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Principal Investigator:  Wondi Mersie, Virginia State 
University

Host Countries: Ethiopia, Kenya, Tanzania, and Uganda

global program

Parthenium:
abating parthenium (Parthenium 

hysterophorus L.) weed damage in eastern 
africa using integrated cultural  

and biological measures
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Parthenium

Parthenium surveys in Kenya, Tanzania, 
and Uganda were completed. In Ethiopia, 

Listronotus setosipennis host-range test has 
been completed, and no eggs were laid on 
any of the non-target plants tested. An En-
vironmental Assessment (EA) document for 
Listronotus setosipennis has been prepared for 
review. Two bioagents, Zygogramma bicolorata 
and Listronotus setosipennis, were maintained 
under quarantine at Ambo, Ethiopia. 

A workshop entitled “Strategic meeting to 
abate the spread and adverse impact of the 
invasive weed parthenium (Parthenium hys-
terophorus) in Ethiopia” was conducted from 
September 3-4, 2012 with the objective of 
developing an implementation strategy for the 
management of parthenium. Eight papers, 
dealing with composting, parthenium distri-
bution in two regions, and a summary of host 
Zygogramma host range tests, were presented. 
A partners’ planning and training workshop 
was held in Addis Ababa, Ethiopia, December 
19-21, 2011. The workshop included presenta-
tions from the three partner countries on the 
progress of project activities. Participants vis-
ited the future release site and the quarantine 
facility at Ambo. 

program summary
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Kenya
Survey of Parthenium
A survey undertaken in January of 
2012 has confirmed the presence of 
pockets of parthenium in Eastern 
Kenya. Following more fieldwork in 
Kenya in January, the parthenium 
localities database has been updated 
and more analysis has been conducted 
on the regional data. 

Ethiopia
Biological control
Two bioagents, the leaf feeding beetle 
(Zygogramma bicolorata) and stem 
boring weevil (Listronotus seto-
sipennis), are being reared under 
quarantine facility at Ambo Plant 
Protection Research Center. The host 
range test for both bioagents has 
been completed. No eggs were laid by 
Listronotus adults on any of the plants 
tested. An Environmental Assessment 
(EA) document for Listronotus has 
been prepared and is under review.  
An application to release Listronotus 
will be submitted once the review is 
completed.

Release and evaluation of 
Zygogramma
The leaf feeding beetle Zygogramma 
has been under maintenance in the 
quarantine facility at Ambo Plant Pro-
tection Research Center. The permit to 
release Zygogramma at Willinchiti in 
the Oromiya Region has been granted 
by the Ministry of Agriculture and 
Rural Development (MOARD) and the 
Ethiopian EPA. Currently, USAID 
approval of the EA is awaited.

Other Activities
•	 Preparation of EA for Listronotus 

has been completed and is ready 
for review

•	 The project coordinator trav-
elled to Jijiga town, the capital 
of the Somali regional state, 
and Haramaya University, May 
20-23, 2012. He discussed with 
Dr. Abdulkadir Eman, head of 
the Somali regional Bureau of 
Agriculture, on how the release of 
Zygogramma can be implemented 
in the region. It was learned 
that there is a great interest in 
the release of the bioagent. The 
coordinator also visited a site at 

Haramaya University, where a 
composting structure exists. It is 
planned to use a similar struc-
ture, at future release sites, for 
composting parthenium as part of 
its integrated management. 

•	 Meeting with the head of the 
Oromiya Environmental Protec-
tion Authority to discuss the proj-
ect’s progress, the EPA approval 
(which had been forwarded to the 
Oromiya Agricultural Research 
Institute), and the bioagent’s 
function. 

•	 Meeting with the Director General 
and Crop Research Director of the 
Oromiya Agricultural Research 
Institute (OARI) to discuss the 
bioagent release.

•	 Meeting with staff of Haramaya 
University (HU), a major partner 
in the development of parthenium 
management practices, to discuss 
involving graduate students 
in exploring alternate ways 
parthenium can be used (e.g., 
in compost) as well as the work 
of program-supported graduate 
students. 

•	 Improvement of the quarantine 
facility at Ambo housing Zygo-
gramma and Listronotus through 
air conditioner and breaker instal-
lation, which is expected to reduce 
the risk of losing the bioagents if 
the existing ACs fail to function.
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Principal Investigator: Sally Miller,  
The Ohio State University

Co-principal Investigators: Robert Gilbertson, UC-Davis | Timur 
Momol, Carrie Harmon, and J. Xin, University of Florida

Host country collaborators: Marco Arevalo, Agroexpertos, 
Guatemala | Z. Kinyua, KARI, Kenya | Mildred Ochwo-Ssemakula, 
Uganda | R. Banyopadhyay, Lava Kumar, IITA, Nigeria | Fen Beed, 

IITA Tanzania | S. Mohankumar and G. Karthikeyan, TNAU, India
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International Plant 
Diagnostic Network (IPDN): 

gateway to IPM implementation 
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International Plant 
Diagnostic Network 
(IPDN)

Surveys of Ralstonia solanacearum con-
ducted in Bangladesh and Nepal resulted 

in confirmation of Phylotype I and biovar III 
or IV. A survey of plant diseases was done 
in Chittagong and Rangamathi districts in 
Bangladesh. Fruit flies attacking melons in 
southern India were collected and identified as 
Bactrocera cucurbitae, B. caudata and B. tau. 
Clavibactor michiganensis subsp. michiganen-
sis (bacterial canker), Ralstonia solanacearum 
(bacterial wilt), Candidatus Liberibactor sola-
nacearum (zebra chip), and Phytophthora spp. 
(root rots and blights) are important diseases 
of solanaceous crops in Latin America and the 
Caribbean. Regional meetings in Asia, Africa 
and LAC were conducted.

program summary
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South Asia
Expansion of networks and 
implementation of digital 
diagnostics 
A list of plant pathologists in Nepal 
and Bangladesh was developed. One 
hundred digital images of various 
insect pests, diseases, and nematodes 
were documented in India. More than 
150 samples from different crops from 
Tamil Nadu state were diagnosed. 
These included viral, bacterial, and 
fungal disease agents and various 
insect pests. Users from India were 
added to the DDIS-CIMS Network.

Development of diagnostic 
assays and protocols
Nagendra Subedi, a student funded 
by the South Asia Regional Program, 
modified the biovar assay for Ralstonia 
solanacearum. Using small amounts 
of media amended with one of three 
sugars or three alcohols dispensed in 
96-well microtiter plates, the biovar 
can be determined in a few days as 
opposed to weeks using traditional 
methods. 

Molecular and serological assays 
related to Ilarvirus, tospovirus, 
cucumovirus, potyvirus, and gemini-
virus diagnostics were standardized. 
Around 60 plant samples received/col-
lected from different regions of India 
were diagnosed for specific viruses. 
Molecular assays were standardized 
for the identification of Ralstonia 
solanacearum. Biochemical and 
molecular assays were standardized 
for the identification of Bacillus sub-
tilis and Pseudomonas fluorescens as 
biocontrol agents for the crop disease 
management.

Trap catches of fruit flies revealed the 
dominance of Bactrocera cucurbitae. 
Higher trap catches were recorded 
in pumpkin and ash gourd, whereas 
B. caudata was only collected from 
traps kept in watermelon and bitter 
gourd. The identification keys for the 
different species of Bactrocera are as 
follows.

B. cucurbitae B. caudata B. tau
Forewing is with fus-
cous markings on cross 
veins

Forewing is without 
fuscous markings on cross 
veins 

Forewing is without 
fuscous markings on 
cross veins

Forewing with costal 
band overlapping vein 
R 2+3 and expanded 
apically to form a large 
spot

Forewing with costal 
band confluent with 
R 2+3 and expanded 
slightly at apex

Forewing with costal 
band overlapping vein 
R 2+3 and expanded 
apically to form a large 
spot

Mesopleural stripe is 
not present 

Mesopleural stripe is 
normal and not inverted

Mesopleural stripe is 
not present

Taxonomic keys

Figure 1. Forewings with 
fuscous markings on 
cross veins - Bactrocera 
cucurbitae

Figure 2. Wing with 
costal band overlapping 
vein R 2+3 and ex-
panded apically to form 
a large spot – B. tau

Figure 3. Wing with costal band confluent 
with R 2+3,   and expanded slightly at apex - 
B. caudata

Figure 4. Mesopleural stripe not 
L-shaped, normal and not inverted 
- B. caudata

Figure 5. B. cucurbitae. Fuscous 
markings marked by arrow.

Figure 6. B. caudata. Slightly ex-
panded coastal band marked on top, 
mesopleural stripe marked below.
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Report of new diseases and 
pests and develop incidence 
maps
Infection of Peanut bud necrosis virus 
on eggplant (Solanum melongena) was 
documented.

Over 90 strains of Ralstonia sola-
nacearum were collected from Ban-
gladesh and Nepal and characterized. 
All were phylotype I and biovars III or 
IV. Six clonal groups were determined 
using molecular fingerprinting. 

The occurrence of various insect pests 
and diseases of field crops has not been 
determined in Bangladesh. Due to 
global climate change, different pest 
and disease profiles may develop. A 
study was undertaken to collect and 
identify new and previously recorded 
diseases of vegetable crops from Chit-
tagong and Rangamati. In Rangamati, 
the intensity of vegetable cultivation 
was low, however yard long bean was 
found widely cultivated. In Chittagong 
and Rangamati, the incidence of black 
leaf mold of yard long bean was 70% 
and 60%, respectively. The incidence 
of OYVMV in hybrid okra (Parash 
from China) was 4%-5% compared to 
an incidence of 96%-98% in the local 
cultivar of okra. The incidence of 
bacterial wilt of eggplant was 20% in 
Mirersarai, Chittagong.

Development of Standard 
Operating Procedures (SOPs)
The SOP for PBNV (tospovirus) in 
tomato is in progress.

Latin 
America
Expansion of networks and 
implementation of digital 
diagnostics
Jose Ochoa from INIAP Ecuador par-
ticipated in the bacterial canker work-
shop held in Guatemala City, June 
28–29, 2012. Issues of confidentiality 
are important concerns for laboratories 
to use the DDIS technology. Users 
from Guatemala were added to the 
DDIS-CIMS Network.

Prioritization of crops, 
pathogens and pests
Clavibacter michiganensis subsp. 

michiganensis (bacterial canker), 
Ralstonia solanacearum (bacterial 
wilt), Candidatus Liberibacter sola-
nacearum (zebra chip), and Phytoph-
thora spp. (root rots and blights) are 
by far the most important diseases 
affecting tomato, potato, and peppers 
this year. The bacterium Candidatus 
Liberibacter solanacearum and its 
psyllid vector Bactericera cockerelli are 
becoming a very important concern 
for Guatemala and Central American 
region, because of the threat they rep-
resent for solanaceous crop production 
(tomatoes, potatoes, and peppers).  

A meeting was held June 25–27, 2012, 
with the IPM CRSP LAC project in 
Sololá, Guatemala.  The main objec-
tive was to overview current activi-
ties and progress; presentations were 
given by each country team (Ecuador, 
Honduras and Guatemala). Presen-
tations were also made on global 
themes including viruses, IPDN, and 
impact assessment. U.S. university 
collaborators identified and discussed 
several areas of collaboration across 
countries and programs. During this 
trip, members of the IPM CRSP LAC 
project including J. Alwang, G. Norton, 
E. Gugino, R. Muniappan, L. Vaughan, 
S. Tolin, M. Palmieri, M. Arevalo, and 
S. Miller visited Dr. Adam Silagyi at 
the USAID mission in Guatemala City. 
They informed Dr. Silagyi about the 
IPM CRSP and IPDN activities going 
on in Guatemala and the region. The 
team also participated in a workshop 
organized by FAS and IICA to build 
linkages between IPM CRSP and local 
agricultural researchers.

Development of Standard 
Operating Procedures (SOPs)
Bacterial canker and bacterial wilt 
SOPs are in progress.

East Africa
Expansion of networks and 
implementation of digital 
diagnostics
Users from Kenya and Uganda were 
added to the DDIS-CIMS Network.

Development of Standard 
Operating Procedures (SOPs)
Since only some components of the 
standard operating procedures (SOPs) 
were used in the training workshop 
at Sokoine University of Agriculture, 

additional training is required for a 
wide array of diagnostic techniques. 
The SOPs had been developed on the 
basis of information collated from 
various sources, and the techniques 
are applicable under varying circum-
stances. Therefore, the practicability 
and effectiveness of the SOPs in 
guiding disease management deci-
sions need to be tested more widely 
with a view to identifying knowledge 
gaps and improvements that may be 
required. 	

West Africa
Development of diagnostic 
assays and protocols
Researchers determined the lengths 
of time that samples (DNA and RNA 
viruses) would remain viable for detec-
tion on Agdia, Inc. absorption strips. 
For a DNA virus (Beet curly top virus), 
the samples remained detectable up to 
4 months, the longest time they were 
held. For RNA viruses and viroids, 
the results were more variable. For a 
viroid and potyviruses, the samples 
remained viable at least 4 months, 
whereas for Tomato spotted wilt virus 
and Cucumber mosaic virus, the 
samples remained viable for 2 months. 
These absorption strips should be a 
useful tool for processing and trans-
porting samples of suspected plant 
viruses and viroids for subsequent 
detection.

Report of new diseases and 
pests and develop incidence 
maps
The first report of Taro blight in 
Ghana was published.

A 2012 physical survey of three fields 
in Dagana, Senegal, an area with 
serious losses to bacterial wilt in 2011, 
indicated that the incidence of the 
disease was very low. Three suspect 
samples were tested for bacterial 
streaming and were negative. Temper-
atures were much cooler than normal 
that growing season, which may have 
contributed to the reduced disease 
incidence.
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Principal Investigator: Sue A. Tolin, Virginia Tech 

Co-principal investigators: Judith Brown, University of Arizona | C. Michael Deom, University 
of Georgia | Robert Gilbertson, University of California-Davis | Naidu Rayapati, Washington State 
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Host country collaborators: Central Asia — Nurali Saidov (Tajikistan) | South Asia — G. Karthikeyan, N. Balakrishnan, 
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Rahman, T.K. Dey (Bangladesh) | Southeast Asia — Sri Hendrastuti Hidayat, Tri Asmira Damayanti (Bogor Agricultural 
University) (Indonesia); C. Cheythyrith (Cambodia) | Latin America and the Caribbean — Margarita Palmieri, University del Valle 

de Guatemala (Guatemala); Mauricio Rivera, J. Melgar, H. Espinoza (FHIA), Alfredo Reuda (Zamorano) (Honduras); Jose 
Ochoa, R. Delgado, M. Insuasti, V. Barrera (INIAP) (Ecuador) | East Africa — J. Karungi, M. Ochwo-Ssemakula, S. Kyamanywa 

(Uganda); M. Otipa, Z. Kinyua (Kenya); P. Sseruwagi, D. Mamiro (Tanzania) | West Africa: Moussa Noussourou (IER Ghana), 
Michael Osei (CRI), Eric Cornelius (University of Ghana) (Ghana)

global program

International Plant virus 
Disease network (IPVDN):  

toward the effective integrated pest  
management of plant diseases  

caused by viruses in developing countries
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International Plant 
Virus Disease Network 
(IPVDN)

Plant virus diseases transmitted by insect 
vectors and through seed or germplasm are 

some of the major constraints to vegetable pro-
duction in IPM CRSP countries. Approaches to 
management of viral diseases designed from 
information gained by the Plant Virus Disease 
(PVD) Global Theme project were conveyed 
through the IPM CRSP-organized symposium, 
“Research and Management of Insect-trans-
mitted Virus Diseases in Vegetables in the 
Tropics and Subtropics.” held in July 2012 in 
India (listed in training section).

Many of the reports of virus detection and 
identification were conducted in the host 
countries by using commercially available im-
munological test kits or sample submission for 
commercial testing. Several collaborators now 
also have the capacity to perform nucleic acid 
analysis by polymerase chain reaction (PCR) 
and reverse transcription PCR (RT-PCR), but 
standard operating procedures (SOPs) are 
needed. Collection of samples is also done for 
analysis by U.S. scientists’ labs The crops in 
which viruses were detected and identified 
were tomato, pepper, eggplant, potato, sweet 
potato, okra, onion, pumpkin, and other cu-
curbits, five types of local gourd, country and 
yardlong bean, tree tomato, passionfruit, and 
others, including weeds. Viruses were iden-
tified belonging to eleven different genera, 
with whitefly-transmitted begomoviruses and 
aphid-transmitted potyviruses being the most 
prevalent. A new tomato disease in Ghana and 
Mali was found to be caused by a viroid. Weeds 
in several locations were found infected by the 
viruses of local crops. 

Appraisals of virus ecology and temporal and 
spatial dynamics of aphid and whitefly vector 
species and populations were continued. The 

efficacy of host-free periods to reduce inci-
dence of whitefly transmitted begomoviruses 
is presented from long-term monitoring in 
the Dominican Republic and Mali. Effects of 
IPM packages on the incidence of viruses are 
reported from experiments in India on tomato 
and in Guatemala on pepper, potato, and 
tomato. The importance of selecting or gener-
ating seed and other propagules free of virus is 
demonstrated in yardlong bean, tomato, pas-
sionfruit, potato, and sweetpotato. Progress is 
reported on establishing programs to: develop 
clean sweet potato planting material; reduce 
seed transmission of virus in yardlong bean; 
reduce virus incidence and impact by early 
roguing symptomatic tomato to reduce spread 
by thrips; and select for virus resistance in 
certain crops. 

*Each program’s focus, either of  “important plant 
virus diseases and their ecology and transmis-
sion” (E+T) or “implementation of applied re-
search on specific virus diseases in selected crops“ 
(AR), is noted after each project title beneath the 
regions.

program summary
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South Asia
Diagnostic evaluation of virus 
diseases in vegetable crops 
and weeds in India (E+T)
Rayapati, Karthikeyan, 
Manoranjitham 

Samples from vegetable crops, namely 
tomato, eggplant, chili/pepper, snake 
gourd, ribbed gourd, bitter gourd and 
pumpkin showing virus-like symptoms 
were collected from farmers’ fields in 
select regions of Tamil Nadu. These 
samples were pressed onto FTA cards 
and brought to the lab. They will be 
shipped to Rayapati (WSU) for further 
analysis by cloning and sequencing to 
identify virus(es) present. 

Similarly, different weed samples 
showing virus-like symptoms in the 
vegetable ecosystem of Tamil Nadu 
were also collected and analyzed by 
PCR / RT PCR and by cloning and 
sequencing for the documentation 
of plant viruses. The results of the 
testing are given in table 1. Begomovi-
ruses (whitefly vector) were detected in 
the three weed species, and a tospo-
virus (thrips vector) in eggplant.

Impact of Peanut bud necrosis 
virus (PBNV) infection on the 
nutritional quality of tomato 
fruits in India (E+T)
The PBNV infection of tomato 
produces various types of symptoms 
including yellow/chlorotic rings or 
patches on the fruits. Experiments 
were conducted to determine the 
effect of virus infection on nutritional 
quality of tomato fruits. Tomato fruits 
were harvested from healthy and 
PBNV infected tomato of four different 
cultivars (Laxmi, US 618, 3041, and 
Vaishnavi), and their chemical com-
position was compared to determine 
the influence of virus infection on fruit 
quality. 

As shown in table 2, the mean values 
of key nutritional quality components 
in fruit from PBNV infected plants 
were determined relative to healthy 
fruit. Lycopene, β- carotene, vitamins 
A and C, calcium, zinc, total sugars, 
and caloric value were significantly 
reduced, and only slight reductions 
were measured in sodium, potassium, 
and protein. In contrast, percentage 
total iron, fat, antioxidants, phenol, 
and fiber were slightly increased in 
virus-infected tomatoes. 

IPM package development: 
Implementation of IPM 
components for the 
management of insect-
transmitted virus diseases in 
tomato in India(AR)
Karthikeyan, Rayapati

Thrips-transmitted Peanut bud 
necrosis virus (PBNV) and whitefly-
transmitted Tomato leaf curl virus 
(TLCV) are the two major virus 
diseases affecting tomato production 
in Tamil Nadu and neighboring states 
of South India. In order to develop 
environmentally benign management 
approaches, we initiated farmer-
participatory IPM trials in farmers’ 
fields for the management of these two 
virus diseases in tomato. Trials were 
conducted at four different locations, 
and the following components were 
included in evaluating IPM tactics. 
Each plot (approximately one acre) 
was divided into two equal parts, with 
one plot designated “IPM plot” and 
another, “farmer practice.” In the IPM 
plot, the following components were 
implemented:

•	 Application of Neem cake @ 
250kg/ha 

•	 Seed treatment with Pseudo-
monas fluorescens @ 10g/kg and 
Trichoderma viride 4g/kg of seeds

•	 Soil application of Pseudomonas 
fluorescens @ 2.5kg/ha

•	 Selection of healthy and virus dis-
ease free seedlings for planting

•	 Roguing out of virus infected 
plants up to 45 days of 
transplanting

•	 Installation of yellow sticky traps
•	 Spraying Neem formulations / 

Neem seed kernel extract (Need 
based) 

The farmer practice plot was man-
aged with no IPM components. In 
each trial, the incidence of PBNV and 
TLCV was monitored bi-weekly, based 
on visual symptoms. The results for 
the four trials are shown in table 3. 
Trials 1 and 2 were begun in Year 
2 (2010-2011) and completed in the 
current reporting year. Trials 3 and 4 
were conducted in January 2012 and 
at different locations. Trials 2 and 3 
used the same cultivar, Ruchi, and had 
a similar virus incidence in both trials. 
Trials 1 and 4 were at the same loca-
tion, but at different times and with 
different cultivars.

Sample Type of symptom(s) High similarity with
Brinjal (Eggplant)-
Solanum melongena

Necrotic spots on leaves Peanut bud necrosis 
virus 

Malvastrum coromande-
lianum (False Mallow)

Yellow mosaic on leaves 
and vein clearing

Malvastrum yellow vein 
virus

Passiflora foetida 
(Stinking Passionflower)

Yellow mosaic on leaves Cotton leaf curl Banga-
lore virus

Clitoria ternatia (But-
terfly pea)

Yellow mosaic on leaves Rhynchosia yellow 
mosaic India virus

Table 1. Documentation of viruses from eggplant and weeds in a vegetable ecosystem.

Component % reduction 
in infected 
fruit

Lycopene (mg/100g) 41.5
Vitamin A (IU) 30.4
Vitamin C (IU) 54.5
β- Carotene (mg/100g) 30.3
Total Sugars (%) 19.8
Calcium (mg/100g) 14.8
Zinc (mg/100g) 38.5
Calorific Value (kCal) 8.4

Table 2: Effect of PBNV infection on the nutri-
tional quality of tomato fruits

Trial 1: Tomato Hybrid: Lak-
shmi  Date of planting: 13-06-
2011. Location: Veerakeralam, 
Coimbatore. 
Days 
after 
planting

% PBNV 
incidence

% TLCV 
incidence

IPM 
Plot

FP IPM 
Plot

FP

15 0.5 0.9 0.2 1.0
30 1.9 3.4 1.0 3.8
45 5.6 11.6 2.3 4.6
60 9.8 16.9 3.7 6.2
75 13.1 22.7 4.3 8.9
90 16.9 29.4 6.9 9.3

Table 3: Effect of IPM tactics on the incidence 
of PBNV and TLCV in tomato (four trials)
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In four independent trials, the 
progress of disease, as measured by 
percentage of plants showing PBNV or 
TLCV symptoms at 15-day intervals, 
was delayed in plots receiving IPM 
tactics, in comparison with untreated 
farmer practice. The final disease 
incidence was consistently lower in the 
IPM plots. The incidence level attained 
by 90 days in IPM plots was 30 days or 
so earlier than in many of the farmer 
practice plots. The incidence of virus 

was lower in Trials 1 and 3 at the 
Coimbatore location, and it was about 
the same in both varieties and at the 
two planting times, with more PBNV 
than TLCV. The IPM plots yielded 
28.6 and 27.7 t/ha of fruit, respectively, 
and the farmer practice plots’ yields 
decreased to 24.7 and 24.1 t/ha of fruit, 
respectively. 

