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Summary 

 

FAO-RAP and AIT have been implementing the project titled “Geographical Information Systems (GIS) to 

provide spatiotemporal analysis of spread of Cassava Pink Mealybug (CPMB) and its parasitoid Anagyrus lopezi 

in the Greater Mekong Sub region (GMS)” since 2011. This work has been done, in collaboration with GMS 

countries and project government counterparts to understand cassava grown areas, CPMB distribution, 

parasitoid introduction/establishment and its risk of spread.  

 

A quality GIS database was set up to support structure to monitor and document where cassava is cultivated, 

areas that are infested and level of damage caused by CPMB, including establishment of its parasitoid A. lopezi 

in the GMS partner countries: China, Cambodia, Laos, Thailand and Vietnam. The database development 

involves data collection, processing and integration into GIS database for mapping purposes.  

 

Two sets of data collection and mapping have been done in 2011 (data 2010-2011) and 2013 (data of 2011-

2012/2013) for CPMB risk mapping in GMS countries. Database development by using SAVGIS to generate 

maps at province/district level maps for countries. Factors contributing to the CPMB incidence and severity 

of infestation were mapped individually for the GMS countries and composite risk maps have also been 

generated by combining all the factors contributing to CPMB incidence and spread. Analytical Hierarchy 

Process (AHP) was used for multi-criteria decision analysis. In this study seven criteria were used which are as 

follows: Cassava Cultivating Areas, CPMB Status (presence/absence), Rate of Infestation, A. lopezi Status 

(presence/absence), Area of Release of Parasitoid, Rate of Parasitization and % of area reported with parasitoids 

to total cassava cultivated area, which carry equal weights. Spatial risk maps in countries were produced by 

bringing final score of seven criteria into GIS platform. 

 

The results of spatiotemporal analysis generated risk maps for CPMB incidence and spread has been compared 

for two different times (2010-2011 & 2012-2013). Cambodia and Laos exhibited more or less constant risk in 

both the periods (2010-2011 and 2011-2012), whereas Vietnam exhibited more CPMB presence and potential 

risk during 2012-2013. It is inferred that China was free from CMPB during both phases.  

 

GIS mapping provided spatiotemporal analysis of spread of CPMB and its parasitoid A. lopezi in the GMS 

countries which are prime for understanding of incidence, spread and its effects on cassava growing areas. To 

obtain a better analysis, more extensive and regular data collection is required on both temporal scale and sub-

district spatial scale. GIS based information on CPMB in this program helps alert a potential CPMB incursion 

as well as to monitor the extent and spread trend. Therefore programs and projects have to be developed in 

countries and trainings have to be given on using and understanding CPMB risk maps. 
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1.0 Introduction  

 
 
FAO-RAP and AIT have been implementing the project titled “Geographical Information Systems (GIS) to 

provide spatio-temporal analysis of spread of Cassava Pink Mealybug (CPMB) and its parasitoid Anagyrus lopezi 

in the Greater Mekong Subregion (GMS)” since 2011. This work has been done, in collaboration with GMS 

countries and project government counterparts to understand cassava grown areas, CPMB distribution and its 

risk. Two sets of data collection and mapping have been done in 2011 (data 2010-2011) and 2013 (data of 2011-

2012/2013) for CPMB risk mapping in GMS countries. This report is the final report covering background of 

the project, GIS database design and methods used, results and discussion (CPMB distribution, infestation 

maps, risk maps etc.,), conclusions and recommendations. Data formats used and all the maps generated under 

this project are given in Annexes. 

 

2.0 Background  

 
 

Mealybugs are serious pests of a number of commercially grown crops worldwide including fruit trees, 
ornamentals and food crops. Prior to its invasion in cassava growing countries in GMS region, CPMB was 
widely prevalent in Africa where it moved from its original home i.e. South America to devastate large cassava 
growing region in Africa etc. (Fabres, 1981; Bellotti et al., 1983; Le Ru et al., 1992). Generally CPMB causes 
heavy losses during the dry season whereas its activities reduced during the rainy season possibly due to washing 
effects of rains (White, 1974; Mattson & Haack, 1987; Koricheva et al., 1998). Therefore, climatic conditions 
play an important role in determining its annual population peaks and consequent losses to the cassava crops. 
 

