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Agriculture Pest Surveillance Manual 
 

i 

Foreword 

 

  

Forward

Citrus, mainly mandarin, is almost exclusively grown as a cash crop in Bhutan. It is one 
of the most important fruit crops in Bhutan. . Citrus is grown in 16 Dzongkhags with 
major areas located in the subtropical southern regions. There has been considerable 
research and development investment directed at helping improve horticultural and 
plant protection practices for citrus within Bhutan over the past few decades. The major 
assistance came from the Australian (ACIAR Project) and Japanese (JICA) Governments. 
 
As in any other crops, citrus is prone to a wide range of insect pests and diseases, as 
well as a parasitic plant infestation and damage. The major challenges are from the 
Huanglongbing (HLB), Chinese fruit fly, Citrus shield bug, and Powdery mildew. 
Huanglongbing appears to be a relatively new disease in Bhutan with the first definitive 
confirmation in 2002, and still causes decline in orchard decline and and ultimately death 
of the tree, especially for those cultivated below below 1500 masl. This disease still 
continues to threaten the citrus industry in Bhutan until management tools can be found 
and implemented. Chinese fruit fly and the citrus shield bug can both cause significant 
losses through premature fruit drop every year across the country. 
 
The publication of Citrus Pest and Disease Management Manual provides the detailed 
information on the distribution, phenotypic features, life cycle, hosts, damage symptoms 
and management of pests in line with integrated pest management principles.  The 
manual can be used as quick reference by extension agents to identify pests and the 
damage they cause in the orchards so that management strategies can be implemented at 
the right time.The manual also provides information on the  safe use and safety measures 
to be ensured while handling pesticides  in the field.  
 
In this regard, the National Plant Protection Centre is pleased to come up with the Citrus 
Pests and Diseases Management Manual that provides necessary diagnostic tools and 
management strategies to help revive the Citrus Industry in the country.   
 
 
 
 

Yeshey Dema
Program Director 
NPPC 
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Chinese Fruit Fly 

Bactrocera minax (Enderlein) Diptera: Tephritidae

Distribution 
Greatest losses are seen in orchards above 1200 masl and in shady orchards at lower 
altitudes. 

General Appearance 
It is a big fruit fly species that is found in Southern China, India and Bhutan. It has a wing 
span of 10 mm and the length of the body reaches up to 12 mm. The females possess a 
long and exposed ovipositor. The flies are brownish in color with yellow markings. The 
wings have a dark band along the outer margin and the general appearance is wasp-like. 
The maggots are creamy white with black mouth parts. They measure 12-15 mm when 
matured. The puparium is yellowish brown and 8-11 mm long. 

Life cycle 
Female flies lay their eggs in mandarin fruits from June to August. Egg-laying commences 
about when the first mandarin fruit reaches 11 mm in diameter, which is the first stage 
susceptible to fruit fly oviposition. Eggs are laid just under the skin of the fruits. The 
larvae (maggots) feed on the pulp and develop inside the maturing fruits. When the 
maggots are matured they leave the fruit by making an exit hole, and enter into the soil 
to pupate. They pupate in the soil at a depth of few centimeters. Puparia remain in the 
soil through winter. Adult emergence occurs from April to May. 

Hosts
It has a specialized host range, only breeding in species of Citrus. (Sour orange, pomelo, 
wild lime, lemon, citron, mandarin, orange, tangerine, cumquat)

Damage symptoms  
From June onward oviposition spots can be observed on the upper half of fruit over 
about 11 mm in size. Later, fruits show round, brownish, hard spots of 1-2 mm diameter 
just under the skin. The maggots feed inside, rendering the fruits useless. Fruits turn 

Chinese fruit fly (Male) Chinese fruit fly (Female)
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prematurely yellow and eventually drop prematurely. By October the maggots become 
easily visible. Dropped fruit have 1-2 mm brown-black oviposition punctures, dry or 
rotting segments, often maggots and later exit holes. Affected mandarin parts become 
dry and later turn rotten.

MANAGEMENT
Non chemical Management 
Collection and destruction of dropped fruits is the most effective management action. 
This has to be carried out by all citrus growers in the community to be effective.  

• This method will reduce the fly population in the following year.

• From mid-October dropped fruits should be collected.

• Dropped fruit should be buried in pits of 1-2 m deep and covered with soil. Ants 
and the rotting process will destroy the larvae and pupae.

• Tillage in winter would help in exposing the pupae for natural predation

Chemical Management 
Insecticides can be used to manage adult fruit fly populations. They should be applied as 
bait sprays. Cover sprays are not recommended. They are also not feasible where citrus 
trees are tall.

     

Premature coloring caused by oviposition

Fruit fly larvae 

Brown oviposition punctures 

Fruit drop caused by larvae 



9CITRUS PESTS AND DISEASES MANAGEMENT MANUAL

Bait Spray 
Bait spray is preferred over cover spray because it is effective, less costly and is less 
disruptive to natural enemies of other pests. Bait spray will attract and kill the fruit fly. 
Bait sprays are applied as spot treatments. 

Material required 
• Protein hydrolysate (attractant) 

• Malathion (Insecticide ) 100 ml 

• Sandovit (sticker) 

• Water 

Bait spray preparation (For one litre of mixture)
• Mix 1 litre of water, 5 grams of protein hydrolysate, 2 ml Malathion and few 

drops of Sandovit and stir well. This one litre mixture can be used for about 25 
trees.