At the lower incidence sites (or with a 
cultivar less susceptible to TLCV) in 
trials 2 and 4, IPM tactics improved 
yields by 2.5%-3%. In trials 2 and 
4 and using the susceptible Rushi 
cultivar at two sites, the IPM plots 
yielded 18.7 t/ha and 17.5 t/ha, respec-
tively, and farmers practice plot yield 
was decreased to 13.1 t/ha and 13.3 
t/ha. Comparison of these two plots 
indicates a yield benefit of IPM tactics 
of 3.2%-4.3%. 

Diagnosis of viruses 
in vegetable crops in 
Bangladesh  (E+T)
Rayapati, Muqit

A small-scale survey of vegetable 
fields in Comilla area of Bangladesh 
was conducted in April 2012. Symp-
tomatic samples from yardlong bean, 
country bean, okra, and gourds were 
collected and processed for testing by 
serological and molecular assays. Leaf 
samples showing mosaic symptoms 
from country bean, ash gourd, and 
bottle gourd tested positive in ELISA 
for universal antibodies to potyviruses, 
indicating that these samples were 
infected with a potyvirus. Symptom-
atic leaves of yardlong beans and 
okra were pressed on FTA® cards in 
the field and brought to Rayapati’s 
lab for further processing and testing 
for different viruses. Total nucleic 
acids eluted from FTA cards were 
subjected to reverse transcription 
(RT)-polymerase chain reaction (PCR) 
with universal primers specific to the 
cytoplasmic inclusion body protein of 
potyviruses. Total nucleic acid eluted 
from FTA cards pressed with okra 
samples were tested by PCR using 
universal primers for begomoviruses. 
In both cases, the amplified DNA 
fragments were cloned separately and 
nucleotide sequence determined. A 
comparison of sequences from yardlong 
bean with corresponding sequences in 
GenBank showed close affinity with 
Bean common mosaic virus (BCMV; 
Potyvirus) obtained previously from 
yardlong beans in Indonesia. The 
nucleotide sequences derived from 
okra samples showed high affinity to 
Bhendi yellow vein mosaic virus (Bego-
movirus) infecting okra in India.

Southeast 
Asia 
Diagnosis of viruses in 
vegetable crops in Indonesia 
(E+T)
Rayapati, Hidayat, Damayanti 

Surveys were conducted in November 
2011 to document viruses in vegetables 
in West Java and few areas in Central 
Java. Serological and PCR techniques 
were used. Four tomato samples and 
one leek sample from Lembang, and 
three tomato samples from Penga-
lengan tested negative by PCR for 
Crinivirus and Tospovirus, and were 
also negative to  Cucumber mosaic 
virus (CMV) by ELISA. Three potato 
plant samples from Lembang were 
positive by immunostrips for Potato 
virus Y (PVY) but negative for Potato 
leafroll virus (PKRV). Three potato 
samples from Pengalengan were nega-
tive for both viruses in immunostrip 
tests.

In some cases, DNA amplified by PCR 
was sequenced to identify virus(es) 
present. The PCR results from yard-
long bean (tab. 4) showed samples 
were positive for Bean common mosaic 
virus (BCMV) and Geminiviruses in 
most samples and were also positive 
for CMV in four samples that were 
also positive for BCMV. Samples 1-4 
from Bogor were also negative in tests 
for the following five genera of viruses 
known to infect legumes: Carlavirus, 
Comovirus, Crinivirus, Luteovirus, and 
Sobemovirus.  Further studies are in 
progress to identify viruses in other 
samples.

Coat protein sequence of 
Bean common mosaic virus 
(BCMV) from yardlong bean 
used to identify strain in 
Indonesia (E+T)
Previous studies have shown that 
BCMV is widely prevalent in yard-
long beans and affects crop yield. 
Therefore symptomatic samples were 
collected from yardlong beans in 
farmers’ fields from different areas, 
the coat protein gene was amplified, 
and the nucleotide sequences were 
obtained and compared with corre-
sponding sequences from GenBank. 
The results shown in table 5 indicate 
that two distinct strains of BCMV are 
present, each with wide variability 
among the isolates from yardlong 
bean. The Blackeye cowpea mosaic 

Trial 2: Tomato Hybrid: Ruchi. 
Date of Planting: 16-06-2011. 
Location : Marappanaickenpatti, 
Dharmapuri
Days 
after 
planting

% PBNV 
incidence

% TLCV 
incidence

IPM 
Plot

FP IPM 
Plot

FP

15 0.2 1.1 0 0
30 1.7 3.9 2.2 5.3
45 3.2 7.4 9.1 21.7
60 5.6 12.3 16.5 49.6
75 8.7 16.1 19.8 63.2
90 12.4 21.7 22.6 69.5

Trial 3: Tomato Hybrid: Vijaya 	
Date of planting : 04-01-2012. 
Location: Veerakeralam, 
Coimbatore
Days 
after 
planting

% PBNV 
incidence

% TLCV 
incidence

IPM 
Plot

FP IPM 
Plot

FP

15 0.3 0.8 0 0
30 1.6 3.1 0.2 0.9
45 2.9 6.7 0.8 3.1
60 5.1 11.5 2.5 4.2
75 8.2 15.3 3.7 6.9
90 12.7 23.4 4.3 8.2

Trial 4. Tomato Hybrid: Ruchi   
Date of Planting: 20-01-2012	
Location: Polayampatti Post- 635 
305 Dharmapuri Dt. Tamil Nadu  
Days 
after 
planting

% PBNV 
incidence

% TLCV 
incidence

IPM 
Plot

FP IPM 
Plot

FP

15 0.5 1.1 0.3 0.8
30 1.9 3.3 1.7 3.3
45 4.2 9.8 6.5 14.4
60 9.6 15.4 13.8 32.2
75 13.7 21.9 18.6 46.5
90 17.5 30.8 23.2 58.7
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strain (BCMV-BlC) was detected in 
two fields in Bogor and was related to 
other Asian BCMV sequences. Further 
studies are required to develop a 
comprehensive analysis of BCMV, 
including the possible origin of the 
virus from fields. 

Demonstration of seed 
transmission of BCMV in 
yardlong bean in Indonesia 
(E+T)
Rayapati, Hidayat, Damayanti 

In experiments to confirm seed trans-
mission of BCMV, 100 seeds of the fol-
lowing varieties — NJT-New Jaliteng, 
PLR-Pilar, PRD-Parade, LS-Long silk, 
MHR-Maharani, 777, LS-Lousiana — 
and one local variety were planted in 
small pots. Three weeks after germina-
tion, leaves from individual seedlings 
(100 per variety) were harvested 
and tested by ELISA and tissue blot 
immune assay (TBIA) using commer-
cially available antibodies. Percent 
seed transmission was calculated. As 
shown below, BCMV can be readily 

detected by ELISA (figure 1) and 
TBIA methods. In TBIA, dilutions of 
antiserum (obtained from Agdia, Inc.) 
to BCMV up to 1:10,000 were effec-
tive in detecting positive samples. In 
general, BCMV was detected serologi-
cally from all commercially available 

seed and the percent positive samples 
varied with variety. In four varieties, 
less than 5% of plants were infected. 
In three varieties, 20-70% seed trans-
mission was detected. These results 
provide definitive evidence that BCMV 
is disseminated via seed supplied from 
commercial sources, and suggest that a 
management strategy must begin with 
clean seed. 

IPM package development: 
Evaluation of Chitosan 
application for managing 
BCMV in yardlong bean in 
Indonesia (AR)
Rayapati, Hidayat, Damayanti 

This study was conducted in the 
greenhouse to evaluate the effect of 
chitosan application on plant growth 
and disease incidence caused by Bean 
common mosaic virus (BCMV). The 
study was conducted using two concen-
trations of chitosan (0.1 % and 1%) and 
three times of application (seed treat-
ment, before virus inoculation, and 
after virus inoculation). Plant height 
was measured at 2-week intervals. 
Other data were collected 8 weeks 
after inoculation. The eight treatments 
were:  

•	 PB0.1: seed treatment with 0.1% 
chitosan

•	 PB1: seed treatment with 1% 
chitosan

•	 SB0.1: application of 0.1% chi-
tosan before virus inoculation 

•	 SB1: application of 1% chitosan 
before virus inoculation

•	 ST0.1: application of 0.1% chi-
tosan after virus inoculation 

No. Location RT-PCR/PCR
BCMV CMV Geminivirus Five virus 

genera
1 Bubulak-Bogor + + - -
2 Cikabayan-Bogor - - + -
3 Cibeureum-Bogor + - + -
4 Leuwikopo-Bogor + - - -
5 Darmaga- Bogor + + + Not tested
6 Jatisari 

-Karawang
+ + Not tested

7 Subang + + + Not tested
8 Indramayu + + + Not tested
9 Cirebon + - + Not tested
10 Tegal + - + Not tested
11 Pekalongan + - + Not tested

Table 4. Viruses detected from yard long bean samples in Indonesia

No. Origin of 
sample

Identity Homology 
(%)

Gen Bank Accession No.

1 Darmaga, 
Bogor

BCMV-BlC 97 AY575773.1-Taiwan 
AF395678.1- Taiwan 
FR775796.1-Thailand 

2 Leuwikopo, 
Bogor

BCMV-BlC 90 DQ925423.1-Vietnam

3 Cirebon BCMV-NL1 90 L15331.1
AF083559 (NY15)

4 Sidorejo, 
Pekalongan

BCMV-NL1 94 GQ850881 [C-6 India]
FJ491262 [N-1 India]

Table 5. Identification of BCMV strain infecting yardlong bean based on sequence of the coat 
protein gene.

Figure 1.Seed transmission of BCMV from several yardlong bean varieties detected by ELISA 
and TBIA of individual plants from grow-out tests. 
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•	 ST1: application of 1% chitosan 
after virus inoculation 

•	 K-: no virus inoculation without 
chitosan application 

•	 K+: 	virus inoculation without 
chitosan application

The results show that chitosan appli-
cation either as seed treatment or leaf 
spray before or after inoculation with 
the virus showed significant positive 
effects on plant height at 8 weeks (tab. 
6) and on days to flowering (tab. 7). 
The numbers of leaves per plant was 
significantly greater in plants fol-
lowing treatment with the higher con-
centration on seed or on leaves. Plant 
dry mass was greater with the higher 
chitosan concentration by any treat-
ment (tab. 7). All chitosan treatments 

affected virus titer, reducing ELISA 
values to one-fourth or less that of 
the infected control, and reducing 
disease incidence by half or more (tab. 
8). These results provide a rationale 
for using chitosan as a component of 
IPM packages for the management of 
BCMV, enhancing plant growth, and 
reducing disease incidence especially 
when the risk of virus infection is high. 

Central Asia 
Detection and identification of 
viruses in potato and onion in 
Tajikistan (E+T)
Rayapati

Potato virus Y in potato: In continu-
ation of FY 2011 research, we con-
ducted molecular studies to precisely 
identify Potato virus Y (PVY) strains 
from symptomatic potatoes collected 
in farmers’ fields from the Buston and 
Dushanbe regions of Tajikistan. Total 
nucleic acids eluted from FTA® cards 
pressed with tissue samples from 
symptomatic plants were subjected 
to reverse transcription (RT)-PCR 
with primers specific to the coat 
protein of PVY. Samples infected with 
PVY ordinary strain (PVYO), tuber 
necrosis strain (PVYNTN), tobacco 
veinal necrosis strains (PVYEU-N and 
PVYNA-N), and a recombinant strain 
(PVYN:O) were included as references to 
validate RT-PCR results. The ampli-
fied fragments from two samples from 
Dushanbe and six from Buston areas 
were cloned separately and sequences 
were compared with corresponding 
sequences of reference strains avail-
able in GenBank. The results showed 
the presence of PVYO in samples from 
Dushanbe and Buston regions and 
presence of PVYNTN in samples from 
the Buston region. This study rep-
resents the first confirmed report of 
two distinct strains of PVY in potato 
in Tajikistan, of which PVYNTN is a 
quarantine pathogen in many coun-
tries. These findings warrant further 
efforts to improve phytosanitary status 
of potato fields and to facilitate the 
availability of virus-free seed in clean 
plant programs for significant yield 
increases in Tajikistan.

Iris yellow spot virus in onion: The 
bulb onion is an important crop for 
farmers’ income and overall economy 

Treatment Plant height (cm)
2 WAI* 4 WAI 6 WAI 8 WAI

PB0.1 64.9 ±  8.5 a 141.6 ± 24.8 ab 195.3 ± 22.0 a 215.4 ± 31.3 a
PB1 73.6 ± 17.2 a 171.1 ± 37.1 a 216.6 ± 38.8 a 233.6 ± 47.6 a
SB0.1 67.7 ± 20.5 a 154.0 ± 36.6 ab 188.5 ± 42.0 ab 207.6 ± 43.5 a
SB1 67.2 ± 18.2 a 146.1 ± 14.4 ab 190.5 ± 20.1 a 209.8 ± 35.2 a
ST0.1 72.4 ±  7.1 a 150.0 ± 21.2 ab 191.8 ± 22.6 a 213.1 ± 27.6 a
ST1 69.4 ±  7.8 a 154.5 ± 28.9 ab 200.2 ± 40.9 a 218.4 ± 30.4 a
K- 69.3 ± 14.8 a 167.2 ± 4.,1 a 211.1 ± 51.9 a 225.3 ± 53.3 a
K+ 62.9 ± 12.0 a 119.9 ± 19.1 b 156.2 ± 21.4 b 164.5 ± 24.4 b

Table 6. Effect of chitosan on plant height

* WAI, weeks after inoculation of virus

Treatment Days to flowering Numbers of leaf Plant dry mass
PB0.1 33.0 ± 0.69a 9.11 ± 0.50 bc 1.92 ± 0.34 ab
PB1 32.4 ± 3.38a 11.33 ± 0.33 a 1.98 ± 0.22 a
SB0.1 34.2 ± 1.34a 9.66 ± 0.66 abc 1.94 ± 0.32 ab
SB1 32.9 ± 1.26a 10.33 ± 0.33 ab 1.98 ± 0.55 a
ST0.1 34.0 ± 0.33a 10.66 ± 0.66 ab 1.90 ± 0.27 ab
ST1 32.0 ± 2.96a 11.33 ± 1.00 a 1.97 ± 0.44 a
K- 33.0 ± 1.92a 9.22 ± 1.64 bc 1.92 ± 0.25 ab
K+ 34.4 ± 3.32a 8.11 ± 1.25 c 1.82 ± 0.18 b

Table 7. The effect of chitosan on flowering time, numbers of leaf, and dry mass of plant

Treatment ELISA value Virus titer 
reduction (%)

Disease incidence 
reduction (%)

PB0.1 0.42 ± 0.12 b 82.3 55.3
PB1 0.42 ± 0.20 c 82.3 65.5
SB0.1 0.43 ± 0.16 cd 81.9 44.7
SB1 0.36 ± 0.21 b 84.8 62.1
ST0.1 0.57 ± 0.19 d 75.9 41.3
ST1 0.57 ± 0.19 d 75.9 41.3
K- 0.13 ± 0.01 a 100 100
K+ 2.37 ± 0.56 e 0 0

Table 8. Effect of chitosan on virus accumulation, virus and disease inhibition
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and food security of Tajikistan. During 
a limited survey of onion fields near 
Dushanbe in June 2011, we observed 
onion plants showing characteristic 
diamond-shaped lesions (with or 
without green islands) on leaves and 
scapes. Total nucleic acids eluted 
from FTA® cards pressed with tissue 
samples from symptomatic plants were 
subjected to RT-PCR with primers 
specific to the nucleocapsid protein 
(NP) gene of the Tospovirus Iris yellow 
spot virus (IYSV). A single DNA 
product of approximately 896 base 
pairs was amplified from all samples, 
cloned and sequenced. A comparison 
of these sequences with corresponding 
NP gene sequences of global IYSV 
isolates revealed that IYSV isolates 
from Tajikistan are more closely 
related to isolates from Serbia and 
Italy. Thrips tabaci, a known vector of 
IYSV, was observed in onion flowers. 
To our knowledge, this is the first 
confirmed report of IYSV in onions 
in Tajikistan. In recent years, IYSV 
has been reported in many onion-
growing regions. Our finding of IYSV 
occurrence in Central Asia, consid-
ered as the center of origin for onion, 
expands our knowledge of its global 
distribution.

West Africa
Identification of a viroid as the 
cause of an unusual disease 
phenotype in tomato in Mali, 
Ghana, and Senegal (E+T)
Gilbertson, Keo, Melgarejo

Since 2006, surveys of tomato fields 
conducted as part of the IPM CRSP 
project revealed an unusual disease 
symptom phenotype in which plants 
were stunted and leaves were curled 
and yellow and showing necrotic veins. 
During surveys of tomato fields in 
Ghana and Mali in March 2011, these 
unusual disease symptoms, including 
stunted growth, epinasty and chlorosis 
of leaves, and necrosis of leaf veins 
and stems, were observed in multiple 
fields. The symptom incidence was 
sporadic (~1%–5%), but distinct from 
those associated with known viral 
diseases in the region. Representative 
leaf samples were applied to FTA® 
cards, and DNA and RNA extracts 
were prepared. RT-PCR tests for tospo-
viruses, bromoviridae, tobamoviruses, 
torradoviruses, and potyviruses as well 
as PCR tests for begomoviruses were 
all negative. Similarly, PCR-based 
tests for phytoplasma and Candi-
datus Liberibacter infection were also 
negative. 

However, a putative virus-like agent 
was transmitted to tomato seedlings 
by rub-inoculation with sap from a 
sample from Niono, Mali. This agent 
induced stunted growth and severe 
epinasty of leaves, followed by necrosis 
of leaf veins, petioles and stems, sim-
ilar to those observed in field-collected 
plants. When RNA extracts from 
leaves of these infected tomato plants 
were rub-inoculated onto healthy 
tomato seedlings, similar symptoms 
developed, suggesting the causal agent 
might be a viroid. RT-PCR tests of 
RNA from symptomatic tomato leaves 
with universal and various specific 
pospiviroid primer sets were negative, 
but with the pCLV4/pCLVR4 primer 
pair, specific for Columnea latent 
viroid (CLVd), a DNA fragment of the 
expected size (~370 bp) was amplified. 
The sequence of this DNA fragment 
(GenBank accession no. JQ362419) 
was 99% identical with those of 
CLVd isolates from the Netherlands 
(AY373446 and AY372396). This is the 
first report of CLVd in tomato in West 
Africa, which was perhaps introduced 
in association with tomato seed.

In host range studies, the African 
CLVd isolate induced symptoms in 
sap-inoculated tomato plants, but no 
symptoms developed in inoculated 
Chenopodium quinoa and C. amaran-
ticolor, Nicotiana benthamiana, N. 
tabacum (cvs. Havana and Turkish), 
N. glutinosa, N. glurk, Datura stra-
monium, common bean (cvs. Topcrop 
and Pinto bean), pumpkin (cv. Small 
Sugar), pepper (cv. Yolo Wonder), or 
cucumber (cvs. Emparator and Poin-
sett 76) plants. However, symptomless 
infections were detected in pepper 
(Capsicum annuum), Nicotiana ben-
thamiana, and N. tabacum cv. Turkish 
plants. 

Characterization of a weed-
infecting begomovirus in Mali, 
Ghana, and Senegal (E+T)
Gilbertson, Keo, Melgarejo

Previously, our work in Mali estab-
lished that symptoms of leaf curling, 
vein swelling, and yellowing in the 
common weed Sida spp. were associ-
ated with infection with the begomo-
virus, Cotton leaf curl Gezira virus 
(CLCuGV), and the betasatellite, 
Cotton leaf curl Gezira betasatellite 
(CLCuGB). Sequence analysis of the 
PCR-amplified fragments revealed 
infection with CLCuGV-Sida strain 
(94-95% identity). These results extend 
the concern that this very common 
perennial weed could serve as a 
reservoir for begomoviruses with the 

potential to infect okra or even cotton.

We have now cloned the complete 
genomes of the begomovirus DNA com-
ponent and the betasatellite associated 
with the leaf curling and yellowing 
symptoms in Sida. The complete 
sequence of the begomovirus DNA is 
88.6% identical to the closest known 
begomovirus, CLCuGV from Mali that 
infects okra. However, inspection of 
the genome revealed highly conserved 
regions of the genome and more diver-
gent regions, suggestive of recom-
bination. The betasatellite is more 
divergent and is only 63% identical 
to the most closely related betasatel-
lites, raising the interesting possibility 
that the betasatellite may confer host 
specificity to CLCuGV complexes. We 
are now seeking to test this hypothesis 
as well as determine the host range of 
the CLCuGV from Sida by obtaining 
infectious clones and conducting agro-
inoculation and particle bombardment 
experiments with cotton, okra, and 
Sida spp. plants. 

IPM package development: 
Host-free periods for 
management of whitefly-
transmitted viruses in tomato 
in West Africa (AR)
Gilbertson

The implementation of the host-free 
period in two locations in Mali, Bagu-
ineda and Kati, has resulted in a sub-
stantial reduction in the incidence of 
Tomato yellow leaf curl virus (TYLCV) 
and populations of whiteflies. Com-
bined with the introduction of early 
maturing and high-yielding hybrid and 
open-pollinated varieties, the tomato 
yields for growers in these areas have 
increased dramatically. Thus, at the 
January 2012 West Africa Regional 
Planning meeting, plans were made to 
extend the host-free period to addi-
tional regions in Mali, including Segou 
and Konanbougou (a rainy season pro-
duction area). Unfortunately, with the 
suspension of the activities in Mali, 
this part of the project was suspended.

In Ghana, plans have been made to 
establish a host-free period in the 
northern production region, where 
there is irrigated tomato produc-
tion (Tono irrigation project). This 
is an ideal location, because it is an 
irrigated vegetable-rice production 
system, with tomatoes being grown in 
the dry season (October-April). Thus, 
a 2-3 month tomato/pepper host-free 
period could be established in June-
August. Similarly, the possibility 
of establishing host-free periods in 
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Senegal is now being assessed, and the 
location(s) to be targeted will depend 
on the results of the tomato IPM plots 
as part of the West African Regional 
Project.

East Africa 
Virus identification and 
workshops in Kenya, Uganda, 
and Tanzania (E+T)
Sseruwugi, Tolin, Otipa, Mamiro

Work was initiated in the East Africa 
region by Tolin attending a meeting in 
early March 2012 of representatives of 
the Regional Project and the IPVDN in 
Morogoro, Tanzania. She reviewed the 
work funded by Africa Food Security 
Initiative (AFSI) and the Interna-
tional Plant Diagnostic Network 
(IPDN) for a student from Makerere 
University to survey for viruses in 
tomato using available ELISA kits. 
Severe symptoms were observed in 
over 60% of the fields examined. In 
71 samples, ELISA-positives included 
Tomato mosaic virus (ToMV), Tobacco 
mosaic virus, Cucumber mosaic virus, 
Potyvirus, and Tomato spotted wilt 
virus, with mixed infections in 85% of 
the samples. The full-length sequence 
of ToMV-Uganda was determined, 
confirming that the virus is ToMV 
and not TMV, and suggesting that it 
is a distinct strain of this virus. This 
work was done at OSU under the 
supervision of F. Qu at Wooster (Ohio 
State) and the IPDN. Research done 
in Kenya on passion fruit viruses was 
also reviewed, including the thesis 
work done by M. Otipa with F. Qu. 
Suggestions made for developing mem-
brane-based ELISA assays that could 
be used as an alternative to ELISA to 
expedite virus screening by nursery 
operators and seedling stock providers 
to provide management through clean 
seedlings.

Additionally, we collaborated with the 
IPDN in planning an April 2012 Diag-
nostics Workshop in Morogoro. Viruses 
included in the workshop were Tomato 
yellow leaf curl virus and Passion fruit 
woodiness virus. Draft SOPs were 
reviewed and suggestions made for 
revisions. The IPVDN also contributed 
expendable laboratory supplies to the 
IPDN for use in the workshop and the 
hands-on exercises at Sokoine Univer-
sity of Agriculture, Tanzania. 

Latin 
America 
and the 
Caribbean
Prevalence of Viruses in 
Solanaceous Crops in Three 
Regions of Guatemala (E+T)
Palmieri

Samples of tomato, pepper, potato, 
and surrounding weeds were collected 
in three areas of Guatemala: Occi-
dental (western highlands), Oriental 
(eastern), and north central. Potyvi-
ruses were detected in tomato in all 
regions but only detected in pepper 
in north central. Begomoviruses were 
detected in pepper only in eastern and 
north central regions. TMV/ToMV 
was the predominant virus complex in 
tomato and weeds in all three areas. 
Tomato spotted wilt virus (TSWV) was 
detected in tomato and pepper in the 
western and north central areas. In 
potato from the western highlands, 
Potato Virus Y (PVY), Potato Virus X 
(PVX), Potato virus S (PVS), and PLRV 
as well as the zebra chip Liberibacter 
pathogen were detected. 

