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FORWARD
It is with pride that the National Plant Protection Center is able to present its annual
achievements beyond expectation, and with humility the Center would like to present our
achievement through this brief highlight under each of our technical Units. The COVID19 situation has given us the opportunity to learn that even while our achievements are
beyond our expectations for the year, we are totally aware that our achievements are
infinitesimally small when we gauge the requirement of support in the field. It is therefore
the right moment for us to reflect on future of our service delivery for crop sector
agriculture growth and development. At the Center, we are committed to enhancing our
performance through team work, enhanced support and nurturing our young
professionals. We ensure our commitment towards achieving our targets and contribute
towards the realization of food, income, nutrition, and employment security for the nation.
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NATIONAL PLANT PROTECTION CENTER
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EXECUTIVE SUMMARY
The National Plant Protection Center (NPPC) has reflected a total of 16 success indicators under
the 5 technical Units in the fiscal year 2019 – 2020. This includes 4 under Pathology Unit; 4 under
Entomology Unit; 5 under Weeds and Vertebrate Unit; 2 under Pest Surveillance Unit; and 1
under Plant Protection Product Unit.
A brief overview of the success indicators that were achieved by the 5 technical Units as per the
targets set under Annual Performance Agreement are presented including some of the very
important major additional services provided by each units. They include the following:
Pathology Unit:
1. Success indicator: Studies and bio-assay on Trichoderma sp. against Phytophthora capsici
2. Success indicator: Effect of potassium phosphite (phosphonate) for management of
Phytophthora capsici
3. Success indicator: HLB testing of citrus samples (from the National Repository, ARDSCMaenchhuna, Tsirang)
4. Success indicator: Disease forecasting systems establishment
Besides the set target, the Pathology Unit had successfully rendered following services very
successfully.
5. Advisory and diagnostic services
6. Collaborative activity
7. Pest risk assessment
Entomology Unit
1. Success Indicator: Evaluation of effectiveness of super grain bags against storage pests in
maize
2. Success Indicator: Evaluation of biopesticides against insect pests in cruciferous
vegetables
3. Success Indicator: Community awareness on Chinese citrus fruit fly management
4. Success Indicator: Guide for Fall Army Worm Identification and Management
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The Entomology Unit also had actively provided additional services besides the targets set. These
activities mainly include the following.
5. Desert Locust management preparedness plan and awareness
Weeds and Vertebrate Pest Management Unit:
1.

Success Indicator: Weed survey in transplanted rice

2.

Success Indicator: Demonstration and evaluation of ethoxysulfuron herbicide
(Sunrice®)

3.

Success Indicator: Impact assessment of electric fencing

4.

Success Indicator: Electric fencing data management

5.

Success Indicator: National Organic Flagship Program

Similarly, the Weeds and Vertebrate Pest Management Unit has contributed the following
additionally services in excess of their planned activities.
6.

Publication: Sunrice® brochure for farmers and extension agents

7.

Pest risk assessment

Plant Protection Product Unit
1. Success Indicator: Plant Protection Products supplied to Dzongkhags
The Unit was able to procure a total quantity of about 691.04 MT plant protection products and
supply 472.70 MT to the Dzongkhags in the fiscal year.
Pest Surveillance Unit
1. Success Indicator: Survey of Disease (2 nos.) and Pest (2nos.)
2. Success Indicator: e-Pest Surveillance System Maintained and Enhanced
As pest monitoring, data collection and information management are very important to pest
surveillance activities, additional information on apple scab and potato late blight up dated.
A more detailed information on the success indicators and targets are presented under each Unit’s
brief highlight in the ensuing report. The report do not include the day to day ad hoc advisory and
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visit activities that are undertaken by each Unit. However, a few very important situation driven
ad hoc activities are presented by each of the Units. In this fiscal year, given the challenge of
COVID-19, the NPPC technical team had risen to the challenges that are being faced in the field.
Among the few that are reported under specific Unit’s highlights, a few noteworthy incidents
include:
i.

The Pest Risk Analysis (PRA) carried out by the 3 technical units (Pathology, Entomology
& Weeds) is one of the major additional achievements as the task will immensely
contribute towards trade and trade policy; investments in agri-business and FDI policies
for agriculture; policies related to commercialization of agriculture; and market
development.

ii.

Fall Army Worm and Desert Locust outbreak management efforts
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1. PLANT PATHOLOGY UNIT
1.1.

Success indicator: Studies and bio-assay on Trichoderma sp. against
Phytophthora capsici

Evaluation of isolates of Trichoderma sp. against isolates of P. capsici was conducted under
laboratory and greenhouse conditions. A total of four main studies were conducted comprising
of both laboratory and greenhouse studies including preliminary studies on the morphology and
molecular characteristics of the isolates. In the laboratory, eight isolates of Trichoderma sp.
collected from Punakha and Thimphu were assessed against four isolates of P. capsici obtained
from Kabjisa, Punakha (Figure 1). For the greenhouse bioassay, same isolates of Trichoderma sp.
were assessed against two isolates of P. capsici each from Thimphu and Punakha (Figure 2).
Both the laboratory and greenhouse studies indicated suppression of growth of isolates of P.
capsici. However, growth inhibition rarely exceeded 70% in the laboratory, and disease severity
reduction was rarely observed below 20% under greenhouse condition at 24 days after treatment
(DAT). This suggests that Trichoderma sp. can used against P. capsici as an augmentation to other
management practices. Morphological characteristics of isolates of the pathogen matched that of
P. capsici with stellate colony growth and sporangia shapes and sizes within the range for P.
capsici (Figure 3). Of the 13 sets of primers used for molecular studies of isolates of Trichoderma
sp., only one set, the ITS primers worked indicating the need to design primers for these native
isolates (Figure 4). For P. capsici, two primer sets: PC1 & PC2, and CAP FW & CAPRV1 & 2
indicated positive results (Figure 4). These are P. capsici specific primers.

T

P
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P
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Figure 1. Evaluation of effect of Trichoderma sp. on radial growth of P. capsici in the laboratory: Co-culture
of Trichoderma (T) and P. capsici (P) and P. capsici alone (P) at 1 day (top); at 7 days after inoculation
(bottom).
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Figure 2. Evaluation of isolates of Trichoderma sp. against P. capsici under greenhouse condition: Plant
inoculated with Trichoderma alone (left) and inoculated with P. capsici in presence of Trichoderma sp.
(right) at 7 days after inoculation.