Generally this pest is spread through the stem-cutting, which is a primary source of planting materials 
which are transported from one region to another. Due to geographical proximity and relatively porous borders 
connecting GMS countries, the CPMB has been reported to move from its first detection place Thailand 
(mealybugs first became a problem in 2009, raising the concern of insufficient supply of raw materials for 
tapioca-related industries, BangkokPost, 2011) to other countries (Cambodia, Laos and more recently Vietnam) 
with serious consequences to the smallholder cassava growers who raise the crops to supply mostly to the 
multi-million dollars starch industry in the region.  
 

In response, the FAO Regional Office for the Asia-Pacific with support from it Regional IPM 
Programme has initiated a regional Technical Cooperation Project to strengthen the capacity of the various 
stakeholders in raising healthy and profitable cassava crops in this region. Taking the cue from the successful 
introduction and release of the Hymenopteran parasitoid A. lopezi in Africa, the TCP project envisioned the 
introduction of this parasitoid to countries in the region from Thailand (which introduced from Africa the 
parasitoid in 2009 and successfully established it in major cassava production regions in the country). 

For sustainable management of this invasive pest, it is of paramount importance to monitor its 
incidence and spread in real time in relation to the influencing factors (cassava cultivating areas, level of A. 
lopezi presence, rate of parasitoid etc.,) so as to enable timely spread prevention and management actions where 
needed. GIS has already been successfully applied to map the distribution of several plant and animal species, 
their ecosystems, landscapes, bio-climatic conditions and factors influencing invasions (reducing dispersal, 
reducing population).  
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GIS tools are proven to be effective in monitoring, predicting, managing and fighting the spread of 
crop diseases and pests. Advancement in tools and methods offers the users cost-effective and efficient 
targeting of interventions and control. Determining the spatial extent of a disease helps to identify spatial 
patterns of the disease and to link the disease to auxiliary spatial data. GIS can also be used to predict the 
projected spatial spread of pests, to provide input for risk assessment models in pest spread prevention and 
control and in quantifying changing thresholds of pests. Crop diseases and pests are often a major constraint 
to crop production and their impact can be especially severe. GIS is thus an important tool that can be applied 
towards predicting, monitoring and for timely efforts for controlling pests and diseases.  

Pest monitoring provides pest managers the information needed to detect and manage pest and disease 
outbreaks. Successful pest management activities require standard methodology, appropriate tools for data 
collection, synthesis of the data, and most important timely dissemination of the resulting information to the 
pest managers and the farmers. GIS has emerged as a powerful evidence-based practice technology for early 
detection and timely, but considered, response to pest and disease outbreaks. This project involves developing 
a pest database for monitoring, distribution and influencing factors on a GIS environment to monitor, analyze 
the distribution and impacts of CPMB.  

  

3.0 GIS Database Development 

 

This AIT project consultancy aimed at setting up of a quality GIS database support structure to monitor and 
document where cassava is cultivated, areas that are infested and level of damage caused by CPMB, including 
establishment of its parasitoid A. lopezi in the GMS partner countries. The database development involves data 
collection, processing and integration into GIS database for mapping purposes. The process flow is presented 
in Figure-1. 

 

 
Figure 1 Flow diagram of pest database development and mapping 
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3.1 Data collection 

 
Data sheets (Annex-1A,B) with all required information such as mealybug outbreak locations, cassava growing 

areas, and A. lopezi (if released in a country) for CPMB study has been prepared and sent to the country focal 

points in China, Cambodia, Laos, Thailand and Vietnam, in two phases, first in 2011 for baseline mapping and 

second in 2012&2013 for mapping the changes after the project implementation. Datasheets have been 

developed in a comprehensive form and easy to feed the data into them by users, from which the data were 

received from countries Cambodia, China, Laos and Vietnam. Thailand datasheets were not provided to AIT 

for both the phases.   