Detection of Specific 
Potyviruses in Guatemala 
(E+T)
Palmieri, David Castañeda

Since Potyvirus members are con-
stantly found in many places of 
Guatemala and in different crops, we 
need to start implementing a method 
for detecting potyviruses by ELISA 
and detecting specific potyviruses 
present. This knowledge could help in 
developing methods or strategies for 
preventing these virus infections and 
study the virus-vector relationship. 
Two pairs of PCR primers were tested 
for amplification of sequences encoding 
conserved portions of the NIb protein 
or the capsid protein. The NIb primer 
pair amplified a 350 bp fragment and 
CN48/oligo-dT primer pair amplified a 
700 bp fragment. 

Samples were collected from different 
crops and from different localities, 
including Salamá, Panajachel, Sololá, 
and Santa Lucía Cotzumalguapa, 
Escuintla. The samples were sub-
jected to ELISA for general potyvirus 
and to RT-PCR with both pairs of 
primers. Our conclusions were that 
the CN48/Oligo-dT primer pair was 

very inconsistent in the amplifica-
tion and was influenced by the crop. 
Results with the NIb primer pair were 
consistent in the amplification and 
adequate sequences were obtained 
from the products. The NIb primers 
could be used for different crops, with 
amplification obtained with similar 
conditions. 

We also noticed that the ELISA test 
for potyviruses was very consistent 
with dicotyledonous crops, but it was 
not able to detect potyviruses from 
monocotyledons like sorghum. The 
RT-PCR showed high specificity (86%) 
and a low sensitivity (11.11%). After 
sequencing, two viruses were detected, 
Bean yellow mosaic virus (BYMV) in 
pea and Johnson grass mosaic virus 
(JGMV) in sorghum, that had not been 
detected previously in Guatemala. We 
believe that better sequences could be 
obtained if the products of the RT-PCR 
were cloned before sequencing. The 
isolated nucleic acids degraded readily, 
and clones were more stable and 
yielded better sequences. We plan to 
try other primers to see if they perform 
better using other regions of the 
potyvirus genome and will distinguish 
between potyviruses. 

Detection of relative 
prevalence of viruses in 
solanaceous crops and weeds 
in Honduras by commercial 
PCR analysis (E+T)
Rivera, Melgar

Two surveying trips were conducted, 
and a total of 203 crop samples were 
collected and sent to AgDia, Inc., 
(Elkhart, IN, USA) for analysis. All 
the samples were collected in the six 
poorest departments in southwestern-
western Honduras. This is the region 
where the USAID-funded ACCESO 
project is being conducted. As a collab-
orative activity, logistic and financial 
collaboration was provided to FHIA by 
ACCESO to implement this activity. 
Most samples were from Solanaceaem, 
and all were tested initially by PCR 
against a battery of twelve groups 
(genera or families) of viruses. Partial 
results of the general analyses of 
the first samples are available and 
show that 83.5% of the samples were 
positive for one or more virus groups, 
with Begomovirus being the pre-
dominant and detected in 73.8% of the 
samples. Other groups detected were 
Carlavirus (5.8%), Closteroviridae 
(2.9%), Nepovirus (2.0%), Potexvirus 
(3.9%), Potyviridae (2.9%), Tobamo-
virus (1.0%), and Tospovirus (1.0%). 
No members of the Bromoviridae, 
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Curtovirus, Ilarvirus, or Tombusvirus 
genera were detected. These results 
differ from the virus groups tradition-
ally found in horticultural areas such 
as Comayagua, where the incidence of 
potyviruses has been higher, followed 
by begomoviruses and then tobamo-
viruses. As many as six of eight weed 
samples (75%) tested positive to one or 
more virus groups. 

Distribution and diversity 
of whitefly vectors and 
begomoviruses in Guatemala 
over time (E+T)
Brown, Palmieri

Over the last decade of IPM CRSP 
activities, collections from different 
locations in Guatemala have been 
made for begomovirus detection and 
whitefly speciation and haplotyping. 

Brown’s lab reviewed all of the bego-
movirus core coat protein sequences 
from the study and initiated work to 
edit and analyze the sequence data 
(phylogenetic), so that redundant 
sequences will be removed from the 
tree to make it small enough to read. 
At the same time the data points were 
recorded for each crop and year based 
on the phylogenetic analysis, which 
allows us to identify the virus based on 
shared sequence homology with a ref-
erence species or strain. This also per-
mits recognition of a new virus using 
the same analysis, verified by BLASTn 
matching using the NCBI database 
that contains sequences to all known 
begomoviruses (and therefore can alert 
to a new species or variant for which 
a sequence may have recently been 
submitted/since the reference sequence 
database was assembled). 

Similarly, the Bemisia tabaci and 
other whitefly cytochrome c oxidase I 
(COI) sequences were edited to correct 
for sequencing error and prepared for 
phylogenetic analysis. These data will 
yield an affiliation with a particular 
sister clade and/or as an outgroup if B. 
tabaci aligns with a whitefly species 
other than B. tabaci. There are a large 
number of sequences in our database 
from long-term studies, and so the pro-
cedure used (above) for the redundant 
haplotypes will be used for the virus 
sequences; the number of samples of a 
given haplotype, host, and geographic 
location will be tallied by year. An 
interesting trend is that Trialeurodes 
vaporariorum, the greenhouse 
whitefly, was seen to overtake previous 
B. tabaci niches in some locations. 
Another trend is that the B biotype 
of B. tabaci, which had displaced the 

local haplotypes in some areas, has 
been displaced in some of those loca-
tions by the local haplotypes. Both of 
these trends appear to be related to 
changes in local weather-climate fac-
tors (anecdotally occurring as warming 
trends are reported elsewhere). Our 
hope is that this long-term data set 
will reveal some interesting patterns 
in whitefly vector and virus diversity 
and distribution. If our ‘warming’ 
hypothesis is supported, this will be 
the only data set of its kind (as far as 
we are aware) for the Americas. 

In Brown’s lab, re-optimization of 
PCR for haplotyping whiteflies using 
the COI as a molecular marker was 
undertaken. Results have been erratic 
during the past year. With the inclu-
sion of non-proof reading Taq poly-
merase, results were obtained for the 
PCR assay for the first eight months; 
again the assay failed to work. We are 
exploring the source of the proteinase 
K, which the Brown lab has found in 
the past to vary, depending on the 
source of the recombinant protease. 
The earliest assays used a protease 
isolated from culture microorganisms; 
recent preparations are known to be 
produced using recombinant methods, 
and different companies provide 
enzymes that do not necessarily work 
in the type of lysis procedure we previ-
ously employed. In the Brown lab we 
have abandoned the lysis method and 
now isolate total DNA from all white-
flies for COI-PCR amplification. It may 
be that the Del Valle lab will need to 
do the same. 

Developing/optimizing the 
diagnostics for sweet potato 
viruses in Honduras (E+T)
Brown, Rivera, Melgar

The purpose of this activity is to 
identify viruses present in Honduras 
that pose a threat to sweetpotato, a 
locally-promising crop for export to 
North America and Europe. A total of 
37 samples were collected from eight 
sites in five provinces and were locally 
analyzed using a NCM-ELISA test kit 
developed by the International Potato 
Center (CIP-Perú) and provided by Dr. 
Luis Salazar. This kit is designed for 
detection of ten viruses known to infect 
sweet potato worldwide. Two distinct 
viruses were identified: the aphid-
transmitted potyvirus Sweet potato 
feathery mottle virus (SPFMV) and less 
frequently the whitefly-transmitted 
crinivirus Sweet potato chlorotic stunt 
virus (SPCSV). However, only 23 of 
the samples tested positive to any of 
the ten viruses. The development of 

RT-PCR is in progress to identify the 
prevalent strains of SPCSV, and to 
detect other RNA viruses that may 
occur in the crop. To date no bego-
moviruses have been identified using 
PCR in sweet potato samples from 
Honduras. 

Cuttings purchased from the United 
States and other sources are certified 
virus-free. This leads to the hypoth-
esis that endemic viruses, reaching 
50% or greater disease incidence, are 
transmitted to sweet potato plants 
shortly after planting to as late as 
mid-season. Studies are underway to 
study the epidemiology of sweet potato 
viruses to determine their sources; this 
will aid in reducing disease incidence 
through vector control and/or clean 
cutting if cutting sources are found to 
be contaminated (uncertified commer-
cial seed and seed saved from pre-
vious crops). Management currently 
emphasizes use of clean seed while 
discouraging planting of cuttings from 
the previous crop. Even so, purchasing 
seed from external sources creates a 
prohibitive expense for many farmers, 
and a locally run clean-seed program 
is needed.

Developing/optimizing 
diagnostic methods and host 
country capacity for detecting 
sweet potato viruses (E+T)
Brown, Palmieri

Work has been initiated to develop 
diagnostic capacities needed for the 
management of sweet potato virus 
diseases through the reduction of 
viruses in cuttings, enabling produc-
tion of a local supply of clean cuttings 
and increasing knowledge of endemic 
viruses infecting this valuable crop in 
Central America. 

Virus identification in tree 
tomato in Ecuador (E+T)
Ochoa, Tolin

Tree tomato is an important cash fruit 
crop for small scale farmers in the 
highland valleys in Ecuador, and it is 
one of the crops targeted by the LAC 
Regional Project. Thus far the IPVDN 
has not been involved, even though 
viral diseases are recognized as impor-
tant constraints of this crop, causing 
serious yield losses and significantly 
reducing harvesting period. 

At the June 2012 planning meeting, 
Ochoa presented symptoms of mosaic, 
leaf distortion, blistering, veinal chlo-
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rosis, and fruit spotting often seen on 
tree tomato. Viruses detected in the 
1990s included Tomato mosaic virus, 
Tomato ringspot virus (ToRSV), Potato 
virus X, Tomato spotted wilt virus, 
Potato leaf roll virus, Potato virus S, 
Cucumber mosaic virus (CMV), Alfalfa 
mosaic virus, the potyviruses Potato 
virus Y (PVY), Tamarillo mosaic virus 
(TaMV), and a potyvirus identified 
only to genus. This complex includes 
viruses that are only mechanically 
transmitted or have thrips or aphid 
vectors. Current results from INIAP 
using mechanical and aphid vector 
inoculations suggest that PVY and/or 
serologically related potyvirus(es) are 
causing most of the symptoms found in 
Ecuador. They also showed that PLRV 
caused slight leaf deformation and 
ToRSV was asymptomatic. Contribu-
tion of other viruses to the disease 
syndrome is unknown. Plans were 
made to document the potyviruses and 
other viruses associated with spe-
cific symptoms in tree tomato and to 
determine their ecology and epidemi-
ology in order to develop management 
practices. 

INIAP also reported that viral diseases 
are commonly observed in melon and 
watermelon but that their etiology is 
poorly understood. Initially, Papaya 
ringspot virus (PRSV), CMV, and a 
potyvirus have been detected by INIAP 
using ELISA tests. Collaboration 
between INIAP and CIBE-ESPOL has 
been initiated for 2012-2013 focusing 
on documentation of these viruses to 
enable initiation of virus management 
research.

Tomato leaf curl disease in 
Ecuador and Peru is caused 
by a New World monopartite 
begomovirus (E+T)
Gilbertson, Melgarejo

All characterized whitefly-transmitted 
geminiviruses with origins in the New 
World (NW) have bipartite genomes, 
and the disease symptoms induced by 
these viruses are typically leaf crum-
pling, downward curling along with 
light-green to yellow mottling, and 
mosaic. However, unusual leaf curl 
symptoms in tomato plants have been 
observed in Peru (note: the IPM CRSP 
only funds the Ecuador research, 
but the same problem exists in both 
countries) since the mid-1990s and in 
Ecuador since 2003. These symptoms 
were also associated with whiteflies, 
which suggested that a begomovirus 
may be the causal agent. PCR analyses 
of plants from Ecuador and Peru with 
these symptoms revealed the presence 

of a begomovirus DNA-A component, 
but we could not detect a DNA-B com-
ponent associated with the disease.

Our results now show that tomato 
leaf curl disease (ToLCD) in Ecuador 
and Peru is caused by a monopartite 
begomovirus and that this virus is an 
indigenous NW monopartite bego-
movirus. A number of variants of a 
begomovirus DNA component, cloned 
from tomato plants with ToLCD in 
Peru, were infectious and induced 
stunted growth and leaf curl symp-
toms indistinguishable from those 
observed in the field. This fulfilled 
Koch’s postulates for the disease, and 
established that the causal agent is a 
monopartite begomovirus. The genome 
organization of these DNA components 
is similar to DNA-A components of NW 
bipartite begomoviruses, and sequence 
comparisons revealed highest identi-
ties (92-99%) with the DNA-A compo-
nent of Tomato leaf deformation virus 
(ToLDeV), a recently described bego-
movirus from Peru. Biological proper-
ties of this monopartite begomovirus 
causing ToLCD in Peru were shown to 
be similar to those of other monopar-
tite begomoviruses, including lack of 
sap transmission, phloem limitation, 
and inability to cause disease symp-
toms in tomato varieties with the Ty-1 
gene. Furthermore, mutational anal-
yses revealed functional homology of 
the capsid protein and C4 genes of this 
monopartite begomovirus with coun-
terparts in other monopartite begomo-
viruses. DNA components, cloned from 
samples of ToLCD collected in Peru 
in 1998 and 2010 differed in virulence 
and were found to be associated with a 
highly divergent region of the genome, 
including part of the intergenic region 
and the entire C4 ORF. These results 
establish that ToLCD in Ecuador and 
Peru is caused by an emerging NW 
monopartite begomovirus. Based upon 
current taxonomic guidelines, the DNA 
components of this begomovirus rep-
resent isolates and strains of ToLDeV. 
ToLDeV is the first example of an 
indigenous NW monopartite begomo-
virus, and evidence is presented that it 
emerged through convergent evolution.

Incidence of viruses in 
solanaceous crops in IPM 
package development trials 
conducted in Guatemala by 
the LAC regional project (AR)
Palmieri, Tolin, Arevalo

In Guatemala some experiments 
were conducted on potato, tomato, 
and pepper at San Andrés Semetabaj, 
Sololá, and on tomato and pepper at 

Salamá, Baja Verapaz, to find out if the 
program with chemical treatment from 
the grower was more efficient than 
others that use fewer chemicals, are 
environmentally friendly, and are less 
expensive. In the two regions, three dif-
ferent programs were used to manage 
the crops, and all except potato were 
grown in macrotunnels. It is common 
practice for growers to use macrotun-
nels for 60-65 days after transplanting 
to protect crops from virus-transmit-
ting insects (whiteflies, aphids, thrips) 
during early stages. After that the 
agribón was removed. Samples were 
collected from all plots and tested for 
several pests and diseases reported 
in previous years, including viruses. 
Details are reported by the LAC 
project. Only the virus results are 
discussed here. 

The three options for crop management 
were replicates of: 1) grower practices, 
which used several chemical treatments, 
including foliar and drip irrigation-
applied imidacloprid targeted to vector 
insects; 2) biological control; and 3) IPM 
system combining chemical, biological, 
and cultural practices that included 
sorghum strips between plots as trap or 
barrier crops to reduce vector pressure. 
(See the LAC section for more specifics.) 

In the samples collected in the Salamá 
plots, 16 tomato and 6 pepper were 
positive for one or more viruses. The 
highest number of virus-infected 
tomato plants were detected in the 
chemical treatment option (9), followed 
by the IPM option (8). Tomato in the 
grower or chemical plot had potyvirus, 
begomovirus, and TSWV. In the bio-
logical treatment, TMV and potyvirus 
were detected. In the IPM treatment, 
only potyviruses were detected. 

In samples collected in the Sololá exper-
iments, eight potato, four tomato, and 
one pepper were positive for one or more 
viruses. At this location, four potato 
plants were infected in the biocontrol 
plot (potyvirus, PVX, PVS), three in 
the IPM plot (PVX, PVS, PVY), and 
one (PVX) in the chemical/grower plot. 
These viruses are commonly found in 
potato seed tubers. In tomato, only PVY 
and another potyvirus were detected 
in the biological treatment plot, and no 
viruses were detected in tomato in the 
chemical or IPM plots. The incidence 
of virus in pepper was also low. These 
experiments demonstrate the potential 
benefit of IPM practices in generally 
reducing virus incidence. 

The identification of the viruses, par-
ticularly in potato, suggests that virus 
incidence may be reduced by using 
virus-free seed. 
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IPM package development: 
Management of the 
zebra-chip disease-psyllid 
complex of potato and 
other solanaceous crops in 
Guatemala and Honduras (AR)
Brown, Rivera, Espinoza, Palmieri

Zebra chip of potato and vein greening 
of tomato caused by the fastidious bac-
terium Candidatus Liberibacter sola-
nacearum emerged as new diseases, 
and the pathogen and tomato/potato 
psyllid vector were identified for the 
first time during in about 2008 (U-AZ, 
FHIA, Univ-Del Valle). In Honduras, 
yellow sticky traps have been imple-
mented for psyllid monitoring to learn 
more about the epidemiology primarily 
in potato and the biology and life his-
tory of the psyllid vector in the high-
land areas where potatoes are grown. 
Transmission studies are underway 
to define transmission parameters to 
better understand pathogen-vector 
relationships

Our collecting plan was to use in-field 
traps and leaf-turn counts, but this 
yielded few insects since they were 
not undertaken at the right time and 
frequency. The use of a leaf-blower/
sucker apparatus is proposed to carry 
out this objective more efficiently. We 
also learned that, because of the high 
mountain locations of the affected 
potato fields, personnel are needed 
that reside in or near the sampling 
areas during the pre-dry, dry, and 
post-dry part of the season to provide 
consistent sampling timing and weekly 
collections from yellow sticky traps 
to monitor dispersal and work with 
FHIA, who will coordinate the efforts. 
Psyllid and plant samples have been 
sent to Brown’s lab in Arizona for: 
detection of Liberibacter (qPCR and 
PCR, respectively) in plants and psyl-
lids; and psyllid haplotyping (COI), to 
determine whether populations are 
of local origin or are migrating from 
other areas and if polymorphisms can 
be identified among populations. This 
information is need to target vector 
control as a strategy for disease man-
agement of this virus-like pathogen. 

The Brown lab has pursued the 
development of potato psyllid-specific 
mtCOI primers that will amplify the 
mtCOI. This will be applied to rein-
force the haplotype differences (that 
separate two Arizona psyllid popula-
tions (Yuma, Wilcox) from Honduras 
psyllid) discovered during the pilot 
study; this suggests (albeit prelimi-
nary because of small sample size) 
that more than one haplotype occurs 

in Honduras. Additional samples are 
needed to corroborate this hypothesis 
and to cover two major locations in 
Honduras as well as psyllids from the 
Guatemalan highlands. PCR primers 
for the detection of Ca. Liberibacter 
and positive control DNA have been 
provided to the University del Valle in 
Guatemala lab to enable detection of 
the this emergent, fastidious bacte-
rium in psyllids and/or tomato or other 
plants. This increases the capacity in 
Central America for pathogen detec-
tion and should enable accelerated 
monitoring needed to monitor disease 
management.

IPM package development: 
Host-free periods for 
management of whitefly-
transmitted viruses in tomato 
in the Dominican Republic 
(AR)
Gilbertson

The implementation of the 3-month 
whitefly host-free period in the main 
processing tomato production areas 
of the Dominican Republic (DR) has 
been a key component in the successful 
IPM program for TYLCV. Although 
the DR is no longer an official part of 
the IPM-CRSP, continued monitoring 
has been supported through leveraged 
funding provided by Transagricola SA. 
Whiteflies were collected by in-country 
collaborators, and virus detected by 
PCR at the Gilbertson lab at UC-
Davis. A reduction of TYLCV-positive 
whiteflies has indicated a high efficacy 
of the host-free period in the two 
major tomato-growing areas of the DR, 
the north (around Santiago) and the 
south (Azua Valley). This monitoring 
provides essential data of the efficacy 
of this management practice as it is 
applied in new areas. 

Whitefly samples (30-50 insects/
location) collected in September and 
October of 2011 had very little TYLCV 
detected (September: 1 positive/6 
total - North, 2/17 - South; October: 
0/6 - North, 3/17 - South), indicating 
that the 2011 host-free period was 
effective in reducing the level of 
the virus in whiteflies. Levels of 
TYLCV in whiteflies remained low in 
October, November, and December 
(0-1/6 - North and 1-4/17 - South). No 
virus-infected plants were observed 
in the field in October and November; 
however, in early December a small 
number of virus-infected plants were 
observed in the North and South. 
In early January 2012, the number 
of whiteflies in which TYLCV was 

detected began to increase (4/6 - North 
and 6/17 - South). By February 2012, 
all 6 whitefly samples from the North 
and all 17 whitefly samples from the 
South were strongly positive. The 
incidence of TYLCV-infected tomatoes 
in the field also increased substan-
tially during this time. By this point, 
most tomato fields were well into the 
green fruit stage, when virus infec-
tion of plants has a greatly decreased 
impact on yield. Whiteflies collected 
in March and April 2012 from the 
North and South continued to have 
high incidences of TYLCV (4-5/6 - 
North and 14-16/17 - South). However, 
harvest was well underway by this 
time and, although the incidence of the 
virus had increased substantially, the 
virus had relatively little impact on 
yields because most of the plants were 
infected late. 

Another factor that has minimized the 
impact of the TYLCV on the tomato 
harvest is the increased planting 
of TYLCV-tolerant and resistant 
varieties. As the harvest was being 
completed (May), the amount of 
TYLCV in whiteflies remained high 
(5/6 - North and 11/17 - South). In 
June, when the host-free period began 
to be implemented, the number of 
positive whiteflies began to decline (2/6 
– North and 6/17 - South). This decline 
continued into the host-free period, 
with 0/6 -North and 2/17 - South in 
July and 0/6 positives - North and 1/17 
positives - South in August. 

Overall, these results indicated that 
the host-free period implemented 
in 2012 was again very effective in 
reducing the amount of TYLCV in 
whiteflies and that the virus inoculum 
pressure should be low heading into 
the 2012-13 growing season. Together 
with the increased planting of tolerant 
and resistant varieties, especially late 
in the season, the impact of TYLCV in 
the 2012-2013 growing season should 
be minimal. Our results also indicate 
that the host-free period is effec-
tive against the new TYLCV strain 
detected in the DR, TYLCV-Mld. Thus, 
the monitoring of TYLCV in white-
flies throughout the year continues to 
be an important part of the effective 
IPM program for this virus in the 
Dominican Republic, and it is essential 
for successful implementation in other 
locations globally. 
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Impact Assessment

The Impact Assessment Global Theme in-
teracted with the Regional Programs and 

Gender Global Theme on impact work. Two 
Ph.D. dissertations are in process for South 
Asia, one for Bangladesh, and another for 
India. The former is assessing the economic 
impacts of the pheromone traps, and the other, 
the impacts of the onion IPM program. An 
M.S. thesis is in process to evaluate the im-
pacts of the potato IPM program in Ecuador. 
A Ph.D. thesis is underway at NC State on 
impact assessment of onion IPM in the Philip-
pines. An undergraduate research paper is in 
process on the impacts of parasitoid control of 
papaya mealybug in India. 

Brief planning and training sessions on impact 
assessment were held in Bangladesh, Nepal, 
India, Ecuador, Guatemala, and Uganda. A 
three-week short-term training was completed 
at Virginia Tech for an economist from Ghana. 
A six month short term training was completed 
at Virginia Tech for an economist from India.  
A baseline survey was completed in Tajiki-
stan by economists from Michigan State. IPM 
adoption surveys were completed in Ecuador, 
Ghana, Bangladesh, and India.    

program summary
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Working with regional 
programs 
Surveys were finished in Bangladesh 
for adoption of pheromone traps and 
in India for adoption of onion IPM.  
A survey was completed in Ecuador 
on adoption of potato IPM. Another 
survey was completed in Ghana on 
adoption of vegetable IPM (in conjunc-
tion with the Gender Global Theme). A 
baseline survey has begun in Tajiki-
stan by economists at Michigan State. 