Figure 3. Sporangia: globose (left) and lamoniform (right) with papillate (black arrow) and pedicel
(white arrow) observed under compound microscope (400x).

Figure 4. PCR result of (left) isolates Trichoderma sp. using ITS; and (right) isolates of P. capsici using
primers CAP FW & CAPRV1 & CAPRV2.
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1.2.

Success indicator: Effect of potassium phosphite (phosphonate) for
management of Phytophthora capsici

Potassium phosphite (synonym= potassium phosphonate) is an alkaline salt of phosphorus acid
with a systemic effect and antifungal activity against many fungal and fungal-like pathogens.
The product is also known for less environmental hazards compared to synthetic pesticides. To
assess its effectiveness against P. capsici in Bhutan, both laboratory and greenhouse experiments
were conducted. Studies commenced in August 2019 with laboratory studies. Laboratory
assessment comprised of growing four isolates of P. capsici on carrot agar medium amended with
0.2, 0.3, 0.4, and 0.5% concentrations of potassium phosphite. No growth of P. capsici isolates
were observed on culture media amended with potassium phosphite compared to the control
plates which showed full growth of P. capsici indicating inhibitory action of potassium phosphite
on the growth of isolates of P. capsici.
Greenhouse evaluation included four separate experiments, one for each isolate of P. capsici. Chilli
plants (local variety ema ‘oru’) inoculated with 10% (w/w) P. capsici inoculum were sprayed three
times at 7 days interval, with the first spray commencing at the time of transplantation, with 0.2%,
0.3 %, 0.4%, and 0.5% of potassium phosphite while control plants were sprayed with distilled
water. Results indicate that though 0.02-0.05% concentration of potassium phosphite can inhibit
growth of P. capsici under laboratory. However, the same concentrations may not be sufficient to
reduce disease severity under field condition as shown by the inconsistent level of disease severity
in the greenhouse. Although, the virulence type of P. capsici isolate may also influence the level
disease severity, it would be desirable to increase the concentration of potassium phosphite to
achieve a stable reduction in disease severity across all isolates of P. capsici.
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Figure 5. Greenhouse bioassay trial set up (left) and lesion of blight in control (right)

1.3.

Success indicator: HLB testing of citrus samples (from the National
Repository, ARDSC-Maenchhuna, Tsirang)

Testing of citrus germplasm from the National Repository was initiated in 2017 to help select HLB
free germplasm for mass propagation. Since then, the NPPC has tested four batches of samples
comprising of different varieties. For the 2019-2020, the aim as to test a minimum of 300
samples. By June 2020, a total of 625 samples were tested. Of these, 344 samples were from the
3rd batch and 281 samples were from the 4th batch samples. PCR test results for the 3rd batch
samples showed that out of 37 varieties tested, 18 varieties were cleared for mass propagation, 12
varieties are recommended for destruction and remaining varieties need to be re-sampled and
tested. Test for 4th batch included 19 varieties of which 15 varieties are cleared for mass
propagation. The remaining plants still need to be re-sampled and tested. Results have been
communicated with the in-charge of the repository.

1.4.

Success indicator: Disease forecasting systems establishment

The NPPC has accomplished the following as part of establishing a disease forecasting system:
•

Procurement of leaf and soil moisture sensors for installation on the upcoming Agro-met
Unit at ARDC-Yusipang

•

Coordinated training on disease forecasting

•

Baseline data on apple scab & potato late blight for disease forecasting modeling.
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1.5.

Additional Achievements:

1.5.1. Advisory and diagnostic services
In 2019-2020, the unit conducted six advisory services and one collaborative activity. The advisory
services include laboratory diagnostics and recommendation on:
•

Pineapple rot diseases in Marphang, Tashigang submitted by youth farmers

•

Seedling blight problems caused by Rhizoctonia sp. and Sclerotium sp. in paddy nurseries in
Tsento, Paro and Rubesa, Wangdiphodrang

•

Potato viruses in Tshocheykha, Genekha ; larval infestation in chilli nursery; wooly aphids
in apple in Genekha

•

Peach leaf curl problem at the garden in Tashichhoedzong

•

Larval defoliation and leaf drop problems in dogwood at the Motithang Palaces.

1.5.2. Collaborative activity
A collaborative activity with ARDC, Samtenling for identification of unknown disease associated
with ginger rhizome rot was conducted. Samples consisting of both soil and plant were collected
from symptomatic (yellowing & wilting) ginger fields in Taraythang Gewog, Sarpang
Dzongkhag. Plant samples were examined in the Pathology Laboratory of NPPC. All rhizome
samples exhibited similar symptoms showing internal tunneling, brown and mushy disintegrated
tissue masses turning straw like when dry and some appearing hollow. Majority of the samples
also harboured larvae (maggots) and pupae. A fly fitting the morphological description of what is
commonly known as ‘rhizome fly’ in the genus Mimegralla (Diptera: Micropezidae) emerged when
representative samples with maggots and pupae were reared. Processing of soil samples from
ginger fields revealed isolates suspected to be that of Pythium sp. Isolates are being stored in the
NPPC for future work on pathogenicity provided disease free rhizomes can be obtained. Further
work is underway for proper identification of the fly and determining whether the fly is the
primary causal agent of rhizome rot in Sarpang and other areas in Bhutan.
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1.5.3. Pest risk assessment
In November 2019, the Ministry of Agriculture and Forests issued an Office Order (Ref.:
BAFRA/MoAF/1-25/2019/605, dated 6 November 2019) appointing a four-member technical
working group (TWG) for the Pest Risk Analysis. The team is to be headed by Dr Dorjee
(National Plant Protection Centre, Department of Agriculture). The other team members
comprised of Mr. Sonam Dorji N from Bhutan Agriculture and Food Regulatory Authority
(BAFRA), Mr. Karma Choephyel (Agriculture Research and Development Centre-Yusipang,
Department of Agriculture), and Mr. Jigmi Tenzin (Agriculture Production Division, Department
of Agriculture). During the first meeting of TWG, convened on 26 November 2019, it was decided
that the members of the team from the research and the Department be replaced by unit heads of
the National Plant Protection Centre (NPPC). Hence, the new members included Dr Kiran Mahat
(Head, Entomology Unit) and Dr Namgay Om (Head, Pathology Unit). Dr Dorjee and Sonam Dorji
N were retained as before. The team completed three main tasks of PRA:
Export of apple, mandarin and potato to Thailand

