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FOREWORD 
 

The National Plant Protection Centre with the vision to be a premier institute in the country for 

plant protection services, has been implementing various research & development activities, 

diagnostic services, and promotion of technologies for efficient management of pests in agriculture 

to contribute to the national aspiration of food and nutrition security. Guided by the principle of 

integrated pest management (IPM), the Centre through its six technical programs supported by the 

dynamic administrative team executed numerous activities to augment the effort of the farming 

community in mitigating crop loss to pests.  

 

The activities planned and implemented in the fiscal year 2021-2022 fulfilled the objectives of the 

Centre.  The meticulously executed activities enhanced laboratory diagnostic services, field 

research activities & surveys, technology demonstration & promotion, and technical capacity 

development of extension agents through trainings.  These activities, carried out within the span 

of one fiscal year vastly contributed to information generation and utilization for management of 

major agricultural pests of Bhutan such as fall armyworm (FAW), diamondback moth (DBM), 

plant and leaf hoppers in rice, Citrus HLB, rice blast, chilli blight, early blight and late blight of 

potato, apple scab, wheat rust, weeds and wildlife management.  

 

Although the Centre has advanced to new height, so much still remains to be achieved in the field 

of pest management. However, the Centre’s pace of advancement remains constrained by 

inadequate financial resources, lack of pool vehicle and limited human resources (both in number 

and capacity) among many. Notwithstanding such limitations, the Centre, through careful planning 

and close collaboration with Agriculture Research and Development Centres and the extension 

system has been consistently achieving the annual targets. This fiscal year too, the Centre is proud 

to share the achievement through this annual report 2021-2022.  

 

The National Plant Protection Centre remains dedicated to persistently improving its service as an 

institute through rigorous reflection on and evaluation of its policy, mandates, plans, strategies, 

and activities. 

 

 

 
PROGRAM DIRECTOR  

National Plant Protection Centre  
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EXECUTIVE SUMMARY 

The National Plant Protection Centre (NPPC) is designated as a national referral and coordinating 

authority for information, policy and activities related to plant protection services. The Centre is 

also mandated to develop and disseminate integrated pest management (IPM) strategies in 

managing pests in agricultural and horticultural cropping systems. The NPPC presents its 2021- 

2022 annual report to highlight major activities and achievements for the fiscal year. These 

activities were planned and implemented by the seven technical units of Entomology, Pathology, 

Weeds, Vertebrate Pest Management, Surveillance, National Organic Flagship Program and Plant 

Protection Products Program. Some of the major achievements of these programs are highlighted 

below. 

 

The Pathology Program made significant progress in the work with the native Trichoderma isolates 

with results from the greenhouse experiments showing equal effectiveness in suppressing P. 

capsici infection on chili compared to the isolates from Indian and Thailand. Field trails are 

underway to further optimize the use of this biocontrol agent in Bhutan.   

 

The Entomology Program successfully devised field management strategies against the new and 

invasive pest, fall armyworm (FAW). The proposal of which are being submitted to the Technical 

Release Committee (TRC), DoA for release. The next season trial will focus on evaluating FAW 

tolerant maize varieties sourced from the International Maize and Wheat Improvement Center 

(CIMMYT).  

 

The Weeds Program successfully sourced a plant-based ready-to-use bio-weedicide from India. 

Initial, multi-location field evaluation trials have shown a positive effect in controlling a range of 

weed species. Further trials are being planned to obtain robust data set in order to recommend its 

use in the field. 

 

The Surveillance Program conducted field study of rust incidence on a local and an improved 

wheat variety. Results indicated some level of tolerance of the improved variety compared to the 

local variety. Further, the Program successfully development an application (Plant Protection 

Product Information Management System (PPIMS)) aimed at streamlining the plant protection 

product information and supply system in Bhutan. 

 

The Vertebrate Pest Management Program established the Portable electric fence (PEF) and is 

evaluating its effectiveness as an alternative to the conventional electric fence used in Bhutan. 

Additionally, novel bio-acoustic/ultrasonic pest repellent devices are being currently field tested 

against primates.  

 

The National Organic Flagship Program carried out field trials to evaluate different biocontrol 

agents in managing major insect pests in cole crops. Preliminary data set indicated that the 
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imported products provide sub-optimal control of pests such as aphids. However, neem and 

artemisia extracts were the most promising products tested. The construction of the new biocontrol 

laboratory at NPPC complex is also being coordinated by the Program. 

 

The Plant Protection Product Program successfully procured and supplied the required PP products 

for the 2021-2022 season. The Program procured a total quantity of 539.78 MT plant protection 

products and supplied 533.68 MT to the Dzongkhags in the fiscal year. 
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1. PATHOLOGY PROGRAM 

 1.1 Bioassays on Trichoderma sp. against Phytophthora capsici  

 

1.1.1 Introduction 

Phytophthora blight is widespread, destructive and an important soilborne disease of chilli that 

affects agro-ecosystems globally (Ristaino, 1990; Erwin and Ribeiro, 1996, Drenth and Sendall, 

2001). It is caused by Phytophthora capsici (Leonian, 1922; Tucker, 1931) and can infect almost 

all the parts of the plant. Symptoms include wilting, root and collar rot with dark brown stem lesion 

extending upward from the soil line (Black et al., 1991). On leaves and pods, symptoms occur as 

grayish brown or dark water-soaked lesions (Erwin and Ribeiro, 1996). In Bhutan, it has been 

recorded from all major chilli growing districts including Punakha, Wangdi, Thimphu, Paro and 

Trashiyangtse. It is observed to be severe in fields with high rainfall and poor drainage.  

 

Seed and seedling treatment with fungicide are some of the measures to manage Phytophthora 

blight. Damages can also be minimized by adopting cultural measures such as planting chilli on 

elevated beds, proper drainage, crop rotation, wider planting distance, mulching and use of 

biological control agents (BCA). The use of microorganisms as BCA has provided a very 

promising alternative and less hazardous method for plant disease management (Cook, 1985). In 

the recent advances, Trichoderma sp., commonly available in soil and root ecosystems, is one of 

the most widely used BCA (Papavizas, 1985). It is efficient in managing many soilborne 

pathogens, including Phytophthora sp. (Smith et al., 1990; Roiger and Jeffers, 1991). Use of 

Trichoderma sp. has gained immense importance due to its ability to possess antagonistic 

properties against many soilborne plant pathogens (Samuels, 1996). Many Trichoderma species 

have been reported to control several phytopathogens by various mechanisms such as competition 

for nutrients and space, mycoparasitism, production of antifungal metabolites or antibiosis, and 

promoting plant defense mechanisms by its colony and hyphal interaction (Dennis and Webster, 

1971; Skidmore and Dickinson, 1976).  

 

Preliminary field observation using commercial formulation of Trichoderma viride and T. 

harzianum (Pest Control India, India) against Phytophthora blight did not yield promising results. 

Many factors such as viability of the organisms, multiplication rate, suitability of the strains may 

have contributed to the unsuccessful outcome. Therefore, the National Plant Protection Centre 

(NPPC) initiated to use native strains of Trichoderma sp. for managing Phytophthora blight. The 

study commenced in 2018 with collection of soil and plant samples from Thimphu, Paro and 

Punakha. The activities included isolation and identification of Trichoderma sp. and P. capsici. 

For the last three years, the pathology program had conducted series of laboratory and greenhouse 

bioassays to select the promising isolates. The progress and results of those activities were reported 

during 2018-2019, 2019-2020, and 2020-2021. For the 2021-2022, the study focused on 

greenhouse and field evaluations of the efficacy of the selected isolate of Trichoderma sp. in 

managing Phytophthora blight. 
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1.1.2 Materials and Methods  

 

Greenhouse study 

 

Isolates of Trichoderma sp.  

Three isolates of Trichoderma sp. were used. The isolate Trichoderma Tc7A was isolated from 

soil sample collected from chilli field in Thimphu. One isolate each was obtained from India (Pest 

Control India) and Thailand. Hereafter, the isolate from PCI is referred to as Trichoderma PCI and 

the one from Thailand is referred to as Trichoderma Thailand.  

 

Phytophthora capsici inoculum preparation 

Inoculum preparation of P. capsici was adapted from Burgess et al. (2008). A substrate mixture of 

wheat and rice husk mixed at 2:1(v/v) was placed into a 250 ml Erlenmeyer flask up to 150 ml. 

The substrate mixture was moistened by adding 65 ml of distilled water, sterilized twice by 

autoclaving at 121°C for 15 minutes, and cooled to room temperature. Then, 10 discs (4 mm 

diameter) taken from the margin of actively growing seven days old culture of P. capsici were 

placed in the substrate and mixed well. The inoculated substrate was incubated at room 

temperature (~22 °C) for three weeks, shaking every two days starting at four days after incubation.  

 

Preparation of Trichoderma sp. inoculum  

Inoculum of Trichoderma sp. was prepared based on the methods by Smith et al. (1990). Double 

sterilized rice husk (120g/65ml water) was inoculated with ten discs (4 mm diameter) of 7 days 

old culture of Trichoderma sp. The inoculated substrate was incubated in the similar manner as for 

P. capsici isolates. Rice husk substrate without any inoculum was incubated for use as controls.  

  

Preparation of chilli seedlings 

Potting mix for both nursery and transplanting comprised of sterilized topsoil and leaf litter (1:1). 

Seeds of local chilli (‘ema oru’) were extracted, treated with Mixol (8% Metalaxyl and 64% 

Mancozeb) and sown into 65cm3 multiport trays. At 45 days after germination, three seedlings 

were transplanted into each plastic pot (1000cm3) filled with 500 gm of sterilized potting mix.  

 

Application of Treatment and Experimental Design 

The trial consisted of the following treatments:  

Treatment  Description 

Trichoderma Tc7A + PC T12Aa Trichoderma Tc7A treated 

Trichoderma PCI + PC T12Aa Trichoderma PCI treated 

Trichoderma Thailand + PC T12Aa Trichoderma Thailand treated 

Fungicide + PC T12Aa Fungicide treated 

PC T12Aa only  Untreated control 
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Trichoderma Tc7A only  Trichoderma Tc7A control 

Trichoderma PCI only  Trichoderma PCI control 

Trichoderma Thailand only  Trichoderma Thailand control 

Mixol only  Fungicide control 

Potting mix only  Potting mix control 

Substrate only  Substrate control 

 PC T12Aa = Phytophthora capsici isolate T12Aa 

 

One week after transplanting, seedlings were inoculated with 2% (w/w) P. capsici. For treatments 

using Trichoderma, substrate containing the respective Trichoderma isolate was mixed with the 

potting mix. Fungicide treatment was done by spraying 0.2% of Mixol on seedlings planted in 

substrates without Trichoderma. Control treatments consisted of (1) seedlings planted in pathogen 

inoculated potting mix without treatment, henceforth called as untreated control (2) seedlings 

planted in potting mix treated with the respective Trichoderma isolates, (3) seedlings planted in 

sterile potting mix, henceforth called as potting mix control (4) seedlings planted in sterile 

substrate, henceforth called as substrate control, and (5) seedlings planted in non-inoculated 

potting mix and sprayed with fungicide, henceforth called as fungicide control. Each pot with three 

seedlings represented one treatment and each treatment was replicated five times. Pots were 

arranged on the green house benches in a randomized complete block design (RCBD). Pots were 

watered with 50 ml of sterile distilled water on the day of establishment and continued every other 

day till the experiment was terminated.  Seven days after inoculation, all pots were flooded with 

sterile distilled water to induce infection as no disease symptoms developed during the week.  

 

Data collection 

Disease severity and plant survival data were collected every week for seven weeks. For disease 

severity, the length of the lesion on the plant and the height of the plant were measured. Then, 

disease severity percentage was calculated using the following formula (Cooke 1998):  

  

Percent severity (%) = (lesion length/plant height) x 100  

 

Data on disease severity and percentage of surviving plants were subjected to ANOVA and a 

repeated measure ANOVA, respectively, using SPSS (version 22, IBM). Data were arc sine 

transformed before analysis. Before transformation, all zero values were replaced by [1/4(n)] and 

all 100 values were replaced by (100 -[1/4(n) where n is the number of units upon which the 

percentage data was based (Gomez and Gomez 1984). Non-transformed data are represented.  

 

Field study  

Site selection  

Two sites were selected under Maedwang Gewog, Thimphu Dzongkhag: (1) One site was in 

Lingzhipharka, Jiminang Chiwog (27.59556 N and 89.54333 E, 2463 MASL). The area has a 
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gentle slope facing east and soil type of loamy sand to loamy; (2) The other site was in Jamdo, 

Khasadrapchu Chiwog (27.3888N and 89.57556 E, 2180 MASL). Jamdo area is plain with sandy 

loam soil. 

 

Isolates of Trichoderma sp. 

All three isolates of Trichoderma sp. used in the greenhouse study were used for field evaluation.  

Trichoderma inoculum was prepared following the same method as in the greenhouse study.   

 

Treatments and experiment layout  

Experiment in each site comprised of five treatments with three replications arranged in RCB 

design. Each treatment was assigned to a plot size of 1.2m x 3m. Plots were separated by furrows 

of 0.5m width. Treatments consisted of (1) application of Trichoderma isolate Tc7A; (2) 

application of Trichoderma PCI; (3) application of Trichoderma Thailand; (4) Substrate alone (un-

inoculated substrate); and (5) no treatment.  Treatments were applied by mixing 100 g of 

Trichoderma inoculated substrate per seedling with the soil before transplanting chili seedlings 

(Figure 1.1). For controls, substrate without Trichoderma was used. Non-treated control did not 

contain any treatment. No artificial pathogen inoculum was applied.  

 

In each plot, green house raised chili (‘ema oru’) seedlings were transplanted with a spacing of 35 

cm between plants and 45 cm between rows. Ten seedlings from the middle rows were tagged for 

data collection. At the time of transplanting, seedlings were 45 and 60 days old, in Lingzhipharka 

and Jamdo respectively.  

 

Plants were irrigated manually after transplantation. One week after transplantation, beds were 

inspected and any plants that died from transplantation shock were replaced. 

 

 
Figure 1.1 Application of Trichoderma isolate at the time of transplanting: (left) Trichoderma isolate grown on rice 

husk; mixing Trichoderma in the soil at root zone area (right). 
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Data collection 

Plants were observed for disease development every week from June to October 2021. 

Symptomatic plant parts were collected and examined in the laboratory using the methods by 

Drenth and Sendall (2001) for confirmation. Yield data was collected at the end of the season. 

Ambient temperature and relative humidity were recorded hourly using tinytags (PLUS 2-TGP-

4500, Omni Instrument Australia Pty Ltd). Rainfall data was collected using a rain gauge with 

tipping bucket (Rain Collector II, Davis Instruments).  

 

1.1.4 Results 

Greenhouse study  

Symptoms appeared, in the second week, following the flooding of pots at the end of the first 

week. Plants in the untreated control showed the highest disease severity ranging from 15 - 94.87% 

from 2nd to 5th week compared to the other treatments (Table 1.1). Analysis of variance showed 

significant difference (p<0.05) in disease severity between the treatments. Disease severity was 

significantly different between the three Trichoderma isolates. Plants treated with Trichoderma 

isolate Tc7A showed the lowest disease severity ranging from 11.98% at 3rd week to 60.62% at 6th 

week. At the 6th week, disease severity of plants treated with Trichoderma PCI (68.35%) did not 

differ significantly from the Trichoderma Tc7A treatment (60.62%) and the untreated control 

plants (95.38%). At the 7th week, significant difference was observed between plants treated with 

Trichoderma Thailand and untreated control plants but not with isolate Tc7A and isolate PCI.   

 

Significant difference in disease severity was observed between plants treated with fungicide and 

plants treated with Trichoderma PCI and Thailand at the 3rd and 4th week respectively. Plants 

treated with Trichoderma PCI (29.28 - 75.04%) and Trichoderma Thailand (44.34 %-62.87%) 

showed higher disease severity compared to plants treated with fungicide (1.67% - 15.20%). In 

contrast, disease severity of plants treated with isolate Tc7A (11.98% and 28.63%) did not differ 

significantly from that of plants treated with fungicide (1.67 and 7.10%) at 3rd and 4th week. 

Disease severity in plants treated with fungicide remained low till 7th week. At the 7th week, disease 

severity of plants treated with fungicide was significantly different from that of plants treated with 

any of the three of Trichoderma isolates and the untreated control plants. Plants treated with 

fungicide showed the lowest disease severity (15.20%) compared to the plants treated with any of 

the Trichoderma isolates (62.87% - 75.04%) or the untreated control plants (100%) at the 7th week 

(Table 1.1).  

 

Disease severities of plants grown in the substrate control or potting mix control or treated with 

fungicide or treated with Trichoderma isolates were significantly different from plants in the 

untreated control. Disease severities of these treatments were lower, ranging from 0.00% to 5.55%, 

than the plants in the untreated control (15.64% to 100%). However, disease severities in these 

plants did not differ significantly from plants treated with fungicide (Table 1.1). 
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Assessment of percentage of surviving plants showed that plants in all the treatments survived 

during the first two weeks (Figure 1.2). Plants in the untreated control showed the lowest percent 

(53%) of surviving plants starting at week three followed by plants treated with Trichoderma PCI 

(93%). Similarly, the number of surviving plants treated with Trichoderma Thailand and fungicide 

started to drop by the 4th and 5th week, respectively. In contrast, plants in all the control treatments 

showed 100% plant survival throughout the observation period. Among the treated plants, the 

fungicide control showed the highest percentage of surviving plants (87-100%) compared to plants 

in the three Trichoderma controls (33-100%). While the percentage of surviving plants in the 

untreated control treatment continued to drop below 20% in the subsequent weeks, percentage of 

surviving plants in the treatment with the either of the three Trichoderma isolates or fungicide 

remained above 30% (Figure 1.2).  

 

Repeated measure ANOVA showed significant difference between the treatments (Figure 1.2).  

The overall mean percentage of plants in the untreated control was significantly different (p<0.05) 

from the other treatments. Plants in the untreated control showed the lowest mean of 41% while 

that of plants treated with either Trichoderma isolates or fungicide remained at 100%. Mean 

percentage of survival of plants treated with fungicide (96%) did not differ significantly from 

plants in any of the controls (100%) but differed from the plants treated with either of the three 

isolates (72 -77%) (Figure 1.2). 