Short-term training on 
impact assessment
Three-week impact assessment 
training was given at Virginia Tech 
for an economist from Ghana.  A six-
month impact assessment training 
program was held at Virginia Tech for 
an economist from India. On-site visits 
were made by PIs to Bangladesh, 
India, Nepal, Ecuador, Guatemala, 
and Uganda. Visits were made to the 
Philippines and Tajikistan by econo-
mists from Southeast Asia and Central 
Asia regional programs, respectively.  

Specialized in-depth 
impact assessments of 
poverty, environmental, 
nutritional, gender and 
other impacts   
A manuscript was prepared and 
submitted to a Bangladeshi journal 
based on former M.S. student Leah 
Harris’s thesis. The thesis assessed 
the effectiveness and optimal mix 
of funding for a set of dissemination 
approaches for specific types of IPM 
practices in Bangladesh. The results 
from the her model suggest that more 
farmers could be effectively reached by 
reallocating funding that is currently 
used for interpersonal communications 
(i.e. extension agent visits and farmer 
field schools) to more widespread 
methods such as mass media and field 
days. The model also suggests that a 
dynamic dissemination strategy is nec-
essary to encourage adoption of IPM 
technologies with differing characteris-
tics and levels of complexity. 

A manuscript was prepared and 
submitted to a journal on assessing 
gender impacts of IPM in Honduras. 
A three-step framework to identify 
women’s crops and technologies was 
developed in conjunction with the LAC 
regional program. In step one, total 
potential benefits from research are 

estimated; step two allocates those 
benefits between men and women; and 
step three incorporates technology-spe-
cific parameters to refine the estimates 
of potential benefits. The framework as 
applied in Honduras resulted in steps 
one and two providing the most infor-
mation on the magnitude and distribu-
tion of benefits, but that refinements 
in step three can affect rankings of 
research program impacts on women.

In conjunction with the LAC regional 
program, an economic surplus analysis 
was combined with household data 
to predict the economic impacts of 
agricultural research on IPM for egg-
plants, onions, peppers, and tomatoes 
and on poverty reduction in Honduras. 
Tomato IPM resulted in the largest 
income gain at $8 million followed by 
$5 million for pepper, $3 million for 
eggplant, and $2 million for onions.   

Additional tasks completed include: 
1.	an M.S. thesis underway at Vir-

ginia Tech to assess the ex post 
economic impacts of the potato 
IPM program in Carchi Ecuador; 

2.	a Ph.D. thesis underway at 
Virginia Tech to evaluate more 
precisely the ex post impacts of 
the pheromone trap IPM practice 
in Bangladesh; 

3.	a Ph.D. thesis nearing completion 
at TNAU on the impacts of the 
onion IPM program in India; 

4.	a Ph.D. thesis underway at NC 
State to evaluate the onion IPM 
program in the Philippines; and 

5.	an undergraduate research paper 
underway on impacts of parasitoid 
control on papaya mealybug in 
India.   
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Gender Equity, 
Knowledge, and  
Capacity Building
program summary

The gender global project has supported 
gender teams in all the IPM CRSP regions, 

funded students, and carried out workshops 
and research. Changes in Latin America and 
the Caribbean have shifted the focus to Hondu-
ras. In West Africa, the project is making sig-
nificant progress in analyzing data on gender 
relations and pest management collected in 
Ghana and Mali. Uganda is the focus country 
in East Africa, where student progress on gen-
der and IPM in coffee production is advancing; 
in addition, activities have begun in Tanzania 
with the naming of a country point person for 
gender. The project activities in South Asia 
include two students’ progress in Bangladesh 
and women’s participation in trainings and 
field visits in India. 

Visits were made by the PI to East Africa 
to meet the Kenya coordinator and regional 
coordinator in Uganda to plan further research 
and to the Philippines to meet with the col-
laborators. In LAC, data gathered during a 
gender workshop in Intibucá produced initial 
findings on men’s and women’s participation in 
agricultural activities, access to resources, and 
technological adoptions. In West Africa, initial 
analysis of survey data collected in Ghana was 
completed. Additionally, survey data was col-
lected in Mali and analysis is underway. The 
gender coordinator for East Africa is currently 
analyzing data and writing paper manuscripts 
from baseline survey data collected on hot 
pepper in Uganda. In Southeast Asia, plans for 
research on gender relations and pest manage-
ment in Indonesia have been developed and 
will be carried out in the second half of this fis-
cal year. The research instruments from West 
Africa (focus groups, household visits, and sur-
veys) were disseminated to other gender teams 
in South Asia and Southeast Asia to support 

research activities in those regions. Additional-
ly, the project worked closely with the Impact 
Assessment Global Theme to analyze survey 
data collected in Ghana.
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Latin 
America 
and the 
Caribbean
Gender indicators such as the number 
of female scientists increased in 
the region. Meanwhile, two gender 
assessments were conducted (one in 
Honduras and one in Guatemala) 
to generate a gender strategy in the 
IPM CRSP–LAC project. Specific 
workshops were also held on gender 
and the management and safe use of 
pesticides. Scientists are working on 
creating integrated pest management 
(IPM) packages for potato and tomato 
crops. If the information is correctly 
disseminated, both packages will 
have an impact on at least 30% of the 
female producers involved in these 
crops. The main constraint in rela-
tion to achieving this is the producers’ 
limited access to information, which is 
largely related to the type of technical 
assistance available in the region. 

Another important achievement of the 
IPM CRSP project is the generation 
of research on the issue of gender and 
agriculture. Given the lack of updated 
information on the topic as well as 
limited investment in research, this 
will have an impact not only on the 
IPM CRSP projects, but also on other 
projects working in the area, such as 
the “Feed the Future” projects, in both 
countries.

Female participation in Honduras and 
Guatemala is not very high for various 
reasons, including the following:

1.	A large number of women own 
small, non-technified plots of land.

2.	There is limited access to 
information.

3.	Women have a high workload, 
complying with reproductive roles 
(cleaning the house and washing 
clothes, among others), commu-
nity roles, and non-visible produc-
tive roles.

4.	The women involved in agricul-
ture are responsible for crops of 
limited economic value, such as 
aromatic herbs, aloe vera, flowers, 
and organic agriculture (which are 
not very profitable).

5.	Most of the women with a partner 
are not always allowed to attend 
training sessions and field days 
due to jealousy or other reasons 
(sexism).

The following are some of the strate-
gies implemented by both FHIA and 
Universidad el Valle and partners:

1.	During rapid gender assessments 
in both countries (Guatemala 
and Honduras), information was 
collected on interests regarding 
agricultural training and research 
as well as certain constraints 
affecting the acceptance of some of 
the IPM practices promoted by the 
program.

2.	Virginia Tech (Jeff Alwang) con-
ducted research for the creation of 
a technique to identify “women’s 
crops,” with an application to 
Honduras.

3.	FHIA conducted research into 
organic bio-fumigation and cover 
crops, both of which were of 
interest to women according to the 
rapid assessment.

4.	Another strategy for increasing 
women’s participation was to con-
duct training sessions on topics of 
interest to women, such as man-
agement and safe use of pesticides 
on the farm and pest management 
at home. These training sessions 
were held at suitable times for the 
women (after consulting them), 
and they were also allowed to 
bring their children to increase 
potential for participation.

Honduras
Analysis of data from Rapid 
Gender Assessment or 
ongoing research - potato
Women are involved in 32% of the 
agricultural activities related to 
potatoes, and men, in 68%. The main 
activities in which women are involved 
are those related to aspersion irriga-
tion, preparation of the land, sowing, 
weed control, harvesting, and the 
marketing of smaller amounts.

Honduras’ main potato producing 
area reports a total of 2,255 potato 
farmers, of which 807.29 (35.8%) are 
women and 1,447.71 (64.2%) are men. 
It is expected that the creation of a 
complete IPM package for this crop 
will also increase production for the 
women as long as the information 
generated in the research is correctly 
disseminated.

One of the practices promoted by IPM 
CRSP (FHIA through ACCESO) is 
bed raising. This practice is used by at 
least 50% of women, and it facilitates 
harvesting and improves yields. It 
could provide an impact in terms of 

reducing the effort made by women 
(and the family in general) when it 
comes to harvesting.

The constraint faced by women is 
access to information, while the 
constraint faced by men is purchasing 
power.

The benefits obtained by both are 
improving productive yields and the 
quality of the product. Women also 
have the benefit of making savings on 
the time involved in working. 

Research projects
Two research projects are in progress 
in Honduras that will make gender 
data in rural areas (which currently 
does not exist) available and visible:

1.	Analysis of women’s participation 
in the productive chain of potato 
and tomato in the departments of 
La Paz and Intibucá, Honduras.

2.	Needs analysis of IPM technology 
for crops managed directly by 
women in the departments of La 
Paz and Intibuca, Honduras.

Gender workshop findings
A gender workshop was conducted 
in Intibucá, Honduras, to research 
the use, access, and control of the 
resources, productive and reproduc-
tive activities, technological adoptions, 
practical needs, and strategic interests 
of the producers of the area.  Key find-
ings include:

•	 Women are involved in 32% of the 
agricultural activities on the area, 
and men, in 68%. The main activi-
ties in which women are involved 
are those related to sprinkling irri-
gation (watering), soil preparation, 
planting, weed control, harvesting, 
and marketing small amounts of 
the production at home. 

•	 Most of the women of the area 
under study have access to land 
but have limited access to special-
ized technical assistance. The 
main areas in which they have 
access and control are fruit trees, 
minor animal species, and, in gen-
eral, the agricultural production 
that can be marketed at home, 
such as beans and corn, but in 
small amounts.

•	 The main IPM technologies 
adopted are Paratrioza control 
and bed row rising, with 50% 
and 43% respectively of the total 
interviewed. 
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•	 The reason why women have 
adopted some technologies is 
because they have access to 
technical assistance. These tech-
nologies save work time, improve 
the quality of the product, and 
increase the yield.

Future plans include establishing a 
link between research institutions 
(FHIA) and extension (ACCESS) and 
targeting the needs and strategic 
interests of the female producers in 
IPM through workshops with farmers.

Guatemala
Analysis of data from Rapid 
Gender Assessment or 
ongoing research - tomato
Women are involved in 45% of the 
agricultural activities related to 
tomatoes, and men, in 55%. The main 
activities in which women are involved 
are transplanting, fertilization, 
weeding, and harvesting.

The potential impact of this component 
is an increase in the women’s income. 
There are groups of organized women 
with a high potential for increasing 
production in greenhouses and there-
fore the income generated.

In general, if the IPM package 
increases productivity, it can benefit 
men and women equally as long as 
certain existing barriers are removed. 
For example, a greater number of men 
speak Spanish, and this is the only 
language in which the technical assis-
tance is available. To respond to this 
problem, there need to be teams with 
local personnel that can translate into 
local languages.

1.	Improve the dissemination of 
the information generated. This 
involves holding field days with 
greater participation from women 
as well as disseminating pam-
phlets and leaflets, among others, 
to women.

2.	Work with women’s groups. In 
the case of Guatemala, there 
are already organized groups in 
Sololá. In the case of Honduras, 
women’s groups can be reached 
through ACCESO.

3.	Train extension agents in the 
dissemination of agricultural 
information and gender.

 

West Africa
Ghana
The IPM CRSP team in Ghana has 
taken efforts to ensure that women 
are included as participants in the 
transfer of technology packages. In 
each location, five farmers have been 
selected to participate in IPM work 
with tomatoes. Each group is com-
prised of two women and three men 
farmers, including one young male. Of 
111 farmers growing tomato, 37 are 
women. The IPM CRSP team has also 
started working with cabbage in a new 
site (Asiwa). Women are not currently 
involved in field trials, but about 30% 
of the 50 farmers trained on IPM 
activities at this site are women. 

The survey on gender relations and 
pest management among tomato 
farmers, developed in conjunction with 
the Impact Assessment global theme, 
was implemented in the seven IPM 
CRSP sites in Ghana. Gender theme 
graduate student Laura Zseleczky 
analyzed the qualitative data col-
lected during her research in July and 
August and the quantitative survey 
data recently collected by CSIR-CRI. 

Mali
A survey on knowledge and practices 
of vegetable production and pesti-
cide use was conducted in the area 
of Ouéléssébougou, Mali in three 
villages: Dialakoroba, Freintoumou, 
and Dafara. The survey was conducted 
in order to broaden the IPM CRSP 
program in other villages in the area 
of OHVN, the host country partner 
institution. The survey involved 
120 households total, 40 per village, 
making a total of 60 women and 60 
men. The women and men surveyed 
were tomato growers. Mah Koné Diallo 
participated in the data analysis of 
the survey during her time at Virginia 
Tech. Work in Mali has been stopped 
since the coup in March.

East Africa
Uganda
A RGA was conducted in Sironko and 
Manafwa districts, Uganda, aimed at 
identifying gender based constraints 
and opportunities in IPM control of 
the coffee stem borer. The key barriers 
to women’s participation it identi-
fied included heavy workload, long 
distance to IPM demo sites, cultural 

restriction on mobility, and participa-
tion in leadership; further, women 
have less access and control over coffee 
benefits compared to men, which acts 
as a disincentive to women’s engage-
ment in IPM (tab. 1). It is recom-
mended that the project organizes 
more demo sites to reduce the distance 
farmers have to travel, carries out 
more gender sensitization for men and 
women, and carries out specific gender 
and leadership training for women 
farmers as part of the IPM farmer field 
schools’ curriculum. In addition, the 
project should broaden the communi-
cation channels beyond group training 
to include women-friendly channels 
such as placement of posters in places 
frequented by women.

Capacity building: Empowering 
teams to integrate gender
A presentation on gender issues in 
coffee production was made, targeting 
farmers participating in the coffee 
IPM farmer groups in Sironko district, 
Uganda. The purpose of this presenta-
tion was to sensitize farmers about 
gender issues at the household level 
that influence women’s participation 
in coffee production and their implica-
tions on household welfare. 

A presentation at the RP annual plan-
ning meeting was made on the women 
participation checklist. The purpose 
of the presentation was to (a) get feed-
back/comments from scientists on the 
checklist and (b) sensitize scientists 
about barriers to women’s participa-
tion in project activities and the impor-
tance of systematic monitoring and 
targeting of women.  

Rapid Gender Assessment in 
Sironko and Manafwa districts, 
Uganda

Groups met once a month for one hour. 
Training sessions for each group are 
conducted at a demonstration garden 
belonging to one member or at the 
local church/school. Various subject 
specialists carry out the training 
depending on the topics to be covered 
in that month as per the calendar. IPM 
CRSP support is limited to provision of 
knowledge and skills on general coffee 
management and all the necessary 
training materials during the sessions. 
The training covers topics such as land 
preparation, planting, pest and disease 
control, post-harvest processing, and 
marketing.

For each of the groups, the local gov-
ernment extension worker under the 
NAADS provides IPM CRSP informa-
tion. The role of the extension worker 
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is to take charge of the on-station 
demonstration site for coffee IPM 
packages and to train farmers in coffee 
management practices. They serve as 
a link between the IPM research team 
and the groups.  Data was collected 
through review of related literature, 
key informant interviews, and an 
individual survey. The thirteen key 
interviewers comprised six farmers, 
four extension workers, and three 
research scientists involved in the IPM 
CRSP activities at the site. Data was 
collected through a review of related 
literature, key informant interviews, 
and an individual survey. The survey 
had a total sample of 150 with equal 
numbers of males and females. 

Tasks related to the IPM 
components that are specific to 
women and men

The tasks involved include pest and 
disease scouting, mixing pesticides, 
fetching water for mixing pesticides, 
spraying, stem smoothening, stem 
wrapping, getting the materials for 
stem smoothening and wrapping (i.e., 
banana fibers and polythene), and 
pruning. Men take a lead on all these 
tasks except fetching water to mix pes-
ticides. However, for the vast majority 
of the tasks, women play a significant 
supportive role with both men and 
women participating equally. 

Current or potential gendered 
impacts of this IPM component 

The IPM practices, though effective in 
controlling the pest, are time con-
suming. They are likely to add further 
workload burdens to women, leading 
them to withdraw their time with 
other tasks, such as cultivation of food 
and crops they control. This can have 
negative implications on household 
food security and women’s welfare 
unless the increased returns from 
coffee are both big enough to com-
pensate for the reduction in women’s 
production and are equitably used to 
cater for household needs. In order to 
guard against these potential negative 
impacts, it is important that gender 
sensitization is an integral part of the 
IPM farmer field school curriculum. 

Benefits or constraints associated 
with this IPM component

Men and women experience different 
benefits and constraints associated 
with this IPM component. Men have 
greater access to and control over the 
main benefits, which include access 
to scientific knowledge on pest and 
agronomic management and cash from 
increased coffee production. Knowl-
edge of IPM practices was defined as 
farmers’ ability to recognize and name 
coffee stem borer (CSB) pest, identify 
its symptoms, list the IPM tactics 
for CSB control being promoted, and 

provide any harmful effects from using 
pesticides. It also includes farmers 
rating of their level of awareness, 
knowledge and utilization of IPM 
tactics. 

More male coffee farmer group mem-
bers had the ability to recognize and 
name the CSB pest and had observed 
it in either their coffee field or the 
neighbor’s. The men could correctly 
identify the symptoms of the pest 
and could recommend and had used 
pesticides such as ambush as method 
of choice for control of CSB. Though 
both male and female were aware of 
the itching of the body by ambush 
as its danger, they were not sure of 
having experienced such among their 
household members. They however 
suggested wearing protective gear as 
the remedy although they could not 
afford it. 

The wives of male members of IPM 
groups had less knowledge and 
contact with IPM CRSP demos and 
extension staff compared to male and 
female group members. It is apparent 
that IPM information was not effec-
tively trickling from the men to their 
spouses, yet the latter was involved in 
coffee management activities at house-
hold level. With regard to cash benefits 
from coffee, men had more access and 
control.

Data sources
Key informants Survey 
There are cases of women not being 
allowed by their husbands to join 
mixed sex groups for fear of them 
being taken by other men. Men also 
fear that women may not be able to 
carry out their home chores effec-
tively if they join such groups.

Women are increasingly more 
involved in cash generating 
enterprises in addition to their 
traditional roles of food production 
and household chores. Their time is 
therefore spread over a wider range 
of agricultural and other activities, 
leaving little time for participation in 
IPM groups. 

The timing of the meetings (9am to 
10am for Sironko, and 2-3pm for 
Manafwa) is not favorable for the 
women because it conflicts with 
their domestic roles. 

Heavy workload which leaves no time to participate in group trainings, and yet 
group trainings are the only means of dissemination used by the IPM CRSP project. 

Women’s movements are restricted to mainly markets and water points within the 
district, which limits access to information and therefore openness to new ideas like 
IPM.

There is a cultural perception of women as subordinate to men. This could partly 
explain why women barely hold any leadership positions in IPM groups, contribute 
less in terms of ideas in meetings, and when they get to contribute to group discus-
sions, their ideas are often not acted on.

Despite the heavy involvement in coffee production, women have limited access 
and control over the proceeds/benefits from coffee. 

Location of the demonstration sites does not favor women. In both districts group 
membership spanned three sub-counties on average. The mean distance from 
homes to the demonstration sites was 17 km.

Lower education levels of women compared to men. Many cannot read both English 
and the local language.

Women have less access to extension services compared to men.

Table 1. Barriers to women’s participation in coffee stem borer control IPM groups in Manafwa and Sironko District, Uganda



118

    Female group 
non participant

Male group 
participant

Female group 
participant

total

Do you obtain any 
benefits from the coffee 
enterprise?

Yes 16 65 49 130

  No 0 4 3 7
Total   16 69 52 137
If yes, what is the main 
benefit?

 

  Income for 
household 
expenses

12 41 30 83

  school fees 
payment

3 12 9 24

  bought a 
plot/land, 
livestock, or a 
property

1 5 3 9

  made con-
tacts with 
other friends 
or made ex-
change visits

0 2 0 2

  obtained 
inputs

1 3 2 6

  farming skills 0 1 4 5
  hired a plot or 

land
0 1 0 1

Total   17 65 48 130
Who has open access to 
the money from coffee? 

Man only 5 43 26 74

  Woman only 4 4 10 18
  Both man 

and woman 
equally

9 24 16 49

Total   18 71 52 141

Time is a constraint on the side of 
women who also have a lot of other 
activities. Stem smoothening was 
perceived to be labor intensive, as it 
involves bending for a long time, which 
is uncomfortable for the elderly and 
women. For stem wrapping, termites 
destroy the bananas wrappings, 
making it not cost effective in terms 
of the labor. Distance to the demo 
site constrains farmer, and especially 
women’s, participation, as women have 
multiple roles, cultural restrictions on 
mobility, and less access and control 
over means of transport.

Recommendations to improve women’s 
access to IPM knowledge in this project:

1.	IPM coffee groups should be 
organized to cover a smaller 
geographical area, so as to shorten 
the distance farmers need to travel 
from their homes to the demo 
sites. Groups can cover a parish as 
compared to the current coverage 
of three sub-counties on average.

2.	Explore the option of targeting 
women-only groups where they exist. 
Where such groups are not available, 
the project could mobile new groups 
either for women or couples but with 
special targeting of women. The 
female extension worker can be used 
to reach out to women personally 
and encourage them to participate. 

3.	The project should use multiple 
channels of communication. In 
addition to the group training, 
they can add other more women-
friendly communication channels, 
such as posters with simplified 
messages and pictures pinned up 
in places women visit often (local 
clinics that offer antenatal and 
child health services, markets, 
places of worship, and water col-
lection points). 

4.	Conduct more sensitization of 
both men and women on gender 
issues and their implications on 
coffee production and household 
welfare.

Table 2. Benefits derived from coffee production
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5.	Conduct gender and leader-
ship training targeted at women 
farmers to build their confidence 
and empower them to take up 
leadership in the groups and other 
community initiatives.

south Asia
India
The presence of the gender team in 
India has increased scientists’ aware-
ness of the importance of including 
women in all activities, including 
recruiting research fellows and asking 
the gender team to make presenta-
tions in workshops, meetings, and field 

days. Women’s participation in activi-
ties and the key role of women in IPM 
adoption has been widely recognized; 
however, there are still challenges 
in terms of how to include women. 
Farmers were asked to bring women to 
IPM meetings; this has been quite suc-
cessful at the Trichy center, which is 
working with two villages, specifically 
onion farmers, with which the gender 
team also works. Field visits by the 
gender team have revealed women’s 
success (in some cases more successful 
than men’s) growing onion, chili, and 
tomato.

A case study of women’s participa-
tion in IPM and cucumber production 
found that women are involved in most 
of the activities related to cucumber 

production, including IPM practices, 
and that 74% of the labor for this 
production is done by women. Hence, 
cucumber is considered to be a labor-
intensive crop particularly for women. 
Women also recognize symptoms of 
pest damage, including reduction in 
yield size, and report these to the farm 
manager. Women are perceived to 
be better at activities requiring more 
attention and patience, such as net-
ting and tying up the vines, weeding, 
grading, and sorting. IPM programs 
should recognize the important roles 
women play in cucumber production 
and IPM practices and include them in 
relevant trainings and activities.

Research on IPM components in onion 
production indicates the gender roles, 

1 IPM Component 1 Pseudomonas and Trichoderma seed treatment

a What tasks related to the IPM component are specific to women? 
What tasks related to the IPM component are specific to men?

Can be done by both. Men mix biocontrol agent 
with water in a tank and pour it on the onion bulb. 
Women mix this and spray the bulb. For soil ap-
plication, they mix it with farm yard manure, and 
this is also done by both genders. Both genders 
are doing these kinds of activities by helping each 
other.

b What are the current or potential gendered impacts of this IPM 
component? (For example, how does this affect women’s labor or 
access to assets?)

Women might not find source from where it can 
be purchased. One man farmer approached TNAU 
and purchased in bulk, including quantity required 
for a neighbor’s use. It is difficult for a woman to 
go for purchasing from a long distance.

c Do men and women experience different benefits or constraints as-
sociated with this IPM component?

Women may find it difficult to handle large quanti-
ties of seed during seed treatment (physical 
constraints). Women farmers go in a group and 
help each other to get inputs from Department of 
Agriculture or from TNAU.

d How do gender roles and relations affect the IPM component? Mobility of women is an important reason that 
could affect women’s adoption

2. IPM component Neem cake application

a What tasks related to the IPM component are specific to women? 
What tasks related to the IPM component are specific to men?

Related to men

b What are the current or potential gendered impacts of this IPM 
component? (For example, how does this affect women’s labor or 
access to assets?)