In December 2019, the team revised pest information on apple, mandarin and potato in response
to Department of Agriculture, Thailand for export of these commodities.
PRA for import of okra, onion and tomato to India

Accordingly, PRA for the three commodities were conducted following the procedures of the
European and Mediterranean Plant Protection Organisation (EPPO) on quarantine pests and
Biosecurity Import Risk Analysis Guidelines for Australia. These standards are based on ISPM 2:
Framework for pest risk analysis (FAO 2019a) and ISPM 11: PRA for quarantine pest.
A draft PRA report was completed by 23 March 2020. The team identified a total of 127 pests to
be associated with the specified commodity types. Of these, only ten pests are identified to be of
quarantine concern as a result of importation of these three commodities to Bhutan. Among these,
only six pests have been identified requiring pest risk management measures. Quarantine pests
that require risk management includes Liriomyza sativae on okra and tomato.

Clavibacter

michiganensis subsp. michiganensis is associated with importation of tomato and requires risk
management. Frankliniella occidentalis and Urocystis cepulae pose moderate pest risk associated with
of importation of onion from India, and thus require risk management. The proposed risk
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management measures include requirement for field and consignment inspection before export
and inclusion of phytosanitary certificates stating that consignments have been inspected during
the season and are collected from crop/field free of the specified pests of concern. Inspections are
also required at the port of entry by the importing country and appropriate remedial actions to be
employed in case of interception of pests.
The draft report was submitted to RNR GNHC and discussed during the 111th meeting held on 12
June 2020. The same was further discussed and endorsed for submission to Government of India
via Ministry of Foreign during the 112th RNR GNHC convened on 24 June 2020.

a) Export to India
The team prepared mitigation measures on quarantine pests on apple, mandarin and potato that
Government of India identified as a possible threat to India while importing these commodities
from Bhutan. The report was communicated to BAFRA on 27 May 2020.

2. ENTOMOLOGY
2.1.

Success Indicator: Evaluation of effectiveness of super grain bags against
storage pests in maize

The main objective of this study was to revalidate the effectiveness of super grain bags in
preventing storage losses due to storage insect pests. The study was conducted in three
households in Khameythangkha, Darla Gewog in Chukha, two households in Kilikhar and
Thangrong in Mongar and one household in Samtenlling in Sarpang. The study compared storage
insect pest infestation levels in maize stored in super grain bags versus traditional storage
technique commonly employed by farmers (maize cobs hung under the roof).
The count of total kernels, number of infested and healthy kernels, and the incidence and number
of different storage pests was recorded for maize stored in super grain bags and under the roof.
The study found that the there was a significant difference in the infestation level of maize stored
in super grain bag (Mean infestation level =13.9095) and under the roof (Mean infestation level
=79.73). The result shows that maize stored in super grain bags are infested less by storage insects
as compared to maize stored under the roof. The main storage pests observed in maize stored in
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super grain bag and under the roof were maize weevils (Sitophilus zeamais) (Mean count =58.64),
red flour beetle (Tribolium castaneum) (Mean count =10.89) and Angoumois grain moth (Sitotroga
cerealella) (Mean count =8.81).

Figure 1. Maize stored in super grain bag

2.2.

Figure 2. Maize cob hung under the roof

Success Indicator: Evaluation of bio-pesticides against diamondback
moth (DBM) in cauliflower

The primary objective of this study is to evaluate the efficacy of various bio pesticides in managing
the diamondback moth and other common insect pests infesting cruciferous vegetables. The
second objective is to study the population dynamics of other common insect pests and beneficial
insects (predators and parasitoids) associated with cruciferous vegetables.
The study is being conducted at two sites. One of the site is located in ARDC Yusipang and the
other one is in the NPPC complex. The treatments used in ARDC Yusipang are Neem oil, All-Bio,
Artemisia extract and Jholmol. In NPPC, Neem oil, Beauveria bassiana, Metarhizium anisopliae and AllBio stimulant are being evaluated. In addition, the incidence of insect pests and their natural
enemy complex is also being studied between organic farming sites located in Yusipang and
conventional farming sites in Bjemina, Thimphu.
Data collected so far showed that there is a significant differences between treatments over
control. Other insect pests observed were cabbage loopers (Trichoplusia ni), cabbage aphid
(Brevicoryne brassicae), and green peach aphid (Myzus persicae). The major beneficial insects observed
were the Adonis ladybird, syrphid flies and brown lace wings.
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Figure 3. Trial at NPPC research field

2.3.

Figure 4. Diamondback moth larvae on cauliflower
leaf

Success Indicator: Community awareness on Chinese citrus fruit fly
management

The Chinese citrus fruit fly (CCF), Bactrocera minax (Enderlein), is one of the most serious fruit fly
pests of mandarin (Citrus reticulate Blanco) in Bhutan. In orchards where management practices
are not adopted, approximately 20-70% fruit drop occur due to this pest. To reduce the fly
population, community approach of collection and destruction of dropped citrus fruits have been
recommended as an effective technique in reducing the pest pressure and damage levels over time.
In line with this, the National Plant Protection Centre in collaboration with the ARDCWengkhar, initiated a community awareness program in citrus growing areas under Lhuentse
and Mongar Dzongkhags with the following objectives.
•

Build awareness on citrus fruit fly management and advocate collecting and destruction
of dropped citrus fruits as a regular, scheduled activity

•

Demonstrate different methods of collection and destruction of dropped citrus fruits and
use of lures to monitor other fruit fly species

•

Train farmers on major insect pests, disease and weeds of citrus

The program was carried out in six different citrus growing sites under Lhuentse (Metsho,
Gangzur, and Minjey Gewogs) and Mongar (Drepong and Mongar Gewogs) Dzongkhags. The
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program was attended by 231 citrus growers along with the respective extension officials. The
program mostly focused on citrus fruit fly management with a focus on collection and destruction
of dropped fruits. In addition, the program also covered aspects on setting up fruit fly methyl
eugenol lures and traps in citrus orchards to help monitor and identify the incidence of other fruit
fly pest species.

Figure 5. Training on citrus FF identification
and management

2.4.

