donors for developing improved varieties. Availability of resistant eggplant and tomato 
varieties will be of great value to the vegetable producers and consumers, as they can be 
grown without or with minimum use of pesticides. 
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Fruit fly management using pheromones  

Development of IPM package for cucurbit fruit fly (Bactrocera cucurbitae) in bitter 
gourd and sweet gourd crops   
M. Yousuf Mian, M. Nasiruddin, S. N. Alam, A.K.M. Akhtaruzzaman (BARI), A.N.M.R. 
Karim (IPM CRSP/Virginia Tech), and Edwin G. Rajotte (Penn State) 
  
The cucurbit fruit fly Bactrocera cucurbitae is the most destructive pest of all the 
cucurbit crops grown in Bangladesh. A synthetic sex pheromone (cuelure), found to be 
highly effective and economical has become widely popular among the farmers. 
However, it needs to be dispensed in a trap in order to catch the fruit flies. To simplify 
the process, different kinds of lures were tested for catching the insects.  
 
Eleven kinds of lures/attractants were tested during the summer seasons of 2006 and 
2007 at the BARI farm in Gazipur. The trials were set in RCB design with three 
replications. Bitter gourd crops were grown in 8M x 8M plots, and the lures placed in 
plastic traps were set at 12M distances from each other. The eleven test attractants were: 
Cuelure strips, Cuelure+naled strips, Cuelure+LCH strips, Formate strips, Formate+naled 
strips, formate+LCH strips, Rose wafers, Rose+naled wafers, Rose+LCH wafers, Kool-
aid singles, and grape flavor. Fruit flies caught in the traps were recorded twice a week.  
  
Another study was carried out during the 2007 summer season at the BARI farm in 
Gazipur on bitter gourd and ribbed gourd crops. The crops were grown in 8M x 8M plots 
in three replications in RCB design. There were two treatments: (a) an IPM package 
consisting of the destruction of infested fruits by hand-picking and use of Rose+naled 
wafers as attractants, and (b) a non-IPM method of spraying of the insecticide Trafgor 
40EC at the rate of 2 ml per liter of water every 10 days. The plots for insecticide 
treatment were placed about 100 meters away from the IPM plots. The number of 
infested and healthy fruits was recorded every week. 
 
Results of the trials conducted with eleven attractants showed that the attractant 
‘Rose+naled wafers’ trapped the highest number of male and female fruit flies during 
both years, followed by ‘Cuelure+naled strips’ and ‘Formate+naled strips.’  
 
The results of the other experiment showed that fruit infestations in the non-IPM fields of 
bitter gourd (42.3% infestation) and ribbed gourd (33.4% infestation) were 2.1 to 2.9 
times than that of IPM fields (20% and 11.6%, respectively). As a result, the yield of 
bitter gourd and ribbed gourd in IPM plots was 1.4 times (26.7 t/ha) and 1.3 times 
(25.7t/ha), respectively, higher than that of the non-IPM fields (19t/ha and 19.3t/ha, 
respectively). The results indicate that the attractant ‘Rose+naled wafers’ is effective for 
trapping fruit flies and it can be used for controlling cucurbit  fruit fly or can be used as a 
substitute when other attractant or lures are unavailable. However, the effectiveness of 
the attractants ‘Cuelure+naled strips’ and ‘Formate+naled strips’ are comparable with the 
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effectiveness of ‘Rose +naled wafers.’ The materials need to be tested further to confirm 
the results before they are recommended for farmer use. 
 
Weeds as alternate hosts of insect pests, disease pathogens and natural enemies in 
the vegetable ecosystem  
M. Azizur Rahman, M. Shawquat Ali, M. A. Rahman, S. N. Alam, (BARI), A.N.M.R. 
Karim (IPM CRSP/Virginia Tech), and Edwin G. Rajotte (Penn State) 
 
Weeds compete with crop plants as well as harbor pest insects, disease pathogens, and 
different natural enemies of the pests. To determine and understand the role of weeds in 
this respect, a study was conducted in four intensive vegetable growing sites of Gaidghat, 
Pyarpur, Sadipur, and Daudpur in the Jessore district in crop fields of eggplant, tomato, 
sweet gourd and country bean. Results showed that eight weed species (Rumex 
maritimus, Amaranthus spinosus, Amaranthus viridis, Solanum torvum, Wahlenbergia 
marginata, Raphanus raphanistrum, Gnaphalium japonicum, and Chenopodium album) 
acted as alternate hosts of three pest insects, such as red pumpkin beetle, lady beetle, and 
leaf miner of different vegetable crops. Similarly, nine weed species (Rumex maritimus, 
Amaranthus viridis, Solanum torvum, Wahlenbergia marginata, Gnaphalium japonicum, 
Argemone mexicana, Leucas aspera, Alternanthera philoxeroides, Ageratum conyzoides) 
harbored disease pathogens of Alternaria spp., Cercospora spp., and Colletotrichum spp. 
Among the weed species, five species acted as alternate hosts of both pest insects and 
disease pathogens. 

Development of IPM components  

Survey for assessing the pest status of mite species and developing an IPM package 
for their management 
S. N. Alam, N. K. Dutta, M. K. Uddin, A.K.M. Ziaur Rahman (BARI), A.N.M. R. Karim 
(IPM CRSP/Virginia Tech), and Edwin G. Rajotte (Penn State) 

The red spider mite, Tetranychus spp., has recently appeared as one of the major pests in 
different vegetables causing serious damage. Farmers have failed to control this pest 
effectively in spite of frequent use of various pesticides. Outbreaks of red spider mite are 
believed to have resulted from injudicious use of pesticides, particularly the pyrethroid 
insecticides. In order to develop an IPM package for its control, surveys were conducted 
in four major vegetable-growing areas to assess its pest status in eggplant, cucumber, 
bitter gourd, teasel gourd, ribbed gourd, snake gourd, and aroids during both winter and 
summer seasons. Surveys were carried out fortnightly. Mite population was counted with 
the help of a 10x magnifying glass from 6 plants of each plot, and damage severity was 
recorded from three non-sprayed fields (IPM field) and three fields sprayed frequently 
with pyrethroid insecticides. 

Trials to develop IPM tactics to control the red spider mite was carried out on eggplant 
(variety ‘singnath’), the most frequently affected crop,  in farmer fields in the Narsingdi 
district during the 2007 summer season. 
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Development of pumpkin variety resistant to PRSV and WMV2 viruses 
M. A. Rashid, M.A.T. Masud, A.K.M. Quamaruzzaman, M. Zashim Uddin, A.N.M.R. 
Karim (IPM CRSP/Virginia Tech), and Sally Miller (Ohio State) 
 
The production of pumpkin, a popular vegetable in Bangladesh, is seriously constrained 
due to the attack of a complex of viruses, particularly papaya ring spot virus (PRSV) and 
watermelon virus 2 (WMV2). In absence of any proven control measure, farmers apply 
different pesticides indiscriminately without any success. Use of virus-resistant varieties 
is the most practical method to control the virus diseases and reduce damage. 

Several pumpkin lines having resistance to a complex of viruses, including PRSV and 
WMV2, were selected in previous years through field evaluation and the ELISA test. 
Among them, two virus-resistant lines having good horticultural qualities were 
recommended and released as varieties by the National Seed Board in 2007. The names 
of the varieties are BARI Misti Kumra-1 (Line No. PKDS-16-4-1-10-2) and BARI Misti 
Kumra-2 (Line No. PK-187-2-1-14-1-10) (the Bengali word ‘Misti Kumra’ means 
pumpkin or sweet gourd). BARI Misti Kumra-1 is an early winter variety having a high 
degree of resistance to PRSV and WMV2. It has deep orange flesh with high total soluble 
solids (TSS) of 11.5%. The fruit weight is 4.5-5.0Kg and the yield is 35-40t/ha. BARI 
Misti Kumra-2 has a high degree of resistance to PRSV and WMV2 and can be grown 
both in the winter and summer seasons. It can be consumed as a green as well as a ripe 
vegetable. It has high TSS of 10.5%. Fruit weight varies from 2.5Kg to 3.0 Kg, and yield 
is 25-30 t/ha. BARI Misti Kumra-2 has potential qualities with respect to its size, weight, 
and flesh quality. For domestic as well as export markets, however, more improved virus-
resistant pumpkin varieties are needed for their ecological adaptability as well as to meet 
the choices of the farmers and consumers. 

During 2006-2007, seven pumpkin lines that were selected in the previous years were 
retested to confirm the results. The materials were planted in unit plots of 24M x 2.5M in 
mid-November 2006 at BARI farm, Gazipur. Unfortunately, two of the materials were 
mixed up during planting and were discarded from the test. Symptomatically, one of the 
lines showed high resistance (HR) as before, and the rest had different degrees of 
resistance (R/MR) to virus diseases. All the lines possess good horticultural traits in 
respect of fruit weight, size, yield, and TSS (Table 1); however, they need to be purified 
by selfing before they are recommended for release as varieties.  
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Table 1. Yield, quality, and virus resistance of selected pumpkin lines. BARI farm, 
Gazipur, 2006-2007. 
 

Pedigree 
 

Fruit wt 
(Kg) 

Yield /plant 
(Kg) TSS (%) Virus 

incidence (%) Reaction 

PKDS-187-6-1-3-9-4  2.1 6.4 9.25 0.0 HR 
PKDS-16-2-4-1-10-2-2 1.6 6.2 11.0 8.15 R 
PKDS-187-9-A-4-6-4-4    2.4 7.1 11.0 9.00 R 
PKDS-187-6-5-9-6-2        3.0 12.0 10.0 9.23 R 
PKDS-187-9-A-4-6-4-1    3.1 12.3 8.0 29.63 MR 

 
                 
     
Pumpkin is a rich and cheap source of vitamins, especially the carotenoid pigments. It 
can contribute to improved nutritional status, particularly for vulnerable groups. More 
importantly, ripe or matured pumpkin can be stored for 3-6 months and can be used at 
times when other vegetables are in short supply. Pumpkin is a regular export item from 
Bangladesh, and the lines which have been selected from the present experiment have the 
potential to be used for export and in the earning of foreign exchange for the country. 
 
 Development of a virus resistant variety of cucumber  
M. A. Rashid, G. M. A. Halim, M. Nazim Uddin M. Nazim Uddin M. A. Muquit, 
(BARI), and Sally Miller (Ohio State) 
 
Cucumber (Cucumis sativus) is a high-value popular vegetable in Bangladesh grown 
widely throughout the year. Green cucumber is used as a salad as well as in curry, and 
ripe ones can be used in candy preparation. Damage is caused by a complex of viruses, 
such as watermelon mosaic virus (WMV), cucumber green mottle mosaic virus (CGMV), 
and zucchini yellow mosaic virus ZYMV), which are the main constraints for its 
satisfactory production. Weekly or fortnightly application of various pesticides, which is 
highly hazardous for human health and the environment, is the only method used by the 
farmers. As an alternative, use of virus-resistant varieties is highly effective and 
economic. 

Sixty-four local and exotic germplasms were evaluated at BARI farm, Gazipur during 
February to June 2007 in three replications using Alpha Lattice design in unit plots of 
1.5Mx1.2M, each containing 8 plants. There was wide variability in agronomic 
characters and virus resistance, and 60%-100% of the plants of all the lines were heavily 
infected by virus diseases. Virus-free plants of seventeen lines that had 60-80% virus 
infection were selected and selfed for further evaluation in the next season. The 17 
selected lines were CS-0028, CS-0032, CS-0034, CS-0035, CS-0046, CS-0049, CS-
0050, CS-0052, CS-0061, CS-0062, CS-0063, CS-0067, CS-0075, CS-0079, CS-0080, 
CS-0083, and CS-0084. 
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Evaluation of okra germplasm for developing varieties resistant to yellow vein 
mosaic virus (YVMV) disease 
M. A. Rashid, Shahabuddin Ahmad, M. Zashim Uddin, A.K.M.S.R. Mollik, M. Saifullah, 
A.K.M. Quamaruzzaman, M. Jamil Chowdhury, M. Harunur Rashid  (BARI), Sally 
Miller (Ohio State) and Edwin G. Rajotte (Penn State) 

Okra (Abelmoschus esculentus) is a popular summer vegetable in Bangladesh. Damage 
due to the attack of yellow vein mosaic virus (YVMV) is the main constraint to its 
satisfactory production. Every year 60%-80% of the crop is lost due to YVMV infection. 
Farmers unsuccessfully apply various pesticides one to two times every week to protect 
their crop from the virus attack. Local and exotic germplasms available in Bangladesh are 
believed to possess resistance to YVMV. Varieties developed through breeding programs 
will contribute to the healthy and profitable production of okra. 

During the 2006-2007 summer season as many as 185 okra collections (164 local 
germplasms, 17 commercial hybrid varieties and four newly developed F1 lines) were 
evaluated at the BARI farm at Gazipur in three replications using RCB design under 
natural field conditions for their reaction to the infection of YVMV. Standard cultural 
practices were followed and no pest control measures were taken. Data on virus infection 
and various yield-contributing characters were recorded every 10 days. The bulk of the 
test entries was severely infected by YVMV, receiving 70-100% infection. 
Symptomatically, only six lines (OK-0142, OK-0142, OK-0142, OK-0142, OK-0142, 
and OK-0142) exhibited resistant reactions, receiving 10-20% YVMV infection. These 
lines were selfed and selected for further evaluation in the next summer season. In 
addition, some plants of different lines that showed resistant reactions up to 90 days after 
planting were selected and selfed for purification and testing in the next season. Yield-
contributing characters, such as fruit weight, number of fruits per plant, and fruit yield 
per plant were recorded for all the selected materials. 

Results of the experiment showed that YVMV resistance is available in local okra 
germplasms, and it is possible to develop YVMV-resistant improved okra varieties by 
undertaking proper breeding procedures. Farmers will benefit greatly from the 
availability of virus-resistant okra for producing healthy okra crops with minimal or no 
pesticide use, and can thereby earn higher economic benefits. 

Grafting of watermelon with cucurbit rootstocks for controlling Fusarium wilt 
disease 
M. A. Rashid, Shahabuddin Ahmad, M. Tauhidur Rahman, M. A. Rahman, A.K.M. 
Salim Reza Mollik (BARI), and Sally Miller (Ohio State) 

Watermelon (Citrullus lanatus) is a popular and delicious summer fruit in Bangladesh. 
Fusarium wilt disease caused by Fusarium oxysporum is the main damaging pest, causing 
heavy damage to watermelon crops every year. Chemical and other control measures are 
not effective for satisfactory and economic control of the disease. Grafting of watermelon 
on cucurbit crops, such as bottle gourd and pumpkin rootstocks which are resistant to 
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Fusarium oxysporum, has been found to be an effective alternative for controlling this 
disease. Grafting also contributes to increased vigor, cold tolerance, and yield, as well as 
some qualitative characters such as soluble sugar content, acidity, size and shape, 
alkaloid content, and antioxidant compounds. 

Grafted watermelon seedlings were raised at the Horticulture Research Center of BARI 
from November 2006 to January 2007. The watermelon variety ‘Top yield’ was used as 
scion and bottle gourd and pumpkin (local varieties) as rootstocks. The growth of the 
scion (watermelon) is slower than that of the rootstocks (bottle gourd and pumpkin); 
therefore seeds of the scion were seeded a week earlier than that of the rootstocks. 
Fifteen-day old scion seedlings were grafted on 7-day old rootstocks using the “approach 
grafting method.”  The freshly grafted watermelon seedlings were kept under a 1-meter 
high poly tunnel with an interior jute cloth cover to maintain shade, with a high 
temperature of 28-30° C and high humidity of about 95%. The grafted plants were then 
sprayed with water 3-4 times a day using a hand sprayer. 

The number of watermelon grafts made on bottle gourd and pumpkin rootstocks totaled 
800 (400 each on bottle gourd and pumpkin). The grafting of watermelon on both bottle 
gourd and pumpkin rootstocks was highly compatible and successful, producing a 
91.25% success on bottle gourds and 82.5% on pumpkin rootstocks.  

The grafted watermelon seedlings were planted in the main field in the last week of 
January along with the non-grafted ones and the rootstocks. No mortality of grafted 
watermelon seedlings on rootstocks was observed up to 15 days after planting, as 
compared to 5-10% mortality of the non-grafted ones. Unfortunately, the experiment was 
abandoned as plants were severely damaged due to untimely heavy rains in February.  

Development of IPM packages for insect pests of country bean, cabbage and tomato 
S. N. Alam, M. Akhtaruzzaman Sarker, A.K.M. Ziaur Rahman, (BARI), M. I. Islam 
(ARS, Pabna), M. A. Ali (RARS, Jessore), A.N.M.R. Karim (IPM CRSP/Virginia Tech), 
and Edwin G. Rajotte (Penn State) 
  
Trials were conducted at the BARI farm in Gazipur, and in farmer fields in Jessore and 
Pabna districts to develop IPM practices for controlling pod borer (Maruca vitrata) and 
aphids in country bean, army worm (Prodenia litura) and diamond back moth in 
cabbage, and pod borer (Helicoverpa armigera), white fly, and virus disease in tomato. In 
an effort to control these pests, the farmers apply pesticides indiscriminately without any 
satisfactory control. 
  
(a) Trials for country bean: In order to develop an IPM package for country bean pests, 
trials were conducted at the BARI farm in Gazipur and in farmer fields in the Gaidghat 
village in Jessore district during the 2006-2007 winter season. The trials were laid out in 
RCB design in three replications in unit plots measuring 8M x 8M with the following two 
treatments: 1) IPM practice comprising of (a) destruction of infested flowers and fruits by 
hand picking every other day, (b) weekly release of eggs of the parasitoid Trichogramma 
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evanescence at the rate of one gm parasitized eggs/ha/week, and (c) weekly release of 
larval parasitoid Bracon habetor at the rate of 800-1000 adults/ha/week; and 2) the non-
IPM practice consisting of the spraying of synthetic pyrethroid insecticide (Cymbush 
10EC at 1ml per liter of water) every three days. The IPM fields were placed about 100 
meters away from the non-IPM ones.  
  
Results showed that infestations of pod borers and aphids were 2.3 to 9.7 times higher in 
non-IPM plots at the BARI farm and in farmer fields compared to the IPM plots. As a 
result, the yields were 1.8 to 2.4 times higher in IPM plots (Table 1). Results clearly 
indicate that IPM practice is highly effective to control pod borer and aphid infestations, 
and a higher production of country bean is possible without pesticide use. 
 
Table 1. Performance of IPM and non-IPM practice in country bean, 2006-2007. 
 

BARI farm, Gazipur Farmer fields, Gaidghat village, Jessore Trea
t-
ment
s 

Borer 
infest-
ed 
flowers 
(%) 

Borer 
infest-
ed pods 
(%) 

Aphid 
infest-
ed 
flowers 
(%) 

Yield 
(t/ha) 

Borer 
infest-
ed 
flowers 
(%) 

Borer 
infest-
ed pods 
(%) 

Aphid 
infest-
ed 
flowers 
(%) 

Yield 
(t/ha) 

IPM 5.7±1.2
b 

2.7±1.2
b 

4.5±1.3
b 

10.5±0.
9b 

8.4±1.3
b 

4.4±1.9
b 

7.8±2.3
b 

16.3±1.
1b 

Non
-
IPM 

22.9±1.
3a 

26.4±1.
6a 

10.4±1.
7a 

4.4±0.4
a 

34.7±2.
1a 

31.5±1.
3a 

29.4±2.
1a 

9.0±0.7
a 

  
(b) Trials for cabbage: The trials were carried out at the BARI farm in Gazipur and at 
farmer fields in the Gosipur village in Pabna district during the 2006-2007 winter season. 
IPM and non-IPM treatments were laid out in RCB design in three replications in 20M x 
20M unit plots. The IPM treatment comprised of (a) destruction of leaf-eating caterpillars 
by hand picking from infested leaves, (b) weekly release of egg parasitoid Trichogramma 
evanescence at the rate of one gm parasitized eggs/ha/week, and (c) weekly release of 
larval parasitoid Bracon habetor at the rate of 800-1000 adults/ha/week. The non-IPM 
practice consisted of the spraying of synthetic pyrethroid (Cymbush 10EC at 1ml per liter 
of water) insecticide every three days. The IPM plots were placed about 100 meters away 
from the non-IPM ones. The cabbage fields were infested by army worm (Spodoptera 
litura) and diamond back moth (Plutella xylostella). Cabbage heads infested by these 
pests were 2.8-9.3 times higher in non-IPM fields than in the IPM fields. Similarly, the 
number of caterpillars of army worm and diamond back moth (DBM) recovered from the 
cabbage heads was 5.1-13 times higher in non-IPM plots. As a result, the yields in IPM 
plots were about 1.4 times higher than the yields of the non-IPM plots (Table 2). As 
observed in previous years, the results of the trials confirm that by utilizing IPM 
practices, farmers can produce healthy crops of cabbage and earn higher economic 
benefits without any use of pesticides.  
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BARI farm, Gazipur Farmer fields, Gosipur village, Pabna Treat- 
ments Infested 

cabbage 
heads (%) 

Armyworm 
larvae/head 
(No.) 

DBM 
larvae/head 
(No.) 

Yield 
(t/ha) 

Infested 
cabbage 
heads (%) 

Armyworm 
larvae/head 
(No.) 

DBM 
larvae/head 
(No.) 

Yield 
(t/ha) 

IPM 3.7±0.4b 0.9±0.9b 1.2±0.7b 138±2.1b 8.7±0.3b 1.9±0.2b 2.3±0.1b 130±1.6b 
Non-
IPM 

34.5±1.3a 11.7±1.1a 7.8±0.7a 96±1.9a 24.5±1.4a 9.8±0.7a 14.5±0.9a 101±2.2a 

  
 (c) Trials for tomato: Trials for developing an IPM package for tomato pests were 
conducted during the 2006-2007 winter season at the BARI farm in Gazipur and in 
farmer fields in Rampur village in Jessore district. The trials were established in 15M x 
15M unit plots in three replications in RCB design with the following two treatments: 1) 
IPM package comprised of (a) use of tomato line ‘TLB-182’ resistant to white fly and 
tomato leaf curl virus (TLCV), (b) destruction of infested fruits by hand picking, (c) 
weekly release of  egg parasitoid Trichogramma evanescence at the rate of one gm 
parasitized eggs/ha/week, (d) weekly release of the larval parasitoid Baracon habetor at 
the rate of 800-1000 adults/ha/week, and (e) use of Helicoverpa pheromone trap at 10M 
distances; and 2) the non-IPM practice consisting of (a) use of susceptible tomato variety 
(BARI Tomato-2), and (b) the spraying of synthetic pyrethroid insecticide (Cymbush 
10EC at one ml per liter of water) every three days. 
  
Results showed that the use of the IPM package was highly effective in controlling the 
pests and producing higher yields. Infestations of borer, white fly, and TLCV were 3.8-46 
times higher in non-IPM plots than in the IPM plots. As a result, the yields were 1.7 times 
higher in IPM plots (Table 3).  
  
Table 3. Performance of IPM and non-IPM practice in Tomato, 2006-2007. 
 

BARI farm, Gazipur Farmer fields, Rampur village, Jessore Treat-
ments Borer 

damage 
(%) 

White fly per 
leaf (No.) 

Virus 
infested 
plants (%) 

Yield (t/ha) Borer 
damage 
(%) 

White fly 
per leaf 
(No.) 

Virus 
infested 
plants (%) 

Yield (t/ha) 

IPM 0.3±0.1b 0.4±0.1b 11.0±0.4b 71.7±0.8b 2.5±0.01b 0.3±0.1b 9.5±1.3b 86.2±0.3b 
Non-IPM 12.5±0.2a 1.7±0.1a 44.1±0.07a 44.3±0.7a 9.5±0.9a 1.2±0.7a 52.7±2.2a 49.1±0.6a 
  
All the trials carried out at the BARI farm and at farmer fields have clearly indicated that 
country bean, cabbage, and tomato crops can be successfully grown by utilizing the IPM 
packages consisting of manual destruction of pests, release of parasitoids, and the use of a 
pest-resistant crop variety. The IPM practice of avoiding pesticide use will ultimately 
help establish a natural biological control system and will make the pest control system 
easier for the crop cultivators. 
 
Development of IPM package for cucurbit fruit fly (Bactrocera cucurbitae) in bitter 
gourd and sweet gourd crops 
M. Yousuf Mian, M. Nasiruddin, S. N. Alam, A.K.M. Akhtaruzzaman (BARI), A.N.M.R. 
Karim (IPM CRSP/Virginia Tech), and Edwin G. Rajotte (Penn State) 
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The cucurbit fruit fly, Bactrocera cucurbitae, is the most destructive pest of all the 
cucurbit crops grown in Bangladesh. A synthetic sex pheromone (cuelure) found to be 
highly effective and economic has become widely popular among the farmers. However, 
it needs to be dispensed in a trap in order to catch the fruit flies. To simplify the process, 
different kinds of lures were tested for catching the insects. Eleven kinds of 
lures/attractants were tested during the summer seasons of 2006 and 2007 at the BARI 
farm in Gazipur. The trials were set in RCB design with three replications. Bitter gourd 
crops were grown in 8M x 8M plots, and the lures placed in plastic traps were set at 12M 
distances from each other. The eleven test attractants were: cuelure strips, cuelure+naled 
strips, cuelure+LCH strips, formate strips, formate+naled strips, formate+LCH strips, 
rose wafers, rose+naled wafers, rose+LCH wafers, Kool-aid singles, and grape flavor. 
Fruit flies caught in the traps were recorded twice a week. 

Another study was carried out during the 2007 summer season at BARI farm, Gazipur on 
bitter gourd and ribbed gourd crops. The crops were grown in 8M x 8M plots in three 
replications in RCB design. There were two treatments: (a) an IPM package consisting of 
destruction of infested fruits by hand picking and use of Rose+naled wafers as attractants, 
and (b) the non-IPM method of spraying using the insecticide Trafgor 40EC at the rate of 
2 ml per liter of water every 10 days. The plots for insecticide treatment were placed 
about 100 meters away from the IPM plots. The number of infested and healthy fruits 
was recorded every week. 

Results of the trials conducted with eleven attractants showed that the attractant 
Rose+naled wafers trapped the highest number of male and female fruit flies during both 
years, followed by Cuelure+naled strip’ and Formate+naled strips. 

Results from the other experiment showed that fruit infestations in the non-IPM fields of 
bitter gourd (42.3% infestation) and ribbed gourd (33.4% infestation) were 2.1 to 2.9 
times than that of IPM fields (20% and 11.6%, respectively). As a result, yields of bitter 
gourd and ribbed gourd in IPM plots were 1.4 times (26.7 t/ha) and 1.3 times (25.7t/ha), 
respectively, higher than those from non-IPM fields (19t/ha and 19.3t/ha, respectively). 
The results indicate that the attractant Rose+naled wafers is effective for trapping fruit 
flies, and that it can be used for controlling the cucurbit fruit fly, or as a substitute when 
other attractants or lures are unavailable. However, the effectiveness of the 
Cuelure+naled strip and Formate+naled strip attractants is comparable to that of Rose 
+naled wafers. The materials need to be tested further in order to confirm the results 
before they are recommended for farmer use. 

Study of nematode-trophic groups in IPM and non-IPM systems 
M.A. Rahman, M. S. Nahar, Latifa Yasmin (BARI), A.N.M.R. Karim (IPM 
CRSP/Virginia Tech), and Sally Miller (Ohio State) 
 
There are mainly three trophic groups of nematodes: (a) plant parasitic nematodes that 
feed on plants; (b) microbivorous and bacteria feeding nematodes that feed primarily on 
fungi, bacteria, and various decayed products; and (c) carnivorous or predatory 
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nematodes that feed on other nematodes and small soil-inhabiting animals. Plant parasitic 
or plant feeding nematodes are considered harmful to crops, and the fungal- and bacteria-
feeding ones are considered beneficial to plants. Distribution and abundance of plant-
feeding or beneficial nematodes depend on the agricultural environment, which is largely 
influenced by various agricultural practices. Soil management with IPM or non-IPM 
practices obviously has an impact on the population of parasitic and beneficial 
nematodes. 
 
Examination of soil samples collected from IPM and non-IPM fields at the BARI farm in 
Gazipur, and farmer fields in the Jessore and Pabna districts showed that the plant 
parasitic nematodes (harmful to crops) of the Meloidogyne, Hoplolaimus, 
Helicotylenchus, Xiphenema, and Tylenchus species were widely prevalent in all three 
areas surveyed. In general, IPM fields had a low number of plant parasitic nematodes and 
a high number of beneficial nematodes. The situation was the reverse in non-IPM fields. 
Nematodes, often called “bio-indicators,” have a great impact on soil health. The results 
of the present study strongly indicate that IPM practices can improve soil health by 
minimizing harmful nematodes and increasing the beneficial nematodes. 
 
Identification of diseases of summer tomato grown under polythene tunnels 
M.A. Rahman, M. S. Nahar, Latifa Yasmin (BARI), A.N.M.R. Karim (IPM 
CRSP/Virginia Tech), and Sally Miller (Ohio State) 

In Bangladesh, the tomato is traditionally grown during the winter season (November-
March). Recently, BARI scientists have developed tomato varieties that can be 
successfully grown during the summer season (May-October) and bring much higher 
economic returns to the producers. Obviously, the farmers are increasingly adopting the 
summer varieties and cultivating them under polythene tunnels to protect the crop from 
heavy rains. However, they are facing problems from the attack of several diseases that 
are usually not prevalent during the winter season. This study was therefore carried out to 
identify the diseases in order to develop measures for their management. 

Surveys conducted in seven districts (Gazipur, Jessore, Comilla, Chittagong, Netrokona, 
Moulvibazar, and Thakurgaon) showed that bacterial wilt (5% to 67% plants infected) 
and tomato yellow leaf curl virus (0.5% to 72% plants infected) were the common 
diseases in all the surveyed areas causing most damage to the crops. Other diseases that 
caused damage to the summer tomato crops were tomato spotted wilt virus (0.6% to 10% 
plants infected), mosaic virus (4% to 7% plants infected), black mold (33% infection), 
blossom end rot (4% infection), Sclerotium rot (3%), and root-knot nematode. These 
results will help scientists research and develop necessary measures for the management 
of these diseases. 

Development of mass-rearing techniques of parasitoids and predators  
S. N. Alam, M. Akhtaruzzaman Sarkar, A.K.M. Ziaur Rahman, (BARI), A.N.M. R. (IPM 
CRSP/Virginia Tech), and Edwin G. Rajotte (Penn State). 
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During 2006-2007, four species of Trichogramma egg parasitoid—Trichogramma 
chilonis, T. evanescence, T. japonica, and T. bactrae—were collected from vegetable 
fields in different areas of the country. Techniques for the mass production of these 
parasitoids on the eggs of rice meal moths (Corcyra cephalonica) have already been 
developed. The reared parasitoids were used to evaluate their efficacy under greenhouse 
conditions and in micro-plots in order to control the fruit and shoot borer (FSB) of 
eggplants, leaf-eating caterpillars of cabbage (army worm and DBM), and the fruit borer 
(Helicoverpa armigera) of tomato.  
  
1. Micro-plot test of egg parasitoid, Trichogramma chilonis and T. evanescence for 
controlling eggplant FSB: In an eggplant field, four eggplants grown at 60cm x 50cm 
spacing were covered with 70 mesh nylon nets (1M x 1.5M x 1.5M) after 40 days of 
transplantation; each of these four covered plants served as a micro-plot. In total, 12 
micro-plots were prepared in a large eggplant field to accommodate the following 
treatments in four replications: (a) FSB + T. chilonis, (b) FSB + T. evanescence, and (c) 
FSB only. Twenty days after covering the plants of the micro-plots, two pairs of freshly 
emerged male and female adults of FSB were released inside the netted micro-plots; after 
one day of FSB release about 400 freshly emerged adults of Trichogramma parasitoids 
were released in each micro-plot. The control plots were not covered with nets and were 
exposed to a natural infestation of FSB. Twenty days after the parasitoid release, the nets 
were removed and the FSB infestation was recorded. 
 
The results from two seasons show that both species of the Trichogramma egg parasitoid 
significantly parasitized the eggs of FSB as compared to the ones infested with FSB only 
(no parasitoid) or the naturally infested plots. Trichogramma chilonis was more effective 
than that of Trichogramma evanescence (Table 1). These results confirm those of 
previous years that showed that the Trichogramma egg parasitoids are highly effective in 
controlling FSB infestations and that their natural populations should be conserved and 
augmented by avoiding or skipping pesticide applications. 
 
Table 1. Performance of two Trichogramma egg parasitoids against eggplant FSB in 
micro-plot tests. BARI farm, Gazipur, 2006 and 2007 summer seasons. 
 

Eggplant shoot infestation (%) Treatments 
2006 2007 

FSB + T. chilonis 4.7±0.5 9.7±1.6 
FSB + T. evanescence  12.8±1.6 16.8±1.2 
FSB only 59.7±5.3 56.2±5.4 
Natural FSB infestation 38.3±3.8 33.6±1.8 

  
2. Micro-plot test of egg and larval parasitoids for controlling leaf-eating pests of 
cabbage: The parasitism efficiency of three Trichogramma egg parasitoids, such as 
Trichogramma chilonis, T. evanescence, and T. bactrae and one larval parasitoid Bracon 
habetor was tested in micro-plots against the leaf-eating pests of cabbage (the army 
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worm Prodenia litura and the diamondback moth Plutella xylostella) at the BARI farm in 
Gazipur. In a big cabbage field, 32 micro-plots containing ten cabbage plants each were 
covered with 70-mesh nylon nets (1.5M x 1.5M x 1.5M) to accommodate two sets of 
experiments in four replications. The net cover was done 40 days after planting the 
cabbage seedlings when the plants formed heads. One set consisted of four treatments 
with cabbage pests and one type of egg parasitoid: (a) Army worm + DBM + T.chilonis; 
(b) Army worm + DBM + T.evanescence; (c) Army worm + DBM + T.bactrae; and (d) 
Army worm + DBM only. The other set contained the cabbage pests and a combination 
of each kind of egg parasitoid and larval parasitoid: (a) Army worm + DBM + T.chilonis 
+ B. habetor; (b) Army worm + DBM + T.evanescenc e+ B. habetor; (c) Army worm + 
DBM + T.bactrae + B. habetor; and (d) Army worm + DBM only. Twenty days after net 
covering, four pairs of newly emerged male and female adults of DBM and two pairs of 
army worm adults were released within the covered micro-plots, and one day after their 
release the egg and larval parasitoids were released within the micro-plots according to 
the treatments as described earlier. After 10 days of parasitoid release, the net covers 
were removed and infestation of the pests and their numbers were recorded. 
  
Results of the first set showed that cabbage infestations by the army worm and DBM 
larvae were reduced by 58%-75% in presence of the egg parasitoids. The number of 
larvae of army worm and DBM recovered from the cabbage heads was also much lower 
in treatments where the egg parasitoids were released. Among the egg parasitoids T. 
chilonis was most efficient for reducing DBM infestation (84.2% reduction), while T. 
evanescence was more active in reducing army worm infestation (34.2% reduction) 
(Table 2). 
 
Table 2. Performance of three species of Trichogramma egg parasitoids against 
infestation of army worm and diamond back moth in cabbage in micro-plot tests. BARI 
farm, Gazipur, January-March, 2007. 
 
Treatments Cabbage 

head 
infested 
(%) 

DBM 
larvae/cabbage 
head (No.) 

DBM 
reduction 
(%) over 
control 

Army worm 
larvae/cabbage 
head (No.) 

Army 
worm 
reduction 
(%) over 
control 

Army worm 
+DBM 
+T.chilonis 

11.1 1.2 84.2 10.5 10.8 

Army worm 
+DBM 
+T.evanescence 

14.8 3.4 55.7 7.7 34.2 

Army worm 
+DBM +T.bactre 

18.5 4.3 44.9 9.8 16.6 

Army worm 
+DBM (control) 

44.4 7.8 - 11.7 - 
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Results of the other set tested with a combination of egg parasitoid and larval parasitoid 
showed that egg parasitoids together with a larval parasitoid was more effective to 
control the infestation of army worm and DBM than the egg parasitoid alone. The dual 
parasitism of egg and larval parasitoids reduced the pest infestations by 85-92%. The 
combination of T. chilonis + Bracon habetor was most effective in reducing the number 
of larvae of army worm and DBM (Table 3). The results again clearly showed that the 
damage caused by the leaf-eating caterpillars of army worm and DBM can be effectively 
controlled by Trichogramma egg parasitoids and B. habetor larval parasitoids, which are 
widely available in cabbage fields. Conservation and augmentation of these parasitoids is 
extremely important by avoiding unnecessary pesticide use. 

Table 3. Performance of combinations of Trichogramma egg parasitoids and a larval 
parasitoid Bracon habetor against infestation of army worm and diamond back moth in 
cabbage in micro-plot tests. BARI farm, Gazipur, January-April, 2007. 

 
Treatments Cabbag

e head 
infested 
(%) 

DBM 
larvae/cabbag
e head (No.) 

DBM 
reductio
n (%) 
over 
control 

Army worm 
larvae/cabbag
e head (No.) 

Army 
worm 
reductio
n (%) 
over 
control 

Army worm +DBM 
+T.chilonis+Bracon 
habetor 

3.7 1.9 80.2 1.9 86.9 

Army worm +DBM 
+T.evanescence+Braco
n habetor 

7.4 3.2 66.7 2.2 84.9 

Army worm +DBM 
+T.bactre+Bracon 
habetor 

7.4 4.5 57.1 3.4 76.7 

Army worm +DBM 48.1 79.6 - 14.6 - 
  
3. Laboratory test on the efficiency of some egg and larval parasitoids against tomato 
fruit borer, Helicoverpa armigera. BARI, 2006-2007: Helicoverpa armigera is an 
obnoxious and a highly damaging pest affecting a number of vegetable crops in 
Bangladesh. The use of pesticides is largely ineffective for its control. Biological control 
has been found highly effective for its control in cotton and potato crops. One egg 
parasitoid, T. chilonis, and a larval parasitoid, Bracon habetor, which are widely 
available in vegetable fields, were tested for their efficiency against this pest under 
laboratory conditions having an average room temperature of 290C±20C and relative 
humidity of 58±10%. 
  
(a) Test with T. chilonis: Adults of tomato fruit borer were reared in the laboratory on 
tomato twigs with fruits. Two pairs of newly emerged adults were released inside a netted 
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wooden box (70cm x 60cm) for laying eggs on tomato twigs. The laid eggs were counted 
and one-day old adults of Trichogramma chilonis were released at the rate of one 
parasitoid per egg. Another set containing the eggs of Helicoverpa armigera was 
maintained without the parasitoid adults as a control. There were three replications for 
each set. Parasitism rate was recorded till the death of the parasitoid adults. 
  
Results showed that the egg parasitoid T. chilonis was highly efficient in parasitizing 
71.4% eggs of the tomato fruit borer. No parasitism occurred in the control set. 
  
(b) Test with Bracon habetor: Twenty larvae (4-5 instar) of Helicoverpa armigera were 
released inside a netted wooden box (70cm x 60cm) containing tomato twigs with fruits. 
Five pairs of adults (male & female) of the larval parasitoid B. habetor were then 
introduced into the box. A set without the parasitoid was maintained as a control. There 
were three replications for each set. Three days after releasing the parasitoid adults, the 
number of dead larvae of the tomato fruit borer was to record parasitism rates. 
  
The larval parasitoid B. habetor has also been found highly efficient, parasitizing 86.7% 
larvae of the tomato fruit borer (Helicoverpa armigera).  
  
These laboratory trials strongly indicate that the egg parasitoid (T. chilonis) and the larval 
parasitoid (B. habetor), if conserved and augmented in the crop fields by avoiding or 
skipping pesticide applications, can effectively control the tomato fruit borer 
(Helicoverpa armigera) and will thus contribute to effective management of fruit borer 
for the healthy production of tomato.  
 
Commercial preparation of Trichoderma spp. and its use in seedbed nurseries to 
control various soil-borne disease pathogens 
M.A. Rahman, M. S. Nahar, M. N. Islam (BARI), A.N.M.R. Karim (IPM CRSP/Virginia 
Tech), 
and Sally Miller (Ohio State) 

Trichoderma harzianum, a fungal bio-control agent, has been found to be highly effective 
in controlling (antagonistic/inhibitory effects) various soil-borne disease pathogens, such 
as Fusarium spp., Pythium spp., Sclerotium spp., and Phytopthora spp., which cause foot- 
and root-rot diseases of vegetable seedlings in seedbed nurseries. It also controls the root-
knot nematode (Meloidogyne spp.). Commercial preparation is needed for its successful 
deployment at the field level. However, it is known that just one isolate of T.harzianum 
may not be effective for all types of soil-borne pathogens. Before attempting its 
commercial preparation, therefore, a series of experiments was carried out with the 
collected T.harzianum isolate for evaluating its growth, survivability, inhibition capacity 
(control of pathogen), and effectiveness after its application in soil. Its effectiveness was 
also compared with that of decomposed poultry refuse, which has been found to be 
highly effective for controlling various soil-borne disease pathogens. The collected 
T.harzianum isolate was purified and maintained on a PDA and the following tests were 
carried out. 
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1. Selection of suitable media: Three media were tested: (a) Cowdung (99%) + sawdust 
(1%); (b) Barley (45%) + sawdust (10%) + (c) Barley (100%). All the media were found 
suitable for growing T.harzianum. 

2. Survival test on growth: Survival of T.harzianum was highly satisfactory up to six 
months on all the media. 

3. pH range for mycelial growth: Mycelial growth was not affected in PDA media having 
pH ranging from 4.5 to 7.5. At high pH of 8.5, mycelial growth was slower.  

4. Inhibition test against soil-borne pathogens: In laboratory tests, T.harzianum inhibited 
the growth of Sclerotium rolfsii and three isolates of Fusarium spp. by about 95%, 
indicating that T.harzianum has potential to be effective at the field level. 

5. Efficacy test of T.harzianum in soil after its commercial preparation: T.harzianum 
grown on cowdung was applied in seedbed soil at the rate of 1Kg per M2 and one-month 
old seedlings of cabbage and tomato were transplanted in the seedbed. Prior to cabbage 
and tomato transplanting, the seedbed was inoculated with root-knot nematode 
(Meloidogyne spp.), Fusarium spp., and bacterial wilt (Ralstonia solanacearum) 
pathogens. Data taken after one month of cabbage and tomato transplantation showed 
that T.harzianum reduced the seedling mortalities of cabbage by 60% and that of tomato 
by 47%. T.harzianum, however, failed to control the pathogen of bacterial wilt. 

6. Comparison of application of T.harzianum and poultry refuse in seed germination and 
mortality due to damping off: The effects of T.harzianum and poultry refuse were 
comparable in respect of seed germination of tomato and cabbage as compared to control 
treatment, increasing the seedling germination rates by 15-20% and reducing seedling 
mortality due to damping off by an average of about 50%.  

These experiments have showed that T.harzianum can be successfully and commercially 
produced for its use at the field level, particularly in seedbeds, to grow healthy seedlings 
without pesticide use. 
  

Nepal  
  
IPM technology development  
Standardization of pheromones and traps  
Cucurbits 
Among the food lures, meshed sweet gourd (MSG) was found more cost effective and 
superior to protein hydrolysate (PH) against fruit flies (Bactrocera spp).  
IPM CRSP transferred MSG technology from Bangladesh to SIMI project districts in 
Nepal. 
MSG technology seems to replace PH technology, which was introduced nearly 40 years 
ago by Entomology Division of NARC. 
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Local sex pheromones against fruit flies were cost effective and at par with US standard. 
Among the traps, soap water was found superior to poison (Malathion 50%EC) and 
sticky delta trap in terms of fruit fly catches. 
IPM CRSP transferred soap water technology from Bangladesh to SIMI project districts 
in Nepal. 
Imported sticky delta traps are most expensive to poor farmers and less effective in 
trapping fruit flies than locally available bottle traps. 
Soap water technology is eco-friendly considering health and environment reasons and 
needs to be transferred to all SIMI extension project districts in Nepal. 
  
Tomato 
Standard (US) sex pheromones against tomato fruit worm, Helicoverpa armigera, had 
slightly higher number of catches for adult moths than local pheromones but local 
pheromones were five times more cost effective and cheaper than the standard.  
Local sex pheromones against tobacco caterpillar, Spodoptera litura, were found superior 
to the (US) standard with almost double the number of adult moths trapped.   
  
Eggplant 
Both local and US standard sex pheromones against shoot and fruit borer of eggplant, 
Leucinodes orbanalis, were almost at par in terms of catches of adult moths but local 
pheromones are five times cheaper than the standard. 
  
Standardizatin of bio-pesticides  
  
Among bio-insecticides (Biolep), Bacillus thuringiensis var. kurstaki was used against 
tomato fruit worm and shoot and fruit borer of eggplant and compared with farmers’ 
practice in terms of: i) insect infestation; ii) crop damage; iii) plant growth; iv) crop yield; 
v) marketable price; and vi) net income. 
Insect infestation and crop damage was observed 30% and 70% respectively less than the 
farmers’ practice. Crop yield and net income from the vegetable produce increased 20% 
and 10% respectively over the farmers’ practice. However, there was no difference in 
plant growth and marketable price between farmers’ practice and bio-insecticide. 
 
The bio-fungicide, Trichoderma viride, was used against soil-borne diseases of cucurbits, 
tomato, and eggplants. Effect of Tv on crop was compared with farmers’ practice. 
There was no difference between farmers’ practice and bio-fungicide in terms of crop 
damage, plant growth, crop yield, marketable price, and net income from the crop 
selected. 
  
Plant pesticides 
Margosom Azadirachtin 0.15%EC was used against tomato fruit worm and shoot and 
fruit borer of eggplant and compared with farmers’ practice (chemical insecticide). Insect 
infestation and crop damage was reduced by 40% and 65% respectively as compared to 
farmers’ practice.  Crop yield and net income increased by 15% as compared to farmers’ 
practice. There was no difference between farmers’ practice and Margosom applied in 
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terms of plant growth and marketable price. Farmers observed the effectiveness of 
Margosom against tomato fruit worm Helicoverpa armigera which successfully replaced 
chemical insecticides such as Dichlorvos, Dimethoate, and Endosulphan.  
 
Among plant pesticides Derisom Karenjin 2% EC was used against tomato fruit worm 
and shoot and fruit borer of eggplant and compared with farmers’ practice.  Insect 
infestation and crop damage was reduced by 50% and 55% as compared to farmers’ 
practice. Crop yield and net income was found 15% more than the farmers’ practice. 
There was no difference between farmers’ practice and use of Derisom in terms of plant 
growth and marketable price. Farmers also reported effective control of Alterneria leaf 
spot of chili (since Karenjin is known as insecticide, fungicide, and acricide). 
  
  
Graft technology in tomato and eggplant 
Nepal-IPM CRSP imported graft technology from Bangladesh through a team of research 
scientists from NARC. Due to the strong team effort of the research scientists, they 
achieved 100% success in grafting tomato and eggplant in less than 4 months time period 
(May to September 2007). NARC scientists have successfully disseminated the graft 
technology through nursery growers, agriculture officers, and agriculture technicians.  
 
Assessment of socioeconomic constraints to the adoption of IPM  
Alamgir Hossain, M. A. Matin, Rafiqul Islam, M. Nasiruddin, S. N. Alam and George W. 
Norton  
The study was carried out in three intensively vegetable growing districts of Comilla, 
Jessore, and Bogra to investigate the dissemination of IPM technologies and to assess the 
impact of IPM technologies, their technical effectiveness, and economic performance. 
The number of IPM farmers totaled 160 (90 for sex pheromone, 40 for soil amendment 
with poultry refuse/mustard oil-cake, and 30 for eggplant grafting). The non-IPM farmers 
who have been using pesticides for pest control totaled 120 and they were selected from 
the neighboring villages. 

Results showed that the impact of IPM technologies on crop yield, economic returns, 
gross margin, and total variable cost was positive: the IPM adopters received higher 
economic benefits as compared to the non-IPM farmers, although their investment was 
much higher for crop production. The technical efficiency of the farmers averaged 79% 
for the IPM adopters and 75% for the non-IPM farmers, implying that the technical 
output of the IPM and non-IPM farmers could be increased by 21% and 25%, 
respectively, for obtaining maximum benefits from the IPM technologies. Most of the 
IPM farmers were very new adopters, and therefore were only 4% more efficient than the 
non-IPM farmers. The IPM technologies were very effective at the field level and the 
farmers showed great interest in adopting them.   

Investigating the value chain for IPM products (pheromones etc.) 
The Nepal site took the lead in organizing a value chain/BDS training for poverty 
alleviation for 20 participants from MoAC, DOA, NARC, NCPA, BDS MaPS, SIMI and 
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CRRN, Nepal (5 days) and eight participants (details below) from Bangladesh (until 
April 27, 2007) at Hotel Orchid, Tripureswore and Hotel Greenwich, Lalitpur. The 
Bangladeshi participants were taken to Lele on April 21 and Pokhara during April 24-26 
for field visits. Lotus Intellect facilitated the training. It conducted IPM training for 200 
participants including field staff and farmers in the Rupandehi, Palpa, and Kaski districts 
during April 28 – May 7, 2007 in order to improve the value chain of IPM tools by 
standardizing pheromones and traps. Three scientists (one female) from NARC (Plant 
Pathologist, Entomologist and Horticulturist), Nepal and one (male) from WI, 
Bangladesh received training in grafting technology in Bangladesh from May 15-17, 
2007. Research scientists from NARC organized two days of training on grafting 
technology for fifteen (five female) IPM promoters in Nepal, specifically, nursery 
growers, agriculture officers and agriculture technicians at Khumaltar from September 27 
-28, 2007. 

Training, education, and institutional capacity-building  

In order to help with institution building, IPM CRSP provided support for vehicle repair 
and maintenance, vehicle rental to visit research sites, renovation of and supplies for 
greenhouses and laboratories, and accessories for computers.  
  
During the period from October 2006 to September 2007, IPM CRSP supported one 
BARI scientist, Mr. A. K. M. Khorsheduzzaman, for a PhD degree in entomology 
through BSMR Agricultural University, Bangladesh. He is expected to complete his 
thesis defense in November 2007. One BARI scientist, Mr. M. A. T. Masud, is presently 
conducting PhD thesis research at the Ohio State University in molecular breeding under 
the supervision of Dr. Sally Miller. He is expected to complete the research work in June 
2009. One BARI scientist, Mr. M. Ataur Rahman, is presently pursuing PhD courses at 
BSMR Agricultural University, Bangladesh. He is expected to complete in 2011.  Mr. 
Atanu Rakshit is continuing his graduate studies at Virginia Tech. He has almost finished 
his MS thesis and has begun the PhD program.  