-

c Do men and women experience different benefits or constraints as-
sociated with this IPM component?

Women may be find it difficult to handle large 
quantities.

d How do gender roles and relations affect the IPM component? Fertilizer application usually done by men
3 IPM Component 3 Selection of healthy seedlings/ bulbs

a What tasks related to the IPM component are specific to women? 
What tasks related to the IPM component are specific to men?

Women’s labor is involved in this activity

b What are the current or potential gendered impacts of this IPM 
component? (For example, how does this affect women’s labor or 
access to assets?)

Two-to-three days of women laboring is required to 
do this job

c Do men and women experience different benefits or constraints as-
sociated with this IPM component?

Women perform better in activities requiring more 
care and patience. 
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impacts, and constraints related to 
these components:

Recommendations to improve gender 
equity through the IPM CRSP include:

1.	Because women provide much of 
the labor for onion production, 
women should be given training 
on IPM practices and components 
to increase adoption.

2.	The majority of household 
decision-making is done by both 
men and women. Women are 
used to taking responsibility for 
reminding their husbands about 
important activities and helping 
resolve problems. Information 
about IPM has to be imparted to 
both men and women.

Bangladesh
One graduate student in Bangladesh 
has completed her research. The other 
graduate student has completed her 
data collection, and she is beginning 
the data analysis process and writing 
the literature review.

Southeast 
Asia
Indonesia, Philippines, 
and Cambodia
Increasing participation of 
and benefits to women
A total of seven farmer groups par-
ticipated in the training courses and 
FGD activities conducted. The farmer 
groups consisted of three farmer 
groups from Indonesia, one farmer 
group from the Philippines, and three 
farmer groups from Cambodia. One 
of the farmer groups from Indonesia 
(West Java Province) involved in this 
year’s program is the same group who 
was involved with last year’s activi-
ties, but this year the IPM gender 
team only worked with the women 
farmer members. The other two farmer 
groups in Indonesia were from the 
North Sumatra province; one is a male 
farmer group, and another group is 
a female farmer group. In the Philip-
pines, the farmer group has male and 
female farmer members. Mostly, these 
groups are also involved in other IPM 
CRSP activities led by the technical 
team of the IPM CRSP. 

As per agreement made during the 
2011 IPM CRSP Annual Workshop 
in Los Baños, the Philippines, the 
SE Asia IPM Gender Team agreed to 
conduct capacity building activities on 
general gender issues as well as part 

of the research activities. For example, 
the FGD activities were targeted to 
support research, but in these FGDs, 
there was a part to talk with farmers 
about gender issues in agriculture life. 

From the activities above, a total of 
191 people participated in all the 
gender-related activities. Women’s 
participation was 68.06% (130 women 
and 61 men).

The results of these gender activities 
are:

•	 Gender mainstreaming program 
activities are implemented as part 
of IPM CRSP technical activities 
through a specific gender session 
embedded in the technical IPM 
CRSP training activities.

•	 The gender mainstreaming 
program is targeting not only 
farmers but also IPM trainers and 
coordinators.

•	 Men and women farmers who 
were involved in the research-
related activities increased their 
gender perspective, especially in 
understanding men’s and women’s 
roles in domestic work, reproduc-
tive work, and social work. Also, 
among them they increased their 
understanding of gender roles 
in the home garden and kitchen 
space. 

•	 Men and women share knowl-
edge regarding pest identification 
as both claimed to be working 
together in managing their 
respective vegetable farms.

d How do gender roles and relations affect the IPM component? Activities which are time consuming are usually al-
located to women because of their low wage rate 
compared to men.

4 IPM component 4 Pheromone trap and light trap

a What tasks related to the IPM component are specific to women? 
What tasks related to the IPM component are specific to men?

 For fixing traps and monitoring them, women do 
better. 

b What are the current or potential gendered impacts of this IPM 
component? (For example, how does this affect women’s labor or 
access to assets?)

Family women/men may be involved. Does not 
require hired labor to be employed.

c Do men and women experience different benefits or constraints as-
sociated with this IPM component?

Availability of time for women is a question.

d How do gender roles and relations affect the IPM component? This is an additional responsibility to women’s 
already full schedule.

5 IPM component 4 Recommended spacing

a What tasks related to the IPM component are specific to women? 
What tasks related to the IPM component are specific to men?

Sowing is an activity done by women.

b What are the current or potential gendered impacts of this IPM 
component? (For example, how does this affect women’s labor or 
access to assets?)

This is specific to women.
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There were some constraints that 
inhibited female participation in 
IPM CRSP activities, though strate-
gies were employed to address these 
challenges. In North Sumatra, men 
and women farmers have equal roles 
in supporting their agricultural 
activities. But in the culture only 
men farmers are invited to meetings. 
To address this, the team conducted 
separate FGDs with men and women 
farmers. At the end of these activities, 
the men’s and women’s groups came 
together, and the team facilitated a 
larger group discussion. The mixed 
group discussion provided an oppor-
tunity for men and women farmers to 
make several clarifications, especially 
concerning their roles in the home 
garden and kitchen space. 

In West Java, men and women farmers 
are often separated. Mostly men 
farmers are responsible for agricul-
tural activities at the field level, and 
women farmers are responsible for the 
home garden activities. There is great 
potential for women farmers to earn 
some income from their activities in 
the home garden, but they do not have 
enough knowledge to manage their 
home garden farming and marketing. 
There is a need for specific training 
on IPM techniques and other aspects 
related to economic management 
to support women farmers’ efforts 
to increase their earning from their 
home garden activities. Compared to 
the men’s group, the women’s group 
had a lack of education, lower skill 
level of cultivating vegetables, and 
lack of information on marketing and 
trainings. There is a need to increase 
female farmers’ knowledge through 
several trainings at the field level.

Empowering teams to 
integrate gender
In Indonesia, a gender FGD was 
conducted to discuss gender knowl-
edge of IPM farmers, identify gender 
issues in kitchen space and the field, 
and conduct gender mapping by men’s 
and women’s groups. The FGDs were 
conducted in Batulayang and Doulu 
villages of Karo district of North 
Sumatra province and included 14 
men and 15 women participants. The 
farmers involved in these FGDs are 
citrus farmers working with the IPM 
CRSP. The FGDs were conducted over 
two days for each group. The men’s 
FGD was conducted on November 
14 and 15, 2011, while the women’s 
FGD was conducted on November 20 
and 27. A workshop to present the 
results of both FGDs was conducted 
on December 2, 2012, and included 

27 women and men farmers. Men and 
women farmers shared the results and 
talked openly about several gender-
related issues in their day-to-day life, 
including agricultural activities. At 
the end of the workshop, participants 
agreed that communication is a critical 
aspect to increase gender equality in 
agricultural activities.

In the Philippines, a FGD was con-
ducted in October 2011 as a follow-up 
activity to a training seminar held 
in March 2011 on pest identification 
and IPM strategies. This FGD was 
intended to identify farmers’ knowl-
edge applied on their own fields. A 
second FGD was conducted in October 
2011 with six women and three men 
participants. When asked about their 
understanding of IPM, participants 
expressed the following: good crop 
standing, control plant diseases by 
applying “Biogrow,” and avoid chem-
ical use. It was observed that men’s 
and women’s knowledge regarding 
pest identification is equally shared, 
as both claimed to be working together 
in managing their respective vegetable 
farms. 

In Cambodia, a gender workshop for 
IPM trainers included 25 women and 
6 men participants. The objective of 
the workshop was to understand men’s 
and women’s roles in agriculture, 
learn about gender mainstreaming in 
IPM CRSP, and establish the gender 
group to support the production of 
Trichoderma. The workshop resulted 
in increased gender understanding 
among IPM trainers to support IPM 
practices at the field level. This 
workshop is expected to increase the 
gender awareness of Ministry staff at 
all levels and increase decision making 
of women trainers and farmers in IPM 
activities.

Producing and disseminating 
knowledge of gender issues  
in IPM
Last year, the research focus was on 
analyzing the results of the Rapid 
Gender Assessment. This year, it 
focused on conducting research on 
gender roles in the home garden and 
kitchen space. This research was 
conducted in Indonesia (two prov-
inces: North Sumatra and West Java). 
The team was able to conduct data 
collection and screening of the data 
collected. A total of 100 families (50 
families in each village) were selected 
as respondents for the research. The 
research aimed to determine the com-
parison of family ecology concerning 
gender roles (in domestic, yard, and 

field activities), money management, 
insecticide utilization, and protection 
of children from hazardous goods. 
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Associate Awards

Principal Investigator: Michael Hammig

Co-investigators: Merle Shepard, Gerry 
Carner, Eric Benson, Guido Schnabel

Objective: Development of IPM tactics for co-
coa, papaya, and high value vegetable crops, by 
coordinating activities with key collaborating 
institutions including IPB, UNSRAT, ICCRI, 
IVEGRI, and Udayana University.	

Clemson scientists traveled to Indonesia and 
met with scientists from each of these institu-
tions to assess potential integration of IPM 
CRSP into USAID/Indonesia programs for veg-
etables in Bali, coffee and cocoa with ICCRI, 
and shallot research with IVEGRI. Workplans 
have been prepared and, in some cases, field 
activities have begun. Pending additional 
funding from USAID/Indonesia, plans are in 
place for expanded activities with each institu-
tion. 

Indonesia
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Potato
Pathogenicity and efficacy of 
entomopathogenic nematode 
Heterorhabditis sp. against 
the potato tuber moth, 
Phthorimaea operculella
Lufthi Rusniarsyah, Samsudin, 
Supramana, Aunu Rauf

The highland of Pacet-Cianjur has 
been designated to be a potato seed 
production area in West Java by the 
government. The potato tuber moth, 
Phthorimaea operculella (Lepidop-
tera: Gelechiidae), is one of the most 
important potato pests in the country, 
especially in the storage warehouses. 
The potential loss will reach almost 
100% if control is not performed well. 
The effectiveness of entomopathogenic 
nematodes Heterorhabditis to control 
several crop pests has been studied. 
Infective juveniles (IJs) of nematodes 
are capable of seeking and infecting 
insects that live in soil and in plant 
tissues. The objectives of the research 
were to study the pathogenicity and 
efficacy of Heterorhabditis sp. against 
P. operculella under laboratory condi-
tions. Plate assays were performed to 
study the pathogenicity of different 
concentrations of the entomopatho-
genic nematode. The third instar of the 
potato tuber moth larvae were exposed 
to five concentrations of the nema-
tode (100, 200, 300, 400, 500 IJs/ml). 
Mortality of insect stages was checked 
every 3 hours for 2 days for all concen-
trations, and percentage mortality was 
calculated for each insect stage at dif-
ferent concentrations. Complementary 
assays were also conducted to deter-
mine the efficacy of the entomopatho-

genic nematode against PTM in the 
tuber. Dosages tested were 200, 400, 
600, 800, and 1000 IJs/tuber. Results 
showed that the Heterorhabditis sp. 
nematode caused high mortality (≥ 
85%) of the potato tuber moth larvae 
24 hours after application, even at the 
lowest concentration (100 IJs/ml) (fig. 
1). On the tuber assay, the mortality of 
P. operculella larva living in the tubers 
was generally 30%-35%. The high 
pathogenicity of Heterorhabditis sp. 
against PTM larva as well as efficacy 
in the tuber suggest that the nematode 
has the potential as a biocontrol agent 
for management of P. operculella, but 
more studies are required.

Cassava
Bioecology of the cassava 
mealybug
Nila Wardani, Aris Rama, Aunu Rauf, 
Sugeng Santoso, I Wayan Winasa

The cassava mealybug, Phenacoccus 
manihoti (Hemiptera: Pseudococ-
cidae), is one of the most severe pests 
of cassava in the world. It is native 
to South America, but it has become 
naturalized throughout Sub-Saharan 
Africa since its inadvertent introduc-
tion into the continent in the early 
1970s. P. manihoti was not known 
to occur in Asia until 2009, when it 
was first detected in Thailand. Since 
that year, it has spread aggressively 
throughout neighboring countries, 
including Indonesia. In 2010 the pest 
was found causing heavy damage on 
cassava in Bogor. Biological studies 
of the cassava mealybug were carried 
out for development of integrated pest 
management of the pest. To study 
the development and reproduction, 

the cassava mealybugs were caged 
individually on cassava cuttings in the 
laboratory. Immature development, 
adult longevity, and number of eggs 
laid were checked daily. Field studies 
were carried out in cassava plots to 
determine population dynamics, level 
of damage, and natural enemies of P. 
manihoti.

Our laboratory study confirmed that P. 
manihoti has three nymphal instars, 
producing only females (thelytokous 
parthenogenesis). The adult female 
lived for 34 days and laid up to 570 
eggs in an ovisac. The entire life cycle 
from egg to adult took about 21 days 
(tab. 1).

P. manihoti is parthenogenic, and 
hence a single immature or adult may 
be sufficient to start an outbreak. 
Ovisacs are sticky and can adhere to 
clothing, facilitating long-distance 
mealybug dispersal. Eggs hatch into 
mobile crawlers that can spread over 
the plant or be passively dispersed to 
neighboring plants by wind. Crawlers 
commence feeding from phloem 
fluids in young leaves and stems. The 
mealybugs are generally located on 
the underside of the cassava canopy 
leaves, mainly around major leaf veins 
and at low density inside growing 
tips. With increasing density, they 
spread over the entire plant. Cassava 
infested by the mealybug showed 
bunchy tops due to shortening of the 
youngest internodes (fig. 2), and based 
on farmer experience this damage can 
reduce yields by 50%. During heavy 
rains many mealybugs are washed 
off their host, so infestations are thus 
most serious during the dry season. 
Figure 3 shows development of cassava 
mealybug infestation during the dry 
season based on biweekly observation 
on a cassava field with 1,504 plants. 
Within 5 months, all cassava plants Figure 1. Mortality of PTM larva at five concentration of Heterorhabditis sp.

Developmental 
Stages

x ±SD (days) 

(n = 40)
Egg 7.55 ± 0.50
Nymph-1 4.58 ± 0.78
Nymph-2 4.20 ± 0.56
Nymph-3 4.58 ± 0.55
Adult (female) 34.38 ± 9.58
Praoviposition 4.70 ± 0.69
Oviposition 21.19 ± 3.33
Postoviposition 8.50 ± 7.98
Fecundity (eggs/
female)

568.68 ± 144.89

Table 1. Duration of developmental stages 
and fecundity of the cassava mealybug
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(100%) were infested by the mealybug 
as indicated by bunchy tops. During 
field studies we found that the most 
common predator associated with 
cassava mealybug infested leaves was 
chrysopids. To date, no parasitoids 
have been found which may mean that 
a parasitoid introduction program may 
be necessary. Parasitoids have success-
fully controlled this pest in many other 
countries.

Tomatoes 
Farmer Participatory Research
Suhendar, Wahyu Haidir, Dedih 
Ruhyatna, Aunu Rauf

See table 2.

Effect of botanical insecticides 
and Trichoderma on tomato 
production
Research on the effectiveness of 
botanical insecticides (Derris eliptica, 
Melia azadarch, and Aglaia odorata), 
Trichoderma sp, plastic mulch to con-
trol Liriomyza sativae, and Fusarium 
wilt and their effects on tomato 
production was carried out on tomato 
crops in Toure. Results showed that all 
botanical insecticides combined with 
plastic mulch and Trichoderma pro-
vided better control of L. sativae and 
Fusarium wilt and gave higher tomato 
production. Highest percentage of 
infestation by L. sativae was on plots 
without treatments of plastic mulch 
and Trichoderma. 

Chili pepper
Farmer Participatory Research
Ujang Dayat, Wahyu Haidir, Dedih 
Ruhyatna, Aunu Rauf

The objectives were to compare alter-
native IPM strategies and existing 
farmers’ practices for managing pests 
and diseases in chili pepper. The 
design of the chili pepper IPM trials 
were similar to those of tomatoes and 
included: (a) use of commercial variety 
TM 999, (b) screened-beds to prevent 
early infestation by insect vectors, 
(c) use of plastic mulch, (d) pouring 
bokashi mixed with Trichoderma into 
planting holes, (e) dipping seedlings 
in Bacillus subtilis and Pseudomonas 
fluorescens 12 hours before trans-
planting, (f) lower rate of synthetic 
fertilizers, (g) hand picking caterpil-
lars from infested plants, and (h) need-
based pesticide applications. As with 
tomato trials, result showed that IPM 

Figure 2. Cassava tree infested by P. manihoti showing bunchy top

Figure 3. Development of P. manihoti infestation in cassava field
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treatments gave a higher yield and 
income and was more profitable than 
farmers’ practices as indicated by B/C 
ratio (tab. 3).

Shallot
Management of pests of 
shallot
An initial study was conducted by 
IVEGRI in Brebes, Central Java to 
assess the potential of shade netting 
and SE-NPV for managing insect 
pests in shallot (Allium cepa) in order 
to reduce the use of pesticides and to 
improve the quality of the product. 
Four treatments — mosquito nets 
(white) + Trichoderma (T1); fishing 
nets (blue) + Trichoderma (T2); Se 
NPV + Trichoderma (T3); and farmers 
practices (T4) — were assessed with a 
control treatment (without shade net-
ting and SE-NPV). The results showed 
that shade netting with white color 
had the lowest number of both beet 
armyworm (Spodoptera exigua) and 
thrips (Thrips tabaci). Furthermore, 
the lowest % pest damage and the 
highest quality of yield were in plots 
mosquito-nets (white) + Trichoderma 
(T1) followed by fishing-nets (blue) + 
Trichoderma (T2); Se NPV + Tricho-
derma (T3) and farmer practices (T4). 

ACTIVITIES IN PROBOLINGGO, 
EAST JAVA

Shallot in Indonesia is mainly grown 
in the lowland area in the north coast 
of Java. The major production area is 
concentrated in nine districts of four 
provinces: Brebes, Tegal in Central 
Java; Probolinggo, Kediri, Nganjuk of 
East Java; Bandung, Cirebon, Maja-
lengka West Java; and outside Java in 

Bima district of West Nusa Tenggara.

The Probolinggo is the second largest 
shallot plantation area of. The crop-
ping pattern in Probolinggo is sea-
sonal, based on the rainy and dry sea-
sons. In the rainy season (December 
to March) the majority of farmers 
plant rice. Only a few farmers plant 
shallot to produce seed for the dry 
season shallot planting season. In the 
first dry season (March-June) farmers 
start planting shallot. In the second 
dry season (July-November), usually 
farmer plant shallot, chili, or corn. 

Actitivies in Probolinggo consist of 
Farmer Action Research on shallot in 
Waru Jinggo village. During the first 
season, farmers conducted an IPM 
FFS on shallot and then continued 
with a field study to compare different 
treatments for controlling Spodoptera 
exigua: 1) use of net, 2) use of Se-NPV 

(the bioagents were provided by Bukit 
Tinggi Laboratory of West Sumatera), 
and 3) chemical control (farmer’s 
practice).

Spodoptera exigua is the major pest 
of shallot. The farmers spray three 
times per week in the rainy season 
and two-three times per week in the 
dry season, the season when the pest 
is more serious. Nearly 50% of the 
farmers use screen netting to control 
Spodoptera. The cost of the netting is 
very high for small scale farmers (22 
million Rupiah/Ha). The netting lasts 
for 6 growing seasons. The netting 
reduces 90-95% pesticide applica-
tions, especially in the dry season; but 
farmers still have to spray fungicides 
(Anthracol), and most farmers still 
include insecticides (Tracer, Buldok, 
Dursban), especially to control thrips. 

Farmer Field School

A Farmer Field School (FFS) was 
conducted in the Waru Jinggo village, 
sub-district Leces. 

In it, 25 farmers attend the meeting 
weekly. During the field school the 
farmers were separated into five sub 
groups doing weekly agroecosystem 
obserrvation and analysis. During the 
agroecosystem analysis, farmers made 
comparisons between current practice 
polt and FFS plot. 

In the field school, two separated 
side by side plots (500 m2 each) were 
provided for the farmers group. One 
plot was treated with practices used 
by the majority of farmers in the area 
(farmer’s practice - FP), and the other 
plot was treated with IPM compo-
nents. The FP plot was treated with 
pesticides every two days. 

Items IPM Farmer Practices
Yield (kg) 12,295 10,305
Gross income (Rp) 18,442,500 15,457,500
Cost (Rp) 2,484,000 2,802,500
Net income (Rp) 15,958,500 12,665,00
B/C ratio 7.4 5.5

Table 2. Budget analysis of IPM and farmer practice on tomatoes 

Items IPM Farmer Practices
Yield (kg) 1,525 1,025
Gross income (Rp) 15,250,000 10,250,000
Cost (Rp) 2,693,600 2,749,200
Net income (Rp) 12,556,400 7,500,600
B/C ratio 5.7 3.7

Table 3. Budget analysis of IPM and farmer practice on chili pepper

Figure 4. Experimental plot
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Farmer Action Research

Following the field school, in the 
second season (dry season) the farmer 
action research was conducted by the 
farmers group. The farmer action 
research objective was to compare 
the effect of using nets and using 
NPV compared to FP in controlling 
Spodoptera.

The design consisted of nine plots. 
There were nine treatments with nine 
replications: 

•	 P1 : Current farmer practice
•	 P2 : Netting
•	 P3 : Application of NPV

Farmers met every week, and they 
were divided into five small groups. 
After weekly observations, farmers 
conducted agroecosystem analysis.

Coffee and citrus
Pest Survey in Pakpak Bharat, 
North Sumatera
To expand the program to the new 
site, on September 2012, a survey was 
conducted in the Pakpak Bharat dis-
trict of North Sumatera Province. The 
survey team consisted of Dr. Donald 
Tambunan from USAID Indonesia, Dr. 
Merle Shepard and Dr. Gerry Carner 
from Clemson University, and Mr. 
Engkus Kuswara and Widyastama 
Cahyana from FIELD. The objective 
was to assess the local condition to see 
the possibility for IPM program imple-
mentation on coffee and citrus

During the survey, the team met the 
citrus and coffee farmers, the local 

government staffs, and the District 
Head of Pakpak Bharat (Bupati). The 
Bupati and his staff showed interest 
and enthusiasm for the IPM program 
on coffee and citrus in the district.

Some problems on citrus and coffee 
were identified during the field visit 
and discussion with farmers. Some of 
the key problems on citrus are that

•	 Growing citrus is quite new for 
local farmers and is becoming 
wider spread.

•	 An understanding about citrus and 
citrus agro-ecosystem is still low, 
so an improvement is needed, (i.e, 
need more understanding about 
the balance between number of 
fruits and leaves, and nutrition). 

•	 Farmers focus mainly on insect 
pests, and of that, mainly fruit 
fly, while the problems faced are 
not only of insect pests, but also of 
diseases, nutrition, etc.

•	 The problem of falling fruit is not 
only caused by fruit fly.

•	 In the fruit fly trap, the insects 
found to be trapped mainly are 
not fruit fly.

•	 There is a marketing problem. 
Farmer organization is weak, 
and there is no farmer network 
for marketing, which them much 
weaker to deal with traders

Vegetable crops
Mass-rearing of predators and 
parasitoids
Aunu Rauf, Ridwan Sufyana, Wawan 
Yuandi, Saodik

The densities of natural enemies in 
natural environments are usually 
low. In order to increase their ability 
to suppress pest populations, mass 
production and release of them to crop 
fields becomes necessary. Therefore, 
mass-rearing techniques of both target 
insects and their natural enemies 
need to be established to lead to a 
sound biological control program. 
Mass-rearing of stink bug, Andralus 
spinidens, is just being initiated in the 
laboratory. This predator has been fed 
with armyworms Spodoptera exigua 
and S. litura, cabbage cluster cater-
pillar, Crocidolomia pavonana, and 
banana leafroller, Erionota thrax. The 
predatory stinkbug has potential for 

Figure 5. Farmers recording weekly observations

Figure 6. Farmers who grow citrus and coffee face several pest and plant disease problems



129129

controlling caterpillaras on vegetables 
such as C. pavonana on crucifers, S. 
exigua on green onion, and Athalia 
proxima on Chinese cabbage. Another 
predator being mass-reared is green 
lacewing, whose larvae prey on a 
variety of insects, such as spider mites, 
aphids, whiteflies, thrips, mealybugs, 
and the eggs or young stages of lepi-
dopterans and coleopterans. The larva 
uses its piercing mouthpart to suck 
out the body fluids of the victims. The 
emptied victim’s body is then carried 
on the back of the larva to act as cam-
ouflage. Cassava mealybugs reared on 
cassava cuttings were used to feed the 
green lacewing. Continuous produc-
tion of the two predators will depend 
on the availability and abundance of 
the food or prey. Therefore, we started 
rearing rice moth Corcyra cephalonica. 
We will use the eggs of C. cephalonica 
for rearing green lacewing and will use 
those of larvae for rearing the preda-
tory stink bug.