Figure 6. Collection of dropped citrus fruits

Success Indicator: Guide for Fall Army Worm Identification and
Management

Fall armyworm (FAW), Spodoptera frugiperda (J E Smith) is a very important invasive pest species
native to tropical and subtropical America which been spreading rapidly through Africa since
2016. In Bhutan, FAW was first detected and identified through morphological and molecular
analysis from maize fields in Punakha in September, 2019. Molecular analyses of specimens from
Punakha indicate it to be the “corn” strain that primarily prefers to feed on maize.
FAW is a serious pest due to its polyphagous habit of feeding on over 80 different crop species.
FAW is a pest of tropical origin, unable to undergo diapause or survive cold conditions. Therefore,
in Bhutan, it may not be able to survive the cold winters or overwinter in the temperate regions.
However, FAW might establish as permanent, multigenerational pest in the southern region of
the country from which it can possibly migrate to the interior parts of the country with the
availability of suitable host plants and onset of favorable climatic conditions.
As FAW is present in Bhutan a robust field monitoring, surveillance and scouting systems is
required to manage pest. It is also important to train farmers and Extension agent on
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identification and management strategies. For this, the NPPC has developed a guide that comprise
information on identification, damage symptoms and management strategies for extension agents,
researchers and farmers. One thousand three hundred sixty six (1366) copies of guidelines were
printed and distributed to Dzongkhag Agriculture Officers, Gewog Extension agents, Agriculture
Research and Development Centers and other relevant state holders in the country. It is also made
available in NPPC website (www.nppc.gov.bt).

FIGURE 7. GUIDE FOR FAW IDENTIFICATION AND
MANAGEMENT

2.5.

Additional Achievement

2.5.1.

Desert Locust management preparedness plan and awareness

With the support of NPPC management, the Entomology Unit took proactive steps in gathering
information on desert locust immediately from professional links from India, and obtained contact
points in both West Bengal and Assam. Additionally, through the NPPC management and in
collaboration with Pest Surveillance Unit, the Entomology Unit was able to prepare a contingency
plan for a possible Desert locust invasion in Bhutan and submitted to the Ministry. The
contingency plan outlines a preparedness plan and various mitigation measures to initiate an early
response in helping mitigate the impacts of this serious pest. Additionally, an overview of the
Desert locust outbreak and potential mitigation measures and a notification on Desert Locust, to
be issued by the Minister to the general public, was also submitted to the Ministry. The
Entomology Unit will keep vigilance in collaboration with our field colleagues (Dzongkhag
Extension) for strict monitoring of desert locust until the threat has not totally subsided.
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3. WEEDS AND VERTEBRATE PEST MANAGWEMENT UNIT
3.1.

Success Indicator: Weed survey in transplanted rice

The “Weeds of Bhutan” published by the National Plant Protection Centre in 1992 has not been
revised or updated since its publication. The objective of the survey was to update composition
and distribution of weeds in the “Weeds of Bhutan” publication. Weed survey was initiated in
2018-2019 financial to study the changes in weed population in terms of composition, density and
distribution in the country. This is the second year of weed survey focused on transplanted rice
in the eastern, central and southern Dzongkhags. The weed surveys were conducted in
conjunction with the ethoxysulfuron demonstration activities to save resources and time.
Weed surveys were carried out using purposive sampling in 195 locations in Chali and Chaskhar
(Mongar), Menbi and Dungkar (Lhuentse), Bomdeling and Yangtse (Trashiyangtse), Bartsham
and Radhi (Trashigang), Chhokhor (Bumthang), Nubi (Trongsa) from 6 to 25 August 2019; and
Yoeseltse, Ugyentse, Sangacholing, Samtse, and Dorokha (Samtse), Chuzergang and Singye
(Sarpang), and Shingkhar, Trong and Panbang (Zhemgang) from 10 September to 7 October 2019.

Figure 1. Paddy weed survey

Figure 2. Sampling quadrant

The survey team collected 58 different types of weeds. Weeds were grouped into three broad
categories: broadleaf, grasses and sedges. Broad leaf weeds were the highest (24 genera) followed
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by grasses (ten genera) and sedges (four genera). The most widely distributed weeds were
Schoenoplectus sp., Cyperus sp., Ludwigia sp., Eriocaulon sp., Rotala sp., Fimbristylis sp., Alternenthera sp.,
Arthraxon sp., Acmella sp., and Monochoria sp.

Figure 3. M. vaginalis

Figure 4. Eriocaulon sp.

3.2.

Success Indicator: Demonstration and evaluation of ethoxysulfuron
herbicide (Sunrice®)

3.2.1.

Demonstration of ethoxysulfuron

Broadleaf weeds, sedges and rushes are increasingly becoming major weeds in transplanted rice.
Though the total yield loss of paddy from all weeds combined are not available, a study by
Ghimiray (1999) found that Potamogeton distinctus (Sochum) alone reduces the paddy yield by 37%.
Farmers in the major rice growing regions have been applying Butachlor since the late 1980s with
the main target to control a broadleaf weed like P. distinctus. More recently, rice farmers in the
Central, Eastern and Southern Bhutan have reported the problem of broadleaf weeds mainly P.
distinctus and Monochoria vaginalis. This necessitated the Weeds and Vertebrate Pest Management
Unit to release Sunrice® for effective management of broadleaf weeds. Since, this herbicide has to
be applied in soluble form, preparing the solution with right dosage and spraying techniques are
critically important for determining the efficacy of herbicide in controlling target weeds.
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Unlike the most commonly used herbicide (i.e., application in granular form like Butachlor),
ethoxysulfuron has to be sprayed in soluble form as liquid sprays and require additional
knowledge, skill and appropriate spray equipment. The practical demonstration on the
preparation of recommended herbicide spray solution, and appropriate spraying methods and
techniques in paddy fields has helped extension agents and farmers gain both theoretical
knowledge and practical skills in managing broadleaf weeds. The appropriate use of herbicides is
also critical to minimize cost and risk on human health and the environment.
Demonstrations were conducted at various growth stages of weeds. Ideally, ethoxysulfuron
should be applied 10 to 15 days after transplantation (DAT) of paddy or when weeds, particularly
P. distinctus is at 2-3 leaf growth stage. The demonstration was participated by Agriculture
Extension Agents and farmers of 9 gewogs in 5 dzongkhags: Chali and Chaskhar gewogs
(Mongar), Menbi and Dungkar gewogs (Lhuentse), Bomdeling and Yangtse gewogs
(Trashiyangtse) and Nubi gewog (Trongsa) in the east and central Bhutan from 6 to 25 August
2019. While in the south it was conducted in Ugyentse and Yoeseltse gewogs in Samtse from 10
September to 7 October 2019.