 

   Table 1.1. Average disease severity percent  
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Figure 1.2. Weekly mean percent of surviving plants with different treatments. Means with same letters are not 

significantly different at 0.05 significance level. All controls are represented with solid black line and are not 

significantly different from one another.  

 

Field evaluation 

 

Weather 

Generally, Jamdo received less rainfall than Lingzhipharka. The monthly average rainfall ranged 

from 0.08 to 0.23 mm and 0.06 to 0.16 mm at Lingzhipharka and Jamdo, respectively (Figure 

1.3). The highest rainfall was observed in July 2021 in both the sites.  

  

Jamdo is relatively warmer and less humid than Lingzhipharka (Table 1.2). The minimum ambient 

temperature ranged from 8.4 - 14.7° C in Lingzhipharka compared to 9.5 to 15.6°C in Jamdo. The 

highest minimum temperature was recorded in July. The minimum relative humidity (RH) ranged 

from 37.8 - 52.7% in Lingzhipharka and 37.4 to 48.3% in Jamdo (Table 1.2).  

 
Figure 1.3: Monthly average rainfall in Lingzhipharka and Jamdo. 
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Table 1.2. Monthly average minimum and maximum temperature and relative humidity at Lingzhipharka and Jamdo 

from June to October 2021. 

 
 

Yield Data 

Yield data was collected at harvest in October. In both the sites, the highest yield was observed in 

the plot treated with Trichoderma Thailand with 0.28 kg at Lingzhipharka and 0.06 kg at Jamdo 

followed by plot treated with native Trichoderma isolate (Table 1.3).  The lowest yield was 

recorded in the control plots with inoculated plants and no treatment at both the trial sites. 

 

Disease severity 

The trials were monitored weekly and observed for Phytophtophora blight. In both sites, the 

Phytophthora blight symptoms were not detected. However, other diseases like bacterial soft rot 

on fruits and Alternaria leaf spot were common during the cropping season but severity was low 

at both the sites. 

 

Table 1.3: Average yield (production) in kg from the different treatments 

 
 

1.1.5 Conclusion 

Greenhouse bioassay results showed that plants inoculated with pathogen alone (untreated control) 

showed the highest disease severity throughout the observation period. This indicates that 

treatment with Trichoderma isolates provided protection against the pathogen. Although the three 
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isolates exhibited similar level of disease severity in the earlier weeks, disease severity at the 7th 

week did not differ from pathogen inoculated plants except for plants treated with Trichoderma 

Thailand. The negligible disease severity in control plants which were treated with the three 

isolates of Trichoderma alone or planted in potting mix or substrate only or fungicide alone 

indicates no side effects of these treatments on plants.  

 

Among the treatments, plant survival was highest in plants treated with fungicide followed by 

plants treated with either of the three isolates.  Plants in the untreated control showed the least 

percentage of surviving plants. This further supports the finding on Trichoderma treated plants 

with lower disease severity compared to the inoculated plants.  

 

The results indicate that Trichoderma isolates can be used to manage P. capsici. Although 

reduction in disease severity is not at par with that of fungicide, disease severity is lower than 

untreated plants (control plants). Use of Trichoderma sp. will help reduce reliance on fungicide 

application.  

 

Field assessment needs to be conducted again as no disease occurred in the field during the growing 

season of 2021.  
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1.2 Effect of potassium phosphite (phosphonate) on Phytophthora capsici  

 

1.2.1 Introduction 

Phytophthora capsici Leonian is an oomycete, a plant pathogen that causes blight and fruit rot of 

chili. It causes significant economic loss in chili (Parra and Ristiano 2001; Hwang and Kim, 1995, 

as cited in Wan and Liew, 2020). In Bhutan, the disease was first detected in 1995 from Lobesa 

and caused 35-40% loss in chili production (Walker et al., 2019). Over the years, Phytophthora 

blight, more commonly known as chili blight has been one of the major production constraints 

among the growers. According to Dimirci and Dolar (2006) the recommended blight management 

measures include growing chili on well-drained soil, avoiding fields with a history of the disease, 

rotating crops that avoid other susceptible solanaceous and cucurbitaceous crops, irrigating the 

alternate rows, and the use of fungicides. However, they also state that none of these measures is 

an effective, practical or economical control method for Phytophthora blight. In Bhutan, due to 

shortage of land holding by individual farmers, lack of resistant varieties and adverse impacts of 

the use of synthetic fungicides including resistance development make disease management 

difficult.  

 

Studies conducted in many countries have demonstrated that potassium phosphonate can reduce 

diseases caused by the members of oomycete, including different species of Phytophthora through 

direct inhibitory action (Coffey and Bower, 1984; Smillie, Grant and Guest, 1989) or through 

indirect mechanism of altering the plant defense mechanism which makes the plants less 

susceptible to disease infection (Afek and Sztejnberg, 1989). 

 

Potassium phosphonate which is the salts of phosphorus acid has antifungal property. Forrer et al. 

(2017) found the most significant reduction in area under disease progress curve (AUDPC) with 

eight applications of 3L/ha phosphonate (58%). Moreover, phosphonate is non-toxic and has less 

effect on the environment compared to other synthetic biocides for control of pest and disease 

(Guest and Grant, 1991). 

 

Hence, this study was conducted to assess the effect of potassium phosphonate on P. capsici under 

greenhouse condition. 

 

1.2.2 Materials and methods 

 

Pathogen isolate 

Phytophthora capsici isolate T12A obtained from Thimphu was used in the current greenhouse 

evaluation. 

 

Preparation of substrate for growing P. capsici 
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Inoculum of P. capsici was prepared as per Burgess et al. (2008) using wheat and rice hulls at 2:1 

ratio. The mixture was soaked in distilled water and stored at 4°C overnight. On the next day, 

excess water was poured off and about 125 ml of the mixture was transferred to a 250 ml flask. 

The mixture was then autoclaved two times at 121°C for 15 min and left to cool. The cooled 

substrate was inoculated with 10 discs, of 4 mm diameter, each taken from the margin of three 

days old cultures of each P. capsici isolate. The inoculated substrate was incubated at room 

temperature for two weeks shaking every two days (Figure 1.4).  

 
Figure 1.4. Incubation of inoculated substrate 

 

Trial design  

Two separate experiments were conducted in the greenhouse at the NPPC.  

 

Experiment 1: Twenty-eight days old seedlings of local variety chili (ema ‘oru’), grown in 

sterilized leaf litter and garden soil mixed at 1:1 ratio, were transplanted in plastic pots of size 500 

gram. One week after transplantation, chili seedlings were inoculated with 2% (w/w) pathogen by 

mixing the substrate around the seedlings in the pot. Treatments consisting of various 

concentration of potassium phosphonate (0.2%, 0.3 %, 0.4%, and 0.5%) were applied on the same 

day. Control treatments consisted of plants not inoculated with the pathogen (uninoculated) which 

were not treated with potassium phosphonate or water, and plants inoculated with the pathogen 

(inoculated plants) and sprayed with water. Treatments were replicated three times and allotted in 

RCB design. Subsequent sprays were made at 7, 14, 22, and 29 days after the first spray.  

 

Experiment 2: In this experiment, the concentration of both the inoculum and phosphonate were 

increased. Inoculum concentration was increased to 10% (w/w) and 0.05%, 0.1%, and 0.2% 

concentrations of potassium phosphonate were used. 

 

All treatments were replicated three times and allotted in RCB design. Phosphonate was applied 

at 7, 14, 22 and 29days after the first spray. Plants were watered every day. 

 

Data collection and analyses 
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Data was collected weekly for seven weeks after treatment. Plant height and lesion size were 

measured. Disease severity was calculated following the methods of Cooke (1998): 

 

Disease severity= (Length of lesion/ Total length) x 100  

 

Data on disease severity were arsine transformed. All zero and 100 values were replaced by (1/4n) 

and (100-(1/4n)) respectively before transformation, where n is the number of units upon which 

the percentage data was based (Gomez and Gomez (1994). Transformed data were subjected to a 

repeated measures ANOVA using SPSS (version 22, IBM). Mauchy’s test of sphericity was 

examined and Greenhouse-Geisser correction was applied if the assumption of sphericity was not 

met. Untransformed data were presented in the results.  

 

1.2.3 Result 

Experiment 1: No disease symptoms were observed at seven days after treatment. Symptoms 

began during the second week after the plants were flooded in the previous week. In the subsequent 

weeks, disease severity was highest (7.39 – 57.12%) in the inoculated plants receiving water 

treatment followed by uninoculated plants with no phosphonate treatment (0.33 – 27.27%). 

Disease severities remained low ranging from 0.00 to 17.26% in the inoculated plants sprayed with 

phosphonate.  

 

A repeated measures ANOVA with a Greenhouse-Geisser correction showed significant 

differences in the mean disease severity between the treatments [F(1.503, 93.166 = 40.614, p< 

0.001)] (Annexure Table 1). Post hoc tests using the Bonferroni correction showed a significant 

difference in the mean disease severity between the inoculated plants and the inoculated plants 

sprayed with varying concentration of phosphonate. Mean disease severity was highest in 

inoculated plants treated with water alone (23.05%) (Table 1.4).  

 

The mean disease severity of uninoculated plants with no phosphonate treatments (9.70%) did not 

differ significantly from the inoculated plants treated with water. Lowest mean disease severity 

(0.00%) was observed in plants treated with 0.2% and 0.5% concentrations of potassium 

phosphonate followed by plants treated with 0.4% (0.18%) and 0.3% (7.35%). However, disease 

severity between the different concentrations of potassium phosphonate did not differ from each 

other on all observation dates. 

 

Experiment 2: During the first week, no disease symptoms were observed except in the inoculated 

plants receiving water treatment (1.55). Mean disease severity was highest (68.04%) in the 

inoculated plants receiving water treatment and the lowest disease severity was observed in the 

inoculated plants receiving 0.05% phosphonate treatment (4.75%) at 29 DAT. Similar to 

experiment 1, a repeated measures ANOVA with a Greenhouse-Geisser correction was conducted 

which showed significant differences in the mean disease severity between the treatments 
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[F(1.556, 79.380 = 33.158, p< 0.001)] (Annexure Table 1). Mean disease severity was highest in 

inoculated plants treated with water alone (32.09%) (Table 1.5). The mean disease severity of 

uninoculated plants with no phosphonate treatments (6.65%) was significantly different from the 

inoculated plants treated with water. Lowest mean disease severity (2.28%) was observed in plants 

treated with 0.1% followed by plants treated with 0.05% (2.60%) and 0.2% (5.72%). However, 

disease severity between the different concentrations of potassium phosphonate did not differ from 

each other on all observation dates. 

 

Table 1.4. Disease severity of chili seedlings, at different days after treatment (DAT), inoculated with 2% (w/w) P. 

capsici isolate T12A and treated with varying concentrations of phosphonate.

 
 

Table 1.5. Disease severity of chili seedlings, at different days after treatment, inoculated with 10% (w/w) P. capsici 

isolate T12A and treated with different concentrations of phosphonate.
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Figure.1.5 Experiment 1 - Plants inoculated with 

2% pathogen inoculum and treated with different 

concentration of phosphonate:  No pathogen and no 

phosphonate (A); Pathogen inoculated plants 

sprayed with water (B); Inoculated plants sprayed 

with 0.2% phosphonate (C);  sprayed with 0.3% 

phoshonate (D); sprayed with 0.4% (E); treated 

with 0.5% (F). 

 

 

 

 

 

 

Figure 1.6 Experiment 2 - Plants treated with 10% 

pathogen inoculum and treated with different 

concentration of phosphonate: No pathogen and no 

phosphonate (A); Pathogen inoculated plants 

sprayed with water (B);   Inoculated plants sprayed 

with 0.2% phosphonate (C);  sprayed with 0.3% 

phoshonate (D); sprayed with 0.4% (E); treated 

with 0.5% (F). 

 

 

 

 

 

1.2.4 Discussion 

Mean disease severity was low in phosphonate treated plants with 0.2% or higher concentration. 

Similar results were obtained by Quimette and Coffey (1989) where four compounds of 

phosphonate (monoethyl, diethyl, dimethyl and potassium phosphonate) provided partial control 

to stem rot caused by P.capsici when used as curative measure but all  of the compounds gave no 

complete control of disease severity of P. capsici. However, increased efficacy of all the 

compounds was achieved with higher concentration. The reduction in disease severity could be 

due to inhibitory action of phosphonate (Coffey and Bower, 1984; Smillie et al., 1989). Disease 

severity was also observed in uninoculated non treated plants which could be due to contamination 

during the pathogen inoculation while setting up the trial. The highest disease severity observed in 
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the control treatment with plants inoculated with pathogen and treated with water could have been 

due to leaf moisture created by foliar spray. Similar result was obtained by Ploetz et al. (2002) 

which showed that continuous and consistent oospores of the pathogen was produced when the 

leaves of the plants were in prolonged contact of water. 

 

1.2.5 Conclusion 

Results indicate that phosphonate spray can achieve disease suppression. Dosage ranging from 

0.05% to 0.5% is effective for Phytophthora blight suppression even at 10% pathogen inoculum 

rate.  Spraying of phosphonate may be integrated with other good agriculture practices of chili 

cultivation. 
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1.3: Field assessment of efficacy of potassium phosphite (phosphonate) for control of 

Phytophthora capsici 

 

1.3.1 Introduction 

In the previous years, the Pathology program conducted different studies for the greenhouse 

evaluation of potassium phosphite (Phosphonate) for control of soil borne pathogen of chili, 

Phytophthora capsici. After several evaluations of phosphonate against P. capsici under 

greenhouse condition, the first field evaluation of potassium phosphonate against P. capsici was 

carried out in 2021-2022 at Lingzhipharka and Jamdo under Maedwang gewog, Thimphu.  

 

1.3.2 Materials and Methods 

 

Trial sites 

Experimental trial sites were selected in Lingzhipharka and Jamdo, under Meadwang Gewog, 

Thimphu on 31 May and 15 June 2021, respectively. Experiments were established when chilli 

plants were at four to five leaf stage in Lingzhipharka and eight to nine leaf stage in Jamdo. Ema 

oru variety was used in both sites.   

 

Data loggers (Tinyt Plus 2) and rain gauge (Rain Collector II, Davis Instruments) were installed 

in the field to record ambient temperature, relative humidity and rainfall. 

 

Field layout and treatments 

The trial was carried out in randomized complete block design with four treatments and three 

replications. Treatments included foliar spray of 0.5% potassium phosphonate (Skylite Agrochem, 

Maharashtra, India) sprayed one or two times. Control treatments consisted of spraying with water 

and no spray. Each treatment was allotted to a 1.2 m x 3 m plot. Plots were separated by 0.5 m 

spacing. A total of 24 plants were planted in each plot. Ten plants from the inner rows were used 

for data collection. All other field management practices including weeding were done according 

to the local practices. 
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Figure 1.7. Field preparation at Lingzhipharka (Left) and Jamdo (Right) 

 

Spray frequency 

The first spray, corresponding to four months after planting, was applied on 31st May and 14th June 

2021 at Lingzhipharka and Jamdo respectively. The second spray was applied on 22nd June and 7th 

July at Lingzhipharka and Jamdo respectively. 

 

Data collection  

Experimental plots were monitored weekly starting seven days after the first spray. Plants were 

examined for blight disease till harvest. 

 

1.3.2 Result and discussion 

 

Weather data  

Weather data for Lingzhipharka and Jamdo is presented under the section on field evaluation of 

Trichoderma isolates. 

 

Disease severity  

Phytophthora blight was not observed during the entire observation period from June to October 

2021. However, other diseases like bacterial soft rot on fruits and Alternaria leaf spot were 

observed at low severity at both the trial sites.  

 

1.3.3 Reference 

Henfling, J. W. (1987). Late blight of potato (Vol. 4). International Potato Center. 
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1.4 Field assessment of efficacy of potassium phosphite (phosphonate) for control of 

Phytophthora infestans 

 

1.4.1 Introduction 

Potato (Solanum tuberosum L.) is an important food crop in the world. It is also an important cash 

crop grown in all developing countries including Bhutan. In Bhutan, the potato production was 

cultivated in 10,411 acres producing ~45,500 metric tonnes in the year 2020. (Ministry of 

Agriculture and Forests 2020). One of the challenges faced by the potato growers worldwide is the 

late blight disease caused by the oomycete, Phytophthora infestans (Mont.,) de Bary. 

 

Disease management includes growing resistant varieties and cultural measures like using healthy 

tuber, removal of volunteer potato plants, proper hilling of the soil and management of plant 

nutrition, intercropping and mixed potato cultivars and use of synthetic fungicides. Selection and 

use of resistant varieties is the best option for control of late blight but in the absence of resistant 

varieties or resistance breakdown, farmers opt for chemical control. However, excessive use of 

chemical fungicides has adverse impacts on soil microorganisms and related biological processes 

such as nitrification by nitrifying bacteria. Further, usage of synthetic fungicide for a longer 

duration can lead to development of resistance. All these factors contribute to difficulty in the 

management of late blight disease.  

 

Studies conducted by Hunter et al. (2018) have shown that potassium phosphonate can reduce 

diseases caused by the members of oomycetes, including different species of Phytophthora. 

Phosphonate has also shown to control disease severity in soilless medium. 

 

Phosphonate is inorganic potassium salts of phosphorous acid and is also known as potassium 

phosphite. It is used for late blight control in the developing nations as an alternative to chemical 

fungicides as it is non-toxic to both environment and human beings. Afek and Sztejnberg (1989) 

have shown that phosphonate stimulates plants’ natural defense mechanisms which indirectly help 

to suppress the disease infection. According to Kromann et al. (2008) the use of phosphonate at 

2.5 g a.i./liter can give same disease control as the conventional contact fungicides in the highland 

tropics where conditions are favourable for high disease pressure as early as crop emergence. Thus, 

field assessment was conducted to assess the efficacy of potassium phosphonate for control of 

potato late blight in Bhutan. 

 

1.4.2 Materials and Methods 

 

Trial sites 

Trial sites were selected in Hongtsho Maed and Yusipang, under Chang Gewog, Thimphu on 13 

and 14 May 2021, respectively. Experiments were established at 80% emergence which 
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corresponded to approximately four months after planting. Desiree was the main variety grown 

though some mixture of varieties were present across the fields. 

 

Field layout and treatments 

Trials in both sites were established following a randomized complete block design with four 

treatments and four replications. Treatments consisted of spraying with 0.5% potassium 

phosphonate (Skylite Agrochem, Maharashtra, India) two and three times. Control treatment 

included spraying with water and no spray. Each treatment was applied to a 4 m x 1.5 m plot. 