 

Collected data on mealybug outbreak locations, cassava growing areas, and A. lopezi for the countries China, 

Cambodia, Laos and Vietnam (two phases 2010-2011 & 2011-2012) have been processed and integrated into 

the GIS database. For Cambodia and Vietnam datasets were collected for 2012-2013. The limitations of the 

datasets are summarized below 

 

 Temporal resolution: Lack of system in place to monitor and collect extensive dataset at regular 

temporal scale on CPMB infestation and its impacts. 

 Spatial resolution: The datasets are not at the point level (village or location specific). The collected 

data sheets for Laos and Vietnam are at province level, even district level information is not available. 

Cambodia data collected are at district level. For China, cassava cultivation areas at Prefecture level for 

three provinces Yunnan, Guangxi and Hainan were only obtained. China has not reported any CPMB 

incursions to date hence the maps presumably would remain the same during period of GIS analysis. 

3.2  Database development 

 
Plenty of GIS based tools are available both commercial and free versions. SAVGIS (freeware GIS available 
online at www.savgis.org) has been implemented for this study because of its powerful functionalities and 
freeware tool. SAVGIS has four modules called SAVATECA- Database generation & management, 
SAVAMER – Raster and Vector data geo-referencing, mosaicing and Integration, SAVEDIT - Digitizing new 
relations, Import shape files, data format conversion, SAVANE - Main module and very powerful to handle all 
Mapping and Analysis of data. All the modules are powerful enough to support database development and 
analysis. Collected datasets from excel sheets have been processed and aggregated at available scale (province 
or district) in SAVGIS platform to generate maps at province/district level maps for countries. Since the tool 
used is freeware, this tool and methods can be replicated without costs on purchase of GIS packages. 

 

3.3  Geospatial and Temporal Analysis 

 
Spatial analysis has been performed to generate spatial distribution map of mealybug by 
province/district level in four countries except Thailand. Temporal analysis is not being done because 
of lack of extensive information in the past. Comparison study between two time periods (2011) and 

http://www.savgis.org/
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(2012) has been carried out and inferred information is explained in results and discussion section. 
Occurrence of A. lopezi (a key parasitoid of CPMB) has been analyzed to help assess the value, impact 
and relationship of the parasitoid on CPMB. Factors contributing (Table-1) to the CPMB incidence 
and severity of infestation were mapped individually for the GMS countries and composite risk maps 
have also been generated by combining all the factors contributing to CPMB incidence and spread. 
 

3.4 Multi Criteria Decision Analysis for Risk Mapping 

 

Various factors contribute to the risk of CPMB incidence and its impacts on cassava growing areas. 
For this study, we have considered seven criteria which are as follows Cassava Cultivating Areas, 
CPMB Status (presence/absence), Rate of Infestation, A. lopezi Status (presence/absence), Area of 
Release of Parasitoid, Rate of Parasitization and % of area reported with parasitoid to total cassava 
cultivated area. 

In multi-criteria decision analysis, a popular method called AHP - Analytical Hierarchy Process 
has been widely used to assign weights for each of the criteria and modeled inside GIS platform to 
generate the risk maps. AHP utilizes expert’s knowledge in the field to rank the criteria and analyze to 
arrive at a decision (assessment of risk). However in this study, we considered all criteria carry equal 
weights, due to lack of extensive quantitative information and understanding of CPMB risk inferred 
by previous studies. Seven criteria have been brought into GIS platform and scoring has been done 
as shown in Table-1 in order to obtain the final score for each province in a country to produce the 
spatial risk in a country map. 

 

 

Table 1 Criteria used for Risk Mapping 

Risk factors Conditions Score Remarks 

Cassava Cultivating 
areas 

 

Low  1 Cassava cultivation areas (ha) have been 
classified into three categories.  