Figure 5. P. distinctus before herbicide application

Figure 6. P.distinctus sprayed with ethoxysulfuron 11
days after application

3.2.2. Evaluation of ethoxysulfuron to control Potamogeton distinctus
The efficacy evaluation trial on herbicide belonging to sulfonylureas group called ethoxysulfuron
(Sunrice®) was conducted for the second year in green house. The main objectives of the trial were
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to evaluate the efficacy of ethoxysulfuron to control P. distinctus and to determine the effect of
ethoxysulfuron at different rates on formation of turions.
The greenhouse experiment was conducted at the National Plant Protection Center consisting of
three main long chambers measuring about 8m x 1m x 0.5m. The chambers were sub-divided into
4 tanks of each measuring 2.25m x 1m. A Randomized Complete Block Design (RCBD) was used
with 4 treatments and three replications in each treatment (T1 = Single application of
ethoxysulfuron, T2 = Single application of ethoxysulfuron, T3 = Double application and T4 =
Control). The data on above ground parts, below ground parts and the turion numbers were
analyzed ANOVA.
The ethoxysulfuron herbicide efficacy trials with four treatments in the greenhouse show that the
T3 (treatment with double ethoxysulfuron) is more effective than the single treatments (T1 and
T2).
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Figure 7. Above ground (left) and below ground (right) dry weight of P. distinctus

In terms of average turion counts, the plot (T3) with double ethoxysulfuron herbicide sprays had
the least average number of turions at 22, while single treatments (T1 and T2) had an average of
about 151 and 302 turions respectively. The control (T4) had the highest turion numbers of about
2164. This means that each turion (i.e., 8 turions sown in each treatment) can multiply about 271
times leading to exponential growth of weeds if control measures are not taken (i.e., without
manual weeding and herbicide application).
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Figure 8. Turion count in four treatments with three replications

The visual observations indicated that double application of herbicide is more effective than the
single application.

Figure 9. Treated plot (T2)-single

Figure 10. Treated plot (T3)-

spray

double spray

Figure 11. Control plot

However, when the group means of above ground and below ground dry weights were computed
using One-way ANOVA, only the F-test (0.05 significance level) of below ground dry weight
rejects the null hypothesis (i.e. test statistics > critical value). The effect of herbicides on number
of turions were significant when the group means of the treatments were compared using F-test
at 0.05 significance level.
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The greenhouse experiments using ethoxysulfuron on P. distinctus have shown to be effective with
double sprays than the single spray. The complete control of this weed even in the controlled
environment (greenhouse) could not be achieved as there were an average of 22 turions in the plot
treated with double sprays (T3), which is an increase of about 3 times. However, the increase of
turions in the untreated plot (T4-Control) was alarming as one turion could multiply more than
271 times. Therefore, some form of weed control measures have to be implemented to reduce
paddy yield loss to this weeds.

3.3.

Success Indicator: Impact assessment of electric fencing

The Weeds and Vertebrate Pest Management team from the NPPC with support of the Plant
Protection Focal Officers in the Agriculture Research and Development Centres (ARDCs) and
Gewog Agriculture Extension Agents conducted the impact assessment survey in 17 Dzongkhags
from January to June 2020. A questionnaire-based survey was carried out to understand the
effectiveness of electric fence against various wild animals. The team verified technical parameters
of all the individual electric fence covered by the survey.
The survey sites were generated using a random sampling method. A total of 199 sites were
covered by the survey in 17 dzongkhags. Due to extensive coverage of the survey area, the impact
assessment survey was divided into two phases; survey in the first year with a preliminary report
and then the publication of detailed survey report in the second year (2020-2021 financial year).
The survey covered 199 individuals or communities that were benefited by the establishment of
electric fence. More than 77% (n=154) of the electric fence was owned by the community and only
about 12% (n=24) privately owned. However, the socio-economic impact from EF in general has
benefited all individuals in the community from electric fence. Prior to the establishment of
electric fence, more than 92% (n=165) respondents had to guard crops from wild animals.
Respondents stated that economic loss of crops, physical toll on their health and psychological or
mental trauma on losing crops to wildlife were insurmountable. The EF is most effective against
wild boar (73%) followed by cattle (69%). There were diverse opinions on the effectiveness of EF
against deer with 34% stating it is effective, 24% not effective and 17% respondents stating EF is
partially effective. Though monkeys are one of the major vertebrate pests of crops, 42%
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respondents opined that EF is not effective against them. Similarly, EF is not effective against
porcupine (38%). About 15% respondents in the southern dzongkhags indicated that EF is
effective in deterring elephants from damaging their crops and properties.
Table 1. Respondents’ assessment of electric fence effectiveness against animals
Wild
boar

Monkey

Deer

Samber

Bear

elephant

Porcupine

Cattle

Effective (%)

73

5

34

28

18

15

5

69

Partially (%)

8

5

17

3

1

4

4

1

5

42

24

6

1

2

38

2

Not effective
(%)

Despite the benefits that EF provides to farmers, there are about 12% (n=24) non-functional EFs.
There are many issues and observations which need to be addressed both by the government and
the beneficiaries.
The observations presented below are made by the team following the technical verification of
electric fence at the sites after completing the questionnaire-based survey of the respondents.
•

Technical issues: The most common technical problems observed were: faulty connection of
wires to energizers especially for solar powered electric fences; poor earthing or lack of
separate earthing for electric fence leading to malfunctioning of electric fence; and frequent
damage of energizers by lightening especially in the southern dzongkhags. Respondents are
not aware of the technical publication and audio-visual on electric fencing installation
guidelines in the NPPC website (http://www.nppc.gov.bt/) and in mass media like YouTube.
The disengagement of electric current during off-season (i.e. after harvest of crops) led to the
damage of wires by humans and domestic animals. It may be advisable and economical to
continuously keep the current flow in EF.