Technology transfer  

In Bangladesh networking is primarily accomplished through collaboration with the host 
country institutions, such as BARC, BARI, BSMR Agricultural University, CARE-
Bangladesh, Mennonite Central Committee (MCC), Action Aid-Bangladesh, Practical 
Action-Bangladesh, Winrock International-Bangladesh and IRRI-Bangladesh. 
Networking with other countries within the region, such as India and Nepal, is 
maintained through program planning and workplans. As a part of this networking 
activity, three scientists from Nepal Agricultural Research Council received training in 
May 2007 on various IPM technologies for vegetable crops, especially on eggplant and 
tomato grafting. They were provided with training materials and seeds of pest-resistant 
eggplant varieties. After their return to Nepal they trained their extension officers and 
scientists on eggplant and tomato grafting for transferring the technology at the field 
level. The site coordinator also plays a role in networking with different host country- 
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and foreign-supported projects in the country by hosting them at the IPM CRSP site and 
attending meetings that are represented by various organizations. 
 
Technology Transfer of IPM Practices in Vegetable Crops Through NGO 
Collaboration 
At present, four international NGOs are collaborating in the dissemination of IPM CRSP-
BARI technologies in vegetable crops at the farm level. CARE-Bangladesh was the first 
to team up with IPM CRSP-BARI in 2003, followed by the Mennonite Central 
Committee (MCC) in 2005. In 2006, two more international NGOs (Action Aid-
Bangladesh and Practical Action-Bangladesh) joined the collaboration. According to the 
agreement, IPM CRSP provides various technical supports to the NGOs, including 
training of NGO staff and providing technical information in implementing technologies 
at the field level. The NGOs, on the other hand, carry out the technology transfer 
activities in farmers’ fields through their existing extension programs. Selected field 
officers from all the NGOs received theoretical and practical training on various 
technologies from IPM CRSP-BARI scientists. During 2006-2007, CARE-Bangladesh, 
Action Aid, and Practical Action took part in the collaboration through the FoSHoL 
(Food Security for Sustainable Household Livelihoods) project, which is funded by the 
European Commission and coordinated by IRRI. MCC has been collaborating through its 
own extension project of “Partnership in Agricultural Research & Extension (PARE).” 
Technologies that were transferred or demonstrated by the NGOs at the farm level in 
their target areas are described below. 
 
Technology Transfer by CARE-Bangladesh: CARE-Bangladesh made only a modest 
start to demonstrate cultivation of grafted eggplant in four farmers’ fields and trained 
CARE field staff and farmers. 
  
Cultivation of grafted eggplant: Out of 1000 grafts, only 600 grafted eggplant seedlings 
survived, producing a very low success rate of 60% as the healing of the grafted seedlings 
could not be facilitated in a grafting house. The grafted plants were luxurious in growth 
and suffered only 1% mortality, compared to about 5% mortality in the non-grafted 
fields. Unfortunately, the eggplant fields were heavily damaged due to submergence from 
incessant rains. However, the farmers were impressed with the effectiveness of the 
grafting technique and expressed their interest to adopt the technology in the next season. 
  
Training of field staff and farmers: CARE-Bangladesh trained 40 field staff (22 male and 
18 female) and 56 target farmers (48 male and 8 female) on different aspects of IPM 
technologies. 
  
Technology Transfer by MCC-Bangladesh: MCC carried out demonstrations on five 
IPM technologies in farmers’ fields at different sites and also arranged training for NGO 
staff and farmers. 
  
1. Cultivation of grafted tomato: Demonstration of grafted tomato crop was established in 
farmers’ fields in six districts with partner NGOs (PNGO). Although the average grafting 
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success was 74% due to some management problems, the farmers were very much 
impressed with the performance of grafted crops as compared to the non-grafted ones. 
The average tomato yield in the grafted fields was much higher, averaging 25t/ha. 
  
2. Fruit fly control in cucurbit crops by pheromone bait trapping: Pheromone bait 
trapping was adopted by about 200 farmers in three sites of Comilla, Sirajganj, and Bogra 
districts in bitter gourd, bottle gourd, snake gourd, sweet gourd, and pointed gourd crops. 
Farmers were highly satisfied with the results of pheromone bait trapping as the fruit 
damage was only 5-7% as compared to 20-25% in pesticide-treated fields. As a result, all 
the farmers obtained higher yields and more economic returns. 
  
3. Fruit fly control by mashed sweet gourd (MSG) bait trap: Because of the non-
availability of sex pheromone in the local market, farmers are also willing to use MSG in 
their cucurbit crops, particularly in the household vegetable gardens. MCC established 36 
demonstrations in collaboration with 18 PNGOs at 18 sites. Farmers were happy with the 
effectiveness of the technology as they obtained higher yields and economic returns. 
  
4. Demonstration of soil amendment practice with poultry refuse and mustard oil-cake: 
Fourteen demonstrations with as many farmers were established in two sites of Comilla 
and Bogra districts in seedbeds of cabbage and eggplant. Poultry refuse was not available 
in all the sites; instead, farmers used mustard oil-cake. Results of both the soil 
amendment materials were effective, but farmers preferred mustard oil-cake. The farmers 
were happy with the results as the seedlings were luxurious in growth and suffered only 
2% mortality. 
  
5. Demonstration of manual destruction of leaf-eating caterpillars in cabbage crop by 
hand-picking: Six demonstrations were carried out in six locations in four districts. There 
was a mixed success as some farmers (particularly in Comilla district) considered it 
laborious as compared to pesticide use, in spite of its effectiveness in controlling the 
pests. 
  
6. Demonstration of the use of bio-control agents: MCC established demonstrations in 
about 7.5 acres of different vegetable crops at two sites in Bogra district involving 108 
farmers in release of larval parasitoid of Bracon habetor and egg parasitoid Trichgramma 
spp. for control of different pest insects, such as lady bird beetle and semilooper in bitter 
gourd. The results were encouraging as the bio-control agents were effective in 
controlling the pests.  
  
7. Training of NGO staff and farmers: MCC trained 100 staff (76 male and 24 female) of 
their 18 partner NGOs (PNGOs) on various IPM technologies during 2006-2007. In turn, 
the trained PNGO staff trained as many as 4100 beneficiaries (all female) of 18 PNGOs 
for transferring IPM technologies. Thirty MCC staff received training on IPM 
technologies directly from BARI scientists. In addition, 108 beneficiary farmers (all 
male) associated with three PNGOs received training from BARI scientists.  
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Technology Transfer by Practical Action-Bangladesh (PAB): PAB established 
demonstrations in farmers’ fields at different sites of greater Jamalpur and Faridpur 
districts, and carried out training programs for NGO staff and farmers.  
  
1. Demonstrations of fruit fly control in cucurbit crops by using pheromone and MSG 
bait traps: The demonstrations were carried out in 17 sites of five districts of Jamalpur 
and Faridpur regions involving 113 farmers (105 male and 8 female) on 8 cucurbit crops 
in a total area of 13.5 acres. The technology was very effective in respect to fruit fly 
control, crop yield, and economic returns and the farmers were highly impressed. Fruit 
fly damage in bait trapping averaged 16% as compared to 36% in pesticide-treated fields. 
As a result, the farmers obtained 63% additional yield and 181% increased income. 
  
2. Demonstrations of soil amendment practices with sawdust burning (SDB) and mustard 
oil-cake (MOC): The use of sawdust burning and MOC was demonstrated in about 2.3 
acres of seedbeds of eggplant, tomato, cauliflower, and cabbage at 23 sites of the 
Jamalpur and Faridpur regions involving 123 farmers (120 male and 3 female). Soil 
amendment practices decreased seedling mortalities by 60-70% and increased the net 
income by 172-211%. 
  
3. Demonstrations of mechanical control of leaf-eating caterpillars in cabbage by hand-
picking: The practice was demonstrated in two farmers’ fields in the Jamalpur district and 
the farmers showed interest in the practice as they could save money by avoiding 
pesticide use without losing yield or economic benefits.  
  
4. Training of NGO staff and farmers: Practical Action completed training of 41 staff (34 
male and 7 female) of 11 partner NGOs of five districts. They also trained as many as 
702 farmers (290 male and 412 female) on different IPM technologies.  
  
Technology Transfer by Action Aid-Bangladesh (AAB): Demonstration was 
established only fruit fly control by bait trapping and carried training programs for NGO 
staff. 
  
1. Demonstration of fruit fly control by pheromone and MSG bait trapping: 
Demonstration was carried out on the use of pheromone and MSG bait trapping for fruit 
fly control in cucurbit crops in 74 farmer fields covering about 6 acres (45 fields for 
pheromone and 29 for MSG) involving 57 farm families. Fruit fly damage was 33% 
lower in bait trapping than in pesticide-treated fields. As a result, crop yield was 200% 
higher in fields with bait traps.  
  
2. Training program for NGO staff: AAB trained 61 field staff (42 male and 19 female) 
from six districts in transferring various IPM technologies for vegetable cultivation. 
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Transfer of IPM CRSP Technologies through PL 480 Project “Facilitating the 
Development and Spread of IPM CRSP” 
  
 This USAID-funded (PL480-416B excess/residue fund) project entitled “Facilitating the 
development and spread of IPM CRSP” is coordinated by the Bangladesh Agricultural 
Research Council (BARC) and implemented by the Bangladesh Agricultural Research 
Institute (BARI) and the Department of Agricultural Extension (DAE). The project was 
planned for three years, from January 2005 to December 2007, but the project activities 
could be started in December 2005. The project work consists of three programs: (a) 
transfer of vegetable IPM technologies; (b) testing of promising research programs in 
wider areas of the country; and (c) training of DAE officers and target farmers.  
  
1. Transfer of vegetable IPM technologies: The following five technologies were 
demonstrated in farmers’ fields at one or two sites of four districts of Dhaka, Jessore, 
Comilla, and Bogra: (a) cultivation of grafted eggplant for controlling bacterial wilt (BW) 
disease; (b) use of resistant eggplant variety for controlling fruit & shoot borer (FSB), 
jassid, and BW; (c) use of sex pheromone to control eggplant FSB; (d) use of integrated 
approach for the management of FSB, BW and soil-borne disease pathogens; and (e) use 
of sex pheromone and MSG bait traps for fruit fly control in cucurbit crops. 
  
(a) Performance of grafted eggplants and pest-resistant eggplant varieties (BARI Begun-
6, 7 & 8) in farmers’ fields: The results showed a mixed success in 2006 in most of the 
sites. This happened due to procedural mistakes in making the grafts, faulty maintenance 
of the grafted seedlings, and erroneous planting methods. Moreover, the grafted seedlings 
and the pest-resistant varieties were planted very late in the season and they suffered from 
drought as well as submergence. In 2007, the performances were much better for both the 
activities, particularly in Bogra where the farmers obtained more than four times higher 
yield and similar economic returns from the grafted eggplants. The performance of the 
pest-resistant eggplant variety ‘BARI Begun-8’ was very successful in Jessore and Bogra. 
                                                                                                       
(b) Performance of integrated approach for controlling different pests of eggplant: The 
results were not successful, mainly due to the use grafted eggplant seedlings that were 
incorrectly and improperly raised and planted.  
 
(c) Performances of the use of sex pheromones for the control eggplant FSB and cucurbit 
fruit fly: The results were extremely impressive in all the sites in both the years of 2006 
and 2007. The use of sex pheromone baits in eggplant fields reduced fruit infestation by 
26%-42% and produced 121%-138% increased yields. Similarly, the fields of cucurbit 
crops (bitter gourd) with sex pheromone bait traps had only 2.3% - 8.8% fruit infestation 
as compared to 18.7%- 24.8%  in the pesticide-treated fields. The cost of fruit fly control 
in farmers’ practice with pesticides was 2.8 times higher than that of using sex 
pheromone bait traps. As a result, the fields with sex pheromone bait traps gave 143%-
158% higher yields and 172%-192% higher income to the farmers. 
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2. Tests of promising IPM research programs in wider areas: The following research 
activities were carried out at BARI farms at Gazipur and Jessore and also in farmers’ 
fields. 
 
(a) Effect of pest-resistant eggplant varieties on the prevalence of the FSB larval 
parasitoid, Trathala flavoorbitalis: The pest-resistant eggplant varieties (BARI Begun 6, 
7, 8) which are resistant to FSB had low infestation of FSB and therefore the rate of 
larval parasitism was also low but not significant compared with that of a susceptible 
variety. 
 
(b) Performance of selected tomato varieties/lines against tomato leaf curl virus (TLCV) 
and white fly (vector): Four exotic lines and two BARI varieties were evaluated. Three 
exotic lines (TLB-130, TLB-133, and TLB-182) were found to be highly resistant to 
TLCV disease and gave significantly higher yield.  
 
(c) Performance of grafted summer tomato: Recently, BARI scientists have developed 
two varieties that can be successfully grown during the summer season without using 
hormones for fruiting. As a result, farmers are quickly adopting these varieties for 
earning higher income. However, summer tomato varieties are susceptible to bacterial 
wilt disease which can be controlled by cultivating tomatoes grafted on BW-resistant 
wild eggplant rootstock. Results showed that grafted summer tomatoes can be 
successfully grown during the summer season without or with very low BW infection and 
can produce high yields. 
  
(d) Seed production of pest-resistant eggplant and virus-resistant tomato lines: About 5.6 
Kg of pest-resistant eggplant varieties and 2.3 Kg of virus- resistant tomato lines were 
produced because of their satisfactory performance and potential demand at the farm 
level. 
 
3. Training Program: Training programs were arranged for the field level extension 
officers of DAE and the target farmers in order to disseminate the IPM technologies 
successfully and rapidly among the vegetable producers. BARI scientists associated with 
IPM CRSP acted as trainers. In 2006 as many as 120 sub-assistant agricultural officers 
and 120 farmers from different sites were trained on IPM technologies. In 2007, similar 
numbers of extension officers and farmers were trained. 
. 
Enterprise Development: 
 
The IPM technologies developed through IPM CRSP-BARI programs for vegetable crops 
have been highly effective and economically profitable at the farm level. As a result, 
large numbers of farmers within and outside the project sites have successfully adopted 
the IPM practices, resulting in demand of several inputs, such as grafting clip, seedlings 
of grafted eggplant and tomato, traps (plastic container) and lure dispensers for 
pheromone baiting, and various bio-control agents (parasitoids and predators).  
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(a) Plastic clips for eggplant and tomato grafting: Small plastic clips that are needed to 
hold the grafted plant in place for graft union were not available in Bangladesh and the 
initial demonstrations on grafting had to be carried out by using the clips imported from 
AVRDC. Recognizing the demand at the farm level, one small private firm, “Shapla 
Enterprise” (proprietor Mr. Saiful Islam), started to manufacture and supply the clips to 
the users. In 2004 “Shapla Enterprise” supplied as many as 30,000 clips to CARE-
Bangladesh. Since then, this firm has been supplying thousands of plastic clips to various 
organizations and persons for grafting of eggplant and tomato. 
  
(b) Production of grafted seedlings of eggplant and tomato: Cultivation of grafted 
eggplant and tomato crops has created a great impact on the farming community in 
different areas of the country because of its effectiveness in solving the field problems as 
well as bringing about 2-3 fold economic returns. More and more farmers are adopting 
this technique, resulting in high demand for grafted seedlings. Nurserymen as well as 
individual farmers have now started producing grafted seedlings of eggplant and tomato 
on a commercial scale to sell to the interested farmers. It first started in 2004 at Gaidghat 
village of Jessore district, where a farmer-cum-organizer Mr. Lakhsan Chandra Mondol 
raised 4,000 grafted eggplant seedlings and sold them to the interested farmers at a profit 
of more than 60%. The following year Mr. Mondol raised about 5,000 grafted seedlings 
and earned more than 100% profit. In 2006, Mr. Amjad Hossain of Shahjahanpur Upazila 
in Bogra district (proprietor of Akhi Nursery & Seed Store) raised and sold 6,000 grafted 
eggplant seedlings, earning about 300% profit. This year (2007), based on farmers’ 
demands, Mr. Hossain has started to raise 25,000 grafted eggplant seedlings. Dr. Dely 
Gapasin (Member EEP) was highly impressed with this grafting enterprise when she 
visited this nursery farm in August 2007. In a neighboring area of Sherpur Upazila in 
Bogra district, a farmer, Mr. Jobed Ali, profited more than three times by cultivating 
grafted eggplant crop last season and has started raising about 15,000 grafted eggplant 
seedlings this season (2007) on a commercial scale for sale to the interested farmers of 
the area. In Komolganj Upazila of Moulvibazar district, a farmer, Mr. Gazi Mainuddin, 
along with his four brothers raised 10,000 grafted seedlings of summer tomato in May 
2007. He planted 1,600 grafted seedlings in his own land and sold the rest to the 
neighboring farmers, earning more than 75% profit. Another farmer of the same area, Mr. 
Lal Mohan Singha, has been raising grafted tomato seedlings from last year (2006) on a 
small scale for his own cultivation as well as for sale. In 2007 he sold about 1,500 grafted 
tomato seedlings and earned more than 250% profit. In Netrokona district, one farmer, 
Mr. Omar Faruque, raised 1,000 grafted summer tomato seedlings and cultivated his own 
farm. Demand for grafted eggplant and tomato crops is increasing every year and the 
grafting enterprise is expected to flourish rapidly in future. 
  
(c) Production of traps (plastic containers) and lure dispensers for pheromone baiting: 
The performance of pheromone baiting for the control of cucurbit fruit fly and eggplant 
FSB has created an extraordinary impact among the farming communities in most of the 
intensive vegetable growing areas of the country. Thousands of farmers are interested in 
adopting this technology to protect their crops. As a result, there is a high demand for the 
synthetic sex pheromones as well as the plastic traps (transparent plastic containers with 
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pheromone dispensers) among the farmers. A multinational agrochemical company, 
“Syngenta Bangladesh,” is presently importing the sex pheromone ‘Cuelure’ for cucurbit 
fruit fly control through BARC coordination. The pheromone required for FSB control is 
supplied by NRI (England) in a concentrated form and BARI prepares the dilution for 
distribution to the farmers. In order to dispense the pheromones and catch the pest 
insects, a private firm, “Safe Agro Biotech Limited,” has started production and 
marketing of plastic containers and pheromone dispensers in plastic/rubber tubing at a 
reasonable price. 
  
(d) Production and marketing of bio-control agents (parasitoids and predators): Farmers’ 
current practice of indiscriminate use of pesticides has resulted in complete destruction of 
natural enemies (parasitoids and predators) of various vegetable pests in the field. As a 
result, the natural biological control system has become ineffective. Results of a series of 
IPM CRSP-BARI on-farm trials carried out in different project areas have convinced the 
farmers to avoid pesticide use in order to exploit biological control techniques. To 
supplement and augment the natural populations of different bio-control agents, mass 
release of some efficient egg and larval parasitoids and predators is necessary. A private 
firm, “Safe Agro Biotech Limited,” is presently producing and marketing four species of 
Trichogramma egg parasitoids, one species of larval parasitoid (Bracon habetor), and 
green lacewing predator. These natural enemies are highly effective in controlling various 
pest insects in cucurbit and eggplant crops. Release of these bio-control agents costs only 
Tk. 400-700 per ha per crop season (U$6-10/ha). 
   
The development of the above enterprises has opened up opportunities for village level as 
well as urban businessmen to earn money through the development of IPM technologies. 
There is, however, potential for the rural people to start cottage industries with other IPM 
inputs, such as establishing small poultry farms and trading of poultry refuse, which is 
highly effective for soil amendment practice. 
 
TERI Technology Transfer in India 
 
Training, education, and capacity building 
Demonstration of IPM practices on vegetable crops in farmers’ field in 5 villages in UP, 
5 villages in Andra Pradesh, and 4 villages in Karnataka. Targeted farmers population in 
these villages is nearly 20,000 including women farmers. 
20 group meetings were held.  
One farmers meeting and field day organized. 
Training on safe use of pesticides was provided. 
Farmers were ignorant about biopesticides; these demonstrations/meetings created 
awareness among the farming community about biopesticides. 
Technologies transferred were: 
IPM packages for okra, brinjal and tomato demonstrated at farmers’ fields. 
Seed treatment with Trichoderma and Psuedomonas. 
Use of pheromone trap. 
Neem, Bt, NPV, and Beuvaria spraying. 
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Monitoring and evaluation  
Key indicators of impact: (a) wide-spread adoption of IPM technologies; (b) reduced 
pest-induced losses; (c) reduced pesticide use; (d) changes in farmers’ perceptions of 
pests and natural enemies;, (e) increased farm income and economic growth; (f) increased 
exports of products produced with IPM with minimal pesticide residues; (g) IPM 
programs institutionalized; (h) scientists and graduate students trained in the HCs and the 
U.S.; (i) regional collaborative network formed among U.S. and HC universities, IARCs, 
and other public and private institutions; (j) IPM training programs or events completed 
for trainers from CARE, MCC, departments of agricultural extension, and others who 
will be extending IPM results from the previous phase of the IPM CRSP; (k) increases in 
exports from host countries of products produced with IPM; (l) spread of the IPM CRSP 
program beyond the initial sites; (h) IPM in schools and programs developed in the 
region.    
 
Target 1: IPM science advanced, with ecologically-based IPM technologies, information, 
and systems developed for managing key pests on target crops in the region.  
Indicators of impact: (a) profitable IPM technologies, information, and systems 
developed, recommended, and released; (b) IPM scientific discoveries described and 
published in international, regional, and national journals; (c) IPM solutions developed in 
one country is adapted and adopted in other countries. 
 
Target 2: Improved IPM communication. 
Indicators of impact: (a) increased IPM capacity of host-country scientific and outreach 
institutions; (b) enhanced ability of practitioners to manage IPM knowledge; and (c) 
widespread adoption of ecologically-based IPM technologies, practices, and systems, 
with measurable impacts. 
 
Target 3: Information provided and capacity built that reformed and strengthened 
policies and local/national institutions that influence pest management. 
Indicators of impact: (a) greater understanding of social, gender, and institutional 
factors influencing IPM; (b) policy recommendations adopted that encourage adoption of 
IPM; (c) capacity for IPM policy analysis has been increased.  
 
Target 4: Sustainable, resource-based local enterprises developed and integrated into 
regional, national, and international markets. 
Indicators of impact: (a) resource-based, local private enterprises are formed that supply 
inputs to farmers such as biocontrol products, grafted seedlings, pheromones, and 
technical IPM advice; (b) marketing cooperatives or firms for horticultural products are 
formed and strengthened that are linked to regional, national, and international markets, 
with pre-clearance procedures established to enable them to succeed in these markets.  
 
Expected outputs for the year  
Annual review and planning meeting conducted, annual report produced, and preparation 
of plans for impact assessment study. 
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Graduate Students: 
Melanie Victoria (M.S.)  
A.K.M. Khorsheuzzaman (Ph. D.)  
M.A.T. Masud (Ph. D.)  
M. A. Rahman (Ph. D.)  
Atanu Rakshit (Ph. D.)  

Publications 

Training Handouts (in Nepali) on IPM for the Management of Bacterial Wilt, Root Knot 
Nematode, and ESFB on Tomato and Eggplant (through grafting) by Plant Pathology 
Division and IPM CRSP/WI Nepal, September 27-28, 2007. 

Extension publications by TERI: 

-2 brochures –one each on okra and brinjal-copies distributed to farmers 
-4 pamphlets –2 each on okra and brinjal-copies distributed to farmers 
-Two posters - one each on okra and brinjal 
 
Ricker-Gilbert, Jacob, George W. Norton, Jeffrey Alwang, Monayem Miah, and Gershon 
Feder, “Cost Effectiveness of Alternative IPM Extension Methods: An Example from 
Bangladesh,” Review of Agricultural Economics, 30 (2008): (in press).  
 

Victoria, Melanie, “Agricultural Technology in Bangladesh: A Case Study on Non-farm 
Labor and Adoption by Gender,” M.S. thesis, Virginia Tech, June 2007.  
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Ecologically-based Participatory IPM for Southeast 
Asia  
PI: Mike Hammig, Clemson University 
Collaborators: 
Merle Shepard, Clemson University 
Gerry Carner, Clemson University 
Beverly Gerdeman, Washington State University 
Partners: 
University of the Philippines at Los Baños (UPLB) 
PhilRice 
Indonesian Ministry of Agriculture Agency for Agricultural Research and Development 
Insitut Pertanian Bogor (IPB) [Bogor Agricultural University] in West Java 
Sam Ratulangi University (Unsrat) in North Sulawesi 
Hasanuddin University (Unhas) in South Sulawesi 
Regional Development Planning Board 
FIELD Indonesia 
Development Alternatives Inc. (DAI) in North Sumatra  
IRRI 
World Vegetable Center 

Host Countries: Philippines and Indonesia 

Baseline study on farmer practices, including socio-economic aspects, on vegetables 
in Semangat Gunung and Dahulu villages, North Sumatra 

Farmer Field Schools were conducted in the Lembah Gulen area of Karo District, North 
Sumatra.  Impacts of these FFSs include at least 6 farmers from Doulu and Semangat 
Gunung implementing “Ecological Farming” and at least 22 FFS participants partially 
implementing “Ecological Farming.”  
–Reduction in the use of chemical fertilizer and pesticides by 50% 
–Increase in the use of compost 
•At least 7 farmers conducted field study on pest control using botanical pesticides (i.e., 
study on controlling Phytophthora using extract of Curcumine) 
•Improved farmers’ capacity in discussing local problems critically, group cooperation, 
and utilizing local potency such as fruit waste and livestock waste. 
Farmer quotes: 
“After joining FFS and implementing it in my own field, I just realized that growing 
tomato without chemicals is possible.  My first harvest was 400 kg and will harvest 
around 2500 kg more.  For this treatment the cost was less than Rp.1 million.  Usually I 
have to spend around Rp.3 million for chemical treatment.” (Mr.Taufiq Purba, Doulu 
village) 
 “While joining FFS, I also conducted study in my own field.  I use Tithonia leaves as 
compost, and fermented goat urine as liquid fertilizer.  My tomato was infested by 
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Phytophthora, and I used a mixture of curcumine, ginger, and “gambir” as a botanical 
fungicide, and it worked, the disease stopped.” (Mr. Rakut Purba, Doulu village) 
 
Citrus IPM in North Sumatra 
These studies were conducted in the Tigapanah and Barusjahe subdistricts of Karo, North 
Sumatra, focusing on citrus with an emphasis on causes and control of fruit 
drop. Possible reasons for fruit drop are: fruit fly, fruit borer, plant health related to leaf-
fruit ratio such as branch density vs. sunlight, and nutrition and other pests and diseases.  
 
They were organized with farmer cooperators in both areas. 
IPM treatments:  
Pruning: yes; ripe fruits harvested by handpicking and then fruit stalks were cut with 
scissors 
Fertilizer: more organic, less chemical  
Sanitation: drop fruits collected and then fermented for liquid organic fertilizer 
Pest management: farmer-made botanical mixture and “California Mixture” 
 
Farmer treatments: 
Pruning: no pruning was carried out; ripe fruits were harvested by handpicking. 
Fertilizer: less organic, more chemical  
Sanitation: dropped fruits not collected 
Pest management: chemical pesticides 
Results of ongoing research indicate that the IPM program has less dropped fruit in all 
cases.  The difference is particularly important in the late season.  The presence of fruit 
fly and/or fruit borer was measured in each treatment.  In all cases these pests were less 
important in the IPM treatments; however, there were several dropped fruits with neither 
fruit fly nor fruit borer.  

On-station screening to manage pests in tomato and eggplant 

Greenhouse study:  Efficacy of herbicides against weeds infesting eggplant 
A greenhouse study was conducted to determine the efficacy of oxadiazon (3-[2,4-
dichloro-5-(1-methylethoxy)phenyl]-5-(1,1-dimethylethyl)-1,3-oxadiazol-2-(3H)-one), 
fluazifop-butyl [(+)-2-[4-[[5-(trifluoromethyl)-2 pyridinyl]oxy]phenoxy]propanoic 
acid], and cyhalofop-butyl [(R)-2-[4-(4-cyano-2-fluorophenoxy)phenoxy] propanoic 
acid] against weeds infesting eggplant and tomato. Ronstar provided about 50% control 
of broadleaf weeds and poor (15 to 20%) control of grasses. Fluazifop, a postemergence 
grass herbicide, provided moderate (70 to 80%) control of grasses with some degree of 
control (10%) of broadleaf weeds while the other postemergence grass herbicide, 
cyhalofop, provided very good control (> 80%) control of grasses but no control of 
broadleaf weeds. 
 
Eggplant showed slight injury (10 to 15%) consisting of chlorotic leaves from oxadiazon 
but the plant recovered at 2-3 weeks after treatment and resumed normal growth. Tomato 
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was not injured by oxadiazon. Cyhalofop and fluazifop were completely safe to both 
eggplant and tomato. 
 
Field study:  IPM for Pests and Diseases of Eggplant and Tomato at UPLB, CA 
A field study was conducted at the UPLB Central Experiment Station to field test the 
various component technologies we plan to bring to the farmers’ field in Tanauan come 
planting season of 2007. The IPM component technologies include: a) stale-seedbed 
against problem weeds; b) parasitoid-based IPM against insect pests and cultural 
management and varietal resistance against major disease of eggplant and tomato; and c) 
the use of Bio N, a Trichoderma-based organic fertilizer with claimed bioefficacy against 
soil-borne pathogens like Ralstonia.  The experiment was planted in January 2007; 
however, the tomato experiment was abandoned due to heavy infection of viruses 
acquired from the greenhouse where the seedlings were grown. The symptoms of viral 
infection showed up only a month after transplanting, affecting both the grafted and non-
grafted tomato plants.   
 
The major weed problems in the experimental area were purple nutsedge (Cyperus 
rotundus), three-lobe morning glory (Ipomoea triloba), and itchgrass (Rottboellia 
cochinchinensis), with summed dominance ratios of 63, 14, and 11, respectively. 
Trichogramma were released starting at 30 DAT (2 releases for the first 2 weeks) 
followed by weekly releases at 6th and 7th weeks after transplanting. Highest yields were 
obtained from grafted casino plots and with non-grafted eggplant cultivar Casino (Table 
1). Yields were comparable from those obtained during the 2006-2007 wet season studies 
conducted in farmers’ fields in Tanauan, Batangas. 
 
Table 1.  Eggplant yield (Tons/ha) and insect damage at UPLB, Dry Season, 2007 
(Partial yield and damage data as of April 15, 2007). 
 

Variety Yield (T/ha) % Fruit Damaged by FSB 
  
Casino 
  
Grafted Casino 
  
EG 203 
  
A 300 

  
7.14 
  
10.20 
  
2.49 
  
2.59 
  

  
28.87 
  
22.17 
  
17.34 
  
25.0 

 
In a field study to determine efficacy of weekly handweeding (farmers’ practice) an 
application of 0.8 kg ai/ha fluazifop-butyl at 2 weeks after sowing (WAS) followed by 
one handweeding at 4 WAS against weeds infesting pechay. Pechay seeds were sown on 
March 21, 2007.  Before treatment, the major weeds in the area were purple nutsedge 
(Cyperus rotundus), itchgrass (Rottboellia cochinchinensis), three-lobed morning glory 
(Ipomoea triloba), and dayflower (Commelina benghalensis). Insect pests were also 
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monitored and appropriate control was done when needed (initial releases of earwig were 
done during the 1st and 2nd week after broadcasting of seeds). Initially, the chrysomelid 
beetles and katydids were found to be causing considerable leaf damage but were 
deliberately not controlled as the plants were thought to be able to recover after some 
time. 

Evaluation of current and improved diversification schemes for IPM in 
vegetable-rice cropping systems (Mindanao, Philippines) 

Evaluation of options for coordinating and designing storage, 
multiplication, and delivery of improved and landrace seed in Arakan 
The indigenous and traditional rice variety Dinorado still remains the preferred variety in 
Arakan Valley, but grain yield was low, and there was inadequate supply of quality seeds 
of these traditional varieties which depleted the supply. Thus, Arakan farmers must re-
grow the traditional variety, which requires supplying them with sufficient quantities of 
quality seeds.  Restoration of farmer-preferred Dinorado is necessary and effort on such 
activity is targeted at the community level.  Consequently, a community seed bank (CSB) 
has been organized.  The development of CSB in Arakan Valley also addresses storage, 
multiplication, and delivery of quality seeds of both traditional and improved rice 
varieties in the uplands. 
  
The objectives were to produce good quality seeds of traditional and improved rice 
varieties by Arakan farmers, to develop and establish the seed distribution system in 
upland rice barangays of Arakan, and to promote farmer-preferred varieties (both 
traditional and improved) through maintenance and exchange of good quality seeds 
among farmers. 
 
Prior to the development of the CSB, a participatory rural appraisal (PRA) was conducted 
to improve farmers’ livelihood through rice research. This was attended by upland rice 
farmers, barangay leaders, and staff from the Local Government Unit (LGU) of Arakan.  
Problems related to seed access, especially seeds with pure and excellent quality, and 
conservation and preservation of Arakan Valley’s traditional Dinorado variety had been 
discussed.  Results of the PRA revealed that upland rice farmers not only experience lack 
of food but also seed insecurity; thus, the CSB was established. 
 
A planning workshop attended by the research team, staff from the Office of Municipal 
Agriculture of Arakan, and barangay LGU officials was held to identify farmer-members 
of the CSB.  Farmers who participated in the Rice Seed Health Management Training-
Workshop conducted previously were considered the core group of farmers who would 
function as small-scale seed producers in Arakan.  In this training-workshop, good seeds 
were shown to farmers in contrast to bad ones; farmers were taught how to obtain clean 
seeds from their own harvest while the crop is still on the field and also how to store 
seeds properly.  Of the 30 farmers who attended the training-workshop, 25 were 
identified as well-performing and considered having potential as CSB farmer-members. 
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In order to enhance the management and skills of the community seed bank members, a 
series of capacity-building activities was conducted.  The activities included: 

• pre-planting briefing meeting to discuss the use of good quality seeds, proper land 
preparation, crop management, and care; 

• farm walks to assess the performance of varieties across all CSB farms; 
• farmer classes at early vegetative and at reproductive stages of the crop to 

evaluate the crop status and assess the problems experienced in growing the crop; 
• farmers’ field day before harvest to evaluate the crop and assess the opinion of 

farmers on the CSB project. 
 Participation in these activities was by CSB and non-CSB farmer members, 
extensionists, and researchers.  Farmers from neighboring towns of Arakan were also 
invited to attend such activities. 
 
A total of 48 CSB farms had been established and were planted with Dinorado (19 
farms), IR 72768-8-1-1 (2), UPL Ri-5 (20), NSIC Rc-9 (4), NSIC Rc-11 (1), IR 74371-
54-1-1 (1), and PR 23813-2-53 (1).  These traditional variety and improved upland elite 
lines/varieties were identified from participatory variety selection (PVS) trials. 
  
The CSB farmers had identified various indicators of successful and unsuccessful CSB 
seed production farms.  Generally, they viewed a CSB farm as successful when it is clean 
and well-maintained, has chosen the right timing of planting, plants are uniform and in 
straight rows, roguing activity is well-practiced, and yields at least 1.5 t/ha.  On the 
contrary, an unsuccessful CSB farm is weedy, poorly maintained or has poor agronomic 
practices, either planted early or late compared with other farms in the locality, roguing 
not done well, and has a low yield of less than 1.5 t/ha. 
 
Out of the 30 farmers, six had been sourced out for seeds by 26 farmer-beneficiaries with 
a total of 1,193 kg of rice seeds either sold or offered as a gift.  The seed distribution took 
place mostly within the municipality of Arakan, although some farmers have shared the 
seeds with other farmers who have fields outside Arakan.   
 
Analysis of functional and genetic diversity of traditional and improved rice 
germplasm from Arakan 
Traditional varieties are commonly grown in Arakan Valley, Philippines where rice blast 
and brown spot occurs sporadically.  Since previously resistant varieties become 
susceptible due to diverse and rapidly-changing pathogen races, varieties with durable 
resistance must be developed. Traditional and improved varieties are being evaluated in 
observational trials and PVS to provide continuous sources of diverse disease-resistant 
germplasm. In addition to disease phenotyping, these germplasm were analyzed using 
molecular markers to further know their genetic diversity.  
 
The objectives were to assess the resistance of Arakan traditional varieties to rice blast 
strains in the Philippines, to conduct DNA fingerprinting of Arakan traditional varieties 
using simple sequence (SSR) markers distributed across the 12 rice chromosomes--13 of 
them co-localized with regions associated with blast resistance--and to evaluate the 
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correlation of SSR markers to the phenotypic characterization of the Arakan traditional 
varieties. 
 
The Philippine rice blast strains caused combinations of lesion types (scale of 0-5) in 
Arakan variety at seedling stage (14 days or until 4-5 leaf stage) inoculation. The 
predominant lesion types were 0 (no evidence of infection), 3, and 4; the highest lesion 
type 5 (typical spindle-shaped lesions with coalescence) was not observed.  PO 6-6 and 
Ca89 were the most virulent strains while IK 81-25 was the least virulent.  
 
Percent diseased leaf area (% DLA) was also used to evaluate resistance of the traditional 
varieties to blast. Based on % DLA, the most virulent strain was CA 89, causing the 
highest DLA of 16.1%; IK 81-25 was the least virulent.  The varieties were also grouped 
into four based on mean reaction against nine blast strains using the Standard Evaluation 
System (SES) for Rice.  Group 1, comprising only 2.4% of the total varieties, had the 
most resistant reaction of 2.6% DLA as shown by Dinorado-3.  Group 3 was the largest, 
consisting of 65.9% of the total varieties and 75% of the Dinorado accessions.  The 
diversity of Arakan varieties was further characterized using dendrogram of phenotypes 
(% DLA) against nine M. grisea strains using the Numerical Taxonomy System 
(NTSYS-pc, version 2.10, Applied Biostatistics).  There were 13 groups of varieties at 
0.27 similarity coefficient based on % DLA against nine M. grisea strains.  The largest 
cluster was Group 4, comprising 16 out of 20 Dinorado varieties from different farmers 
based on their reaction pattern to the nine M. grisea strains, suggesting that they are 
phenotypically more related than the other four varieties (Fig. 1) because they showed 0-
10% DLA on six M. grisea strains with different virulence on major Pi genes for blast 
resistance.  They also show broad-spectrum resistance to blast in the Philippines. The 
mean % DLA of these 16 Dinorado varieties across nine M. grisea strains ranged from 
2.6-6.9% DLA. The other traditional varieties are found in other clusters representing 
their diverse reactions to the disease. 
 
A preliminary analysis of 33 SSRs composed of markers co-localizing with regions 
associated with blast resistance and those that are distributed randomly in the rice 
chromosomes were used in genotyping the varieties.  Amplification products were 
resolved in 8% PAGE and the bands were scored manually using binary data (presence-
absence of bands). The number of alleles amplified by the primers ranged from 1 (RM 
504) to 8 (RM 5720 and RM 408).  From the amplified alleles, the number of rare alleles 
amplified by the primers ranged from 0 to 3 (RM 8138, RM 5720, RM 541, and RM 
408).   
            
From the dendrogram of DNA bands generated by SSRs, 9 clusters were distinguished at 
0.47 similarity coefficient (Fig. 2).  Although the Dinorado varieties are found in five 
clusters, the majority of them grouped in Cluster 6 (n=9), Cluster 5 (n=3), and Cluster 3 
(n=4). Using SSRs, the Dinorado varieties were distinguished into five clusters.  All other 
traditional varieties are also found in all 9 clusters indicating their level of diversity.  
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The traditional rice varieties from Arakan are phenotypically and genetically diverse; 
those showing broad-spectrum resistance to blast and are preferred by farmers, like the 
Dinorado varieties, could be grown directly in combination with improved modern 
varieties for increased yield.  They also serve as good genetic resources in breeding for 
resistance to blast. We plan to screen these traditional varieties against other important 
diseases in the area.  
 
Socioeconomic survey of smallholder rubber growers in the Arakan Valley  
Small rubber farmers are mostly 31-50 years old, literate since most have finished 
elementary grades, and have farming as main source of income.  Farming appears to be a 
family enterprise since most working age members regardless of gender are involved in 
their own farms; household works are also shared by both male and female HH members. 
The majority had more than a hundred thousand pesos for an annual income. This is 
especially true for those who have rubber trees at tapping stage; a good number of those 
with immature rubber earn a yearly income below fifty thousand pesos. 
Interplanting cash crops under their immature rubber is usually done by the farmers so as 
to give them additional sources of food and income. Weeds still remain the most common 
problem in rubber farms; they are managed by utilizing the space between rubber trees 
for intercrops. Use of chemical control is not common although a few farmers do use 
chemicals without any protective equipment. 
 
Spider mites on strawberries 
The strawberry-producing barangays in La Trinidad sampled at the peak spider mite 
season were: Lower Wangal, Upper Wangal, Shilan, Bahong, Puguis, Bekel, Betag, and 
Pico. Mites were mounted on slides, identified, and verified by Dr. Leonila Raros.   
 
Mass rearing of Amblyseius longispinosus, a native predatory phytoseiid mite 
The Office of the Municipality cultured 300 Poinsettia cuttings (both native and domestic 
varieties) to serve as “banker plants.” Four small-scale rearing methods for Neoseiulus 
longispinosus were developed.  Protocol simplicity, cost, and production potential were 
compared. Farmers, farmer leaders, and local governmental staff were trained in small-
scale predatory mite production and release techniques. 
 
Transshipment of predatory mites from UPLB to the La Trinidad farmers  
Due to the expense of constructing and managing infrastructure at Los Baños, it was 
determined that a preferable approach to rearing predacious mites would be to use local 
facilities.  With assistance of the local government, facilities were constructed in La 
Trinidad for this purpose. 
 
IPM for control of the cocoa pod borer 
Jackson Watung, Pungkol, North Sulawesi, Indonesia  
 
A study was conducted in North Sulawesi, Indonesia to test the efficacy of degradable 
plastic sleeves to prevent damage to cocoa pods by the cocoa pod borer (CPB).  The area 
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selected for the study is a traditional cocoa area.  Two sites were selected; one is an 
abandoned cocoa plantation with existing trees but no systematic harvesting and the other 
is a commercial plantation. The first plantation was abandoned because of excessive 
damage to cocoa fruits caused by the CPB.  Local villagers continue to harvest viable 
pods on an ad hoc basis, but efforts to control pest damage have ceased.  The other site 
continues to manage the production. 
 
The study is funded by DPPI, Inc., a firm that produces biodegradable plastic used to 
form sleeves used to protect cocoa pods from CPB.  At each site, 300 trees were 
randomly selected and pods were sleeved using varying degrees of biodegradability (.5%, 
1%, 2%, and 3%), non-biodegradable sleeves, and a no-sleeve control.  At maturity, pods 
were identified as to whether or not they had sustained CPB damage.  Those that were 
damaged were assessed according to the severity of damage.  Results showed that 
biodegradable sleeves provided about the same protection from CPB as non-
biodegradable sleeves.  At the abandoned plantation site, about 17-30% of sleeved pods 
had CPB damage, while 88% of control pods were damaged.  At the commercial 
plantation site, 5-15% of sleeved pods were damaged while 99% of non-sleeved pods 
were damaged.   
 
A concurrent study was conducted to assess the speed of biodegrading of each grade of 
plastic.  Results showed that each plastic formulation maintained its viability for as long 
as 75 days. 
 
An interesting observation of this study is that the biodegradable plastics appear to attract 
ants and crickets. These insects feed on the sleeves, causing moderate damage to the 
sleeves.  However, this may result in enhanced CPB control as ants and crickets are 
effective predators of CPB eggs.   
   
I. Sleeving Experiment 
Treatment A (Plastic HDPE, 0%) 
Total fruits observed: 149  
i. = 169 
30 fruits infected by black rot disease   (17.75%) 
139 fruits were observed for damage by CMB: 
73 fruits were not damaged (category A) by CMB = 50.78% 
24 fruits were slightly damaged (category B): 28.90 % 
40 fruits were heavily damaged (category C): 28.78% 
2 fruits were totally damaged (category D): 1.44 %. 
The total number attacked by CMB: 66 fruits (47.48%) 
  
Treatment B (Biodegradable plastic, 0.5%) 
Total fruits observed: 156  
28 infected by black rot disease (17.94%) 
128 fruits were observed for damage by CMB 
65 fruits were category A: 50.78 % 
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37 fruits were category B: 28.90% 
25 fruits were category C: 19.53 % 
1 fruit was category D: 0.7% 
The total number attacked by CMB: 63 fruits (49.21%) 
 
Treatment C (Biodegradable plastic, 1 %) 
Total fruits observed:  149 
28 fruits infected by black rot disease (18.79%) 
121 fruits were observed for damaged by CMB: 
60 fruits were category A: 49.58 % 
28 fruits were category B: 23.14 % 
30 fruits were category C: 24.79 % 
3 fruits were category D: 2.48 % 
Total fruits attacked by CMB: 61 (50.41%) 
 
Treatment D (Biodegradable plastic, 2 %) 
 Total fruits observed: 170 
34 fruits were infected by black rot disease: 20 % 
136 fruits were observed for damaged by CMB: 
69 fruits were category A; 50.73 % 
34 fruits were category B: 25 % 
33 fruits were category C: 24.26 % 
0 category D: 0% 
Total fruits attacked by CMB: 67 (49.26%) 
 
Treatment E (biodegradable plastic, 3 %.) 
Total fruits observed: 150  
34 fruits were infected by black rot disease: 22.66% 
116 fruits were observed for damage by CMB: 
65 fruits category A: 56.03 % 
24 fruits category B: 20.69 % 
22 fruits category C: 18.96 % 
5 fruits category D: 4.31 % 
Total number of fruits attacked by CMB: 51 (43.96%). 
 
Treatment F (Regular Plastic, Nonbiodegradable) 
Total fruits observed: 137 
28 fruits were infected by black rot disease = 20.44 % 
109 fruits were observed for damaged by CMB: 
168 fruits category A: 61.47 % 
26 fruits category B: 23.85 % 
14 fruits category C: 123.84 % 
1 fruit category D: 0.91 % 
Total fruits attacked by CMB: 41 (37.61 %) 
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Treatment G (Without sleeving) 
Total fruits observed: 184 
30 fruits were infected by black rot = 16.30 % 
154 fruits observed for damaged by CMB: 
2 fruits were category A: 1.3 % 
34 fruits were category B: 22.08 % 
82 fruits were category C: 53.24 % 
36 fruits were category D: 23.38 % 
Total fruits attacked by CMB: 152 = 98.70 %. 
  
II. Fruit Kernel Weight/100 kernels 
No Treatment Wet weight 

(gr) 
Dry Weight 
(gr) 

Weight 
reduction gr/ 
% 

 01  A (HDPE plastic, 0%)   172.84 85.57 87.27  
(50.49 %) 

02 B (biodegradable plastic .5%) 175.80 84.63 91.17 
(51.86%) 

03 C (biodegradable plastic 1 %) 171.10 82.63 88.47 
(51.71%) 

04 D (biodegradable plastic 2 %) 168.00 81.92 86.08 
(51.24%) 

05 E (biodegradable plastic, 3%) 175.65 86.81 88.84 
(50.58%) 

06 F (regular plastic,  
non-biodegradable)  

188.60 89.47 99.13 
(52.56%) 

07 G (without sleeving) 167.70 64.72 102.98 
(61.41%) 

 
III. Plastic Degradation 
Treatment A – plastic bags were buried about 20 cm in the ground (each with 5 
duplicates) 
HDPE plastic, 0% (AA1-5) 
Degradable Plastic, 0.5 % (AB1-5) 
Degradable plastic 1 % (AC1-5) 
Degradable Plastic 2 % (AD1-5) 
Degradable Plastic 3 % (AE1-5) 
Results on treatment A at 75 days after burial (first observation) and 105 days after burial 
(second observation) showed no physical change on all types of plastics tested. The 
plastic was still elastic and no sign of change.   
 
Treatment B, plastic bags were laid on the surface of soil: 
HDPE plastic, 0% (BA1-5) 
Degradable Plastic, 0.5 % (BB1-5) 
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Degradable plastic 1 % (BC1-5) 
Degradable Plastic 2 % (BD1-5) 
Degradable Plastic 3 % (BE1-5) 
First observation on plastic tested after 75 days showed no change visually, but 
physically the degradable plastic ( 0.5-3%) became very brittle and was torn easily when 
pulled, particularly the 3% degradable plastic, while the  HDPE plastic was still elastic 
and was not torn when it was pulled.  On the second observation, two months after the 
first observation, one of the 3% degradable plastics tested showed breaking lines. 
 
Second Sleeving Experiment on Cacao at Pungkol  
 

Fruits damaged Category # (%) Plastic damaged categor
# (%) 

Treatment Total #  
fruits 
observed 

Number 
of fruits 
infected 
by FBR 

Number 
of fruits 
damaged 
by Rat 

Total 
Fruits 
observed 
for 
damaged 
by CMB 

A B C D TR RR 

HDPE, 
0% 

263 13(4.9%) 2 
(0.76%) 

248 212 
(85.48%)

35 
(14.11%)

1 
(0.4%) 

0 67 
(27.0%0 

173 
(69.75% 

Bio.,0.5% 275 18 
(6.5%) 

0 257 232 
(90.27%)

22 
(8.56%) 

2 
(0.7%) 

0 52 
(20.2%) 

190 
(73.9%) 

Bio., 1% 289 22 
(7.6%) 

0 267 233 
(87.26%)

32 
(11.98%)

2 
(0.7%) 

0 91 
(34.0%) 

160 
(59.9%) 

Bio. , 2% 269 15 
(5.57% 

1 (0.3%) 253 228 
(90.1%) 

25 
(9.9%) 

0 0 87 
(34.38%)

150 
(59.28%)

Bio., 3% 274 15 
(5.4%) 

0 259 228 
(88.0%) 

30 
(11.58%)

1(0.3%) 0 82 
(31.66%)

154 
(59.45%)

Regular 
plastic/ 

264 19 
(7.2%) 

0 245 232 
(94.69%)

13 
(5.3%) 

0 0 155 
(63.26%)

92 
(37.55%)

Control 284 17 
(5.9%) 

1 (0.3%) 266 11 
(4.1%) 

142 
(53.38%)

66 
(24.8% 

47 
(17.66%

- - 

Bio. = Biodegradable plastic; Regular plastic = non biodegradable; FBR = Fruit Black 
Rot disease; CMB = Cocoa Moth Borer; A = 100 % of fruits kernels are good (no 
damage); B = < 10 % fruit kernels damaged by CMB (kernels can still be taken out using 
fingers); C = > 10 % of fruit kernels damaged by CMB (kernels can only be taken out 
from fruit by using an instrument- the inside is hard); TR ipmcrsp@bdcom.com= plastic 
without damage (Tidak Rusak); RR = plastic with slight damage (Rusak Ringan); RS = 
plastic with moderate damage (Rusak Sedang); RB = Plastic with heavily damage (Rusak 
Berat) 

IPM research/demonstration activities for vegetable growers in the Tondano Lake 
area of North Sulawesi 

Mass Rearing and Effect of size of cages on the life cycle of Diadegma semiclausum 
The size of cages affected the longevity of D. semiclausum and the total larvae of P. 
xylostella parasitized, although the percentage of parasitism on all cages was not 
significantly different. The cage size 50cmx50cmx50cm had the highest longevity with 
an average of 24.7 days, followed by 100cmx100cmx100cm with average longevity of 
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18.5 days, 150cmx150cmx150cm with 16.5 days, and 30cmx30cmx30cm with 13.2 days. 
There was no significant difference on the percentage of parasitism based on the size of 
cages. The average percentage of parasitism was only 34.8 % to 36.1 %.   The kind of 
food (honey, yeast, and pure sugar) affected longevity, female/male ratio, number of eggs 
deposited, percentage of parasitism, and the preference of D. semiclausum. The mixture 
of sugar and water gave the longest longevity (22 days) of D. semicalusum. Honey gave 
the highest ratio of female/male (1.05/1) and the highest percentage of parasitism 
(34.46%).  
 