 
Medium 3 

High 6 

CPMB Status 

Present 10 Presence of CPMB increases the risk of 
further spread. Hence presence of CPMB 
in an area carries more risk (score-10) and 
absence of CPMB has no risk (score-0). Absent 0 

Rate of infestation1 
 

Low  1 Data has been collected with classes Low, 
Moderate and High based on severity of 
infestation level. This is because of lack of 
quantitative information 

Moderate 3 

High 6 

                                                           
1 Rate of infestation collected on the Scale 1(Low) to 5(High) for countries based on the judgment of the data collectors. As it was not 

possible to collect detail quantitative data, hence qualitative method used. 
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Anagyrus lopezi status 
 

Present 0 Presence of parasitoid reduces the risk of 
CPMB infestation. Hence areas with 
presence of parasitoid has least risk (score-
0) of CPMB infestation and absence of 
parasitoid has more risk (score-10) of 
CPMB infestation 

Absent 10 

Area of release of 
parasitoid 

Low  6 
Higher area of A.lopezi parasitoid in the 
areas of CPMB infested area indicates 
lower risk.  

Moderate 3 

High 1 

Rate of parasitization2 

Low  6 

Higher rate of A.lopezi parasitization 
indicates lower risk for CPMB infestation. 

Moderate 3 

High 1 

% of area reported 
with parasitoid to total 
cassava cultivated area 

Low  6 
Higher % of area with parasitoid in the 
higher cassava growing areas reduces the 
risk of CPMB infestation 

Moderate 3 

High 1 

Note: Low, Medium and High are relative terms in the countries’ context. Please refer the table below. 

  

                                                           
2 Laos - Monitoring of parasitoids are carried out 3 times (15 days, 30 days and 45 days) after releasing of the parasitoids, Medium 
indicates 12.77 (average number of parasitoids observed 3 times after releasing). This was rated the same way as number of pink cassava 
mealy bug population were estimated, e.g.  Level 1 = 0 mealy bug (CM)/sample, Level 2 = 1-9 CM/sample, Level 3 = 10-99 CM/sample, 
Level 4 = 100-999 CM/sample & Level 5 > 1000 CM/samples. 10 samples/1,600 square meters. This information is available for only 
Laos. 
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Table 2 Definitions of Low, Medium and High in the countries context 

Risk factors Conditions Cambodia Laos2 Vietnam 

Cassava Cultivating areas 
 (ha) 

Low  1-2500 1-2500 1-1000 

Medium 2500-10000 2500-5000 5000-10000 

High 10000-25000 >5000 10000-25000 

Rate of infestation3 
 

Low  
1-2 1-2 1-2 

Moderate 2-3 2-3 2-3 

High 
3-5 3-5 3-5 

Area of release of 
parasitoid (ha) 

Low  Received information 
at Scale 1-5 based on 
expert judgment 
during survey 

1-15 No information 
available 

Moderate 16-30 

High >30 

Rate of parasitization 

Low  
Received data as 
Low, Moderate and 
High based on expert 
judgment during 
survey 

Actual values 
information not 
available. Received 
data as Low, 
Moderate and 
High based on 
expert survey 

No information 
available 

Moderate 

High 

 

4.0 Results and Discussion 
 

The results of spatial and temporal analysis of CPMB datasets from GMS countries are tabulated in Table-2. 

Country wise maps for CPMB status, rate of infestation, A. lopezi status, Rate of Parasitization, Composite risk 

map have been provided in Annexes 2A, B, C, and D. The main trends from the analysis are provided in Table 

2 below, which clearly indicate that Vietnam has an increasing trend compared to the baseline period, since 

there was only one province reported with CPMB in Vietnam during 2010-2011. Laos and Cambodia showed 

CPMB presence in baseline period (2010-2011) as well as in second mapping period (2011-2012 & 2012-2013). 

Rate of parasitization and A. lopezi presence were reported in Laos during second phase (2011-2012) whereas 

no information available during the baseline period. 