Within each plot, 10 plants from the inner rows were used for data collection. Treatment plots and 

replicates were separated by 1.5 m and 2 m spacing, respectively. All other field management 

practices including weeding were done according to the local practices. 

 

 
Figure 1.8. Field preparation at Hongtsho Maed (left) and Yusipang (right) 

 

Spray frequency 

The first spray, corresponding to four months after planting, was done on 13th and 14th May 2021 

at Hongstho Maed and Yusipang respectively. The second and third sprays were done 28 and 42 

days after the first spray, respectively.  

 

Weather data 

Data loggers (Tinyt Plus 2) and rain gauge (Rain Collector II, Davis Instruments) were installed 

in the field to record ambient temperature, relative humidity and rainfall. 

 

Data collection and analyses 

Late blight disease was rated in the similar manner for Phytophthora blight of chili. Data collection 

began at 28 days after the first spray and continued at weekly interval till the plants in the control 

treatments showed infection level equal to 8 or 9 scoring scale of Henfling (1987).  

 

Disease severity taken as the mean percent of blight of the CIP scale were arsine transformed. All 

zero and 100 values were replaced by (1/4n) and (100-(1/4n)) respectively before transformation, 

where n is the number of units upon which the percentage data was based (Gomez and Gomez 
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(1994). Transformed data were subjected to ANOVA using SPSS (version 22, IBM). 

Untransformed data were presented. 

 

1.4.3 Result  

 

Weather data  

In Hongtsho, the minimum ambient temperature ranged from 7.8 - 12.3°C during May – September 

2021. The highest minimum temperature was recorded in July. Minimum RH ranged from 54.4 – 

77 (Table1.6.). In Yusipang, the minimum ambient temperature ranged from 8.3 to 13.7°C.  

Similar to Hongtsho, highest minimum temperature was recorded in July (Table 1.6). Minimum 

RH ranged from 51.5 to 61.8.  

 

Table 1.6. Average monthly minimum and maximum temperature and relative humidity at Hongtsho Maed and 

Yusipang. 

 
 

Disease severity in Hongtsho Maed 

Symptoms were first observed 28 days after the first spray (DAS) of phosphonate.  Percent 

infection remained below 5% at 28 and 35 DAS (Table 1.7). However, infection increased to 31-

43.42% by 49 DAS. At 49 DAS, all above ground foliage in the trial plots turned dark brown in 

appearance. Whitish cottony mycelia growths were visible on most parts (Figure 1.9). An analysis 

of variance showed that there was no significant difference in the disease severity between the 

treatments at all observations dates (Table 1.7).  

 
Figure 1.9. Whitish cottony growth of pathogen 
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Disease severity in Yusipang 

In Yusipang, symptoms were visible by the 28 DAS. Disease severity was below 10% at 35 DAS 

(Table 1.8). Percent disease severities increased to 75-76% and 87-97.67% by 42 and 49 DAS, 

respectively. No significant differences were observed in the disease severity among the 

treatments. 

 

Table 1.7: Mean of percent of disease severity on potato treated with 0.5% concentration of phosphonate at Hongtsho. 

Standard errors are given in parentheses. 

  
 

Table 1.8: Mean percent of disease severity on potato treated with 0.5% concentration of phosphonate at Yusipang. 

Standard errors are given in parentheses. 

 
 

1.4.4 Conclusion 

Results showed that disease severity was below 10% in all the treatments at both the experimental 

sites until 35 DAS but increased drastically by 42 DAS. Statistical analysis showed that there was 

no significant difference in the percent disease severity between the treatments at both the 

experimental sites. The results indicated that two or three times of spraying 0.5% phosphonate did 

not reduce disease severities. Results also indicate that Desiree is very susceptible to blight and 

under conducive weather conditions, as shown by the weather data, spraying with 0.5% 

phosphonate does not reduce disease severity. While the study did not include the effect of 

phosphnate on late blight on different potato varieties or different doses of phosphonate, it seems 

that Desiree will not perform well in blight conducive environment and no amount of phosphonate 
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can management late blight in this variety. Resistant varieties seem to be the best option in 

managing late blight. 
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1.5 Disease Forecasting systems establishment 

Data collection for the establishment of disease forecasting system was first initiated in June 2020. 

Data on apple scab and potato late blight are recorded annually during the growing season. The 

objective of this activity is to generate baseline data over on these two diseases to enable 

development of disease forecasting specific to conditions of Bhutan. Development of disease 

forecasting requires data from several years to have a reliable forecasting. We have data from two 

and half years on which only a preliminary result can be drawn.  The growing season for year 2022 

will be the final year for data collection. The growing season for this season continues until 

September - October. As such the Centre will be continuing the data collection till the end of 2022-

2023. The data from over the years will be analysed and checked for consistency in the risk level 

by end of this 2022-2023. This will be used for disease forecasting. However, to improve and 

enhance the forecast system, data collection will continue beyond 2022-2023, at least a few more 

years.   

 

Data on potato late blight was collected from Desiree and Yusi Maap varieties in the NCOA-

Yusipang trial plots. More than 50% of Desiree variety grown in the study area was infected by 

early blight by late May, 2022. The damage symptom in these infected Desiree plants varied from 

1 to 4 in Henfling, 1987 rating scale. 

 

Data on apple scab were collected from 10 varieties present in the germplasm block in NCOA-

Yusipang: Well Spur, Oregon Spur, Red Spur, Red Chief, Red Free, Top Red, Vance delicious, 
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Shin Kalu, Crimson Golden and Braeburn. From each tree, four branches/twigs each with 100 

leaves were identified for data collection. Initial symptom of apple scab which appeared as oily 

blotched leaves (Figure 1.10.) was observed by 2nd week of May 2022. This initial symptom of 

scab was observed on a few leaves of Red Top variety and the incidence was low until May, 2022. 

Young flushes in a few trees were infected with powdery mildew. New infections were visible as 

whitish powdery coating. Some young flushes appeared blighted as a result of powdery mildew 

infection. 

 

Currently, the NPPC is using an IPM module (UC Davis) to forecast apple scab and potato late 

blight based on leaf and soil moisture, and ambient temperature data recorded by a Weather station 

(Vantage Pro2,DAVIS Instruments, USA) in NCOA Yusipang and auto-fed to the IPM module.  

   

Result based on apple scab ascospores maturity model shows that there is high risk for apple scab 

development from May to August, in Yusipang and Hongthso area. Potato late blight was found 

to be highly prevalent from June to August based on disease incidence and severity data.  

  

 
Figure 1.10.  Initial symptom of apple scab exhibited as greasy and oil lesion (red circle) (a) and early blight 

symptom exhibited on Desiree potato as concentric lesion similar to bull’s eye which coalesce to form blight as it 

ages (b) 

 

1.6 HLB testing of citrus samples  

The test conducted during the FY 2021-2022 was the 6th batch testing conducted for citrus samples 

from the National Citrus Repository. The 6th batch test was also a confirmatory test for samples 

from varieties that were tested during the 3rd, 4th and 5th batches.  A total of 454 citrus samples 

were tested for HLB from 18 November 2021 to 25 May, 2022.  

 

1.6.1 Materials and methods  

 

Sampling method:  
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Samples were received in two separate batches to avoid deterioration of the samples. Samples from 

each plant comprised of: 

● A total of seven samples consisting of six leaf samples and one bark sample. 

● Leaf sample consisted of approximately 10-16 leaves depending on leaf size; 

● Bark samples consisted of 10-12 bark strips of ~1-2 x 3-5cm. 

● Samples labels included name of the block and its location within the repository, variety name, 

and plant number that NPPC had assigned.  

 

Sample detail  

Samples were collected from 34 plants representing 29 varieties. Of these varieties, Samtse Local, 

Cant Star Ruby, Otha Ponkan, Clementine, Valenica, and Local Khengkhar corresponding to plant 

numbers F29, F88, 200, 87 and IN11, respectively, were previously tested and were declared to be 

re-tested. Thus, the 6th batch testing was the confirmatory test for these plants. The remaining 

samples were being tested for the first time.  

 

Testing method  

Samples were tested using real-time PCR using the following primers and probes (Li et al., 2006):  

HLBas 5’- GTCGAGCGCGTATGCAA-3’  

HLBr: 5’- CTACCTTTTTCTACGGGATAACGC-3’  

HLB probe: 5’- AGACGGGTGAGTAACGCG-3’  

COXf: 5’-GGTATGCCACGTCGCATTCCAGA  

COXr: GAATGCCCTTAGCAGTTTTGGC - 3’  

COX probe: 5’- ATCCAGATGCTTACGCTGG-3’  

 

Real-time PCR result interpretation:  

Results were interpreted based on Ct values. A Ct value of zero ((Ct= 0 or Ct > 36) means the 

pathogen is ‘not detected’. A Ct value that is greater than zero but less than or equal to 36 (Ct < 0 

or Ct ≤ 36) is ‘positive’. All plants are tested at least two times a year before confirmation and 

being recommended for mass production or destruction. Confirmation of results was given at the 

end of the second test. Further tests were determined based on the results of all samples obtained 

from a plant.  

 

A plant was cleared for mass propagation if all of its samples showed Ct values of zero in two 

consecutive tests. A plant was rejected for mass production if all of its samples showed Ct values 

of ‘positive’ in two consecutive tests. Plants whose test results deviated from this range were 

recommended for re-sampling and re-testing:  

● Plants whose test results were contradictory (samples with Ct in the positive range in one 

test and negative range in the second test or vice versa) in the two tests, re-sampling and 

re-testing was recommended.  If some samples still produced Ct in the positive range in 

the following (third) test, the plants were recommended to be destroyed.  
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1.6.2 Results  

Based on the result of the 6th batch test (Table 1.9), plant F29 (Samste Local), F88 (Cant Star 

Ruby), 200 (Otha Ponkan), and IN11 (Valencia) were cleared for mass propagation. Plant F35 

(Local Khengkhar) was recommended to be destroyed. All other remaining plants require further 

testing for confirmation.  
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Table 1.9: Results of test conducted on citrus samples from the National Citrus Repository from July 2021 to June 2022.   
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1.7 Ad hoc activities of Pathology Program  

1.7.1 Laboratory Diagnostic Report of Garlic Samples from Dangchu 

The Pathology Program received garlic samples from Dangchu on 25 April, 2022. No 

descriptions about the nature of problem observed in the field accompanied the sample. 

 

Observations: Garlic plant samples showed yellowing of leaves and sheath, dieback like symptom 

as well as advanced blight-like symptom with extremely dry leaves which were almost straw like 

in colour (Figure 1.9). However, there was no prominent lesions or spots. Roots were dry (Figure 

1.9) but appeared healthy without rot or lesions. Similarly, internal sections of blubs and stems did 

not exhibit any lesions or discolourations (Figure 1.9). However, external sheaths exhibited sooty 

mould growth at the base indicating high humidity either from high ambient relative humidity or 

high plant density or both. No sucking insects were observed to have contributed to the sooty 

mould growth. 

 

The sample was processed on the same day of receipt. Samples were incubated in moist 

chamber.  

Microscopic Examination: No potential phytopathogens detected. 

Inference: No pathogenic microorganisms can be associated with the damage of current 

samples. 

 

Recommendation: Although no pathogens are associated with the current samples, the 

following general recommendations were provided:  

• Observation of proper field phytosanitary measures by clearing up the crop residues at 

the end of the season.  

• Initiation of regular monitoring of fields early in the season for appearance of any 

symptoms so that it can be reported before the damage gets severe. 

Practicing proper planting distance and water requirement as close planting distance 

favours powdery mildew infection during high humidity. Both powdery mildew and water 

stress are also known to cause yellowing and drying up of leaves similar to those exhibited 

in current samples. 

 
Figure 1.9 Disease symptoms observed on samples of garlic received from Dangchu: a) dieback like symptom of 

leaves, b) dried leaves almost straw like in colour and it also looks like advance blight, c) dry and spongy roots and 

d) healthy bulb and internal tissues of stem.   
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2. ENTOMOLOGY PROGRAM  

2.1: Field evaluation of synthetic and botanical pesticides against fall armyworm 

(Spodoptera frugiperda) 

 

2.1.1 Introduction  

The fall armyworm (FAW), Spodoptera frugiperda (J. E. Smith) (Lepidoptera: Noctuidae) is a 

polyphagous pest damaging more than 300 plant species belonging to 76 plant families 

(Montezano et al., 2018). The higher damage is found in maize and sorghum which is their primary 

hosts (Casmuz et al., 2010).  FAW was first reported from Nigeria in 2016 and subsequently spread 

to Kenya, Uganda, Rwanda, Tanzania and Ethiopia (Goergen et al., 2016).  FAW damage is also 

been reported in Asian countries such as India (Sharanabasappa. et al., 2018), China (Jing et al., 

2020), Philippines (Navasero et al., 2019) and Nepal (Bajracharya et al., 2019). In Bhutan, FAW 

was first reported in 2019 from the Western part of the country damaging maize (Mahat et al., 

2021). Furthermore, sporadic outbreaks and infestation in maize are reported in Southern and 

Eastern parts of the country.  

 

There have been few reports of FAW infestation in the country till 2020. However, in 2021 

frequent reports of FAW infesting maize in major maize growing areas in Bhutan has been 

observed. In 2021, FAW had been reported from new areas in Phuentsholing, Trongsa, Trashigang, 

Mongar and Zhemgang. FAW now seems to be spreading and establishing in new maize growing 

areas across Bhutan due to its high ability to fly. FAW can fly up to 100 km per night and 500 km 

in a single season (Johnson, 1987). At this juncture, there is limited knowledge and management 

strategy against FAW in Bhutan. Hence, there is an urgent need to evaluate the available 

management options in Bhutan against this new pest species. The main objective of the current 

study is to evaluate the efficacy of commonly available synthetic and botanical pesticides against 

the FAW.  

 

2.1.2 Materials and methods  

Experimental sites 

The trial was conducted at Dzomlingthang, Guma Gewog (27° 35' 54.2" N, 89° 51' 11.8" E, 

1200 masl) in Punakha Dzongkhag from August- December 2021 in collaboration with 

Agriculture Research and Development Centre Bajo. 

 

Treatments 

Treatments consisted of two synthetic insecticides (Cypermethrin 10% EC and Cypermethrin 

baits); one botanical insecticide (Neem oil - 1500 ppm); and one control. Neem oil (5 ml/liter 

water) and Cypermethrin 10% EC (2ml/ liter water) were sprayed using the Knapsack sprayer, and 

Cypermethrin bait (1 kg corn flour + 200 g sugar + 4 ml of Cypermethrin 10% EC) was applied to 

individual plants manually fortnightly until tasseling stage Figure 1). A hybrid maize variety, 

P3105, was used for the trial. 
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Study design and layout  

The treatments were laid out in a Randomized Complete Block Design (RCBD) with each 

treatment replicated four times and designed using STAR software (Statistical Tools for 

Agriculture Research). The plot size was maintained at 4.5 m x 3 m, plant to plant distance at 30 

cm, and row-to-row distance at 50 cm. The line sowing of maize seeds was done to maintain 

uniform number of plants per plot. 

  
Figure 2.1: Manual application of Cypermethrin bait (left) and Cypermethrin using a knapsack sprayer (right). 

 

Data collection 

Leaf damage by FAW larvae was scored by visual observation of individual plants using the 

scoring scale from 0–9 (Davis et al., 1992) (Figure 2.2). Furthermore, the number of viable larvae, 

dead larvae and egg masses on individual plants were counted (Thumar et al., 2020). The presence 

of beneficial insects was also recorded. The data collection was carried out by randomly sampling 

20 plants from each plot using the Zig-Zag method. Pre-spray data was collected one day before 

or on the day of spraying, and post-spray data seven days after insecticide application. The plants 

from the border rows were excluded for sampling.  

 

 

 

Figure 2.2: Assessment of leaf damage by FAW larvae 
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2.1.3 Results  

Live larvae 

A one way- ANOVA indicated no significant difference on the mean number of viable larvae 

between the treatments (F 3, 4126 = 0.197, P > 0.899). Though the treatment effect was not 

significant, the lowest mean number of viable larvae was found in plots treated with cypermethrin, 

and the highest mean viable larvae was observed in control plots (Figure 2.3).  

 
Figure 2.3: Effect of different pesticides on the mean number of viable FAW larvae on maize 

 

Leaf damage 

A one way-ANOVA indicated a significant difference between the treatments (F 3, 4126 = 15.531, 

P < 0.001) (Figure 2.4). A Tukey post-hoc test indicated a lowest FAW larvae damage in neem 

treated maize plants compared to other pesticides.  

 
Figure 2.4: Effect of different pesticides on leaf damage by fall armyworm.  
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2.1.4 Discussion and Conclusion 

This study showed that the Neem oil- 1500 ppm reduced the leaf damage by the FAW larvae 

compared to other pesticides. Azadirachtin – the main ingredient of neem oil inhibits feeding, 

delay development and growth and reduce fecundity/fertility in insects (Khan Khattak et al., 2006). 

Further, azadirachtin weakens the cuticle of the larvae causing easy entry of pathogens (Dua et al., 

2009). The commonly used synthetic insecticide in Bhutan – Cypermethrin did not reduce the 

FAW damage. It is suspected that FAW strain present in Bhutan might be resistant to this 

insecticide. Globally, FAW has been reported to have developed resistance to most of old-broad 

spectrum insecticides (Gutirrez-Moreno et al., 2019; Zhu et al., 2015). As a follow up of  the results 

of this study, a second study was conducted to evaluate new generation insecticides against FAW.  
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2.2: Evaluation of botanicals and new generation pesticides against fall armyworm 

(Spodoptera frugiperda) 

 

2.2.1 Introduction 

The fall armyworm, Spodoptera frugiperda, is a lepidopteran pest that feeds in large numbers 

on the leaves, stems, and reproductive parts of more than 350 plant species (Montezano et al., 

2018). In Bhutan, this species was first detected in maize fields in the western part of the country 

in September 2019 and subsequently found infesting maize crop in southern parts of the country 

in December 2019 and April 2020 (Mahat et al., 2021).  

 

The first field trial in 2021 indicated that the insecticides available in Bhutan did not provide the 

required control in maize. The commonly used insecticide, cypermethrin failed in controlling 

FAW. Globally, FAW has been reported to have developed resistance to most of the major groups 

of pesticides (Gutirrez-Moreno et al., 2019). The FAW strain present in Bhutan might also have 

developed resistance to cypermethrin. Therefore, to study other potential management strategies 

for this pest, the Entomology program evaluated the efficacy of new generation insecticides as 

multi-location field trial in collaboration with the three ARDCs in Bajo, Samtenling and 

Wengkhar.  