The Preference of Plutella xylostella on Brassicae crops 
Four brassicae crops were used: collard, cabbage, caisin, and Chinese cabbage. 
Deposition of eggs was most preferred by P. xylostella on cabbage (average 26.7 eggs) 
followed by Chinese cabbage, caisin, and collard (13 eggs). The longevity of larvae of P. 
xylostella was shortest on collard (3.5 days) and the longest on cabbage (4.6 days), 
followed by Chinese cabbage (4.3 days) and caisin (3.9 days).  
 
Survey of pathogenic fungi on vegetables in Rurukan  
The most common pathogenic fungi was Nomuraea rileyi which was infecting all pests 
found on cabbage (Chrysodeixis chalcites, Crocidolomia pavanona, Spodoptera exigua 
and Plutella xylostella), green onions (Spodoptera exigua and S. litura), and on carrot 
(Spodoptera litura). Metarrhizium sp was found to be infecting Spodoptera sp and 
Chrysodeixis chalcites.    
 
Baseline Study on the Use of pesticides by vegetable farmers in Modoinding 
This activity was carried out in February 2007; 88 farmers chosen at random from four 
villages (Lineleyan, Wulurmaatus, Makaayuren, and Palelon) participated in this survey. 
Fifty-nine questions were asked to the respondents.  About 85% of farmers were above 
30 years of age; only 3.5% of respondents were graduated from higher education and 30 
% finished only primary school. The rest of respondents had finished secondary and high 
schools (64.5%). During the previous planting season in 2006, 69% of the respondents 
planted potato, 28% cabbage, 2% green onions and 1% green onions; whereas in January 
2007, 73% planted potato and 27% planted cabbage. 97% of the farmers sprayed the 
crops with insecticides, 2% hand-picked and 1% weeded by pulling out the plant. About 
61% of the respondents said pesticides can kill the pests quickly and 39% said that by 
using pesticides the crop will grow better and increase production. 76% of the 
respondents mixed several insecticides together for spraying the crops. About 61% of the 
respondents do not consult with extension services (PPL) for pest control. 95% of the 
respondents haven’t heard about IPM although about 30% have attended FFS (SLPHT).  
 
FFS for potato and cabbage 
This activity is being done in collaboration with the Bureau of Food Crops and 
Horticulture Protection (Balai Proteksi Tanaman Pangan dan Hortikultura = BPTP) of 
North Sulawesi. Two groups of FFS for potato have been established: one at the 
subdistrict of Modoinding and another one at the subdistrict of Bongkudai (Bolaang 
Mongondow). There are 25 members (all men) for each group. Four women subsequently 
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joined the FFS group at Modoinding. Another FFS group on cabbage has also been 
established at Bongkudai. There are also 25 men in the group. Women do not normally 
become members of farmers groups. Each group has two plots, an IPM plot and a non-
IPM plot. 
 
Discussions with participating farmers have been made at the field plots and in the 
meeting room (Balai). Farmers normally asked a lot of questions after presentations. 
Application of Bt to control Plutella (gay gantung= hanging larvae) and Crocidolomia 
(gay kumpul=gathering larvae) will be used by FFS group on the non-IPM plot at 
Bongkudai.    
 
Survey on the percentage of parasitism by D. semiclausum on P. xylostella at 
Modoinding  
This activity started in February by collecting larva and pupae of P. xylostella on cabbage 
crops. There were 88 larvae and pupae collected and reared in the laboratory in Manado. 
Seventeen (or 19%) were parasitized by D. semiclausum. This was much lower than the 
average parasitism collected during the recent years (45 – 60%). The second sampling 
was carried out on April 11-12. The larvae and pupae of P. xylostella are now being 
reared in the laboratory to study the percentage of parasitism by D. semiclausum. 
 
Family Prosperity Movement Team 
As there were no women participating in the FFS for cabbage and potato, the team was 
given the opportunity to give a talk on the importance of IPM to the Family Prosperity 
Movement Team (Tim Penggerak Kesejahteraan Keluarga = PKK) in the sub-district of 
Modoinding. Members of PKK are all women, normally wives of village leaders. These 
women have a very great influence on the women in the villages. There were 27 members 
of PKK who were also joined by about 15 village leaders and staff from the sub-district 
of Modoinding led by Camat. Professor Sembel explained the danger of pesticide 
residues on human and domestic animals due to many applications of pesticides and the 
movement of pesticides in the environment through residues from agricultural products 
through rivers, ponds, soil water, and wells that villages use for drinking water.    
 
Vegetable IPM in Nueva Ecija and Nueva Viscaya, Philippines 
 
Whiteflies in rice-vegetable cropping systems: host range, occurrence, and damage 
assessment. 
 
The occurrence of whiteflies on different vegetable crops is shown in the Table 1 and the 
percentage of damage caused by whiteflies on different vegetable crops as perceived by a 
total of 120 farmers surveyed is given in Table 2.  
 
Table 1. Incidence of whiteflies on different vegetable crops. 
 
Host plants Scientific Name Frequency Percentage 
Eggplant Solanum melongena 36 30.0 
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Tomato Lycopersicum esculentum 50 41.7 
Pepper Capsicum annum 10 8.33 
Bittergourd Momordica charantia 12 10.0 
Stringbean Vigna sesquipedales 12 10.0 
 

Table 2. Percentage of white fly damage as perceived by surveyed farmers 

Damage 
level  

Eggplant Tomato Pepper Bittergourd Stringbean 

1 – 25% 11.1 32 20 50.0 26.7 
26 – 50% 33.3 30 40 25.0 33.3 
51 – 75% 22.2 26 20 16.7 50.0 
76 – 100% 33.3 12 20 8.3 16.7 
 
 
Evaluation of plant extracts in the management of   whitefly on tomato and 
cucumber   
The effectiveness of plant extracts from yellow ginger (Zingiber offocinale) rhizomes, 
Cyperus rotondus rhizomes, and leaves of Cymbopogon citrarus and Azadirachta indica 
were evaluated for the control of whiteflies on tomato and cucumber.  Preliminary results 
showed that the population of whiteflies was lower on plants treated with neem tree 
leaves and yellow ginger extracts when compared to the rest of the plant extracts used.  
 
Effect of polyethylene mulch on direct damage and viral transmission of whitefly on 
tomato and melon   
The repelling effect of different types of mulch to whitefly population on tomato and 
melon was evaluated.  Three types of mulch were tested: silver and yellow plastic mulch 
and rice straw.  Preliminary observation showed that the yellow polyethylene mulch had 
a lower population of whiteflies than the silver and rice straw mulch.   
 
Survey of larval parasitoid of leaf miners on Luzon, Philippines 
More than 60% of farmers spray 6-25 times per season and more than 45% spray more 
than 16 times in Bongabon, Nueva Ecija. Initial collection of samples was conducted in 
the provinces of Nueva Ecija, Nueva Vizcaya, and Bulacan.  Vegetables sampled were 
string beans, tomato, and onion.  A total of 496 larvae were reared in the laboratory to 
evaluate degree of parasitism.  Larval parasitism ranged from 18-62%.  Neochrysochalis 
formosa (Westwood) and N. okasaki Kamijo were the most abundant species of 
parasitoids that emerged from the field-collected larvae.  Field collection and rearing in 
the laboratory is being continued to cover more provinces in central and northern Luzon. 

Field surveys showed that there is a rich diversity of larval parasitoids of leaf miners on 
vegetables in the study area.  It is likely that these parasitoids would control leaf miners 
in the absence of pesticides. 
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Effect of no tillage and rice straw mulch on the incidence of insect pests, its damage, 
and natural enemies in onion 
The incidence of pests and natural enemies in onion fields planted with zero tillage and 
with land preparation were monitored. The leafminer Liriomyza trifolii and the common 
cutworm Spodoptera litura were the most common insect pests of onion recorded during 
the one-season study.  Incidence of leafminer- and cutworm-damaged leaves was higher 
in fields without straw mulch (with tillage) than in the zero tillage fields during the 
vegetative and early bulb formation stages.  Predators recorded from pitfall traps were 
mostly spiders and were higher in fields with straw mulch (zero tillage) during the 
vegetative stage.  However, no significant difference was noted as the crop matured. 
 
Management of tomato fruitworm, Helicoverpa armigera  

Adult populations of H. armigera were monitored with sex pheromone traps at PhilRice. 
Peaks in sex pheromone trap catches and number of eggs monitored occurred at almost 
the same time (32 and 33 DAT, respectively).  It may be that peak in-trap catches 
coincides with the mating activity of moths in the field, followed by a peak in egg laying. 

Catches of male H. armigera moths in the sex pheromone traps showed a single peak 
during the crop period.  Initial analysis of the data showed high population of eggs 
recorded before, during, and after the peak of trap catches.  This indicates the possibility 
that trap catches could be used as a monitoring and surveillance tool for timing of 
intervention against H. armigera.  

Farm-based laboratories for production and distribution of biological agents 
Independent efforts by farmers to establish on-farm bio-agent laboratories are an 
important contribution of the IPM CRSP team at IPB.  Selected farmers are producing 
Trichoderma, SeNPV, and bokashi (an organic fertilizer) for distribution to members of 
local farmer groups.  On a larger scale, the Institute for Healthy Agriculture is a newly-
formed NGO that propagates, packages, and sells biocontrol agents to farmers in West 
Java.  They also market organic rice produced by cooperating farmer groups.  The IPM 
CRSP provides technical support. 
 
Farmer training activities are focused on propagation of biocontrol agents.  Local 
production of these products enables easy access for cooperating farmers.  Demonstration 
plots comparing usual farmer practice to the IPM approach are used to showcase the 
efficacy of biocontrol as compared to chemical-based practices. 
 
Regional workshops to establish communication systems among SE Asia IPM CRSP 
collaborators 
A workshop was held in Ciloto, West Java, Indonesia August 7-9, 2007. 
 
Monday, 6 August     
15.00 Hotel Check-in   
19.00 Dinner   
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Tuesday, 7 August     
8.00-9.00 Registration   
9.00-10.00 Session 1 Moderator: Aunu Rauf 
9.00-9.20 Introduction Mike Hammig 
9.20-9.40 IPM-CRSP Review Dely Gapasin 
9.40-10.00 Opening Remarks Suyamto 

(Kapuslitbangtan Pangan) 
10.00-10.30 Coffee break & Group Picture   

10.30-12.00 Session 2 Moderator: Gerry Carner 
Rapporteur: Merlyn  

10.30-10.50 Use of protein baits in fruitfly IPM Peter Ooi 
10.50-11.10 Grafting Greg Luther 
11.10-11.30 Demonsration of grafting Pak Dedih/Pak Nata 
11.30-12.00 Discussion   
12.00-13.30 Lunch   

13.30-16.30 Session 3   
(Past year activities) 

Moderator: Merle Shepard 
Rapporteur: Yayi 

13.30-13.50 North Sulawesi Dan Sembel 
13.50-14.10 North Sumatera Nugroho Wienarto 
14.10-14.30 West Java Aunu Rauf 
14.30-15.00 Discussion   
15.00-15.20 Coffee Break   
15.20-16.20 Session 4 

(Past year activities) 
Moderator: Peter Ooi 
Rapporteur: Sugeng  

15.20-15.40 South Sulawesi Ade Rosmana 
15.40-16.00 Philippines-WSU/UPLB Beverly Gerdeman 
16.00-16.20 Discussion   
19.00 Socials and dinner   
 
Wednesday, 8 August   

08.00-09.30 Session 5 
(Past year activities) 

Moderator: Nugroho Wienarto 
Rapporteur: Supramana 

08.00-08.20 Phillipines-UPLB Candida Adalla 
08.20-08.40 Phillipines-PhilRice Hermie Rapusas 
08.40-09.00 Philippines/IRRI/USM Gerry Carner 
09.00-09.30 Discussion   
09.30-10.00 Coffee break   
10.00-12.00 Session 6  

(Plans for the next year) 
Moderator: Mike Hammig 
Rapporteur: Idham 

10.00-10.20 N. Sumatera Nugroho Wienarto 
10.20-10.40 W. Java Aunu Rauf 
10.40-11.00 S. Sulawesi Ade Rosman 
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11.00-11.20 N. Sulawesi Dan Sembel 
11.20-12.00 Discussion   
12.00-13.30 Lunch   
  
13.30-15.00 Session 7 

(Plans for the next year) 
Moderator: Ron Stinner 
Rapporteur: Sylvia 

13.30-13.50 Philippines-PhilRice Hermie Rapusas 
13.50-14.10 Philippines-UPLB Candida Adalla 
14.10-14.30 Philippines-WSU/UPLB Beverly Gerdeman 
14.30-15.00 Discussion   
15.00-15.30 Coffee Break   
15.30-17.00 Session 8 Moderator: Jim Van Kirk 

Rapporteur: Ali Nurmansyah 
15.30-15.50 Information Technology Ron Stinner 
15.50-16.10 Economic Impacts Mike Hammig 
16.10-16.30 Gender Impacts Irene Tanzo 
16.30-17.00 Discussion   
19.00 Socials and dinner   
Thursday, 9 August     
08.00-8.45 Session 9 

  
Moderator: Beverly Gerdeman 
Rapporteur: Pudjianto 

08.00-08.30 Workshop Synthesis Gerry Carner, Hermie Rapusas, 
Merle Shepard 

08.30-08.45 Closing Remarks Mike Hammig 
08.45-09.00 Coffee Break   
09.00-11.00 Session 10   
09.00-12.00 Field Visit   
12.00-13.30 Lunch   
13.30 Check Out and Depart to Bogor/Jakarta 

Participants and their sources of funding support: 

Second Project Workshop: Ecologically-Based Participatory IPM for Southeast 
Asia Ciloto, 7-9 August 2007 
 
No. Name Institution Sex Source of travel 

support  
1 Mike Hammig USA/Clemson University M IPM CRSP 
2 Merle Shepard USA/Clemson University M IPM CRSP 
3 Gerry Carner USA/Clemson University M IPM CRSP 
4 Ronald Stinner USA/North Carolina State 

University 
M IPM CRSP – IT Global 

Theme 
5 Jim Van Kirk USA/North Carolina State M IPM CRSP – IT Global 
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University Theme 
6 Beverly 

Gerdeman 
USA/Washington State 
University 

F External Funding 

7 Greg Luther Taiwan/AVRDC M IPM CRSP 
8 Peter Ooi Thailand/AVRDC M IPM CRSP 
9 Dely Gapasin USA/EEP Member/USAID-

Washington 
F IPM CRSP – EEP 

10 Prijanto Santoso Indonesia/USAID-Jakarta M USAID/ Jakarta 
11 Phin Garcia Phillipines/UPLB M External Funding 
12 Candida Adalla Phillipines/UPLB F IPM CRSP 
13 Aurora Baltazar Phillipines/UPLB F IPM CRSP 
14 Gertrudo Arida Phillipines/PhilRice M IPM CRSP 
15 Herminia 

Rapusas 
Phillipines/PhilRice F IPM CRSP 

16 Irene Tanzo Phillipines/PhilRice F IPM CRSP 
17 Nugroho 

Wienarto 
Indonesia/FIELD M IPM CRSP 

18 Engkus 
Kuswara 

Indonesia/FIELD M IPM CRSP 

19 Widyastama 
Cahyana 

Indonesia/ESP/USAID M IPM CRSP 

20 Usman 
Sembiring 

Indonesia/FIELD M USAID/Jakarta ESP 
project 

21 Taufik Indonesia/Farmer-Karo M USAID/Jakarta ESP 
Project 

22 Dan T. Sembel Indonesia/Unsrat-Manado M IPM CRSP 
23 Max M. 

Ratulangi 
Indonesia/Unsrat-Manado M IPM CRSP 

24 M.F. Dien Indonesia/Unsrat-Manado M IPM CRSP 
25 Carolus S. 

Rante 
Indonesia/Unsrat-Manado M IPM CRSP 

26 Merlyn E. 
Meray 

Indonesia/Unsrat-Manado F IPM CRSP 

27 Ade Rosmana Indonesia/Unhas-Makassar M IPM CRSP 
28 Sylvia Sjam Indonesia/Unhas-Makassar F IPM CRSP 
29 Aunu Rauf Indonesia/IPB-Bogor M IPM CRSP 
30 Meity S. Sinaga Indonesia/IPB-Bogor F IPM CRSP 
31 Pudjianto Indonesia/IPB-Bogor M IPM CRSP 
32 Titiek S. Yuliani Indonesia/IPB-Bogor F IPM CRSP 
33 Idham S. 

Harahap 
Indonesia/IPB-Bogor M IPM CRSP 

34 Yayi M. 
Kusumah 

Indonesia/IPB-Bogor M IPM CRSP 
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35 Ali Nurmansyah Indonesia/IPB-Bogor M IPM CRSP 
36 Sugeng Santoso Indonesia/IPB-Bogor M IPM CRSP 
37 Supramana Indonesia/IPB-Bogor M External – local 
38 Rusli Rustam Indonesia/Unri/IPB Grad. 

Student 
M External – local 

39 Edi Susiawan Indonesia/Polytechnic 
Padang/IPB Grad. Student 

M External – local 

40 Arman Abdul 
Rohman 

Indonesia/ESP/USAID M External – local 

41 Syamsudin Indonesia/Institute of Healthy 
Agriculture 

M External – local 

42 Ayep Indonesia/Farmer-Cianjur  M External – local 
43 Ujang Dayat Indonesia/Farmer-Cianjur M External – local 
44 Nata Indonesia/Farmer-Cianjur M External – local 
45 Dedih Indonesia/IPM Field Leader-

Cianjur 
M External – local 

46 Wahyu Haidir Indonesia/Extension Agent M External – local 
47 Lufthi 

Rusniarsyah 
Indonesia/IPB-Bogor M External – local 

The workshop was an opportunity for researchers of the Southeast Asia IPM CRSP 
project to review each others’ progress for the past year and to present and discuss plans 
for the following year.  Farmers made presentations of their activities, principally grafting 
techniques.  A field trip was made to farmer fields where IPM CRSP cooperators have 
established field laboratories to produce biocontrol agents. 

Demonstrate IPM techniques to strawberry growers  
Multiple releases of N. longispinosus were made in three demonstration plots 
representing both the lowland and highland growing areas.  The passive release method 
for predatory mites, using potted banker plants as field insectaries, was evaluated and 
the initial results show promise. Bioassays of 5 fungicides were performed on N. 
longispinosus with the least harmful fungicides identified.   
 
Farmers handling and release of predatory mites 
Two training sessions on rearing and handling predatory mites were presented to groups 
including farmer leaders and local governmental staff. The training included a “hands on” 
release activity in a field setting. 
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FFS for vegetable growers in North Sulawesi, Indonesia 
IPM farmer Field School in Modoinding Sub-District was held in cooperation with the 
BPTPH, North Sulawesi Province, on February – June 2007. 
 
   

             Participants  
Name of Farmer Group  Location (commodity) 

Male  Female  Total
 

        

BERKARYA  Kekenturan (Cabbage) 14        11  25  

MASAWANGAN  Mokobang (Potato) 23  2  25  

MAESA  Bongkodai Baru (Potato) 25  0  25  

INATON  Bongkudai Utara (Cabbage)         22  3  25  
 
Coordination of activities among collaborating institutions in the region with a focus 
on improving production systems and marketing channels for IPM products 
VAM is another biological control agent being promoted by the IPM CRSP-PhilRice. 
VAM is an economical and environment-friendly supplement that could help reduce 
fertilizer and fungicide inputs in vegetable production.  VAM facilitates the P uptake of 
plants.  It also improves uptake of other nutrients such as nitrogen and copper.  VAM 
fungi increase resistance of plants to plant pathogens, especially the soil-borne organisms 
causing soil-borne diseases including root knot disease.   

In onion, seedlings show better growth when VAM was applied in the seedbed before 
sowing.  Incidence of seedling damping off is also reduced.  Onion plants with VAM are 
more resistant to damping off, bulb rots, pink root disease, and root knot disease and also 
produce bigger and better quality bulbs.  Eggplants and tomatoes grown with VAM grow 
faster and flower earlier; more fruits are also produced. Similar benefits were also 
observed on pepper and bitter gourd when VAM was used. 

Because of these benefits, farmers are very much interested in using VAM, because they 
have proven it themselves. However, the existing demand right now is in areas where 
trained farmers produce this organism.  There is potential demand considering the large 
areas planted with vegetables in the country that could be infected with soil-borne 
pathogens.  Other stakeholders are already using VAM in sugarcane and banana 
plantations in the country. 
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The current supply comes from those individual farmers/farmer groups who are 
producing VAM for their own use. These are the farmers trained by the IPM CRSP team 
at PhilRice. The demand is there, hence the market potential and the economic feasibility 
of commercially producing it for biological control of vegetable diseases is being 
evaluated.  The technical data needed are now being gathered and consolidated. 

A market study for the commercialization of Trichoderma and VAM was conducted. The 
results showed that existing demand for Trichoderma sp. (T5 isolate) and VAM is thus 
far in the areas where trained farmers produce them. However, there is a potential 
demand considering that more than 50,000 ha are planted with vegetables that can be 
infected with soil-borne pathogens.  

Technology transfer through end-of-season field days and season-long 
training of farmer cooperators 

Training on Grafting as a Management Practice against Ralstonia Bacterial Wilt 
Grafting of eggplant (as rootstock) and tomato (as scion) and resistant eggplant (EC 203) 
to a good yielder--farmer variety Casino--is one of the control strategies demonstrated 
during the last wet season of 2006 to have remarkable impact in reducing the damage due 
to the bacterial disease common in the area. Farmers have expressed the desire to be 
trained on this procedure; on April 17, 2007, thirty-three farmers and 5 DA technicians 
and officials of the City Agriculture Office of Tanauan City attended the training held at 
the Cale Elementary School.    
 
The participants were shown how to do the grafting procedure and were given time to do 
it themselves. They brought home their work and, if successful, will hopefully convince 
others that the procedure is handy and not as difficult as they initially perceived. The 
principles and practices of IPM and the recommended weed, insect, and disease 
management practices were also presented during the training, as well as the protocol for 
the next cropping season’s demo planting. Two new prospective cooperators volunteered 
to participate in the field demo for the 2007 cropping season.  
 
Establishment of an Agri-Park at UP Los Baños 
A 10-ha area near the UPLB campus has been established as an Agri-Park, where IPM 
and organic farming practices are showcased for demonstration and training of interested 
people.  A wide variety of crops are produced in relatively small-scale planting to 
demonstrate the benefits and techniques of IPM and organic production.  Animal 
production is also a part of the demonstration.  Groups of visitors include students, 
farmers, and consumers.  UPLB is producing and marketing biocontrol agents for sale at 
the site. 
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Presentations 

Roxas, A. C., M. G. Patricio, H. R. Rapusas and B. M. Shepard (2007).    Host Range and 
Damage Assessment of Whiteflies in Rice-based Cropping System.  Paper presented 
during the 38th Pest Management Council of the Philippines (PMCP) Annual Convention 
and Scientific Conference on March 20-23, 2007, Bohol Tropics Resort, Tagbilaran, 
Bohol.     
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Ecologically-Based Participatory and Collaborative Research 
and Capacity Building in IPM in the Central Asia Region  

Karim Maredia, Michigan State University 
 
Collaborators: 
Douglas Landis, Michigan State University 
Walter Pett, Michigan State University 
George Bird, Michigan State University 
Frank Zalom, University of California, Davis 
 
Partners: 
Nurali Saidov, Tajikistan 
Barno Tashpulatova, Uzbekistan 
Murataly Aitmatov, Kyrgyzstan 
ICARDA 

Host Countries: Tajikistan, Uzbekistan, and Kyrgyzstan 

Collaborative research on landscape ecology in Central Asian agro-ecosystems 
An IPM CRSP research fellow led teams of collaborators to collect Central Asian native 
plants for testing and use in agricultural systems for attracting beneficial insects. 
Participants covered more than 3000 km² and collected more than 60 local nectar plants 
in Tajikistan and Kyrgyzstan. Research plots were established in Tajikistan to test 24 
known native plants that have the potential to provide habitat for beneficial insects (Table 
1). A similar study was conducted in Kyrgyzstan on 10 native plants (Table 2). The 
research experiment was a randomized block with four replications. Plants were 
established in 1 square meter and 5 m apart. Arthropods were sampled weekly during 
flowering, May - September 2007. The experimental site was located at the Institute of 
Zoology and Parasitology, the Academy of Sciences of Tajikistan. 
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Table 1. List of plant species established at the research plot in Tajikistan, 2006. 
 
## Family Genus and species  

Common Name Plant Type

1 Tamaricaceae Tamarix arceuthoides Bunge Tamarix shrub 
2 Rosaceae Rosa canina L. Dog rose subshrub 
3 Asteraceae (Compositae) Silybum marianum l. Silybum forb 
4 Lamiaceae (Labiatae) Ziziphora interrupta Juz. Interrupta forb 
5 Lamiaceae (Labiatae) Mentha asiatica Boriss. Horse mint forb 
6 Fabaceae (Papilionaceae) Glycyrrhiza glabra L. Licorice forb 
7 Malvaceae Alcea nudiflora (Lindle) Boiss. Alcea forb 
8 Apiaceae (Umbelliferae) Dacus carota L.  Wild carrot forb 
9 

Lamiaceae (Labiatae) Salvia sclarea L. 
Clary or Europe 
sage forb 

10 Apiaceae (Umbelliferae) Conium maculatum L. Poison hemlock forb 
11 Scrophulariaceae Verbascum songaricum Schrenk Mullein forb 
12 Capparaceae 

(Capparidaceae) Capparis spinosa L. 
Caperberry, 
caperbush shrub 

13 Cruciferae Barbarea vulgaris  Barbarea forb 
14 Asteraceae (Compositae) Pyrethrum carneum Pyrethrum forb 
15 Asteraceae (Compositae) Achillea filipendulina Lam. Fernleaf yarrow forb 
16 Asteraceae (Compositae) Calendula officinalis L. Marigold forb 
17 Apiaceae (Umbelliferae) Anethum graveolens L. Dill forb 
18 Apiaceae (Umbelliferae) Coriandrum sativum L. Coriander forb 
19 Apiaceae (Umbelliferae) Foeniculum vulgare Mill. Sweet fennel forb 
20 Guttiferae Hypericum scabrum L. Hypericum forb 
21 

Lamiaceae (Labiatae) 
Hyssopus seravschanicus (Dubjan) 
Parij Hyssop forb 

22 Lamiaceae (Labiatae) Ocimum basilicum L. Sweet basil forb 
23 Balsaminaceae Impatiens balsamina L. Balsam forb 
24 Lamiaceae (Labiatae) Melissa officinalis L. Melissa forb 

Plant species were divided into two categories according to their bloom period: mid-
season (15 June through 25 August) and late season (15 July through 31 October) (table 
2). The most numerous taxa by order were Hymenoptera, which included the following 
families: Braconidae, Aphidiidae, Chalcidoidea, Cynipoidea, Ichneumonidae, Sphecidae 
and Vespidae, Diptera (Syrphidae and Tachinidae), and Heteroptera (Anthocoridae and 
Nabidae). The most numerous taxa by family were Syrphidae, Anthocoridae, 
Coccinellidae, Chalcidoidea, Sphecidae, Braconidae, and Ichneumonidae. 
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Table 2. List of plant species established at the research plot in Kyrgyzstan, 2007. 

  Family Genus and species Common Name Plant Type 
1 Rosaceae Rosa Sp. Dog rose subshrub 
2 Lamiaceae (Labiatae) Mentha silvestris L. Horse mint forb 
3 Malvaceae Alcea nudiflora (Lindle) Boiss. Alcea forb 
4 Lamiaceae (Labiatae) Salvia sclarea L. Clary or Europe sage forb 
5 Lamiaceae (Labiatae) Origanum vulgare L. Oregano forb 
6 Apiaceae 

(Umbelliferae) Conium maculatum L. Poison hemlock forb 
7 Liliaceae Eremurus Sp. Eremurus forb 
8 Asteraceae 

(Compositae) Achillea filipendulina Lam. Fernleaf yarrow forb 
9 

Lamiaceae (Labiatae) 
Hyssopus seravschanicus (Dubjan) 
Parij Hyssop forb 

10 Lamiaceae (Labiatae) Melissa officinalis L. Melissa forb 
 
Insects were sorted into natural enemies, herbivores, or others and were identified by 
family and counted. Insects from a family, genus or species known to be parasitic or 
predaceous, were included as natural enemies. Insects were counted as herbivores if they 
were members of a family known to be broadly herbivorous. Attractiveness here is based 
on the number of natural enemies collected per sample and includes both attraction to the 
plant and subsequent retention on it.    
 
Several of the plants tested in this preliminary trial were very attractive to a variety of 
natural enemy taxa. Initial tests revealed that seven plant species were most attractive to 
natural enemies of pests in Tajikistan, whereas five were most attractive in Kyrgyzstan. 
These species are being evaluated in the selected agricultural systems in Tajikistan and 
Kyrgyzstan.  
 
The concept of Landscape Ecology has been introduced to FFS through introduction of 5 
nectar plants into vegetable crops in Tajikistan and results published as chapters in two 
modules of IPM in FFS. 
 
Enhancing the efficiency, products line, and crop usage of Central Asian 
biolaboratories  
Since the 1980s, Amblyseius mckenziei and Amblyseius cucumeris are the main 
entomophages which have been colonized and widely applied against spider mites, thrips, 
and white flies and in greenhouse crops in former Soviet countries. The most common 
spider mite found in Uzbekistan is two-spotted spider mite Tetranycus urticae. This is the 
most harmful and widespread pest of cotton, fruit, and vegetable crops (tomato and 
cucumber).  Thrips are serious pests of onions throughout the Central Asia. While both 
the onion thrips (Thrips tabaci) and western flower thrips (Frankliniella occidentalis) can 
attack onions, generally the onion thrips is more common and serious. Thrips damage to 
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bulb onions results in both loss of yield and reduction in storage quality, while green 
onions lose their marketability. White fly Bemisia tabaci and Trialeurodes vaporariorum 
West transmit African cassava mosaic, tomato yellow leaf-curl, tomato mottle, and other 
crops. In Central Asia T. vaporariorum West is mainly considered a greenhouse pest and 
occurs on red pepper, beans, tomatoes, cabbages, and berries.  

The overall goal of this component is to work with Central Asian researchers to conduct 
study of predator mite colonization in Kyrgyzstan and Uzbekistan biolaboratories, 
estimate predator mite species’ ability to suppress the number of pests on vegetable and 
fruit crops, and study optimal conditions for predator mite colonization in the laboratory. 

Improving efficiency and expanded product lines of biolaboratories in the central 
Asia region 

The initial focus of this component was on evaluating mass rearing and release of 
predatory mites of the Acari family, Phytoseiidae, which are successfully utilized in the 
United States, Europe, and the Middle East for control of spider mites, thrips, and 
whiteflies.  
 
The study of rearing three species predator mites, Amblyseius mckenziei, A.cucumeris, 
and A. swirskii, in different conditions was initiated with researchers of the Kyrgyzstan 
Center on Production of Biological Facilities for Plant Protection and the Uzbek 
Scientific Research Institute for Plant Protection.  Of the phytoseiids introduced, only A. 
cucumeris has been successfully colonized under conditions present in the biolaboratories 
in Uzbekistan and Kyrgyzstan. Currently, this species is being reared at both the 
Uzbekistan Institute for Plant Protection and the Kyrgyzstan Centre on Biological 
Facilities Production for Plant Protection. Results to date suggest promise for its 
application to commercial crops. Our studies have revealed the optimal condition for 
rearing these predator mites, and the optimal predator: prey ratios for their mass rearing 
in culture. For example, we established that the optimal predator: prey ratio on the prey 
mite Acarus siro is 1:5 for A. swirskii and 1:7 for A. cucumeris, and 1:7 for A. swirskii 
and 1:10 for A. cucumeris on Tyrophagus putrescentiae.  A. swirskii is the most tolerant 
to low humidity and has the most cannibalism and aggressive features compared to 
A.cucumeris and A. Mckenziei 
 
In the fall of 2006 scientists of the Kyrgyz biolaboratory conducted plots trials of A. 
cucumeris on onions and in winter 2006-07 on flowers in laboratory greenhouses against 
Thrips tabaci. The density of thrips on the onion crop was very high, about 10 per leaf, 
and the entomophages could not suppress the pest population. However, good results 
were obtained on flowers in the greenhouse release as the thrips population was low 
when the predators were introduced. With the establishment of A. cucumeris mass 
rearing, there is now the potential for their application for management of spider mites, 
thrips, and whiteflies on cotton, vegetable, fruit, and greenhouse crops. 
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Development and implementation of IPM extension/outreach and university 
education programs 
Integrated pest management is a comprehensive approach that utilizes all available tools 
and methods for the management of pests (insects, disease, and weeds). IPM is 
knowledge and information intensive.  The goal of the IPM extension/outreach and 
educational programs will be to: 
•        Further develop the capacity of ATC of RAS, Kyrgyzstan and Winrock International 
in the region to become regional centers for training of trainers in Central Asia.  
•        Develop a pool of trainers that can support Farmer Field Schools (FFS) and other 
outreach activities. 
•        Use the Training of Trainers (ToT) approach to integrate new information, teaching 
tools, and methodologies into existing IPM curriculum. 
 
IPM training modules/materials integrated into crop management training 
programs offered by the NGOs and government institutions 
The Outreach Component of the IPM CRSP Program in Central Asia has established 
working relations with the following institutions: Kyrgyz Agrarian University, Tashkent 
State Agrarian University, Samarkand Agricultural Institute, Institute of Microbiology of 
the Uzbek Academy of Sciences, Kazakh National Agrarian University, Tajik Research 
Institute of Plant Protection and Quarantine, Andijan Agricultural Institute of Uzbekistan, 
the Biology-Soil Institute of the Kyrgyz Academy of Sciences, the Institute of Zoology 
and Parasitology in Tajikistan, and the Institute of Zoology of the Uzbek Academy of 
Sciences. Through outreach, the IPM CRSP in Central Asia works with these institutions 
in implementing FFS, Student Field School, developing IPM Extension Bulletins, or 
other materials. 

Based on the feedback received when implementing the FFS in Tajikistan, a booklet for 
FFS has been developed. It covers topics such as seed preparation and conservation, 
seeding, ecological analysis of vegetables in the field, botanic pesticides, and ecological 
analysis of nectariferous plants in the field. All these mentioned topics are new for FFS in 
Kyrgyzstan as well as in Tajikistan. 

In collaboration with the AVRDC-CAC of the World Vegetable Center, a pocket 
brochure on weeds in vegetable crops in Central Asia has been developed by the IPM 
CRSP. Various photos of 35 most common weeds have been taken and described, and 
will be published in Russian.  

In collaboration with the Tajik Agricultural Academy of Science, the IPM CRSP has 
opened a Farmer Field School (FFS) where 13 women and 2 men have been trained. Six 
faculty members from the Tajik State Agrarian University have been selected to become 
the master trainers through the IPM FFS. 

A summary leaflet/flyer in Russian covering the ecologically-based IPM approach with 
highlights of the IPM CRSP regional project was developed and sent to more than 40 
private and government institutions in Tajikistan and Kyrgyzstan. Discussions are 
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underway with the Tajik government to introduce IPM in their agricultural education 
curriculum.  

In collaboration with TSAU, the IPM CRSP has developed a manual on creation and 
training of ToT and FFS. In addition, both partners will be conducting a training of 
trainers of scientists from various universities including the Andijan Agriculture Institute, 
Namagan and Fergana Universities and the Nunkun. In collaboration with the IPM 
CRSP, TSAU has developed special brochures of pest calendars during vegetable 
production. Three pest calendars were developed for cabbage, carrot, and tomato.  

In addition, a manual on pest management in organic agriculture is being developed and 
will be widely distributed to agricultural universities and NGOs in the Central Asia 
region. In collaboration with the Advisory Training Center in Kyrgyzstan (Ms. Petra 
Geraedts and Ms. Gulnaz Kaseeva), a manual on FFS management has been developed 
and published. This document will be useful to government institutions, NGOs, and 
international agencies planning to open FFS. 

Inventory of IPM educational resources and a directory of IPM specialists in the 
region 
A database of IPM scientific in Central Asia (Kazakhstan, Uzbekistan, Kyrgyzstan, and 
Tajikistan) has been developed. This database is available in an electronic version both in 
Russian and English and has been sent to Tashkent State Agrarian University, the Kyrgyz 
Biology-Soil Institute, Kazakh National Agrarian University, the Kazakh Research 
Institute of Plant Protection, and the Andijan Agricultural Institute. 
 
Membership in the International Association of Plant Protection Sciences (IAPPS) 
The three IPM CRSP team members and 10 other IPM specialists from Uzbekistan, 
Tajikistan, Kyrgyzstan, Turkmenistan, and Kazakhstan have been provided membership 
in the International Association for the Plant Protection Sciences (IAPPS). 
 
Participation in regional IPM meetings and forums organized by ICARDA, 
Winrock International and other NGOs. 
In March 2007, Dr. Tashpulatova attended a two-week training course on Sunn pest in 
Tajikistan. Dr. Nurali Saidov attended a joint workshop of ICARDA, the Central Asia 
and Caucasus Association of Agricultural Institution (CACAAI), and the Global Forum 
on Agricultural Research (GFAR). The goal of the forum was to design and develop a 
research need program for Central Asia and Caucasus in the areas of genetic resource 
management, natural resource management, and socio-economic, policy, and capacity 
building. Dr. Tashpulatova traveled to Samarqand to visit a private biolab for initiating 
research collaboration and Drs. Aitmatov and Saidov visited the Samarqand Agrarian 
Institute for future research collaboration. 
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Participation of IPM specialists from the region in the MSU’s International 
Agroecology, IPM, and sustainable agriculture short course  
Three participants from Tajikistan, Kazakhstan, and Kyrgyzstan attended the 
International Short Course IPM at MSU. The objective of the training is to build human 
capacities of institutions collaborating with the Central Asia IPM CRSP Program.  The 
participants were:  

• Dr. Abdussator Saidov, Institute of Zoology and Parasitology, Tajik Academy of 
Agricultural Science in Tajikistan.  

• Ms. Gulnaz Kaseeva, Advisory Training Center, Rural Advisory Services (ATC-
RAS) in Kyrgyzstan.  

• Dr. Zhanna Issina, Kazakh Institute of Plant Protection in Kazakhstan 
 
N. Saidov, Barno Tashpulatova, and Murat Aitmatov attended the Tenth Meeting of the 
Steering Committee of the CGIAR Program for Central Asia and the Caucasus held May 
29-30, 2007 in Dushanbe, Tajikistan. 
 
Impact assessment of the regional IPM program 
Regional IPM program will assess economic, environmental (including biodiversity), 
institutional, and gender impacts. The project has identified two socio-economists in the 
region, Dr. Shuhrat Sattarov (Samarkand Agricultural Institute) and Ms. Nodira 
Khusanova (Human Resource Development Center, Tashkent, Uzbekistan), who will 
help to implement the impact assessment activities. They will work closely with the 
socio-economics team leaders based at MSU and Virginia Tech (Prof. George Norton, 
leader of the global theme on the IPM CRSP impact assessment). We will seek input 
from Dr. Richard Bernsten and other specialists at MSU in assessing the socio-economic 
and gender impacts of this project. 
 

Publications 

Barakanova, N., U. Sultanbekov, P. Geradts, and F. Zalom. 2007. Determination of 
cucumber pests and diseases. Advisory Training Centre of Rural Advisory Service. 
Bishkek, Kyrgyzstan, 30 pp. (in Russian) 
 
Barakanova, N., U. Sultanbekov, P. Geradts, and F. Zalom. 2007. Determination of 
tomato pests and diseases. Advisory Training Centre of Rural Advisory Service. Bishkek, 
Kyrgyzstan, 30 pp. (in Russian) 
 
Saidov, N., B. Tashpulatova, M. Aitmatov, D. Baributsa and K. Maredia. 2007. Directory 
of Integrated Pest Management Specialists and Stakeholders in Central Asia. 
 
Aitmatov, M. 2007.  
Calendar of insect pests’ development and damage to cabbage 
Calendar of insect pests’ development and damage to tomato 
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Calendar of insect pests’ development and damage to carrot 
 
Aitmatov, M. et al. 2007. Terminological dictionary of the main diseases, pest of cotton 
and vegetable crops was published in Latin, Russian and Tajik. 
 
Aitmatov, M. et al. 2007. Organization and Management of the Farmer Field School on 
IPM. 
 
 Aitmatov, M., P. Geraedts and N. Saidov. 2007. IPM in Farmers Field School:  
- Module 1. Introduction of FFS, 93 pages. (Russian).  
- Module 2. Biological Control Methods of Main Insect Pest and Disease of Tomato, 104 
pages (Russian).Maredia, K. and D. Baributsa. 2007. Integrated Pest Management Forum 
for Central Asia, Dushanbe Tajikistan. CD of Forum Power Point Presentations. 
Aitmatov, M., N. Saidov et al. 2007. Weeds in Vegetable Crops. 

Presentations 
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West Africa IPM Center of Excellence 

Lead PI: Donald Mullins, Virginia Tech 
 
Collaborators: 
Co-Investigators and Institutional Affiliation: 
Robert Gilbertson, Co-PI, University of California, Davis 
Rick Foster, Co-PI, Purdue University 
George Mbata, Co-PI, Fort Valley State University 
Carlyle Brewster, Co-PI, Virginia Tech 
Jean Cobb, Co-PI, Virginia Tech 
Patricia Hipkins, Co-PI, Virginia Tech 
Jim Westwood, Co-PI, Virginia Tech 
 
Site Coordinator: 
Amadou Diarra, INSAH: Institut du Sahel 
 
Partners: 
ANCAR: Agence Nationale de Conseil Agricole et Rural - Senegal; 
AVRDC: W. Africa/global 
CERES Locustox: Center of Research and Ecotoxicology of the Sahel (CERES)/ 
Locustox Foundation - Senegal 
DPV: Direction de la Protection des Vegetau - Senegal 
ETQCL: Environmental Toxicology and Quality Control Laboratory - Mali 
IER: Institute D'Economie Rurale- Mali 
IITA: Int´l Institute of Tropical Agriculture - W. Africa/global 
INERA: l'institut de l'environnement et de recherches agricoles - Burkina Faso 
INSAH: Institut du Sahel- W. Africa 
INTSORMIL: The International Sorghum and Millet (INTSORMIL) Collaborative 
Research Support - W. Africa/global 
IRAG: Institut de recherche agronomique de Guinée - Guinea 
ISRA: Insitut Sénégalais de Recherches Agricoles - Senegal 
NARI: National Agricultural Research Institute – Senegal 
OHVN: L'Office de la Haute Vallée du Niger - Mali 
PRODEPAM: Programme de Développement de la Production Agricole au Mali - Mali 
RADHORT: Réseau Africain de Développement de l'Horticulture - Senegal, W. Africa 
SODEFITEX - Senegal 
Trade Mali – Mali 
Global Theme Programs: 
Information Technologies and Databases 
Regional Diagnostic Laboratories 
Insect Transmitted Viruses 
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Impact Assessment 
 
Implementation of the first full season of the whitefly monitoring system 
In September 2006, Jim Westwood, Carlyle Brewster and local scientists identified 
potential sites for the whitefly study in Senegal and Mali. Based on information gathered 
during the visit, a generic protocol for area-wide sampling of whitefly populations in the 
West African countries was developed.  The protocol had the advantage of ensuring that 
sampling of whitefly populations among the different countries was consistent, but also 
was developed so that it could be adapted easily by local scientists to suit the specific 
landscapes in each of the regions where we planned to conduct the study.   In December 
2006, Brewster traveled to Senegal to work with Kemo Badji, to initiate the study in that 
country. During the trip, study sites were identified at three regions, Gorom, Mboro, and 
Kolda. Brewster and Badji also traveled to The Gambia where they worked with local 
collaborators (Lamin Jobe and Momodou Jabang) to identify a suitable region for the 
whitefly study.   
 
A region in the western part of the country near the coast and around the NARI station at 
Brikama was identified.  In both Senegal and the Gambia, GPS readings were taken at 
several locations in each of the regions identified for the study.  The GPS readings were 
used to help identify the satellite image scene(s) of the selected regions and to assist with 
the delineation of a 100-km2 area within each region for the whitefly study.  Badji and 
field technicians in the Gambia also received hands-on training in GPS technology and 
whitefly identification and sampling (Fig. 1).   
 
Upon his return to the U.S., Brewster used the GPS readings taken in each of the regions 
to develop maps in Google Earth showing the extent of the 100-km2 area selected within 
each of the study regions in Senegal, Mali, and the Gambia.  The maps were sent to the 
collaborators in each country to verify that the areas selected for the whitefly study were 
appropriate. After fulfilling a request by Mr. Badji for additional hand lenses for 
sampling, the study got under way at the three regions selected in Senegal. Essentially, 
immature whitefly populations were sampled on an approximate two-week cycle from 
late-March at 30 geographically-referenced sampling locations within the 100-km2 study 
areas at Gorom, Mboro, and Kolda.  At each sampling location, the density of immature 
whitefly was assessed on both crops and weeds. The data showed that whitefly 
population dynamics were similar throughout the sampling period in each region with 
relatively higher densities at the start of sampling period. The sites at Gorom and Mboro, 
which are located close to each other near the north-western coast of Senegal, had similar 
and higher densities of whiteflies than were observed at Kolda, which is located inland in 
the southern part of the country.  Some attempts have been made to get the study started 
in Mali but so far no useful data have been obtained because of misinterpretation of the 
sampling protocol by collaborators in that country.  To date, no sampling has been 
conducted in The Gambia.   
 
Development of the website for the West Africa Regional IPM project is ongoing.  The 
site contains a content management system that would allow participants on the project to 
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enter information to populate the site.  Based on a job description that was developed and 
posted, an individual was identified by. Amadou Diarra, Regional Coordinator of the 
West Africa IPM project, to receive training in computer technology and IT.  The 
individual is expected to help with maintenance of the project web site and the creation of 
a French version of the project web site.  
 
One of things that Brewster was asked to do on his trip to West Africa in December 2006 
was to interview three of the applicants (Kemo Badji, Saliou Niassy, and Djibril Badiane) 
who were selected by a committee for student training at the graduate level. The 
interviews were completed and two candidates were selected. 
 

 
Figure 1: Kemo Badji sampling immature whiteflies on tomato with a hand lens. 
 
Socioeconomic and agroeconomic aspects of tomato production 
In order to understand the socioeconomic and agroeconomic aspects of tomato 
production, a tomato baseline survey and impact assessment of research to reduce tomato 
viruses in Mali and Senegal was undertaken to provide guidance on the nature of the 
tomato virus problem in Mali.  This study will also provide an assessment of the potential 
impacts of technologies and management practices aimed at reducing the virus problem. 
Results of the studies have implications for other West African countries as well. The 
Mali study was completed under the auspices of the USAID-funded IPM CRSP and 
ABSPII projects.  The first step of the study consisted of a baseline survey of tomato 
producers in Mali using a structured questionnaire. It included questions on attitudes and 
perceptions of tomato insects and diseases and information collected from 343 tomato 
producers from 15 villages as well as professional support personnel.  The results of the 
baseline survey are currently being analyzed.  Details of the Senegal survey are not yet 
available. 
 
Development of a database and compile geographic and temporal data on weeds in 
the region and their propensity to host whiteflies and viruses 
Efforts to build a database and compile geographic and temporal data on weeds in the 
region and their propensity to host whiteflies and viruses are continuing. The resources 
and mechanisms to facilitate the identification of weeds by project personnel who may 
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lack experience with weed ID have been explored. To this end, we have explored 
available electronic databases and determined that no satisfactory resources exist. A 
system of weed collection and digital photography are being carried on for development 
of a weed identification website that will reside within the West African IPM web site. 
Collection of data on whitefly incidence on weeds has been initiated in Senegal in 
cooperation with Kemo Badji, Brewster, and coworkers. Gilbertson has sampled many 
weeds from throughout West Africa and is assaying them for the presence of virus. To 
date, no Tomato Yellow Leaf Curl virus has been positively identified from these weeds. 
 
Several discussions were held with the Regional Diagnostic Laboratories and Insect-
Transmited Viruses Global Themes units and are continuing to work toward developing a 
unified vision of plant disease diagnostics in West Africa. This information will be placed 
on the West Africa IPM web site. 
 
Cropping systems surveys in Guinea 
Task 1. Information has been obtained on the socio-economic study of the villages of 
Balandou, Tintioulenkoro, Karfamoriah, and Bankalan in Guinea.  The main objective of 
the study was to gather initial information about the research villages in order to support 
the research initiatives. The study contains historical data on the installation of the 
populations, the characteristics of the physical environment, husbandries and their 
evolutions, the agronomic problems, and a comparison of the production and farming 
systems.   
 
The annual rainfall of the villages of Balandou, Tintiouenkoro, Kaifamoriyah, and 
Bankalan varies from 1200 to 1500 mm and the production is dominated by the itinerant 
culture method. The geomorphological units and characteristics of the soil of the 4 
villages were obtained and charts illustrating this information are available.     
 
At Balandou, tree crops are mango and cashew nuts. Vegetable crops are tomatoes, 
eggplants, onions, spinach, lettuce, carrots, and cucumbers, which are very important in 
this village. They are grown in lowland areas from October to May on pieces of land 
from 100 to 1000 m2. Watering from wells is labor consuming. Watering of the perimeter 
is often done with motor-driven pumps installed on the edge of the Milo River.  Fencing 
the areas consumes branches but seem to be the only means to limit the damage caused 
by domestic animals.  Women’s associations are organized and their vegetable crops are 
protected with barbed wire.  Vegetable crops use huge amounts of cow dung and other 
types of organic manure that are not well decomposed.   
 
The production of mangos is primarily sold on the market of Kankan. Unfortunately, the 
orchards of mango trees are old and are not well maintained. A program for planting 
cashew nut trees is in progress; however, these plantations are young and are not yet in 
phase of significant production, and the farmers indicated trunk borer damage.   
 