  

                                                           
3 Rate of infestation collected on the Scale 1(Low) to 5(High) for countries 
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Table 3  CPMB trends - Changes from (2010-2011) to (2011-2013) 

 
Change from 2010-2011 to 2011-2012* or 2012-2013** 

China Cambodia Laos Vietnam 

CPMB presence 
N ↑ ↓ ↑ 

Rate of infestation 
N ↔ ↓ ↑ 

Anagyrus lopezi 
Status 

N ↔ ↑ ↑ 

Rate of parasitization 
N ↑ ↑ ↑ 

Risk Level N ↓ ↓ ↑ 

N- No presence/risk; ↓-Decreasing compared to baseline, ↑-Decreasing compared to baseline, ↔- Constant. * -2011-
2012 for China and Laos. ** -2012-2013 for Cambodia and Vietnam only 

 

CPMB status A. lopezi for GMS countries during 2010-2011 & 2012-2013 are presented in Figure 2 and 3. 

 

 
Figure 2 CPMB Status in GMS countries during 2010-2011 and 2012-2013 
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Figure 3 A. lopezi Status in GMS countries during 2010-2011 and 2012-2013 

 

The risk maps generated during two phases Laos (2010-2011 and 2011-2012) and Cambodia and Vietnam 

(2010-2011 and 2012-2013) are presented in Figures 4, 5 & 6. In China, there was no case of CPMB reported 

in both the phases, hence no risk map has been generated for China. 

 

 
Figure 4 Risk Map of Cambodia (Left-2010-2011 & Right-2011-2012) 

 

 

 



13 | P a g e  

 

 
Figure 5 Risk Map of Laos (Left-2010-2011 & Right-2011-2012) 

 

 
Figure 6 Risk Map of Vietnam (Left-2010-2011 & Right-2012-2013) 
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5.0 Conclusions  

 

 Spatial patterns highlights the information on pest/disease incidence visually showing 

pest/disease extent for the GMS countries by province/district level.  

 Comparison of mapping at two different time slices provides the picture of the trend of CPMB 

spread and the extent of a pest/disease made in different periods. 

 Geospatial and temporal analysis provides cassava cultivation areas, CPMB distribution, A. 

lopezi distribution maps and risk maps for decision support purposes. This gives an 

understanding concerning the risks of pests and diseases 

 Cambodia and Laos exhibited more or less constant risk in both the periods, whereas Vietnam 

exhibited more cases and potential risk during 2012-2013. It is inferred that China was free 

from CMPB during both phases 

 

6.0 Recommendations 

 

 Laos and Cambodia have to focus on minimizing the CPMB by introducing parasitoids and 
pest management practices as CPMB is seen on both the mapped periods. However Vietnam 
requires more attention on pest reduction programs, since the CPMB spread has started in last 
year.  

 Data on CPMB in GMS countries are prime for understanding of the incidence, spread and 
its effects on cassava growing areas. At present the data is not extensive in these countries, 
hence more importance has to be given for data collection. 

 Available temporal scale was not enough to understand the dynamics of CPMB, hence efforts 
have to be made in the future to archive information periodically. 

 Spatial scale of information archived or shared are at province, or district level. This has to be 
increased to sub-district and at village level for better geospatial analysis. 

 This mapping activity and further regular monitoring captured by the GIS mapping support 
structure, to help alert a potential CPMB incursion in an unaffected neighboring country, as 
well as to monitor the extent and spread of an infestation within a country. 

 Programs and projects have to be developed in countries on archiving GIS based information 
on CPMB and trainings have to be given on using and understanding CPMB risk maps. 
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Annex- 1A: Province level datasheet 

 

S.No Province 
Name 

Cassava 
cultivatio

n area 
(Ha) 2011 

Mealybug Status 
(Present/Absent

) 

Area Infested 
(ha) 

Rate of 
Infestation : 
Scale 1(Low) 
to 5(High) 

Period of 
Infestation 

(Month 
Name) 

Anagyruslop
ezi status 

(Present or 
Absent) 

Anagyrus 
presence 
Area (ha) 

Rate of 
parasitization 

Remar
ks 

2010-11 2011-
12 

2010-
11 

2011-
12 

2010-
11 

2011-
12 

2010-
11 

2011-
12 

2010-
11 

2011-
12 

2010-
11 

2011-
12 

2010-
11 

2011-
12 

                                

                  

 

Annex- 1B: District level datasheet 

 