 

2.2.2 Materials and methods 

Experimental sites 

The trial was conducted at four sites covering three distinct maize growing regions in the country: 

ARDC Bajo (Western Bhutan- on station), ARDC Samtenling (Southern Bhutan- on station), 

ARDSC Lingmethang (Eastern Bhutan- on station), and Dzomlingthang, Guma gewog in Punakha 

Dzongkhag (Western Bhutan- farmers field). 

 

Treatments 

Chlorantraniliprole, Emamectin benzoate, neem oil, Emamectin benzoate bait, and 

Entomopathogenic fungi (EPF) were evaluated. The concentration and dilution rate of pesticides 

are given below: 

• T1- Chlorantraniliprole 18.5% w/w SC- 3ml/10 liter of water 

• T2- Emamectin benzoate 5% SG- 2 gm /10 liter of water 

• T3- Neem oil (10,000ppm)- 5ml/liter water 

• T4- Entomopathogenic fungi (EPF)- 1 kg culture/ 10 liters of water 

• T5- Emamectin benzoate bait- 1kg corn flour with 200gm of sugar + 2gm of Emamectin 

benzoate. Apply approximately 5-10gm of the mixture inside the whorl of the plant. 

• T6- Control 

 

Chlorantraniliprole, Emamectin benzoate, Neem oil, and EPF solution were sprayed using a 

knapsack sprayer, and Emamectin benzoate bait were applied inside the maize whorl on individual 

plants manually (figure 1) fortnightly. Chlorantraniliprole, Emamectin benzoate, Neem oil, and 



35 

 

Emamectin benzoate bait were evaluated at three ARDCs and Chlorantraniliprole, Emamectin 

benzoate, Neem oil, and EPF bait at Punakha.  

 
Study design 

The trial was laid out in a randomized complete block design (RCBD) comprising of five 

treatments.  Each treatment was replicated three times. Each of the replicated plot was 16 m2. Line 

sowing of maize seeds was done to maintain uniform numbers of plants per plot. Plant to plant and 

row-to-row distance were maintained at 40 cm and 50 cm respectively (Figure 2.5). 

  
Figure 2.5: Trial lay out at ARDC Wengkhar (left) and ARDC Samtenling (right) 

 

Data collection  

Leaf damage by FAW larvae was scored by visual observation of individual plants using the 

scoring scale of 0–9 (Davis et al., 1992). Furthermore, the number of viable, dead FAW larvae and 

egg masses were counted for each plant (Thumar et al., 2020). The presence of beneficial insects 

was also recorded. The data collection was carried out by randomly sampling 15 plants from each 

plot in the Zig-Zag method. Pre-spray data were collected one day before or on the day of spraying, 

and post-spray data were collected seven days after insecticide application. The plants from the 

border rows were excluded for sampling. At physiological maturity, ten cobs were selected from 

each plot, and the weight of the cobs and shelled grains was recorded. 

  

2.2.3 Results  

The study results from Punakha and ARDC Samtenlling are discussed in this section.  

Leaf damage 

 

Dzomlingthang, Punakha trial  

A one way_ ANOVA showed a significant difference between the treatments (F4,894 =149.55, p 

<0.001). The lowest leaf damage was observed in the plot treated with Chlorantraniliprole and the 

highest leaf damage was observed in the control plots. A Tukey post-hoc test revealed no 

significant difference between plots treated with neem oil, entomopathogenic fungi and the control 

(Figure 2.6). 
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Figure 2.6: Effect of different treatments in reducing leaf damage caused by fall armyworm at Dzomlingthang 

 

ARDC Samtenlling trial  

A one way-ANOVA showed a significant difference between the treatments (F4,1570 =152.364, p< 

0.001). The lowest leaf damage was observed in plots treated with Chlorantraniliprole, followed 

by Emamectin benzoate bait. The highest damage was observed in the control plot. A post-hoc test 

showed lower leaf damage in plots treated with Chlorantraniliprole, Emamectin benzoate, 

Emamectin bait compared to neem oil and the control (Figure 2.7). 

 
Figure 2.7: Effect of each treatment on leaves damage caused by fall armyworm at Samtenling.  

 

Viable larvae 

Dzomlingthang, Punakha trial  

The mean live larvae varied significantly between the treatments (F 4,894 =29.34, p < 0.001). A 

Tukey post-hoc test showed lower viable larvae on maize plants treated with Chlorantraniliprole 
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compared to other treatments (Figure 2.8). There was no significant difference between neem oil, 

Entomopathogenic fungi, Emamectin benzoate and the control.   

 
Figure 2.8:  Effect of different treatments on the mean population of FAW larvae at Dzomlingthang  

 

Samtenling trial 

A one-way-ANOVA analysis showed a significant difference between the treatments 

(F4,1570=68.60, p < 0.001). A Tukey post-hoc test indicated that the mean larval population in plots 

treated with Chlorantraniliprole, Emamectin benzoate, and Emamectin benzoate baits differed 

significantly compared to the control. However, no significant difference was observed between 

the plots treated with neem and the control. The lowest mean number of viable larvae was observed 

in the plots treated with chlorantraniliprole. Chlorantraniliprole, Emamectin benzoate and 

Emamectin bait had significantly lower numbers of viable larvae inside the maize whorls 

compared to neem and control plots (Figure 2.9). 

 
Figure 2.9: Effect of different treatments on the mean larval number of fall armyworm in Samtenling 
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2.2.4 Discussion and Conclusion  

The first-year study data showed that Chlorantraniliprole, Emamectin benzoate, and Emamectin 

benzoate bait were effective in reducing FAW larvae damage on leaves. However, Emamectin 

benzoate treated plots in Punakha had higher FAW larval counts. This might be because the FAW 

would have fed on Emamectin benzoate, and once ingested, the anti-feeding property of the 

insecticide could have stopped the larva from feeding further. The Emamectin benzoate bait 

applied inside the maize whorls also showed high effectiveness in controlling FAW. The baiting 

approach is a highly targeted approach and can help reduce the amount of insecticide sprayed, 

which will benefit small scale maize growers. To authentic the first-year data, the study will be 

replicated in the same sites in the coming season.  
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2.3 Monitoring of fall armyworm (Spodoptera frugiperda) using sex pheromone traps  

 

2.3.1 Introduction  

The fall armyworm, Spodoptera frugiperda (J. E. Smith) (Lepidoptera: Noctuidae), releases sex 

pheromones by exposing the last abdominal segments (Cruz-Esteban et al., 2017), which triggers 

mating behavior in males (Jacobson et al., 1970). This sexual communication between male and 

female moths could be used for pest management by monitoring, mass trapping, or mating 

disruption (El-Sayed et al., 2009; Witzgall et al., 2010; Carde & Minks, 1995). Pheromone 

trapping is an efficient method to detect the presence and build-up of FAW in a particular area 

(Mitchell et al., 1985). Synthetic compounds that mimic natural FAW pheromones, often referred 

to as "lures," are placed in traps to attract and trap male moths. Early detection and through regular 

monitoring are important tools in managing insect pests of economic importance. The trap data 

can be used to provide pest management decision support for farmers.  

 

The main objective of this study was to detect the presence FAW in different agro-ecological zones 

and evaluate the effectiveness of two sex pheromone lures manufactured by Pherobank, The 

Netherlands and Pest Control India.  The traps were deployed in eight Dzongkhags in collaboration 

with ARDC Bajo, ARDC Samtenling and ARDC Wengkhar. 

 

2.3.2 Material and method 

 

Monitoring sites  

The monitoring was carried out in 24 sites in Chukha, Dagana, Mongar, Punakha, Thimphu, 

Sarpang, Paro and Wangduephodrang in maize and vegetables (Figure 2.10).  

  
Figure 2.10: Monitoring sites for FAW using pheromone traps 

  

Pheromone traps and lures 
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A Phero T-trap (funnel trap) was used for monitoring FAW buildup with the six commercials 

synthetic lures (Figure 2.11). Five lures were manufactured by Pherobank, The Netherlands, and 

one lure by Rentokil PCI, India. The compositions of lures from the Netherlands are Sf 2111, Sf 

2112, Sf 2113, Sf 2114, and Sf 2115 and Indian pheromone lures contain (Z) 9 Tetradecenyl 

Acetate (Z- 9-14 Ac), (Z) 11 Hexadecenyl Acetate (Z11 -16 Ac) and 7 Dodecenyl Acetate (Z7-12 

Ac) in ratio of 87:12:5:0:5. 

 

  
Figure 2.11: Lures used for monitoring of FAW; Sf 2111, Sf 2112, Sf 2113, Sf 2114, Sf 2115 lures from the 

Netherlands (left) and PCI lures from India (right) 

 

Trapping period 

Traps were placed approximately 1.2 m above the ground and inside the field so that the scent of 

the pheromone is carried across the top of the plants by the wind (Figure 2.12). The pheromone 

lures were replaced every month. 

   
Figure 2.12: Fall armyworm traps installed at Sarpang, Dagana, and Mongar by Regional Plant Protection Officers. 

 

Data collection and identification  

The records of adult FAW and other insects caught by six different lures were collected fortnightly 

(Figure 2.13). Traps were emptied after recording the count. Six traps were installed at each site, 
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and each trap was incorporated with a different FAW lure composition. Morphological 

identification was done at the Entomology laboratory, National Plant Protection Center. 

   

Figure 2.13: FAW data collection from Maize field at Alley, Darla (left), Dagana (Centre) and FAW moth trapped 

inside a pheromone trap in Dzomlingthang, Punakha (right) 

 

2.3.3 Results and discussion 

Distribution of FAW  

The FAW was detected from all 24 monitoring sites in eight Dzongkhags ranging from 200 masl 

in subtropical region to 2560 masl in temperate region. The FAW was detected from Drugyel and 

Ramthangkha in Paro and Yusipang and Bjimina in Thimphu which were free of FAW in the 

previous trapping year. It is likely that FAW may not survive in places such as Yusipang, due to 

the harsh winter, but the pest’s presence indicates that it could have migrated from warmer areas 

with the onset of favorable season and availability of suitable hosts.  

 

The continuous monitoring of FAW using pheromone traps was impeded by the travel restrictions 

due to by COVID-19 lockdown. Hence, the monitoring was initiated by March end, 2022 in many 

sites (initially planned by January 2022).  

 

Fall armyworm vs non-target pests 

The pheromone lures not only ensnared FAW, but it also caught large number of non-target moths.  

However, trapping of non-target species varied among the lures procured from different 

companies. The PCI lure captured many non-targets moth species i.e., for every 1 FAW adult, 

there were 22 non target moth species. The ratio between FAW and non-target moths were lowest 

in the trap with lure Sf 2112 and Sf 2113 from Netherlands, with an observed ratio of 2:1 between 

FAW and the non-target moth species (Figure 2.14).  
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Figure 2.14: Number and ratio of FAW and non-target moths trapped in lures from different companies.  

 

Effectiveness of lures 

The lure Sf 2113 caught the highest number of FAW (29.59%), followed by the lure Sf 2112 

(21.35%). The lowest percentage of FAW was observed in the trap incorporated with lure Sf 2111 

(0.30%). Overall, lure Sf 2113 is the most effective in capturing FAW, followed by lure Sf 2112 

(Figure 2.15) 

 

 
Figure 2.15: Percent capture of FAW in lures from different companies. 

 

2.3.4 Conclusion 

The FAW was detected from all the monitoring sites that could be correlated with the presence of 

its preferred host such as maize. The presence of FAW in Thimphu and Paro indicate that this 

migratory pest can fly to any location within the country with the onset of a favorable season and 

the availability of a suitable host. The sf 2113 sex pheromone lure was most effective in attracting 

male moths compared to other lures. The monitoring of FAW using sex pheromone lures will be 

continued this season in new maize growing places in three agro-ecological zones in the country 

led by the regional plant protection focal and a comprehensive report comprising distribution and 

population dynamics of FAW in the country will be produced.  
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2.4 Monitoring of plant and leaf hoppers in paddy using light traps  

 

2.4.1 Introduction  

Globally, over eight hundred insect species have been reported in rice ecosystem out of which one 

hundred species are pest while others are beneficial insects (Ane & Hussain, 2015). Plant hoppers 

belong to the cosmopolitan group of insects under infraorder Fulgomorpha and super family 

Fulgoroidea having approximately 9,000 described species in twenty families (Wilson, 2005). 

Hoppers suck sap from rice stem causing reduced chlorophyll and water content (Zhou et al., 

2013). Further, it causes hopper burn resulting in reduced yield (Backus et al., 2005).  

 

From a study conducted on migratory analysis using light traps, rice hoppers have shown to be 

long distance migratory insects (Otuka et al., 2008). India being adjacent to Bhutan has the 

potential to be the source for migratory introduction of rice hoppers into Bhutan. In Bhutan, no 

studies have been conducted on type of hopper species and their population dynamics in paddy. 

The main objective of the study was to monitor the type of hoppers species present in paddy and 

their population dynamics in Chuzergang and ARDC Samtenling. Light trapping was used in this 

study as it is one of the most effective tools in trapping such insects in considerably high numbers 

(Masarudin et al., 2019).   This study was supported by the Asian Food and Agricultural Initiative 

(AFACI) Project and coordinated by the National Plant Protection Centre (NPPC), and Agriculture 

Research and Development Centre (ARDC), Samtenling implemented the field study. 

 

2.4.2 Materials and methods 

Study sites and light trap design. 

The study was conducted at two sites: Dawathang village, Chuzergang gewog, Sarpang dzongkhag 

(N 26 51.788, E 090 31.649, 301 masl) and Agriculture Research and Development Center 

Samtenling, Sarpang dzongkhag (N 26 54.17, E 090 25.51, 372 masl). Light traps of size 40 x 40 

x 25 cm made of mild steel with a funnel length of 30 cm and a funnel base diameter of 5 cm with 

a box at the bottom for placing collection trays were installed (Figure 2.16). The length between 

the light and the roof was maintained at 20 cm and an incandescent bulb of 60 watts was used. 

 
Figure 2.16: Light trap installed at Chuzergang 
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Data collection 

The numbers of adult brown plant hopper (Nilaparvata lugens), white backed plant hopper 

(Sogatella furcifera), green leaf hopper (Nephotettix nigropictus & Nephotettix virescens) and 

zigzag plant hoppers (Recilla dorsalis) were collected, segregated (figure 2.17), and counted 

weekly. Hopper’s counting started from 24th August 2021 and continued weekly till 29th 

November, 2021, at Chuzergang and till 30th November, 2021, at ARDC Samtenling (Figure 2.17). 

The hopper data were collected for 15 weeks. The trapping and counting of hoppers were 

discontinued after paddy harvesting.  

 
Figure 2.17: Segregation of rice leaf and plant hoppers  

 

2.4.3 Results  

The population of rice leaf and planthoppers was initially low in August when the paddy was at 

the vegetative stage and gradually increased towards October when the paddy attained the 

reproductive stage. The population gradually decreased towards the grain maturity stage in project 

sites (Figure 2.18).  

  
Figure 2.18:  The population dynamics of rice leaf and planthoppers at Chuzergang and ARDC Samtenlling 
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At ARDC Samtenlling, Brown Plant Hoppers (BPH) was the most abundant hopper (51.32%), 

followed by Green Leaf Hoppers (GLH) (30.65%) and White backed planthopper (10.30%). At 

Chuzergang, GLH was the most abundant hopper (50.26%), followed by BPH (32.35%) and 

Zigzag plant hopper (11.51%) (Figure 2.19).  

 
Figure 2.19: Percent relative abundance of major hoppers at Chuzergang and ARDC Samtenlling 

 

Brown Plant Hoppers (BPH) 

The population of BPH was low and remained constant for the first few months. Then the 

population increased rapidly when the paddy reached its reproductive stage and then declined 

gradually (Figure 2.20).  

 
Figure 2.20: Population dynamics of brown plant hoppers at ARDC Samtenling and Chuzergang 

 

Green Leaf Hopper (GLH) 

The population of GLH gradually increased and reached its peak in October and then gradually 

declined. In ARDC Samtenling, the peak population was observed at the 2nd week of October. 

However, at Chuzergang, the population of GLH was the highest in the 4th week of October (Figure 

2.21).  
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Figure 2.21: Population dynamics of green leaf hoppers at ARDC Samtenling and Chuzergang 

 

2.4.4 Discussion and Conclusion 

This monitoring survey indicated that Brown plant hopper and Green leaf hoppers are the most 

abundant hoppers. The population of both the hoppers increased gradually from vegetative stage 

and reached its peak during reproductive stage (October- November). The population of hoppers 

decreased gradually towards harvest (maturity stage). Similar result was also reported by Hafizal 

& Idris (2013). The population of white backed plant hoppers and zigzag plant hoppers were 

significantly low.  The monitoring is currently ongoing in both the project sites as part of the 

AFACI project. A comprehensive report on hopper monitoring using light traps will be produced 

at the end of the project term.  
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2.5 Field evaluation of novel insecticides against Diamondback moth (DBM) as an alternative 

to broad spectrum insecticides in cole crops.  

 

2.5.1 Introduction  

The diamondback moth (DBM), Plutella xylostella (Lepidoptera: Plutellidae), is one of the 

destructive pests of cruciferous crops requiring high management costs  (Talekar & Shelton, 1993). 

The management of this pest in many countries has focused on indiscriminate use of insecticides 

that has led to elimination of natural enemies and insecticide resistance development (Sarfraz et 

al., 2005). Similarly, in Bhutan, DBM has been one of the most serious pests in cruciferous crops, 

the management of which have largely relied on the use of old, broad-spectrum insecticides such 

as cypermethrin and fenvalerate. Due to repeated and long use of these class of insecticides, there 

have been reports of frequent outbreaks of DBM and increasing reports of the ineffectiveness of 

these insecticides when used against DBM.  

 

The main objective of this study was to evaluate new groups of novel insecticides as an alternative 

to the old pesticides for sustainable management of P. xylostella. This study was therefore 

designed to investigate the efficacy of two new reduced risk insecticides and a botanical extract as 

a potential alternative to the old, broad-spectrum insecticides in Bhutan. 