At Tintioulenkoro, the main crops are yam, rice, cassava, sorghum, groundnut, sesame, 
and fonio, tree crops are not well developed.  
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At Karfamoriah, agriculture is primarily centered on rice, tree crops, and vegetables. The 
primary tree crops are mango and cashew nut trees, and the vegetable crops are tomatoes, 
African eggplants, onions, cabbage, spinach, lettuce, carrots, and peppers. The village has 
a vegetable growing association created more than 20 years ago. It is composed of 42 
people, 30 of whom are women, and receives support from other organizations. 
 
Vegetable crops are very important in the village. They are grown in low land areas from 
October to May on plots ranging from 100 to 1000 m². These plots occupy part of the 
alluvial terrace which is completely fenced. Watering of perimeter is often done with 
motor-driven pumps installed on the edge of the Milo River. The planting of cashew nut 
trees is in progress. However, these plantations are young and are not yet in phase of 
significant production. Unfortunately, farmers indicated trunk borer damage, as was 
reported in Balandou, and already a lack of market demand.  
 
At Bankalan, the primary tree crops are mango and cashew nuts. Vegetable crops are 
onion, tomato and African eggplant. Vegetable farming is practiced from October to 
March.  
 
The socio-economic studies were primarily conducted in Tintinoulekoro and Balandou, 
results of which justify research on plantations of cashew nut for the control of weeds, 
and harmful insects. How to get water to the crops remains a major constraint that should 
be considered in the future, as well as how to fertilize them. 
 
Task 2: Agronomic study of cabbage.  The representatives of vegetable growers in 
Karfamoriah consist of 3 associations: Karifamoriah, composed of 45 members including 
30 women; Soumanko, 12 members including 6 women; and Fousein, 50 members 
including 48 women. Constraints of cabbage production were identified and consist of (i) 
poor production techniques; (ii) damage by various pests; (3) very low prices.  Cabbage 
is mainly grown by women during the two seasons (rainy and dry).  
 
The culture starts with the installation of a seedbed where the young seedlings remain 
approximately 40 days before being transplanted.  In dry season, the gardens are secured 
by hedges of deadwood. Watering is done from wells. Organic manure is the main source 
of fertilizer. Chemical fertilizer is barely used. Every member of the association has 
approximately 100 to 150m2 of land to grow all the vegetable he wants to grow. The 
seeds of the cabbage varieties grown (Africa cross, Kaka cross, and Copinak) are 
obtained from Mali and the average yield is 1,200 cabbage for 100m2.   
 
The pests encountered are coleoptera and larvae boring the cabbage. According to 
members of the associations, in the absence of protection, losses of production can be as 
high as 70%. To protect the young cabbage plants in the seedbeds, women usually use 
carbofuran, diazinon, and deltamethrine.  They make 3 applications in the seedbed and 8 
after the plantation using knapsack sprayers or ULV sprayers equipped with batteries. 
Some women use soap or neem leaf extract.  When the vegetables are harvested, every 
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woman carries her production to the market, which has no structure, and seeks buyers.  
The cabbage is sold according to its quality, that which does not present any insect 
damage is sold at 1000 Fg (30 cents) whereas the damaged ones are sold for 50 Fg (1 
cent) per unit. 
 
Surveys to determine the incidence and abundance of potato tuber moths 
Surveys were conducted to determine the incidence and abundance of potato tuber moths 
in Senegal and Guinea. In both countries potato is cultivated twice a year; the early 
season commences in November and the crop is harvested about February, while the late 
season crop is cultivated in March and harvested between May and June. Infestation of 
the early crop by the potato tuber moth (PTM) is light, however, infestation of the late 
crop by the same moth is quite heavy.  Infestation commences in the field and infested 
tubers are carried into storage where infestation continues.  
 
The PTM attacks all the phenological stages of potato, from vines to tubers. The shoot of 
the potato crop is attacked first.  Eggs are laid in the soil and hatched larvae burrow into 
the ground where they locate and burrow into tubers to complete their development. The 
incidence and abundance of the potato moth has also been obtained for Guinea.  During 
the summer months of 2007, the data on the dynamics of potato tuber moth was 
generated through a survey.  Following this, a West Africa regional map of potato 
cultivating areas and diseases or pests associated with potato will be produced 
 
A map showing potato cultivating regions in Guinea has been prepared (Figure 4) and aps 
for Mali and Senegal are being prepared. Among the efforts limiting potato cultivation in 
the West Africa region include high cost of imported potato seeds. Efforts are underway 
to coordinate potato seed multiplication, storage, and distribution within the region. The 
sites of seed multiplication and cold storage facilities within the region will be identified 
and a distribution process that will ensure countries of the regions are serviced by 
existing facilities will be put in place.  
 
PTM was observed to attack other crops apart from potato. The crops infested by the 
PTM include tomatoes and eggplants, which serve as refugia for the moth. The incidence 
of the moth was also determined on these crops. All the phenological stages of these 
crops are attacked by PTM. Studies are planned to determine the effect of these alternate 
hosts on the population dynamics of the PTM. Investigations will also center on 
determining if the pest migrates from potato plots to tomato or eggplant plots, or vice 
versa. Data from most of these studies are awaiting analysis. Results from these studies 
will determine management strategy for the PTM. 
 
Regional workshop on pesticide safety training in conjunction with a workshop on 
pesticide residue analysis 
In May-June of 2007, pesticide safety educators from five West African countries 
attended a regional workshop sponsored by the West African Consortium for IPM 
Excellence to: 1) share information, experiences, ideas, materials and methods, successes, 
and lessons learned; 2) identify and prioritize pesticide safety program needs and target 
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audiences; 3) discuss collaborative/cooperative efforts to ensure food safety in general 
and export crop quality involving residue chemists, field researchers, and pesticide safety 
educators; and 4) share techniques for measuring program impact.  Participants and 
presenters included trainers sponsored by the West African Cotton Improvement Project 
(WACIP) from many agencies in Benin, Burkina Faso, Chad, and Mali; Malians from the 
Institut D’Economie Rurale (IER), L’Office de la Haute Vallee du Niger (OHVN), 
Laboratoire Central Veterinaire (LCV), Office de Protection des Vegetaux (OPV), and 
Peace Corps; a representative of PAN Africa who is based in Senegal; and IPM-CRSP 
team members from Benin (International Institute of Tropical Agriculture/IITA) and the 
USA (Virginia Tech/VT).  In addition to discussion and demonstration of methods, 
materials distributed at the workshop included: 1) ten lesson plans; 2) a sample of a basic 
pesticide safety booklet for farmers with a corresponding poster-version for trainers; 3) a 
sample of a booklet illustrating IPM principles and practices (along with reminders about 
proper pesticide use and handling); and 4) program impact instrument and course 
evaluation templates.  Materials are also available on the program websites: WA 
Regional IPM Network Home Page = http://westafrica.ipmnetwork.net/eng/index.cfm 
and Quality Assurance section (for pesticide residue chemists and safety educators) = 
http://www.wapp.biochem.vt.edu/. As a result, West African cooperators are teaching 
pesticide safety to farmers in field schools and other production meetings.  Involvement 
in program planning, design, and delivery enables them to conduct these training sessions 
effectively 
 
 
 
Intra- and inter-laboratory pesticide residue methods validation 
During the QuEChERS workshop, chemists reiterated their choice of the QuEChERS 
method for “in-house” and collaborative inter-laboratory validation as part of ongoing 
efforts to improve laboratory quality assurance. The QuEChERS method is increasingly 
used by regulatory, industrial, and contract laboratories for testing food commodities 
intended for domestic and international consumption.   
 
Regional laboratory mentorship 
Contact information for chemists in the region was compiled prior to advertising the 
workshop and sending invitations.  The last major workshop in the region that involved 
pesticide chemists was the FAO “Round Table” held in Niger in 2002.  Reestablishing 
contact with individuals who attended the Niger meeting began the 
communication/mentorship process.  In addition, the West Africa Pesticide Programs 
web site served as a networking tool prior to the workshop. During the workshop, 
chemists were divided into teams so that chemists from different laboratories, facilities, 
and countries had an opportunity to network and learn from each other. The three 
avenues of communication – E-mail, web site, and working together – opened the 
gateway to establish regional laboratory mentorship.  West Africa Pesticide Programs 
(WAPP) (www.wapp.biochem.vt.edu).  To date, chemists have not visited other 
laboratories in the region with the exception of those who attended the QuEChERS 
workshop in Bamako. 

http://westafrica.ipmnetwork.net/eng/index.cfm
http://www.wapp.biochem.vt.edu/
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Regional workshop on residue analysis in conjunction with a workshop on pesticide 
safety training 
A five-day professional training workshop was held for pesticide residue chemists at 
Bamako, Mali in August 2007.  Announcements were distributed to contacts at USAID 
missions in West Africa, the USDA-ARS/FAS, FAO, and invitations were sent to 40 
chemists and other stakeholders in West Africa.  A total of 24 chemists representing 9 
laboratories in 5 West African countries (Mali, Niger, Nigeria, Burkina Faso, and 
Senegal) attended the workshop.  The opening ceremony was attended by 43 individuals 
and included televised speeches by the USAID-Mali Director, the Secretary General of 
the Malian Ministry of Livestock and Fisheries, and the Permanent Secretary of CILSS.  
USDA-Agricultural Research Service (ARS) Lead Scientist Dr. Steven J. Lehotay 
designed and led hands-on training of the QuEChERS method that was developed by him 
and other researchers.  The QuEChERS method is in worldwide use for routine 
monitoring of pesticides in fruits and vegetables and other food commodities.  The West 
Africa IPM CRSP funding was leveraged to obtain additional support (~$12,000) from 
the USDA-Foreign Agricultural Service (FAS) and the Food and Agricultural 
Organization (FAO), which sponsored Dr. Lehotay’s travel to the workshop and a total of 
6 chemists from the West Africa region. 
 

 
Figure 2. Pesticide residue workshop participants working on the QuEChERS extraction 
procedure. 
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Integrated Pest Management of Specialty Crops in Eastern 
Europe 

 
Douglas G. Pfeiffer, Site Chair (Virginia Tech) 
 
Collaborators: 
Josef Tedeschini, Site Coordinator (Plant Protection Institute, Durrës, Albania) 
Vladimir Todiras, Site Coordinator (Institute for Plant Protection and Ecological 
Agriculture, Moldova) 
Olena Cholovska, Site Coordinator (Plant Protection Service, L’viv and Odessa, Ukraine) 
Nicolay Kharytonov, Site Coordinator (Dnipropetrovsk State Agrarian University, 
Ukraine) 

 
Host Countries: Albania, Moldova, and Ukraine. 
   
Participatory Appraisal in Tomatoes and Cucumbers 
A participatory appraisal (PA) was carried out earlier in Albania and the 
Ukrainian/Moldovan PA was performed May 8-23, 2006.  Americans on the PA team 
were Doug Pfeiffer, Tony Bratsch (Virginia Tech), Sally Miller (Ohio State University), 
and Milt McGiffen (Univ. California Riverside). Ukrainian team members were Olena 
Cholovska (L’viv Oblast Plant Protection Service), Gala Shestopal (L’viv Commercial 
Academy), Myroslava Ishchuk (L’viv National Polytechnic University), Nicolay 
Kharytonov, Kateryna Maslikova (Dnipropetrovsk State Agrarian University), and 
Oleksandr Pleshko (Odessa Oblast Plant Protection Service).  Moldovan team members 
were Vladimir Todiras and Tatiana Tretiakov (Institute for Plant Protection & Ecological 
Agriculture (Chisinau).  We visited 21 sites for stakeholder interviews; these consisted 
mainly of farms but also included a few research facilities.  Farmer issues included a lack 
of experience since many are new farmers who became involved in agriculture after the 
privatization period and are lacking sufficient education and sources of impartial advice.  
Most have no experience with extension personnel and obtain most of their information 
from pesticide and seed companies.  Therefore there are problems with basic 
identification and management of insects and diseases.  Problems of researchers involve 
mainly the lack of resources to (1) conduct research, (2) travel to farms for technology 
transfer, and (3) obtain training abroad. 
 
Baseline Survey in Tomatoes and Cucumbers 
A survey instrument was developed and translated into Albanian, Ukrainian, Russian, and 
Romanian. Sixty families were targeted and asked a standardized set of 113 questions 
that addressed knowledge of pests, pest management concerns, size of farm families, 
division of farm decision-making, and farm economics. Using Moldova as an example, 
about one-third have planted new orchards and vineyards or built new greenhouses since 
privatization.  About 42, 54, 48, and 0% applied insecticides in tomato, cucumber, apple 
and grape, respectively, whereas 73, 88, 37, and 96% applied fungicides.  Price and 
specialists’ advice were almost equally regarded as the most important factors (very 
important) in making pesticide selections, whereas 18% thought pesticide dealers’ advice 
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somewhat important.  About 43% attribute any health problems for you or anyone in your 
family to pesticides.  The three most severe tomato pests are phytophthora, Heliothis 
armigera, and Colorado potato beetle.  The three most severe cucumber pests are 
peronospora, mildew, and aphids.  The three most severe grape pests are mildew, oidium, 
and grape berry moth.  The three most severe apple pests are codling moth, apple scab, 
and mildew.  When asked if applying pesticides would increase yield, 90% replied yes.  
When asked if applying pesticides could stimulate a pest infestation, 65% said yes.  The 
percent applying pesticides in each crop were: tomato: fungicides 85%, insecticides 64%, 
and herbicides 18%; cucumber: fungicides 88%, insecticides 50%, herbicides 25%; 
grapes: fungicides 100%, insecticides 25%, herbicides 0%; apple: insecticides 51%, 
fungicides 46%, herbicides: 9%.  Only 17% have attended training sessions in the last 5 
years, though 70% would be interested.  When asked if an agricultural technician who 
discussed non-pesticide means of controlling crop pests ever visited the farm, 67% 
replied no.  Almost half of respondents felt they did not have access to adequate 
information.  In each country, a subset of farms was selected where both the husband and 
wife were interviewed.  This will allow a gender analysis of IPM knowledge and practice 
for the project.  This survey not only will enable more quantitative descriptions of the 
state of IPM, but will allow measurement of progress in research and extension during 
the project. 
 
Arthropod management in tomatoes and cucumbers 
In Albania, twospotted spider mites (Tetranychus urticae) represent one of the main 
arthropod pests affecting cucumber in greenhouses. Mite infestations are difficult to 
control due to the lack of satisfactory control measures, either old chemical or other. New 
miticides are tested to improve the control. The effectiveness of several botanicals was 
compared to the standard farmer approach to control this pest. Miticide experiments 
using new products showed that the arthropod pest population in cucumber can be 
consistently reduced by application of Envidor 0.02%. The bio-rational products 
Naturalis and Neemazal were both effective at reducing mite populations.  
 
Botanicals to control whiteflies (Trialeurodes vaporariorum) in tomato. 
This study was conducted during the first season of tomato crop cultivation in 
greenhouses in Kemishtaj (Lushnjë Region). The entomopathogenic fungus B. bassiana 
proved to be an effective control agent against both larvae and adults. Although it acted 
more slowly than some of the other bio-rational products, a high level of whitefly control 
was obtained. 

Effectiveness of reduced-risk pesticides in the control of glasshouse whitefly 
(Trialeurodes vaporariorum) on tomato cv. Plato 

The efficacy of Ramplan 20Sp (a.i. acetamiprid) compared with Plenum 50WG (a.i 
pymetrozine), Ronin 25WP (a.i. buprofezin), and Actara (i.a. thiamethoxam) in 
greenhouse control of whitefly (Trialeurodes vaporariorum) on tomatoes was 
investigated.  All investigated insecticides significantly decreased the number of whitefly 
adults and larvae, compared with untreated plots where population density grew during 
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the trial. Plenum controlled the adults very well with the lowest population level of 
adults. Ronin and Ramplan were less effective. Based on the data obtained, the best 
efficacy on whitefly larval control was demonstrated by the insecticide Ronin, followed 
by Ramplan.  

Insecticides and natural compounds for aphid control on greenhouse tomatoes 
This study was conducted on greenhouse tomato plants in Durrës with the aim of testing 
several plant protection products (ppp), some of which are of natural origin (bio-
insecticides).  The results show that aphid population dynamic reaches the peak during 
April and the intervention threshold was surpassed. The natural compounds, which offer 
several benefits in terms of product safety for human health and environment, show a 
good control against aphids. These results can be used as a basis for the effective 
implementation of an IPM strategy for the control of aphids attacking tomatoes in 
greenhouses. 
 
The natural compounds, which offer several benefits in terms of product safety for human 
health and environment, show good control against aphids. While chemical compounds 
achieve an average control of about 90%, the botanicals can achieve above 60%. With a 
good combination of aphid monitoring and other control measures, the botanicals can 
achieve a good control without having to rely on chemical control. These results can be 
used as a basis for the effective implementation of an IPM strategy for the control of 
aphids attacking tomatoes in greenhouses. 
 
The proposed bio-insecticides will help reduce the development of pesticide resistance 
among aphid populations as well as reinforce the effectiveness of many pesticides 
currently in use. The benefits of this research are multifold; consumers will benefit from 
safer food, the society from less environmental pollution, and tomato growers from the 
decreased production cost.  
 
Implementation of IPM scouting programs for cucumber crop production in 
greenhouse 
An IPM demonstration project on cucumber crops cultivated in greenhouses was 
conducted in the main region (Lushnja) of vegetable production in Albania. Scouts have 
been trained in Lushnjë region, one of the major vegetable production areas in Albania.  
 
One greenhouse was selected in Kemishtaj (Lushnjë region) for scouting and reporting. 
Another five greenhouses were selected as control, and data on the history and 
management of pest and diseases were recorded by direct interview with cucumber 
growers. Monitoring methods have included the use of plant samples and sticky traps. 
The number of plants sampled depended on size of area of greenhouse, susceptibility of 
the crop to pests and diseases, and the amount of time involved in monitoring. In general, 
during the weekly visit the monitoring is done in ten leaves and fruits from each of ten 
randomly selected cucumber plants. Sticky traps were used at a minimum rate of 3 per 
1000 square meter and a vertical strip equivalent to 20% of the surface area of the card 
was counted at each monitoring date. Sampling strategies were developed during the 
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initial months of the study to determine the minimum number of plants and traps 
necessary to obtain sufficient information concerning population trends at a reasonable 
cost. 
 
Scouts were responsible for keeping detailed records for each operation. At the end of the 
study, these records have shown how much labor will be involved, amounts and choices 
of pesticides, and the quality of crops produced. This information is used to prepare an 
economic analysis of the benefits of the IPM program as compared to the growers’ 
conventional pest management strategies. In the scouted greenhouse fewer chemical 
applications were made. The reduction of number of pesticide treatments compared to 
conventional grower ranged from 40-73%. 
 
The economic effect of scouting program is very clear. The economic analyses indicate 
that scouting saved 55.88% of the applied pesticide volume as compared to the non-
scouted area, and resulted in overall economic savings of 33.96% (or 10256 Leke/01/ha) 
  
The results of the study show that the scouting program provides pest control that is 
comparable to or better than that achieved by the farmers practices. It was hoped that the 
reduced reliance on chemical pesticides would not adversely affect the yields or quality 
of cucumber fruits produced. These results show that farmers may actually produce a 
higher quality of cucumber with larger yields without the use of a great amount of 
chemical pesticide. This system will allow farmers to continue to profitably produce 
cucumber and still meet the demands for pesticide residue-free produce. 
 
IPM scouting programs for tomato crop production in greenhouse 
An IPM demonstration project on tomato crops cultivated in greenhouses was conducted 
in the main region (Lushnja) of vegetable production in Albania. Plant protection 
specialists and the grower of one tomato greenhouse were responsible for pest 
monitoring, record-keeping, and weekly meetings to make pest management decisions 
based on the information collected. Comparisons were made between the IPM treatments 
vs. the grower’s conventional pest control practices. Results indicate that the scouted 
greenhouse resulted in reduced pesticide usage without affecting plant quantity and 
quality. This was achieved at a lower overall cost, even with the increased labor for 
monitoring. 
 
The use of scouting program in the production of tomato crops will facilitate an important 
change in the way procedures use pesticides. By carefully monitoring/scouting crops and 
evaluating the information collected, growers will be in a better position to make rational 
decisions on the appropriate control tactic. The use of the scouting program will also 
reduce and/or eliminate the prophylactic application of pesticides on tomato crops. 
 
Greenhouse facilities use relatively large volumes of water to produce a high quality 
product. As a result, there is a significant potential for contamination of surface and 
groundwater resources from irrigation runoff. The proposed scouting program will help 
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growers reduce the total volume of pesticides used and subsequently decrease the 
potential for surface and groundwater contamination. 
 
The benefit of the scouting program was early detection of pests and diseases at low 
level. Additionally, by specifically locating infestations, spot pesticide applications were 
made instead of the routine growers practice of spraying all the greenhouses. The 
scouting program from March to June, 2007 resulted in 46.6% fewer pesticide 
applications and a 29.37 % savings (or 6969lek per01/ha) without affecting plant quality 
and salability.  
 
Evaluation of fungicides for botrytis control of greenhouse tomato 
A fungicide trial was established in a commercial unheated plastic greenhouse in the 
Lushnja region to evaluate efficacy of several fungicides for control of botrytis on 
tomato. Treatments included Teldor SC 500 (Fenhexamide a.i.), Botrilan 500 SC 
(Iprodione a.i.), and Daconil 72 SC (Chlorthalonil a.i.) applied as single treatments every 
7- 10 days to each of five replicates. In samples to determine the percentage of leaf area 
affected by botrytis and the number of fruits infected within different treatments, Teldor 
and Daconil were significantly different from the non-treated control. Although Botrilan 
was different from the control, this treatment had more number of leaves and fruits 
infected than other treatments.  

Botrytis cinerea is one the most commonly occurring disease-causing organisms in 
greenhouse tomato. Management of botrytis depends heavily on sanitation and good 
management of the environment. Chemical control with a product such as Teldor can also 
play an important role in the suppression of this disease. 
 

Integrating fungicide control programs for maximize economic return on cucumber 
production in greenhouse. 
This research project evaluated the performance of cucumber disease control under three 
different disease control programs ranging from a minimally acceptable to a highly 
intensive program. These three disease control spray programs were compared on the 
basis of cost and disease management as well as the environmental impact. 
 
The standard fungicide program remains the best recommendation. It controls the main 
tomato diseases better than low-cost treatments but is not significantly different from the 
intensive program. 
 
Fungicide spray programs affected the percent severity of main diseases on the bottom of 
cucumber leaves. The low cost program had a significantly higher incidence of infection 
compared to all other treatments. On the top of the foliage, disease control was virtually 
the same among treatments. Only the low-cost treatment was significantly more diseased 
than the intensive and standard program.  
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Integrating fungicide control programs for maximize economic return on tomato 
production in greenhouses. 
This research project evaluated the performance of tomato disease control under four 
different disease control programs, ranging from a minimally acceptable to a highly 
intensive program. These four disease control spray programs were compared on the 
basis of cost and disease management as well as the environmental impact. 
 
Fungicide spray programs affected the percent severity of the main diseases of tomato 
leaves.  The low-cost program and control programs have a significantly higher incidence 
of infections compared to two others treatments. The control and low-cost treatments also 
had significantly more diseases than standard and intensive program. 
 
The standard fungicide program remains the best recommendation. It controls the main 
tomato diseases better than the other treatments and had no significant differences from 
the intensive program. However, it was more expensive than control and low-cost but 
cheaper in cost and had a lower environment impact than the intensive program. 
 
Soil solarization and grafting as alternative for pests and diseases control in 
greenhouse tomato production system  
A field experiment was performed in heavy clay soil naturally infested with Meloidogyne 
incognita to evaluate the effectiveness of soil solarization and the combination of this 
treatment with grafting for the control of root-knot nematode and soil-borne diseases on 
tomato in second crop. Initial results indicate that compatibility of solanaceous rootstocks 
showed different compatibility with the tomato scions. Percentage catch of grafted 
tomato on Beaufort rootstock was higher than in Interga rootstock. Soil solarization 
reduces the incidence of damping off in both grafted and ungrafted tomato seedlings 
compared with untreated control. 
 
IPM Constraints 
Most of the tomato hybrids used in the Mediterranean area are resistant to most of soil 
pathogens except for Verticillum dahlia race2, Meloidogyne sp and Clavibacter 
michiganense. In addition, the high salinity increases the susceptibility of tomato to some 
soil borne pathogens and particularly to Fusarium and Verticillium wilts. Resistant 
varieties to these two pathogens become susceptible when the irrigation water has a high 
salt content. The resistance to nematodes is also dependent on temperature. At a high 
temperature, the Mi gene is inactivated when the temperature is around or above 28-30°C.  
Therefore, in some particular situations, grafting combined with other treatments could 
be effective. In Albania root-knot nematodes are widely distributed, causing 
economically significant losses. Soil disinfestations with nematicides, heat, and other 
treatments have been used as successful management tools in controlling nematode pests.  
However, results from soil solarization combined with alternative practices such as 
grafting for controlling of root-knot nematode in the second crop are still limited. 
 
Several farmers became interested and are planning to try the grafted tomato on their 
individual farms. Grafted tomatoes have been distributed in several farms. The trials are 
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underway in a soil-free greenhouse in the Durres region and in heated Israeli greenhouses 
in the Tirana and Kruja region. The number of successful grafts on rootstock Beaufort 
was higher than on rootstock Integra.  
 

The efficacy of different nematicides in controlling of root-knot nematodes 
(Meloidogyne spp) on tomato and cucumber grown in heated Israeli greenhouses 
Field experiments were performed in sandy soil naturally infested by Meloidogyne 
incognita in the Durres region to assess the effectiveness of drip-applied soil nematicides 
and bio-nematicides for the control of root-knot nematodes in cucumber and tomato crop 
in heated Israeli-type greenhouses. The results of trials showed that Fenamiphos and 
Ethoprophos used by drip irrigation systems were effective in controlling nematode 
populations and reducing cucumber and tomato damage. The treatment with Ethoprophos 
incorporated in soil was less effective. Good results were obtained by application of the 
bio-nematicide BioNem. 
 
Comparison of different techniques of nematicides application indicated that treatment of 
Fenamiphos and Ethoprophos by drip irrigation system were more effective in controlling   
root-knot nematode infestation. Good results are obtained by using BioNem. This bio-
nematicide offers a satisfactory and environmentally-friendly solution for the control of 
root-knot nematodes. 
 
Drip-applied soil nematicides are a good option that growers have to control soil-borne 
pests. Advantages are the flexibility and ease of application. A single application of 
Bionem (Bacillus firmus) reduces the nematode damage on root systems of a cucumber 
crop. The use of this bio-nematicide offers a feasible, environmentally safe biological 
treatment which is easily implementable into an organic, conventional, and integrated 
control growing system. 
 
Effect of BioNem, Nemafung, and Softguard on control of root-knot nematodes 
(Meloidogyne spp) on pepper grown in unheated plastic greenhouses. 
Field experiments were conducted to evaluate the effect of bio-nematicide BioNem and 
two other products, Nemafung and Softguard (bio-stimulant and repellent), against root-
knot nematode on pepper grown in unheated plastic greenhouse. Initial results indicate 
that in the plot treated with BioNem the population of nematodes in soil has a reduction 
of 25%. The other treatments with bio-fertilizers do not seem to have any significant 
effect on nematode population. The experiment is underway and will end in November. 
 
Lower nematode densities were observed in plots treated with bio nematicide BioNem 
(Bacillus firmus). 

Results of the field experiments on the effects of bio fertilizers on nematode populations 
were inconclusive.  
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The efficacy of different nematicides in controlling root-knot nematodes 
(Meloidogyne spp) on tomato grown in unheated plastic greenhouses 
The nematicide Fenamiphos and two other products, Ethoprophos 10% granules and 
Ethoprophos 19% liquid, were applied to limit the damage of root-knot on tomato grown 
in unheated plastic greenhouses. 
 
The results revealed that the treatments by drip irrigation were efficient in controlling the 
nematode. Fenamiphos and Ethoprophos 19% liquid caused significant reduction in the 
nematode population in the soil compared with Ethoprophos 10% granules; the 
treatments by drip irrigation significantly suppressed root gall index on tomato crop. The 
root gall index at the final harvest was 0.5, 1.2 and 1.7 for Fenamiphos, Ethoprophos 19% 
liquid and Ethoprophos 10% granular, respectively. 
 
Drip-applied soil nematicides are a good option that growers have to control soil-borne 
pests. Advantages are the flexibility and ease of application. This technique significantly 
reduces the nematode damage on root system of a tomato crop.  

Comparison of different techniques of nematicides application indicated that treatments 
of Fenamiphos and Ethoprophos by drip irrigation system were most effective in 
controlling root-knot nematode infestation in tomato crop. Best results are obtained by 
using Fenamiphos by drip irrigation system two days before planting and two weeks after 
the first treatment.  

Technology transfer for IPM in high value horticulture crops 
 
Albania 
Spider mite research was conducted with the involvement of one farmer group in 
Albania (Agriculture Farmer’s Federation Kemishtaj-Lushnjë). 
Field Day-May 5, 2007 held at Kemishtaj (Lushnja region). Attended by Agriculture 
Technicians and farmers from Kemishtaj. Results of field studies on management of 
whiteflies on tomato crop during 2007 were presented and discussed. 
 
Ukraine - L’viv 
1. A publication promoting IPM practices in fruit crops is in development: 
Complete, at publisher: “Productivity and Safety of Your Apple Orchard” - Gala 
Shestopal and Douglas G. Pfeiffer 
 
2. Meetings and workshops: 
L'viv-Odessa 
June 2007:  A workshop on integrated growing of cucumbers was organized at the farm 
"Revera" in the v. Ozhynevychi Zhydachiv District.  50 participants were present, 
including 40 farmers. 
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July 2007: A workshop on integrated growth of grapes was organized in the Odessa 
Oblast v. Sofiivka Byelgorod-Dnistrovskyi District. 25 participants were present, 
including 20 farmers 
 
September 2007: A workshop, "Integrated protection of agricultural crops and 
importance of autumn monitoring and prognosis for the prevention of the development of 
insects and diseases," was organized in v. Zhovtantsi Kamyanka-Buska District, at the 
"Driada" Farm; 50 participants were present, including 40 farmers. 
 
September 2007: Workshops on "Discussion and analysis of the tests on integrated 
growing of cucumbers" were organized on the farms with test fields of cucumbers in the 
Kamyanka-Buska and Zhydachiv districts; there were 35 participants in each workshop, 
including 25 farmers. 
 
 
Moldova 
Six farmer seminars held, in Soroca, Teraclia, Leova, Hencherst, Chisinau, and Baltsi. 
 
 
Publications: 
Pfeiffer, D. G.  2007.  A participatory appraisal of IPM in high-value horticultural crops 
in Albania, Moldova and Ukraine.  Entomol. Soc. Am. Eastern Branch, Harrisburg PA.  
Mar 18-20. 
 
Pfeiffer, D. G., J. Tedeschini, B. Stamo, M. Bregasi,  D. l Panajoti, D. Pertena, O. 
Cholovska, G. Shestopal, M. Ishchuk, K. Maslikova, M. Kharytonov, O. Pleshko, V. 
Todirash, T. Tretiakov, A. D. Bratsch, S. M. Miller, and M. E. McGiffen.  2007.  Status 
of IPM, pesticide use and misuse and information transfer in horticultural crops in 
Albania, Ukraine, and Moldova: Participatory appraisal and baseline survey for tomato, 
cucumber, grape and apple.  Proc. 16th Int'l. Plant Protection Congress 2: 774-775.  
 
J. Tedeschini, Dh. Shehu, E. Cota, Sh. Shahini, S. Gjini, D. Pfeiffer 
Evaluation of miticides to control twospotted spider mites (Tetranychus spp.) in 
cucumber greenhouses. 
 
Field Day-May 5, 2007 held at Kemishtaj (Lushnja region) and attended by agriculture 
technicians and farmers from Kemishtaj. Results of field studies on management of 
whiteflies on tomato crop during 2007 were presented and discussed. 
 
J. Tedeschini, E. Cota, Sh. Shahini, S. Gjini, D. Pfeiffer 
Effectiveness of reduced-risk pesticides in the control of glasshouse whitefly 
(Trialeurodes vaporariorum) on tomato cv. Plato 
 
J. Tedeschini, Sh. Shahini, E. Kullaj,. D. Pfeiffer  
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Effectiveness of several insecticides and natural compounds for aphid control on 
greenhouse tomatoes 

J. Tedeschini, H. Pace, E. Cota, Sh. Shahini, S. Gjini, D. Pfeiffer Implementation of IPM 
scouting programs for cucumber crop production in greenhouse 

Vladimir Todirash and Victor Focsa 
Use of Pyrethrin and Mineral Oil for Management of Pests in Greenhouse Vegetables 
 
J. Tedeschini, H.Pace, D. Pfeiffer  
Evaluation of fungicides for botrytis control of greenhouse tomato 
 
J. Tedeschini, H. Pace, I.Papingji, D. Pfeiffer. Integrating fungicide control programs for 
maximized economic return on cucumber production in greenhouse. 
 
J. Tedeschini, H. Pace, I.Papingji, D. Pfeiffer. Integrating fungicide control programs for 
maximized economic return on tomato production in greenhouses. 
 
J. Tedeschini ,V.Jovani, H.Pace, B.Alushi, D. Pfeiffer. Soil solarization and grafting as 
alternative for pests and diseases control in greenhouse tomato production system  
 
V. Jovani, J. Tedeschini, A. Ramadhi, D. Pfeiffer  
The efficacy of different nematicides in controlling of root-knot nematodes (Meloidogyne 
spp) on tomato and cucumber grown in heated Israeli greenhouses 
 
V.Jovani J. Tedeschini, A.Ramadhi, D. Pfeiffer. Effect of BioNem, Nemafung, and 
Softguard on control of root-knot nematodes (Meloidogyne spp) on pepper grown in 
unheated plastic greenhouses. 
 
V. Jovani J. Tedeschini, A.Ramadhi, D. Pfeiffer  
The efficacy of different nematicides in controlling root-knot nematodes (Meloidogyne 
spp) on tomato grown in unheated plastic greenhouses 
 
Training: 
 
Sixty farms were surveyed in Moldova and in each of the three oblasts in Ukraine (L’viv, 
Odessa, and Dnipropetrovsk).  Three hundred were surveyed in Albania.  Results from 
Albania and Moldova have been translated into English; translation of Ukrainian results 
is in progress.  Preliminary results were presented at the International Plant Protection 
Congress in Glasgow, Scotland. 
 
Field Day-May 5, 2007 held at Kemishtaj (Lushnja region) and attended by agriculture 
technicians and farmers from Kemishtaj. Results of field studies on management of 
whiteflies on tomato crop during 2007 were presented and discussed. 
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During this year in collaboration with Agriculture Farmer’s Federation, two meetings 
(Lushnja region) were organized with the participation of specialists, farmers, and 
extension officers. Leaflets on whitefly and leafminer identification, biology, and 
management were developed and were made available for distribution through 
inspectors. 
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Management of the Weed Parthenium (Parthenium 
hysterophorus L.) in Eastern and Southern Africa Using 
Integrated Cultural and Biological Measures 

 
Wondi Mersie, Virginia State University 
 
Collaborators/Partners: 
Amhara Micro-enterprise development, Agricultural Research, Extension and Watershed 

Management (AMAREW) Project, Bahir Dar, Ethiopia 
Virginia Tech, Department of Crop and Soil Environmental Sciences  
Ethiopia           Haramaya University, Dire Dawa, Ethiopia 
                        Amhara Regional Agricultural Research Institute, Bahir Dar, Ethiopia 
                        Ethiopian Institute of Agricultural Research, Addis Ababa, Ethiopia 
                        Mekele University, Mekele, Ethiopia 
                        Save the Children UK, Addis Ababa, Ethiopia 
South Africa   Agricultural Research Council, Plant Protection Research Institute,  
                        Hilton, South Africa 
Botswana       Department of Agricultural Research, Gaborone, Botswana 
Uganda            Makerere University, Kampala, Uganda 
CABI              CAB International, Africa Regional Center, Nairobi, Kenya 
CIMMYT      International Maize and Wheat Improvement Center, Addis 

Ababa, Ethiopia 
IUCN          World Conservation Union, Nairobi, Kenya 
IITA                International Institute of Tropical Agriculture, Catnou, Benin 
Australia        The University of Queensland, Brisbane, Australia 
India             Indian Agricultural Research Institute, New Delhi, India 
 
 
Meeting of project participants in Bahir Dar, Ethiopia  
Partners Planning Workshop was held in Bahir Dar, Ethiopia from October 1-8, 2006. All 
project participants visited the EIAR quarantine facility at Ambo. Discussions were held 
on the progress and further planning of project objectives, i.e. distribution of parthenium 
in eastern and southern Africa, its socio-economic impact in Ethiopia, its impact on plant 
diversity in Ethiopia, development of a biocontrol program in Ethiopia, evaluation and 
release of biocontrol agents in South Africa and Ethiopia, and evaluation of pasture 
management systems for Ethiopia. The facility at the EIAR Plant Protection Research 
Center was visited to view progress in the upgrade of the quarantine facility. Participants 
made further recommendations on the upgrading of the facility to enable importation and 
of imported biocontrol insect agents. It was recommended that the IPM CRSP 
parthenium project distribution surveys to be extended to include Kenya, Tanzania, 
Madagascar, and Mozambique. Parthenium has the potential to have a huge impact on the 
economics of these countries with respect to its detrimental impacts on agriculture, 
conservation, and human and animal health. Greater impact of the project would be 
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achieved by involving more countries within the affected southern and eastern African 
regions, particularly those where parthenium is known to occur already. 
 
Distribution and spread of parthenium in eastern and southern Africa  
The potential distribution of parthenium in southern and eastern Africa was modeled in 
2006 using the CLIMEX (ver.2) program. Outputs generated from the model were based 
on discrete weather station data from the region. Although useful, the outputs had large 
areas for which there was no available weather station data (especially for east African 
countries); hence the predictive power of the model was limited. In 2007, the model was 
re-run using grid-based climate data to overcome the ‘holes’ in the 2006 predictive 
outputs.  

CLIMEX model parameters were obtained from the Queensland Department of Natural 
Resources and Mines (QDNR&M) in 2006. These parameters were developed using 
known thermal characteristics of parthenium (from the literature) and mapped 
distributions of the weed in its native range. The model was developed as part of the 
Weeds of National Significance (WONS) component of the Australian National Weeds 
Strategy. The parameters were entered into a new species template in the CLIMEX 
program (ver. 2) and the model was run. In 2006, predictive maps for southern and 
eastern Africa were generated. The maps depicted the Ecoclimatic Index (EI), an index 
showing the climatic suitability of a particular area for the favorable growth of P. 
hysterophorus. These maps were used to assist in the formulation of the 2006 survey 
strategy for South Africa, Swaziland, Botswana, Uganda, and Ethiopia. To improve the 
predictive power of these outputs, and hence enhance the survey strategies for the 2007 
survey, grid-based climate data was utilized in CLIMEX and the model re-run 

CLIMEX model outputs offered clearer, more complete predictions using the grid-based 
climate dataset compared to the standard, discrete weather station dataset. Predictions 
indicated there were areas in each of Ethiopia, Kenya, Somalia, Tanzania, and Uganda 
that were ecoclimatically suitable for the favorable growth of P. hysterophorus (Fig. 1).    

For southern Africa, the CLIMEX model predicted those areas most suitable for the 
favorable growth of the weed were to be found in South Africa, Swaziland, Madagascar, 
and Mozambique (Fig. 2). In descending order, Zimbabwe, Botswana, and Namibia were 
shown to be relatively less suitable for the favorable growth of parthenium. 

Roadside survey 
A road survey was conducted in Ethiopia, Uganda, Botswana, Swaziland, and South 
Africa in 2006-2007 to determine whether parthenium occurs in the quarter degree 
squares (QDS) immediately surrounding the known localities (including baseline and 
2006 records). 
 
In South Africa, a maximum of eight QDS immediately adjacent to each known 
distribution QDS were sampled. The survey was conducted at the end of the summer 
growth season when plants were in full flower and easily identifiable. In QDS where 
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parthenium was observed and had not been previously recorded, the following data were 
recorded: date, coordinates, altitude, locality name, and description of infestation; e.g., 
patchy, roadside, cultivated fields. The abundance of parthenium at each site was 
recorded as either low (1 plant/m2), medium (2-3 plants/m2), or high (>3 plants/m2). At 
some sites, leaf samples for future DNA analysis and photographs were taken. Locality 
data were plotted using the program MAPPIT.  

 

 

Figure 1. CLIMEX generated map of the relative climatic suitability of eastern Africa for 
Parthenium hysterophorus. Colors of the squares (ecoclimatic index) depict the suitability 
of each location (the darker the shade of red, the more suitable).  
 

The parthenium database consisted of 70 QDS prior to the 2007 survey. With the 
conclusion of the 2007 roadside survey, however, parthenium was found to occur only in 
a further 4 quarter degree squares. The significant reduction in new localities recorded 
during the 2007 survey (compared to the 2006 survey) seems to indicate that the current 
range of parthenium in South Africa has been realized. Due to a hurricane in 
Mozambique and bureaucratic complications in visiting Swaziland, surveys were 
unfortunately not conducted in these countries as initially planned. Roadside surveys in 
Botswana and Uganda again came up with no records for their 2007 surveys. 
 
Results from the Ethiopian distribution survey are currently being formatted and 
corrected before being incorporated into the main database. Once the data have been 
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verified, it will be mapped and then compared with the CLIMEX predictions. The 
distribution of parthenium in South Africa currently appears to be along the eastern parts 
of the KwaZulu-Natal province, extending into the northeastern and western reaches of 
the Mpumalanga province, and northeastern parts of the North West province (Fig. 3). In 
Swaziland, the weed is found to occur in almost every quarter degree square throughout 
the country. 

Figure 2. CLIMEX generated map of the relative climatic suitability of southern Africa 
for Parthenium hysterophorus. Colors of the squares (ecoclimatic index) depict the 
suitability of each location (the darker the shade of red, the more suitable).  
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Figure 3. Distribution map of Parthenium hysterophorus in South Africa, Swaziland and 
part of Mozambique, with previously known records from SAPIA and Swaziland Alien 
Plant Database (black dots) and distribution records in quarter degree squares from 2006 
survey (red dots) and new records from the 2007 survey (green dots). KZN – KwaZulu-
Natal, MP –Mpumalanga Province, NW – North West Province, SL – Swaziland. 

The outputs of the CLIMEX model using the grid-based climate dataset were 
significantly enhanced compared to the predictions made using the discreet weather 
station dataset (see 2006 report). Not only did the predictive maps not have as many 
‘holes’, but they also more closely matched the known distributions of parthenium. The 
ecoclimatic indices calculated by the model serve to highlight areas not yet invaded by 
the weed, but that are climatically highly suitable for its growth and spread.   

This species-specific survey of distribution was beneficial for the following reasons: (i) it 
increased knowledge of the current distribution of parthenium and indicated parthenium 
to be more widely spread than previously known; (ii) it provided baseline data to monitor 
spread and abundance of parthenium in the future, both with regard to the presence of the 
plant and ultimately as a rough measure of the impact of biocontrol agents once released 
and established; and (iii) it provided locality information on the severity of parthenium 
infestations which will be useful in selecting the most suitable sites for release of 
biocontrol agents when applicable. 
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The impact of this survey included the realization of parthenium as a problem of national 
significance for Swaziland, and parthenium as a regional problem within the southern and 
eastern African regions.  

Survey of socio-economic impact of parthenium in Ethiopia  
A survey was conducted in 2006 and 2007 to assess the socio-economic impact of 
parthenium on humans, crops, livestock, and plant biodiversity. The areas covered were 
in Oromiya, Amhara, and Somalia Regional States of Ethiopia. The survey assessed 
farmers’ awareness about parthenium, collected information on the distribution and 
spread of parthenium in the study areas, determined control measures practiced by 
farmers in the study areas, and assessed its impact on farmers’ livelihood. 
 
Three locations--Dugda Bora in the Central Zone, Kobo in the Northern Region, and 
Jijiga in the Eastern Region--representing different farming systems were selected. 
Dugda Bora represents the central mixed crop-livestock farming system; Kobo represents 
the northern mixed crop-livestock and drought prone farming system; and Jijiga 
represents the Eastern pastoral and agro-pastoral farming system.  
        
A multi-stage sampling procedure was followed to select farmers in peasant associations 
and districts. A structured questionnaire was used to collect data, which was then 
analyzed using SPSS software. A total of 318 farmers (108 from Dugda Bora and 105 
each from Jijiga and Kobo) were used in the analysis of the formal survey. Both men and 
women were interviewed, and women accounted for 10% of the total sample size. 
 
Farmers’ awareness of parthenium 
Almost all farmers (99% each in Dugda Bora and Jijiga and 94% in Kobo) were aware of 
parthenium. However, interviewed farmers do not have adequate knowledge on how 
parthenium was introduced into their areas. A large proportion of farmers (67%) in Jijiga 
and the majority of farmers in Dugda Bora (56%) did not know how it came into their 
areas. 
 
Farmers were also asked about the trend of the distribution of parthenium. Almost all 
farmers in Jijiga (98%), Kobo (96%), and Dugda Bora (46%) reported that it is increasing 
(Table 1). On the other hand, about 41% of farmers in Dugda Bora believed the 
distribution of parthenium was decreasing. 

Table 1. Trend of parthenium distribution 

Trend  Dugda Bora Kobo Jijiga   χ2test 
Increasing  

Decreasing 

No change 

50 (46) 

44 (41) 

 02 (01)   

   101 (96) 

     06 (05) 

      01 (a) 

103 (98) 

01 (01) 

  

99.438 *** 
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Figures in parentheses are percentages; *** denotes significance at 1% level 

Farmers also reported on the relative abundance of parthenium in their areas. Almost all 
farmers in Jijiga (98%), and 34% and 26% of farmers in Kobo and Dugda Bora, 
respectively, reported high; whereas 37% and 29% of farmers in Dugda Bora and Kobo, 
respectively, indicated that the abundance was medium. With regard to the level of 
spread, almost all farmers (98%) in Jijiga and 83% and 80% of farmers in Kobo and 
Dugda Bora, respectively, indicated that the spread of parthenium was high. 

Means of dissemination of parthenium  
Most farmers--91%, 64% and 62% in Kobo, Dugda Bora and Jijiga, respectively--know 
how parthenium spreads from one area to another. The most common mechanisms of 
dissemination included flood, impure seed that contains parthenium, wind, and animal 
dung. 
 
The Impact of parthenium on farmers' livelihood  
Farmers' livelihoods are negatively affected by the invasion of parthenium in their areas. 
The majority of farmers (90%) in Jijiga and 47% and 40% of farmers in Dugda Bora and 
Kobo, respectively, reported the negative impact on themselves. 
  
Effect of parthenium on human health 
About 71%, 24%, and 12% of farmers in Kobo, Jijiga, and Dugda Bora, respectively, 
reported problems with human health due to parthenium. The type of health problems 
reported included skin allergy, eye irritation, and asthma or breathing problems. 
 
Effect of parthenium on crop production 
According to 80%, 66%, and 60% of farmers in Kobo, Jijiga, and Dugda Bora, 
respectively, parthenium adversely affects agricultural production. Its negative impact 
included reduction in crop yield by up to 50% in some cases. Parthenium infestation also 
increases the labor spent on clearing and weeding. 
 
Effect of parthenium on livestock production 
Farmers reported that parthenium had a negative effect on animals and their productivity 
as indicated by 96%, 51%, and 59% of farmers in Jijiga, Kobo, and Dugda Bora, 
respectively. The majority of farmers reported that parthenium decreases pasture land 
productivity by suppressing grasses, which are the major source of animal feed. About 
25% of the interviewed farmers also reported the negative effect of parthenium on animal 
health. In pastoral and agro-pastoral areas, 70% of farmers reported that parthenium 
affects the taste of meat and milk when animals feed on it during severe feed 
shortage. Parthenium imparts a bitter taste on milk and meat. In the northern crop-
livestock system, 38% of farmers responded that parthenium negatively affects honeybee 
production as well as the taste of honey. 
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Effect of parthenium on soil fertility 
Interviewed farmers reported that parthenium had a negative effect on soil fertility, which 
also affects crop production. Due to the competition of parthenium for nutrients and 
moisture in the soil, it decreased the soil fertility as reported by 72%, 51%, and 16% of 
farmers in Kobo, Dugda Bora, and Jijiga, respectively. The high uptake of nutrients and 
utilization of soil moisture by parthenium results in low crop and grass productivity. This 
is important in moisture-deficit areas like Kobo and Jijiga. 
 
Effect of parthenium on biodiversity 
Farmers also indicated that some plant species no longer exist in their areas due to the 
introduction of parthenium as reported by 48%, 46%, and 21% of farmers in Jijiga, Kobo, 
and Dugda Bora, respectively. Extinct plants included tree and grass species as well as 
weeds. 
 
Finally, farmers were asked if parthenium is useful to them and only 29% and 8% of 
farmers in Jijiga and Kobo, respectively, responded positively. They indicated that 
parthenium is used as animal feed when there is severe feed shortage and when animals 
do not have any other alternative plants to feed on. However, even with this limited use, 
almost all farmers (more than 92%) in the study areas prefer that parthenium be 
eradicated from their areas. 
  
Farmers' knowledge on the control of parthenium 
The most common method to control parthenium is to cut, collect, and then burn it in the 
field. Different organizations such as the Bureau of Agriculture and Rural Development 
(BoARD), producer cooperatives, and non-governmental organizations (NGOs) have 
made considerable efforts to create awareness about controlling parthenium. Many 
farmers in Kobo (57%) and 35% of farmers in Dugda Bora reported that BoARD advised 
them to control parthenium by hand weeding and clearing. The BoARD gave training on 
the control measures as reported by 78% and 92% of those who have learned in Kobo and 
Dugda Bora, respectively. On the other hand, none of the interviewed farmers in Jijiga 
reported that they have been advised how to control parthenium.  

Most farmers (90% and 88% in Kobo and Dugda Bora, respectively) also reported that 
they have made individual and group efforts to eradicate the invasive weed from their 
areas. The efforts made included clearing and uprooting before flowering, burning the 
removed weeds, and cooperating with other stakeholders in the campaign to eradicate 
parthenium. Farmers use either one or a combination of the above practices. On the other 
hand, only 36% of interviewed farmers in Jijiga reported that they have made some 
efforts by their own to control the spread of parthenium. Only 15% of interviewed 
farmers reported that their efforts to control parthenium were effective. 