S.No District 
Name 

Cassava 
cultivatio

n area 
(Ha) 2011 

Mealybug Status 
(Present/Absent

) 

Area Infested 
(ha) 

Rate of 
Infestation : 
Scale 1(Low) 
to 5(High) 

Period of 
Infestation 

(Month 
Name) 

Anagyruslop
ezi status 

(Present or 
Absent) 

Anagyrus 
presence 
Area (ha) 

Rate of 
parasitization 

Remar
ks 

2010-11 2011-
12 

2010-
11 

2011-
12 

2004-
05 

2011-
12 

2010-
11 

2011-
12 

2010-
11 

2011-
12 

2010-
11 

2011-
12 

2010-
11 

2011-
12 
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Annex- 2A: Cambodia Maps 

(White color shade & Grey color shade in the map indicates no data if it is not mentioned in the legend) 

Figure 2A-1: Cassava Cultivation Area in Cambodia (2010-2011 & 2011-2012) 

2010-2011 2011-2012 

  
 

Figure 2A-2: CPMB status in Cambodia (2010-2011, 2011-2012 & 2012-20134) 

2010-2011 2012-2013 

  

                                                           
4 CPMB status and A. lopezi status available for 2012-2013 at province level and all other maps based on 2011-
2012 for Cambodia 
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Figure 2A-3: CPMB rate of infestation in Cambodia (2010-2011 & 2011-2012) 

2010-2011 2011-2012 

  
 

Figure 2A-4: Anagyrus lopezi status in Cambodia (2010-2011 & 2012-2013) 

2010-2011 2012-2013 
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Figure 2A-5: CPMB risk map of Cambodia (2010-2011 & 2011-2012) 

2010-2011 2011-2012 

  
(Risk Map of 2011-2012 is prepared using 2011-2012 data at district level, since 2012-2013 informations are not completely 

available) 

ANNEX 2B: China Maps 

Figure 2B-1: Cassava Cultivation Area in China (2010-2011 & 2011-2012) 

2010-2011 2011-2012 
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Figure 2B-2: CPMB status in China (2010-2011 & 2011-2012) 

2010-2011 2011-2012 

  
 

ANNEX 2C: Lao PDR Maps 

 

Figure 2C-1: Cassava Cultivation Area in Lao PDR (2010-2011 & 2011-2012) 

2010-2011 2011-2012 

  



21 | P a g e  

 

Figure 2C-2: CPMB status in Lao PDR (2010-2011 & 2011-2012) 

2010-2011 2011-2012 

  
 

Figure 2C-3: CPMB Area infested in Lao PDR (2010-2011 & 2011-2012) 

2010-2011 2011-2012 
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Figure 2C-4: CPMB rate of infestation in Lao PDR (2010-2011 & 2011-2012) 

2010-2011 2011-2012 

  
 

Figure 2C-5: Anagyrus lopezi status in Lao PDR (2010-2011 & 2011-2012) 

2010-2011 2011-2012 
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Figure 2C-6: CPMB risk map of Lao PDR (2010-2011 & 2011-2012) 

2010-2011 2011-2012 

  
 
 

 

ANNEX 2D: Vietnam Maps 

Figure 2D-1: Cassava Cultivation Area in Vietnam (2010-2011 & 2012-2013) 

2010-2011 2012-2013 
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Figure 2D-2: CPMB status in Vietnam (2010-2011 & 2012-2013) 

2010-2011 2012-2013 

  
 

Figure 2D-3: Area infested in Vietnam (2010-2011 & 2011-2012) 

2010-2011 2012-2013 

 
  

 



25 | P a g e  

 

Figure 2D-4: CPMB rate of infestation in Vietnam (2010-2011 & 2012-2013) 

2010-2011 2012-2013 

 
 
 

 

Figure 2D-5: Anagyrus lopezi status in Vietnam (2010-2011 & 2012-2013) 

2010-2011 2012-2013 
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Figure 2D-6: CPMB risk map of Vietnam (2010-2011 & 2012-2013) 

2010-2011 2012-2013 

 
 
 
 
 
 

 

 

 

 

 

 