We also just initiated rearing a pla-
taspid bug, Brachylpatys sp., using 
sebania (Sesbania grandiflora) seed-
lings and gliricidia (Gliricida sepium) 
cuttings. We are going to use its eggs 
for mass-rearing Paratelenomus sp., 
a parasitoid that has potential for 
controlling invasive kudzu bug (Mega-
copta cribraria) in the U.S.

Farmer training on mass-
production of Trichoderma 
and PGPR
Meity Sinaga, Giyanto, Ujang Dayat, 
Dedih Ruhyatna

Training on mass-production of T. har-
zianum and plant growth-promoting 
rhizobacteria (PGPR) was conducted 
in Pasirsarongge on April 25, 2012. 
Training topics of Trichoderma 
included preparation of corn media, 
use of plastic bags for holding media, 
methods for sterilization of hands and 
equipment, and inoculating media 
with hyphae of Trichoderma. The IPM 
CRSP team provided the farmers’ 
group with an inoculation box, stove, 
gas, burner, and a pure culture of 
Trichoderma. Training topics of PGPR 
consisted of obtaining and culturing 
the endophytic bacteria (Bacillus 
subtilis and Pseudomonas flourescens) 
from bamboo or weed roots. Farmers 
make their own medium from potato 
as the carbohydrate source and 
chicken legs as the protein. The con-
tainers of liquid medium are aerated 
by bubbling air through a solution of 
Calcium permanganate. Incubation 
is 5 days. There were 30 participants 
(12 women) from 6 farmer groups. Six 

extension agents also participated. 

Mobile plant clinics
Titiek Yuliani, Supramana, Nina 
Maryana, Tri Asmira Damayanti, 
Dewi Sartiami

In collaboration with the Mobile Plant 
Pest and Disease Diagnostic Clinics of 
Bogor Agricultural University (IPB) 
and the Agricultural Extension Agency 
of the District of Cianjur, the IPM 
CRSP Team conducted plant clinics on 
June 18, 2012 for vegetable farmers in 
Pacet. The objective was to determine 
what problems farmers were having in 
their fields. The van is equipped with 
microscopes, a generator, and other 
materials necessary for determining 
pest problems. Clinics were open for 
about 4 hours (9:00 am to 1:00 pm). 
Thirteen farmers visited the clinics 
and brought samples of infected 
plants, which consisted of green 
onion, chili pepper, crucifers, Chinese 
cabbage, and potatoes. Among major 
pests and diseases detected from the 
samples were: potato leafminer (Liri-
omyza huidobrensis), black aphid (Neo-
toxoptera formosana), and bacterial 
rot (Erwinia) on green onion; blight 
(Phytophthora capsici) on chili pepper; 
Phoma lingam and Meloidogyne on 
cabbage; sawfly (Athalia proxima); 
and late blight (Phytophthora infestan) 
and root knot nematode on potatoes. 
In addition to farmers, there were five 
extension agents, two pest observers, 
and one college student who partici-
pated. Following the detection session, 
there was a discussion on the manage-
ment of various pests and diseases 
found in the samples.

Pest Surveys in North 
Sulawesi
Surveys, carried out from January to 
July 2012, showed that the papaya 
mealybug, Paracoccus marginatus, has 
established in the city of Manado and 
the region of Minahasa. Small infesta-
tions were observed in the district of 
East Bolaang Mongondow. The cycad 
scale, Aulacaspis yasumatsui, and 
chrysomelid beetle, Oulema sp., were 
found infesting the Cycas spp. This is 
the first record of these two pests in 
North Sulawesi. 

Production of vegetables free 
of pesticide residues
Agricultural extension service pro-
vided training on organic farming 
and elimination of pesticide residues 
to farmer’s groups in Tomohon and 
Modoinding. Farmer field schools were 
conducted in Rurukan and Kumelem-
buay, with particular emphasis on 
organic farming of cabbage in collabo-
ration with the Bureau of Food Crops 
and Horticulture of Tomohon. 
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Associate Awards

The AFSI associate award closed on April 
30, 2012. A project close-out meeting was 

held on the April 18-19, 2012, in St. Louis, 
Senegal, to bring together Ugandan, Senega-
lese, and American project partners to pres-
ent results of their activities. Because of the 
political upheaval in Mali and the resulting 
U.S. suspension of assistance to institutions 
of the government of Mali, none of the Malian 
project partners could be present at the meet-
ing.  The suspension of assistance prevented 
Virginia Tech from being able to pay outstand-
ing invoices to Malian partners, so USAID 
authorized a no-cost extension through April 
30, 2013. 

Short-term training: Two Senegalese from 
ISRA were funded by AFSI, and two Malians 
from IER were funded by the Mali associ-
ate award to learn tomato grafting at North 
Carolina State University in the laboratory of 
Frank Louws. Bob Gilbertson’s laboratory at 
UC Davis took the four trainees on a tour of in-
dustrial tomato seedling management in addi-
tion to providing training on laboratory meth-
ods of virus detection. Upon returning home, 
the participants were tasked with adapting the 
grafting techniques they had learned to local 
conditions for eventual promotion as a small 
enterprise for women’s groups and, in Mali, a 
handicapped association. 

African Food Security Initiative (AFSI)
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Mali
In the Cercle de Kati in Mali – an 
important tomato production area 
that supplies vegetables to Bamako 
and to distant parts of Mali – OHVN 
and IER worked together closely to 
establish area-wide management of 
tomato viruses in villages within five 
communautes rurales: Diago, Diao-
Gare, Kalifabougou, Yelekebougou, 
and Winzinbougou. Two hundred and 
eighty growers with whom OHVN 
worked in 2010 were given additional 
training in FY2011 (224 men 56 
women). As tomato yields rose, land 
used for tomato production increased 
65ha from the 181ha baseline in 2009 
among the five communautes rurales. 
There was an overall increase of 20ha 
of land under vegetable cultivation 
(tomatoes plus pepper) and a total of 
287ha under area-wide virus manage-
ment by April 2012. Kati is one of the 
few places in Mali where tomatoes are 
grown for market during the rainy 
season. Yield during the rainy season 
was 33 to 40T/ha using improved 
varieties Shasta, H8804, or Qwanto 
compared to 25T/ha for the commonly 
used variety Roma VF. During the dry 
season, the improved varieties pro-
duced 20-30T/ha compared to 5-to 12T/
ha for Roma VF or Tropimech. 

Production of certified NERICA 4 rice 
seed was successful with a grower 
association in M’Pegnesso, Mali and 
failed at a women’s association in 
Nièna, Mali. This activity was done in 
collaboration with the West African 
Seed Alliance (WASA). It demon-
strates the feasibility of treating rice 
as a high-value product for raising 
incomes of smallholder rice farmers. 

IER completed field tests of light traps 
in Bema in western Mali in October 
2011 that demonstrated the effective-
ness of 470nm blue LED light to trap 
the head-damaging blister beetle 
Psalydolytta vestita. 

Building Local Capacity in IPM 
Solutions
The Mali IPM CRSP associate award 
(MIPM) was awarded in January 2010 
for three years. It had three primary 
activities: 1) promote technology 
transfer for area-wide virus manage-
ment in commercially important areas 
of tomato production; 2) re-build the 
capacity of the national pesticide 
residue laboratory; and 3) expand the 
IPM pesticide safety training pro-
gram to a national scale. Additional 
work promoted improved technolo-
gies in tomato pest management and 

long-term degree training for Malian 
researchers. 

In FY2012, the Mali associate award 
workplan added two activities from the 
closing AFSI project that aligned with 
USAID/Mali’s Feed the Future com-
modities. MIPM chose to support IER’s 
testing of millet varieties resistant 
to blister beetle attack and testing 
environmentally benign spraying with 
neem extract, the organic insecticide 
spinosad, or insect trapping with 
portable light traps. Pending a favor-
able funding decision for the Malian 
program of WASA, MIPM was going 
to continue collaborating with WASA 
to promote certified rice seed produc-
tion among smallholder producers 
(focusing on women) in the seasonally 
flooded bas-fonds rice fields of Sikasso 
in southeastern Mali. 

In February 2012, the Mali Mission 
communicated its requirement that 
all project activities be moved into the 
communes that had been selected for 
its Feed the Future implementation. 
Two of MIPM’s approved partners 
have geographically limited zones 
of intervention outside these areas. 
Before adjustments to the program 
were completed, a coup d’état in March 
2012 halted all project activities. 
Shortly after the coup, the north of 
Mali was overrun by Tuareg separat-
ists and Islamic extremists, putting 
the FTF focus zone of Timbuktu off 
limits and making activities in the 
FTF region of Mopti uncertain. The 
U.S. State Department issued a sus-
pension of assistance to the Govern-
ment of Mali on April 2, 2012. All of 
MIPM’s host country partners are 
government public institutions, so the 
project’s activities have stopped. 

Among the activities completed before 
the suspension of U.S. government 
assistance resulting from Mali’s coup 
d’état were: a weeklong training by 
partner OHVN training of pesticide 
safety trainers from four national 
services; and an awareness-building 
workshop for pesticide vendors, led by 
the Direction de Protection Végétaux. 
Equipment purchases and laboratory 
enhancements were underway at the 
Environmental Toxicology and Quality 
Control Lab, but orders had to be 
canceled because of the suspension. 
The laboratory thus remains far from 
the analytical capacity that the project 
resources would have enabled. IER 
began tomato varietal trials across 
Mopti and Sikasso. 

Short- and long-term training: 
Three men and three women under-
took 20.5 person-months of short-term 

training on technical subjects and lan-
guage. The training increased capacity 
at IER to organize and code socioeco-
nomic survey data, help the pesticide 
residue laboratory finalize a protocol 
for detecting synthetic pyrethroid 
insecticide residues using thin layer 
chromatography, and transfer skills 
for vegetable grafting and containerize 
seedling production.  

At the time of the suspension of assis-
tance, four men and four women were 
being supported by MIPM for degree 
training in Mali or in the region. Four 
students were from IER and four stu-
dents were from the pesticide residue 
laboratory. 

Senegal
A repetition of the 2010 field leveling 
experiment was carried out in irri-
gated rice fields in the Senegal River 
Valley during the FY2012 season. 
Combined with prior results, the small 
scale leveling experiment showed 
reduced weed density in leveled fields. 
The 2012 results showed yield gain of 
1T/ha in each of two leveled fields com-
pared with the unleveled companion 
plots. 

Season-long evaluation in two 
localities in southern Senegal of rice 
varieties previously registered based 
on trials in northern Senegal indi-
cated a varietal sensitivity to rice 
blast and varietal resistance to rice 
yellow mottle virus (RYMV). Inci-
dence (96-100%) of rice blast in four 
NERICA varieties in the humid Lower 
Casamance was comparable to that 
of a local variety. Rice blast incidence 
was four times less in the somewhat 
drier region of Upper Casamance than 
Lower Casamance. Symptoms were 
far more severe in Lower Casamance, 
indicating a need for blast-resistance 
there. Under relatively high disease 
pressure in Lower Casamance, the 
NERICA varieties (7%) had more than 
four times lower incidence of RYMV 
than the local variety (32%). In Upper 
Casamance, RMYV pressure was not 
high, resulting in similar levels of 
disease incidence between NERICA 
varieties and the local variety.

Uganda
Completion of multi-location field 
trials of the tomato variety MT56 
resulted in a portfolio for submission 
to Uganda’s registration authority. 
Among five varieties, MT56 showed 
superior resistance to bacterial wilt. 
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A survey of tomato fields in different 
parts of Uganda showed that 60% 
of fields had virus-infected plants. 
Incidence and severity of tomato 
viruses increased throughout Uganda 
compared with a survey conducted 
five years earlier. Districts where 
continuous tomato cropping is common 
had the highest incidence of tomato 
viruses. Co-infection with Cucumber 
mosaic virus and Tomato mosaic virus 
was common. The Tomato mosaic virus 
strain is unique to Uganda. 

RYMV was characterized in Ugandan 
rice fields. Molecular sequencing of 
viral RNA demonstrated 95% identity 
among samples from Uganda, but only 
85% homology with the type virus from 
Côte d’Ivoire. An important finding 
was that viral genetic factors linked 
to RYMV’s ability to break resistance 
in rice varieties were not present in 
the Ugandan genotype, suggesting 
that varietal resistance may be used 
against it. 
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Long-Term Training

The IPM CRSP provides long-term training 
to build the capacity of host country 

scientists who will have major responsibilities 
for crop protection in their home countries. 
Training is also made available to young U.S. 
scientists who plan for careers in international 
crop protection and development work. While 
addressing a global knowledge base in U.S. 
universities, the training addresses specific 
host country IPM questions, opportunities, 

and constraints. These programs are designed 
to meet the needs of host country scientists 
by integrating with IPM CRSP resesarch 
carried out by the researchers based at th U.S. 
universities.

Country Doctorate Masters Bachelors Post Docs Total
Men Women Men Women Men Women Men Women

Bangladesh 2 2
Dominican Republic 1 1
Ecuador 1 1
Ethiopia 1 2 3
Guatemala 1 1
Honduras 1 1 2
India 4 4 4 2 2 5 21
Indonesia 1 2 2 4 6 15
Kenya 1 2 1 4
Mexico 1 1
Peru 1 1
Senegal 2 1 3
Taiwan 1 1
Tajikistan 1 1 2
Tanzania 3 2 1 1 7
Thailand 1 1
Uganda 1 5 3 2 1 12
USA 1 4 4 5 14
TOTAL 14 14 20 24 11 2 2 5 92

28 44 13 7

Student numbers by degree/level and country
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Long-Term Training at a glance

In annual report year 2011-12, we trained
•	92 students and post docs

•	72 graduate students (34 men, 38 women)

•	28 PhD students (14 men, 14 women)

•	44 MS students (20 men, 24 women)

•	13 BS students (11 men, 2 women)

•	7 post doctoral resesarch associates (5 men, 2 women)

at 9 U.S. and 13 host-
country universities
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There is overlap 
because some stu-
dents work with both 
a regional and global 
theme
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Last Name, 
First Name

Sex Nationality Regional 
Project

Global 
Theme

Degree Discipline Start 
Date

End 
Date

University Advisor

Ahsanuzzaman F USA South Asia Impact 
Assessment

PhD Agricultural Economics 2012 2013 Virginia Tech George Norton

Aravind, D. M India South Asia MS Agricultural 
Entomology

2011 2013 TNAU C. Durairaj

Ariko, Joseph M Uganda East Africa BS Crop Science 2012 2013 Makerere 
University

M. Ochowo-Ssemkula

Ashok, Patil 
Anandaro

M India South Asia MS Biotechnology 2011 2012 TNAU S. Mohankumar

Ashraf, Mohamed 
Ashraf

M Tanzania East Africa MS Horticulture 2010 2013 Sokoine 
University

A.P. Maerere

Atukunda, Robinah F Uganda East Africa Gender MS Crop Science 2010 2013 Makerere 
University

M. Ocho-Ssemakula

Avelar, Sophia F Guatemala LAC MS Plant Pathology 2013 2014 University of 
Arizona

Badji, Kemo M Senegal West Africa PhD Entomology 2010 2013 University of 
Bamako

Carlyle Brewster

Baideng, Eva F Indonesia Southeast Asia PhD Entomology 2010 2012 Sam Ratulangi 
University

D.T. Sembel

Balaji, C.G M India South Asia Post Doc Plant Pathology TNAU S. Mohankumar/G. 
Karthikeyan

Balayara, Assa F Senegal West Africa PhD IPM 2012

Barragan, 
Remedios Torres

M Mexico LAC BS Socioeconomic 
Development and 
Environment

2012 2012 Panamerican 
School, 
Zamorano

Laura Suazo

Beyera, Sheleme M Ethiopia East Africa Parthenium MS Plant Sciences 2011 Ambo University S. K. Singh

Brady, Sally F USA LAC MS Plant Sciences 2012 2013 Virginia Tech

Buckmaster, Amy F USA LAC MS Agricultural Economics 2010 2012 Virginia Tech Jeffery Alwang

Campbell, A. J. F USA IPVDN PhD Plant Pathology University of 
California-Davis

Campoverde, Angel M Ecuador LAC MS Agricultural Economics 2012 2014 Virginia Tech Alwang

Capelli, Matt M USA Impact 
Assessment

MS Agricultural Economics 2011 2012 Virginia Tech Dan Taylor

Carrion, Vanessa F USA LAC Impact 
Assessment

MS Agricultural Economics 2011 2013 Virginia Tech George Norton

Cruz, Keilyn Yanivis 
Castillo

F Honduras LAC BS Socioeconomic 
Development and 
Environment

2012 2012 Panamerican 
School, 
Zamorano

Arie Sanders

Danda, Telesphory M Tanzania East Africa BS Horticulture 2011 2012 Sokoine 
University

A.P Maerere

David, Grace 
Matiku

F Tanzania East Africa MS Plant Protection 2010 2013 Sokoine 
University

K.P. Sibuga

Deepa, S.P F India South Asia Post Doc Nematology TNAU S. Mohankumar/G. 
Karthikeyan

Devi, Nirmala F India South Asia Post Doc Entomology TNAU S. Mohankumar/G. 
Karthikeyan

Dwianri, Idho M Indonesia Southeast Asia BS Crop Protection 2011 2012 Bogor Agricultural  
University

Aunu Rauf

Elanchezhiya, K. M India South Asia MS Agricultural 
Entomology

2010 2012 TNAU G. Karthikeyan

Gautum, Swati F India South Asia MS Biotechnology 2012 2013 TNAU S. Mohankumar

Habiba, Umme F Bangladesh South Asia Gender MS Geography 2010 2013 University of 
Dhaka

Shahnaz Huq-Hussein

Hiskias, 
Bethelehem

F Ethiopia East Africa Parthenium MS Crop Science 2012 Haramaya 
University

Ranjan Karippai

Ibore, Martha F Uganda East Africa Parthenium BS Crop Science 2012 Makerere 
University

J. Bisikwa

Isoto, Rosemary F Uganda East Africa Impact 
Assessment

MS Agricultural Economics 2010 2012 Ohio State 
University

David Kraybill
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Last Name, 
First Name

Sex Nationality Regional 
Project

Global 
Theme

Degree Discipline Start 
Date

End 
Date

University Advisor

Jurua, Herbert M Uganda East Africa MS Crop Protection 2011 2013 Makerere 
University

J.Karungi/ P. sseuwagi

Kahinga, Joe 
Ng'ang'a

M Kenya East Africa BS Horticulture 2010 2013 Kenya Methodist 
University

D. Waiganjo

Keerthana, U. F India South Asia MS Plant Pathology 2011 2013 TNAU G. Karthikeyan

Keerthikurtha, S. F India South Asia Post Doc Biotechnology TNAU S. Mohankumar/G. 
Karthikeyan

Kilambo, Deusdedit M Tanzania East Africa PhD Plant Protection 2009 2013 Sokoine 
University

D. Mamiro

Kirinya, Julian M USA East Africa Impact 
Assessment

MS Agricultural Economics 2012 2014 Virginia Tech Dan Taylor

Kirithika, N. F India South Asia Impact 
Assessment

PhD Agricultural Economics 2009 2012 TNAU K. N. Selvaraj

Kuo, Yen-Wen F Taiwan IPVDN PhD Plant Pathology University of 
California-Davis

R. Gilbertson

Kuria, Sylvia 
Nyambura

F Kenya East Africa MS Plant Pathology 2010 2013 Makerere 
University

D. Tusiime, M. 
Waiganjo

Megersa, Firehiwot F Ethiopia East Africa Parthenium MS Crop Science 2012 Haramaya 
University

Ranjan Karippai

Melgarejo, Tomas M Peru LAC IPVDN PhD Plant Pathology 2009 2013 University of 
California-Davis

R. Gilbertson

Meya, Akida M Tanzania East Africa MS Plant Pathology 2009 2012 Sokoine 
University

D. Mamiro

Miiro, Richard M Uganda East Africa Gender PhD Agriculture 2012 Makerere 
University

Margaret Mangheni

Mtui, Hosea Dustan M Tanzania East Africa PhD Horticulture 2008 2012 Sokoine 
University

A.P. Maerere (SUA)

Muwanga, Zachary M Uganda East Africa MS Crop Protection 2009 2012 Makerere 
University

Michael Otim/ S. 
Kyamanywa

Muwanika, Chris 
tansani

M Uganda East Africa MS Crop Protection 2010 2012 Makerere 
University

J. Karungi/ M. Ochowo-
Ssemakula

Nagendran, K. M India South Asia PhD Plant Pathology 2011 2014 TNAU G. Karthikeyan

Nantale, Mariam F Uganda East Africa MS Crop Protection 2009 2012 Makerere 
University

M. Ochowo-
Ssemkula/P. Sseuwagi

Nasution, Anes M Indonesia Southeast Asia MS Entomology 2010 2012 Sam Ratulangi 
University

Max Tulung

Natarajan, Kiruthika F USA South Asia Impact 
Assessment

PhD Agricultural Economics 2010 2013 TNAU K.N. Selavarj

Ndiaye, Ousmane M Senegal West Africa PhD IPM 2012

Ng'homa, Nyambisi 
Maliyatabu

M Tanzania East Africa PhD Plant Pathology 2009 2013 Sokoine 
University

D. Mamiro

Ochago, Robert M Uganda East Africa Gender MS Agriculture 2010 2013 Makerere 
University

Margaret Mangheni

Octaviany, Vani Nur F Indonesia Southeast Asia MS Entomology 2012 2013 Bogor Agricultural  
University

Purnama Hidayat

Oktarima, 
Dwiwahdiati

F Indonesia Southeast Asia MS Crop Protection 2011 2012 Bogor Agricultural  
University

Nina Maryana
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Last Name, 
First Name

Sex Nationality Regional 
Project

Global 
Theme

Degree Discipline Start 
Date

End 
Date

University Advisor

Omayio, Deborah 
Bikoro

F Kenya East Africa MS Agriculture 2011 2012 Kenya 
Agricultural 

 

C. Mugo, M. Waiganjo

Otipa, Miriam F Kenya East Africa PhD Plant Pathology 2008 2013 Jomo Kenyatta 
University of 
Agriculture and 

E. Ateka, E. Mamati, 
and D. Miano

Packiaraj, M M India South Asia Post Doc Plant Pathology TNAU S. Mohankumar/G. 
Karthikeyan

Perla, David M Honduras LAC MS Nematology 2011 2013 Purdue University

Pfeufer, Emily E. F USA LAC PhD Plant Pathology 2010 2015 Penn State 
University

Beth K. Gugino

Pinaria, Betsy F Indonesia Southeast Asia MS Entomology 2005 2010 Sam Ratulangi 
University

Saartje Rondonuwu-
Lumanau

Poojari, Sudarsana M India South Asia IPVDN PhD Plant Pathology 2006 2013 Washington State 
University

Naidu Rayapati

Prakash, V.G. M India South Asia MS Agricultural 
Entomology

2011 2013 TNAU C. Durairaj

Prama, Aris M Indonesia Southeast Asia BS Crop Protection 2011 2012 Bogor Agricultural  
University

Aunu Rauf

Preetha, B F India South Asia Post Doc Biotechnology TNAU S. Mohankumar/G. 
Karthikeyan

Pulatova, Madina F Tajikistan Central Asia MS Biology 2011 2012 Tajik National 
University

Rahma, Atika F Indonesia Southeast Asia Gender MS Family and Child 
Sciences

2011 2013 Bogor Agricultural  
University

Herien Puspitwati

Rajamanickam M India South Asia PhD Plant Pathology 2009 2013 TNAU G. Karthikeyan

Rajeswari F India South Asia PhD Nematology 2010 2014 TNAU S. Ramakrishnan

Rana, Seema F India South Asia PhD Biotechnology 2012 2016 TNAU S. Mohankumar

Reynoso, Teofila F Dominican 
Republic

LAC MS Nematology 2010 2012 Universidad 
Autonoma de 

 Rusniarsyah, Lufthi M Indonesia Southeast Asia MS Entomology 2010 2012 Bogor Agricultural  
University

Aunu Rauf

Safarzoda, Shahlo F Tajikistan Central Asia PhD Entomology 2011 Michigan State Karim Maredia

Saithya, B.K F India South Asia Post Doc Horticulture TNAU S. Mohankumar/G. 
Karthikeyan

Sampath kumar, S. M India South Asia PhD Agricultural 
Entomology

2011 2013 TNAU C. Durairaj

Sanglestawai, Santi M Thailand Southeast Asia Impact 
Assessment

PhD Agricultural Economics 2007 2012 North Carolina 
State

Roderick M. Rejesus

Sarangi, Thamalika F India South Asia PhD Nematology 2012 2015 TNAU S. Ramakrishnan

Secor, William M USA LAC Gender MS Agricultural Economics 2010 2011 Virginia Tech Jeffery Alwang

Sidiq, Fajar M Indonesia Southeast Asia BS Crop Protection 2011 2012 Bogor Agricultural  
University

Sugeng Santoso

Sowell, Andrew M USA LAC MS Agricultural Economics 2009 2011 Purdue University Shively

Sparger, Adam M USA LAC PhD Agriculture 2009 2012 Virginia Tech Jeffery Alwang

Ssemwogerere, 
Charles

M Uganda East Africa MS Crop Protection 2010 2012 Makerere 
University

S. Kyamanywa/ J. 
Karungi

Sufyana, Ridwan M Indonesia Southeast Asia BS Crop Protection 2011 2012 Bogor Agricultural  
University

Aunu Rauf

Sultana, Tahera F Bangladesh South Asia Gender MS Geography 2010 2014 University of 
Dhaka

Shahnaz Huq-Hussein
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Last Name, 
First Name

Sex Nationality Regional 
Project

Global 
Theme

Degree Discipline Start 
Date

End 
Date

University Advisor

Tangkilisan, Marcel M Indonesia Southeast Asia BS Social Economics, 
Agribusiness

2010 2012 Sam Ratulangi 
University

Jen Tatuh

Testen, Anna F USA LAC MS Plant Pathology 2010 2012 Penn State 
University

Paul Backman

Tumwesigye, 
Innocent

M Uganda East Africa BS Agricultural Economics 2011 2012 Makerere 
University

J. Karungi

Udiarto, Bagus K. M Indonesia Southeast Asia PhD Entomology 2009 2011 Bogor Agricultural  
University

Purnama Hidayat

Utomo, Emod Tri M Indonesia Southeast Asia BS Agrometerology 2011 2012 Bogor Agricultural  
University

Yonny Kusmaryono

Wardans, Nila F Indonesia Southeast Asia PhD Entomology 2010 2013 Bogor Agricultural  
University

Aunu Rauf

Zseleczky, Laura F USA West Africa Gender MS Public and 
International Affairs

2009 2012 Virginia Tech Maria Elisa Christie
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Short-Term Training

The IPM CRSP provides short-term training 
to build the capacity of host country 

institutions, scientists, students, extension 
agents, and others directly involved with crop 
protection. Specialized symposia, training 
events, and technical workshops are conducted 
in the U.S. or in program host countries and 
are designed to build the capacity of host 
country scientists and graduate students.