Future prospect of parthenium 
In responding to what farmers can do by themselves to eradicate parthenium from their 
respective areas, most farmers (96% and 65% in Dugda Bora and Kobo, respectively) 
promised to play their role in the eradication effort. In Jijiga area, 30% of farmers 
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promised that they would cooperate with others in controlling the weed. Finally, all 
surveyed farmers from Dugda Bora and Jijiga and 89% of farmers in Kobo expressed 
their willingness to participate in any government and non-government programs to 
eradicate parthenium from their areas as the problem affects their well-being and 
productivity of both crops and livestock in their areas. 
 
Effect of parthenium on the diversity of plants  
The study was undertaken between July and September 2006 in the rangelands of the 
Somali Region of Ethiopia.  The rangelands were located between the districts of Jijiga, 
Kebribeyah, and Harshin. Two parallel transects (100 meters in length) were established 
in each of 20 sample sites located at 5 km intervals. Each transect contained 5 quadrats of 
1m x 1m to give a total of 200 quadrats. Investigation on the herbaceous species 
diversity, composition, biomass, and soil seed bank flora as influenced by parthenium 
infestation was made in each sample quadrant. Based on the data, the rangeland was 
stratified into five categories: NIS (Non-Infested Site), VLIS (Very Low Infested Site), 
LIS (Low Infested Site), MIS (Moderately Infested Site), and HIS (High Infested Site), 
respectively. The vegetation and soil seed bank data were analyzed using the appropriate 
statistical software package. 
 
Species composition and diversity 
A total of 63 herbaceous species in 20 families were identified under five infestation 
levels, out of which 41, 41, 33, 23, and 22 herbaceous species were found in NIS, VLIS, 
LIS, MIS and HIS, respectively (Table 2). Out of the identified total species, the 
proportion of grasses was 62.72, 62, 55.93, 39.97, and 16.6% in NIS, VLIS, LIS, MIS, 
and HIS, respectively. Similarly, the proportion of parthenium was 0, 1.5, 14.27, 30.72, 
and 66.98% in NIS, VLIS, LIS, MIS, and HIS, respectively. In general, the present study 
indicated that there was a sharp decline of the diversity index as the density of 
parthenium increased. 

The study revealed that in all infestation levels Asystasia schimperi, Cassia occidentalis, 
Cynodon dactylon, Eragrostis papposa, Chrysopogon aucheri, Ocimum basilicum, and 
Tragus berteronianus had better proportion than the other herbaceous species. On the 
other hand, Erucastrum arabicum and Euphorbia hirta had better proportion in HIS than 
the other sites. 

Table 2. The proportion of grasses, forbs, legumes and parthenium at five infestation 
levels 

Infestation levels 

Herbaceous 

species 
composition 

Grasses 
% Forbs % Legumes 

% 
Parthenium 
% 

None ( NIS) 41 62.72 30.65 6.63 0 

Very low (VLIS) 41 62.05 31.98 4.46 1.5 
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Low (LIS) 33 55.93 24.77 5.03 14.27 

Moderate (MIS) 23 39.96 23.38 5.93 30.72 

High (HIS) 22 16.66 15.10 1.25 66.98 

The diversity and evenness of species were inversely related to an increasing level of 
parthenium infestation. The one-way ANOVA in the current study showed that there was 
a significant (P<0.05) variation in the diversity and evenness of species between sites 
with varying levels of parthenium infestation. Table 3 indicates that NIS was 
significantly different from LIS, MIS, and HIS. The diversity of species declined by 
11.7%, 22%, and 47.5% in LIS, MIS, and HIS, respectively, as compared to NIS. 
Similarly, the evenness index, which is a measure of species abundance, decreased as the 
parthenium cover became greater than 50 %. 

Table 3. Grasses and forbs species composition diversity and evenness index (LSM ± SE) 
in five parthenium infestation levels. 

 abcdMeans within a column with different superscript are significantly different at P < 
0.05  
 
Above-ground dry matter biomass 
The biomass of grasses, forbs, parthenium, and total biomass showed a significant 
variation (P< 0.05) between different parthenium infestation levels. The grass biomass 
production in NIS (407.8 g/m2) was significantly higher than LIS, MIS, and HIS as 
shown on Table 4. The dry matter biomass revealed a decline with increasing levels of 
infestations in the sampled sites. Accordingly, the above-ground dry matter biomass of 
grasses was reduced by 25.2%, 39.1%, 60%, and 92% in VLIS, LIS, MIS, and HIS, 
respectively, as compared to NIS. Similarly, forbs dry matter biomass in NIS (167.5 
g/m2) was significantly higher than in MIS and HIS. On the other hand, no significant 
difference was observed in VLIS and LIS. The reduction in forbs biomass was observed 
in MIS (42%) and HIS (84.7%) as compared to NIS. 

Infestation 
 levels Grass composition Forbs composition Species Diversity Evenness 

NIS 0.634 ±0.04a 0.366±0.05 ab 2.48±0.08 a 0.838±0.03 a 

VLIS 0.616±0.04a 0.367±0.04 a 2.49±0.08 a 0.828±0.03 a 

LIS 0.56±0.04ab 0.294±0.04 abc 2.19±0.08 b 0.827±0.03 a 

MIS 0.465±0.03b 0.277±0.05bc 1.9±0.08 c 0.799±0.03 a 

HIS 0.180±0.03c 0.175±0.02 c 1.29±0.08 d 0.546±0.03 b 

CV % 17.8 32 7.4 8.9 

P in ANOVA 0.000 0.042 0.000 0.000 



133 

 

Table 4. Dry matter biomass production of grasses, forbs, and parthenium (g/m2) (LSM ± 
SE) at different parthenium infestation levels.  
Infestation 
level 

Grasses 
biomass 

Forbs 
biomass 

Parthenium 
biomass Total 

NIS 407.8 ± 12a 167.46 ± 7a 0 d 568.53 ± 19b 

VLIS 304.9 ± 62ab 171.32 ± 15a 12.29 d 480.6 ± 49b 

LIS 248.29 ± 28bc 192.39 ± 23a 111.65±36d 500.95 ±46b 

MIS 159.5 ± 45cd 97 .16 ± 28 b 293±34 b 536.44 ± 53b 

HIS 30 ± 27d 25.5   ± 13c 714.1±18 a 769.56 ± 34a 

CV (%) 3 32.26 26.9 16.04 

P in ANOVA 3 .000 <.000 .006 
abcd Means within a column with different superscript are significantly different at P < 0.05.    

The percentage of parthenium was negatively correlated with species composition, above 
ground biomass, evenness, and the diversity indices.  

Soil Seedbank Flora 
The total number of species in the soil seedbank was 59 and all of them belong to 16 
families. Out of these, 81.62, 6.7, and 1.96% were herbaceous, woody herb and tree 
species, respectively. 
 
Table 5. Seedling density/m2 (LSM ± SE) and JCS at different parthenium infestation 
levels 
Infestation 
levels Grasses Forbs Parthenium Total JCS 

NIS 214.4± 
22.28a 53.32±29.9a 1.23c 269±113c 0.31±0.04a 

VLIS 47.92± 
22.28b 57.73±29.9a 7.98c 113.49±113c 0.26±0.04ab 

LIS 41.37± 
22.28b 122.16±29.9a 248±98c 407.65±113c 0.178±0.04ab 

MIS 31.01± 
22.28b 97.93±29.9a 910±98b 1040±113b 0.20±0.04ab 

HIS 31.73± 
22.28b 68.67±29.9a 1598±98a 1699±113a 0.137±0.04b 

CV % 34.82 24.69 37.98 13.79 0.09 
P in 
ANOVA 0.013 0.93 0.000 0.000 0.091 

 abcMeans within a column with different superscripts are significantly different at P < .05 
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The study showed that the density of parthenium increased from NIS to HIS with the 
mean number of 1,598 seedlings in HIS. On the other hand, the seedling density of 
grasses decreased from 214 in NIS to 31 in HIS (Table 5). 

The overall vertical distributions of seedlings were similar in all sites (Table 6). The 
highest density occurred in the upper 0-3 cm of soil and gradually decreased with 
increasing depth. For instance, the mean seedling densities were 1,427seeds/m2, 
416.48seeds/m2 and 276.55seeds/m2   in 0-3, 3-6 and 6-9 cm depths, respectively. 

Table 6. Seedling density/m2 (LSM ± SE) along soil depths. 

Depths Grasses Forbs Parthenium Total 

D1(n=60) 132.43± 16.32 a 134.47±23a 1160.28±76 a 1427.01±87 a 

D2(n=60) 57.24± 16.32 b 55.53±23b 303.72±7 b 416.48±87 b 

D3(n=60) 30.56± 16.32 b 49±23b 196.09±7 b 276.55±87 b 

CV % 34.82± 16.32 24.69 37.98 13.79 

P in ANOVA 0.000 0.000 0.000 0.000 
abcd Mean within a column with different superscripts is significantly different at P < 0.05 
where D1, D2 and D3 are soil depths (0-3, 3-6 and 6-9 cm), respectively 

The densities of all of the seedlings were found to be significantly different (P< 0.05) 
both vertically and horizontally. Moreover, seedling density was negatively correlated 
with depth (r =-0.495**). In relation to the vertical distribution, the seedlings of species 
were almost entirely concentrated to the uppermost soil layer (0-3 cm depth).  

The detection of species also varied with depth. Bothriochloa insculpta, Cenchrus 
ciliaris, Dactyloctenium aegyptium, Chrysopogon aucheri, and Eragrostis papposa were 
found in greater amount in the 0-3 cm depth than the other recorded species. On the other 
hand, species such as Parthenium hysterophorus, Panicum coloratum, Croton 
macrostachys, and Amarantha dubius had seedlings which were well distributed in all 
soil layers. 

Biological Control 

Quarantine facility in Ethiopia  
The primary activity in Ethiopia was modification of the quarantine facility to meet 
international standards. The aim of this objective is to evaluate the host range of selected 
insect species as biocontrol agents for the control of parthenium. Nine insect agents and 
two rust fungi have been released and established successfully on parthenium in 
Australia. The agents that have been selected for South African conditions are the stem-
boring weevil Listronotus setosipennis (Coleoptera: Curculionidae) and leaf-feeding 
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beetle Zygogramma bicolorata (Coleoptera: Chrysomelidae), which are currently being 
investigated. Listronotus setosipennis is considered suitable for seasonally dry regions 
such as those that occur in South Africa. Zygogramma bicolorata has been shown to be 
highly effective in Australia and India. 

Listronotus setosipennis, originating from Argentina, is a nocturnal weevil that feeds and 
deposits frass-covered eggs singly on flowers and stems. Larvae tunnel in stems to the 
plant base, where they exit the stem to pupate in the soil, eclosing from the soil as adults. 
The complete life cycle is approximately five weeks. Zygogramma bicolorata, imported 
from Australia but originally collected from Mexico, feeds on leaves and flowers. Eggs 
are deposited in small clusters on leaves, and larvae feed on leaves and buds. Mature 
larvae enter the soil and pupate within chambers; adults eclose from the soil. The life 
cycle is approximately six to eight weeks. High humidity and available moisture are 
essential to ensure continuous oviposition by Z. bicolorata and avoid adult diapause in 
the soil.  

Insect and plant culturing 
Healthy plants are required for culturing and testing of insect agents. Plants are kept free 
of disease, pests, and predators (e.g., red spider mite, ants), and pesticides are used with 
care and observation of holding periods. Several hundred parthenium plants at different 
stages of development are required, with continual planting for constant turnover of 
plants. Once parthenium plants have been used in insect cultures they cannot be re-used, 
so a constant supply of appropriately-sized plants is required. A sand and mushroom 
compost mixture (1:2 or 1:1) is used as the growth medium. Different insect agents 
require different sizes of plants; e.g., L. setosipennis requires plants with flowers and 
robust stems while Z. bicolorata requires plants with leafy foliage. 

L. setosipennis is reared in a quarantine laboratory maintained at 22-30ºC, 70% relative 
humidity, and a 12h:12h light regime; Z. bicolorata is maintained in a quarantine 
glasshouse at 22-30ºC, 40-70% relative humidity, and a 12h:12h light regime. Foliage 
and cages are lightly sprayed with water daily using an atomizer to provide free water for 
insects. Insects are housed in gauze-sided cages about 0.5m x 0.5m x 1.0m with plants of 
appropriate size. Insect density in cages varies, depending on species. Adults (and larvae 
of Z. bicolorata) are transferred to new plants for feeding and ovipostion about every 2-3 
weeks. All used material from quarantine is disposed of by freezing for 48 hours before 
removal from quarantine for incineration. 

Host-specificity testing 
Extensive host range testing has been conducted in Australia and India on selected 
biocontrol insect agents for parthenium. Using the information already known about the 
host range of each agent, a list of indigenous, economically important (crop) and 
ornamental species has been drafted particular to South Africa, with particular attention 
to plants in the tribe Heliantheae and closely related tribes in the Asteraceae. Initially no-
choice tests (where insects are given no alternative host plant) are being used to narrow 
the range of plants that are able to support agent development. Thereafter, single-choice 
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tests (where parthenium and a test plant are available to the insects) for non-target species 
where there is development in no-choice tests will be conducted to determine if there is a 
preference. Plants with similar above-ground biomass are used and a control is included 
for every trial. Flowering plants are used for testing of L. setosipennis. Each plant species 
is replicated three times, and variables such as oviposition, feeding, development, and/or 
survival are measured. Ten adult L. setosipennis or 10 pairs of Z. bicolorata adults are 
exposed to single plants of either control or test plants for five or 10 days, respectively. 
For L. setosipennis, progeny survival to larval and adult stage is used as a measure of host 
suitability, and for Z. bicolorata adult feeding and quantity of eggs produced is used as 
the indicator of host suitability in initial no-choice tests. 
 
Rearing of insect biocontrol agents 
Parthenium stock plants were collected and maintained during the reporting period. At 
least 500 parthenium plants were maintained on a regular basis to ensure sufficient plants 
for rearing of insect agents. Selected test plant species of commercial, indigenous and 
ornamental origin to be used in host range tests were obtained and maintained during the 
reporting period. 
 
Cultures of Z. bicolorata and L. setosipennis that had earlier been imported were 
maintained and increased in the PPRI quarantine laboratory at Cedara, Hilton during the 
reporting period. Routine maintenance of cultures was conducted on a daily basis, 
providing cultures with a clean environment and sufficient food and oviposition sites. 
 
Host range testing of biocontrol agents 
No-choice host range tests were continued during the reporting period for L. setosipennis 
(Table 7) and Z. bicolorata (Table 8). While there will be some overlap of species that 
are tested in South Africa and Ethiopia, there are plant species and varieties that are 
unique and relevant to each region that need to be tested in host range trials of biocontrol 
agents that will not be duplicated in or relevant to the other country or region. Therefore, 
a different test plant list is relevant for each country. South Africa and Ethiopia will each 
test plants that are relevant to their regions and governing authorities. Nevertheless, 
following a decision at the Partners Planning Workshop in Addis Ababa, Ethiopia in 
December 2005, PPRI tested selected parthenium biocontrol agents on varieties of two 
important crops in Ethiopia, Guizoti abyssinica (noog) and Eragrostis tef (teff) during the 
reporting period before the biocontrol agents are exported to Ethiopian quarantine for 
further host range research there. Following appropriate procedures to obtain permission 
to import G. abyssinica (noog) and E. tef (teff) seeds into South Africa, seeds were 
obtained in October 2006, grown (until flowering for L. setosipennis) and exposed to 
biocontrol agents in host range tests. 
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Table 7: Development of Listronotus setosipennis in no-choice tests (one – three 
replicates). 0 = no progeny (no larvae/pupae/adults), *** = F1 adults produced 

 
Tribe Species (# = indigenous to South Africa) Progeny 
Asteraceae: Asteroideae 

Parthenium hysterophorus *** 
Helianthus annuus AGSUN 8251 [sunflower] 0 
H. annuus PAN 7392 [sunflower] 0 
H. annuus HYSUN 333 [sunflower] 0 
Helianthus tuberosus [Jerusalem artichoke] 0 
# Aspilia natalensis 0 
# Spilanthes mauritiana 0 
Dahlia rosea 0 
Guizotia abyssinica var. Kuyu [noog] repeat 

Heliantheae 

Guizotia abyssinica var. Shambu [noog] repeat 
Eupatorieae # Adenostemma caffrum 0 
Anthemidae Argyranthemum frutescens 0 
Astereae Aster novi-belgii 0 
Asteraceae: Cichoriodeae 
Arctoteae # Arctotis arctotoides 0 
Vernonieae # Ethulia conyzoides subsp. kraussii 0 
Lactucaceae Cichorium intybus [chicory] 0 
Poaceae 
Chlorideae Eragrostis tef var. D2-01-974 [teff] 0 
  Eragrostis tef var. D2-01-2053 [teff] 0 
  Eragrostis tef var. D2-01-1278 [teff] 0 

  

As the frass-covered eggs of L. setosipennis are difficult to differentiate from frass alone, 
it was not feasible to check oviposition without destructive sampling, so plants from no-
choice tests were left for at least 6 weeks after exposure to L. setosipennis adults before 
they were dissected to check for development of larvae, pupae, or adult progeny. No 
larvae and no adults developed in any of the replicates of the 13 non-target species tested, 
except on parthenium controls where larval and adult progeny were produced (Table 8). 

No L. setosipennis progeny were produced on the 3 varieties of E. tef tested for Ethiopia, 
indicating the agent’s safety on this species. The L. setosipennis tests with 2 varieties of 
G. abyssinica need to be repeated in the new quarantine glasshouse facility that is 
currently being constructed at Cedara as these plants could not survive the laboratory 
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conditions for the stipulated period after exposure to adults. These trials do not negate the 
need to test this species in Ethiopian quarantine.  

Table 8: Zygogramma bicolorata adult feeding and oviposition in no-choice tests. 

Tribe Species Common 
name 

feeding oviposition

Asteraceae: Asteroideae 
Heliantheae Parthenium hysterophorus  Parthenium ++ ++ 
  Helianthus annuus (Hysun 

345) 
sunflower + 0 

  H. annuus (PAN 7351) sunflower + 0 
  H.annuus (PAN 7034) sunflower + + 
  H.annuus (HYSUN 333) sunflower + 0 
  H.annuus (PAN 7351) sunflower + 0 
  H.annuus (DK 4040) sunflower + 0 
  H.annuus (AGSUN 8251) sunflower + 0 
  H.annuus (DK 4040) sunflower + 0 
  Melanthera scadens   0 0 
  # Spilanthes mauritiana   +** 0 
  # Aspilia natalensis   +* 0 
  Guizotia abyssinica var. 

Shambu 
noog 0 0 

  Guizotia abyssinica var. 
Kuyu 

noog 0 0 

Eupatorieae # Mikania natalensis    + 0 
  # Mikania capensis    + 0 
  Ageratina riparia Creeping 

crofton weed 
0 0 

  Campuloclinium 
macrocephalum  

Pompom 
weed 

+* 0 

  # Adenostemma caffrum    0 0 
  # Adenostemma viscosum   0 0 
Asteraceae: Cichoriodeae   
Arctoteae # Arctotheca sp.    0 0 
Vernonieae # Ethulia sp.   0 0 
Poaceae 
Chlorideae Eragrostis tef var. D2-01-

974 
teff 0 0 

  Eragrostis tef var. D2-01-
2053 

teff 0 0 

  Eragrostis tef var. D2-01-
1278 

teff 0 0 
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* one of three replicates with feeding damage  
** two of three replicates with feeding damage 

  

Thus far, Zygogramma bicolorata has been tested on 14 indigenous, exotic, and 
economically important species (including 8 varieties of sunflowers) that are closely 
related to parthenium in South Africa. There has been only limited feeding on all 
varieties of sunflower tested, the invasive Campuloclinium macrocephalum, and 
indigenous Spilanthes mauritiana, but only one variety of sunflower was oviposited on 
although progeny did not survive (Table 9). 

There was no feeding by adults or oviposition on the two G. abyssinica varieties and 
three E. tef varieties tested for Ethiopia, indicating its safety for introduction into 
Ethiopian quarantine for further testing on selected native and economically important 
species there. 

Parthenium at the Kruger National Park 
In April 2006, at the end of the summer growing season, three sites with large, dense 
parthenium infestations were selected within an area of national conservation 
significance, the Kruger National Park in Mpumalanga Province of South Africa. These 
sites were sampled again in March 2007 towards the end of the growth season. The same 
35-40 m2 plots within the dense infestation of parthenium were sampled each time, and 
20 quadrats of 0.5x0.5 m = 0.25 m2 were randomly selected within each plot. The number 
of mature parthenium plants within each quadrat was recorded as a measure of plant 
density. Using a soil corer (7 cm diameter x 6 cm deep), five soil cores were removed 
from each quadrat (four from each corner and one from the centre of the quadrat). Soil 
samples were combined per quadrat and removed to the laboratory for further studies. 

At PPRI Cedara research station, a 5cm layer of sterilized potting soil was placed in each 
of 80 seedling trays (30 cm x 27 cm x 11 cm) (20 samples per site, and 20 samples as a 
control). Each soil sample was then spread onto the sterilized potting soil per seedling 
tray and seedling trays were placed on low, well-draining tables in a temperature-
controlled tunnel for four months. After four months, the soil was turned and the 
experiment conducted for an additional month before termination. Soil was watered daily 
and the numbers of parthenium seedlings and seedlings of other plant species that 
germinated were recorded regularly. Germinated parthenium seedlings were removed 
from seedling trays as soon as they were identifiable. Seedlings of other plant species 
were removed and potted individually or in small groups and grown until flowering stage. 
Herbarium specimens of the other species were then taken for identification. 

These trials are being conducted annually in order to ultimately assess the impact of 
biocontrol agents on parthenium soil seed banks at these sites. 
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Field research in early April 2006 demonstrated that an average of 92 mature P. 
hysterophorus plants per m2 were present at the end of the growing season at three sites. 
In comparison, field research at the same sites a year later, at the end of March 2007, 
demonstrated far lower plant density, with an average of 14.1 ± 32.8 mature P. 
hysterophorus plants per m2 at the end of the growing season. This is most likely 
attributed to lower rainfall during the 2006-7 than in the 2005-6 growing season. 

Seedling germination studies in a temperature-controlled tunnel at Cedara indicated that 
at the termination of the five-month seed bank germination study in 2006 (the first year 
of the study), an average of 53,931.5 ± 38,439.7 parthenium seeds per m2 had germinated 
from the soil at the three sites. Of the three sites in 2006, the largest soil seed bank per 
unit area was 95,798.2 ± 36,061.44 seeds per m2 at the Skukuza dump site. However, in 
2007, the soil seed bank was substantially decreased, in concurrence with the reduced 
mature plant density that was observed, with an average of 6,154.1 ± 9,886.5 seeds 
germinated per m2 for the three sites. The Skukuza dump site again had the highest 
average number of seeds germinated per m2 in 2007, with an average of 15,375.2 ± 
12,731.2 seeds per m2, significantly higher than the other two sites. 

Approximately 41 broadleaf species and 20 grass species germinated during the 4 months 
after soil collection in 2006. Approximately 36 grass and broadleaf species germinated 
from the soil seed bank in 2007. Results indicate that parthenium has a huge potential to 
increase as well as to spread. All three sites have dense infestations of P. hysterophorus, 
with the Skukuza old dump site the most densely invaded and with the greatest soil seed 
bank of the three sites. The large variability in plant and soil seed bank density between 
years can be expected, as parthenium is an annual plant; therefore, seasonal and annual 
climatic variability have a strong influence on population dynamics.  

Indications are of a large viable soil seed bank, with a mean of about 43,000 seedlings per 
m2 germinating within the first month, and an average of nearly 54,000 seedlings per m2 
and a maximum of about 95,000 seedlings per m2 germinating within five months of 
collection at one site in 2006. In 2007 these values had dropped to about 6,150 seedlings 
per m2 on average and 15,300 seedlings per m2 maximum germinated within five months 
of soil collection. 

These data are most beneficial to provide a baseline of parthenium soil seed bank without 
biocontrol agents available, to ultimately determine the impact of the biocontrol agents 
on parthenium at selected sites, once agents have been approved, released, and 
established in the field. It is expected that L. setosipennis and Z. bicolorata will impact on 
existing stands of parthenium by directly and indirectly reducing the quantity of seeds 
available for re-infestation. It is predicted therefore that the biocontrol agents may impact 
on current infestations of parthenium as well as limit spread of the weed. 
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Pasture Management 
 
An experiment was conducted at the Haramaya University greenhouse to evaluate grass 
species that may have the potential to compete with or displace parthenium. Five grass 
species (Bothriochloa insculpta, Cenchrus ciliaris, Chloris gayana, Cynodon dactylon, 
and Panicum coloratum) were selected for this purpose. The test plant species were 
selected due to their wide range of adaptability in different soil types and their ability to 
tolerate prolonged drought. Furthermore, the grass species are known to grow and have 
wider distribution in the rangelands of the Jijiga zone. The test species were sown in 
varying proportions with parthenium, following replacement series procedure and 
arranged in completely randomized design. The substrate used was soil collected from 
sites heavily infested with parthenium. The growth of the test species was followed for 60 
days and completion was determined on the basis of dry matter biomass harvested. 
 
Table 10. Relative crowding coefficients of grasses with parthenium in replacement 
mixture. 
 
  DMBg/m2 75:25 50:50 25:75 

Species 100:0 0:100 kG kP kG kP kG kP 

Panicum:Parthenium 58.48 37.28 0.75 0.70 0.63 0.57 0.25 0.53 

Cenchrus:Parthenium 38.74 37.28 0.47 0.26 0.53 0.34 0.7 0.32 

Chloris:Parthenium 32.45 37.28 1.02 0.57 0.48 1.26 0.24 0.85 

Bothriochloa:Parthenium 60.46 37.28 0.61 0.33 0.81 0.34 0.74 0.29 

Cynodon:Parthenium 100.26 37.28 1.69 0.26 0.96 0.31 0.67 0.47 

Key: DMB=Dry Matter Biomass, kG=relative crowding coefficients of any grass, kP 
relative crowding coefficients of parthenium, 100:0 =biomass of grasses, 0:100= Biomass 
of parthenium. 

The data revealed the superiority of Cynodon dactylon followed by Chloris gayana and 
Panicum coloratum over the other species sown in 75:25 combinations (Tables 10 and 
11). However, in 50:50 combinations, Chloris gayana failed to show such superiority. 
Parthenium hysterophorus was competitive against Chloris gayana and Panicum 
coloratum when its proportion was 75% in the mixture.  

 Table 11. Aggressivity index of grasses with parthenium in replacement mixture 

  75:25 50:50 25:75 
Species AG AP AG AP AG AP 
Panicum:Parthenium +0.17 -0.17 +0.06 -0.06 -0.51 +0.51 
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Cenchrus :Parthenium +0.46 -0.46 +0.54 -0.54 +0.09 -0.09 
Chloris:Parthenium +0.37 -0.37 -0.47 +0.47 -0.66 +0.66 
Bothriochloa:Parthenium +0.46 -0.46 +0.38 -0.38 +0.17 -0.17 
Cynodon:Parthenium +0.79 -0.79 +0.5 -0.5 -0.05 +0.05 

AG= Aggressivity index of grasses, AP= Aggressivity index of parthenium 

Results showed that Panicum coloratum and Cynodon dactylon were found to be more 
aggressive than Parthenium hysterophorus at 75:25 and 50:50 combinations. In moderate 
to low infestation levels, P. coloratum and C. dactylon can be used to rehabilitate weed-
infested rangelands. Furthermore, species like Chloris gayana can be used to renovate 
rangelands where parthenium infestation is relatively low. 

Degree Training 

Kuma Ebissa (M.S.)  
Asresie Hassen (M.S.)  
Shashie Ayele (M.S.)  

Other Training 

Upgrade of EIAR facility for quarantine of biocontrol insect agents for parthenium 
(Research)  
Weed Biological Control Short (Workshop)  
ARC’s PDP (Professional Development Program) (Research)  
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Regional Diagnostic Laboratories 
Sally Miller, Ohio State University 
 
The Collaborative Program 
The University of Florida is responsible for development of the Digital Distance 
Diagnosis and Clinic Information Management System.   
Virginia Tech and the University of California-Davis provide expertise in virus 
diagnostics, assay development, and linkages with the Insect-Transmitted Viruses Global 
Theme.  
 
Partners: 
AgroExpertos, Guatemala  
International Institute of Tropical Agriculture, Benin  
Kenyan Agricultural Research Institute (Kari, Nairobi)  

IPDN Regional Diagnostic Laboratories:  

Central America and the Caribbean 
The Central America site formally established its system of spoke labs (the hub lab is 
AgroExpertos in Guatemala). The following cooperators and organizations were invited 
by the IPDN to become part of this international effort in the Central American and 
Caribbean region: 
-    Marco Arévalo, AgroExpertos private clinic and HUB lab, Guatemala 
-    Laureano Figueroa, 4 Piños Cooperative (small farmers), Guatemala 
-    Maria Mercedes Roca, Zamorano, Honduras 
-    Mauricio Rivera, FHIA, Honduras 
-    Margarita Palmieri, Universidad del Valle, Guatemala 
-    Lisa Myers, Ministry of Agriculture, Jamaica 
-    Charles MacVean, Universidad Rafael Landivar, Guatemala 
-    Reina Guzmán, CENTA, El Salvador 
-    Gustavo Álvarez, Universidad de San Carlos, Guatemala 
 
All these institutions were selected from a stakeholder meeting previously organized by 
the IPDN Project during Year 1.  This meeting was held in the city of Antigua, 
Guatemala and representatives from the private sector, government officials, universities, 
and USAID and APHIS personnel were present at the event. All these selected 
institutions will be related to the IPDN project in the Central American and Caribbean 
region. 
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AGROEXPERTOS:  
Private laboratory is the current HUB lab for the IPDN project in the Central American / 
Caribbean region. Offers advice in plant protection and diagnostic services for fungi, 
bacteria, nematodes, and virus. Based in Guatemala City. 

4 PIÑOS Cooperative: 
Small farmers cooperative, aproximately 4000 members, grows crops for export to the 
USA, has a lab; main objective is health issues related to export crops. Located in 
Chimaltenango, Guatemala. 
 
ZAMORANO:  
Excellent research and academic institution based on the “learning by doing” philosophy; 
has very good lab facilities and does molecular work on important diseases for the region. 
Main objective is teaching but has strong research programs and partnership with 
international institutions and universities. Located near Tegucigalpa, Honduras. 
 
Fundación Hondureña de Investigación Agrícola (FHIA): 
Private research institution, provides diagnostics services; main objective is research 
programs and is actively looking for international sources of funding.  Excellent lab 
facilities.  Located near San Pedro Sula, Honduras. 
 
Universidad del Valle de Guatemala: 
Private university; main objective is teaching and research. Currently has strong research 
program in plant virus, leader is Margarita Palmieri, strong in molecular techniques like 
PCR.  Located in Guatemala City. 
 
Plant Protection Unit, Ministry of Agriculture, Jamaica: 
Dr. Lisa Myers is in charge of this unit; she attended the stakeholders meeting in Antigua. 
They have excellent facilities and do some molecular diagnostic work on local crops. 
 
Universidad Rafael Landivar: 
Private university; main objective is teaching, currently investing in new plant pathology 
laboratories.  They are also working on digital imaging for diagnostic purposes.  Located 
in Guatemala City. 
 
CENTA: 
This is a government agricultural research institution; they have very good lab facilities 
and excellent equipment.  Now CENTA is investing in molecular diagnostic techniques 
and is very interested in training programs for the plant pathology lab personnel.  Located 
near San Salvador, El Salvador. 
 
SAN CARLOS UNIVERSITY: 
Largest national university in the Central American region, strong agricultural program, 
main objectives are teaching and research.  Excellent lab facilities, and experience in 
digital imaging for diagnostics.  They do molecular work like PCR technique. 
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For Year 2 most of the equipment purchases were for the HUB lab to prepare to receive 
plant and soil samples for diagnostics.  Several important pieces of equipment were 
purchased including a trinocular microscope, a stereoscope, an analytical balance, a 
microwave, a digital camera, an incubator, a vortex, and a microcentrifuge. 
 
In addition, materials and supplies including general isolation media, selective isolation 
media for fungi and bacteria, general laboratory glassware, diagnostic kits, and other 
microbiology supplies were also purchased for the HUB lab. 

For the spoke labs a set of web cams and digital cameras were purchased; the spoke labs 
also requested supplies such as general isolation media and selective isolation media for 
fungi and bacteria. 

As part of the IPDN project during Year 2, AgroExpertos received samples for diagnostic 
services that we report.  We get samples mostly from individual growers, but also from 
agricultural coops.  The main crops are melon, tomato, pepper, mango, rubber, 
ornamentals, and cut flowers.  Attached to this report is a list of crops and diagnostics 
results for part of Year 2.  

West Africa 
 
IITA Benin was established as the hub for West Africa following the stakeholder meeting 
and capacity building in September 2006. The coordinator of the West Africa site, Dr. 
Fenton Beed, was transferred to IITA Uganda, and the position has not been replaced in 
Benin.  We have designated a new coordinator from West Africa, Dr. Ranajit 
Bandyopathy of IITA-Nigeria, who will coordinate activities in the region.  The physical 
hub will remain in Benin with assistance from Dr. Rachidatou Sikirou and a recent PhD 
graduate working with IITA.  Spoke countries have been designated as Mali (AVRDC), 
Cameroon, and Burkina Faso. 

Identification of Ralstonia solanacearum on tomato in Benin during the workshop led to 
initiation of surveys across agro-ecological zones of Benin to determine incidence and 
severity of the diseases in tomato-growing areas. Isolates were recovered and tested for 
virulence and biovar characterization at IITA Benin. New disease reports were submitted 
for five pathogens newly diagnosed in Benin (and sometimes the continent) or on a new 
host. Tremendous publicity for IPDN was generated via BBC World Service, SciDev.net, 
New Agriculturist, National TV, and newspapers in Benin. 

East Africa 

The following commodity-based common-interest groups were formed during the 
regional training workshop in March 2007: Potato, Seed Health, Maize, Banana, Tomato, 
Indigenous Vegetables, Citrus, Post-Harvest. These groups (see table below) will be 
charged with developing standard operating procedures (SOPs) for diagnosis of key 
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diseases in their groups, among other activities. It is expected that the activity on the 
development of SOPs would kick-start the network operations during the next project 
year. Countries identified to be part of the East African network are Kenya, Tanzania, 
Uganda, and Rwanda. 

For ease of coordination, the following regional team was formed: 
Dr. Zachary Kinyua (KARI, Kenya) - leader 
Prof. George Siboe (University of Nairobi, Kenya)  
Dr. Geoffrey Tusiime (Makerere University, Uganda)  
Mr. Jackson Nahson (Sokoine University of Agriculture, Tanzania)  
Dr. Anne Wangai (KARI, Kenya) 
Dr. Julius Ochuodho (Moi University, Kenya) 
 
The regional team would work closely with the following core team: 
Prof. Sally Miller (The Ohio State University) 
Dr. Doug Maxwell (University of Wisconsin-Madison) 
Mrs. Mary Wabule (KARI, Kenya) 
 
Common-interest (subject matter) Groups for East Africa Diagnostic Network (formed 
during the IPDN-Nairobi Workshop at KARI, 5-9 March 2007) 
 
Potato Group: Z.M. Kinyua, Elijah Ateka, Mercy Wakahiu, Anne Wangai, Miriam 
Otipa, Ruth Mathu, Mary Wabule, J. Muthomi, Moses Nyongesa. 
     
Seed Health Group: Esther Kimani, Julius O. Ochuodho, R. D. Narla, Anne Wangai, 
Ruth Mathu, Daniel Karanja, Ruth Wanyera, Sylvia Kuria, Jesca N. Mbaka, Z.M. 
Kinyua, Jackson Nahson, Mary Wabule. 
         
Maize Group: Eunice Mutitu, King’uru Wahome, Ruth W. Mathu, Maina Muiru, R. D. 
Narla, Gerald Kyeyune, Julius A. Mugini, Daniel Karanja, S. Ajanga. 
         
Banana Group: Julius A. Mugini, M. Waiganjo, Jesca N. Mbaka, Josephine Ayiga, Z.M. 
Kinyua, Miriam Otipa, S. S. Inzaule, Mary Wabule, Eston Njeru, King’uru Wahome, 
Margaret Mulaa, Geoffrey Tusiime, Jackson Nahson, Anne Wangai, S. Ajanga,  Ruth 
Amata, J. W. Kimenju. 
 
Tomato Group: Eunice Mutitu, Monicah Waiganjo, R. D. Narla, Elizabeth Ouna, S. S. 
Inzaule, Samson N. Kihara, Margaret Mulaa, Elijah Ateka, S. Ajanga, Miriam Otipa, J. 
W. Kimenju, Daniel Karanja, Julius O. Ochuodho, Mary Wabule. 
         
Indigenous Vegetables Group: G. M. Siboe, Anne Wangai, J. J. Anyango, Julius O. 
Ochuodho, S. S. Inzaule, Josephine Ayiga, Fatuma Omari, M. Waiganjo, R. D. Narla, 
Joseph Kibaki, E.W.Mutitu, Agnes Kihurani. 
 
Citrus Group: Eunice Mutitu, Fatuma Omari, Margaret Mulaa, Kinguru Wahome.  
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Post-Harvet Group: R. D. Narla, J. Muthomi, Margaret Mulaa, Kinguru Wahome, Mercy 
Wakahiu, Phinius Nyaga. 
    
Passion fruit Group: Miriam Otipa, S. Ajanga, Ruth Amata, J. W. Kimenju, Eston Njeru, 
Elijah Ateka, Esther Kimani, Rose Onamu, Jesca N. Mbaka, Anne Wangai, Eric Otieno 
Ogumo, Sylvia Kuria, Fatuma Omari, Mary Wabule, S. S. Inzaule. 
         
French beans (Common beans)/Cucurbits Group: Ruth W. Mathu, Julius Onyango 
Ochuodho, Jesca Mbaka, Ruth Wanyera, Erick Otieno Ogumo, Elijah Ateka, Anne 
Wangai, M. Waiganjo. 
         
Cassava Group: Anne Wangai, Miriam Otipa, Rose Onamu, Margaret Mulaa, Bosibori 
Bett, Julius A. Mugini, John Sitieney. 
         
Sorghum Group: Ruth Amata, Jackson Nahson, Miriam Otipa, Biruma Moses. 
         
Roses Group: J. J. Anyango, Rose Onamu, Eunice Mutitu, Mary Wabule, Eric Langat.      
         
Carnations Group: Ruth Amata, Mary Wabule, Eunice Mutitu.     

Regional needs for plant disease diagnostics and opportunities for 
cooperation 

The IPM CRSP International Plant Diagnostic Network (IPDN) regional hub for East 
Africa was established at the Kenya Agricultural Research Institute-National Agricultural 
Research Laboratory (KARI-NARL) in Nairobi.  The first major activity was the 
planning and implementation of the IPDN stakeholder workshop on March 6, 2007, 
followed by an intensive plant disease diagnostics training workshop March 7-9 at KARI-
NARL. Stakeholders from Kenya, Uganda, and Tanzania were introduced to the IPDN 
project and provided input on needs and capacity for diagnostics in their 
organizations. Approximately 90 stakeholders and resource persons attended the 
stakeholder meeting, while approximately 65 trainees attended the workshops. A report 
on that stakeholder meeting follows. 

Stakeholders’ Meeting and Regional Training Workshop on Plant Disease 
Diagnostics: KARI – NARL (Kabete), March 5-9, 2007 
Z.M. Kinyua, Mary Wabule and Sally Miller 
 
An East African Regional Disease Diagnostics Training Workshop was held at the 
National Agricultural Research Laboratories (NARL) of the Kenya Agricultural Research 
Institute (KARI) March 5-9, 2007. This was jointly organized by KARI and the Ohio 
State University for the purpose of assessing the existing plant disease diagnostic needs 
in Eastern Africa in consultation with stakeholders and providing hands-on training to 
improve disease diagnostic capacity. 
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Participants, who were drawn from the East African region, were comprised of 
researchers, technicians/technologists, plant health regulatory agencies, farmers, 
exporters, and providers of plant health services. Resource persons were drawn from 
KARI, the Ohio State University, University of Florida, International Institute for 
Tropical Agriculture (IITA), Central Science Laboratory-UK (CSL), Kenya Plant Health 
Inspectorate Service (KEPHIS), Kenya Flower Council, University of Nairobi, and Jomo 
Kenyatta University of Agriculture and Technology (JKUAT). 

The main stumbling blocks/hindrances to the provision of effective plant disease 
diagnostics services were listed as insufficient manpower, lack of requisite skills, 
infrastructure inadequacy, poor access to chemicals/reagents, shortage of basic 
diagnostics tools (identification manuals, quick and effective kits, taxonomic literature), 
lack of modern diagnostic equipment, laboratory space limitation, poor communication 
systems, and lack of linkages to other stakeholders (farmers and diagnostics laboratories).  
 
In order to ameliorate the problem of low disease diagnostic capacity, it was considered 
necessary to encourage institutional recognition and support for disease diagnostic 
activities and to build linkages and partnerships locally, regionally, and internationally. 
As a starting point, the following commodity-based common-interest groups were 
formed: Potato, Seed Health, Maize, Banana, Tomato, Indigenous Vegetables, Citrus, and 
Post-Harvest. These groups will be charged with developing standard operating 
procedures for diagnosis of key diseases in their groups, among other activities. 
Additionally, a training committee was suggested in order to plan and make appropriate 
decisions on regional plant disease diagnostic training courses. 

The Kenya Agricultural Research Institute (KARI), in collaboration with the Ohio State 
University, organized a stakeholders’ meeting and a Regional Disease Diagnostics 
Workshop that was held at the National Agricultural Research Laboratories, Kabete from 
March 5-9, 2007. This was a component of an ongoing IPM CRSP Regional Diagnostic 
Laboratories Global Theme Project (International Plant Diagnostic Network-IPDN). The 
purpose of the meeting and the training workshop was to assess the existing plant disease 
diagnostic needs in Eastern Africa in consultation with stakeholders, and to establish 
IPDN subject matter committees that can assist in developing rapid diagnostic capacity.  
 
Participants, who were drawn from the East African region, comprised of researchers, 
technicians/technologists, plant health regulatory agencies, farmers, exporters, and 
providers of plant health services. Resource persons were drawn from KARI, the Ohio 
State University, University of Florida, International Institute for Tropical Agriculture 
(IITA), Central Science Laboratory-UK (CSL), Kenya Plant Health Inspectorate Service 
(KEPHIS), Kenya Flower Council, University of Nairobi, and Jomo Kenyatta University 
of Agriculture and Technology (JKUAT). The training workshop entailed oral 
presentations and hands-on practical sessions in the laboratories. Aspects covered 
included symptom identification, isolation, ELISA, PCR, digital diagnostics, and clinic 
information management systems. Areas of coverage will include diagnosis of bacterial, 
fungal, viral diseases and nematodes. In addition, there was an introduction to the 
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International Plant Diagnostic Network which aims to facilitate the establishment of a 
database and promote communication and private sector involvement in plant disease 
diagnosis.  
 

II: The Stakeholders’ Meeting 

The meeting had a briefing session chaired by the Deputy Director of KARI (Research 
and Technology), Dr. Joseph Mureithi. The Centre Director of NARL, Dr. P.T. Gicheru, 
welcomed the participants and resource persons and highlighted the programs at the 
National Agricultural Research Laboratories (NARL). Mrs. Mary Wabule, who 
introduced the chief guest (Dr. Ephraim Mukisira), the team from outside eastern Africa 
(Dr. Sally Miller from the Ohio State University, Dr. Mark Erbaugh and Dr. Douglas 
Maxwell from University of Wisconsin-Madison, Dr. Julian Smith from CSL) and other 
key resource persons/organizers, gave an overview of the workshop. Dr. Sally Miller 
gave introductory remarks about the International Plant Diagnostics Network (IPDN), 
stating that it is an initiative under the IPM CRSP funded by USAID. Regional networks 
had already been set up in West Africa and Central America. 

The workshop objectives were outlined as follows: 
1.    To determine institutional needs and capacity in plant disease diagnostics. 
2.    To assess regional needs for plant disease diagnostics. 
3.    To develop a regional communication network. 
 
Dr. Peter Ewell (USAID, Kenya mission), gave remarks on behalf of USAID, stating that 
the agency supported regional institutions, particularly in strengthening institutional 
policy and in building technical capacity as well as strengthening private-public 
partnerships. 
 
The chief guest emphasized the economic importance of plant diseases in the tropics, 
citing the uniqueness of the tropical environment in enhancing disease buildup. He 
underscored the challenges faced in development of new varieties due to diseases. In 
addition to thanking USAID for financial support, the chief guest recognized the resource 
persons who left their various busy schedules to be involved in the training. 
 
b) Presentations, questions, and responses 
1. Sanitary and phytosanitary practices and compliance in East Africa (Dr. Washington 
Otieno, KEPHIS) 
•Emphasized the need for surveillance, detection, and identification in disease 
management. 
•Highlighted the phytosanitary measures observed/enforced by KEPHIS or similar 
organizations and also gave guidelines for surveillance. 
•Highlighted the various commissions and treaties (international agreements) that govern 
plant health and that regulate trade in plant materials or plant products. 
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Question (Mark): Does KEPHIS support Research? 
Answer: KEPHIS is not mandated to do research. However, it facilitates research. 
 
Question (Sally): Does Kenya have a list of quarantine pests? 
Answer: Yes, but it is not updated (needs updating). 
 
2. Plant Diagnostic capacity and needs in the floriculture industry (Ms. Jane Ngigi, Kenya 
Flower Council) 
•Talked about the growth of the horticulture industry. 
•Highlighted the mandate and activities of the Kenya Flower Council (aims and vision), 
floriculture exports, major diseases and pests, and social responsibility. 
 
Question: Why do flower farmers always send samples to Europe for diagnostic analyses 
that can be done locally, easily and cheaply? 
Answer: The council is encouraging growers to use the capacity that is available. 
 
3. IPDN Activities in the West African Region - The West Africa Diagnostic Network 
(Dr. Fen Beed, IITA) 
 
4. Databases and Communication: The Planned IPDN system (Sally Miller, The Ohio 
State University) 
•Presented on the application of distant diagnostics systems. 
 
5. Positioning of diagnostic support and Regional Centers of Excellence (Dr. Julian 
Smith, CSL) 
• Presented on surveillance and monitoring, sequencing and species resolution of viruses, 
on-site (field) diagnostics, and pocket diagnostic kits. 
(no questions asked) 
 
6. Capacity and requirements in Disease Diagnostics in Kenya (Dr. Z.M. Kinyua, KARI 
and G.M. Siboe, UoN) 
• Highlighted requirements such as operation funds, reagents, utilities (e.g. electricity, 
water and telephone), maintenance / replacement of equipment, payment for services, 
conducive environment and policies 
•The following were also given as necessary requirements: 

• Structured operations of diagnosis services 
• Support in bridging existing gaps 
• Support in the establishing and maintenance of linkages 
• Support to knowledge enhancement and research 

• Outlined the levels of adequacy in Kenya’s plant disease diagnostics as follows: 
• Stumbling blocks/ hindrances: Extent of self-sufficiency 
• Staff: 30% 
• Physical infrastructure: 10% 
• Equipment and apparatus: 20% 
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• Basic taxonomic literature: 16% 
• Institutional running costs: 20% 
• Plant pathology herbarium/culture collection: insignificant 

Source: Siboe, Mukiama & Masinde, 2007 
7. Plant disease diagnostics capacity and needs in Uganda (Geoffrey Tusiime, Makerere 
University)  
• Highlighted provision of diagnosis service in the past as follows: (Category: Service 
provider) 

• Plantations (tea, sugarcane): corporations, research institutions, universities 
• Medium-scale farmers (coffee, cotton):  cooperatives, traditional extension 

service, universities 
• Small-scale farmers: extension staff 

• Later the cooperatives ceased to offer diagnostic services and were taken over by 
universities’ extension services. 
• Outlined the following as the characteristics of diagnosis services in Uganda: 

• No designated diagnostic labs or personnel 
• Individual scientists may offer service 
• Limited to visual diagnostics of obvious cases; no culturing 
• No records kept or fees charged 
• Limited institutional support 
• Demand for diagnostic service has unfortunately been low 

• Currently demand is steadily rising especially in the following sectors:  
• Flower industry 
• Vegetable production and export 
• Fruits produce export 
• Organic farmers/organic produce 

• The Department of Crop Science at the Makerere University is gradually equipping a 
plant diagnostic lab in collaboration with IPM CRSP and is looking at working 
modalities. 
• Gaps in disease diagnostics capacity were listed as: 

• Insufficient manpower 
• Lack of requisite skills 
• Infrastructure inadequacy 
• Access to chemicals/reagents 

• Farmer Sensitization 
 
8. Requirements and capacity in disease diagnostics in Tanzania (Mr. Jackson B. Nahson, 
Sokoine University of Agriculture) 
• Work on disease diagnostics has focused on fungi, bacteria, and viruses. Nematodes 
have not been addressed. This has involved researchers, lecturers and students.  
• Virus analysis techniques used include:  

• Use of indicator plants, e.g., Chenopodium, Nicotiana, Cucumis, and Phaseolus 
spp. 

• ELISA/serological tests 
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• Molecular techniques 
 
• In April 2006 the African Seed Health Centre was inaugurated at Sokoine University 
funded by DANIDA though DANISH Seed Health Centre. 
• The university has four major laboratories including bacteriology, mycology, virology, 
and seed testing. The university offers post-graduate studies on plant pathology. 
 
9. Institutional needs and capacity in plant disease diagnostics (Dr. Esther Kimani, 
KEPHIS) 
• There are various acts relevant to plant diseases and pests including:  

• CAP 324: Plant Protection Act (revised 1979) 
• CAP 318: Agriculture Act (amended 2002) 
• CAP 319: Agricultural Produce (Export) Act 
• CAP 325: Suppression of Noxious Weeds Act 
• CAP 326: Seeds and Plant varieties Act (revised 1991, amended 2002) 
• Others: CAPs 446, 346, 345 

 
• These are some of the legislations that regulate seed and plant materials for export and 
also help in the implementation of the national policy on GMO. 
• KEPHIS has 5 individuals with PhD, 29 with MS degrees, 36 with BS degrees, 47 with 
diplomas and 36 with ordinary certificates.  
• The KEPHIS seed certification laboratory has been accredited 1S0 17025 by the SA 
National Accreditation System (ISTA and 180 17025-Seed testing laboratory). 
• Some of the limitations experienced include: 

• Lab space limitation 
• Lack of modern diagnostic equipment 
• Need to develop a wide range of diagnostic capacity for identification of bacteria, 

e.g.,Erwinia, Agrobacterium, Xanthomonas, Pseudomonas, Clavibacter, etc. 
• Need to develop molecular disease diagnostic capacity for identification of the 

different forma specialis of Fusarium oxysporum 
• Quick and effective diagnostic kits 
• Identification manuals 
• Lack of linkages 
• Need for training 
• Upgrading of facilities and equipment 
• Communication 

• It was noted that the needs for the three countries were fairly similar. 
• Issues to consider on the way forward included:  

• Institutional recognition and support for disease diagnostic activities 
• Building of linkages and partnerships locally, regionally, and internationally 

 
Question: One participant was not clear on how the needs were assessed in the three 
countries; was it based on demand from clients or from samples sent from one country to 
another for disease diagnosis? 
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Responses 
a) Dr. Kinyua (KARI): In Kenya, the criterion was based on shortages experienced with 
respect to the resources and to the demand experienced during research work and in the 
course of offering the services. 
b) Dr. Tusiime ( Uganda): The criterion was based on demand. 
c) Dr. Kimani (KEPHIS): Based on demand from the export market. 
 