 

2.5.2 Material and methods 

Study design and treatments  

The trial was laid in Randomized Complete Block Design (RCBD) comprising of five treatments 

at Bjemina, Thimphu.  Treatments were applied fortnightly. The treatments and dilution rate of 

the treatments is given below:  

I. T1- Chlorantraniliprole 18.5 % w/w SC - 3ml/10 liters of water 

II. T2 - Emamectin benzoate 5% SG - 2 gm /10 liters of water 

III. T3 - Neem oil (10,000 ppm)- 5ml/liter water 

IV. T4 - Cypermethrin 10% EC - 1ml/liter water 

V. T5 - Water (control)  

 

Data collection 

The number of DBM larvae from nine cauliflower/broccoli plants were counted and recorded 

weekly from vegetative stage till harvest. 

 

2.5.3 Result 

A One-way ANOVA indicated a significant difference between the treatments (F 4, 805 = 11.89, p 

< 0.001). Tukey’s HSD test showed a significantly lower number of DBM larvae in plots treated 

with Chlorantraniliprole and Emamectin benzoate than plots treated with Neem oil, Cypermethrin 

and water (Figure 1).  
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Figure 2.22: Effect of different treatments on the mean number of DBM larvae.  

  

2.5.4 Discussion and Conclusion 

Emamectin benzoate 5% SG and Chlorantraniliprole 18.5 SL provided the highest level of 

protection against DBM larvae infestation. Sharma et al. (2017) found that Emamectin benzoate 

and Chlorantraniliprole were moderately effective against DBM larvae. On the contrary, Teja et 

al. (2019) found that Emamectin benzoate was more toxic than Chlorantraniliprole against the 

third instar larvae of P. xylostella. Cypermethrin 10% EC and Neem oil (10,000ppm) were 

ineffective against DBM larvae. This is in accordance with farmers report of these insecticides 

being ineffective DBM larvae. It is likely that the DBM population in Bjemina has developed 

resistance to these insecticides due to frequent use. Contrary finding by  Legwaila et al. (2014) 

showed that cypermethrin offered effective control of DBM eggs and larvae.  

 

The present study indicates that Emamectin benzoate 5% SG and Chlorantraniliprole 18.5 % w/w 

SC hold promise against DBM management in Bhutan. However, it is recommended to rotate these 

insecticides to reduce resistance development by DBM. Furthermore, these insecticides can be 

alternated with other insecticides such as neem oil and employing conservation biological control 

strategies such as crop rotation, strip cropping and trap cropping.  
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2.6 Laboratory isolation and identification of an Entomopathogenic fungi for use against 

fall armyworm 

 

2.6.1 Introduction 

Entomopathogenic fungi (EPF) are microorganisms that infect and kill arthropods through cuticle 

penetration (Mantzoukas et al., 2022). The fungus absorbs fluid from the insect body followed by 

the emergence of fungal hyphae from the insect body (Litwin et al., 2020). EPF as biocontrol 

agents is a sustainable insect pest management strategy and a substitute to pesticides (Bamisile et 

al., 2021).  The FAW has been found to be infected with EFP such as Nomuraea rileyi, 

Metarhizium anisopliae and Beauveria bassiana (Cruz-Avalos et al., 2019). Garcia G et al., (2011) 

found that B.  bassiana and M.  anisopliae caused 96.6 % and 78.6% mortality, on second instar 

FAW larvae.  

 

In Bhutan, there are very few research conducted on identification and efficacy of the native strain 

of EPF for the control of important pests. A high incidence of EPF infection were observed on 

FAW larvae in Punakha (Figure 2.23). However, the identity of the EFP could not be determined. 

Therefore, the main objective of this study was to isolate and identify this native strain of EPF.  

 
Figure 2.23: Fall armyworm larvae infested with EPF 

 

2.6.2 Material and Method 

Isolation of fungi 

The EPF were isolated from the diseased FAW from maize field in Punakha. The diseased larvae 

exhibited white mycelial surface growth. The diseased larvae were collected in vials and brought 

to the laboratory. In the laboratory, the diseased larvae were cut into the small pieces with sterile 

blade and aseptically transferred to Petri dish containing Potato dextrose agar (PDA). The fungi 

were incubated at 25± 1º C to obtain pure culture (Figure 2.24).  
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Figure 2.24: Isolation and growing of EPF on PDA to obtain pure culture. 

 

Preparation of suspension spores 

Sterilized distilled water was poured into petri dish containing pure culture. Using the glass rod, 

the pure culture was mixed thoroughly with sterilized distilled water to obtain spore suspension. 

The spore suspension was sieved using three-layer sterilized cheese cloth and stored in a bottle at 

4-10ºC. Before using it, the spore solution was kept at room temperature for at least one hour.  

 

Mass culturing of Fungi. 

Cooked rice was used for the mass culturing of EPF. The rice was cooked in the ratio at 3 parts of 

rice and 2 parts of water (3:2).  250 grams of cooked rice was poured into the sterile plastic bag 

and the bags were kept at room temperature until 50ºC. The spore suspension was sprayed into the 

plastic bag containing cooked rice and was mixed thoroughly. After mixing, the plastic was tightly 

secured with rubber band and punctured small holes using sterilized pin for air ventilation. The 

bags were incubated at 28-30ºC for five to 10 days after which mycelial growth were observed on 

rice (Figure 2.25). 

 
Figure 2.25: Growing of pure culture on cooked rice for mass production  



54 

 

 

2.6.3 Result  

The EPF was preliminary identified as Nomeaurea sp. based on the morphological structures. The 

EPF samples have been sent to Thailand for molecular identification. In this coming season, EPF 

will isolated from the infected FAW larvae to evaluate efficacy against different FAW instars in 

the laboratory. 
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2.7 Other activities of the Entomology unit 

 

2.7.1 Identification and sourcing fall armyworm (FAW) tolerant maize varieties from 

International Maize and Wheat Improvement Center (CIMMYT) 

 

Three FAW tolerant maize varieties were sourced from CIMMYT in collaboration with ARDC, 

Wengkhar. The tolerate lines will be evaluated against FAW this season as a multi-location trial 

along with other released varieties in Bhutan in collaboration with the three ARDCs.  

Table 2: Details of the FAW maize tolerant lines 

Sl no. CIMMYT hybrid code Total seeds received (kg) 

1 FAWTH2001 4 

2 FAWTH2002 4 

3 FAWTH2003 4 

 

Proposal for technical release of new technology to manage FAW in Bhutan 

A proposal to release and use two new reduced risk insecticides and a baiting technique in 

managing the FAW has been submitted to the Department of Agriculture on a priority basis as the 

available PP products does not provide the required level of FAW control.  

 

Table 2.1: Proposed details of the technology to manage fall armyworm 

Technology 

Title 

Fall armyworm control using reduced risk, new generation insecticides. 

Proposing 

Institution 

NPPC Researcher/ 

Proponent 

Kiran Mahat 

Rup Narayan Subedi 

Ugyen Dema 

Tirtha Ghalley 

Brief description of the technology:  

The fall armyworm (FAW) is a serious, invasive pest not recorded in Bhutan until 2019. In 2019, 

it was first detected and has been spreading across major maize growing areas in the Bhutan. As 

reported from other countries, FAW in Bhutan has been causing serious damage in maize. 

 

Trials to test the available PP products in Bhutan yielded sub-optimal control of FAW. The 

products tested were cypermethrin, Neem and baits using cypermethrin. To find a solution for 

this pest problem, NPPC identified two new insecticides and through field trials it was observed 

that these products have the potential to control FAW. The products unlike the old, broad-

spectrum insecticides have a reduced risk profile to both humans and the environment and are 

effective when used in very small quantities. 

 

Benefits (Tick the most appropriate) 



56 

 

Problem 

solving [√  ] 

Labour 

saving [   ] 

Energy 

saving 

[   ] 

Low cost [   

] 

Environme

nt friendly [ 

√ ] 

Ease of 

use [   ] 

Low 

maintenance 

cost [   ] 

Classification of output (Tick the most appropriate) 

Adaptation from introduced 

technology [   ] 

Improvement over local (or existing) 

technology [  √ ] 

Innovation [   ] 

Control 

Check(in 

comparison 

to existing 

technology) 

 

Very effective in controlling FAW in comparison to the commonly used 

synthetic insecticide cypermethrin and the biopesticide, neem. 

Impact (Explain briefly the impacts) 

Social Impact: – Positive [ √ ]/Negative [   ] 

 

Economic Impact: – Positive [ √ ]/ Negative [   ] 

 

This will help reduce FAW damage in maize, which will help improve the overall yield in 

maize.  

 

Environmental Impact: – Positive [  ]/Negative [ √  ] 

These products are insecticides and will have some level impact on the environment.  

 

Technical specifications: (Follow international specification) 

 

 

Advisory and diagnostic services 

Inspection of lawn problem at India house Estate, Thimphu 

The National Plant Protection Centre received a request to visit India House Estate, Jungshina to 

ascertain the cause of the dry spots in lawn grass. Upon this, the Plant Protection Officer visited 

the site and observed the following issues. 

● Localized patches of pale, discolored, and dying grass displaying symptoms of moisture 

stress 

● White grub’s larvae were observed on lawn grass when dug in the area where the lawn 

grass showed typical drying symptoms  

● The white grub larvae found in the lawn were mostly 2nd and 3rd instars which indicated 

that the lawn has been infested by the grubs in recent time. 

 

Management strategies advised 

1. Ensure topsoil is free from white grub eggs or larvae. Sieve the soil and mechanically 

remove and destroy any white grub larvae, adults, and pupae. The soil then must be 

properly dried out in the sun. 

2. Hand pick and destroy any white grubs’ larvae  

3. Chemical control: 
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● Apply Fenvelerate dust @ 100 gm /100 kgs of FYM. Mix it well with the FYM or 

topsoil before it is used for lawn. 

● Spray the lawn with cypermethrin @ 1ml/ liter of water. The soil should thoroughly 

be drenched. Follow proper safety precautions while using these insecticides. 

 

2.7.2 Armyworm Outbreak in Gasa Dzongkhag 

Armyworm outbreaks were reported by Agriculture Extension Officers and farmers at Gasa. The 

team comprising of Honorable Minister (Ministry of Agriculture and Forests), Program director, 

National Plant Protection Centre and ARDC Bajo, program head from Entomology program and 

regional plant protection officer from ARDC Bajo visited the sites to ascertain the extent of 

damage. Following observations were made by the team:  

Oriental armyworm (Mythimna separata) was observed feeding on paddy fodder plants, weed 

species (Artemisia and Eagle fern) and potato plants. About 40% of the nursery plants were 

infested by this pest. 

 

Slender Burnished Brass (Thysanoplusia orichalcea) was observed feeding on potato plants at 

Gasa and Punakha (Kabisa, Wokuna and Nahi, Nabisa). A yield reduction of about 50% is 

expected in Potato at Kabisa and Nahi even after complete control of this pest. 

 

Management strategies provided  

● The spray of wood vinegar solution (500 times dilution) followed by broadcasting of rice 

husk biochar and ash  

● The spray of wood vinegar solution, cooking oil, and detergent at 1000:0.5:0.5 ratio on 

different pest-infested field bunds and nurseries as well. 

Future recommendation 

● Monitoring activities for Oriental armyworm and Silver Burnished Brass moth should 

begin by early March to detect its activity using pheromone traps. Recommend regular 

field monitoring to detect pests and diseases at the initial stages of infestation/infection to 

minimize the damage to crops. 

● Protective sprays may be recommended with appropriate pesticides based on the preference 

of Organic and Inorganic choices.  

 

Inspection of defoliation in chilli at Ramtokto  

The Entomology program received the report of chilli seedlings being infested with unknown 

insect causing defoliation.  

Following observations were made:  

● Complete defoliation of chilli seedings  

● The orchard was surrounded by wild vegetation 

● There were some apple trees in the orchard 

● The main pest causing the infestation was identified as Two-spotted apple beetle. 

o Adults feed on the green parts of the leaf. In large numbers they skeletonize leaves 

such that only the veins remain. Young trees can be totally defoliated.  On older 
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trees feeding tends to concentrate on only one or two branches and serious damage 

is rare. Beetles can occur quite suddenly and in large numbers so damage can occur 

very quickly 

● As per the information obtained from the caretaker, the beetle infests only in the morning 

hour when the sky is clear and sunny.  

 

Recommendation provided 

● Since the orchard is organic, team recommended the spray of neem oil (1000ppm) 

● Clearing of vegetation around the orchard 

● Hand picking and manual killing of beetles. 
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3. NATIONAL ORGANIC FLAGSHIP PROGRAM (NOFP) 

 

3.1 Evaluation of biopesticides and botanical extracts against major pests of cauliflower 

 

3.1.1 Introduction 

Biopesticides are derivatives of plants, microorganisms, and insects. Biopesticides are potential 

alternatives to synthetic pesticides (Lengai & Muthomi, 2018). Sources of bio-pesticides are 

readily available, easily biodegradable, exhibit various modes of action, are less expensive, and 

have low toxicity to humans and non-target organisms. Botanical pesticides are derivatives of 

plants that repel, inhibit growth, or kill pests (Hikal et al., 2017). Most plants produce chemicals 

that deter pests, often producing a mixture of compounds that repel and stop from feeding (Maia 

& Moore, 2011). Plants with pesticidal properties also possess compounds that have effects on 

plant pathogens such as bacteria, fungi, viruses as well as nematodes (Djeussi et al., 2013), (Isman, 

2017). Botanical pesticides are highly biodegradable, have varied modes of action, are less toxic 

to humans, are non-pollutant, and are readily available in the environment (Neeraj et al., 2017).  

 

The use of biopesticides and botanical extracts are a key component of Integrated Pest 

Management (IPM) together with other crop protection strategies that include host resistance or 

tolerance, good agricultural practices, use of natural enemies such as predators and parasitoids, 

microbial pesticides, and limited use of safe synthetic pesticides (Muthomi et al., 2017).   

 

Under the NOFP, the use of bio-pesticides and botanicals are being promoted as an alternative to 

synthetic pesticides to manage pests in Bhutan. However, the effectiveness of these bio inputs 

must be field validated first. This study aims to evaluate the effectiveness of a range of bio-

pesticides and botanicals against major insect pests of cauliflower such as diamondback moth 

(DBM), cabbage white butterfly (CWB), cabbage looper, and aphids which are the important pests 

of cauliflower. Aphids have been reported to cause up to 80 percent loss by leaf distortion, poor 

growth and by acting as vectors of viral diseases (Munthali, 2009). The larvae of Pieris brassicae 

eat the leaves of plants and contaminate the marketable heads of crop and have been reported to 

cause up to 24-90 percent damage (Rejesus, 2001). This activity was carried out at three 

Agriculture Research and Development Centers (ARDCs) parallelly in collaboration with NPPC 

as Nationally Coordinated Trial (NCT).  

 

3.1.2 Materials and Methods 

Study site, trial design and treatments  

The field experiment was conducted at three sites that are ARDC Samtenling, ARDC Wengkhar 

and ARDC Bajo using Snow mystic variety of cauliflower (Figure 3.1). The trial was laid out in 

Randomized Complete Block Design (RCBD) with each treatment replicated four times in plot 

size of 6.25 m2 (2.5 m X 2.5 m) and each plot consisted of 25 plants. Treatments comprised of 

Neem oil -10,000 ppm, Jholmol 2, Artemisia extract, Beauveria bassiana and control. The border 

spacing between each treatment plot was 0.50 m. 
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Figure 3.1: Trial field at ARDC Wengkhar and ARDC Samtenlling. 

 

Preparation and application of treatments 

Neem oil was diluted at the rate of 5 milliliter (ml) per liter water and Beauveria bassiana at 0.5 

ml per liter water. Jholmol 2 was prepared by mixing 24.5 liters cow urine with same volume of 

water and one-liter effective microorganism (EM). Artemisia extract was prepared by mixing 

chopped artemisia with equal amount of water and cow urine and one liter EM (Figure 3.2). Both 

treatments (Jholmol 2 and Artemisia extract) were fermented in plastic barrel for one month The 

final solutions of both the products were diluted at the rate of one liter in 5 liters water. The first 

application of treatment was done at 20 days after transplanting and followed scheduled spray at 

every 15 days interval. The treatments were applied until the plant became completely wet and run 

off the plant leaves (Figure 3.3). 

  
Figure 3.2: Preparation of Jholmol 2 and  

Artemisia extract at ARDC Samtenlling 
Figure 3.3: Application of Treatments at ARDC Bajo trial 

field.  

 

Data collection 

The leaves were thoroughly examined for presence of diamond back moth, cabbage white 

butterfly, cabbage looper and aphids from nine plants from each experimental plot.  Data was 

collected at two broad timings: pre- treatment and post- treatment. Pre- treatment data was 

collected at 24 hours before application of treatment while post- treatment data was collected at 

six days after application of treatments (Figure 3.4).  
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Figure 3.4: Data Collection at ARDC Wengkhar (left) and ARDC Samtenling (right)  

 

3.1.3 Results  

Major pests of cauliflower  

Aphids were the most abundant insect pest infesting cauliflower that accounted for 95% and 99.5% 

of total insect pests observed in ARDC Samtenling and ARDC Wengkhar respectively (Figure 3. 

5). 

  
Figure 3.5: Percent population of insect pest on cauliflower in ARDC Samtenling (left) and ARDC Wengkhar (right). 

 

Effect of treatments on aphids’ population  

The effect of treatments on aphids’ population was significant at ARDC Samtenling (p <0.001). A 

Tukey post-hoc comparison showed a significantly lower number of aphids in plots treated with 

biopesticides and botanicals compared to control (Figure 3.6). However, there was no significant 

different between biopesticides and botanicals. At ARDC Wengkhar, there was no significant 

difference between the treatments (p=0.550).  
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Figure 3.6: The mean population of aphids in different treatments at ARDC Wengkhar (left) and ARDC Samtenlling (right).  

 

3.1.4 Discussion and Conclusion 

This study showed that biopesticides and botanicals are effective against aphids compared to no 

control measures though results varied with the locations. This variation might be due to abiotic 

factors such as temperature, soil type, pH, etc. As a follow up for this activity, laboratory bioassay 

to evaluate the efficacy of biopesticides and botanicals against aphids will be conducted.  
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3.2 Procurement and supply of biopesticides to research station and Organic farmers 

group. 