The program also trains growers on proper 
identification of plant diseases and pests and 
sound management practices through semi-
nars, workshops, field days, field demonstra-
tions, and Farmer Field Schools (FFS). IPM 
components and packages are also disseminat-
ed to growers using this approach. These ac-
tivities are facilitated by U.S. and host country 
scientists, technicians, graduate students, and 
communication specialists.
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IPM CRSP Non-Degree Training (Activity Summary), FY 2012 

Individual 
Participation to 
each Type of Event 

Workshop Training Meeting Survey Field day/ 
Demonstration 

Seminar/ 
Conference 

Total 

Regional Programs 
Latin America and 
the Caribbean 

0 6 0 0 1 4 11 

East Africa 4 3 0 0 1 0 8 
West Africa 0 0 1 0 0 1 2 
South Asia  1 12 0 0 0 1 14 
Southeast Asia 0 7 17 0 60 4 88 
Central Asia 1 1 0 0 27 0 29 
Global Programs 
Parthenium 2 0 0 0 0 0 2 
IPDN 2 2 0 0 2 0 6 
IPVDN 1 3 0 0 0 1 5 
Impact Assessment 0 4 0 0 0 5 9 
Gender 8 2 7 0 0 1 18 
Total 19 40 25 0 91 17 192 
 

IPM CRSP Non-Degree Training (Participants Summary), FY 2012 

Individual 
Participation to 
each Type of Event 

Workshop Training Meeting Survey Field day/ 
Demonstration 

Seminar/ 
Conference 

Total 

Regional Programs 
Latin America and 
the Caribbean 0 489 0 0 160 151 800 

East Africa 81 503 0 0 25 0 609 
West Africa 0 0 2 0 0 2 4 
South Asia  35 2526 0 0 0 47 2608 
Southeast Asia 0 136 207 0 2438 939 3747 
Central Asia 3 4 0 0 495 0 502 
Global Programs 
Parthenium 55 0 0 0 0 0 55 
IPDN 34 26 0 0 530 0 590 
IPVDN 5 5 0 0 0 47 57 
Impact Assessment 0 6 0 0 0 70 76 
Gender 192 73 58 0 0 7 338 
Total 405 3795 267 0 3648 1263 9378 
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Latin America and the Caribbean-Regional Project 

Honduras 
Program 
Type 

Date Training Type Number of 
Participants 

Men Women Audience 

Training May 
2012-Aug 
2012 

Summer Internship, Purdue 
University 3 3  

Undergraduate 
Students 

Training (6 
events) 

January 
2012 

Sample collection/ 
diagnosis of plant viruses 122 115 7 

Extension 
officers/ para-
technicians 

Field Day Feb. 23, 
2012 

Demonstration on IPM of 
tomato and pepper using 
tunnel structures 

160 140 20 
Farmers 

Seminar June 27, 
2012 

Advances in IPM in 
Honduras 30 28 2 Personnel of 

ICTA 
Seminar July 10, 

2012 
Rationale for establishment 
of demonstration plots in 
IPM for eggplant 

7 5 2 
Growers/ 
students 

Seminar March 
28, 2012 

IPM of nematodes 
70 69 1 

Growers/ 
extension 
workers 

Seminar Sep. 19, 
2012 

Use of Metarhizium for 
control of spittle bug in 
sugarcane 44 41 3 

Undergraduate 
students (San 
Pedro Sula) and 
growers 

Total participants in Honduras 436 401 35  
Ecuador 
Program 
Type 

Date Training Type Number of 
Participants 

Men Women Audience 

Training August. 
2012 Data analysis at Penn State 1 1  Scientist 

Total participants in Ecuador 1 1   
Guatemala 
Program 
Type 

Date Training Type Number of 
Participants 

Men Women Audience 

Training   3   Students 
Training March 

2012 
IPM for tomato, pepper, and 
potato 300 250 50 Growers 

Training July 2012 Fungal and viral diseases 60 50 10 Growers 
Total participants in Guatemala 363 303 60  
Total participants in the Latin America and the 
Carribean 800 705 95  

 

East Africa-Regional Project 

Kenya 
Program 
Type 

Date Training Type Number of 
Participants 

Men Women Audience 

Workshop  High-tunnel tomato 
production 24 14 10 farmers 

Training  IPM for passionfruit 57 37 20 Extension 
agents/ farmers 

Training  IPM packages 226 147 79 farmers 
Total participants in Kenya 307 198 109  
Uganda 
Program 
Type 

Date Training Type Number of 
Participants 

Men Women Audience 

FFS  IPM Package for tomato 25 12 13 Farmers 
Workshop May 

2012 
Plant Disease Diagnostics 20 13 7 Crop protection 

specialists 
Workshop July 2012 Plant Disease Diagnostics 15 10 5 Crop protection 
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specialists 
Training July 2012 Plant Disease Diagnostics 

220 145 75 
Farmers/ Crop 
protection 
specialists 

Workshop May 
2012 

Plant Pest diagnostics-SOPs 22 13 9 scientists 

Total participants in Uganda 302 193 109  
Total participants in East Africa 609 391 218  
 

West Africa-Regional Project 

Ghana 
Program 
Type 

Date Training Type Number of 
Participants 

Men Women Audience 

Meeting January 
2012 

Planning meeting 2 2  Scientists 

Symposium July 2012 Research and management 
of plant virus diseases 2 2  Scientists 

Total participants in Ghana 4 4   
Total participants in West Africa 4 4   
 

South Asia-Regional Project 

India 
Program Type Date Training Type Number of 

Participants 
Men Women Audience 

Symposium July 2012 Research and management 
of insect-transmitted plant 
virus diseases 

47 34 13 
Scientists  

Training July 23, 
2012 

Vegetable IPM 55 45 10 Growers  

Training January 28, 
2012 

Eco-friendly IPM methods 
for vegetable pest 
management 

700 500 200 
Farmers 

Workshop July 52, 
2012 

Awareness program on IPM 
in vegetable 35 35  Input dealers 

Training  January 5-
6, 2012 

Eco-friendly IPM methods 
for vegetable pest 
management 

76 62 14 
Farmers 

Training April 18, 
2012 

Vegetable cultivation-
Nagapattinam Dt 80 50 30 Farmers 

Training April 18, 
2012 

Vegetable cultivation- 
Thoothukudi Dt 20 15 5 Farmers 

Training April 19, 
2012 

Vegetable cultivation- 
Krishnagiri Dt 47 30 17 Farmers 

Training July 24, 
2012 

Vegetable cultivation- 
Thanjavur Dt 21 18 3 Farmers 

Training September 
10, 2012 

Vegetable cultivation- 
Himachal Pradesh 40 40  Farmers 

Training October 1, 
2012 

Vegetable cultivation- 
Villupuram Dt 40 30 10 Farmers 

Total participants in India 1161 859 302  
Bangladesh 
Program Type Date Training Type Number of 

Participants 
Men Women Audience 

Training February 6, 
2012 

IPDN-Plant disease 
diagnostics 11 7 4 Scientists 

Total participants in Bangladesh 11 7 4  
Nepal 
Program Type Date Training Type Number of 

Participants 
Men Women Audience 
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Training  Vegetable IPM 1414 403 1011 Vegetable 
Growers 

Training  Grafting Technology 22 12 10 Growers 
Total participants in Nepal 1436 415 1021  
Total participants in South Asia 2608 1281 1327  
 

Southeast Asia-Regional Project 

Cambodia 
Program Type Date Training Type Number of 

Participants 
Men Women Audience 

Training / 3 
Field Days 

2012 Reviewing field protocols 
for IPM test plots, field 
monitoring and data 
collection procedures, and 
update Trichoderma 
production process. 

300 210 90 

Field 
technicians 

Total participants in Cambodia 300 210   
Indonesia 
Training November 

11, 2011 
Development of organic 
farming/ Transfer of IPM 
Technologies 

18 10 8 
City officials/ 
extension 
officials 

Training December 
9, 2011 

Development of organic 
farming/ Transfer of IPM 
Technologies 

39 16 23 
Farming 
groups 

Training October 
2011 

Transfer of IPM 
technologies in Tomohon 31 16 15 Farming 

groups 
Training February 

23, 2012 
Organic farming/ bench 
terracing and IPM 42 26 16 Farming 

groups 
Seminar October 5, 

2012 
Pests and global climate 
change 241 123 118 

Extension 
staff, farmers, 
and scientists 

Training October 24-
26, 2011 

Papaya mealybug 3 3 0 Scientists and 
extension 
agents from 
Timor Leste 

Meeting November 
2-4, 2011 

Plant Protection 46 27 19 Scientists, 
extension 
agents, policy 
makers 

Seminar November, 
11, 2011 

Virus diseases 38  15 23 Scientists and 
students 

Meeting November 
11, 2011 

Planning meeting/Project 
achievement 

9  6 3 Scientists 

Meeting February 
21, 2012 

Planning meeting/ IPM 
research 

5 5 0 Farmers 

Meeting March 12, 
2012 

Planning meeting/ IPM 
research 

7 7 0 Farmers 

Meeting April 16, 
2012 

IPM research 3 3 - Farmers 

Meeting April 19, 
2012 

IPM training 9 4 5 Scientists, 
farmers 

Meeting April 23, 
2012 

IPM research 13 7 6 Scientists 

Training April 25, 
2012 

Trichoderma and PGPR 30 18 12 Farmers, 
extension 
agents 

Seminar April 26, 
2012 

Biological control 60 27 33 Faculty, 
students 

Meeting April 30, 
2012 

 30 28 2 Pest 
observers, 
farmers 

 Meeting May 1, 
2012 

IPM research 4 4 0 Farmers 
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 Meeting May 31, 
2012 

IPM research 5 5 0 Farmers 

Meeting June 12, 
2012 

IPM research 3 3 0 Farmers 

Meeting June 18, 
2012 

Mobile plant clinic 32 18 14 Scientists, 
extension 
agents, 
farmers 

Meeting September 
13, 2012 

IPM research 9 6 3 Farmers, 
extension 
agents 

Meeting September 
19, 2012 

IPM research 3 2 1 Farmers 

Meeting September 
20, 2012 

IPM research 8 6 2 Researchers, 
farmers 

Meeting  September 
25, 2012 

IPM research 6 3 3 Faculty, 
students 

Meeting October 16, 
2012 

Gender research 15 3 12 Farmers 

Field visit November 
1, 2012 

Rice stem borer 5 5 0 Extension 
agents, 
farmers 

Seminar November 
8, 2012 

IPM for rice stem borer 
 

600 340 260 Scientists, 
extension 
agents, 
farmers 

Total participants in Indonesia 1314 736 578  
Philippines 
FFS (Farmer 
Field School) 

Oct 2011-
Sept. 2012 

IPM Onion: Matingkis, 
Munoz, Nueva Ecija 49 24 25 Farmers 

FFS Oct 2011-
Sept. 2012 

IPM Onion: San Antonio, 
Munoz, Nueva Ecija 

37 27 10 Farmers 

FFS Oct 2011-
Sept. 2012 

IPM Onion: San Agustin, 
STO. Domingo, Nueva Ecija 

33 26 7 Farmers 

FFS Oct 2011-
Sept. 2012 

IPM Onion: Dolores, Sto. 
Domingo, Nueva Ecija 

30 21 9 Farmers 

FFS Oct 2011-
Sept. 2012 

IPM Onion: Marikit, 
Pantabangan, Nueva Ecija 

37 23 14 Farmers 

FFS Oct 2011-
Sept. 2012 

IPM Onion: Cadaclan, 
Pantabangan, Nueva Ecija 

38 34 4 Farmers 

FFS Oct 2011-
Sept. 2012 

IPM Onion: Manambong 
Sur, Bayambang, 
Pangasinan 

43 33 10 Farmers 

FFS Oct 2011-
Sept. 2012 

IPM Vegetables: Palina 
East, Urdaneta City, 
Pangasinan 

87 55 32 Farmers 

FFS Oct 2011-
Sept. 2012 

IPM Vegetables: Palina 
West, Urdaneta City, 
Panagasinan 

37 22 15 Farmers 

FFS Oct 2011-
Sept. 2012 

IPM Vegetables: 
Cayambanan, Urdeneta 
City, Pangasinan 

39 23 16 Farmers 

FFS Oct 2011-
Sept. 2012 

IPM Eggplant & Tomato: 
Nancolobasaab, Urdaneta 
City, Panagasinan 

42 23 19 Farmers 

FFS Oct 2011-
Sept. 2012 

IPM Vegetables: Tulong, 
Urdaneta City, Pangasinan 

39 21 18 Farmers 

FFS Oct 2011-
Sept. 2012 

IPM Onion:Dasay, 
Narvacan, Ilocos Sur 

37 33 4 Farmers 

FFS Oct 2011-
Sept. 2012 

IPM Onion : San Pablo, 
Narvacan, Ilocos Sur 

37 30 7 Farmers 

FFS Oct 2011-
Sept. 2012 

IPM Eggplant : Sapriana, 
Sinait, Ilocos Sur 

37 28 9 Farmers 

FFS Oct 2011-
Sept. 2012 

IPM Garlic: Binacud, Sinait, 
Ilocos Sur 

32 26 6 Farmers 

FFS Oct 2011- IPM Onion & Vegetables: 99 74 25 Farmers 
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Sept. 2012 Padu-Chico, Sto. Domingo, 
Ilocos Sur 

FFS Oct 2011-
Sept. 2012 

IPM Eggplant: San Agustin, 
San Niclos, Ilocos Norte 

35 26 9 Farmers 

FFS Oct 2011-
Sept. 2012 

IPM Garlic: Lipay, Vintar, 
Ilocos Norte 

42 28 14 Farmers 

FFS Oct 2011-
Sept. 2012 

IPM Vegetables, 
Cababaan, Pasuquin, 
Ilocos Norte 

124 69 55 Farmers 

FFS Oct 2011-
Sept. 2012 

IPM Onion: Carusikis, 
Pasuquin, Ilocos Norte 

51 38 13 Farmers 

FFS Oct 2011-
Sept. 2012 

IPM Onion: Bangantalinga, 
Iba, Zambales 

47 35 12 Farmers 

FFS Oct 1- Sept 
30, 2012 

Vegetables: Saprina, 
Sinait, Ilocos Sur 

14 10 4 Farmers 

FFS Oct 1- Sept 
30, 2012 

Onion: Manambong Sur, 
Bayambang, Panagasinan 

12 12 0 Farmers 

FFS Oct 1- Sept 
30, 2012 

Vegetables: Palina West, 
Urdaneta City, 
Pangansinan 

14 10 4 Farmers 

FFS Oct 1- Sept 
30, 2012 

Onion: Dasay, Narvacan, 
Ilocos Sur 

22 18 4 Farmers 

FFS Oct 1- Sept 
30, 2012 

Onion & Vegetable: 
Tayabo, San Jose City, 
Nueva Ecija 

29 26 3 Farmers 

FFS Oct 1- Sept 
30, 2012 

Onion & Vegetables: 
Palestina, San Jose City, 
Nueva Ecija 

36 30 6 Farmers 

FFS Oct 1- Sept 
30, 2012 

Vegetables: Palina East, 
Urdaneta City, Pangasinan 

52 30 22 Farmers 

FFS Oct 1- Sept 
30, 2012 

Onion, Vegetables, Melon, 
Watermelon: Matingkis, 
Munoz, Nueva Ecija 

15 15 0 Farmers 

FFS Oct 1- Sept 
30, 2012 

Onion: Marikit, 
Pantabangan, Nueva Ecija 

28 23 5 Farmers 

FFS Oct 1- Sept 
30, 2012 

Onion: Mapangpang, 
Munoz, Nueva Ecija 

26 22 4 Farmers 

FFS Oct 1- Sept 
30, 2012 

Onion: Calabalabaan, 
Munoz, N.E. 

19 18 1 Farmers 

FFS Oct 1- Sept 
30, 2012 

Onion, Cadaclan, 
Pantabangan, N.E. 

31 27 4 Farmers  

FFS Oct 1- Sept 
30, 2012 

Vegetables: Rangayan, 
Munoz, N.E. 

18 16 2 Farmers 

FFS Oct 1- Sept 
30, 2012 

Vegetables: Bical, Munoz, 
N.E. 

13 7 6 Farmers 

FFS Oct 1- Sept 
30, 2012 

Onion: Bangantalinga, Iba, 
Zambales 

25 17 8 Farmers 

FFS Oct 1- Sept 
30, 2012 

Onion: Bagnong Sikat, San 
Jose, City, N.E. 

20 13 7 Farmers 

FFS Oct 1- Sept 
30, 2012 

Onion: San Pabli, 
Narvacan, I. Sur 

31 27 4 Farmers 

FFS Oct 1- Sept 
30, 2012 

Onion: Doloroes, Sto. 
Domingo, N.E. 

39 34 5 Farmers 

FFS Oct 1- Sept 
30, 2012 

Onion & Garlic: 
Cabisuculan, Vintar, Ilocos 
Norte 

15 12 3 Farmers 

FFS Oct 1- Sept 
30, 2012 

Garlic: Lipay, Vintar, N.E. 25 20 5 Farmers 

FFS Oct 1- Sept 
30, 2012 

Vegetables: Cababaan 
Elementary School 

93 35 58 Farmers 

FFS Oct 1- Sept 
30, 2012 

Onion: San Fernando, Laur, 
N.E. 

33 29 4 Farmers 

FFS Oct 1- Sept 
30, 2012 

Onion: Tugatog, Bongabon, 
N.E. 

21 19 2 Farmers 

FFS Oct 1- Sept 
30, 2012 

Onion: Dasay, Narvacan, 
I.Sur 

22 18 4 Farmers 

FFS Oct 1- Sept Onion & Vegetables: 23 19 4 Farmers 
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30, 2012 Carusikis, Pasuquin, I. 
Norte 

FFS Oct 1- Sept 
30, 2012 

Onion & Garlic: 
Cabisuculan, Vintar, I. 
Norte 

32 28 4 Farmers 

FFS Oct 1- Sept 
30, 2012 

Eggplant: San Agustin, San 
Nicolas, I. Norte 

33 18 15 Farmers  

FFS Oct 1- Sept 
30, 2012 

Onion & Vegetables: 
Carusikis, Pasuquin, I. 
Norte 

18 15 3 Farmers 

FFS Oct 1- Sept 
30, 2012 

Vegetables: Cayambanan, 
Urdaneta City, Pangasinan 

35 19 16 Farmers 

FFS Oct 1- Sept 
30, 2012 

Vegetables: Sta. Barbara, 
Pangasinan 

30 11 19 Farmers 

FFS Oct 1- Sept 
30, 2012 

Onion: General Santos City 197 159 38 Farmers 

FFS Oct 1- Sept 
30, 2012 

Vegetables: Bansalan, 
Davao Del Sur 

20 13 7 Farmers 

FFS Oct 1- Sept 
30, 2012 

Onion: Bone North, Aritao, 
Nueva Vizcaya 

12 12 0 Farmers 

FFS Oct 1- Sept 
30, 2012 

Onion & Vegetables: San 
Antonio, Munoz, N.E. 

28 16 12 Farmers 

Total participants in Philippines 2133 1519 614  
Total participants in Southeast Asia project 3747 2465 1282  
 

Central Asia-Regional Project 

Program 
Type 

Date Training Type Number of 
Participants 

Men Women Audience 

Farmer Field 
School 

October 24, 
2011 

Choosing varieties, observing 
seedling rates in IPM v. farmer 
standard plots, establishment 
of demo plot.  

20 15 5 

Students/ 
farmers 

Farmer Field 
School 

March 5, 
2012 

How to establish flowering 
plants for beneficial insects.  20 15 5 Farmers 

Farmer Field 
School 

March 18, 
2012 

Herbicide application rates 20 15 5 Farmers 

Farmer field 
School 

April 2, 2012 Herbicide and fertilizer 
application 20 15 5 Farmers 

Farmer field 
School 

April 19, 2012 Identification of SUNN pest and 
its evaluations 20 15 5 Students/ 

farmers 
Farmer Field 
School 

April 30, 2012 Observation of beneficial 
insects in flowering plants 20 15 5 Farmers 

Farmer Field 
School 

May 17,2012 Identification of Sunn pest and 
its evaluation 
Identification of  yellow rust v. 
brown rust. 

20 15 5 

Students/ 
Farmers 

Farmer Field 
School 

June 15,2012 Wheat yield evaluation 20 15 5 Farmers 

Farmer Field 
School 

October 17, 
2011 

Choosing varieties forrust 
resistance, preparing plots for 
planting. 

20 13 7 
Farmers/ 
Students 

Farmer Field 
School 

December 16, 
2011 

Observing seedling rates in IPM 
v. farmer standard plots, 
establishment of demo plot. 