Question: Is there any possibility for utilizing the money arising from bigger producers 
for export to finance services to small growers and adequately monitor the borders? 
Responses 
• KEPHIS is already looking into this issue. 
• Besides KEPHIS, KARI and public universities are doing certain levels of diagnosis.      
Unlike KEPHIS, however, universities and KARI do not look out for clients. 
 
10. Positioning plant health services and centers of excellence (Dr. Julian Smith, CLS) 
• A plant health service is about methods, processes and end points/results. It involves: 

• Identification of unknowns 
• Research 
• Phytosanitary needs 

• Africa appears to have an increased risk of new diseases, since new/more diseases 
reported in Africa e.g., banana bacterial wilt, napier grass stunting disease. 
• The increased risk justifies the need for adequate surveillance and monitoring, which 
should include proper diagnosis to encompass:  
• Isolation 
• Laboratory based assays 
• DNA sequencing & species resolution 
• Micro arrays: multiple pathogen detection 
• Real-time PCR in the field. 
• There are challenges such as: 
• Lack of infrastructure and human capacity limits 
• High cost of labor limits sample collection 
• Evidence for a failing capacity to detect and monitor plant diseases 
• Lack of appropriate technologies 
• Managing the cost of plant health services requires the integration of: 
• Policy bodies 
• Production chain aspects 
• Private sector laboratories 
 
Highlights on discussions on MODELLING of a functional regional Plant Disease 
Diagnostics Network in East Africa 
• Linkages:  

• How can we complement each other, institution-wise & individuals? [Dr. Kinyua] 
• Who are the end users of diagnostics services? [Dr. Anne Wangai] 
• Demand and linkages: How can clients know whom to go to? [Real IPM] 
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• How effective/efficient are the services and how can they be improved? [Real 
IPM] 

• What causes delays/inefficiency? [Dr. Songa]  
• Difficult diagnostic cases vs simple cases. Private sector largely able to handle 

simpler cases. What do we do with problematic cases? We need to focus on such 
cases – putting resources together for a referral facility [Prof. Mutitu] 

• Policy/institutional focus – partitioning expertise. How much emphasis should be 
given to plant disease diagnostics? Who is responsible? [Geoffrey] 

• How about forming/reviving plant pathology society? How to sustain such an 
initiative? [Dr. Kihurani] 

• Delays/inefficiency: problem has worsened but why? Easy cases handled quickly 
but difficult ones not handled effectively. How are the linkages and how to sustain 
them? [Dr. Kihurani] 

• Biological Resource centre – proposal available but no funding yet [Dr. Kihurani] 
• Capacity available. What is lacking is commitment!!! [Mrs. Mary Wabule]  
• Public awareness critical – Get out and market yourselves! [Mrs. Mary Wabule]  
• Start off with a listing of what is available – expertise, infrastructure, etc.  
• Reps to give information on the above [Chairperson]  
• Diagnostics considered a side activity in E. Africa region; case of successful 

commercialization?? [J. Kibaki]  
• Response to above: Public and private organizations doing commercial 

diagnostics successfully but not many!! Low numbers of samples but mainly due 
to poor details. Individual diagnosticians but mainly to a small extent – this is 
important especially for interactions with farmers [Sally]  

• Private sector organization may not be viable on the basis of pure diagnostics. But 
support through government resources can be helpful, e.g. DEFRA support to 
CSL. Private sector supportive in food testing [Julian] 

• Linkage between national systems and private sector poor. Need to go public. 
Need to hook centers of excellence to accredited organizations 

• Diagnostics work may need to stand independently 
• Marketing services very critical but who pays for the services once demanded. 

Education on cost-sharing ideals needed [Jesca]  
• National/Regional networks: Form a committee [Jackson Njuguna] 
• Reps of organizations?? 
• Other initiatives to consider, e.g., BECA, Nematology Capacity Project (Kimenju) 

[Daniel Karanja] 
• National/Regional Network: Form National Committees of each of the 

participating countries 
 
WRAP-UP DISCUSSIONS 
 
1. International plant diagnostic network  
A multinational collaboration website was displayed by Sally Miller. 
• Things participants would like to see on the website: 
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• Information on hosts and disease symptoms 
• Alphabetical listing of hosts with their pathogens so that details are available at 

the lower links 
• Need to include insect pests - being considered 
• A page where questions can be posted - could be very useful especially with 

digital diagnostics 
• Information on control/management recommendations 

• Sending information to the website, e.g. papers, abstract on disease diagnosis and 
control to Sally; may be done by email through Kinyua. 
• Articles on new disease occurrences in the region can be reported, but participants 
should send their contribution in line with their institution guidelines.  
• Working groups with similar interests were identified. The following commodity-based 
common-interest groups were formed: Potato, Seed Health, Maize, Banana, Tomato, 
Indigenous Vegetables, Citrus, Post-Harvest. These groups (see appendix) will be 
charged with developing standard operating procedures for diagnosis of key diseases in 
their groups, among other activities. 
• The groups would present their information to Kinyua for forwarding to Sally. For ease 
of co-ordination, the following regional team was formed: 
1. Dr. Zachary Kinyua (KARI, Kenya) - leader 
2. Prof. George Siboe (University of Nairobi, Kenya)  
3. Dr. Geoffrey Tusiime (Makerere University, Uganda)  
4. Mr. Jackson Nahson (Sokoine University of Agriculture, Tanzania) 
5. Dr. Anne Wangai (KARI, Kenya) 
6. Dr. Julius Ochuodho (Moi University, Kenya) 
• The regional team would work closely with the following core team: 
1. Prof. Sally Miller (The Ohio State University) 
2. Dr. Doug Maxwell (University of Wisconsin-Madison) 
3. Mrs. Mary Wabule (KARI, Kenya) 
 
2. Training workshops/courses on plant disease diagnostics 
Discussions were held regarding the content and frequency of the courses for the region. 
The following are some issues that were raised:  

• Whether to organize for basic hands-on training for all pathogens and then 
molecular/modern techniques later 

• Whether to have short courses that are more focused than broad identification; for 
instance, detailed training on one category of pathogens at a time: bacteria, 
viruses, fungi, or nematodes 

• Whether to have the training for one or two weeks 
• Consider having the trainings once every two years 
• To include culture collection and preservation as a major component in the 

training 
• Consider an integrated training workshop for training of trainers, e.g. researchers 

to be resource people and train extension staff to train the farmers 
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• To have an executive team to design a proper curriculum on training in specific 
areas 

• A training committee was suggested as follows in order to plan and make 
appropriate decisions: 
1. Prof. George Siboe (University of Nairobi, Kenya) 
2. Dr. Geoffrey Tusiime (Makerere University, Uganda) 
3. Dr. Zachary Kinyua (KARI, Kenya) 
4. Mr. King’uru Wahome (Ministry of Agriculture, Kenya) 
5. Mr. Julius Ally Mugini (Mikocheni Agricultural Research Institute, Tanzania)  

 
The results of surveys of diagnostic capacity and needs conducted during the stakeholder 
meetings in West (September 2006) and East Africa (March 2007) were compiled and 
summarized.  Results were presented to the Rockefeller/Gates Foundations-sponsored 
Bellagio (Italy) conference "Developing a Roadmap for Diagnostics in Sub-Saharan 
Africa" in April 2007 by S. Miller.  A second presentation on the IPDN was made by Dr. 
Fen Beed (IITA-Uganda) in a follow-up meeting to the Bellagio Conference held in 
Zanzibar, Tanzania in October, 2007. 
 
An additional survey was conducted of 24 participants in the IPDN Advanced 
Diagnostics Training Workshop held in Wooster, OH in August 26 – September 8, 2007. 
 
IPDN communications network 
The Polycom communication system has been installed in most locations and has 
undergone initial testing. The IPDN website (http://www.IntPDN.org) is up and 
continues to be populated with information related to the project. 
 
IPDN subject matter committees 
The following commodity-based common-interest groups were formed during the East 
Africa IPDN regional training workshop in March 2007: Potato, Seed Health, Maize, 
Banana, Tomato, Indigenous Vegetables, Citrus, Post-Harvest. These groups (see table 
below) will be charged with developing standard operating procedures (SOPs) for 
diagnosis of key diseases in their groups, among other activities. It is expected that the 
activity on the development of SOPs would kick-start the network operations during the 
next project year. 

Subject matter committees are being established in the West Africa and Central America 
regional sites. 

Distance diagnostic and identification system/clinic information management system 
(DDIS/CIMS) for IPDN 

The development of DDIS for IPDN was started in May 2007.  We have accomplished 
the following tasks: 
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1)    System requirement analysis  
2)    Database scheme design with revisions to include countries 
3)    Web user interface design (most part of the user interface) 
4)    IPDN home page design 
5)    Set up a testing server for the website at (http://ipdnt.ifas.ufl.edu) 
6)    IPDN Country implementation (13 countries); as lab information from participating 
countries (below) is received, we are implementing this part. 
7)    The targeted release date is January 2008 
 
Central America: Guatemala (hub), El Salvador, Honduras, Jamaica 
East Africa: Kenya (hub), Uganda, Tanzania, Rwanda 
West Africa: Benin (hub), Cameroon, Burkina Faso, Mali 
USA 

Stakeholder training programs in three regions 

A lab-based IPDN training workshop was held March 7-9, 2007 at the Kenya 
Agricultural Research Institute (KARI). The workshop covered aspects such as symptom 
identification, isolation, ELISA, PCR, digital diagnostics, and clinic information 
management systems. Areas of coverage included diagnosis of bacterial, fungal, viral 
diseases, and nematodes. In addition, there was an introduction to the International Plant 
Diagnostic Network, which aims to facilitate the establishment of a database and promote 
communication and private sector involvement in plant disease diagnosis. 

Plant disease diagnostics training workshop 
 
The training workshop entailed theory/lecture presentations and laboratory-based 
practical sessions as follows: 
 
1. Use of serology in plant disease diagnostics (lecture): Dr. Sally Miller  
2. Use of PCR in plant disease diagnostics (lecture): Dr. Doug Maxwell 
3. Diagnosis of bacteria and phytoplasmas by classical and modern techniques (lecture): 
Dr. Sally Miller and Dr. Julian Smith 
4. Diagnosing virus diseases – approaches suited to available technology (lecture): Dr. 
E.M. Ateka 
5. An overview of state-of-the-art information and communication technologies for 
biodiversity and plant diagnostics (lecture): Dr. Fen Beed  
6. Bacteriology practicals (Session organizers: Drs. Sally Miller, Z.M. Kinyua, & 
Geoffrey Tusiime) 

• Sample cases: Banana xanthomonas wilt, potato bacterial wilt, and napier grass 
phytoplasma 

• Aspects to be covered: symptoms, isolation/culturing (semi-selective media), 
PCR, and ELISA. 
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7. Virus disease diagnostic practicals (Session organizers: Drs. Douglas Maxwell & E.M. 
Ateka) 

• Sample cases: Geminiviruses and Aphid-transmitted viruses 
• Aspects to be covered: symptoms, extraction, PCR, serology, etc. 

8. Nematode diagnostics (lecture): Dr. John W. Kimenju 
9. Fungal & Oomycete disease diagnostics (lecture): Prof. George Siboe & Prof. Eunice 
Mutitu 
10. Nematode diagnostic practicals (Session organizers: Dr. J.W. Kimenju and Miriam 
Otipa) 

• Sample cases: Root knot and lesion nematodes  
• Aspects to be covered: symptoms, extraction, histology, microscopy, etc.  

11. Fungal/oomycete diagnostic practicals (Session organizers: Prof. G. Siboe, Dr. Ruth 
Amata and Prof E. Mutitu) 

• Sample cases: Vascular wilts, root rots, blights, leaf spots, mildews, etc. 
• Aspects to be covered: symptoms, isolation, culturing, microscopy, etc.  

12. Interpreting DNA sequence information (lecture & internet practical): Dr. Doug 
Maxwell, Univ. of Wisconsin-Madison 

Mr. Peter Ibere, the Acting Director, Land & Crops (Ministry of Agriculture, Kenya) 
thanked the organizers for involving the participants from the three East African 
countries (Kenya, Uganda, and Tanzania), noting that the private sector was also 
represented. The guest gave an overview of the importance of disease diagnosis and 
suggested that identification of arthropod pests be considered in the future if funds are 
available. He also mentioned that the government of Kenya was developing appropriate 
policy frameworks to ensure that market and environmental concerns were adequately 
addressed. 

Diagnosticians’ short course 

An intensive training course in plant disease diagnostics was held at the Ohio State 
University – OARDC in Wooster, OH, August 26-September 8, 2007. A total of 25 
participants from 14 countries were trained (14 female, 11 male). Eleven participants 
were from countries already part of the IPDN (Guatemala, El Salvador, Honduras, 
Jamaica, Kenya, Uganda, Tanzania, and Benin), and were funded all or in part by the 
project (attendance of several was cost-shared by their institutions). Fourteen were 
funded by other programs: USDA APHIS (5), USDA APHIS/SPS program (3), the IPM 
CRSP East Africa regional site (2), the Cochran program (2) and the Mexican 
government (2). Resource persons (teaching) were Sally Miller, Melanie Ivey, Parwinder 
Grewal, Sawsan Elateek (Ohio State University);  Carrie Harmon, Jiannong Xin, Tim 
Momol (University of Florida); Sue Tolin (Virginia Tech); Mark Nakhla (USDA 
APHIS); Ron Stinner (North Carolina State University); Fen Beed (IITA); Z. Kinyua 
(Kenya Agricultural Research Institute); and Marco Arevalo (AgroExpertos). The 
program included a 2-day bus trip to the USDA APHIS lab in Beltsville, MD, hosted by 
Murali Bandla, Mary Palm, and Laurene Levy.  
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Additional information on the short course, training materials provided, and photos may 
be found on the IPDN website (http://www.IntPDN.org). 

PCR-based diagnostic assay for banana xanthomonas wilt (BXW) 

A PCR assay was developed in Sally Miller’s lab (OSU) and initial validation has been 
done in East Africa (Makerere University and KARI). The primers are undergoing final 
testing with related Xanthomonas spp. and a manuscript to be submitted to an 
international journal is in preparation. This activity was cost-shared by the IPM CRSP 
East Africa Regional Program. 

In April 2007, Sally Miller, Fen Beed (IITA, Uganda), and Julian Smith (Central Science 
Laboratories, UK), in collaboration with KARI and Makerere and Maerere-Sokoine 
Universities, prepared and submitted a proposal to USAID – East Africa (Peter Ewell) to 
equip labs, provide supplies, and train East African diagnostic lab personnel in Burundi, 
Democratic Republic of the Congo, Kenya, Rwanda, Tanzania, and Uganda in the use of 
this and other confirmatory assays for recent outbreaks of BXW. USAID has not yet 
responded.  

A cooperative effort by IITA, Agdia, Inc. and OSU is underway to develop 
immunoassays for BXW. Polyclonal antibodies developed by IITA, as well as 
monoclonal antibodies from other sources (X1 and X11, Xanthomonas genus-specific 
antibodies, Anne Alvarez, University of Hawaii), were formatted into immunostrips. The 
strongest reactions were obtained using the X1 antibodies, although assays utilizing the 
BXW polyclonals also gave positive results for Xanthomonas campestris pv. 
musacearum pure cultures. Agdia is in the process of developing these antibodies in 
immunoblot assays, which will allow large-scale, inexpensive testing for BXW. 

Assays for detection of whitefly- and aphid-transmitted viruses 
Plans are being made to test the tissue blot immunoassay (TBIA) being developed in Sue 
Tolin’s lab (VT) (in cooperation with Agdia, Inc.) in selected hub and spoke labs during 
2008. Dr. Tolin trained 25 participants of the IPDN Diagnostics Course (Ohio, August-
September 2007) to use this assay. 

Tomato samples were collected in Kenya (Thika) and Uganda (near Kampala) during a 2-
day survey conducted in March 2007; leaf samples from plants with virus symptoms 
were blotted on nitrocellulose membranes and sent to Bob Gilbertson’s lab (UC-Davis). 
Geminiviruses were detected in all of the samples from symptomatic tomato leaves using 
nucleic acid hybridization techniques. Work is underway to identify the viruses involved. 
This activity was cost-shared by the IPM CRSP East Africa Regional Program. 

Assays for Asian soybean rust 
A detached leaf assay developed by IITA will be tested in IPDN labs beginning in 2008. 
Further, an immunofluorescence assay for soybean rust urediniospores developed at OSU 
will be evaluated at IITA. 
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Training: 
Advanced Plant Disease Diagnostics for International Partners Workshop 
Men - 11 
Women - 14 
August 26, 2007:  2 weeks 
The Ohio State University - Wooster 
 
This was an advanced plant disease diagnostics course focusing on classical and modern 
technologies as well as sanitary/phytosanitary issues. Diagnosticians were trained in 
classical microbiological techniques, microscopy, serology, and DNA-based detection 
methods: 

• Hands-on diagnosis of plant samples 
• Training in diagnostic mycology, bacteriology, virology, and nematology 
• Use of light microscopy in diagnostics 
• Application of determinative tests including plant hypersensitivity response, 
carbon substrate utilization, fatty acid analysis 
• Laboratory and field applications of serological assays 
• PCR, gel electrophoresis, squash blots 
 

Clinic Information Management System (CIMS) Training. CIMS training will be 
conducted by University of Florida faculty. Internet access will be provided in a 
computer lab setting for this hands-on CIMS training. The curriculum will cover: account 
set up, lab set up for each region, data entry to a submission form, diagnostic data entry, 
diagnostic approval, reporting and data storage and search mechanisms, digital image 
entry and use of distance diagnostic module, sample tracking, sample status, alert system 
for high risk pathogens, and others. 
 
Train-the Trainer Program.  A training program for extension personnel and other IPM 
providers will be adapted from the U.S. National Plant Diagnostic Network (NPDN) and 
other international sources. 
 
IPDN mission and importance of diagnostics in IPM programs regionally and globally: 
Diagnostic SOPs for high risk pathogens 
Monitoring for high risk plant pathogens 
Sampling/sample submission procedure 
Art and science of plant disease diagnosis 
Distance diagnostics through digital imaging 
Communication protocols in case of suspect regulatory pathogen detection and 
collaboration work flow with regulatory agencies 
Special topics on diagnosis, monitoring, detection of high-risk diseases 
 
International Plant Diagnostic Network East Africa Training Workshop 
Men - 28 
Women - 22 
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March 7, 2007: 3 days 
KARI NARL, Nairobi 
 
The IPDN lab-based training covered symptom identification, isolation, ELISA, PCR, 
digital diagnostics, and clinic information management systems. Areas of coverage 
included diagnosis of bacterial, fungal, and viral diseases and nematodes. In addition, 
there was an introduction to the International Plant Diagnostic Network, which aims to 
facilitate the establishment of a database and promote communication and private sector 
involvement in plant disease diagnosis. 
 
Publications 
Baysal, F., Dorrance, A., Lewis Ivey, M. L., Luster, D., Frederick, R., Czarnecki, J., 

Boehm, M. and Miller, S. A. 2007. An immunofluorescence assay to detect 
soybean rust uredinniospores.  Phytopathology 97: S9. 

Lewis Ivey, M. L., Tusiime, G., Mwangi, M. and Miller, S. A. 2007. Development of a 
PCR assay for the detection of Xanthomonas campestris pv. musacearum in 
bananas. Phytopathology 97: S63-S64. 

Presentations 
Miller, S. A. 2007. Plant disease diagnostics in Sub-Saharan Africa - Pathologist's 
Perspective International. Bellagio Conference (Rockefeller Foundation/Bill and Melinda 
Gates Foundation) - Developing a Roadmap for Plant Disease Diagnostics in Sub-
Saharan Africa. Bellagio, Italy, April 9, 2007. 

Baysal, F., Dorrance, A., Lewis Ivey, M. L., Luster, D., Frederick, R., Czarnecki, J., 
Boehm, M. and Miller, S. A. 2007. An immunofluorescence assay to detect soybean rust 
uredinniospores. Joint Annual Meeting of the American Phytopathological Society/ 
Society of Nematologists, San Diego, CA, July 28 - August 1, 2007. 

Lewis Ivey, M. L., Tusiime, G., Mwangi, M. and Miller, S. A. 2007. Development of a 
PCR assay for the detection of Xanthomonas campestris pv. musacearum in bananas. 
Joint Annual Meeting of the American Phytopathological Society/Society of 
Nematologists, San Diego, CA, July 28 - August 1, 2007. 
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Integrated Management of Thrips-Borne Tospoviruses 
in Vegetable Cropping Systems 
Naidu Rayapati, Washington State University 

Collaborators: 
University of Georgia, Tifton Campus and USDA-ARS-USHRL  
AVRDC-The Vegetable Research Center, Taiwan 
Mahyco Research Center, Jalna, Maharashtra, India  
Tamil Nadu Agricultural University, Coimbatore, Tamil Nadu, India  
Acharya N G Ranga Agricultural University, Bapatla, Andhra Pradesh, India 
 
Host Country: India 
Development of formal linkages with other Global and Regional IPM CRSP 
projects to initiate project activities in South & Southeast Asia 
Naidu Rayapati has expanded his project linkages with PI Karim Maredia and other 
members of the regional project “Ecologically-based participatory and collaborative 
research and capacity building in IPM in the Central Asia Region” to explore possible 
collaborations on virus diseases in vegetables in Central Asia region. He participated in 
the "Central Asia Regional IPM Stakeholders Forum" meeting at Dushanbe, Tajikistan 
(May 27-29, 2007) to build collaborative relationships with host country scientists in the 
region. His project sponsored Dr. (Mrs.) Zarifa Kadirova, a virologist at Institute of 
Genetics and Plant Experimental Biology, Academy of Sciences of Uzbekistan, 
Tashkent, Uzbekistan, to participate in the Stakeholders Forum meeting at Dushanbe and 
held discussions on potential collaborations on virus disease problems in vegetables in 
Uzbekistan. 

Naidu Rayapati established linkages with PI Mark Earbaugh of the Regional IPM 
Program for East Africa (Kenya, Tanzania, and Uganda) to explore possible collaborative 
activities on tospoviruses in vegetables in the region. As part of strengthening these 
collaborations, he provided practical training on tospoviruses to Dr. (Mrs.) M.K.N. 
Ochwo-Ssemakula, a virologist in the Department of Crop Science, Faculty of 
Agriculture, Makerere University, Kampala, Uganda. 

Reconnaissance studies for the occurrence of tospoviruses in vegetables  
This activity was carried out in collaboration with Suresh Kunkalikar, Sudarsana Poojari 
(PhD student) Prem Rajagopalan, and K.S. Ravi, Mahyco Research Center, Jalna, 
Maharashtra, India. 
 
The reconnaissance studies were carried out to document the occurrence of tospoviruses 
in vegetable crops with emphasis on tomato, watermelons, and onion grown during the 
post-rainy season (December-May) and the rainy season (June-November).  These 
studies were conducted in a total of ten states: Karnataka, Goa, and Tamil Nadu in 
Southern India; Maharashtra and Madhya Pradesh in Central India; Gujarat, Rajasthan, 
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and Haryana in Western India; and Delhi and Uttar Pradesh in Northern India. Initially, 
information on tomato, watermelon, and onion growing areas was gathered to organize 
reconnaissance studies for the occurrence of tospoviruses. During field visits, plants were 
inspected for symptoms characteristic of tospovirus infections. A minimum of 100 plants 
were selected at random in each vegetable field and the number of symptomatic plants 
was counted to determine per cent disease index (PDI) using the formula: number of 
plants infected/ total number of plants x 100.  Samples collected from symptomatic plants 
were tested by serological (DAC- or DAS-ELISA) and molecular assays (RT-PCR) for 
the presence of tospoviruses. The results indicated widespread distribution of Peanut bud 
necrosis virus (PBNV) in tomato, Watermelon bud necrosis virus (WBNV) in 
watermelons, and Iris yellow spot virus (IYSV) in onion in several vegetable growing 
states in India as shown in the picture below. 
 

  
  
Diversity among tospoviruses: Total RNA from tomato, watermelon, and onion samples 
tested positive for a tospovirus in ELISA was extracted using an RNeasy plant extraction 
kit (Qiagen Inc., Chatsworth, CA, USA). The nucleocapsid (N) gene of PBNV, WBNV, 
and IYSV was amplified by one step RT-PCR (Access RT-PCR kit, Promega, Madison, 
WI, USA). The amplified products were gel eluted using a QIAEX II gel extraction kit 
(Qaigen) and cloned into pGEM-T vector (Promega, Madison, WI, USA). At least two 
independent clones for each isolate were sequenced in both orientations and sequence 
data analyzed using Vector NTI software version 6.0. The sequences were compared with 
corresponding sequences of other tospoviruses available in the GenBank to estimate 
nucleotide and amino acid sequence identities using bioinformatics tools and software 
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programs. 
 
Tomato:  
Surveys were conducted in selected areas in Uttar Pradesh (January 2007), Madhya 
Pradesh and Gujarat (February 2007), Rajasthan and West Bengal (May 07), Karnataka 
(April 2007), and Haryana and Delhi (July 2007). The disease incidence in different 
cultivars and hybrids grown in farmer fields in different locations was highly variable, 
ranging between 1 and 85%. A broad range of disease symptoms consisting of chlorotic 
spots and bronzing of leaves and necrosis on leaves, petioles, and stems were observed on 
plants and concentric rings and discolorations on fruits of several varieties and hybrids 
grown in farmers fields (Fig3).  Samples were collected from a total of 54 locations and 
about 53% of these samples tested positive in DAC-ELISA with polyclonal antibodies 
produced against PBNV.  Further studies are needed to determine if samples tested 
negative for PBNV contain any ‘new’ tospovirus or the necrosis symptoms were due to 
infection by fungal pathogens like Alternaria. Representative thrips samples were 
collected and sent to the University of Georgia, Tifton campus, for identification. 
 
Representative tomato leaf samples from 29 places (6 from Uttar Pradesh, 7 from 
Madhya Pradesh, 4 each from Rajasthan, Haryana, and Gujrat, 2 from Karnataka and 1 
each from Delhi and West Bengal, Table 1) were used for cloning and sequencing of N 
gene. The results showed that 86% (25/29) of the sequences aligned with N gene 
sequences of PBNV, 7% (2/29) with N gene sequences of Capsicum chlorosis virus 
(CaCV) and the other 7% (2/29) with N gene sequences of WBNV.   
 
These studies indicated that PBNV is the most predominant tospovirus infecting tomato 
across a broad range of vegetable growing regions in India. Although at a low incidence, 
this study also reports for the first time the occurrence of CaCV and WBNV in tomato. 
Since disease symptoms in tomato caused by PBNV, CaCV, and WBNV are highly 
similar, these results underscore the value of accurate diagnosis of tospoviruses in 
symptomatic plants to document the prevalence of different tospoviruses in a single 
vegetable crop. 

The N gene of all PBNV isolates is 831 nucleotides in length encoding 276 amino acids. 
All these sequences showed a high degree of sequence homology, ranging between 96 
and 99% and between 97 and 100% at the nucleotide and amino acid level, respectively, 
among themselves and with corresponding N gene sequences of PBNV published earlier. 
Thus, the N gene of PBNV isolates infecting tomato from different locations in India is 
highly similar. The diversity among N gene sequences of PBNV from different parts of 
India will be completed in Year 3 using various bioinformatics techniques.  

First report of the occurrence of CaCV in tomato in India 
During our reconnaissance studies in Northern India during the 2007 post-rainy season, 
tomato plants in three farmers’ fields showed symptoms mimicking those caused by 
PBNV. The symptoms included mild chlorosis of leaves, chlorotic and necrotic spots and 
rings on the leaves, and ‘scorching’ of some leaflets due to necrosis (A).  
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Occasionally, the infected plants showed necrosis of growing tips leading to bud 
necrosis.  Fruits produced on the infected plants showed discolorations with concentric 
rings on the surface (B). The disease incidence ranged from 5-10 percent in these three 
fields.  Mechanical inoculation of sap from symptomatic tomato leaves produced local 
chlorotic spots on primary leaves of cowpea (Vigna unguiculata L. cv.C152) (C) three to 
four days after inoculation. Tomato seedlings inoculated with the same sap produced 
symptoms similar to those described in Fig. 3.  In DAC-ELISA, both field samples as 
well as mechanically inoculated plant samples tested positive with a polyclonal antiserum 
produced against the nucleocapsid (N) protein of PBNV.  Total RNA isolated from 
tomato samples was used in RT-PCR to amplify approximately 850 bp N gene fragment 
using degenerate primer pair (MH-F:5’-CATGCCATGGCAATGTCTAMCGTYAAGCAACT-3’ 
and MH-R: 5’-CCGCTCGAGCAMTTCCARMGAAGKRCYAG-3’) that can amplify N gene of 
different members of Watermelon silver mottle (WSMoV) serogroup of tospoviruses. The 
amplicons were cloned into pGEM-T Easy vector and plasmid DNA isolated from two 
individual colonies was used for sequencing in both orientations.  A comparative analysis 
of the derived sequences with corresponding N gene sequences of other tospoviruses in 
the GenBank revealed 95.8 and 96.7 per cent identity at the nucleotide and amino acid 
level, respectively, with CaCV (AY036057) from Australia. The N gene sequences of the 
Indian isolate of CaCV showed 85.5 and 91.6 per cent identity at the nucleotide and 
amino acid level, respectively, with CaCV isolate from China ( DQ 0355974) and 84.2 
and 92 per cent identity at the nucleotide and amino acid level, respectively, with an 
isolate from Thailand (AY 256123). In contrast, the Indian isolate of CaCV shared only 
79 - 85.1 and 77.2 - 81.5 per cent identity with the N gene sequences of PBNV and 
WBNV.  The results indicated that the Indian isolate of CaCV is more closely related to 
CaCV isolate from Australia than to CaCV isolates from Thailand and China. 
To our knowledge, this is the first report of the occurrence of CaCV in tomato in India. 
CaCV is recognized as an economically important virus infecting vegetables like tomato 
and peppers in Australia and Thailand and recently in peanut (Arachis hypoagea L.) in 
China. Although the distribution and economic impact of CaCV in India is yet to be 
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realized, the observation that both PBNV and CaCV can produce similar, though not 
identical, symptoms in tomato warrants further studies for developing crop improvement 
strategies against these two tospoviruses in vegetable and legume crops in India. In 
addition, our report highlights the need for continuous monitoring on the prevalence of 
CaCV in India and other countries in the Asia-Pacific region. 
 
Watermelon: 
Surveys were conducted in the states of Gujarat (February 2007), Goa (May 2007), Uttar 
Pradesh and Rajasthan (May 2007) and Tamil Nadu and Maharashtra (June 2007). The 
disease was prevalent on all cultivars and hybrids cultivated in these states. Samples were 
collected from a total of 31 watermelon fields of which samples from 14 fields tested 
positive in DAC ELISA with polyclonal antibodies raised against PBNV.  The samples 
which tested negative in ELISA may be due to non-tospoviral infections. The disease 
incidence ranged between 1 to 90% across these locations. Variation of symptoms on 
leaves, stem, and fruits was observed in different locations. Predominant symptoms in 
ELISA positive samples consisted of mosaic, mottling, necrotic spots in leaves, necrosis 
of growing bud and flower buds, and necrotic spots and streaks on stem. The most 
characteristic symptom is upward curling of growing tips of infected plants; hence, 
farmers in North India call the disease “Head raising disease”. Infected plants produce 
small size fruits with severe malformations (Fig.5).  The disease incidence was highly 
variable between neighboring fields. One farmer indicated that healthy fruits weighed 
about 15 kg, whereas fruits from infected plants weigh about 7-8 kg, indicating a nearly 
50% reduction in weight of fruits. Thus, the negative impacts of WBNV include 
reduction in number and weight of fruits and malformed fruits. Because of significant 
impact on watermelon production, farmers are reluctant to continue watermelon 
cultivation in subsequent years. Thrips infestation (brown and black colored thrips) was 
observed more in closely spaced crops. Our studies have shown that WBNV incidence 
was more prevalent in Uttar Pradesh and parts of Rajasthan.  Representative thrips 
samples were collected and sent to the University of Georgia, Tifton campus, for 
identification. 
 
A total of 13 samples representative of WBNV-infected watermelons from six states (1 
each from Maharashtra, Gujrat, and Goa, 5 from Uttar Pradesh, 3 from Rajasthan, 2 from 
Tamilnadu) were selected for cloning and sequencing of N gene. The results showed that 
out of the sequences from these 13 samples, 85% (11/13) were aligned with 
corresponding N gene sequences of WBNV and 15% (2/13) with corresponding N gene 
sequences of PBNV. These studies have established that WBNV is the most prevalent 
tospovirus in watermelons across a broad range of vegetable growing regions in India. 
Although at a low incidence, this study reports for the first time the occurrence of PBNV 
in two watermelon fields as a mixed infection with WBNV. 
 
Molecular analysis of the N gene of WBNV revealed that it is 828 bp in length encoding 
275 amino acids. N gene sequences were highly conserved among these isolates showing 
91.3–99.5% and 94.5-100% identity at the nucleotide and amino acid level, respectively. 
These sequences showed 92.8-96.4% and 95.2–98.1% identity at the nucleotide and 
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amino acid level, respectively, with the corresponding sequences of WBNV isolates 
previously deposited in the GenBank. The diversity among N gene sequences of WBNV 
from different parts of India will be completed in year 3 using various bioinformatics 
techniques. 
 
Expansion of WBNV to other cucurbits:  
While surveying watermelons, we came across a muskmelon field in Dharmapuri district 
of Tamil Nadu state with about 45% incidence of diseased plants showing mosaic 
mottling and necrosis of leaves.  

Samples from these symptomatic plants gave positive reaction in DAC-ELISA with 
polyclonal antibodies to the N protein of PBNV. To confirm the type of tospovirus 
present in these samples, the N gene was amplified by RT-PCR using degenerate primers, 
and the RT-PCR fragments were cloned and sequenced. A comparison with N gene 
sequences of other tospoviruses revealed 93.5 and 96.3% identity at the nucleotide and 
amino acid sequence level, respectively, with the N gene of WBNV. The results 
confirmed the presence of WBNV in symptomatic plants of muskmelons shown in the 
picture. Similarly, WBNV infection was observed in a pumpkin field in Rajasthan state. 
There was necrosis on emerging fruit and stem near such fruits.  

The samples from these plants showed weak positive reaction with antibodies to PBNV 
in DAC-ELISA suggestive of the presence of a tospovirus. In one farmer field in Haryana 
state, cucumber plants grown as an intercrop in tomato fields showed necrotic patches on 
leaves. Samples from the symptomatic cucumber plants showed a positive reaction with 
antibodies to PBNV in DAC-ELISA suggestive of the presence of a tospovirus. The N 
gene sequence of these tospovirus isolates revealed more than 92% homology at the 
nucleotide and amino acids level, respectively, with corresponding N gene sequence of 
WBNV confirming that muskmelon, pumpkin, and cucumber plants were infected with 
WBNV.  This is indeed the first report of the occurrence of WBNV in muskmelons and 
cucumber and indicates the ability of WBNV to infect cucurbits other than watermelon. 

Onion: 
Surveys were conducted in onion fields in the states of Uttar Pradesh, Madhya Pradesh, 
and Gujrat (February 2007), Tamilnadu (January 2007), Karnataka (April 2007), 
Maharashtra (March and April, 2007), and Rajasthan (May 2007). A total of 45 onion 
fields were surveyed and the disease incidence varied from 1 to 100%. Some onion fields 
in Tamil Nadu had 100% disease incidence. The symptoms consisted of typical spindle-
shaped lesions on flower bearing stalks. Sometimes lesions were small, round to oval and 
irregular in shape; yellow stripes were observed from tip to bottom on flower bearing 
stalks which also showed bending. 

 
A total of 13 samples representative of IYSV-infected onion samples from six states (one 
each from Uttar Pradesh, Gujarat, and Karnataka, two from Tamil Nadu and four each 
from Madhya Pradesh and Maharashtra) were selected for cloning and sequencing of the 
N gene. The N gene sequences of all IYSV isolates are 822 bp in length encoding 273 
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amino acids. They showed 95.1 to 99.8% and 95.9 to 100% identity at the nucleotide and 
amino acid level, respectively.  The sequences shared 95.6 to 99.1% and 97 to 98.5% 
identity at the nucleotide and amino acid level, respectively, with corresponding N gene 
sequences of IYSV isolates from India available in the GenBank. These studies indicate 
that IYSV isolates collected from various geographic areas in India are highly conserved. 

Although most of the field-collected onion isolates showed characteristic spindle-shaped 
spots typical of IYSV infection, some of the samples tested negative in ELISA and RT-
PCR.  Further studies are in progress in Year 3 to investigate possibility of occurrence of 
additional serotypes of in IYSV. In addition, the N gene sequences of all IYSV isolates 
obtained in Years 1 and 2 will be used for molecular diversity studies and phylogenetic 
analysis in Year 3 to establish their lineage with IYSV isolates reported from other 
countries in the world. 

Molecular analysis of Watermelon bud necrosis virus (WBNV) genome 
This activity was carried out in collaboration with Sudarsana Poojari (PhD student), Prem 
Rajagopalan and K.S. Ravi,  Mahyco Research Center, Jalna, Maharashtra, India. 
 
As described in activity 2.1., WBNV is assuming greater economic significance for the 
production of different types of melons. Since melons are an important source of 
nutrients (and used as a source of summer drink) and due to lack of sources of resistance 
to WBNV, an understanding of the virus genome would facilitate the development of 
better diagnostic tools and an integrated pest management system consisting of transgenic 
plants and improved strategies of thrips vector control. For this purpose, we began studies 
to understand the genome organization of S-RNA segment of WBNV.  Double-stranded 
RNA (dsRNA) was isolated from Nicotiana benthamiana plants systemically infected 
with WBNV-Wm-Jal isolate (Fig. 8) using CF-11 column chromatography. Ds RNA 
specific to S-, M-, and L-RNA segments of WBNV were confirmed by agarose gel 
electrophoresis, as shown in the figure below. 
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Fig. Profile of ds RNA (lanes 2 and 3) isolated from WBNV-infected Nicotiana 
benthamiana plants.  DsRNA was separated in1.5% agarose gels. The size of the three ds 
RNAs corresponding to the three genomic segments of WBNV (shown on the right) were 
estimated using molecular weight markers (lane 1). 
 
Five sets of oligonucleotide primers (designated as SN1, SN2, SN3, SN4, and SN5) were 
designed based on the conserved nucleotide sequences of the S RNA segments of PBNV, 
Watermelon silver mottle virus (WSMoV), and CaCV available in the GenBank. 
Different regions of the S-RNA of WBNV were amplified by RT-PCR using ds RNA as 
a template. The amplified fragments were cloned into pGEMT-Easy vector and two 
independent clones specific to each fragment were sequenced in both directions. 
Sequence analysis revealed that 5' and 3’ untranslated regions are 67 base pairs (bp) in 
length, non-structural (NSs) gene is 1320 bp in length encoding 439 amino acids and N 
gene is 828 bp in length encoding 276 amino acids. Nucleotide and amino acid sequence 
homology (% identities) of NSs and N genes of WBNV with corresponding genes of 
three other tospoviruses are shown in the table below. Work is in progress to complete 
the sequencing of the intergenic region of S-RNA segment. In addition, cloning and 
sequencing of M- RNA is in progress and will be completed in year 3. 
 

PBNV (NC-003619) WSMoV (NC-003843) CaCV (NC-008301) 
Gene 

nt aa Nt aa Nt aa 
WBNV-Jal-NSs 80.6 85.6 80.9 85.4 75.9 80.6 
WBNV-Jal-NP 80.1 85.1 78.5 84.0 77.6 79.6 

Identification of thrips species infesting vegetables 
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This activity was  carried out in collaboration with Sudarsana Poojari (PhD student); 
Suresh Kunkalikar and K.S. Ravi, Mahyco Research Center, Jalna, Maharashtra, India; 
V. Rama Subba Rao, Acharya N G Ranga Agricultural University, Bapatla, India; and 
David J. Riley, Stan Diffie and Ms. Anitha Chitturi (PhD student), the University of 
Georgia, Tifton campus. 
 
This activity was initiated in India at the beginning of summer 2006. Three states, namely 
Maharashtra, Karnataka, and Andhra Pradesh, were selected for collecting the most 
common thrips species infesting tomato, onion, and chili peppers. In June 2006, thrips 
samples were collected by ‘beat cup’ method from selected locations in all the three 
states shown in the table below.  
 

State District Season Crops 
Maharashtra  Nasik,  Pune 

Ahmadnagar & 
Akola 

Summer Onion, Chili 
pepper, 
Tomato 

Karnataka  Kolar Summer Tomato 
Andhra 
Pradesh  

Madanapalli Summer Tomato 

 
A second survey for thrips collection was conducted during Fall 06. This survey was 
focused only in Andhra Pradesh. Due to untimely monsoons and floods in August and 
September, thrips populations were not recorded until mid-October. Thrips were 
collected in November from five districts as shown in the table below. 
 

State District Crops 

Andhra Pradesh Krishna,  
Guntur,  
Prakasam,  
Rangareddy, 
Khammam   

Onion,  
Chili pepper, Tomato,  
Egg plant, 
Chrysanthemum. 

 
Thrips collected in summer were initially preserved in AGA (a mixture of 10 parts of 
60% ethyl alcohol with 1 part glycerine and 1 part of acetic acid). After 2 weeks, thrips 
were transferred to 60% ethyl alcohol and stored.  Thrips collected in November were 
preserved directly in 60% ethyl alcohol.  It was subsequently found that preservation in 
AGA solution helped to distend thrips’ bodies and keep the body parts supple.  This made 
slide mounting of thrips easy without spending much time on spreading the body parts 
during mounting. 
 
All thrips specimens collected in India were brought to the University of Georgia, Tifton 
campus. Initially all the thrips samples were sorted by genera under a stereo microscope 
and about 5-6 thrips were randomly selected from each state and slide mounted for 
species identification. Slides were viewed under a dissecting microscope and thrips were 
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identified under the guidance of Mr. Stan Diffie, thrips taxonomy specialist at Tifton, 
using the morphological identification key developed by Laurence Mound, CSIRO 
Entomology, Canberra, Australia. Voucher specimens were preserved for future 
reference. Potential and confirmed thrips species identified to date include Scirtothrips 
dorsalis (chilies & tomatoes) from Andhra Pradesh, followed by Scirtothrips dorsalis, 
Thrips palmi, T. tabaci, T. Hawaiiensis, and Frankliniella schultzei from Maharashtra 
(tomatoes, chilies, and onions) and Thrips palmi and Frankliniella schultzei from 
Karnataka (tomatoes). Pictures of these thrips can be accessed at 
http://www.tifton.uga.edu/sd-web/anitha/. One of the significant findings in this study is 
the identification and confirmation of other potential vector thrips species, i.e., Thrips 
hawaiiensis, for the first time on vegetables. 
 
The partial list of thrips species collected from vegetable crops is given in the table 
below. We are continuing collection of thrips from different vegetables during this year. 
They will be preserved and shipped to the University of Georgia for identification. 
 

State Crops  Confirmed species  
Maharashtra Chili pepper, 

Tomato, Onion 
Frankliniella schultzei, 
Scirtothrips dorsalis, 
Thrips palmi, T. tabaci 
Thrips. hawaiiensis  

Karnataka Tomato Frankliniella schultzei & 
Thrips palmi 

Andhra Pradesh Chillies, Tomato   Scirtothrips dorsalis 
 
Among these thrips, Thrips palmi, T. tabaci, Scirtothrips dorsalis and Frankliniella 
schultzei have been documented as vectors of tospoviruses. The vectoring capacity of 
Thrips hawaiiensis is yet to be known. The survey has already provided a better idea of 
what thrips taxonomic groups are expected to be encountered on the foliage of vegetable 
crops in India. We are continuing this activity to better describe the current thrips vector 
situation in representative vegetable production regions in India with the ultimate goal of 
developing and testing an integrated management plan for thrips-borne tospoviruses in 
vegetables in India. 
 
Vectoring capacity of thrips species infesting tomato 
This activity was carried out in collaboration with Sudarsana Poojari (PhD student) Prem 
Rajagopalan, and K.S. Ravi, Mahyco Research Center, Jalna, Maharashtra, India. 

Due to the lack of expertise, we could not make progress on developing methods for 
rearing thrips under laboratory conditions. Instead, we focused our efforts in optimizing 
protocols for the detection of PBNV and WBNV in thrips by RT-PCR. This step is 
critical to study the vectoring capacity of tospoviruses by thrips vectors infesting 
vegetable crops. Thrips populations were collected using aspirator from PBNV-infected 
tomato, pepper, and peanut plants. Total RNA was isolated from cohorts of thrips (7, 10, 
20, 50, 100) collected from PBNV-infected tomato and pepper plants and WBNV-

http://www.tifton.uga.edu/sd-web/anitha/
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infected watermelon plants and used as template for cDNA synthesis. Total RNA 
extracted from thrips collected from sunflower served as a control. Using degenerate 
primers, complete nucleocapsid protein gene (~830bp) was amplified by PCR from thrips 
collected from PBNV-infected tomato and pepper and WBNV-infected watermelon but 
not from thrips collected from sunflower. Further studies are in progress to optimize 
detection of PBNV in single thrips. 

Diagnostic methods for the detection of tospoviruses in plants and thrips vectors 
This activity was carried out in collaboration with Ms. S. Sivamani (PhD student), Prem 
Rajagopalan, K.S. Ravi, Mahyco Research Center, Jalna, Maharashtra, India and Mrs. S. 
Krishnaveni, Tamil Nadu Agricultural University, Coimbatore, India. 
 
We have optimized various parameters (type of nitrocellulose membrane, buffers, 
blocking agents and antibody dilutions) for the detection of tospoviruses by tissue blot 
immunoassay (TBIA). Initially, tomato plants inoculated with PBNV and healthy 
controls were used for optimizing TBIA. Tissue prints of PBNV-infected or uninfected 
tomato plants were prepared on suitable nitrocellulose membrane (0.45μm). Fresh 
sections of stems, roots, petioles, and rolled-up leaves were cut with a razor blade and 
printed onto the membrane by gently and evenly pressing the fresh-cut surface. The 
membranes were dried and probed with different antibodies (polyclonal antibody raised 
against PBNV N protein and a monoclonal antibody to WoSMV N protein with broad 
specificity to different tospoviruses of WoSMV-serogroup). The virus in tissue prints was 
visualized by using the substrate 5-bromo-4 chloro-3-indoly phosphate (BCIP) /Nitroblue 
tetrazolium (NBT).  Purple color on the tissue prints, indicative of the presence of virus, 
was observed in infected samples but not in healthy samples as shown below.  
 

 
 
Fig. TIBA detection of PBNV and WBNV from field samples of chili peppers (Ch), 
tomato (To), and watermelon (Wm) plants.  Healthy and infected samples from stem (st), 
leaf (l), and fruits (fruits) were tested for virus by TIBA. 
 
The optimized protocol was tested for the detection of PBNV in field samples from 
Maharashtra, Tamil Nadu, and Karnataka.  A total of 110 samples from chili peppers and 
tomatoes were simultaneously tested by ELISA and TIBA. Of these, 92 samples that 
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tested positive by ELISA gave virus-specific signals in TBIA. The remaining 18 samples 
that tested negative in both ELISA did not give any signals in TIBA.  The results were 
comparable in sensitivity between ELISA and TBIA. A comparative analysis of TBIA 
and ELISA revealed good correlation between the two assays, indicating the validity of 
TBIA in the diagnosis of PBNV in field samples. 
 
We are currently optimizing TIBA for detection of WBNV in field infected vegetables. 
 
Cloning of N gene of IYSV in to a protein expression vector and expression of N 
protein in E. coli. 
Unlike many other plant viruses, purification of tospoviruses free from host plant 
contaminants is difficult. Consequently, polyclonal antibodies produced against purified 
preparations of tospoviruses show non-specific reactions with host plant proteins leading 
to false positives in virus diagnostic assays. We are using bacterial expression system as a 
suitable alternative to the use of virus purified by conventional methods for antiserum 
production for reliable detection of IYSV. For this purpose, we have sub-cloned the N 
gene of an Indian isolate of IYSV into a protein expression vector (pET30a+) and 
transformed into Escherichia coli (BL21DE3pLysS). The N protein expression was 
induced in E. coli culture at logarithmic growth stage by addition of 1mM isopropyl-β-d-
thiogalactopyranoside (IPTG). The N protein was purified from bacterial cell lysate by 
anion exchange metal affinity chromatography using nickle-nitrilotriacetic acid agarose 
columns.  The purity of the N protein was verified by Sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE) and confirmed by Western blotting 
ELISA using IYSV-specific antiserum from a commercial source. The purified N protein 
is currently used for the production of polyclonal antibodies. 

 
Fig. SDS-PAGE of cloned N protein of IYSV expressed in E. coli and purified from 
bacterial cell lysate by anion exchange metal affinity chromatography using nickle-
nitrilotriacetic acid agarose columns. Lane 1, protein molecular weight marker; Lanes 2 
and 3, cell lysates from E. coli without and with induction with IPTG. The bacterial 
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proteins (Lane 4) were separated from bound N protein, the column was washed with the 
appropriate buffer to remove contaminants (Lanes 5-7), and the approximately 35 kDa N 
protein (shown by arrow on the right) bound to the agarose column was eluted (Lanes 7-
10) to near homogeneity.  
 
Genetic resistance against Peanut bud necrosis virus in tomato 
Sudarsana Poojari (PhD student) and  K.S. Ravi, Mahyco Research Center, Jalna, 
Maharashtra, India and Peter Hanson, AVRDC-The World Vegetable Center. 
 
Fourteen accessions of L. pervianum have been identified for screening under greenhouse 
conditions against PBNV.  Seeds of the following accessions were obtained from the 
Germplasm unit of AVRDC: L 00640, L 00671, L 00673, L 00689, L 00737, L 00887, L 
06138, L 00678, L 00687, L 00688, L 00738, L 00882, L 00889, and L 00890. Seeds 
were multiplied at Mahyco Research Center, Jalna.  Plants of these accessions were 
inoculated by mechanical sap inoculations and preliminary screening results are given in 
the table below.  The success of virus transmission by mechanical inoculations was 
highly variable and varied with the genotype and season.  These tomato accessions will 
be screened again in year 3 with different virus isolates at different time points for 
consistency of results. 
 