The use of bio pesticides and botanicals are being promoted as an alternative to synthetic pesticides 

to manage pests in the crops under the NOFP. However, the awareness among the farmers on 

biopesticides use is low and many farmers are unaware about the availability of safe and 

environmentally friendly biopesticides. Moreover, with incessant use of chemical pesticides in 

agriculture, there is increased risk of health hazard, environmental issues, reduced food quality 

and development of resistance in weeds. Traditionally, farmers in Bhutan had relied heavily on 

farm labor exchange and manual hand-weeding for weed management, but the increasing shortage 

and wage rate of farm labor has necessitated farmers to resort to chemical weed management. 

However, the use and promotion of chemical herbicides contradicts with the national organic 

agriculture policy of the country. The research on non-chemical means of weed control has become 

very essential for integrated weed management to achieve the national organic agriculture goals 

and objectives. Hence, the Weed Management Program (WMP) has explored the Bio-weedicides 

from the neighboring country (India). The Niramoy Natural Weedicide (Figure 3.7) has been 

imported from India with the funding support from National Organic Flagship Program (NOFP) 

for evaluation of its effectiveness in controlling the agricultural weeds in our country. The NPPC 

procured neem oil (240 Litres) (Figure 3.8) and Niramoy Natural Weedicide (200 Litres) to 

research program, organic farmers group and model organic village.   

  

Figure 3.7: Niramoy Natural Weedicides Figure 3.8:  Neem oil 1500%PPM 

 

3.3 Construction of biocontrol laboratory. 

The Bio-control laboratory (Figure 3.9) is under construction and is expected to be completed by 

December 2022. Upon the completion, the laboratory will house the laboratory for the three 

programs (Entomology, Pathology and Weeds program) to execute following activities:  

• Undertake research activities pertaining to Integrated Pest Management principles  
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• Conduct laboratory bioassays and bio-efficacy trials of biocontrol agents. These biocontrol 

agents must undergo pre-release and post-release impact assessment and evaluation.  

• House the production facilities where endemic and/or exotic biocontrol agents will be 

identified, reared and mass cultured.  

• Develop and disseminate effective mass production and propagation technology of bio-

control agents.  

• Standardize and develop storage techniques and field release methods. 

• Train and transfer the technology on biocontrol techniques to relevant clientele. 

   

Figure 3.9:  Construction of Biocontrol Laboratory 
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4. WEEDS PROGRAM 

   

4.1 Evaluation on Efficacy of Bio-weedicide (Niramoy Natural Weedicide) in managing 

agricultural weeds 

 

4.1.1 Introduction 

Weeds are the unwanted and prolific plants growing along with cultivated crops. Unlike other 

pests, weeds are always present in the field. Their presence in cultivated fields may either have 

direct or indirect impact on the productivity of the standing crops through competition for 

nutrients, water, sunlight and space. Some weeds also serve as the alternate hosts for plant diseases 

and insect pests, besides adding cost and reducing the quality and value of produce. Since the 

detrimental effects of weeds on crops in the form of competition for nutrients, water, sunlight and 

space are not visible or evident to most farmers, they do not see the urgent need to manage them. 

Unlike other pests, many weed species are usually present within an area which essentially provide 

an opportunity for another weed to immediately replace the one controlled (Bailey 2014). As such, 

weeds account for the maximum yield loss in crops among all other pests (i.e., pathogens, 

nematodes, and insects). 

 

Traditionally, farmers in Bhutan have relied heavily on farm labour exchange and manual hand-

weeding for weed management, but the increasing shortage and wage rate of farm labour has 

necessitated farmers to resort to chemical weed management methods. However, the use and 

promotion of chemical herbicides contradicts with the national organic agriculture policy of the 

country. The research on non-chemical means of weed control has become very essential for 

integrated weed management to achieve the national organic agriculture goals and objectives. 

Hence, the Weed Management Program (WMP) explored the Bio-weedicides from the 

neighboring country (India) since we do not have capacity to produce the bio-weedicides in our 

country. The Niramoy Natural Weedicides has been imported from India with the funding support 

from National Organic Flagship Program (NOFP) for evaluation of its effectiveness in controlling 

the agricultural weeds in our country.  

 

The Niramoy Natural Weedicide is a plant-based ready-to-use bio-weedicide developed by 

Barnalee Bio Agrotek, located at Nagaon, Assam, India. The active ingredients in the Niramoy 

Natural Weedicides are derived from indigenous cow urine (70%), Crepe-ginger (6%), Nettle leaf 

(6%), Elegan tape vine (6%), Prickly iveys (6%). 

 

4.1.2 Materials and methods 

 

Study site 

Given the diverse agro-ecological zones and climatic conditions in Bhutan, research trials were 

established in four sites. Two experimental trials were established in ARDC Bajo sub-centre, 
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Menchuna, Tsirang. One trial was condcuted in Sakeyna, under Mewang gewog, Thimphu 

Dzongkhag and another was conducted in NPPC green-house (on-station).  

 

Greenhouse experiment 

The greenhouse experiment was conducted at the National Plant Protection Centre, Semtokha from 

March to May (spring). The experiment was set up from 25th March, 2022. The soil in all the 

chambers was made soft, moisturized and leveled to initiate/allow the growth of diverse weeds. 

All chambers were watered once in two weeks with 3 liters in each treatment and stopped watering 

one week before the treatment.   

  

Figure 4.1: Preparation of trial in greenhouse Figure 4.2: Established greenhouse trial  

 

Experimental design and Treatments  

A single factor Randomized Complete Block Design (RCBD) was used to set up the experimental 

trials for both on-station and field trials. The experiment was conducted with four treatments 

including one control and replicated three times. For the greenhouse experiment, the chambers 

used for each treatment measured 2.10 m × 0.95 m.   

         C_co11      C_co12      C_co13      C_co14     

           +-----------+-----------+-----------+-----------+ 

C_row1     |       11  |       12  |      13   |       14  | 

           |T2         |T3         |T1      |T4        | 

           +-----------+-----------+-----------+-----------+ 

C_row2     |       21  |      22   |      23   |      24   | 

           |T3         |T1         |T2         |T4         | 

           +-----------+-----------+-----------+-----------+ 

C_row3     |       31  |      32   |      33   |      34   | 

        |T1        |T2         |T3         |T4         | 

        +-----------+-----------+-----------+----------+ 

Figure 4.3: Layout of experimental design of Niramoy trail in greenhouse 

 

Number of Chamber Column = 4     Number of rows = 3 

The treatments are set based on the application dosage of Niramoy as follows: 
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Treatment 1 (T1): Spray Niramoy with 5 ml/liter of water  

Treatment 2 (T2): Spray Niramoy with 7 ml/liter of water 

Treatment 3 (T3): Spray Niramoy with 10 ml/liter of water (company recommended rate)  

Treatment 4 (T4): Control (no spray) 

 

Bio-weedicide application (treatment) in greenhouse 

The application of Niramoy was done one month (5th may, 2022) after the establishment of the 

experiment. During the application most of the weeds were in 4-6 leaf stages. The uniform 

measuring equipment (1 liter bottle) and same spraying equipment was used for all the treatments. 

  

Figure 4.4: Application Niramoy Natural weedicide in greenhouse experiment  

 

  

  

Figure 4.5: Data recording from greenhouse experiment 

 

Field Experiment 

The field experiment was conducted in the research field of ARDC Sub-center, Menchuna, Tsirang 

and farmers field at Sakeyna, Mewang gewog, Thimphu. The experiment was initiated in the 

month of May since the majority of weeds grow in late spring and early summer. The experiment 

in both the sites were established in heavily weed infested fields.  
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Figure 4.6: Trial set up in the field (Tsirang) Figure 4.7: Established trial in open field 

 

Experimental design and Treatments  

The same design and treatments were used in all the experiments; A single factor Randomized 

Complete Block Design (RCBD) is used to set up the experimental trials. The experiment was 

conducted with four treatments including one control and replicated three times. The plot size of 

2 m × 2 m was maintained for each treatment for the field experiment.  

 

Bio-weedicide application (treatment) in field experiment 

Since the experiment was established in a weed infested field; the Niramoy was sprayed/treated 

one day after the establishment of experiments. During the application most of the weeds were in 

5-6 leaf stages (vegetative and flowering stage). The uniform measuring equipment (½ and 1 liter 

bottle) and same spraying equipment was used for all the treatments. 

  

Figure 4.8: Preparation of solution  Figure 4.9: Application of Niramoy in field trial 

 

Data Collection  

The weed data was collected one day before the treatment; each weed species was recorded along 

with their densities in percentage from all the chambers. The observational data on plant injury 

was recorded in 1-5 scale; 1=No effect; 2=Light symptoms (minor chlorosis); 3=Medium 

(moderate chlorosis/leaf curling); 4=Heavy damage (severe chlorosis/dead leaves); 5= Complete 
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killed (plant dead). The weed injury observation data was collected three times (5, 10, 15 days 

after the spray) during the entire experiment period. 

 

4.1.3 Preliminary Result and Discussion (Observation) 

The observational plant injury data shows that the Treatment three (10 ml/liter of water) is slightly 

more effective than the T1 (5 ml/liter of water) and T2 (7 ml/liter of water) for both greenhouse 

and open field. It was observed that the weeds in T1 and T2 showed light symptoms (yellowing of 

leaves) from the 5th day after the spray. Whereas the weeds in T3 showed moderate effect of 

Niramoy (leaf curling and chlorosis) on the 5th day after the application of Niramoy. In the 

greenhouse experiment all the weed species in T1, T2 and T3 were observed with heavy damage 

(dead leaves, wilting and drying of stems) on 10th day after the spray and subsequently 15 days 

after the spray all the weeds in treated (T1, T2 & T3) was completely dead except the Rumex 

which was not killed completely although its leaves and stems were affected. The weeds in T4 (No 

treatment) were observed healthy without any symptoms of dying even on the 15th day.  

 

In the field experiment the light symptoms (yellowing of leaves) was observed on the 3rd day after 

the spray on all weed species in all three treatments (T1, T2 & T3).  Five days after the spray the 

weeds in T3 (10 ml/Lt.of water) were observed with moderate symptoms of dying (leaves curling 

and turning brownish) whereas the weeds in T1 and T2 remained unchanged on 5th day but on the 

10th day, weeds of all three treated treatments (T1, T2 & T3) were in same stage of dying (leaves 

curling and turning brownish) while the weed species in T4 (No treatment) were healthy. 

 
Figure 4.10: Effectiveness of different dosage of Niramoy in controlling weeds at different intervals.  
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Figure 4.11: Comparison of effect of four Niramoy dosages in 10 days after application. 

 

4.1.4 Conclusion 

The Niramoy Natural Weedicide is a plant-based ready-to-use bio-weedicide derived from 

indigenous cow urine, Crepe-ginger, Nettle leaf, Elegan tape vine and Prickly iveys developed by 

Barnalee Bio Agrotek, located at Nagaon, Assam, India.  

The observational trial on effectiveness of Bio-weedicides (Niramoy Natural Weedicide) against 

agricultural weeds was conducted in NPPC greenhouse (controlled environment) and ARDC sub-

center, Menchuna, Tsirang and farmers field at Sakeyna, Mewang gewog, Thimphu (open 

environment) from March to May, 2022. The experimental design and treatments were the uniform 

for all the sites consisting of three replications and four treatments (T1= 5 ml/liter of water); (T2= 

7 ml/liter of water); (T3= 10 ml/liter of water); (T4= Control (no spray)).  

 

The Niramoy natural weedicide has shown some positive results in controlling the annual weeds 

and it is effective to the delicate weeds (Galinsoga quadriradiata, Galinsoga parviflora, Oxalis 

corniculata) at the minimal dosage of 5ml per liter of water. The observational preliminary results 
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showed that the grassy and strong weeds (Imperata cylindrica, Paspalum distinchum, Rumex 

nepalensis) are moderately effective at the dosage of 10 ml per liter of water.  

 

From the observational preliminary results of two experiments; the field experiment (open 

environment) and the greenhouse experiment (controlled environment) it was observed that there 

was a positive effect of Niramoy on all weed types (grass, sedges, broadleaf). It was also observed 

that the weeds in the greenhouse were completely killed with the minimal dosage (5ml/lt. of water) 

and the weeds in field experiments were not killed completely even when sprayed at company’s 

recommended dosage (T3:10 ml/Lt. of water). The reasons might be that the weeds in the 

greenhouse were mostly delicate annual weeds and the weed species in field experiments were 

mostly strong perennial grassy weeds. 

 

Since the observational trial is still on-going in the field we cannot prove or justify the full result 

and outcome of the product yet. Therefore, future experiments will be conducted at more sites 

targeting specific weed species to understand and have a scientific report on its efficacy. 

  

4.1.5 Reference 

FAO, Food and Agriculture Organisation (2006). Guidelines on efficacy evaluation for the 

registration of plant protection products. Rome, Italy: Food and Agriculture Organisation. 

 

EPPO, European and Mediterranean Plant Protection Organisation (2021).  Minimum effective 

dose. Standard PP 1/225(1). Bull. OEPP/EPPO, 42(3), 403-404.  
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4.2 Dryland Weed inventory 

 

4.2.1 Introduction 

Weeds are undesirable or unwanted plants in a given situation. They may be harmful and 

economically detrimental to the interest of a person, community, or population (for example a 

weed of agricultural crops). Weeds cause serious threats, not only to crop production but also to 

the biodiversity by displacing native species and negatively impacting ecological services. Weeds 

compete with crops and plants for nutrient, water, sunlight, and space resulting in reduction of 

crop yield and loss of flora and fauna diversity. Therefore, correct identification of weeds and 

gathering information on weeds is critical in designing weed management strategies and control 

measures. 

 

Bhutan is predominantly an agrarian society, but closely associated with the natural environment. 

The dependence of people on natural resources for sustainable agricultural production is higher 

than the conventional agricultural production system. The rich biodiversity provides timber, fuel, 

food and manures, besides providing habitats for a myriad of microorganisms, insects, birds and 

animals which are essential for a healthy environment. However, weeds and exotic plants are 

increasingly becoming detrimental to crop production, native plant diversity and the environment.  

 

Gathering of weed information on its distribution, presence and density of infestations by 

conducting the weed inventory is critical for weed management plan. Trying to manage weeds 

without such information may result in wastage time and money, or even failure in weed 

management. Therefore, the Weed Management Program of the center conducted several surveys 

and inventories to gather and document the information on weeds found in our country and also to 

update on the weed database and Weeds of Bhutan book published in 1993. The Weeds of Bhutan 

Book will be used as the reference book by the agriculture personnel, environmentalists, 

landowners, and farmers to correctly identify the important weeds of agricultural crops and 

invasive plant species in the country. It can also help and encourage to develop appropriate 

management plans.   

 

Objective 

1. To Inventorize the agricultural weeds and invasive plants 

2. To update the information on weeds database and update Weeds of Bhutan Book 

 

Survey sites and Period  

The weed survey was conducted in six districts (Bumthang, Chhukha, Gasa, Thimphu, Tsirang 

and Wangduephodrang) covering Choekhor, Chumey, Tang and Ura in Bumthang; Darla, 

Bjabchog and Chhapcha gewog from Chhukha; Khatoed and Khamaed gewog in Gasa; Chang, 

Kawang, Mewang and Geney gewog under Thimphu; Kilkorthang, Mendrelgang and Goserling 

gewog in Tsirang and Phobjikha, Gangtey, Saephoog, Dangchug, Bjena and Rubesa under 

Wangduephodrang district.  
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Figure 4.12: Districts and Gewogs surveyed for dry land weeds 

 

The survey was conducted in 2021 from July to October and from in 2022 from April to May, 

since the agricultural weeds were mostly grown and available in the fields from spring till late 

autumn. Surveying in these periods helps us in gathering required information of weeds and it also 

enables the surveyor to easily identify the weeds as the whole parts of plants can be captured (Mark 

Schonbeck, 2020). The agricultural weeds generally emerge from early spring as soon as the soil 

temperature warms and flowers in summer and Autumn season.  

  

4.2.2 Materials and Methods 

The sampling was done randomly by visiting the fields that in particular sites, gewogs and 

dzongkhags. During the survey the surveyor team used the template (data recording format) to 

record all the weeds that are grown in the sampled location and the team visited various sites from 

each district to get the diversity of weeds from different locations. The team recorded the geo-

coordinates of the exact location of the sampled sites using Global Positioning System (GPS), date 

and time of survey, location name, types of land (ecology/habitat), crops grown, the density of 

weeds and the growth stage of particular weeds during survey.  The unknown weed samples were 

collected and pressed in the herbarium board for taxonomic studies. The picture of all parts of 

weeds were also captured for identification and pictorial documentation. The weeds of dryland 

were surveyed in fields of maize, potato, chili, wheat, Cole crop, beans, buckwheat, and apple 

orchard. 
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Observations 

During the survey, different species of weeds were belonging to 41 Botanical families (the highest 

number of species was recorded from the Asteraceae family with 34 weed species followed by 

Cyperaceae with 8 species; 7 species in Lamiaceae and 6 species in Amaranthaceae and 

Brassicaceae family) were recorded. During the survey it was observed that the weeds of dryland 

were common in almost all the survey site (maize, potatoes, chillies and vegetables). The weed 

Galinsoga quadriradiata, commonly known as shaggy soldier, was observed in high density in 

potatoes, maize, chillies and vegetables; it was observed in almost all sites. The Spergula arvensis 

followed by Galium aparine and Persicaria spp. (P. nepalense and P.runcinata)  were the 

dominant weeds of potatoes in Phobjikha, Saephoog, Dangchu and Gangtey gewog.  

 

 

Figure 4.13: Graphical representation of Weed species number in different botanical family 

During the survey in six dzongkhags it was observed that the majority of the weeds in dryland 

were the existing weeds that are already listed in the weeds of Bhutan but the team also recorded 

more than 15 new weed species that were not recorded in the previous version of Weeds of Bhutan. 

Some of the identified new records are Erigeron annuus, Veronica persica, Artemisia campestris, 

Elsholtzia strobilifera, Vicia villosa, Cuphea carthagenensis, Swertia bimaculata, Erigeron 

karvinskianus, Cyperus flavescens and Anaphalis margaritacea, Sagina japonica, Dysphania 

pumilio, Plantago lanceolata and Lamium amplexicaule.   