•

Illegal activity: Direct use of electricity from home without energizer was observed in Eusu
gewog in Haa Dzongkhag, and Bartsam and Kanglung gewogs in Tashigang Dzongkhag. This
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poses a serious health hazard to both humans and animals. A formal caution note of the
associated risk of such illegal practice has to be issued by the Department of Agriculture and
the Dzongkhag Agriculture Sectors.
•

Electric fence materials: Materials: Respondents reported the difficulty of getting wooden
pole replacements. The team supports the challenges faced by farmers on the nonavailability and sustainability of wooden poles. Preliminary study on using HDPE pipes has
been carried out by the ARDC, Wengkhar while the private agencies like the Greener Way
has started manufacturing recycled plastic poles. These materials have to be tested for
durability and conduct cost benefit analysis. Many farmers are not aware of the electric fence
material supplier and the rates of these materials that are based on competitive bidding
process by the NPPC. These rates are posted in the NPPC website
(http://www.nppc.gov.bt/).

•

Beneficiary: Non-cooperation among the community for EF management. This could be
attributed to the lack of bye-laws for EF management and accountability or ownership
because many EF have been supported by the government or donor-funded projects in the
country. A cost sharing mechanism may help in inculcating the sense of accountability and
ownership of electric fence that benefit the individual or community.

•

Other issues: EF is not effective against primates and other small animals. Further research
on preventing these animals should be explored.
The team encountered few farmers using unauthorized energizers in the field.

3.4.

Success Indicator: Electric fencing data management

The National Plant Protection Centre has been providing technical support in the installation and
management of electric fencing system in the country. In an effort to create the National EF
baseline information, the W&VPMU has created a repository for maintaining and updating the
EF information system.
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The research on electric fence was started in 2006 at ARDC, Wengkhar. Presently the country
has established about 4409 kilometres of EF benefitting 22,023 households. EF supposedly
protects about 17594.52 and 30212.431 acres of wetland and dry land respectively. Majority of
these EFs are either RGoB or donor-project supported. Following is the list of EF established in
the fiscal year 2019-2020 as reported by dzongkhags on 23rd June, 2020
A total of 275 km of electric fence was established this in 2019-2020 FY protecting about 1921
and 917 acres of dryland and wetland respectively. The EF has benefitted 1386 households. The
Unit will keep on updating EF information whenever the updates are received from
Dzongkhags. A standard prototype template for furnishing the information has been circulated
to dzongkhags.

3.5.

Success Indicator: National Organic Flagship Program

3.5.1.

Electric fencing establishment for protecting NOFP commodities

To support the National Organic Flagship Programme, the National Plant Protection Centre was
tasked with establishing electric fencing (EF) in selected organic commodities in 20 Dzongkhags.
The Weeds and Vertebrate Pest Management Unit (W&VPM) of the centre implemented the
activity. The Unit in consultation with the dzongkhag agriculture sectors and national organic
commodity coordinators compiled the list of sites that required EF. The proposal for EF from
dzongkhags was about 300 km against the approved 50 km for 2019-2020 financial year. Only
Gasa Dzongkhag was able to install 15 km EF while EF materials of about 36 km could not be
distributed due to COVID-19 pandemic and restrictive movement of non-essential goods.
However, the payment for the EF materials have been made and these materials shall be
distributed to dzongkhags in July 2019. All materials except the GI wires are ready to be supplied
by the supplier to dzongkhags.

3.5.2. Bio-acoustic adaptive trial
In addition to EF, the Unit procured two sets of Bio-acoustic equipment. The product is mainly
being targeted against primates as the electric fence is not effective in deterring them. Bio-acoustic
is a sound based technology which would irk or create a fear in animals by different range of sound
27 | P a g e

adjusted for the target animal. The research will be conducted in the next cropping season in
Chapcha under Chhukha dzongkhag and Kabjesa under Punakha Dzongkhag.
3.5.3.

Training of Trainers on Electric Fencing

The Gasa Dzongkhag Agriculture Sector requested the National Plant Protection Centre to
conduct Training of Trainers (ToT) on electric fencing system to Agriculture and Forestry
officials. Accordingly, the three-member team from the WVPMU provided ToT from 25 to 29 May
2019. The training was conducted to enhance the technical capacity of the dzongkhags in
installation and the management of electric fencing system. A total of nine officials (six agriculture
and three forestry officials) participated the training.
The training module consisted of theory and practical sessions; and field visit. The theory lesson
was provided to make participants understand the basics of electricity and working principals of
EF. It also included the introduction to EF accessories and their functions. Participants were
taught on EF materials estimations and difference between electric powered and solar powered
electric fencing systems. The practical lesson included all the basic EF installation process from
cutting of insulators, nailing insulators, fixing poles and stretching GI wires to earth making and
fixing energizer and connecting or releasing current to the fence. Participants was provided
hands-on practical sessions on both solar and electric powered fence connections. The field visit
was mainly aimed at equipping participants in identifying problems associated with established
EF and technical knowledge and skills required to resolve the issue or problem.

Figure 12. Theory session

Figure 13. Practical session
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3.6.

Additional Achievements

3.6.1.

Publication: Sunrice® brochure for farmers and extension agents

A technical guideline in the form of brochure was developed and published for extension agents
and farmers on the preparation of herbicide solutions, spraying techniques, spray timing and
other important tips for effective control of target weeds. The brochure is posted online in
NPPC’s website and printed copies given to farmers/clients who came to procure herbicides at
the centre.

4. PLANT PROTECTION PRODUCT UNIT
4.1.

Success Indicator: Plant Protection Products supplied to Dzongkhags (6
MT)

In the fiscal year 2019 – 2020, the Plant Protection Product Unit, with administrative support of
the NPPC management was able to procure and distribute the following plant protection
products for contributing towards delivering plant protection services, particularly towards pest
management activities in the field. A total quantity of about 691.04 MT plant protection products
were procured, and 472.70 MT were supplied, with a stock balance of 218.34 MT. A brief
summary is presented in the table 1 and the detailed information is presented in table 2 below:
Table 1. Summary report of PP Products – 2019 - 2020
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Sl. No.

Chemicals

Total Procured
(Kg or L)

Quantity supplied
(kg or L)

Stock balance
(kg or L)

1.

Insecticide

6689

3439

3250

2.

Fungicide

10534

4125

6409

3.

Herbicide

660929

458809

202120

4.

Rodenticides

8.61

8.61

0

5.

Non-toxic/Biopesticides

12883

6321

6562

6.

Grand total:

691043.61

472702.61

218341.00

Table 2. Detailed report on PP Products – 2019 - 2020
Sl.
No

Particulars

I.