Accession no. % Plants infected 

(infected/inoculated)
L 00640 22.2 (2/9) 
L 00671 20 (2/10) 
L 00673 20 (2/10) 
L 00689 0 (0/10) 
L 00737  0 (0/10) 
L 00887 10 (1/10) 
L 06138 0 (0/10) 
L 00678 10 (1/10) 
L 00687 10 (1/10) 
L 00688 10 (0/10) 
L 00738 0 (0/10) 
L 00882 0 (0/10) 
L 00889 10 (1/10) 
L 00890 0 (0/10) 
Susceptible 
tomato control 

100 (4/4) 

Cowpea 100 (2/2) 
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International exchanges of knowledge through long-term and short-term 
training programs  
Three students are working in this project towards PhD degree: 
Ms. S. Sivamani is continuing PhD in Biotechnology at the Department of Plant 
Molecular Biology and Biotechnology, Center for Plant Molecular Biology, Tamil Nadu 
Agricultural University (TNAU), Coimbatore. Her proposed thesis title is "Development 
of membrane-based diagnostic assays for high throughput detection of peanut bud 
necrosis virus in vegetables". Ms. Sivamani registered at TNAU in August 2005 and has 
completed the course work, seminars, qualifying and viva. She has been working at 
Mahyco Research Center since September 2006. 
Mr. Sudarsana Poojari’s PhD registration at the Department of Virology, Sri 
Venkateswara University, Tirupati, Andhra Pradesh, is being processed. His proposed 
thesis title is "Studies on watermelon bud necrosis virus infecting cucurbits in India”. 
Due to administrative reasons, his admission has been delayed at S.V. University. 
According to Dr. K.S. Ravi and Prof. P. Sreenivasulu (Mr. Poojari’s advisor at Sri 
Venkateswara University), it is anticipated that the admission/registration formalities is 
delayed due to a lack of university-wide approval for Ph.D. registration. Ms. Anitha 
Chitturi is continuing her PhD in Entomology at the University of Georgia, Tifton 
campus, USA.  
Dr. Gandhi Karthikeyan, a faculty member from Tamil Nadu Agricultural University is 
undergoing long-term training in plant virology at Washington State University. 
Dr. (Mrs.) Zarifa Kadirova, a Virologist at Institute of Genetics and Plant Experimental 
Biology, Academy of Sciences of Uzbekistan, Tashkent, Uzbekistan, participated in the 
"Central Asia Regional IPM Stakeholders Forum" meeting at Dushanbe, Tajikistan (May 
27-29, 2007) to build collaborative relationships with host country scientists in the 
region.  
Dr. (Mrs.). M. K. N. Ochwo-Ssemakula, a virologist in the Department of Crop Science, 
Faculty of Agriculture, Makerere University, Kampala, Uganda, received a one-
week practical training in the diagnosis of tospoviruses at Washington State University. 

Technology dissemination to various stakeholders on tospovirus diseases in 
vegetables 

Three leaflets are being developed on peanut bud necrosis virus, watermelon bud necrosis 
virus, and iris yellow spot virus. Each leaflet will provide a brief description of the 
disease and pictures of symptoms, virus, and thrips vectors for the benefit of farmers and 
extension personnel. 

Degree Training 

S. Sivamani (Ph. D.)  
Sudarsana Poojari (Ph. D.)  
Anitha Chitturi (Ph. D.)  
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Other Training 

IPM Stakeholders Forum for Central Asia (Workshop)  
IPM Stakeholders Forum for Central Asia (Research)  
Advanced training in plant virology (Research)  
Short-term training in plant virology (Research) 

Publications 
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Collaborative Assessment and Management of Insect-
transmitted Viruses 
Sue Tolin, Virginia Tech 
 
Collaborators:  
Judy Brown, University of Arizona 
Carl Deom, University of Georgia 
Bob Gilbertson, University of California at Davis 
AVRDC-The World Vegetable Center 
International Institute of Tropical Agriculture  
Regional Diagnostic Laboratories Global Theme  
Impact Assessment Global Theme  
Information Technology and Databases Global Theme  
Thrips-transmitted viruses Global Theme 
 
Host countries: Guatemala, Honduras, Dominican Republic, Jamaica, Mali, Burkina 
Faso, Cameroon 

Inventory of insect-transmitted and other viruses of vegetable crops in Central 
America and the Caribbean 

A database of viruses has been compiled at Virginia Tech by a graduate student from 
Jamaica. Structurally, it is an Excel spreadsheet that gives information on names, 
taxonomy, and properties of the virus, diagnostic methods, vector, host range, and 
symptoms, with links to other sites. Other data fields include genome type, size, and 
sequence(s) in Genbank by accession number; coat protein size(s); serological test 
availability for each virus; transmission characteristics including seed, mechanical, and 
vector; and geographic distribution. Information has been accumulated on viruses known 
to be present in Guatemala, Honduras, and Jamaica, as well as in Burkina Faso and 
Cameroon. These diagnoses will be cross-referenced to an information database for 
comparisons.  As viruses are detected for the first time, or new viruses characterized, 
additions to the database are being made.   

Collaborators in Honduras have digitized results of 1,048 samples tested for virus at 
FHIA and Zamorano as an Excel spreadsheet. Samples were from symptomatic plants of 
vegetable crops collected over the last 7 years. Additions to the spreadsheet this year 
included 131 samples from FHIA for the current year and 302 samples from Zamorano 
analyzed in previous years.  Attempts were made to access information on virus assays 
that had been performed on regional samples at locations outside of Central America, but 
this has not yet been successful.  
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Inventory of whitefly-transmitted and other vector-transmitted viruses in the 
vegetable-sweet potato-cassava cropping systems in sub-Saharan Africa host 
countries. 
The virus inventory database for sub-Saharan Africa has been expanded and updated with 
information from both our identification and characterization studies and external 
sources.  Viruses that have been identified include: whitefly-transmitted geminiviruses 
Tomato yellow leaf curl Mali virus, Tomato leaf curl Mali virus, Pepper yellow vein Mali 
virus, Pepper veinal mottle virus, African cassava mosaic virus; the aphid-transmitted 
potyviruses Papaya ring spot virus (PRSV), PVY, Cowpea aphid-borne mosaic virus, 
and potato virus X. Other viruses are mentioned in other parts of this report that follow. 
In Mali, Okra leaf curl Mali virus has been identified and perhaps occurs with a complex 
of other viruses such as Okra yellow crinkle virus described by AVRDC.  
 
Collaboration with Diagnostics Global Theme and Regional IPM Centers to make 
data on viruses available to the IPM CRSP users 
Linkage with IPDN hub labs has been established. Many collaborators in the virus project 
are interested in becoming collaborating labs for the Central America and Caribbean 
region, and have the diagnostic capacity to be incorporated into that system.  Discussions 
are progressing with the IT Global Theme to make this information available on an IPM-
CRSP designed website. 
 
Diagnosis of viruses in African vegetable systems 
 
Collaborators in Africa met as an organizational meeting October 2006, and met again in 
Cameroon in September 2007. In-country scientists (Koutou - Burkina Faso; Leke - 
Cameroon) are currently receiving advanced training in virus diagnosis in European and 
US laboratories, funded by other sponsors and thus leveraging funding from IPM CRSP. 
Discussions are on-going with the West African site on cooperative research to assess 
whitefly vector biology and diversity and geminivirus identification, and plans have been 
made to establish these collaborations in Year 3. Emphasis will be placed on in-region 
capacity building to process samples and detect geminiviruses and their whitefly vector 
species and biotypes. 
 
Burkina Faso, Cameroon, Tanzania 
Local viruses were collected and samples archived for development and optimization of 
methods. Positive and negative controls were obtained from expert laboratories.  FTA 
card technology was implemented for the collection, storage, and recovery of 
begomovirus DNA.  Protocols were optimized for core coat protein (Cp) PCR, and initial 
dot-blot hybridization tests were conducted to identify various virus/species groups, with 
emphasis on begomoviruses. Both PCR and rolling cycle amplification (RCA) were used 
to identify different viruses as well as satellite molecules associated with begomoviruses. 
Serological tests for detection of other viruses in the vegetable (tomato, pepper) - cassava 
cropping systems were done with kits purchased from various vendors and available in 
Africa.   
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In Burkina Faso, molecular identification of virus using begomovirus degenerate primers 
indicated two viral species, whereas serological detection using monoclonal antibodies 
from Scottish Research Institute showed three begomovirus groups. In Cameroon, FTA 
cards were used for sample collection, in which plant sap was applied to the card and 
eluted from it in the lab.  Alternatively, fresh plant samples were collected and DNA 
isolated in the laboratory. PCR diagnostics were conducted using degenerate primers to 
target the begomovirus Cp gene (Wyatt and Brown, 1996); laboratory methods were 
optimized and implemented toward this goal. In Tanzania, tomato was sampled to 
identify plant viruses and vector populations; at least two species/strains were identified 
using core Cp PCR and DNA sequencing.  Work focused on detection of cassava-
infecting viruses associated with the pandemic here using PCR-RAPDs to differentiate 
begomoviruses. Whitefly populations were haplotyped using the mtCOI and KDR 
markers, which associated the epidemic spread by vectors with a possible hybrid 
whitefly. In several instances whitefly haplotypes in cassava collections were most like 
those found in tomato fields, whereas the majority were identified as the putative 
cassava-type. 
 
Accelerated efforts are expected in Year 3, as work will be initiated in Cameroon and 
Tanzania-Uganda in molecular analysis of whitefly Bemisia tabaci with haplotyping for 
collections from various crops and weed. Initial analyses will be in AZ, but primers 
(mtCOI) will be made available for optimization in all three African labs and amplicons 
will be sent for DNA sequencing as a pilot test. Linkage has been made with the West 
Africa Regional Site Project to begin similar work on whitefly collections in Senegal and 
Mali, with J. Brown (AZ) as the U.S. program collaborator. 
 
Mali 
The UC-Davis group initiated characterization of viruses in okra because okra leaf curl is 
an important disease in West Africa, and the relationship among viruses in okra and 
tomato is not known. This knowledge is necessary to design IPM programs to minimize 
losses due to viruses. Two new begomoviruses were identified from samples of okra with 
leaf curl symptoms that were collected from around the Bamako area. Complete DNA 
sequences determined from full-length clones reveal they are very different from the 
tomato-infecting begomoviruses from West Africa. One of them is identical (~98% 
sequence identity) to Okra yellow crinkle virus (OYCrV), a putative new begomovirus 
species associated with diseased okra in Mali and recently described by AVRDC 
scientists (including V. Levasseur).  The other is a putative new begomovirus species that 
is most similar to a cotton-infecting begomovirus from Sudan, Cotton leaf curl Gezira 
virus (CLCuGV). However, while some parts of the viral genome of the Mali okra virus 
are very similar to CLCuGV (i.e., > 90% identity), the intergenic region and C4 gene are 
only ~80% identical. Thus, this new okra-associated virus appears to be a recombinant 
virus. It has been tentatively named Okra leaf curl Mali virus (OLCuMLV). 
Good progress has been made in understanding the etiology of the okra leaf curl disease 
in Mali by the UC-Davis group. Multimeric clones of the two monopartite okra viruses 
were constructed and inserted into a binary vector. These vectors transformed into 
Agrobacterium tumefaciens were infectious on Nicotiana benthamiana following 
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agroinoculation, inducing leaf curl and crumpling symptoms. However, no symptoms 
developed on okra following similar inoculation, perhaps because okra is incompatible 
with Agrobacterium. When clones were bombarded into okra, no symptoms developed 
but viral DNA was detected in a small proportion of the plants, suggesting a symptomless 
infection. When a DNA-β satellite DNA from tomatoes with tomato yellow leaf curl 
symptoms was included, okra plants developed symptoms of leaf curl and crumple that 
were virtually identical to those observed in the field in Mali. Thus, okra leaf curl disease 
in Mali appears to be caused by a complex of two different monopartite begomoviruses 
and a DNA-β satellite. An important question to be answered is whether these viruses and 
the DNA-β infect cotton, which is a key commodity in Mali.  We are now conducting co-
bombardment experiments with OLCV and OLCuMLV and the DNA-β in cotton to 
determine if this virus complex has the potential to infect cotton. 
 
Improving diagnostic capabilities in Central America and the Caribbean 
 
In Guatemala, the Universidad del Valle group is able to conduct PCR-based detection of 
geminiviruses in host plants and vectors, which has facilitated studies in Activity 3.1 to 
design a management strategy for viruses in the Salamá Valley.  Honduran labs were able 
to purchase ELISA kits and immunostrips through a FINTRAC’s subcontract of 
Millennium Challenge Funding to conduct extensive surveys and testing for viruses,. A 
new diagnostic laboratory has been constructed and equipped in CEDAF in Dominican 
Republic, and TEV and CMV have been identified by ELISA. A tissue blot immunoassay 
for a geminivirus permitted temporal sampling of tomato in Jamaica. Extensive sequence 
data has been obtained of TEV from hot peppers in Jamaica by a graduate student at 
UWI. Training is planned in Jamaica for a Dominican Republic scientist to improve her 
diagnostic skills. Anecdotal comments from many state that major constraints to 
diagnosis is the timely acquisition of materials because of import restrictions, but this has 
not yet been documented. 
 
Honduras 
The funds allocated by the project, complemented with local funds, allowed the purchase 
of materials in quantities sufficient to keep the Plant Pathology laboratory at FHIA 
supplied to perform the analytical work for plant virus detection and identification, using 
both the ELISA and PCR procedures.  The materials obtained from US-based suppliers 
(Agdia, Sigma, etc.) included kits/reagents for detection of Cucumovirus, Tobamovirus, 
Begomovirus, Potyvirus, and Tospovirus. This has permitted personnel and trainees to 
maintain and develop analytical skills in diagnostic procedures, and to assay samples 
collected in field trips between March and June 2007.  Protocols in more specific assays, 
such as RT-PCR and the use of FTA cards were provided by the University of Arizona. 
The diagnostic laboratory at FHIA is interested in incorporating these and others in its 
routine analysis for some groups of viruses. The main constraint in routine tests is 
receiving testing materials in a timely manner, because of delays imposed by importation 
rules. For example, one order through an importer took over 6 months to arrive, whereas 
direct orders arrived within 3-4 months. 
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The FHIA lab collected 131 samples of vegetables in six areas grown for both local 
market and export. By ELISA, 45 (31%) samples were positive in the aphid-transmitted 
potyvirus group test and were most frequent in watermelon and bitter melon, with none in 
tomato. Twenty-nine (22%) of the samples were positive for TMV, 3 (2%) were positive 
for CMV, and none were positive for TSWV. Cucumbers with symptoms reminiscent of 
those described for crinivirus infection were collected in the Comayagua Valley and 
submitted to the University of Arizona for analysis, with negative results for this virus 
genus. Of the 131 samples, 88 were assayed for Begomoviruses by core Cp PCR (primers 
514 and 1048); only 10% were positive. One of three begomoviral species was identified 
in 7 of 12 weed samples, Sida golden mosaic Honduras virus (93% nt identity); samples 
27, 28, with the other two viruses being new species. The closest relatives of sample 23 
were begomoviruses from Trinidad (Malachra alceifolia virus @89%) and Cuba 
(Tobacco leaf curl virus @ 85%). Samples 10, 24, 25, and 30 were infected with a close 
relative to Okra yellow mosaic virus at 89%, Chino del tomate virus at 88%, and 
Corchorus yellow spot virus @ 88%, all from Mexico. Begomovirus was not detected in 
four symptomatic cucumber samples. 
 
There was a question whether the Purple Top symptom in tomato and potato was 
associated with a phytoplasma. Samples were collected twice by FHIA in the potato 
growing areas of southern and Central Honduras. A total of 22 leaf tissue samples were 
collected, 17 of which were from symptomatic potato plants, one from tomato and four 
from symptomatic weeds (3 Sida spp. and 1 Datura sp). Repeated attempts by the 
University of Arizona failed to PCR amplify phytoplasma DNA with universal primers 
(two pairs), although 16S primers did yield a product (owing to the breadth of the primers 
to amplify bacterial 16S rDNA) of the expected size. Sequences had as their closest 
matches 'uncultured' bacteria, indicating that phytoplasma was not present in the samples 
and that primers were binding to other potential target molecules.  
 
In Honduras, grafting of Oriental eggplants onto the native Solanum torvum 
(“Friegaplatos”) has become common in producers of eggplant for the export industry.  A 
problem apparently associated with this practice is the appearance of virus-like decline 
symptoms near the end of the long-cycle grafted plants, symptoms that had not been 
observed in the shorter cycled non-grafted plants. Two leaf tissue samples of 
symptomatic grafted eggplant and six of weeds (Sida sp) from the area were collected 
and sent to the University of Arizona for analytical purposes. No evidence was found that 
indicated a geminivirus. No virus-like particles were observed in one attempt at 
transmission electron microscopy. 
 
The laboratory at Zamorano (M. M. Roca), with funding from FINTRAC, tested 299 
samples from 12 different locations and collected plants with classic viral symptoms from 
five different farms in each locality. Conventional ELISA kits from CSL-UK were used 
to test for Tobacco ringspot virus and the potyvirus group.  Agdia immunostrips were 
used for TMV, CMV, TSWV, and INSV, and PCR was used for Geminivirus (GV).  Of 
59 pepper samples, 10% were positive for TMV and 90%, all of which were 
symptomatic, were negative and are of unknown etiology.  In tomato, 20% were positive 
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for TMV and were negative to CMV and GV (84 tested), leaving 10% of unknown 
etiology. The viruses in pepper and tomato were also negative in Agdia’s screens for 15 
viruses in each crop.  The overall incidence of GV was only 0.01%, with 4 of 299 
positive, plus one weed (Euphorbiaceae) and in one bean plant (probably BGMV). 
Incidence of potyvirus was 16% overall, with one positive tomato and the rest in 
cucurbits, including cucumber, squash, and watermelon. The hypothesized reason for the 
large number of negative-testing samples is that the tropical viruses are not sufficiently 
related to antisera used in commercially available tests to react. This could be due to large 
strain differences, or to the presence of new viruses not included in banks of antiserum 
prepared largely from viruses isolated in temperate regions.  
 
Jamaica 
The biochemistry laboratory in the University of the West Indies is well-equipped for 
molecular detection of viruses, and has also acquired an ABI nucleotide sequencer and 
has the capability to determine sequences of PCR amplified and/or cloned viral nucleic 
acid sequences. Researchers not involved in the IPM CRSP are examining the diversity 
of geminiviruses in Jamaica and other regions in the Caribbean. The coat protein (CP) of 
an aphid-transmitted potyvirus, Tobacco etch virus (TEV), was genetically characterized 
in a number of isolates from infected Scotch Bonnet pepper. Some sequences were 
obtained from the helper component proteinase (HC-Pro), and the P1 proteinase regions. 
Subsequently new PCR primers were designed using DNA STAR Primer Select Module 
and synthesized (Sigma Genosys) to complete the characterization other regions of the 
TEV genome. These include primers for P3, 6K1 CI, 6K2, VPg-Nia, and NIb.  One paper 
for publication is now in preparation. A new student joined the project in September and 
will undertake additional work to examine more TEV isolates from hot peppers 
throughout Jamaica. Sequence analysis will allow the confirmation that TEV in the 
Jamaica is a highly aphid transmissible strain, which is of significance and could explain 
the very high incidence levels and rapid spread of TEV in hot pepper throughout the 
island. Plans have been made to analyze isolates from Dominican Republic peppers as 
well. These data can be used in molecular ecology studies of strain distribution, 
transmissibility, and severity in peppers.  
Protocols for TBIA were enhanced at VT through leveraged funding from USDA to 
develop high throughputs for monitoring legume viruses in the US. Training will be 
given by S. Tolin to collaborators on this project as well as through linkage with the 
Global Theme on Diagnostics.  
 
Dominican Republic 
Construction of the IDIAF virology laboratory is now complete. Diagnosis of CMV and 
TEV was conducted in the laboratory using ELISA kits purchased from Agdia. Some 
equipment for PCR is available, including a thermocycler. However, a UV light box, 
electrophoretic boxes, a microcentrifuge and a -20C freezer are needed. A power supply 
and horizontal agarose electrophoresis gel box have been obtained and have been shipped 
to the laboratory. A second smaller horizontal agarose electrophoresis gel box is being 
purchased. The power supply and agarose electrophoresis boxes will give the virology 
laboratory the capability to address virus diagnostic issues using PCR. Over 500 samples 
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from tomato and pepper were tested by ELISA for the aphid-transmitted CMV and TEV, 
as described in Activity 2.3. 
 
Under Activity 3.3 below and conducted by UC-Davis with in-country funding, leaf 
samples from weeds surrounding TYLCV-infected tomato fields in Dominican Republic 
were assayed for virus and used to compare detection methods. Leaves were either 1) 
squashed (blotted) onto nylon membranes, or 2) dried between pages of a book, then 
were taken to UC-Davis and subjected to 1) hybridization with a begomovirus probe, 2) 
SB-PCR (PCR off of the membranes), and 3) Dellaporta DNA extraction (for dry tissue) 
and PCR, using degenerate primers and TYLCV specific primers. In squash blot 
hybridization analysis, there was no detectable signal from these samples of weeds. 
However, most of the weeds were positive for begomovirus and TYLCV in both the SB-
PCR test and PCR of DNA from dry tissue. Importantly, these results confirm that the 
SB-PCR method can be used as a more rapid method for survey and detection of 
begomovirus hosts.  
 
Guatemala  
The laboratory at Universidad del Valle has developed the expertise, facilities, and 
capacity to perform diagnosis and identification of Begomoviruses by PCR and of 
whitefly biotypes using COI. Several students have been trained to conduct these assays, 
and have tested weeds and wild hosts to determine the host range of the vector and of the 
begomoviruses.  DNA extraction and PCR with degenerate primers for begomoviruses 
has proven to be efficient to determine the viral load carried by the whitefly vector (a 
modification of the technique described by Wyatt and Brown (1996).  The test is well 
optimized to detect the viral load even in a single whitefly.  PCR with specific primers 
were begun with four viruses that had been reported previously. Hybridization and SB-
PCR performed on leaf samples squashed onto membranes, using degenerate and 
TYLCV primers in collaboration with UC-Davis. Seasonal distribution in the Salamá 
Valley indicates that Pepper golden mosaic virus is found all year long in high 
percentages of the samples. Tomato Havana virus is at a high incidence nearly all year 
except during July and August.  Incidence of Pepper Huasteco yellow vein virus 
increased just before the rainy season and dropped off immediately after the last rains, as 
did Tomato severe leaf curl virus. Results suggest that the four viral species are present in 
the fields nearly year round. Results were somewhat different in June, but it could be that 
the samples were not taken adequately or other factors influenced the results.  Additional 
sampling for another year or two is needed to have a real picture. Tomato yellow leaf curl 
virus has also been detected in El Progreso and Salamá Valley, as well as viral DNA 
sequences that are negative to all the above primers. Symptoms on tomato foliage and 
fruit and on alternative weed hosts are being recorded 
 
Very good progress has been made on the characterization of the virus associated with 
the chocolate spot disease of tomato in Guatemala. A virus was sap-transmitted to 
Nicotiana benthamiana and back-grafted to tomato, inducing the typical symptoms of 
chocolate spot and demonstrating the causal agent is not a geminivirus. The virus also 
produces symptoms on Datura stramonium and pepper (Capsicum annum). A 
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purification protocol was developed and, using inoculation of N. benthamiana indicator 
plants as a bioassay. Observation of infectious fractions by electron microscopy revealed 
spherical particles with ~25-28 nm diameter.  Using a combination of dsRNA (initially) 
and then RNA extracted from purified virions, together with RT-PCR with random 
hexamers, fragments of the putative viral genome were obtained. Sequences of these 
clones had about 80% and 70% identity with the newly identified viruses causing torrado 
disease in Mexico and tomato apex necrosis disease in Mexico, respectively. These 
results suggest the cause of chocolate spot in Guatemala is another species of this newly 
identified group of picorna-like viruses that cause necrosis-associated diseases in other 
countries. We have sequenced 75% of the putative genome in the 2 RNAs of the genome 
of the chocolate spot virus, and found it to be similar but not identical to these other two 
viruses. Based on guilt by association, we suspect that the vector of the virus may be the 
greenhouse whitefly, but that has to be established experimentally.  

Aphid-transmitted viruses infecting peppers and cucurbits 

In Honduras, the FHIA lab collected 131 samples of vegetables in six areas grown for 
both local market and export. By ELISA, 45 (31%) samples were positive in the aphid-
transmitted potyvirus group test.  Potyviruses were most frequent in watermelon (12 of 
12) and bitter melon (9 of 12), but none were in tomato.  CMV was detected in 3 of the 
samples.  In symptomatic plants collected and tested by the Zamorano lab, CMV was not 
detected.  Incidence of potyvirus was 16% overall, with one positive tomato and the 
remainder in cucurbits, including cucumber, squash, and watermelon. Specific tests to 
identify the species of potyviruses detected have not been conducted. 
 
T. Martínez from Dominican Republic visited the UWI laboratory in Jamaica and plans 
to spend additional time there next year to examine TEV isolates from that country. She 
conducted surveys in eight localities of the Ocoa Valley, where main crops are sweet 
pepper, salad tomato, and potato.  Of 552 samples tested by ELISA, 43 and 138 were 
positive, respectively, for the aphid-transmitted viruses CMV and TEV. In La Cienega 
and Sabana Larga, different symptoms were exhibited in 95% of the plants, mainly 
chlorosis, leaf size reduction, flower abortion, and poor fruit production. Samples from 
these plants, however, were negative for CMV and TEV. 
 
Little work has been done on diversity and classification of CMV isolates in tropical 
countries. A graduate student from Jamaica working at Virginia Tech has developed a 
nitrocellulose-based method for ELISA testing and can follow this with amplification and 
sequencing of CMV coat proteins similar to the SB-PCR described above for 
geminiviruses. This method will be quite useful in genetically characterizing CMV 
isolates from collaborators and assessing their diversity.  It also has worked for certain 
potyviruses.   
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IPM strategy for viruses in the Salamá Valley of Guatemala 

Based on successful approaches in other locations, the goals are to obtain data to 
establish a host-free period as an IPM strategy to manage viruses in this location. This 
work was done by M. Palmeiri and her associates and students of the Universidad del 
Valle and by UC-Davis, using leveraged funding from farmer’s groups and the 
Government of Guatemala.  This team has given a number of informal presentations on 
IPM for whitefly-transmitted begomoviruses to growers and government personnel to try 
to establish the importance of the host free periods. Acceptance by these groups will be a 
necessity to implement this strategy. 
 
R. Gilbertson (UC-Davis) presented an invited talk at the IV Congreso Nacional de 
Horticultura (Guatemala City, Guatemala). This meeting was sponsored by Fasagua, an 
organization of tomato growers in Guatemala, and was attended by approximately 400 
people associated with the production of tomatoes and other vegetable crops in 
Guatemala. The talk provided an overview of the viruses affecting tomato production in 
Guatemala, an update on the etiology of chocolate spot diseases, and the presentation of 
an extensive IPM program aimed at managing insect-transmitted viruses in Guatemala. 
Presented below are the data that have been obtained that are the basis for the host free 
period.  
 
Identification of Viruses 
As has been found in previous surveys, the wide range of symptoms seen in tomato can 
be attributed in great part to begomovirus infection, although Tomato mosaic virus 
(ToMV) can be present. Assays were first conducted to identify the viruses in tomato and 
pepper in the location.  DNA extraction and PCR using primers described in Activity 2.2, 
as well as squash-blot hybridization and PCR using degenerate and TYLCV specific 
primers identified four geminiviruses (=begomovirus), alone or in combination, 
associated with 1) yellow vein, purpling, crumple; 2) crinkle/crumple symptoms; 3) 
upcurling, purple vein; 4)’broccoli-type’ severe stunting;, 5) distortion, purpling, crumple 
in tomato and pepper; or 6) typical TYLCV symptoms. Hybridization indicated that 
begomovirus infection was present in samples showing all 6 of these symptom types. 
Most of the samples of type 6 were positive for infection by TYLCV. Regardless of the 
symptom type (except TYLCV-like), some combination of the same viruses were 
identified: Tomato severe leaf curl, Havana tomato mosaic virus, Tomato dwarf leaf curl 
virus, Tomato chino La Paz virus, and Tomato golden mottle virus.  Thus surveys have 
shown in Salamá, as in other regions in Guatemala, mixed begomovirus infection are 
common. The apparent recent introduction of TYLCV adds another virus to the mixture. 
The main viruses involved appear to be Tomato severe leaf curl virus, Havana tomato 
mosaic virus, and TYLCV. The pressure from these viruses remains very high during 
certain times of the year, so the IPM program is desperately needed. Plants in a 
greenhouse in Salamá were severely stunted and showed distorted twisted growth and 
yellowing, purpling, and mottling and were positive by squash blot hybridization and 
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PCR analysis for begomovirus infection, indicating infection may occur before seedlings 
are planted. 
 
Whiteflies Phenology and Presence of Virus 
A field coordinator visited the Salamá Valley monthly and collected whiteflies and 
nymphs as well as plants to determine the whitefly populations and species diversity 
during the period from March 2006 through September 2007. Results in Figure 1 show 
that Bemisia tabaci represents a significant portion of the whitefly population throughout 
the year, with some fluctuations, and that Trialeuroides vaporarioum is also present in 
significant numbers.  The interaction between the two is that when one is high, the other 
is reduced. Some species are as yet unidentified. A total of 6,785 adult and nymph 
whiteflies were tested; 66% were B. tabaci (66% female), 32% were T. vaporarioum 
(63% female), and 9% were other species. The adult identification was based on 
compound eyes; determination of sex was based on the last segment of the abdomen. 
 

 
Fig.1 - Distribution of different whitefly species in Salamá Valley in monthly samples, 
Feb 2006 - January 2007.  �   = Bemisia  tabaci;.  � =  Trialeuroides vaporarioum 
 
Geminiviruses were detected in both whitefly species throughout the entire year (Fig. 2). 
In sampling through September 2007, a total of 299 PCR tests have been performed on B. 
tabaci females, with 73% testing positive.  Monthly data showed there was a period of 
low percentage of positive vectors in the period of June (25%), July (27%), and October 
(12%) 2006 and only in September (13%) 2007.  After October, the percentage of 
virulent vectors increased gradually, reaching 94% in February 2007.  The months in 
which there were 100% virulent vectors were April and September 2006 and June and 
July 2007; the former correspond to the months before and after the rainy season in 2006, 
and the latter correspond to a dry period in 2007.  This monitoring started in March 2006, 
so we have 1.5 years of data. 
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Fig. 2 - Percentage of two species of whiteflies testing positive for geminivirus by PCR in 
Salamá Valley in monthly samples, Feb 2006 - January 2007.  
 
Similar whitefly incidence, species identification, and geminivirus positive vectors were 
collected in the Santa Rosa Valley. B. tabaci was again present throughout the entire 
time, with fluctuating populations, but at 47% (64% female) of the total whitefly 
population collected. T. vaporarioum accounted for 52% (67% female), with only 1% 
other species. Of the B. tabaci, 67% tested positive for geminivirus, with the lowest being 
in June 2006. This decrease was not reproduced in 2007, possibly because of lack of rain 
until August, when the rainy season began. An evaluation is needed as to whether virus 
presence in the vector is related to weather conditions or crop planting cycle.  In both 
valleys, this information is needed before deciding the best period in which to introduce a 
host-free period.  
 
Currently recommended IPM strategy.  An IPM program utilizing the following steps 
has been proposed: 1) a mandatory host (pepper/tomato)-free period; 2) evaluation of 
new cultivars (e.g., with TMV and begomovirus resistance); 3) selective use of 
insecticides (e.g., neonicotinoids and/or insect growth regulators); 4) biological control of 
whiteflies; 5) use of row covers to keep whiteflies and other insect pests off plants at a 
young age; and 6) extensive sanitation. After extensive discussions with growers and 
others involved with tomato production in Salamá, it was agreed that the best time for the 
host-free period might be sometime from May-July.  

IPM strategy for the Ocoa Valley in Dominican Republic 

Identification of viruses 
The CEDAF laboratory (T. Martinez) tested for CMV and TEV by ELISA in three 
localities in Ocoa - La Cienega, Nizao, and Las Auyamas. Symptomatic plants were 10%, 
25%, and 90-100%, respectively. At Las Auyamas, peppers showed chlorosis, leaf 
reduction, flower abortion, and very poor fruit production, suggestive of geminiviruses. 
Plants were negative for TEV and CMV but were not tested for other viruses. In samples 



190 

 

taken in early 2007, incidence of TEV was 64% in 72 plants, and 39% in 50 plants. 
Continued sampling through a particularly rainy season and testing of 552 plants reduced 
the TEV incidence to 25% and CMV to 8%.   
 
Monitoring of Tomato yellow leaf curl virus (TYLCV) in whiteflies to assess the 
continued effectiveness of the 3 month host-free period.  The implementation of a 3-
month whitefly host-free period in the Dominican Republic (DO) has been a key 
component of a successful IPM program for the management of this damaging virus. As 
part of the IPM CRSP activities, Gilbertson (UC-Davis) used a PCR detection method for 
TYLCV in whiteflies to assess the efficacy of the host-free period in the two major 
tomato-growing areas of the DO, the North (around Santiago) and the South (Azua 
Valley), as well as in Ocoa, an area where there is no host free period. At monthly 
intervals, whiteflies were collected from either tomatoes or other crops and weeds (during 
the host-free period), sent to UC Davis in alcohol, and these whiteflies tested for TYLCV 
by PCR with TYLCV-specific primers. This program was initiated as part of the IPM-
CRSP Global Theme to follow how sustainable a ‘successful’ host-free period program 
would be (i.e., would there be a change in the effectiveness of the program over time).  
In October 2006, following the host-free period, no TYLCV was detected in the 
whiteflies collected in the North (6 locations), whereas the virus was detected from 1 of 
10 whitefly samples from the South and 1 of 2 samples from Ocoa. By the end of 
November, well into tomato production, TYLCV was still not detected from whiteflies 
collected in the North, whereas there were 2 positive samples from the South and 1 from 
Ocoa. By the end of December, whiteflies from the North remained negative for TYLCV.  
 
In contrast, a very different situation developed in the South with 7/10 (70%) of 
whiteflies positive for TYLCV. By the end of January, 4 of 6 whitefly samples from the 
North and all 10 samples from the South and the 2 from Ocoa were strongly positive for 
TYLCV. By the end of February, no whiteflies from the North were positive for TYLCV, 
whereas 9/10 samples from the South and both samples from Ocoa were positive. By the 
end of March and April, TYLCV was detected from 66% and 17% of the whitefly 
samples collected in the North and from 100% and 70% of those from the South; and 
from both samples from Ocoa, respectively. At the end of May when the growing season 
was ending, TYLCV was recovered from 100% of whitefly samples from the North (but 
at very low levels), 20% of these from the South, and none from the samples from Ocoa. 
Similar results were obtained for June, when the host-free period was implemented. By 
the end of July, TYLCV was not detected from whitefly samples from the North, the 
South, or Ocoa. Similar results were obtained for whiteflies collected at the end of 
August.  By the end of September, no TYLCV was detected in whiteflies from the North, 
but there was a striking increase (40%) in the number of positive samples from the South, 
which could indicate an earlier appearance of TYLCV. 
 
In summary, the host-free period for TYLCV in the DO worked very well in 2007, as no 
TYLCV was detected in whiteflies by the end of this period. Thus, this approach is 
continuing to be successful in reducing the incidence of the virus before the planting of 
tomatoes. It will be interesting to see if the early detection of whiteflies with TYLCV for 
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the South will translate into an earlier appearance of the virus in the field. It has yet to be 
implemented in Ocoa. 
A meeting with growers and agriculturists in the Ocoa Valley was organized by T. 
Martínez of IDIAF, presenting talks on: 1) main viral diseases affecting pepper and 
tomatoes in the Dominican Republic; and 2) management of insect-transmitted virus on 
vegetable crops (C. Serra). The meeting, held in August 2007, attracted 48 very interested 
participants, who are considering the benefits of the host-free period. 

Ecology and management of insect transmitted viruses in tomato and pepper in the 
Caribbean 

Determining the source of TYLCV in Dominican Republic 
There is consistent evidence that TYLCV is harbored in symptomless weeds in the DO, 
and that these reservoirs are likely an initial inoculum source for the virus at the start of 
each planting season. To investigate the epidemiology of TYLCV there, Gilbertson asked 
if he could detect TYLCV in weeds using the squash blot-PCR method, as described 
under Activity 2.2. During a trip to the DO in January 2007, samples of Cleome viscosa 
(7) and Croton lobatus (9) and Polygonum spp. (2) were collected from in and around a 
tomato field with a high level of TYLCV and whiteflies. In squash blot hybridization, 
there was no detectable signal from these weed samples, consistent with there being a 
low viral titer in these reservoir hosts. However, most of the weeds were positive for 
begomovirus and TYLCV in both the SB-PCR test and in PCR of DNA extracted from 
dry tissue. This confirms that these weeds are symptomless carriers of TYLCV and that 
the viral titer is beneath the level of sensitivity for squash blot hybridization analysis.  
We have not yet inoculated any of the weeds in which symptomless TYLCV infections 
have been determined by PCR. Thus, we obtained seeds of Cleome spp. (probably 
Cleome lutea, the yellow spiderflower) and generated plants at UC-Davis. 
Agroinoculated Cleome seedlings developed no disease symptoms and had no PCR-
detectable TYLCV DNA; Cleome seedlings inoculated via particle bombardment also 
had no obvious symptoms but TYLCV DNA was detected in newly emerged leaves of 
plants. Furthermore, TYLCV DNA was detected at a relatively low signal in selected 
plants using Southern blot hybridization. Thus, these results establish that Cleome spp. 
can be a symptomless host for TYLCV. The next step is to attempt whitefly transmission 
from TYLCV-infected Cleome to address whether the virus can be acquired from this 
host by vectors and transmitted to tomato. 
 
Determining the spatial and temporal dynamics of TYLCV in tomato fields in 
Jamaica. 
An experiment was established at the Ministry of Agriculture Research Station at Bodles, 
St. Catherine, Jamaica in late July 2007.  The study site was approximately 0.09 ha and 
comprised two plots, each with 11 rows of 62 tomato plants (i.e. 682 plants per plot).  
Virus-free tomato seedlings (var. ‘UC 82’) were grown within a screen house to exclude 
whiteflies.  Before transplanting, tissue blots were taken from a random sample of 100 
seedlings to confirm the absence of TYLCV by serological means.  After the seedlings 
were transplanted, each tomato plant was observed weekly for symptoms of TYLCV 
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infection.  The symptoms of TYLCV appeared as yellow leaf margins, leaf cupping, and 
reduced leaf size.  Symptomatic tomato plants were tagged with a different colored flag 
each week.  Tissue blots were taken from 10 randomly selected symptomatic tomato 
plants for each week’s infection.  Leaf tissue was also taken from these symptomatic 
plants also to confirm the presence of TYLCV using ELISA.  Whitefly flight pattern was 
monitored during the study using a pair of yellow sticky traps.  Traps were removed and 
replaced each week and the number of whiteflies on each counted. 
 
Field spread of TYLCV followed the logistic model (Figure 3).  Symptoms of TYLCV 
were observed in the third week after transplanting in each plot.  Ensuing infections were 
observed close to the initial loci of infection but also some distance away.  This would 
suggest that these later infections originated from both primary as well as secondary 
sources.  Such a phenomenon could be explained by the small plot size that is 
representative of many tomato farms in Jamaica.  Weekly incidence of TYLCV was 
positively correlated with the weekly flight activity of whiteflies within the plots (North 
Plot  r = 0.82; South Plot r = 0.80; N = 9) (Figure 4).   

 

 Figure 3.  Cumulative Incidence of TYLCV in two tomato fields in Jamaica during 25 
July through 26 September 2007.  Disease symptoms were used to indicate the proportion 
of plants infected. 
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Figure 4.  Relationship between mean number of whiteflies caught in yellow sticky traps 
per week and weekly incidence of TYLCV in two tomato fields in Jamaica July 25-
September 26, 2007.  Disease symptoms were used to indicate the proportion of plants 
infected. 
 
Monitoring whitefly populations in three areas in Jamaica 
Whitefly populations were monitored in two southern parishes of Jamaica, St. Elizabeth 
and St. Catherine, where tomatoes are grown.  Two traps were first placed in each field in 
early February 2006 and replaced every 2 weeks thereafter. During October 2006 through 
August 2007 population dynamics of whitefly varied between parishes.  In the Top Hill 
district of St. Elizabeth, the number of whiteflies caught per yellow sticky trap was 
generally much higher than that caught in Southfield (Figure 3.3.3).  In both districts 
whitefly activity was low during November 2006 to mid-January 2007 and again during 
June and mid-July 2007 when the mean number caught per trap fell below 10.  Whitefly 
activity in Top Hill was greatest from the beginning of April (309 + 167 whiteflies per 
trap) to the end of May 2007 (580 + 40 whiteflies per trap). The number of whiteflies 
caught peaked to 3467 at the beginning of May 2007 in Top Hill.  From 17 March to 22 
September the count per trap removed from Top Hill remained under 125 whiteflies.  In 
Southfield district greatest flight activity was during October 2007 when mean number of 
whiteflies peaked at 87 + 10 per trap.  The period during mid-January through mid-May 
saw numbers averaging above 20 whiteflies per trap except on 22 February when the 
numbers fell to zero. 
 
The number of whiteflies caught per yellow sticky trap in Bushy Park, St. Catherine, was 
closer to that caught in Thetford.  There were gaps in the data collected from these two 
sites as farmers did not grow tomatoes continuously and traps had to be transferred to 
neighboring fields at the end of a crop phase.   
 
There were several problems establishing the study to determine the spatial and temporal 
dynamics of TYLCV at the research station resulting in it being restarted twice.  This 
resulted in the delay of the two key studies on the station. The delay in activities was 
compounded by several persons assisting with the project going on extended leave 
causing a shortage of technical personnel. Persons were obtained in August to assist with 
the project but had to be trained and closely supervised by the one available technically 
competent individual. In St. Catherine there were gaps in the whitefly monitoring data 
due transfer of traps between fields.  Greater efforts will be made to prevent disruption of 
data collection between crop phases. 
 
IPM packages for aphid-transmitted viruses in pepper in Jamaica.  
Earlier data had suggested TEV infection of peppers was delayed by certain treatments 
and that this can be an effective IPM system for this aphid-transmitted virus of peppers. 
S. McDonald is in the process of re-evaluating the relative efficacy of straw mulch, 
Neem, Garlic Barrier (a natural repellent), and a corn barrier in delaying and/or reducing 
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the incidence of an aphid-transmitted potyvirus, tobacco etch virus (TEV) in a pepper 
field in Jamaica. The experimental design is comprised of split plots, one with a corn 
barrier and the other without a corn barrier.  Within each split plot of 36 plants are 
random allocations of subplots with single treatments of straw mulch, Neem, straw mulch 
and Neem combined, Garlic Barrier, Garlic Barrier and straw mulch combined, and a 
control. Random tissue blots (TIBA) were made from leaves of 80 seedlings before they 
were transplanted to the field to serologically confirm the absence of TEV in plants. 
Seedlings were tested negative for TEV prior to transplanting. Data will include the 
number and date plants became infected and an assessment of impact of the virus in 
comparison to protected plants. 
 
Aphid-transmitted virus ecology and management in Dominican Republic 
A DO scientist, T. Martínez, visited Jamaica in September to observe research 
approaches used in Jamaica. Plans were made to trap aphids and to design IPM packages 
in Ocoa and monitor for CMV and TEV to monitor efficacy of different treatments. 
Training in use of TBIA as a virus detection method was given, and nitrocellulose 
membranes were supplied by S. Tolin.  

Appraisal of predominant, problematic viral diseases and vectors in African 
cropping systems  

Burkina Faso 
Over 500 samples from tomato and pepper were collected all over Burkina Faso.  The 
preliminary tests allowed estimating the incidence of begomovirus according to the three 
main agro-ecological regions of Burkina Faso. The Sudan savannah zone (Central part of 
the country) is ranked first with 27% of positive samples, followed by North Guinean 
savannah (Southern part of the country) with 21%, and then the Sahel with 12%.  
Molecular characterization using begomovirus degenerate primers identified two species. 
Preliminary data on virus diversity showed that Tomato yellow leaf curl Mali virus (97%) 
and Pepper yellow vein Mali virus (PYVMV) [97-99%] are predominant species in 
samples from tomato and pepper crops, respectively. However, serological detection 
using monoclonal antibodies from Scottish Research Institute (SCR) showed three main 
begomovirus groups infecting solanaceous crops in Burkina Faso. There is a need to 
sequence more samples in order to find out the genetic diversity of begomovirus infecting 
tomato and pepper in Burkina Faso. It has not yet been determined whether this is the 
pattern in the three agro-ecological regions of the country.  Sampling from tomato in two 
of the three ecological regions indicates that Bemisia tabaci is a predominant whitefly 
species and that the haplotypes in Burkina Faso are members of the large North 
Africa/Middle East/Mediterranean clade, which are typically polyphagous populations. 
This suggests that the whitefly vector is likely to spread begomoviruses among different 
crops and weed hosts. 
 
Cameroon: 
The begomoviruses found in okra, pepper, tomato, and weeds in Cameroon were the 
closest relatives with Pepper yellow vein virus, Okra yellow crinkle virus, Cotton leaf 
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curl Gezira virus, and South African cassava mosaic virus, and shared 80-92% nucleotide 
(nt) identity. More work is required to confirm these results and to determine the 
distribution in weeds and crops. 
 
Tanzania:  
Work here focused on detection of cassava infecting viruses associated with the 
pandemic here using PCR-RAPDs to differentiate begomoviruses. Three of five samples 
collected from tomato fields in Tanzania, about 30 km from Dar Es Salam, were positive 
for begomoviruses. The size of the core Cp (536 bases) suggests these are monopartite 
viruses.  Tomato leaf curl Arusha virus [EF194760] from Tanzania was the closest match 
at 92-94% nt identity, and Tomato leaf curl Anjouan virus was the second closest match 
at 88%. This is consistent with the complete nucleotide sequence (>2600 nt) in GenBank 
database.  It is possible that two species may be represented in these samples, but 
additional sequencing would be necessary to determine this.  
 
Whitefly populations were haplotyped using the mtCOI and KDR markers. Sampling 
whiteflies from tomato in two of the three ecological regions in Tanzania indicates that 
Bemisia tabaci is a predominant whitefly species and that the haplotypes in tomato in 
Tanzania are members of the Eastern/Southern Africa clade, typically polyphagous types, 
which associate the epidemic with a possible hybrid whitefly. In several instances 
whitefly haplotypes in cassava collections were most like those found in tomato fields, 
whereas the majority were identified as the putative cassava-type. 
 
Identification and  deployment of vegetable varieties with resistance to prevalent 
viruses 
 
A database of virus-resistant, commercially-available germplasm (hot pepper, sweet 
pepper, tomato, cucumber, and squash) has been sent to collaborators in the Dominican 
Republic (T. Martínez, IDIAF) and Honduras (M. Rivera, FHIA and M. Mercedes Roca, 
Zamorano University). This database is being utilized by the collaborators to help 
prioritize virus resistant germplasm needs. 
 
Screening for resistance in Honduras 
Pepper germplasm selected by AVRDC with putative resistance to geminiviruses from 
screening in Mali (see below) has been supplied to Honduras (M. Mercedes Roca, 
Zamorano University) and was planted recently to observe for responses to viruses in that 
region. However, tests have shown Honduras has less geminivirus than surrounding 
countries. FHIA declined to conduct the evaluation of numerous lines of tomato 
developed at AVRDC, reasoning that the lines were breeder material that had not yet 
characterized, i.e., agronomic characteristics and to what viruses they carried resistance. 
 
To assess resistance in locally-grown cultivars, contacts have been made SEMINIS 
SEEDS-Honduras, and a preliminary list of 16 cultivars was identified to carry out this 
activity.  Included are 3 cultivars of hot pepper, 5 of sweet pepper, 3 of fresh market 
tomato, 3 of processing tomato, and 3 of cucumber.  All are cultivars in the portfolio of 
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germplasm currently available to local growers in Honduras. Their resistances are 
hypothesized to be representative of the range of viral problems that each crop might be 
challenged within the local fields.  Some 500 seeds of each will be donated by the seed 
company; the transplants will be produced in seed trays at FHIA’s CEDEH greenhouse 
late in December and transplanting take place in January 2008.  Considering the variety 
of materials included and the assortment of virus resistances represented, this trial should 
generate valuable information of the range of viral problems occurring in Honduras, 
provided resources are available to perform the laboratory analyses  required to identify 
the viral problem are expressed in the field. 
 
Breakdown of geminivirus resistance in Guatemala 
Plants of cv. Llanero, a geminivirus-resistant variety being evaluated in Guatemala, 
showed mild-yellow mottle symptoms but were negative for begomovirus infection by 
squash blot hybridization. However, in samples of severely stunted and distorted Llanero 
plants from Salamá, we detected begomovirus infection (hybridization ratings of 1-2) and 
amplified begomovirus fragments using SB-PCR with the degenerate and TYLCV 
primers. 
 
Screening for geminivirus resistance in Mali 
From November 2006 to May 2007, 30 bottle gourd, 25 cucumber, 20 okra, and 73 
Capsicum spp. (pepper) lines were planted in a non-replicated field trial in the AVRDC 
Africa station to observe for resistance to local geminiviruses. The local check cultivar 
was planted every 5 rows of test plants. Samples from each line were collected and tested 
for presence of virus by PCR using the geminivirus general primers-PAR1c715H / 
PAL1v1978B, or by ELISA for other viruses. 
 
In bottle gourd lines, geminiviruses were not detected by PCR. Zucchini yellow mosaic 
virus (ZYMV), an aphid-transmitted potyvirus, was detected by ELISA in 7 of 38 plants 
of the local check, but not in any of the bottle gourd lines. Samples of cucumber lines 
were assayed for virus in one to six plants per line. Geminiviruses were not detected. 
ZYMV was detected in 9 cucumber lines, but not in the local check Korey.  Okra line 
samples of all live plants, one to 24 per line, were collected for geminivirus detection two 
months after planting. All okra lines except one (only 1 plant tested), were infected by the 
local geminivirus. Of a total of 114 plants of the local check, Sabalibougou, 102 were 
infected. The geminivirus incidence was 100% in 12 lines, >50% in 6 lines and 50% in 1 
line. Okra mosaic virus was detected by ELISA in 3/114 (2%) of the local check, but in 
only one line in 1/22 plants.  
Pepper lines were observed and tested at 10 weeks after transplanting, even though there 
was a very severe loss of plants due to termites and other factors. The virus symptoms of 
remaining plants/lines were recorded using a 0 to 4 rating system where 0 = no virus 
symptom and 4 = yellowing, leaf curling or blistering, small leaves and stunting. 
Symptomless (rating = 0) plants were selected for virus detection by PCR. Geminivirus 
was detected in 59 of 329 symptomless plants indicating that geminivirus may be present 
even before symptoms appear. Twenty-one out of 69 pepper lines were found free of 
geminiviruses. However, some lines had only one or a few plants left in the field. Two 
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lines had an infection rate of less than 10%, 9 lines had 10-20%, 19 lines had 20-50%, 
and 18 lines had more than 50%. 
 