 

The potato growers of Dangchu, Phobjikha, Gangtey, Bjena and Saephoog gewogs use weedicides 

(Metribuzin and Glyphosate) to manage weeds in their potato fields. They usually apply 

metribuzin (selective weedicide) two months after planting the potatoes when the weeds are in 

vegetative stages and the glyphosates are sprayed 10-15 days before harvesting to destroy the ariel 

vegetative parts.   
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4.2.3 Conclusion 

The Dryland weed survey was conducted in six dzongkhags covering 23 gewogs with and 

objective to inventorize the weeds in the dryland crop (maize, potato, chilli, vegetables, cardamom, 

wheat, buckwheat and fruits orchard) and to update the agricultural weeds information which will 

help the Weed Management Program of the centre to prepare and develop effective weed 

management strategies. From the preliminary report of the survey, it was found that the Asteraceae 

family has the highest records of weed species. The dominant and major weed in potatoes is 

Spergula arvensis, Galium aparine and Persicaria runcinata. To have good inventory data and 

documentation the survey should be carried out in all the dzongkhags.  

 

4.2.4 Reference  

 

Gerowitt, B., & Hanzlik, K. (February 2016). Methods to conduct and analyze weed surveys in      

arable farming. Scientific reports in Springer link.  Available online at: 

https://link.springer.com/article/10.1007/s13593-015-0345-7#citeas 

Schonbeck Mark, eOrganic (January 23, 2020). Weed Identification Tools and Techniques.      

Available online at: https://eorganic.org/node/2732 

Stanfield, C. (September, 2016). Why weed surveys matter; Regular inventories across the 

Prairies provide a valuable indication of emerging problems. CountryGuide, Glacier 

farm media. Available online at: https://www.country-guide.ca/crops/why-weed-

surveysatter/#:~:text=Weed%20populations%20change%20gradually%2C%20so,weed

%20composition%2C%20density%20and%20distribution 
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5. VERTEBRATE PEST MANAGEMENT PROGRAM  

 

5.1:  Establishment of Portable Electric Fencing 

The Vertebrate Pest Management Program (VPMP) in collaboration with the Gasa Dzongkhag 

Agriculture Sector, Khamoed Gewog Administration and Jigme Dorji National Park piloted large 

scale (4.5 km) portable electric fence at Damji chiwog, Khamoed gewog, Gasa. The large-scale 

pilot study trial was established with the following objectives: 

1.  To study the appropriateness (design) and feasibility of installing portable electric fence.  

2. To evaluate the shelf life of poly wires and Mild Steel (MS) flat posts and ring insulators. 

 

The portable EF is an upgraded version of fabricated EF with improved features such as UV 

protected poly wire instead of GI wires; mild steel flats poles instead of wooden poles and ring 

insulator in place of HDPE pipe and nails. The portable EF has the following advantages (i) 

reduced labour and time required for establishing the fence; (ii) longer shelf life of MS flats poles 

(25+ years) compared to 2 years for wooden poles; (iii) longer shelf life (5 years) and UV and rust 

resistance poly wire and (iv) ring insulator in place of HDPE pile and nails. 

 

Other additional feature of the portable EF (PEF) is it is gender friendly (even female can establish 

it) and each MS flat poles weight 1.5 kg, saving more than 90 trees per km. The main advantage 

of portable EF is its portability, and it can also be used for protecting livestock from predators. 

 

The PEF will benefit 55 households of Damji, Jabisa and Zomina Chiwogs (Figure 1). The PEF 

will protect 77 acres of paddy crops from wild pig, deer, sambar deer and domestic animals. The 

PEF is expected to minimize crop loss and motivate farmers to increase the area under crop 

production. Byelaws/agreement with the beneficiary farmers were developed to ensure 

accountability in managing and maintaining the electric fence. And the fence was established at a 

cost sharing basis of 90:10 percent between the project and the beneficiary.  

 

The NPPC in collaboration with Gasa Dzongkhag Agriculture Sector and JDNP will monitor the 

portable EF sites. This is an ongoing activity and will be continued for the next five years (2022-

2026).   
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Figure 5.1. Portable electric fence installed at Damji, Khamoed gewog, Gasa 

 

5.2 Bioacoustics/Ultrasonic repellent trial against primates  

The recent study titled “National Impact Assessment Report on Electric Fencing 2021” found that 

primates such as monkey is one of the top three wild animals responsible for causing maximum 

damage to agriculture crops in Bhutan. The current electric fence (EF) was found not to be 

effective against primates, birds and rodents. In order to support farmers in preventing crop losses 

to economically important vertebrate pests like monkeys and rodents, the Vertebrate Pest 

Management Program explored for alternative technology that would be effective against such 

pests.  After an intensive online research and literature reviews, the VPMP found bio-

acoustic/ultrasonic as one such promising technologies. The technology is said to produce 

multiplex modulated sweeping sounds in different kilohertz that would repeal the target pests 

(monkey and rodents). The sound produced is also said to be in the range that is harmless to 

humans and most household pests.  

 

Since it is our department’s requirement that any technology proposed for release be subjected to 

rigorous test under our context before releasing it to the public, efficacy trials were established at 

Tshopangkha and Selekha villages, Damji chiwog, Khamoed gewog, under Gasa Dzongkhag; 

Sekeyna, Mewang gewog under Thimphu Dzongkhag and Wokuna, Kabjisa, under Punakha 

Dzongkhag (Figure 5.1). The sites were selected through community consultation mainly to 

include sites with previous incidence to conflict with primates (Hanuman langur (Semnopithecus 

entellus) and Assamese macaque (Macaca assamensis). 

 

As per the farmers interview, the primates were mainly said to visit the paddy fields during the 

milking stage (August – September). The technology for now has been established and is being 

field evaluated in the above sites.  
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Figure 5.2: Bioacoustics/Ultrasonic repellent at Tshopangkha (left) and Selekha (right) 

  
Figure 5.3: Bioacoustics/Ultrasonic repellent at Sekeyna, Thimphu (left) and Wokuna, Punakha (right) 

 

6.3 National Electric Fence Data Management  

The Department of Agriculture is required to maintain the electric fencing data as part of the 

Annual Performance Agreement. For this, the Vertebrate Pest Management Program collects the 

annual data on electric fencing installed in different dzongkhags. Additional information such as 

the number of beneficiaries and the type of land category (i.e., dry land and wet land) fenced were 

collected. In the 2021-2022 financial year, a total of 288.8 km electric fence was installed in the 

country. This will protect 1593 acres of agricultural fields from wild animals (annexure 1). 
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6.4 Efficacy of Different Earth Electrodes  

An electric fence is comprised of three components: the energizer, the electric fence line itself, and 

the earthing system. By linking these three components together, a circuit is formed along which 

electrons can flow. Electrons can now flow from the positive terminal of the energizer, along the 

fence line, through the animal/human touching the fence, then back through the ground. Electric 

fences are designed so the animal will complete the electrical circuit upon touching the fence wire. 

This forms the closed circuit required for electrons to flow. For simplicity, the standard electric 

fence uses the earth as the “return” leg of the circuit. This is only effective if the conductivity is 

good, as in moist soil. 

 

In an electric fence, earth electrode is an important competent that determines the quality and 

effectiveness of the technology. The current voltage that an animal would receive depends on 

strength of an earth return electrode. The minimum pulse voltage shock that an animals require to 

receive is 3 kv. In Bhutan earth return electrode is one main factor that cause failure of the 

technology in the rocky and hilly ground which is high in resistance and cause poor earth return.  

The current system of eathing uses different types of earth electrode materials (GI, Copper and 

earth slab). Different electrodes have different resistivity affecting the output voltage as well as 

shelf-life. Electrode resistivity is also affected by soil type which varies across different agro-

ecological zones of the country. The recent study of National Impact Assessment of Electric Fence, 

2021 observed poor earth electrode system as one factor causing failure of EF. Therefore, a study 

to standardize the earth electrode system for EF is being carried out. The study will look into the 

earth resistivity of different earth electrodes and the effective shelf-life of different earthing 

electrodes according to different agro-ecological zones. The efficacy trial has been set up at 

Sekeyna, Mewang Gewog under Thimphu Dzongkhag and Damji, Khamoed gewog under Gasa 

Dzongkhag. The data of earth resistivity and subsequent voltage output in the fence is being 

currently undertaken (Figure 5.4 and 5.5).  

  
Figure 5.4: Setting up different earth electrode trial 
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Figure 5.5: GEE slab electrode set up (left) and conventional salt, charcoal and plate earth electrodes (right) 

 

 

 

 
Figure5.6: Means of different earth electrodes resistance (Ω) 
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Figure 5.7: Means of fence voltage output (kv) 

 

Figure 5.6 shows that the earth resistivity of GI rod and GI plate is low in both the sites, while the 

GEE slabs had the highest resistivity in both the sites. Similarly, in terms of fence output voltage 

(Figure 5.7), the GEE slab had the lowest mean voltage (8.5 KV) while the rest of the treatments 

had the same output voltage (8.6 KV). The result shows that currently GEE slab is inferior to the 

conventional earth electrodes in terms of both fence voltage output and earth resistivity. The data 

of earth resistance and fence voltage output will be collected for a minimum of 3 years after which 

the best type of earth electrodes can be recommended.  
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6. SURVEILLANCE PROGRAM 

 

6.1 Observation trial to evaluate the tolerance level between an improved and a local wheat 

variety against the yellow rust disease at Susuna, Nagya, Paro 

 

6.1.1 Introduction  

Rust disease of wheat is one of the most important limiting factors of wheat production around the 

globe (Singh et al., 2004). The rust fungi belong to the class Basidiomycetes and order Pucciniales 

(Agrios, 2005). There are three different types rust diseases: Stem rust or black rust caused by 

Puccinia graminis Pers., stripe rust or yellow rust caused by Puccinia striiformis Westend., and 

leaf rust or brown rust caused by Puccinia triticina Eriks.  The three species of rust pathogens in 

wheat cause the most destructive diseases affecting cereals (Kolmer, 2005). The yield loss is 

usually high when the disease becomes severe before grain formation. Disease severity, however, 

depends on the resistance level of the cultivar grown, environmental conditions and the time of 

onset of the disease (Afzal et al., 2008). 

 

Om et al. (2012) reported stripe rust and leaf rust in Paro, Wangdue, Punakha, Haa. The first 

epidemic of stripe rust was recorded 1985 and 1986, which have caused losses of more than 50% 

of wheat production in Punakha-Wangdi valley (Tshewang, 2014). Since 2012, the National Plant 

Protection Centre (NPPC) continued wheat rust surveillance activity as an annual program to 

monitor outbreaks of wheat rusts and occurrence of new strains. The activity is also in line with 

the global wheat rust monitoring system.  

 

Past surveys showed Susuna village under Naja Gewog in Paro Dzongkhag as one of the hotspots 

for both brown and yellow rusts. It was also observed that farmers in this area cultivate the same 

variety locally known as Gumnam which is observed to be very susceptible.  

 

The Bumthang Kaa Drukchu, released in Bhutan in 2012, is a high yielding variety and tolerant to 

yellow rust. This trial was conducted to observe the differences between Bumthang Kaa-Drukchu 

and Gumnam in their reactions to yellow and brown rusts in order to look for a variety replacement 

in the area.  

 

6.1.2 Materials and Methods 

The trial was conducted in a farmer’s field at Susuna, Naja gewog under Paro Dzongkhag. Seeds 

of Bumthang Kaa-Drukchu was obtained from ARDC-Bajo and Gumnam as obtained from a 

farmer in Susuna, Naja, Paro. The trial consisted of four plots (Figure 6.1). Bumthang Kaa-

Drukchu was sown in two plots and Gumnam in the other two plots. Seeds were sown by 

broadcasting technique (Figure 6.2).  
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Figure 6.1: Seeds of Bumthang-Kaa-Drukchu and 

Gumnam variety 
                Figure 6.2: Broadcasting seeds 

 

Data collection and analysis 

Disease incidence and severity were recorded weekly starting at seedling stage. Disease severity 

was determined by using the modified Cobb’s scale (Roelfs et al., 1992). Disease scores were 

interpreted based on the descriptions and the reaction type of each score (Table 6.1 and Table 6.2), 

developed by Research Institute for Plant Protection (IPO) and International Maize and Wheat 

Improvement Center (CIMMYT). 

 

Table 6.1: Field response to Rust developed by IPO and CIMMYT 

Descriptions  Reaction type (field response) 

No visible infections on plant  No reaction (O) 

Visible chlorosis or necrosis, no uredia are present (Few 

minute lesions on leaves) 
Resistant (R) 

Small uredia are present and surrounded by either chlorotic 

or necrotic areas 
Moderately resistant (MR) 

Variable sized uredia are present, some with chlorosis, 

necrosis or both 
Intermediate (M) 

Medium sized uredia are present and possibly surrounded 

by chlorotic areas. (typical lesions surrounded by distinct 

chlorotic halos covering) 

Moderately susceptible (MS) 

Large uredia are present, generally with little or no chlorosis 

and no necrosis 
Susceptible (S) 
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Table 6.2: Pictorial guide to rust scoring 

Disease Severity Field response 

Yellow Rust 

(YR) 

  

Leaf Rust (LR) 

  

 

6.1.3 Results 

Observation of wheat rust 

Both yellow and brown rust were recorded on both varieties. Yellow rust first occurred about 150 

days after sowing (DAS) when the crops were at tillering stage. Yellow rust first appeared on the 

local variety around 150 days after sowing (DAS) when the crop was at tillering stage. Only a few 

pustules were observed at that time. Only a few pustules were observed at that time.  

 

Yellow rust incidence and field response  

For Gumnam, disease incidence was low during the early stages of the crop and progressed to 

moderately high as the crop matured. Maximum incidence and severity were recorded when the 

plant was at its heading and flowering stage. The field response (reaction type) of the local variety 

(Gumnam) to disease was moderately susceptible to susceptible. 

On Bumthang-Kaa-Drukchu, yellow rust infection was low compared to the local variety. Disease 

severity was low to moderate with a reaction type of moderately resistant. The disease infection 

declined when the crop was at their late flowering stages.  
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Figure 6.3: Yellow Rust on flag leaves of 

local variety  

 
Figure 6.4: Yellow Rust on spike of local wheat 

 

Leaf rust incidences and field response 

Overall leaf rust incidence was moderately low on both the varieties. However, infection level on 

plant varied with variety. On Gumnam, leaf rust incidence and severity were moderately high and 

high, respectively, at the heading stage. Gumnan showed a reaction type of moderately susceptible.  

The reaction type was susceptible (MS). The disease severity on the infected leaves were high (70 

to 80%). 

 
Figure 6.5: Leaf rust on local wheat showing 

susceptible reaction (MS) 

 
Figure 6.6: Leaf rust on Bumthang-Kaa-Drukchu 

showing Moderately Susceptible (MS) 

 

Table 6. 3. Average temperature and Relative humidity (Nov 2021- June 2022) 

 Temperature Relative Humidity 

Month-Year Min Maxi Min Max 

Nov 21 1.90 18.10 47.88 100.00 



87 

 

Dec 21 -2.13 16.67 39.73 99.62 

Jan 22 -2.18 13.01 46.79 99.72 

Feb 22 -2.55 12.34 48.16 99.80 

Mar 22 3.81 21.82 38.52 98.07 

Apr 22 7.72 20.88 57.57 100.00 

May 22 9.32 23.26 56.29 100.00 

Jun 22 12.47 24.17 65.17 100.00 

 

Fusarium Head blight 

Fusarium head blight (FHB) was also recorded in the Bumthang Kaa-Drukchu field (Figure 6.7). 

This disease is caused by Fusarium graminearum and other Fusarium spp. Infected spikelets are 

bleached and disease spreads downward by sequentially infecting spikelets. Pink or orange spore 

masses were observed on infected spikelet. Laboratory examination of samples confirmed FHB. 

 

 
Figure 6.7: Fusarium Head Blight in field 

 

6.1.4 Conclusion 

Bumthang-Kaa-Drukchu is better than Gumnam in its tolerance to yellow rust. However, it is 

susceptible to leaf rust. Moreover, Bumthang Kaa-Drukchu was found to be very susceptible to 

Fusarium head blight (FHB). Gumnam though susceptible to both yellow and leaf rust is resistant 

to Fusarium head blight. High incidence and severity of FHB on Bumthang Kaa Drunkchu was 

also observed in 2017 in ARDC substation in Tsirang. At the time, occurrence of FHB on this 

variety was thought to be due to suitability of the variety to the altitude range.  Fusarium head 

bight was also recorded on Bumthang-Kaa-Druckhu in Sama, Haa in 2022. Based on the 

susceptibility of Bumthang-Kaa-Drukchu to fusarium head blight, it was recommended not to 

grow Bumthang-Kaa-Drukchu in Susuna, Paro and other places like Haa.  

 

6.2 Wheat Rust Monitoring Survey 

 

6.2.1 Introduction 

Wheat rust survey is conducted as part of the global wheat rust monitoring system, to monitor rust 

outbreaks and possible development of new rust races on a regular basis in the region.  
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Surveys in the FY 2021-2022 were conducted in major wheat growing areas in the five dzongkhag, 

namely, of Wangdue, Punakha, Thimphu, Paro and Haa from April to June 2022. The main 

objective of the survey was to monitor rust outbreaks in major wheat growing areas in the country. 

 

6.2.2 Materials and Methods  

The rust monitoring survey was conducted in the major wheat growing of Wangdue, Punakha, 

Thimphu, Paro and Haa Dzongkhag.  

 

In the past, survey data were recorded using the SAARC rust surveillance toolbox application and 

uploaded to the global wheat network server when connected to the internet. However, since 2021 

the rust toolbox subscription expired as the Delivering Genetic Gains in Wheat (DGGW) ended. 

Therefore, survey data were recorded manually (on printed forms) using the format of the SAARC 

tool box application and transferred to excel sheet manually.  

 

In each gewog, major wheat fields were randomly selected.  Within a field, a diagonal pattern was 

used to observe plants at every 10-15 steps. Information on location, variety name, crop stage, rust 

type, rust incidence, rust severity and reaction type and the presence of alternate hosts were 

recorded. 

 

6.2.3 Results/Observations 

Results of the FY 2021-2022 wheat rust surveys are presented in Table 1. In Punakha, both 

improved and the local varieties were cultivated. Local varieties grown were Yue Kaa, and Bhoe 

Kaa. A variety known as Zhung Kaa, distributed by ARDC-Bajo, was cultivated quite widely 

compared to local ones. The crops were at tillering to maturing stages depending on the varieties 

cultivated and the location of the wheat field (Table 6.4). Incidence of leaf rust was high with high 

severity. Reaction type was moderately susceptible to susceptible reaction type depending on the 

wheat varieties grown by the farmers (Figure 6.8). Incidence and severity of yellow rust was low.  