Total
Product
Procured
(Kg or L)

Total Product
Distributed (Kg
or L)

Stock
Balance (Kg
or L)

INSECTICIDES

1
2

Chlorpyrifos 20 EC
Cypermethrin 10 EC

596
3370

256
2050

340
1320

3
4

Fenvelarate 0.4D
Imidachloprid 20 SL

2242
451

1122
11

1120
440

5

Malathion 50 EC

30

0

30

Total:

6689

3439

3250

II.

FUNGICIDES

1
2

Captan 50 WP
Carbendazim 50 WP

206
1237

76
607

130
630

3

Copper oxycholride 50 WP

388

238

150

4
5

Mancozeb 75 WP
Metalaxyl 8%+Mancozeb
64%

6960
1157

2408
650

4552
507

6
7

Tricyclazole 75 WP
Hexaconazole 5 EC

346
240

146
0

200
240

Total:

10534

4125

6409

647400

454800

192600

III.
1

Remarks

HERBICIDES

Butachlor 5G
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2
3
4

Glyphosate 41 SL
Metribuzin 70 WP
Sunrice 15 WDG

8295
4394
840

1695
1944
370

6600
2450
470

Total:

660929

458809

202120

IV.
1

R0DENTICIDES

Zinc phosphide 80W/W

8.61

8.61

0

Total:

8.61

8.61

0

V.

NON-TOXIC/ BIOPESTICIDES

1

Azadirachitin 0.3% (neem
oil)

1768

238

1530

2
3
4

TSO
Stickers/Activator
Protein hydrolysate

9953
788
174

5953
100
30

4000
688
144

5

Yellow light trap

200

0

200

Total:

12883

6321

6562

691043.61

472702.61

218341.00

VI.

4.2.

Grand total:

Butachlor supplied to ASR (892 MT)

From a total quantity of about 691 MT weedicides procured, Butachlor made 98% of the total
quantity at about 661 MT. With a total quantity of 458.81 MT that was distributed, Butachlor
made about 99% of the quantity at 454.8 MT.

4.3.

Additional achievements

Against the projected amount of 6 MT of pesticides and 892 MT of butachlor, a total quantity of
472.70 MT of pesticides and 454.8 MT of Butachlor were supplied. Additionally, a total quantity
of 632.1 MT of bio-pesticides and non-toxic formulations were also supplied.
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5. PEST SURVEILLANCE UNIT
5.1.

Success Indicator: Survey of Disease (2 nos.) and Pest (2nos.)

5.1.1.

Survey of diseases (2nos.)

5.1.1.1.

Rice Blast monitoring survey

A nine day survey was conducted in some of the selected Gewogs of three Dzongkhags (Paro,
Thimphu and Punakha) with an objective to carryout monitoring of rice blast disease in different
varieties of rice grown in those valleys. The variety includes Paro China/Jakar rey Naap/Nari, Jakar
Rey Kaap, Japan/Rice No.11, Zeechum, Olanam, Bjanam, Aukpa Thungku/IR-64, Bondhey, Ngabja
Zuenma, Rice No.2, Bajo Maap, Nepal, Gyambja Maap, Dhasum and Tan Tshering. The crops are
at booting to flowering stage depending on the locations where they had been cultivated. Overall,
from this survey it was found that out of fifteen varieties, five varieties (IR-64/Aupa Thungku,
Yusi Rey Kaap, Jakar Rey Naap, Gyambja, Dhasum and Tan Tshering) are infected while rest are
recorded to be free of blast disease. Among this five infected varieties the disease incidence and
severity was observed to be high in IR-64 variety which is said to be blast resistant variety while
the disease incidence and severity is very low in Gyambja, Dhasum and Tan Tshering. Table 1
summarizes the blast disease incidence and severity on infected varieties from different locations.

Affected

Type

Location

Incidence & severity

Yusiray Maap (Satam)

Both leaf & neck

Tsento, Paro

High

Jakaray Naap

Leaf (second visit –

Tsento, Paro

Incidence mod.; low severity

(Nari/narim)

infection very low)

IR64? (Yupa Thungku)

Leaf

Sebjikha, Baap, Punakha

High

IR64? (Yupa Thungku)

Neck blast

Kabjisa; Dzomi & Chubu

High incidence & (~30%

varieties

incidence)
Table 1. Blast incidence and severity of different rice varieties in different locations
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5.1.1.2.

Wheat Rust monitoring survey

Wheat rust monitoring survey was carried out in Trongsa and Thimphu region from 27th February
to 8th March 2020 in Trongsa and 27th to 29th April 2020 in Thimphu Dzongkhag. The crops are
at its seedling to maturity stages. Overall, compared to previous year Stripe rust incidence and
severity is high in all the surveyed area in Trongsa region and also the low incidence and severity
of Brown rust are also observed on barleys in few sites (Figure 1). Whereas the very low incidence
and severity of yellow rust was recorded from Thimphu valley.

Figure 1. Wheat field infected with yellow rust in Trongsa

5.1.2.

Survey of pests (2nos.)

5.1.2.1.

Rice Leaf Folder survey

Rice leaf folder monitoring survey in Sarpang Dzongkhag is conducted from 26th to 28th October,
2019 in Dekiling, Chuzergang and Senghe Gewogs. Mostly cultivated varieties in these Gewogs
are Bhur Khamja and Khamtey variety. Khamtey variety is at flowering stages while Bhur Khamja
is at maturity stages. Overall, the pest occurrence is low at all three sites visited, except in
Dhargaythang under Dekiling Gewog where the paddy in shady areas are totally damaged by Rice
leaf folder (Figure 2). Few adult moths are observed in all most all the fields with low to moderate
infestations on the paddy leaves. However, eggs and larvae are rarely seen in the field.

Figure 2. Rice Leaf Folder infestation on the paddy in shady areas
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5.1.2.2.

Ear Cutting Caterpillar survey

The monitoring survey of ear cutting caterpillar in Chuzergang, Dekiling and Senghe Gewog
under Sarpang Dzongkhag was commenced from 26th to 31st October 2019. The pest infestation
was observed to be very high almost 95% of the panicles are destroyed in Senghe Gewog, where
the majority of the pest population is at larval stage in this Gewog which is known to be most
destructive stage. On the other hand, pest population is found to be highest in Dekiling Gewog.
However, the crop loss is low compared to Senghe Gewog as majority of the pest have already
reached pupa stage. Whereas, both pest infestation and pest occurance is least in Chuzergang
Gewog and also most of the pest population have reached pupa stage. The pheromone traps were
also installed to monitor the population of adult moths and to identify the types of armyworm
present in those sites. It was found that there are two different types of ear cutting caterpillar in
all the places in Sarpang. The species is suspected to be Mythimna and Spodoptera spp (Figure
3).