Burkina Faso and Cameroon 
Plans were made to determine which tomato varieties and the source of germplasm are 
currently used by African producers in Burkina Faso and Cameroon, to meet objectives 
of disease resistance and socioeconomic objectives. 

Use of transgenic resistance to viruses 

Discussions are ongoing with the Honduran Biosafety Committee on screening transgenic 
tomato with resistance to tobamo and begomoviruses. C. Deom (U Georgia) has initiated 
the “USAID Biosafety Proposal and Reporting Requirements” process with a target date 
of mid-2008 for initial screening of tomato transgenic with resistance to tomato mosaic 
virus, assuming all USAID requirements are met and the Honduran Biosafety Committee 
has approved the testing. 
 
In Guatemala, they are continuing to explore transgenic resistance as an option for virus 
management and have given talks to growers about transgenic crops.  
 
Use of induced resistance for virus disease management 
In Jamaica, earlier work showed bacterization of hot peppers that appeared to provide a 
level of tolerance in Scotch Bonnet hot peppers to infection of TEV and disease severity. 
A graduate student at the University of the West Indies will begin to re-examine these 
interactions, using specific local isolates of plant growth-promoting bacteria, Bacillus and 
Pseudomonas spp.   

Development and Implementation of a Survey of Farmers’ Current Practices and 
Perceptions of Potential Problems and Solutions  

Burkina Faso and Cameroon 
Arrangements were made to work with a socioeconomist (Burkina Faso and Cameroon) 
to conduct a survey of farmers’ current practices and perceptions of potential problems 
and solutions on whitefly-transmitted viruses.  A socio-economist from the collaborating 
institution in each country will be brought into the project.  
 
Honduras 
No activities were carried out in Honduras by FHIA relative to assessing current 
practices.  An initial intent to coordinate with a similar activity included S. Hamilton and 
the IPM LAC project, but did not succeed.   
 
Survey of farmer practices in two tomato growing areas in Jamaica 
Over the last 18 months of collecting data on the whitefly population, it was observed 
that there were several instances when some of the farmers in whose fields the traps were 
placed did not grow tomatoes for a while. This practice was also observed among 
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neighboring farmers.  It became necessary to determine the reasons for the practice and to 
see how it would impact on future recommendations for management of the TYLCV in 
these communities. 
 
A survey was conducted in the two parishes monitored for whitefly populations. The aim 
was to examine farming practices by tomato growers in these areas in order to develop 
appropriate management strategies for the TYLCV that would be adaptable by the target 
farmers.  The survey was initiated in St. Elizabeth parish where 22 tomato farmers were 
interviewed.  The second phase of the survey, to be conducted in Southfield and its 
environs in St. Elizabeth, was postponed due to devastating effects of Hurricane Dean on 
August 19 and an ensuing period of heavy rainfall.  In St. Catherine parish the survey was 
conducted in Thetford and Bushy Park districts and their environs on September 18 and 
20, respectively.  Fifty-seven tomato farmers were interviewed.  Assistance in locating 
farmers in both parishes was received from extension officers for the areas. At least 90% 
of tomato farmers interviewed were males.  In St. Catherine 89+4% of tomato farmers 
were over 35 years old, with the majority within the 36-50 age group.  In St. Elizabeth 
nearly one-third of farmers were in the 26-35 age group, with the remaining two-thirds 
over 35 years old.  Most persons interviewed in both parishes had been farming for more 
than ten years.   
 
In each parish, the majority of holdings were smaller than 2 ha. and were further 
subdivided into plots for growing different crops.  Approximately two-thirds of farmers 
in St. Catherine practiced mixed cropping while only about one-third of those in St. 
Elizabeth did so.  Approximately 82% of farmers in St. Elizabeth and 98% of farmers in 
St. Catherine reported that they practiced crop rotation.  Several farmers had a clear 
pattern of rotation involving crops from different families.  
 
Over 50% of all farmers in St. Catherine and St. Elizabeth grew at least one variety of a 
known resistant variety of tomato.  However, most farmers also grew at least one 
susceptible variety of tomato.  In St. Catherine 21 of the 57 farmers interviewed grew 
only susceptible varieties.  Only 2 of the 22 farmers interviewed in St. Elizabeth grew 
susceptible varieties only. TYLCV and whitefly was reported by only 7 and 5 farmers 
from St. Elizabeth, respectively, as problems encountered with their tomato crops.  Of the 
57 farmers interviewed in St. Catherine, TYLCV was reported by 31 and whitefly by 18 
as problems for their tomatoes.  Very few farmers seemed to relate the vector and the 
disease and in one case both were mentioned as separate problems by a farmer.  Many 
farmers applied chemical treatments to their plants in an effort to manage the disease.  In 
several instances the selected chemical appeared to target the whitefly vector.  For 
example, thiamethoxam and diafenthiuron are the two most frequently used chemicals by 
farmers in St. Catherine.  Thiamethoxam is a systemic insecticide that is recommended 
for whiteflies and other related sucking insects. 
 
 At least half of the farmers interviewed from each parish had a period in which they did 
not grow tomatoes and/or some other crop. This was mostly due to drought or some other 
weather related factor.  When asked whether they would be willing to employ a crop-free 
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period as part of a management strategy for tomato pests, 89% of farmers in St. Catherine 
and 55% of farmers in St. Elizabeth said they would.  Most farmers who would not 
practice a crop-free period in order to manager a pest viewed it as giving in to the pest. 
 
Training 
Peta-Gaye Chang (Ph. D.)  
Adrian Spence (Masters)  
Leke Walter Nkeabeng (Ph. D.)  
Xiomara Cayetano (M.S.)  
Mercelino Guachambala (B.S.)  
Edwin Girón (B.S.)  

Publications 

W.N. Leke, J.N.E. Ramsell, D.K. Njualem, V.P.K. Titanji, J.P. Legg, V.N. Fondong, J.K. 
Brown, and A. Kvarnheden. 2007. FTA technology facilitates detection and 
identification of Begomoviruses from okra plants in Cameroon.  African Crop 
Science Journal (accepted). 

Presentations 

Leke W. N., J. N. E. Ramsell , D. K. Njualem, V. P. K. Titanji, J. P. Legg, V. N. 
Fondong, J. K. Brown, And A. Kvarnheden. 2007. FTA technology facilitates 
detection and identification of Begomoviruses from okra plants in Cameroon.  
8ACSS, EL-MINIA, EGYPT, 27-31 OCT 2007.   

Gilbertson, R.  2007.  Current Status of Geminivirus and Other Viral Diseases of Tomato 
and Pepper in Guatemala 2007. IV Congreso Nacional de Horticultura 
(Guatemala City, Guatemala) Invited Lecture. 

 
Tolin, S. A., McDonald, S. A., and Clarke-Harris, D. 2007. Integrated Management of 

Tobacco etch virus in Scotch Bonnet Pepper in Jamaica.  Symposium Presentation 
in a symposium: IPM in a Global Context.  Annual Meeting of the American 
Phytopathological Society, San Diego. 
 

Tolin, S. A. 2007. Management of vector-borne viruses in plants.  Presentation to the 
Workshop sponsored by the IPM-CRSP Global Theme on Diagnostics - IPDN. 
Wooster, Ohio. 

 
 
Applications of Information Technology and Databases in IPM in Developing 
Countries and Development of a Global IPM Technology Database 
 
Yulu Xia, North Carolina State University 
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Collaborators 
Southeast Asia Regional Program 
Latin America and Caribbean Regional Program 
Central Asia Regional Program 
West African Regional Program  
Insect Transmitted Viruses Global Theme 
 
US Collaborators 
Shelby Fleischer, Penn State 
Don Mullins, Virginia Tech 
Jeff Alwang, Virginia Tech 
Carlyle Brewster, Virginia Tech 
George Norton, Virginia Tech 
James Westwood, Virginia Tech 
Merle Shepard, Clemson University 
Michael Hammig, Clemson University 
Sue Tolin, Virginia Tech 
John Pickering, University of Georgia  
USDA - APHIS programs in West Africa, Caribbean and Asia 
 
Host Country Coordinators 
Aunu Rauf, Bogor Agricultural University, Bogor, Indonesia 
Phillip Chung, RADA, Jamaica  
Soetikno S. Sastroutomo, ASEANET  
Amadou Diarra, Institut du Sahel, Mali 
Carmen Suarez-capello, INIAP, Ecuador 
 
Host Countries: Jamaica, Philippines, Indonesia, Tajikistan, Uzbekistan, Kazakhstan, 
Mali, Burkina Faso, Senegal, Guinea, The Gambia, Ecuador 
 
Development of databases and information systems  
1. A number of databases, collections, and programming interface were developed 
We developed 12 databases and collections, such as world biocontrol database, genetic 
control database. For the IPM Tactics Databases (e.g. Biocontrol Database), we asked the 
expert in the field or our in-house expertise to find 10 or so best literatures in the field, 
made this information as suggested reading. We then used the web crawler software to 
search all online sites in the world to find the relevant online materials in the field. The 
initial search results were exported to a database. Our staff went to each of the online 
sites to read through the contents to judge whether the literature was appropriate for our 
database. Accepted literature was entered and using the software Verity Collections and 
all online sites were indexed. We collected about 1000 to 3000 online literatures for each 
of the databases. 

 
For the commodity or pest databases, the development process was generally more time 
consuming. For example, to develop the Crop Pests database, we have to collect all pests 
associated with the crops and vice versa. This is the reason for some of the databases are 
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not fully developed at this stage. After data were collected, we programmed the user 
interface using ColdFusion program language so that users can search the database 
online. 
 
For the expert database such as World Cocoa Pod Borer database, we first searched 
online to find the ‘base line’ experts, then contacted these experts for further 
recommendation. Then, we started databasing and programming as stated above. 
 
For additional information go to http://www.ipmnetwork.net/. Each link on the site is 
supported by a database. 
 
2. Conducted training in SE Asia and participated in workshops in Central Asia and 
several national and international meetings 

a. Invited Speaker, Central Asia Integrated Pest Management Stakeholders Forum 
for Central Asia Region. Dushanbe, Tajikistan. 2007 

b. Xia, Y, R. Stinner, and J. VanKirk. 2007. Database for Pest Information 
Sharing in South and Central Asia. Proceedings of Integrated Pest Management 
Stakeholders Forum for Central Asia Region. May 27- 29, Dushanbe, Tajikistan.  
c. Xia, Y, R. Stinner, and J. VanKirk. 2007. Applications of Information 
Technology in IPM in the Developing World. pp 802 – 803. Proceedings of XVI 
International Plant Protection Congress. 15-18 October 2007. Glasgow, UK. 

 
3. Provided technical services to a number of IPM CRSP programs 
            1. Consultation services to the programs such as LAC and Central Asia 
 
West Africa IPM Network (Whitefly information system) 
Major programming and database layout have been done. The primary database is 
managed by SQL Server hosted at North Carolina State University. ColdFusion 
programming language is used for programming the interface. There are a number of 
databases such as whitefly alternative hosts (plants) database within the system that are 
either under development or near completion. There in an internal secure access for host 
country collaborators to enter information online. Working with the regional program and 
host country institute to collect and upload information and data. 
(http://westafrica.ipmnetwork.net/) 
 
Southeast Asia IPM Network 
By working with the host country institute, lead by Bogor Agricultural University, 
Indonesia, we redesigned the web interface and database. The host country institute has 
submitted a number of data sets such as Cocoa Pod Borer (CPB) review articles, pest 
biology, ecology, and management database, pest management links in SE Asia, and CPB 
images and other pest management information to the system. We developed an online 
system using ColdFusion program language so that the host country collaborators have a 
secure access to our internal site through the internet. In this way, they can submit, edit, 
and management the database and information online. (http://seasia.ipmnetwork.net/) 
 

http://www.ipmnetwork.net/
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Web, database, and GIS/ interactive cartography integration and applications 
Penn State and Rural Development Authority (Jamaica) are working together to collect 
field data, personnel training, and software development. This global theme held a 
Caribbean regional organization meeting from October 30th to 31st 2006, in Kingston, 
Jamaica.  Over fifty (50) participants attended the meeting. The Honorable Mr. Roger 
Clarke, Minister of Agriculture and Lands, Jamaica, gave a welcoming speech. Mr. 
Albert Shand, the executive director, Rural Agricultural Development Authority 
(RADA), Jamaica, Mrs. Janet Lawrence from CARDI, and Mrs. Karen McDonald-Gayle 
from USAID were also participated. A total of thirteen speakers from the US and the 
Caribbean presented their topics in day one of the meeting. Day two focused on work 
planning, methodology, timelines, and budget development. The tasks and timelines were 
developed by the end of the session. Participants from the US and the region also 
developed planning for obtaining additional funding.  
 
We narrowed the focus to the project:  “Interactive cartography of fruit flies in Caribbean 
systems”, and defined the steps and timelines to accomplish this for a prototype island, 
Jamaica.  This meeting also facilitated collaborations between this project and other 
relevant organizations and projects. For example, USDA/APHIS and USAID mission 
stated intentions to add appropriate resources to this effort, and RADA, the Ministry and 
Agriculture and Lands and CARDI will also allocate the necessary manpower and other 
resource to it.  We also enhanced understanding of this global theme project and other 
IPM CRSP projects among the stakeholders, host country collaborators, and the relevant 
institutions.   
 
Other than managing the project as leading collaborating institution, NC State plays key 
roles in this project by 1) its strong tie with USDA APHIS PPQ to leverage resource for 
the region, 2) IT and entomology expertise to coordinate the project, and provide 
technical assistance and advice. (http://www.caribbeanpestwatch.org/) 

Development information systems/databases in host countries for pest monitoring 
and GIS capacity building 

1. Target pests and areas have been identified and preliminary field and programming 
works have been conducted. We plan to target fruit fly in the Caribbean, CPB in 
Southeast Asia, and whitefly in West Africa.  
2. We have worked with at least three regional programs in identifying target pests/crops 
that we will include in the system.  Substantial programming works have been conducted. 
 
2. Web interfaces and databases have been designed and are partially functioning. Three 
dedicated websites have been established for this program. 
3. Preliminary data and links have been reported; databases are partially populated.      
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Hardware and software readiness, database design and metadata definitions, web 
browsing, and dynamic web programming 

A number of trainings and workshops were held in various regions as stated previously. 
Besides that we are working with a number of IPM CRSP programs such as the Virus 
Global Theme and LAC to increase virus databases. We are also working with Ecuador 
to help setup a national pest information system. 

Integration of search functions with both USDA Regional IPM Centers’ databases 
and the IPM CRSP Reporting System 

We have added a major USDA links to the site. http://www.ipmnetwork.net/ 

Development of the technique and plan for impact assessment 

Heading into the second year of this program there is still much to accomplish due to the 
nature of this global theme. Nevertheless, We will work with the Impact Assessment 
global theme program in the year 3.  

Publications 

Xia, Y., R. Magarey, K. Suiter, and R. Stinner, 2007 Applications of Information 
Technology in IPM. pp 209 - 225. in General Concepts in Integrated Pest and 
Disease Management. Published by Springer 

Xia, Y, R. Stinner, and J. VanKirk. 2007, Preliminary implementations of information 
technology in IPM. Proceedings of Central Asia IPM Forum. Dushanbe, 
Tajikistan, May, 2007 

Xia, Y, R. Stinner, and J. VanKirk, 2007. Pest Management Databases for the 
Developing World. Proceedings of 2007 IPPC Annual Meeting. Glasgow, UK. 

 
 

http://www.ipmnetwork.net/
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IPM Impact Assessment 

George Norton, Virginia Tech 
 
Collaborators 
Phil Pardey (Minnesota)  
Stan Wood (IFPRI) 
 
Identification of minimum data needs, models, and impact indicators  
Methods were refined for impact assessment working with graduate students at Virginia 
Tech. One student completed a thesis examining the impacts by gender of higher-yielding 
pest resistant varieties in Bangladesh. Another student examined the impacts of the 
pheromone IPM research in Bangladesh. A third student (partially funded) assessed the 
regulatory costs of Bt eggplant in the Philippines. 
 
Baseline surveys 
Baseline surveys were completed and drafts of reports completed Bangladesh, Mali, and 
Ecuador in coordination with regional programs. Data are being used for further analyses. 
 
Collection of budget data from experiments and on collection of survey data 
With guidance, budget data were gathered for the experiments in most regions by the 
regional programs. Budget and survey data were collected in the South Asia and West 
Africa sites by research assistants specifically on the impact assessment global theme. 
 
Development of consistent and integrated, spatially-referenced, and tabular datasets 
Development of consistent, integrated, spatially-referenced, and tabular datasets for IPM 
impact assessments for 15-20 commodities locally, nationally, regionally, and globally 
will continue, led by Minnesota and IFPRI (and also using funds from other sources) in 
order to address a larger set of commodities than would be possible with IPM CRSP 
resources alone. This activity will support IPM impact assessments at multiple scales and 
facilitate the projection of which IPM interventions are likely to have the greatest impacts 
locally, nationally, regionally, and globally.  
 
Collect production, consumption, price, and crop performance data to simulate pest 
control benefits 
Phil Pardey (Minnesota) and Stan Wood (IFPRI) have collected geospatially recorded 
data on crop production, prices, trade, and potential versus actual yields on 20 
commodities to use in an analysis of strategic priorities of pest problems globally. A PhD 
student at Minnesota, Jason Beddow, is working to gather information on crop-pest losses 
at a disaggregated level for this large set of major crops. Support from the IPM-CRSP to 
IFPRI and the University of Minnesota is being leveraged with funding from the Bill and 
Melinda Gates Foundation to the HarvestChoice project co-led by IFPRI and the 
University of Minnesota. The HarvestChoice project is tackling the following set of 
issues (with special reference to sub-Saharan Africa and South Asia): (a) Where are the 
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poor and what is their welfare status? (b) On what cropping systems do the poor most 
depend? (c) What are the constraints to the productivity of those systems? (d) What 
existing or potential technologies might best address those constraints? Under what 
scenarios?  (e) What is the magnitude and distribution of potential payoffs to the poor 
from different investment targeting strategies (e.g., by districts, AEZs, production 
systems, crops, constraints, technologies)? The IPM CRSP funds are focused on efforts to 
assess the likely global economic returns from ameliorating key biotic constraints from 
among the world’s 20 principal crops. 
 
During the past year the following activities were completed: 
 
1. Compiling and harmonizing spatial data.  
A range of data sources including FAO, national agricultural census, other (sub-) national 
agricultural production, consumption, and infrastructure data have been compiled into a 
spatial data base and juxtaposed with numerous other climate, topography, soil, and 
irrigation extended data sets. 
 
2. Spatial Crop Allocation  
A major effort was made to refine a global spatial crop allocation data set for 20 crops. 
During the past 12 months, the initial allocations were distributed to CGIAR centers and 
others for systematic and detailed review. Feedback from this review process is being 
introduced into a second round of crop allocations (along with additional statistical data 
obtained from efforts underway in activity 1); this second version of global crop 
allocation data sets and their associated mapped representations will be released in the 
next several months. 
 
3. Spatial Crop Pest and Disease Occurrence 
A first and critical step in assessing the global economic consequences of crop pests 
(insects, diseases, weeds) is to improve our understanding of the spatial occurrence of 
pests. A survey of available global data sets revealed comparatively sketchy data. A 
project workshop was held in CIMMYT, Mexico to assess options for estimating the 
likelihood of occurrence of key pests worldwide. The CLIMEX model was chosen as the 
modeling framework to be used for this purpose and some pilot assessments were 
undertaken. 
 
Improved pest occurrence estimates are dependent on calibrations made possible by 
access to better observed occurrence data. To that end, a Virtual Survey Instrument (a 
spatially explicit, web-based tool for primary data collection) using a grid overlaid on 
Google Earth is in the final stages of development. After initial testing, an invitation-only 
global survey of occurrence patterns for key pests on selected food crops for the past 10 
years will be administered via the internet with the assistance of colleagues at CGIAR 
centers and IPM CRSP sites. 
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Establishment of collaborative relationships 
Collaboration occurred with researchers at the following CGIAR centers: IITA, IFPRI, 
ICARDA, and IRRI. 
 
 
Training graduate students and other scientists 
Three MS students and one PhD student were partially funded on the IPM impact 
assessment program. Atanu Rakshit (MS student at VT) from India helped with 
summarizing the baseline survey in Bangladesh and with the assessment of the 
pheromone IPM program in Bangladesh. Melanie Victoria (MS at VT) from the 
Philippines completed her MS thesis on gender impacts of high-yielding pest resistant 
varieties in Bangladesh. Jason Beddow (PhD student at Minnesota) is compiling the 
datasets for strategic IPM impact assessment and completing a literature review for his 
dissertation. Jessica Bayer (MS at VT) assessed the regulatory costs associated with BT 
biotechnology as part of her MS thesis. 
 
In addition, one research assistant from the West Africa site (who works with Ousmane 
Coulibaliy in Benin) spent two months in training in the Agricultural and Applied 
Economics Department at Virginia Tech on impact assessment methods. 
 
Training 
Jason Beddow (Ph. D.)  
Melanie Victoria (M.S.)  
Jessica Bayer (M.S.)  
Atanu Rakshit (M.S.) 

Publications 

Ricker-Gilbert, Jacob, George W. Norton, Jeffrey Alwang, Monayem Miah, and Gershon 
Feder, “Cost Effectiveness of Alternative IPM Extension Methods: An Example 
from Bangladesh,” Review of Agricultural Economics, 30 (2008): (in press). 

Mauceri, Maria*, Jeffrey Alwang, George W. Norton, and Victor Barrera, “Adoption of 
Integrated Pest Management Technologies: A Case Study of Potato Farmers in 
Carchi, Ecuador, Journal of Agricultural and Applied Economics, December 
2007: (in press). 

Victoria, Melanie, “Agricultural Technology in Bangladesh: A Case Study on Non-farm 
Labor and Adoption by Gender,” M.S. thesis, Virginia Tech, June 2007.  
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Training and Institutional Capacity Development 

 
Long-Term Degree Training 
 
The IPM CRSP degree training is closely linked to research activities and aligned with 
project activities. It uses degree training to strengthen the skills of the researchers and 
form U.S. and host country institutions. While developing global knowledge base in U.S. 
universities, it addresses specific host country IPM questions, opportunities, and 
constraints. The strength of the IPM CRSP’s training program is the integration of 
training with long-term research carried out by the researchers based at the U.S. and host 
country universities. Since long term training is an integral part of the research program, 
an IPM CRSP researcher usually finds other sources of leveraged funds to partially 
support trainees. 
 
Six U.S. universities and 13 host or other country universities provided long-term taining 
for 43 graduate students (23 Ph.D. and 21 M.S.) students and 13 undergraduate students 
associated with IPM CRSP activities (tables 1, 2 & 3). 
Of these, 53 are from developing counties and four from U.S. 
Thirty seven are men and 20 are women. 
Their specialization in the graduate program are: Agricultural Economics - 10, 
Community Development -  1, Crop Protection - 1, Crop Science/Crop Protection - 4,  
Entomology - 10, Horticulture - 5, Plant Biotechnology - 1, Plant Science - 2, Plant 
Virology -  2, Plant Pathology – 8 (table 2). 
 
 
Table 1: Long-Term Degree Training Participants by Country, FY 2007 
 

Doctorate Masters Bachelors Program 
Men Women Men Women Men Women 

Total 

Bangladesh 4 1 1    6 
Cameroon 1      1 
Chile    1   1 
Dominican 
Republic 

   1   1 

Ecuador   1  3  4 
Ethiopia   2 1   3 
Honduras     3 1 4 
India 3 2     5 
Indonesia 5 1 1  3 3 13 
Jamaica  1 1    2 
Kenya 1      1 
Mali 1      1 
Nepal   1    1 
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Philippines    3   3 
Tanzania   2 1   3 
Uganda 1  1 2   4 
U.S.A 1 1 1 1   4 
Total 17 6 11 10 9 4 57 
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Short-term Training 

 
During the FY 2007, IPM CRSP held over – short term training events serving over 23,204 
people with gender ratio of approximately 2:1 men: women. Training events held in 15 
countries with the active collaboration of the program leaders and host country participants. 
These counts were under reported because counts and distributions of men and women were 
not reported for all events.  Seventeen each of workshops and training sessions for a total of 
672 and 1,389 participants respectively were held. Through demonstration and group 
meetings, The Energy and Resources Institute (TERI) in India has targeted 20,000 farmers in 
five villages in Utter Pradesh, five villages in Andra Pradesh and four villages in Karnataka. 
A full accounting of these training events is given in the Appendix C.  
 
Table 2. Short-Term Training Participants by Country, FT 2007 

Country Men Women Total* 
Albania   160 
Bangladesh 1083 634 1717 
Ecuador 131 34 225 
Ethiopia 22 8 30 
India   20,000 
Indonesia 140 46 186 
Jamaica 45 15 60 
Kenya 28 22 40 
Malaysia 38 14 52 
Nepal 10 5 15 
South Africa 4 1 5 
Tanzania 265 84 349 
Tajikistan 100 45 145 
Uganda 158 45 203 
USA 12 15 27 
 2,036 968 23,214 

• Total exceeds the number of men and women because sex disaggregated counts 
were not made for all training events. 
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Appendix A: IPM CRSP Degree Training Participants (Graduate students): FY 2007 

 

Student Name 
Gen
der 

(M/F) 
Nationality Discipline University Degree Start 

Date End Date IPM Program Guide/ Advisor 

A.K.M. 
Khorsheduzzaman M Bangladesh Entomology 

Bangabandhu 
Shiekh Mujibur 

Rahman Agricultural 
University 

PhD  July 
2003  June 2007 Technology transfer, 

Bangladesh Zinnatul Alam 

M.A.T. Masud M Bangladesh Horticulture 

Bangabandu Sheikh 
Mujibur Rahman 

Agricultural Univ./ 
Ohio State Univ. 

PhD Aug. 
2007 June 2009 South Asia Regional 

Program 
Mofazzal Hossain, 

Sally Miller 

M. Ataur Rahman M Bangladesh Horticulture 
Bangabandu Sheikh 

Mujibur Rahman 
Agricultural Univ. 

PhD July 
2007 June 2011 South Asia Regional 

Program Mofazzal Hossain 

A.K.M. Salim 
Reza Mollik M Bangladesh Horticulture 

Bangabandhu 
Shiekh Mujibur 

Rahman Agricultural 
University 

MS Jul-03  May 2007  Technology transfer, 
Bangladesh Mofazzal Hossain 

Mossammat 
Shamsunnahar F Bangladesh Plant Pathology 

Bangabandhu 
Shiekh Mujibur 

Rahman Agricultural 
University 

PhD Mar-
01 

 December 
2006 

Technology transfer, 
Bangladesh 

Ismail Hossain 
Mian, Sally Miller 

Faruque Zaman M Bangladesh Entomology Penn State 
University PhD 

 
August 
2002 

 December 
2006 

South Asia Regional 
Program Edwin Rajotte 
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Leke Walter 
Nkeabeng M  Cameroon Plant Virology 

Swedish University 
of Agricultural 

Sciences 
PhD Feb. 

2007 Dec. 2010 Insect Transmitted 
Virus Diseases 

Anders 
Kvarnheden, 

Judith  Brown 

Pilar Jano F Chile Agricultural 
Economics Virginia Tech MS 2005 2007 

Latin America and 
Caribbean Regional 

Program 
Jeffrey Alwang 

Xiomara 
Cayetano F Dominican 

Republic Plant Pathology 
Universidad 

Autonoma de Santo 
Domingo 

MS March 
2005 

December 
2007 

Insect Transmitted 
Viruses Global 

Program 

Reina Teresa 
Martinez 

Robert Andrade M Ecuador Agricultural 
Economics Virginia Tech MS 

 
August 
2006 

 June 2008 
Latin America and 
Caribbean Regional 

Program 
Jeffrey Alwang 

Shashie Ayele F Ethiopia Plant Science Haramaya 
University MS 2005 2007 Parthenium Global 

Program Wondi Mersie 

Asrese Hussen M Ethiopia Plant Science Haramaya 
University MS 2006 2008 Parthenium Global 

Program Wondi Mersie 

Kumma Ibssa M Ethiopia Agricultural 
Economics 

Haramaya 
University MS 2007 2009 Parthenium Global  

Program Wondi Mersie 

Anitha Chiturri F India Entomology University of 
Georgia PhD  Jan. 

2006 
 December 

2009 

Thrips-borne 
Tospoviruses Global 

Program 
David G. Riley 

Sudarsana Poojari M India Plant Virology Sri Venkateswara 
University PhD  Oct. 

2006 
 September 

2009 

Thrips-borne 
Tospoviruses Global 

Program 

Naidu Rayapati, 
K.S. Ravi, P 
Sreenivasulu 

Atanu Rakshit M India Agricultural 
Economics Virginia Tech PhD 

 
August 
2005 

 June 2009 

South Asia Regional 
Program, Impact 

Assessment Global 
Theme 

George Norton 

Rajwinder Singh M India Entomology Penn State 
University PhD  Sept. 

2006  August 2009 South Asia Regional 
Program Edwin Rajotte 
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S. Sivamani F India Plant 
Biotechnology 

Tamil Nadu 
Agricultural 
University 

PhD  Oct. 
2006 

 September 
2009 

Thrips-borne 
Tospoviruses Global 

Program 

Naidu Rayapati, 
K.S. Ravi,  

S. Krishnaveni 

Ruly anwar M Indonesia Entomology Clemson University PhD 
 

August 
2002 

September 
2007 

Southeast Asia 
Regional Program Gerald Carner 

Albert Budiman M Indonesia Entomology Sam Ratulangi 
University MS Marh 

2003 June 2008 Southeast Asia 
Regional Program Dam Sembel 

Lukman M Indonesia Community 
Development 

Bogor Agricultural 
University PhD Sept. 

2007 
December  

2009 
Southeast Asia 

Regional Program 

Amri Jahi, Basita 
Ginting, Aunu 

Rauf 

Sonia Lumowa F Indonesia Entomology Sam Ratulangi 
University PhD Jan. 

2005 June 2009 Southeast Asia 
Regional Program Dan Sembel 

Rusli Rustam M Indonesia Entomology Bogor Agricultural 
University PhD Sept. 

2006 August 2008 Southeast Asia 
Regional Program 

Aunu Rauf, 
Pudjianto, Nina 

Maryana, Dadang 

Edi Susiawan M Indonesia Entomology Bogor Agricultural 
University PhD Sept. 

2007 August 2009 Southeast Asia 
Regional Program 

Aunu Rauf, K. 
Utomo, I.W. 
Winasa, A.D. 

Susila 

Jackson Watung M Indonesia Entomology Sam Ratulangi 
University  PhD 

 
August 
2005 

 August 2008 Southeast Asia 
Regional Program Dantje Sembel 

Peta-Gaye Chang F Jamaica Plant Pathology Virginia Tech PhD 
 

August 
2005 

June 2009 
Insect Transmitted 

Viruses Global 
Program 

Sue Tolin 

Adrian Spence M Jamaica Plant Pathology 
University of West 

Indies – Mona 
Campus 

MS Sept. 
2005 June 2007 

Insect Transmitted 
Viruses Global 

Program 

Wayne 
McLaughlin 

Robert Geisimba M Kenya Horticulture Ohio State 
University PhD Sept. 

2006 Aug.2008 East Africa Regional 
Program 

D. Struve, R. 
Mulwa, Egerton 

Moussa 
Noussourou M Mali Plant Pathology University of Mali PhD 2003 Feb-08 Technology transfer, 

Mali Larry Vaughan 
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Nagendra Subedi M Nepal Plant Pathology Ohio State 
University MS 

 
Septe
mber 
2006 

 August 2009 South Asia Regional 
Program Sally Miller 

Vida Alpuerto 
F Philippines Agricultural 

Economics Virginia Tech MS 
 

August 
2006 

 June 2008 Impact Assesment 
Global Program George Norton 

Myra Clarisse 
Ferrer F Philippines Applied 

Economics Clemson University MS 
 

August 
2006 

 August 2008 Southeast Asia 
Regional Program Mike Hammig 

Melanie Victoria F Philippines Agricultural 
Economics Virginia Tech MS 

 
August 
2005 

July 2007 South Asia Regional 
Program George Norton 

Julita Bulali F Tanzania Crop Science/ 
Crop Protection Sokoine University  MS  March 

2005 June 2007  East Africa Regional 
Program A. Maerere 

Fred Magina M Tanzania Crop Science/ 
Crop Protection Sokoine University  MS  Sept. 

2006 
 October 

2008 
East Africa Regional 

Program A. Maerere 

Hosea D. Mtui M Tanzania Horticulture Ohio State 
University MS  Sept. 

2005 
 September 

2007 
East Africa Regional 

Program 
A. Maerere, Mark 

Bennet 

Sandra Ndagire 
Kamenya F Uganda Plant Pathology Makerere University MS  Oct. 

2004  March 2007 East Africa Regional 
Program Mark Erbaugh 

Patrick Kucel  M Uganda  Crop Protection Makerere University PhD  Oct. 
2006 

 September 
2009 

East Africa Regional 
Program 

S. Kyamanywa, J. 
Ogwang, J Kovach 

Annet Namuddu F Uganda Crop Science/ 
Crop Protection Makerere University MS  June 

2006 
 October 

2008 
East Africa Regional 

Program 
S. Kyamanywa, G. 
Luther, J. Karungi 

Ben Sekyanzi M Uganda Crop Science/ 
Crop Protection Makerere University MS 

 
Septe
mber 
2005 

 October 
2007 

East Africa Regional 
Program 

G. Tusiime, P. 
Okori, G. Luther 
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Jessica Bayer F USA Agricultural 
Economics Virginia Tech MS 

 
August 
2005 

 February 
2007 

Impact Assesment 
Global Program George Norton 

Jason Beddow M USA Agricultural 
Economics 

University of 
Minnesota PhD 

 
August 
2005 

 February 
2008 

Impact Assesment 
Global Program Philip Pardey 

Michael 
Castellano M USA Agricultural 

Economics Virginia Tech MS 
 

August 
2006 

June 08 
Latin America and 
Caribbean Regional 

Program 
Jeffrey Alwang 

Rachel Melnick F USA Plant Pathology Penn State 
University PhD Sept. 

2006 
 December 

2009 

Latin America and 
Caribbean Regional 

Program 
Paul Backman 

 
 
 
 
 
 
 
 
 
 
 



215 

 

 

Appendix B. IPM CRSP Supported Undergraduate Students 

 
Name Gender Country University 
Roy Vera M Ecuador Universidad Politecnica del Ejercito 
Nelson Mero M Ecuador Universidad Tecnica Estatal de Quevedo 
Stalin Revelo M Ecuador Universidad Central del Ecuador 
Edwin Giron M Honduras National University of Agriculture 
Marcelino 
Guachambala 

M Honduras National University of Agriculture 

Paola Margarita 
Meneses 

F Honduras Zamorano 

Chiu Jon 
Rodrigo Mack 

M Honduras Zamorano 

Dwi Priyo 
Prabowo 

M Indonesia Bogor Agricultural University 

Deri Salanti F Indonesia Bogor Agricultural University 
Cok Agus 
Prabowo 

M Indonesia Bogor Agricultural University 

M. Afiat M Indonesia Bogor Agricultural University 
Diana Mawele F Indonesia Sam Ratulangi University 
Sthapira Gabung F Indonesia Bogor Agricultural University 
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Appendix C: IPM CRSP Non-Degree Training, FY 2007 

 
Number of Participants Training 

Provider 
Training Objective  

Program Type 
 
Date 

 
Location/ 
Audience Men Women Total   

East Africa – Regional Program 
Field Day July 2007 Mlali 

village, 
Tanzania 

33 15 48 M. Erbaugh Tomato baseline survey 
and biological 
monitoring 

Field Day August 
2007 

Morogoro 23 7 30 M. Erbaugh Farmers  

Outreach June 
2007 

Morogoro, 
Tanzania 

20 5 25 M. Erbaugh On farm training on 
tomato nursery 
management 

Workshop April 
2007 

Mpigi 
District 

19 16 35 M. Erbaugh Tomato grafting 
 

Workshop June 
2007 

Kampala, 
Uganda 

4 1 5 Andy Roberts 
and Greg 
Luther 

GIS research on 
agroecology of 
Helicoverpa sp. 

Baseline 
Survey 

June 
2006 

Mbale, 
Uganda 

113 14 127 M. Erbaugh Coffee baseline survey 
in Uganda 

Baseline 
Survey 

Sept. 
2007 

Arusha and 
Moshi, 
Tanzania 

102 18 120 M. Erbaugh Coffee baseline survey 
in Tanzania 

Seminar Sept. 
2007 

Makerere 
Univ.  

20 15 35 M. Kleinhentz Producing vegetables 
for export 

Seminar Sept. 
2007 

Makerere 
Univ. 

21 15 36 M. Kleinhentz Organic production of 
vegetables 
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Seminar Feb. 2007 Morogoro, 
Tanzania 

44 21 65 Doug Doohan Sustainable weed 
management 

Seminar June 
2007 

Morogoro, 
Tanzania 

24 14 38 Mark Bennett Vegetable seed 
production 

Central Asia – Regional Program 
Workshop Nov. 

2006 
Dushanbe, 
Tajikistan 

18 6 24 IPM CRSP  
Central Asia 
team 

Assessment of IPM 
training needs in 
Central Asia 

Short Course June 
2007 

MSU, East 
Lansing 

1 2 3 K. Maredia Training in 
agroecology, IPM and 
Sustainable Agriculture 

Outreach May 
2007 

Dushanbe, 
Tajikistan 

42 8 50 K. Maredia Stakeholders forum 

Tospoviruses Global Theme Program 
Advanced 
Training 

2007 WSU, 
Prosser. 
Scientist 

1 0 1 N. Rayapati Post Doctoral training 
for Dr. Karthikeyan 

Training Sept. 
2007 

WSU, 
Prosser. 
Scientist 

0 1 1 N. Rayapati Training in Tospovirus 

Discussion May 
2007 

Dushanbe, 
Tajikistan 

0 1 1 N. Rayapati Discussions on 
Tospovirus research 

Parthenium Global Theme 
Workshop Oct. 2006 Ambo, 

Ethiopia 
22 8 30 W. Mersie Visit to quarantine 

facilities and meeting 
with partners 

Training Feb. 2007 Rhodes 
Univ. South 
Africa 

2 0 2  Training in biological 
control 

Training Feb. 2007 South 2 1 3 L. Strathie Training in  
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Africa determination of soil 
seed bank 

Regional Diagnostic Laboratories Global Theme 
Workshop Aug. 

2007 
Wooster, 
Ohio. 
Scientists 

11 14 
 

25 Sally Miller Advanced plant disease 
diagnostics course 

Workshop March 
2007 

Nairobi, 
Kenya. 
Scientists 

28 22 50 Sally Miller Training in disease 
diagnostics 

        
South Asia Regional Program 

Training for 
Nepal scientists 

May 
2007 

Department 
of 
Agricuture 

4 1 5 IPM CRSP 
Bangladesh 

Training in eggplant 
grafting 

Training Sept.2007 Agricultural 
officers and 
Nurserymen

10 5 15 IPM CRSP 
Nepal 

Training in grafting 
technology 

Training  2007 Field staff 22 18 40 CARE- 
Bangladesh 

IPM technologies 

Training 2007 Farmers 48 8 56 CARE- 
Bangladesh 

IPM technologies 

Training  2006-07 NGO staff 76 24 100 MCC IPM technologies 
Training  2006-07 MCC staff 108 0 108 BARI 

scientists 
IPM technologies 

Training 2006-07 Farmers 105 8 113 IPM CRSP Use of pheromone traps 
Demonstration 2006-07 Farmers 120 3 123 IPM CRSP Use of soil amendments 
Training 2006-07 NGO staff 34 7 41 Practical 

Action 
IPM technologies 

Training 2006-07 Farmers 290 412 702 Practical 
Action 

IPM technologies 
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Demonstration 2006-07 Farmers 74 74 148 Action Aid 
Bangladesh 

Fruit fly control by 
baiting and pheromone 
trapping 

Training 2006-07 NGO staff 42 19 61 Action Aid 
Bangladesh 

IPM technologies 

Training 2006 Sub-
Assistant 
Agricultural 
Officers 

60 60 120 BARI 
scientists 

IPM technologies 

Demonstration 2006-07 Farmers   20,000 TERI IPM practices 
        

Southeast Asia Regional Program 
Workshop Aug. 

2007 
Host 
country 
participants 

36 10 46 Program 
Leader and 
Collaborators 

Program review 

Farmers Field 
School 

Feb-June 
2007 

Farmers in 
North 
Sulawesi 

14 11 25 Dan Sembal Cabbage IPM 

Farmers Field 
School 

Feb-June 
2007 

Farmers in 
North 
Sulawesi 

23 2 25 Dan Sembal Potato IPM 

Farmers Field 
School 

Feb-June 
2007 

Farmers in 
North 
Sulawesi 

25 0 25 Dan Sembal Potato IPM 

Farmers Field 
School 

Feb-June 
2007 

Farmers in 
North 
Sulawesi 

22 3 25 Dan Sembal Cabbage IPM 

Training April 
2007 

Farmers 
and 
technicians 

19 19 38 PhilRice Grafting eggplant and 
tomato 
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Impact Assessment Global Theme 
Training  July 2007 West Africa 1 0 1 G. Norton Theo Nouhoheflin was 

trained for two months 
in impact assessment 

Information Technology and Database Global Theme 
Workshop January 

2007 
Kuala 
Lumpur, 
Malaysia 

38 14 52 Yulu Xia Training in use of 
database and web 

Workshop Aug. 
2007 

Indonesia 20 20 40 Yulu Xia Training Southeast Asia 
program participants 

Meeting Sept. 
2006 

Kingston, 
Jamaica 

45 15 60 Yulu Xia Caribbean regional 
meeting on fruit fly 
monitoring 

Forum May 
2007 

Dushanbe, 
Tajikistan 

40 30 70 Yulu Xia Central Asia regional 
program meeting 

Eastern Europe Regional Program 
Workshop June 

2007 
Lviv-Odesa   50 Host country 

collaborator 
Integrated growing of 
Cucumbers 

Workshop July 2007 Odesa   25 Host country 
collaborator 

Integrated growing of 
grapes 

Workshop Sept. 
2007 

Buska   50 Host country 
collaborator 

IPM training for 
farmers 

Workshop Sept. 
2007 

Buska   35 Host country 
collaborator 

Training on integrated 
growing of cucumbers 

Latin America and Caribbean Regional Program 
Workshop Aug. 

2007 
Ecudor 16 4 20 C. Suarez,  et 

al. 
IPM practices in 
practices in plantain and 
cocoa to farmers 

Workshop Oct. 2006 Ecuador 38 7 45 D. Vera et al.  Exchanging experiences 
on plantain growing 
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between farmers to 
farmers 

Workshop Nov. 
2006 

Ecuador 57 23 80 D. Vera et al. Exchanging experiences 
on plantain growing 
between farmers to 
farmers 

Workshop Aug. 
2007 

Ecuador   60 D. Vera et al. Control of Sigatoka 
disease in bananas 

Total      23,214   
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AMAREW Amhara Micro-enterprise Development, Agricultural Research, Extension and 

Watershed Management 
ANCAR   Agence Nationale de Conseil Agricole et Rurale, Sénégal 
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CSNV   Chrysanthemum Stem Necrosis Virus 
CSB   Community Seed Bank 
CU   Coordinating Unit 
DAC   Direct Antigen Coating 
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FFS   Farmers Field Schools 
FGD   Focus Group Discussion 
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FIELD    Farmers Initiatives for Ecological Literacy and Democracy 
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FPE   Farmer participatory experiments  
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GPS   Global Positioning System 
GTZ   German Technical Cooperation 
IAPPS   International Association for Plant Protection Sciences 
IARCs   International Agricultural Research Centers 
ICARDA  International Center for Agricultural Research in the Dry Areas 
ICADA   Central American Institute for Agricultural Development 
ICIPE   International Center for Insect Physiology and Ecology 
ICRAF   International Centre for Research in Agroforestry/ World Agroforestry Centre 
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IPM CRSP  Integrated Pest Management Collaborative Research Support Program 
IRAG   Institut du Recherche Agronomique de Guinée, Guinée 
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ISA   Instituto Superior de Agricultura, Ecaudor 
ISRA   Senegalese Institute for National Agricultural Research 
IUCN   International Union for Conservation of Nature and Natural Resources 
IYSV   Iris Yellow Spot Virus 
KARI   Kenya Agricultural Research Institute 
LAC   Latin America and Caribbean 
MoAFCP  Directory of Science and Extension service, Albania 
MU/FA    Makerere University Faculty of Agriculture 
NGOs   Non-Governmental Organizations 
OHVN   L’Office de alla Haute Vallée du Niger, Mali  
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PCFV   Peanut Chlorotic Fanleaf Virus 
PCR   Polymerase Chain Reaction 
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PSE   Pesticide Safety Education 
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QDNR&M   Queensland Department of Natural Resources and Mines 
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RADHORT  Réseau Africain de Development de l’Horticulture, Sénégal  
RC   Regional Coordinator 
RCBD   Randomized Complete Block Design 
RP/EA   Regional Program for East Africa 
PYVMV  Pepper Yellow Vein Mali Virus 
RTC   Regional Technical Committee 
SAPIA   South African Plant Invaders Atlas 
SeNPV   Spodoptera exigua Nuclear Polyhedrosis Virus 
SUA   Sokoine University of Agriculture, Tanzania 
TERI   The Energy and Resources Institute, India 
TACRI   Tanzania Coffee Research Institute  
TAS   Triple Antibody Sandwich 
TEV   Tobacco Etch Virus 
TLCMV   Tomato Leaf Curl Mali Virus 
TMV   Tobacco Mosaic Virus 
TNAU   Tamil Nadu Agricultural University 
TSWV   Tomato Spotted Wilt Virus 
TYFRV   Tomato Yellow Fruit Ring Virus 
TYLCV   Tomato Yellow Leaf Curl Virus 
TYLCMV  Tomato Yellow Leaf Curl Mali Virus 
WBNV   Watermelon Bud Necrosis Virus 
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U. S. Universities and NGOs 
Clemson University  
Florida A&M University 
Fort Valley State University 
Kansas State University  
Michigan State University  
North Carolina A&M University 
North Carolina State University 
Ohio State University  
Oregon State University  
Pennsylvania State University  
Purdue University  
Texas A&M University 
University of California-Davis  
University of California-Riverside 
University of Florida 
University of Georgia  
University of Minnesota 
University of Wisconsin 
US Department of Agriculture/ ARS 
US Department of Agriculture/ ARS/Horticultural Research Laboratory  
US Department of Agriculture, APHIS USDA/ARS Vegetable Crops Laboratory 
US Department of Agriculture/ARS Sustainable Perennial Crops Laboratory  
Virginia Polytechnic Institute and State University  
Virginia State University 
Washington State University  
Winrock International 
 
Non-U.S. Universities, Government Organizations and NGOs 
Agence Nationale de Conseil Agricole et Rural, Sénégal 
Agroexpertos, Guatemala 
Amhara Regional Agricultural Research Institute, Ethiopia 
Appropriate Technology Uganda Ltd 
Bangladesh Agricultural Research Institute, Bangladesh Caribbean Agricultural Research and Development 
Institute  
Center of Research and Ecotoxicology of the Sahel (CERES/Locustox Foundation,  Senegal 
Central Luzon State University 
Centro para el Desarrollo Agropecuario y Forestal, Dominican Republic 
Coffee Research Institute, Uganda 
Commonwealth Agricultural Bureau International, England  
Development Alternatives Inc. in North Sumatra, Indonesia 
Direction de la Protection des Vegetau, Sénégal 
Environmental Toxicology and Quality Control laboratory, Mali 
FIELD Indonesia 
Haramaya University, Ethiopia 
Hasanuddin University in South Sulawesi, Indonesia  
Honduran Foundation for Agricultural Research, Honduras  
Human Resources Development Center, Tashkent, Uzbekistan 
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Indian Agricultural Research Institute, India  
Institute D’Economie Rurale, Mali 
Institut du Sahel, Mali 
Institut de recherché agronomique de Guinée, Guinée 
Instituto Centroamericano de Desarrollo Agropeuario 
Instituto Dominicano de Investigaciones Agropecuario y Forestales, Dominican Republic 
Instituto Nacional Autonomo de Investigaciones Agropecuarias, Ecuador 
Institut Pertanian Bogor (Bogar Agricultural University), Indonesia 
Institut Sénégalais de Recherches Agricoles, Sénégal 
Kenyan Agricultural Research Institute, Kenya 
L’institut de l’environnement et de researches agricoles, Burkina Faso 
L’Office de la Haute Vallee du Niger, Mali 
Makerere University, Uganda 
National Agricultural Research Institute, Senegal 
PhilRice, Philippines  
Plant Protection Research Institute, South Africa 
Programme de Developpement de la Production Agricole au Mali, Mali 
Reseau African de Development de l’Horticulture, Senegal 
Samarkand Agricultural Institute, Uzbekistan 
Sam Ratulangi University in North Sulawesi, Indonesia 
Sokoine University of Agriculture, Tanzania 
Sri Venkteswara University, India 
Tamil Nadu Agricultural University, India 
Tanzania Coffee Research Institute, Tanzania 
Technical Cooperation Mission of Taiwan 
Uganda National Agro-input dealers Association 
University of the Philippines at Los Banos, Philippines 
University of Queensland, Australia 
University of Southern Mindanao, Philipppines 
University of the West Indies, Trinidad 
World Cocoa Foundation 
World Conservation Union, Kenya 
Zamarano School of Tropical Agriculture 
 
IARCs 
The World Vegetable Center (AVRDC) 
International Crops Research Institute for the Semi-Arid Tropics (ICRISAT) 
The International Institute of Tropical Agriculture (IITA) 
International Rice Research Institute (IRRI) 
International Food Policy Research Institute (IFPRI) 
International Center for Agricultural Research in the Dry Areas (ICARDA) 
International Center for Insect Physiology and Ecology (ICIPE) 
International Potato Center (CIP) 
The International Maize and Wheat Improvement Center (CIMMYT) 
 
Private Sector 
World Cocoa Foundation 
The Energy and Resources Institute (TERI)
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Mahyco Research Center 
The Energy and Resources Institute 
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