20 15 5 
Farmers/ 
Students 

Farmer Field 
School 

February 28, 
2012 

How to establish flowering 
plants for beneficial insects 20 13 7 Farmers/ 

students 
Farmer Field 
School 

March 28, 
2012 

How to prepare of herbicide 
application rates. 20 12 8 Farmers 

Farmer Field 
School 

April 10,2012 Herbicide application. 
Preparation of fertilizers 20 12 8 Farmers 

Farmer Field 
School 

April 14,2012 Identification of cereal leaf 
beetle and its evaluations 20 15 5 Farmers/ 

Students 
Farmer Field April 25,2012 Observation of beneficial 20 13 7 Farmers 
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School insects in flowering plants 
Farmer Field 
School 

May 12,2012 Identification of cereal leaf 
beetle and its evaluations 20 13 7 Farmers/ 

Students 
Farmer Field 
School 

May 28,2012 Identification of yellow rust 
compared to brown rust 20 15 5 Farmers 

Farmer Field 
School 

June 19, 2012 Wheat Yield Evaluation 20 15 5 Farmers 

Farmer Field 
School 

December 
5,2011 

Choosing varieties, observing 
seedling rates in IPM v. farmer 
standard plots, establishment 
of demo plot 

15 8 7 

Farmers/ 
Students 

Farmer Field 
School 

March 20, 
2012 

How to establish flowering 
plants for beneficial insects. 15 8 7 Farmers 

Farmer Field 
School 

April 10,2012 How to prepare of herbicide 
application rates. 15 8 7 Farmers 

Farmer Field 
School 

April 28,2012 Accurate application of 
herbicide (effectiveness rates) 
and how to prepare fertilizer 

15 8 7 
Farmers 

Farmer Field 
School 

April 28, 2012 Identification of cereal leaf 
beetle and its evaluations. 15 8 7 Farmers/ 

Students 
Farmer Field 
School 

May 10, 2012 Observing beneficial insects in 
flowering plants 15 8 7 Farmers 

Farmer Field 
School 

May 31, 2012 Identification of cereal leaf 
beetle and its evaluations. 15 8 7 Farmers/ 

Students 
Farmer Field 
School 

June 1, 2012 Identification of yellow rust v. 
brown rust 15 8 7 Farmers 

Farmer Field 
School 

June 30, 2012 Wheat yield evaluation 15 8 7 Farmers 

Workshop March 7-9, 
2012 

7th International IPM 
Symposium: Tajikisan IPM 
CRSP project & IPM Vegetable 
crop packages 

3 1 2 

Scientists / 
Ph.D Graduate 
Student 

Training  Enumerator Selection and 
training for farmers in Uzbek 4 3 1 Graduate 

Students 
Total Participants for Central Asia 502 332 170  
 

Parthenium- Global Theme 

Program 
Type 

Date Training Type Number of 
Participants 

Men Women Audience 

Workshop December 19-
21, 2011 

Progress and Planning 
Workshop on Parthenium: 
Ethiopia 21 16 5 

Representatives 
of partner 
institutions and 
countries. 

Workshop September 3-
4, 2012 

Strategic meeting to abate 
the spread and adverse 
impact of the invasive weed 
parthenium (Parthenium 
hysterophorus) in Ethiopia. 

34 24 10 

Members of the 
EIAR, IBC, and 
HU. 

Total Participants for Parthenium 55 40 15  
 

International Plant Diagnostic Network- IPDN Global Theme 

Program 
Type 

Date Training Type Number of 
Participants 

Men Women Audience 

Workshop February 7-9, 
2012 

IPM CRSP Disease and Insect 
Diagnostics: Bangladesh 11 7 4 Scientists 

Workshop June 28-29, 
2012 

Training in Tomato Bacterial 
Canker (Clavibacter 
michiganensis subsp. 
michiganensis): Guatemala 

23 14 9 

Scientists 

Training September Use of priority standard 22 13 9 Project 



149

2012 operating procedures for 
Passion fruit, tomato, and 
onion in East Africa 

Partners 

Training September  
15-29,  2012 

Disease and insect pest 
diagnostic workshop at OSU 4 4 0 

Scientists/ 
Graduate 
Student 

Field Day June 2012 Diagnostics of Important 
Diseases in Solanaceous Crops 
Including Tomato, Potato, and 
Peppers for Small Growers: 
Salama & Solola 

50 35 15 

Growers 

Seminar & 
Field Visit 

February 15-
17,2012 

Diagnostics of Important 
Diseases in Vegetable Crops 
and Use of Immunostrips for 
Detection of Bacterial Diseases 
in Vegetable Crops 480 405 75 

Agroexperts, 
government 
officials, 
growers, 
export 
operations, 
consultants, 
and extension 
personnel 

Total Participants for IPDN 590 478 112  
 

International Plant Virus Disease Network-IPVDN Global Theme 

Program 
Type 

Date Training Type Number of 
Participants 

Men Women Audience 

Training February 1- 
July 31, 2012 

Diagnosis of viruses by 
serological and molecular 
assays: WSU 

1 1 0 
Scientist 

Training 2012 Virus identification techniques 
: Guatemala 1 1 0 Scientist 

Internship Summer 
2012 

Internship Program 
3 1 2 

Undergraduate/ 
High School 
Students 

Workshop January 7-10, 
2012 

Seed health, certification, 
plant pest, and disease 
diagnosis. 

5 5 0 
Scientists 

Symposium July 2012 Research and management 
of insect-transmitted plant 
virus diseases 

47 34 13 
Scientists  

Total Participants for IPVDN 57 42 15  
 

Impact Assessment- Global Theme 

Program 
Type 

Date Training Type Number of 
Participants 

Men Women Audience 

Training February 
2012 

IPM Impact Assessment India  
3 1 2 

Scientists/ 
Graduate 
Students 

Seminar February 
2012 

IPM Impact Assessment TNAU 
60 40 20 

Scientists / 
Graduate 
Students 

Seminar February 
2012 

IPM Impact Assessment Nepal 
2 1 1 

Scientists / 
Graduate 
Students 

Seminar February 
2012 

IPM Impact Assessment 
Bangladesh 3 3 0 Scientists 

Seminar June 2012 IPM Impact Assessment 
Uganda 3 2 1 

Scientists/ 
Graduate 
Students 

Seminar July 2012 IPM Impact Assessment 
Ecuador 2 1 1 Scientists 

Training March 8-25, Impact Assessment Study at 1 1 0 Student 
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2012 Virginia Tech 
Training April 15-

October15, 
2012 

Impact Assessment Study at 
Virginia Tech 1 0 1 

Student  

Training June- 
September 
2012 

Impact Assessment Study at 
Virginia Tech 1 0 1 

Student  

Total Participants for Impact Assessment 76 49 27  
 

Gender- Global Theme 

Program 
Type 

Date Training Type Number of 
Participants 

Men Women Audience 

Workshop 3.8.2012 Gender training Honduras 21 7 14 Farmers 
Workshop 9.21.2012 Gender and Safe Use and 

Management of Pesticides: 
Guatemala 

24 10 14 
Farmers 

Workshop 6.8.2012 Gender and Safe Use and 
Management of Pesticides: 
Honduras 

20 10 10 
Farmers 

Workshop 5.11.2012 Gender Issues in Coffee 
Production: Uganda 27 15 12 Farmers 

Seminars 5.2012 Women Participation Checklist: 
Uganda 7 4 3 Farmers 

Workshop 6.9.2012 & 
7.9.2012 

Assessing Gendered 
Knowledge on Pesticide Use 
and IPM Practices on 
Vegetables: Dharmapuri 

42 10 32 

Farmers 

Workshop December 14-
15, 2012 

Gender Mainstreaming in 
Agriculture: Cambodia 31 6 25 Farmers 

Workshop December 2, 
2012 

Analysis of Gender Role in 
Home, Yard and Kitchen 27 12 15 Farmers 

Training August 21-22, 
2012 

Refresher training on 
Trichoderma Production and 
Application on Vegetable 
(included gender session): 
Cambodia 

18 14 4 

IPM Provincial 
Coordinator, 
District 
Trainers, Field 
Trainers 

Training August- 
September 
2012 

Farmer Discussion on 
Trichoderma production and 
application and the gender role 
of farmers: Cambodia 

55 20 35 

Farmers 

Focus Group 
Discussions 

October 
3,2011 

Gender and IPM Technology: 
Philippines 9 3 6 Farmers 

Focus Group 
Discussion 

November 12 
& 15, 2011 

Gender role in home, garden, 
and kitchen space: Indonesia  14 14 0 Farmers 

Focus Group 
Discussion 

November 20 
& 27, 2011 

Gender role in home, garden, 
and kitchen space: Indonesia 15 0 15 Farmers 

Focus Group 
Discussion 

May 31 & 
June 5, 2012 

Gender role in the home, 
garden, and kitchen space: 
Indonesia 

20 0 20 
Farmers 

Total Participants for Gender 330 125 205  
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Publications
books | book chapters | articles | presentations | posters | extension brochures | theses | technical 

bulletins| pamphlets | training materials | standard operating procedures | radio | tv  



program
program summary

152

Publications

IPM CRSP program leaders, researchers, 
extension workers, and students share 
their work with a larger audience through 
publications and presentations. Books, book 
chapters, and journal articles reach specialists 
in myriad disciplines, from agricultural 
economics to gender studies. Symposium, 
conference, and poster presentations are given 
to a variety of audiences, including research 
scientists, government administrators, and 

undergraduate students. IPM CRSP personnel 
produce pamphlets, fact sheets, training 
materials, and bulletins designed to reach 
development practitioners, extension agents 
and farmers. The program also shares its 
work with a wider audience via press releases, 
success stories, and general articles. 

Books 
+ book 
chapters

Journal 
articles 
(published 
+ in press/
review)

Presentations 
+ posters

Pamphlets, 
fact sheets, 
training 
documents, 
SOPs, 
technical 
bulletins

Theses + 
dissertations

Radio, 
tv, press 
releases, 
general 
articles

Total

Regional Programs
Latin America 
+ Caribbean

1 9 4 3 17

East Africa 8 24 22 1 2 57
West Africa 1 4 5
South Asia 7 11 33 5 6 62
Southeast Asia 4 12 16
Central Asia 1 1 4 1 7
Global Programs
Parthenium 3 2 5
IPDN 2 5 1 8
IPVDN 1 3 24 28
Impact 
Assessment

1 1

Gender 7 1 8
Other
Management 
Entity

1 2 3 11 17

Total 10 34 128 32 8 19 231
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Books and book 
chapters
Alice, D., G. Karthikeyan, and S. K. Manoranjitham. 2012. 
Fundamentals of Plant Pathology and Disease Manage-
ment, TNAU, CBE Publishers.

Gajendran, G.,  D. Dinakaran, K. Senthamizh, S. Mohan-
kumar, G. Karthikeyan, V. Jayabal, P. Kalaiselvan, and 
B. Saravanan. 2012. Integrated Pest Management in 
Vegetable Crops. Tamil Nadu Agricultural University, 
Coimbatore, India.

Jalilov, A.,  Z. Eshanova, C. Azamov, and R. Sharma. 2012. 
Efficiency of resistance genes of wheat to pathogen of a 
yellow and brown rust in Tajikistan. In Actual problems, 
prospects of development of agriculture for maintenance of 
food security in Tajikistan, Dushanbe, Tajikistan.

Mohankumar, S., N. Balakrishnan, and R. Samiyappan. 
2012. Biotechnological and Molecular Approaches in the 
Management of Pests and Diseases of Crop Plants, pp. 
92-118. In D.P. Abrol and Uma Shankar (eds.), Integrated 
Pest Management: Principles and Practice, CABI, UK.

Muniappan, R., B. M. Shepard, G. R. Carner, and P. A. Ooi. 
2012. Arthropod Pests of Horticultural Crops in Tropical 
Asia. CABI, UK.

Prabhu, M., S. Natarajan, and L. Pugalendhi. 2012. Resis-
tance Breeding in Brinjal. VDM Verlag. Dr. Muller GmBH 
& CO, Germany.

Ramakrishnan, S.,  M. Sivakumar, and E. I. Jonathan 
(eds.). 2012. Nematology. Open and Distance Learning 
Unit, TNAU, CBE Publishers.

Savitha, B., P. Paramaguru, and L. Pugalendhi. 2012. 
Standardization of fertigation in onion (Allium cepa L.). 
Lambert Academic Publishing Agency, USA.

Srimathi, P., G. Sasthri, V. A. Sathyamurthy, and L. 
Pugalendhi. 2011. Seed treatment in Vegetable Crops, pp. 
197-254. In M.K. Rana (ed.), Fundamentals of Vegetable 
Production, NIPA, New Delhi.

Vetrivelkalai, P., T. Senthilkumar, I. Cannayane, R. Sun-
daram, and S. Ramakrishnan. 2012. Sri Sakthi Promo-
tional Litho Process, India.

articles
Published in refereed publications
Abdullah, T. and A. Rauf. 2011. Population characteristics 
and infestation of Asian corn borer, Ostrinia furnacalis 
(Lepidoptera: Pyralidae) in relation with yield loss. J Fito-
medika 7.

Abida, P.S.,  S. Mohankumar, and P. Yasodha. 2011. Cross 
species microsatellite marker amplification in Solanum 
lycopersicon Mill. Int. J. Trop. Agr. 29 (1-2): 139–143. 

Alabi, O.J., J. M. Crosslin, N. Saidov, and N. Rayapati. 
2012. First Report of Potato virus Y in Potato in Tajikistan. 
Disease Notes. Plant Disease 96 (7): 1074. http://dx.doi.
org/10.1094/PDIS-03-12-0249-PDN.

Alabi, O.J.,  M.A. Rwahnih, G. Karthikeyan, S Poojari, 
M. Fuchs, A. Rowhani, and N. Rayapati. 2011. Grapevine 
leafroll-associated virus 1 occurs as genetically diverse 
populations. Phytopathology 101: 1446–1456. 10.1094/
PHYTO-04-11-0114.

Duraisamy, R.,  S. Natesan, R. Muthurajan, G. 
Karthikeyan, P. Lakshmanan, N. Karuppusamy, and 
M. Chokkappan. 2012. Molecular Studies on the trans-
mission of Indian cassava mosaic virus (ICMV) and Sri 
Lankan cassava mosaic virus (SLCMV) in cassava by 
Bemisia tabaci and Cloning of ICMV and SLCMV Repli-
case Gene from Cassava. Mol Biotechnol. DOI 10.1007/
s12033-012-9503-1.

Gomez, Michael,  T. Ramasubramanian, S. Mohankumar. 
2011. Potential RAPD markers for population studies in 
tree legumes. Pak. J. Bot. 43 (4): 1879–1883. 

Kon, T. and  R.L. Gilbertson . 2011. Two genetically related 
begomoviruses causing Tomato leaf curl disease in Togo 
and Nigeria differ in virulence and host range but do not 
require a betasatellite for induction of disease symptoms. 
Arch. Virology 157: 107–120.

Muniappan, R., G. W. Watson, L. Vaughan, R. Gilbertson, 
and M. Noussourou. 2012. New records of mealybugs, scale 
insects, and whiteflies (Hemiptera: Sternorrhyncha) from 
Mali and Senegal. Journal of Agriculture and Urban Ento-
mology 28: 1–7.

Muniappan, R.,  G. W. Watson, G. A. Evans, A. Rauf, and 
N. von Ellenrieder. 2012. Cycad aulacaspis scale, a Newly 
Introduced Insect Pest in Indonesia. HAYATI 19 (3): 
110–114.

Ochwo-Ssemakula, M.,  T. Sengooba, J. J. Hakiza, E. 
Adipala, R. Edema, M. G. Redinbaugh, V. Aritua, and S. 
Winter. 2012. The Characterization and distribution of a 
Potyvirus associated with passion fruit woodiness disease 
in Uganda. Plant Disease 96 (5): 659–665. DOI: 10.1094/
PDIS-03-11-0263.

Omane, E.,  K. A. Oduro, E. W. Cornelius, I. Y. Opoku, A. 
Y. Akrofi, K. Sharma, P. L. Kumar, and R. Bandyopadhyay. 
2012. First report of leaf blight of taro (Colocasia esculenta) 
caused by Phytophthora colocasiae in Ghana. Plant Disease 
96: 292. DOI: 10.1094/PDIS-09-11-0789.

Osei, K.,  M. K. Osei, M. B. Mochiah, J. Lamptey, J. 
Bolfrey-Arku, and J. N. Berchie. 2012. Plant parasitic 
nematodes associated with tomato in Ghana. Nematol. 
Medit. 40: 33–37. 

Polatewitch, A.M.,  H. K. Ngugi, and P. A. Backman. 
2012. Assessment of application timing of Bacillus spp. 
to suppress pre- and post-harvest diseases of apple. Plant 
Disease 96. 10.1094/PDIS-05-11-038.

Prabhu, M.,  S. Natarajan, and L. Pugalendhi. 2011. Mean 
performance of eggplant (Solanum melongena L.) intespe-
cific progenies. Indian J.Agric.Res. 45 (3): 249–252.

Praneetha, S.,  V. Rajashree, and L. Pugalendhi. 2012. 
Association of Characters on Yield and shoot and fruit 
resistance in brinjal (Solanum melongena). Electronic 
journal of Plant Breeding 2 (4): 574–577.
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Rajendran, L.,  R. Ramjegathesh, V. Shanthiyaa, T. 
Raguchander, G. Karthikeyan, and R. Samiyappan. 2012. 
Biocontrol potential and mode of action of the strains EPC 
5 and EPC 8 of endophytic bacterium, Bacillus subtilis. 
Indian Phytopath 65 (2): 122–127.

Ramakrishnan, S. and S. P. Deepa. 2011. Management of 
nematode fungal disease complex of medicinal coleus using 
Trichoderma viride. Indian Journal of Nematology 41 (2): 
160–162.

Sharmila, R.S.,  S. Kumar, and S. Ramakrishnan. 2012. 
Parasitizing ability of Pasteuria penetrans on phytonema-
todes. Journal of Biopesticides 5: 33–35.

Sparger, J.A.,  J. Alwang, G.W. Norton, M. Rivera, and 
D. Breazeale. 2011. Designing an IPM Research Strategy 
to Benefit Poor Producers and Consumers in Honduras. 
Journal of Integrated Pest Management 2 (3): 1–9.

Sumathi, P.,  P. Muthiah, P. Veerabadhiran, K. Thiyaga-
rajan, T. S. Raveendran, B. Selvi, G. Karthikeyan, and P. 
Santhi. 2012. New High Yielding Short Duration Pearl 
Millet Hybrid: TNAU Cumbu Hybrid CO 9. Madras Agric. 
J 99 (1-3): 14–17.

Thangamani, P.R.,  K. Prabakar, P. Mohammed Faisal, G. 
Karthikeyan, and T. Raguchander. 2011. Morphological 
and Physiological Characterization of Colletotrichum 
musae the causal organism of Banana Anthracnose. World 
Journal of Agricultural Sciences 7 (6): 743–754.

Thiribhuvanamala, G.,  S. Krishnamoorthy, K. Manoran-
jitham, V. Praksasm, and S. Krishnan. 2012. Improved 
techniques to enhance the yield of paddy straw mushroom 
(Volvariella volvacea) for commercial cultivation. African J. 
Biotechnology 11 (64): 12740–12748.

Under review/in press (refereed 
publications)
Batuman, O. and R. L. Gilbertson. The first report of 
Columnea latent viroid (CLVd) in tomato in West Africa. 
Plant Disease (in review).

Bonabana-Wabbi, J.,  D. B. Taylor, and V. Kasenge. A lim-
ited Dependent Analysis of Integrated Pest Management in 
Uganda. Journal of Agricultural Science and Technology. 
In press.

Bonabana-Wabbi, J.,  J. Kirinya, and D. B. Taylor. Adop-
tion of IPM technologies in Hot Pepper farm enterprises 
in South Western Uganda. .Journal of Development and 
Agricultural Economics. In press.

Bonabana-Wabbi, J., and D. B. Taylor. Willingness to Pay 
to Avoid Consumption of Pesticide Residues in Uganda: 
An Experimental Auction Approach. African Journal of 
Agricultural and Resource Economics. In press.

Dinakaran, D.,  G. Gajendran, S. Mohankumar, G. 
Karthikeyan, S. A. Thiruvudainambi, E. I. Jonathan, R. 
Samiyappan, D. Pfeiffer, and E. G. Rajotte. Evaluation 
of Integrated Pest and Disease Management package for 
Shallots in Tamil Nadu, India - A Farmer’s Participatory 
Approach. Journal of Integrated Pest Management (in 
review).

Manoranjithan, S.K.,  M. Kavino, G. Thiribhuvanamala, 
T. Ganapathy, R. Rabindran, and N. Kumar. Detection 
of banana streak virus (BSV) Tamil Nadu isolate  (India)  
and its serological relationship with other badna viruses. 
African J. Biotechnology. In press.

Waiganjo, M.,  M. Menza, C. Gathambiri, S. Kuria, P. 
Mueke, C. Njeru, R. Ssonko, M. Kleinhenz, J. Kovach, 
S. Kyamanywa, S. Miller, and M. Erbaugh. Use of high 
tunnel and grafting for increased tomato crop growth, yield 
and fruit quality among small holder farmers in Kirinyaga 
District, Kenya. International Journal of Agricultural Sci-
ence. In press.

Working papers under internal review
Arida, G.S.,  B. S. Punzal, B. M. Shepard, and E. G. 
Rajotte. Parasitism of leafminer, Liriomyza trifolii  (Bur-
gess) (Diptera: Agromyzidae) larvae in onion grown after 
rice in Central Luzon, Phillipines. (Reviewing publication 
unknown.)

Arida, G.S.,  B. S. Punzal, B. M. Shepard, and E. G. 
Rajotte. Field evaluation of sticky board traps for 
leafminer, Liriomyza trifolii (Burgess) (Diptera: Agro-
myzidae) Management in onion (Allium cepa Linn.). 
(Reviewing publication unknown.)

Meya, A.I.,  D. P. Mamiro, P. M. Kusolwa, A. P. Maerere, 
K. P. Sibuga, J. M. Erbaugh, and H. D. Mtui. Tomato 
late blight disease management by using reduced fungi-
cide spray regimes: A case study of Morogoro, Tanzania. 
(Working paper under internal review.)

Mtui, H.D.,  A. P. Maerere, M. A. Bennett, and K. P. 
Sibuga. Effect of mulch and different fungicide spray 
regimes on yield and yield components of tomato (Solanum 
lycopersicum L.) in Tanzania. (Working paper under 
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Bhanu, K.R.M. 2012. Coffee stem borer monitoring in 
Nepal and India. 7th International IPM Symposium, Mem-
phis, TN, March 27-29, 2012.
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Gathambiri, C. W.,  M. M. Waigonjo, M. Menza, D. Omayio, 
and J. K. Gitonga. 2011. Effect of high tunnel production 
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Isoto, Rosemary, J.M. Erbaugh, and D. Kraybill. 2012. 
Assessing impacts of Participatory Agricultural Research 
on Livelihoods of Arabica Coffee Farmers in Manafwa Dis-
trict, Uganda. 27th Annual conference of AIAEE, Nakorn 
Pathom Province, Thailand, May 20-24, 2012.
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Diseases in Vegetables in the Tropics and Subtropics, 
TNAU, Coimbatore, India, July 10-13, 2012.

Balakrishnan, N.,  R. Aravintharaj, B. Preetha, and S. 
Mohankumar. 2012. Survey and detection of Peanut bud 
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their respective pheromone blends. Second International 
Symposium of Biopesticides and Ecotoxocological Network, 
Kasetsart University, Thailand, September 24-26, 2012.
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Mersie, W. 2012. Abating the Weed Parthenium (Parthe-
nium hysterophorus L.) Damage in Eastern Africa Using 
Integrated Cultural and Biological Control Measures 
- 2009-2014. 6th International Weed Science Congress, 
Hangzhou, China, June 17-22, 2012.

Mersie, W. 2012. Efforts towards the Management of the 
Invasive Weed, Parthenium (Parthenium hysterophorus L.) 
in Eastern and Southern Africa. 6th International Weed 
Science Congress, Hangzhou, China, 2012.
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Ramakrishnan, S.,  S.P. Deepa, B. Preetha, S. Mohan-
kumar, G. Karthikeyan, and C. Durairaj. 2012. Integrated 
Pest Management in Brinjal. IV National symposium on 
plant protection in Horticultural crops, IIHR, Bangalaru, 
April 25-28, 2012.
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management of insect-transmitted virus diseases in veg-
etables in Asia. Symposium on Research and Management 
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azadirachtin on Senegalese (West Africa) populations of 
Crocidolomia pavonana  (Fabricius) (Lepidoptera: Cram-
bidae) under laboratory conditions.. Entomological Society 
of America Annual Meeting, Reno, NV, November 13-16, 
2011.

Sartiami, D.,  A. Rauf, B.M. Shepard, T.A. Damayanti, N. 
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Research, Extension and Education in Plant Pathology. 
Symposium on Research and Management of Insect-trans-
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practices and format. Plant Disease and Insect Pest Diag-
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