Figure 3. Two species of Ear Cutting Caterpillar Adults

5.2.

Success Indicator: e-Pest Surveillance System Maintained and Enhanced

The ePest Surveillance System was fully functional and the surveillance application is also being
piloted in some of the Gewogs under Chukha Dzongkhag and the NPPC was in the process of
replicating application in rest of the Gewogs in the country. However, the server system got
crashed including the mother board due to power surge in September 2018 and the ePest
surveillance system became nonfunctional. Therefore NPPC proposed the budget from RDCCRP
to procure two server, however the approved budget is not enough even to buy one server. Thus,
after consulting ICTD, DS, MoAF, the Centre decided to upgrade and do some maintenance. So
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the approved budget of Ngultrum Eight Hundred Thousand (Nu. 800,000/-) for procuring
Surveillance System Server is realigned for major maintenance and enhancement of ePest
Surveillance System.
The EOI (Expression of Interest) for ePest System maintenance and enhancement was called on
28th January 2020 and the tender was awarded to the firm in accordance with the CQS (Selection
Based on the Consultants Qualification) procedure set out in the World Bank’s New Procurement
Framework. The tender was awarded to NGN Technology after evaluating the Technical and
Financial proposals submitted by the selected firms.
The acceptance of first operational ePest System demonstration was conducted on 18th May 2020,
where the team from NGN technology demonstrated on Enhancement of ePest Surveillance
System (Details available in Enhancement requirement/ToR) to the technical experts of NPPC
(National Plant Protection Centre) and ICTD, DS, MoAF and the experts provided some
feedbacks to improve the system.
The second operational ePest System demonstration was carried out on 17th June 2020, where
NGN Technology did testing and deployment of ePest Surveillance System.
The Surveillance System Server is hosted at GDC (Government Data Centre) which had been
initially hosted at ICTD office, after that the third user acceptance training and signoff was done
on 26th June 2020 after the system had been tested by both the ICTD and NPPC officials. The
System is handed over to NPPC in fully functional mode by NGN Technology on the same day.

6. Additional Achievements: Maintaining baseline data for Disease forecasting
6.1.
Apple Scab data collection
A weekly data collection of Apple Scab is initiated from 6th May with an objective to accumulate
data baseline for calibrating apple scab disease model which will be used to forecast the apple
scab disease in the future. The crops are at late flowering stage when we first initiated and have
not recorded any scab disease for first two week. A very low incidence of incidence of apple scab
which are at its initial stage is observed on some plants from third week (Figure 4) and the disease
progressed as the apple reached its fruit enlargement stage (Figure 5). By second week of June
2020 the scab symptoms is observed on majority of the apple leaves and its incidence became
higher every week (Figure 6).
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Figure 4. Initial stage of apple scab

Figure 5. Scab disease at it progressing stage

Figure 6. Apple scab incidence and severity becoming higher every week

6.2.
Potato Late Blight data collection
The weekly data collection on potato Late Blight disease was carried out in Yusipang RNR plots.
The tiny tags and rain gauge is also installed in that area to collect the temperature, relative
humidity and rainfall of that area which will be used to correlate with disease epidemics (Figure
7). The data collection was commenced from 6th May 2020 with an objective to maintain baseline
data for Late blight disease forecasting in the future. The potato varieties for data collection
includes Yusi Maap, Desiree, Khangma Kaap and Nasphel Keva kaap (NKK). The potato tubers
are sown in the field on 10th April 2020. No blight has been recorded from any of the varieties till
second week of May. A very few lesions of late blight is seen in all three varieties except for NKK
which is free of blight symptoms from second week. By third week of May all the varieties are
infected. The Desiree is least infected while NKK have shown its susceptibility towards late blight
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disease. However, the incidence of late blight is reduced in all the varieties except for Khangma
Kaap and it became higher every week.
By second week of June the blight disease incidence became quite low in all the varieties compared
to previous week while NKK suddenly became free of blight disease. By third week of June the
blight symptoms on Yusi Maap and Desiree almost disappeared whereas it became very high in
Khangma Kaap. By fourth week of June all the four varieties have reached its maturation stage and
suddenly the late blight disease incidence and severity on all the varieties have drastically became
high. Khangma Kaap variety plot is totally damaged by the disease where both its leaves and stems
are dead (Figure 8). Similarly Desiree variety is also totally damaged however 90% of its leaves are
dead but its stems are still green (Figure 9). Almost all the plants are infected in NKK and Yusi
Maap but the disease severity is comparatively low compared to two other severely infected
variety.

Figure 7. Rain Gauge & Tiny tag; Figure 8. Khangma Kaap plot;

Figure 9. Desiree plot

7. NPPC MANAGEMENT
7.1.

Budget Utilization

Approved Budget
Current (Nu. in Capital (Nu. in
millions)
millions)
17.713

3.394

Expenditure
Current (Nu. in Capital (Nu. in
millions
millions)
17.461

1.407

Against the approved budget, the budget utilization is as reflected in the table in the fiscal year.
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8. CONCLUDING REMARKS
Last but not the least, the NPPC would like to draw the attention of the Department of
Agriculture on two Units (Pest Surveillance and Plant Protection Product). The NPPC wishes to
bring these two units at par with other technical units as they play a vitally important role in the
growth and development of our plant protection institution and as a result the services we
provide.
Pest Surveillance Unit: Strengthening this unit will not only strengthen NPPC’s capability to
collect vital pest information, but analyze and synthesize information for catering to R&D
requirements and for provision of quality services to the clientele. Therefore, a candidate with
undergraduate degree with the possibility of upgrading up to PhD level must be considered
immediately.
PP Product Unit: With the advancement of our services into Organic PP services, it is vital that
we have qualified personnel employed immediately as has been reflected under the Organic
flagship program.
The attention of Department is drawn here so that important issues that impede the progress of
developmental agenda could be addressed at the right levels and in proper forums. In this instance,
it may be proposed that the issues be taken up with RCSC for effecting necessary actions at the
earliest as time taken from proposal submission to approval for a candidate takes more than a 5
year period. Institutional and capacity development can only ensue from there.

38 | P a g e