 

Reaction type was susceptible on the local variety. Low incidence of loose smut was observed on 

local variety. In some gewogs high infestation of stem borer were observed, which showed typical 

symptoms of white head formation (Figure 6.9). Barberry plants were present in abundance in 

every location visited. However, very few aeciospores were recorded from the barberry plant 

growing near the wheat fields. 

 

Table 6.4:  Wheat rust prevalence in the major wheat growing areas of western dzongkhags from April –June 2022 

(L-Low, M-moderate, H-High; R-Resistant, MR-Moderately Resistant, MS-Moderately Susceptible, S-Susceptible) 

Si.

No. 

Location Date of 

observation 

Variety Crop stage Rust 

type 

Incidence 

(L/M/H) 

Severity 

(L/M/H) 

Reaction 

(R/MR/MS/S) 

1 Toepisa, Punakha 18/4/2022 Jaga Kaa Flowering 

to milk  

Leaf rust L L S 

2 

 

Dzomi, Punakha 19/4/2022 Local variety Maturing  Leaf rust H H S 

Zhung Kaa Maturity Leaf rust L L MS 
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3 Taewang, Punakha 19/4/2022 Local variety Flowering 

to dough 

No rust 

recorded 

   

4 Chubu, Punakha 20/4/2022 Local variety Tillering to 

dough 

Yellow 

rust 

L L MS 

Leaf rust H H S 

Zhung Kaa Leaf rust H H MS 

5 Guma, Punakha 20/4/2022 Local variety Maturing  Leaf rust H H S 

6 Shengana, Punakha 20/4/2022 Bhoe Kaa Flowering  Leaf rust H H S 

7 Kazhi, Wangduephodrang 21/4/2022 Local Dough  Leaf rust H L-M MR-S 

Zhung Kaa Leaf rust L L R 

8 Gatshe Tso Gom, 

Wangduephodrang 

22/4/2022 Zhung Kaa Dough  Leaf rust L L MS 

9 Gatshe Tso Wom, 

Wangduephodrang 

22/4/2022 Local & Zhung 

Kaa 

Dough to 

maturing 

No 

disease 

recorded  

   

10 Naja, Paro 6/6/2022 Yue Kaa, Bhoe 

Kaa & Jhoe Kaa 

Flowering 

to maturing 

Yellow 

rust 

H H S 

Leaf rust H H S 

11 Dogar, Paro 6/6/2022 Bhoe Kaa & Yue 

Kaa 

Heading to 

maturing  

Yellow 

rust  

H H S 

12 Genekha, Thimphu 7/6/2022 Yue Kaa & Bhoe 

kaa (Haabi Kaa)  

Late 

flowering 

to maturing 

Yellow 

rust  

L L MR-MS 

Leaf rust L L MR-MS 

13 Samar, Haa 12/6/2022 Yue Kaa Flowering 

to dough 

Yellow 

rust 

H H S 

Leaf rust L L S 

Bhoe Kaa Yellow 

rust 

H H S 

Leaf rust L L S 

Bumthang Kaa 

Drukchu 

Yellow 

rust 

L L R 

Leaf rust L L S 

14 Eusu, Haa 13/6/2022 Yue Kaa & Bhoe 

Kaa 

Milk to 

dough 

Yellow 

rust 

H H S 

15 Bji, Haa 14/6/2022 Yue Kaa Flowering 

to dough 

Yellow 

rust 

H H MS 

Leaf rust L L S 

16 Katsho, Haa 15/6/2022 Yue Kaa & Bhoe 

Kaa 

Flowering 

to dough 

Yellow 

rust 

H H MS 

Leaf rust L L S 
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Figure 6.8 Leaf Rust symptoms (left); Coexistence of Yellow and Leaf rust (right) 

 

 
Figure 6.9: White heads caused due to infestation of stem borer 

 

In Wangduephodrang, surveys were conducted in Kazhi, Gatsetso Wom and Gatsetso Gom 

gewogs from 21- 22nd April 2022 (Table 1). Both the improved and local varieties were cultivated. 

However, the variety, Zhung Kaa is widely cultivated compared to the local ones. The crops were 

at the dough to maturing stages. On Zhung Kaa, low incidence and severity of leaf rust was 

observed. Reaction type of leaf rust was resistant on Zhung Kaa.  High incidence with low to 

moderate severity and moderately susceptible to susceptible reaction type were observed on local 

varieties (Figure 6.10). No yellow rust were recorded from this region. Very low infestation of 

stem borer was recorded in Kazhi. No rust was recorded in Gatsetso Wom. Low incidence of loose 

smut was recorded (Figure 6.10).  Barberry was in abundance in every location while Mohania 
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spp. was recorded in Kazhi (Bhoelangdra) area. No aeciospores were recorded from both the 

species of alternate host plants. 

 
Figure 6.10: Symptoms of Brown rust on wheat leaves (left); Loose smut (right) 

 

In Paro, survey was conducted on 6th June 2022 in Dogar and Naja gewogs. Varieties grown 

included Yue Kaa, Jhoe Kaa and Bhoe Kaa. Plants were at flowering to maturing stage at the time 

of survey. Both yellow and brown rust were observed in all the varieties (Table 6.4). Incidence 

and severity of both yellow and brown rust on wheat leaves were high in all varieties showing 

susceptible reaction type (Figure 6.11). Yellow rust spores on the wheat leaves have already 

reached teliospore (Figure 6.11) and it started to severely affect the ears/awns of Yue Kaa variety 

(Figure 6.11). The barberry plants are found in abundance with few aeciospores on some of the 

plants. 

 
Figure 6.11: Leaf rust showing susceptible reaction type (left); Ear/awns infested with yellow rust (center); Teliospore 

of yellow rust on wheat leaves (right) 

 

Surveys in Thimphu were done on 7th June 2022 in Genekha gewog. Varieties grown in Genekha 

included Yue Kaa, Bhoe Kaa or Haabi Kaa (seeds sourced from Haa) (Figure 6.12). Crops were 
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at late flowering to maturing stages during the time of survey. Both brown and stripe rusts were 

recorded (Table 6.4). Incidence and the severity of both rusts were very low. Plants showed 

moderately resistant to moderately susceptible reaction type depending on the varieties cultivated. 

Low incidence of loose smut was also recorded on Yue Kaa. Barberry was present in all the sites 

visited. However, no aeciospore was recorded on these plants from any of the sites. 

 

 
Figure 6.12: Yue Kaa on left side and Bhoe Kaa/Haabi Kaa on right side of field (left): Coexistence of Yellow and 

Brown rust (center); Yellow rust causing leaves to roll and dry (right) 

 

Wheat rust survey in Samar, Bji, Katsho and Eusu gewogs in Haa dzongkhag was done from 12 -

15th June 2022. Local varieties Bhoe Kaa and Yue Kaa are widely cultivated. Bumthang Kaa 

Drukchu was recorded in only one field in Samar. Crops were at flowering to dough stage. Both 

brown and yellow rust were recorded in all varieties (Figure 6.12). However, incidence and the 

severity of yellow rust was higher than brown rust showing moderately susceptible to susceptible 

reaction (Table 6.4). This susceptibility caused all the leaves of the plants to roll and dry (Figure 

6.12). Low incidence of brown rust was recorded in a few sites with low severity but with 

susceptible reaction type.  Incidence and severity of both rusts were low on Bumthang Kaa 

Drukchu. However, it showed susceptible reaction type for leaf rust and the resistance reaction for 

yellow rust. Barberry plants were also observed in all the sites with few aeciospores on its leaves. 

 

6.2.4 Conclusion 

Wheat growers in all the survey sites cultivated local varieties of wheat, except in Punakha region, 

where majority of the farmers grew the improved variety, Gumasokha Kaa which showed better 

resistance towards rust diseases compared to the local ones Crops were at flowering to maturing 

stage. Both the yellow rust and brown rust were recorded from all the sites surveyed. The incidence 

and the severity of brown rust was observed to be higher in the warmer areas while the incidence 

and the severity of yellow rust was higher in the cooler region irrespective of the varieties 

cultivated.  
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6.3 Rice blast disease scoring on IR-64 rice variety 

 

6.3.1 Introduction  

Rice blast disease is caused by the fungus, Magnaporthe oryzea. This disease is common in areas 

where the field is flooded and in shady parts of the field. Epidemics occurs when one cultivates 

susceptible varieties under large scale monoculture and when all the environmental conditions for 

the disease development is at optimum level (NPPC) 

 

The last widespread epidemic occurred during 1995-96 rice growing seasons in Bhutan (Ghimiray 

et al., 2013). After that incidence, many blast resistant varieties have been released. The variety, 

IR-64 is a blast resistant rice variety released to manage blast disease in Bhutan in 1988 (Ghimiray 

et al., 2013).  However, there has been unconfirmed reports of the variety losing its resistance and 

farmers suffering huge losses. Further, varieties claimed to be IR 64 by farmers across Punakha 

and Lobesa areas all appeared different. Differences were observed in the panicles as well as plant 

height plant. Therefore, this study was undertaken with the objective to confirm the development 

and the severity of rice blast on IR-64 grown by the farmers and on IR-64 maintained by research 

centres.  

 

6.3.2 Materials and methods 

Seeds of IR-64 were sourced from ARDC-Bajo and from local farmers.  Two sites were selected 

for the study, one in Sebjikha and another in Tshokorna. In both sites, paddy nursery of each seed 

lot was raised on separate plots. Seeds were sown on 25 April in Sebjikha and on 7th May in 

Tshokorna. Farmers in Tshokorna had treated both seed lots with tricyclazole (soaked for three 

hours) before sowing. Seedlings were transplanted 60 days after sowing in Sebjikha and 50 days 

after sowing in Tshokorna. The seedlings were 15-25 cm and 25-30 cm tall respectively during the 

time of transplantation. Observational plots were established in rice blast disease hot spots areas 

of Sibjikha and Thokorna in Barp Gewog under Punakha Dzongkhag. 

 

6.3.3 Observations (Sebjikha) 

High incidence of blast disease symptoms was recorded from the nursery of seeds brought from 

ARDC-Bajo (Figure 6.13), while very low incidence of blast was observed from the plots sown 

with IR-64 seeds kept from farmer’s field. In contrast, very high incidence of brown spot was 

recorded from the plot sown with IR-64 seeds from farmers field (Figure 6.13). Whereas very low 

incidence of brown spot was observed from the nursery of IR-64 pure line.  
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Figure 6.13 Blast on the IR-64 pure line variety (left); Brown spots on the local IR-64 (right) 

 

6.3.4 Observation (Tshokorna) 

No disease has been recorded so far from both the nursery plots. 

 

6.3.5 Trial status 

Data collection will be carried out fourth nightly after two weeks after transplantation of the 

seedlings till maturing stage as per the disease scoring scale developed by IRRI.  

 

 

6.4 Development of Plant Protection Product Information Management System (PPP-IMS) 

and training of trainers (ToT) 

The National Plant Protection Centre (NPPC) is the sole authority responsible for procurement and 

distribution of plant protection products in the country. Currently, the   procurement model is a 

paper-based system where individual farmer put up their demand to the Gewog Extension Officer 

which is then channeled through the Dzongkhag Agriculture Office to NPPC. The demand from 

all the Dzongkhags is compiled at the national level by NPPC. 

 
Figure 6.14 Web portal of PPP-IMS System 
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This system of PP procurement and distribution is cumbersome at both the suppliers and 

consumers end. In addition, the current system cannot generate information on pesticide 

distribution and use readily. In order to streamline the PP product supply, distribution and 

information system, a project to digitize the procurement and distribution of PP products was 

developed with fund support from the GCF Project.  The application (app) known as the Plant 

Protection Product Information Management System (PPP-IMS) was developed with an objective 

to digitize the procurement and distribution processes and improve the PP information 

management system for the country. 

 

As this system will primarily be used by the dzongkhag agriculture personnel the NPPC organized 

a one day - training program to Agriculture Extension agents and Dzongkhag Agriculture officials 

from Paro, Thimphu, Punakha and Haa. The Regional Plant Protection Official from ARDCs Bajo 

and Samtenlings also attended the day long training at Punakha.  Along with participants of 

Thimphu Dzongkhags, NPPC officials were also trained on this system. Of the total 46 

participants, 21 were female and 25 were male. They were trained on various aspects of the 

PPPIMS system such as indent collection, distribution of plant protection products mobilization 

of PP products and obsolete product management.  

 

Table 6.5 Number of participants 

Si. No. Agency Male Female 

1 Punakha 11 7 

2 Haa 2 5 

3 Paro 6 5 

4 Thimphu 1 2 

5 NPPC  4 2 

Total participant    25      21 

 

Punakha Dzongkhag Haa Dzongkhag 
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Paro Dzongkhag Thimphu Dzongkhag 

Figure 6.15 Group photo with participants of PPPIMS training from four Dzongkhags 
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7: PLANT PROTECTION PRODUCT PROGRAM  

7.1 Plant Protection Product Procurement and Supply 

 

The Plant Protection Product Program oversees the procurement and supply of pesticides and 

herbicides. It is responsible for indent collection from dzongkhags, procurement, and distribution 

of pesticides for pest management.  

 

The Program procured a total quantity of 539.78 MT plant protection products and supplied 533.68 

MT to the Dzongkhags in the fiscal year. Like previous fiscal years, herbicide continues to be 

highly demanded PP products among others with 96% of total PP product being herbicides 

(~511MT). In the same fiscal year fungicide was second most distributed PP products (~10MT) 

which constituted 2% of the total PP product distribution. Insecticide and nontoxic PP Products 

constituted 1% each while rodenticide was distributed not more than 30kg.  However, the total 

distribution of PP products in the current fiscal year saw a slight decrease by 4MT as compared to 

the previous fiscal year’s distribution (537MT) (Figure 7.1).  

 

 
Figure7.1: Proportion of different PP products distributed in the fiscal year 2021-2022 (left) and trend of total PP 

products distribution in the last five fiscal years (right).  
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ANNEXURES 

Annexure 1: Pathology Program 

Table 1. Repeated measures ANOVA of disease severity, of chili plants receiving different phosphonate treatments, 

measured at 7, 14, 22, 29 days after treatment. 

Source  MS Df F value  P 

Experiment 1     

Days 16,882.515 1.503 40.614 0.000 

Days x Treatment 8,974.218 7.513 4.318 0.000 

Error (days) 25,772.321 93.166   

     

Experiment 2     

Days 10,054.815 1.556 33.158 0.000 

Days x Treatment 9,284.977 6.226 1,491.353 7.655 

Error (days) 15,465.079 79.380     

 

 
Table 2. Disease severity scale (Henfling, 1987). 

  Blight (%)   

Rating 

scale 

Mea

n 

Limits Symptoms 

1 0 0-0 No blight observable. 

2 2.5 Traces - <5 Blight present. Maximum 10 lesions per plant.  

3 10 5 -<15 Plants look healthy, but lesions are easily seen at closer 

distance. Maximum foliage area affected by lesions or 

destroyed corresponds to no more than 20 leaflets. 

4 25 15 -<35 Blight easily seen on most plants. About 25% of foliage 

is covered with lesions or destroyed.  

5 50 35 -<65 Plot looks green; however, all plants are affected. Lower 

leaves are dead. About half the foliage area is 

destroyed.  

6 75 65 -<85 Plot looks green with brown flecks. About 75% of each 

plant is affected. Leaves of the lower half of plants are 

destroyed. 

7 90 85 -< 95 Plot neither predominately green nor brown. Only top 

leaves are green. Many stems have large lesions. 

8 97.5 95 -<100 Plot brown -coloured. A few top leaves still have some 

green areas. Most stem have lesions or are dead. 

9 100   All leaves and stems dead. 
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Annexure 2: Vertebrate Pest Program 

Table 1: National Electric Fence Establishment Data (2021-2022) 

 

 

Annexure 3: Plant Protection Product Program 

Table 1: Summary report of PP Products procured, supplied and in stock for the 2021 – 2022 fiscal year. 

Sl.No: Chemicals 

Total Procured (kg 

or Lt) 

Quantity supplied 

(kg or Lt) 

Stock 

balance (kg 

or Lt) 

1 Insecticide 7777 6037 1740 

2 Fungicide 14544 10115 4429 

3 Herbicide 560130 510695 49435 

4 Rodenticide 170 30 140 

5 Non-toxic/Bio-pesticide 11159 6809 4350 

  Grand Total: 593780 533686 60094 

  
Table 2. Detailed report on PP Products procured, supplied and in stock for the 2021 – 2022 fiscal year. 

Sl. 

No: Particulars 

Total product 

procured (Kg or Lt) 

Total product 

distributed (Kg or 

Lt) 

Stock 

balance 

(Kg or Lt) 

  I. INSECTICIDES      

1 Chloropyrifos 20 EC 1640 840 800 

2 Cypermethrin 10 EC 4790 3900 890 

3 Fenvelarate 0.4D 737 737 0 

4 Imidachloprid 20 SL 340 320 20 

5 Malathion 50 EC 270 240 30 

  Total: 7777 6037 1740 
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  II. FUNGICIDES       

1 Captan 50 Wp 250 200 50 

2 Carbendazim 50 WP 1390 895 495 

3 Copper Oxycholride 50 WP 125 125 0 

4 Mancozeb 75 WP 11550 8150 3400 

5 

Metalaxyl 8% + Mancozeb 

64% 450 450 0 

6 Tricyclazole 75 WP 390 140 250 

7 Hexaconazole 5EC 215 35 180 

8 Copper Sulphate 50 WP 84 30 54 

9 Sulphur 80 WP 90 90 0 

  Total: 14544 10115 4429 

 

  III. HERBICIDES       

1 Butachlor 5G 540000 494700 45300 

2 Glyphosate  41SL 12950 11250 1700 

3 Mertibuzin 70 WP 6280 4245 2035 

4 Sunrice 15 WDG 900 500 400 

  Total: 560130 510695 49435 

          

  IV. RODENTICIDES       

1 Zinc phosphide 80 W/W 170 30 140 

  Total: 170 30 140 

          

  

V. NON-

TOXIC/BIOPESTICIDE

S       

1 

 Azadirachitin 0.3 % (neem 

oil) 1900 1020 880 

2 TSO/HMO 8610 5300 3310 

3 Sticker/Activator 400 290 110 

4 Protein hydrolysate 80 30 50 

5 Yellow sticky trap 169 169 0 

  Total: 11159 6809 4350 

 