Time of Spray
The first splash should be done around 15 April, when flies start emerging. Repeat the 
treatment every week, until mid-May; every two weeks till 15 August. Apply the mixture 
in every second tree, using two or three splashes on each. Splashing should be done on 
dry and sunny days with a locally made broom or something similar.  

Insecticidal cover spray Vs Protein baiting
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Citrus Leaf miner

Phyllocnistis citrella , Leptidoptera: Gracillariridae 

Distribution
It is present in all mandarin orchards

General Appearance 
The adults are small, delicate moths with narrow paired forewings and hind wings fringed 
with long hairs. The upper surface of each forewing has a black dot at the tip, and an irregular 
dark line separating an inner region (covered with silvery scales) from an outer region (with 
silver, light yellow and brown scales). Eggs are flat, slightly oval, and about 0.33 mm long 
and deposited singly, on the underside of leaves near midrib, usually at the base of leaf. Pupae 
are yellowish-brown, about 2.5 mm long and found in mines and rolled onto the edges of the 
leaves.

Life cycle 
Eggs are usually laid singly on the underside of the leaves and hatch in 2-10 days. Newly 
emerged leaflets (10-20mm) are the preferred egg laying site. Old leaves are avoided for 
egg-laying. On hatching, larvae burrow into the leaf, making their mines.  When larvae 
complete their feeding they mine near the edge of the leaf causing the leaf margin to 

Second and third instars larvae of citrus leaf miner Pupa of citrus leaf miner

Adult citrus leaf miner
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fold over. Pupation takes place at the edge of the leaf within a folded portion. The pupa 
remains in the mine until it emerges as an adult. Depending on the climate there can be 
several generations per year, with the life cycle being completed in less than three weeks 
under optimal conditions. Aestivation (over-wintering) takes place as larvae or pupae. 

Hosts
Citrus is the only known host of citrus leaf miner. 

Damage symptoms 
The citrus leaf-miner is mainly a problem in young (seedling) trees and in nurseries 
where it retards growth and can result in secondary infections. Mature trees are able to 
withstand the attack. The feeding activity of citrus leaf miner causes permanent twisting 
and curling of the leaves and may retard the growth necessary for development.  Mining 
on the fruit is very uncommon.

MANAGEMENT
On-farm monitoring 
Fortnightly inspect young seedlings for leaf-miner attack during the warmer months. 

Non Chemical Management 
• In nurseries if infections are low, hand picking and destruction of infected leaves 

can be carried out. 

Chemical Management 
• In case of serious infection in nurseries, the systemic insecticide Dimethoate 

should be sprayed at the rate of 2 ml per 1 litre of water.

Close up of citrus leaf miner damage
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Asian citrus psyllid (Brown psyllid) 

Diaphorina citri, Hemoptera: Psyllidae

Distribution
 It is common in most or all orchards up to about 1200 masl, although it can be present 
up to at about 1450 masl. There are three psyllids on citrus in Bhutan. Adults are 
easily identified by color and pattern. As the common names suggest, green psyllids 
(Cacopsylla heterogena) are green, black psyllids (Diaphorina communis) are black, 
and brown psyllids (Diaphorina citri) are brown. 

General Appearance 
Adults are small insects (3 to 4 mm long) and brownish in color. They feed with their heads 
down, almost touching the surface of the leaf. Because of the shape of their head, their bodies 
are lifted off the leaf at about a 30-45° angle. The adults are weak flyers, and they jump or 
fly when disturbed. Eggs are about 0.3 mm long and almond-shaped with a thick base that 
narrows towards the distal end with a curve. Newly laid eggs are pale and then turn yellow 
and subsequently orange just before hatching. Eggs are laid on young tender buds and shoots. 
Nymphs are generally yellowish-orange. The later instars have large wing pads. There are 
five nymphal stages that look similar, but increase in size after each moult. The feeding 
nymphs produce waxy tubules that direct the honeydew away from their bodies. They move 
in a slow, steady manner and flick their abdomens upward when disturbed.

 Adult citrus psyllid  5th instar psyllid nymph
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Life cycle  
 
Adults live up to 75 days and females can lay from 630 to 1230 eggs. Eggs may hatch 
within 4 days during warm summer months but may take longer than 20 days during 
colder days in winter. There are five nymphal stages, all of which feed exclusively on 
new growth. Depending on the prevailing temperatures, total nymphal development takes 
about 11-25 days. Females lay their eggs on the tips of growing shoots or in the crevices 
of unfolded “feather flush” leaves.  
 
Adults as well as the fourth and fifth instar nymphs can acquire the HLB Pathogen. 
Adults can acquire the HLB bacterium within 15 minutes of feeding on infected plants. 
Adults that acquired the bacterium in their nymphal stage remain infective throughout 
their life span, and can transmit the pathogen more efficiently than those adults which did 
not acquire the pathogen in their nymphal stage. Longer feeding on infected plants results 
in a higher rate of acquisition of pathogen. 

Hosts 
Asian Citrus Psyllid occurs on all citrus species. It is also observed on Bergera koenigii 
(curry leaf). It feeds and develops on Murraya paniculata (orange jasmine) and Murraya 
elongate, which are present in Bhutan.  

Damage symptoms 
Direct damage by this psyllid is through injury caused by the withdrawal of large 
quantities of sap from the foliage. Sap withdrawal can stunt and twist young shoots and 
cause leaf curling. Psyllids also secrete honeydew, which encourages the growth of sooty 
mould. Most importantly, it is the vector for transmitting the Asian form of greening 
disease responsible for the destruction of millions of citrus trees worldwide. Locally, the 
psyllid is normally spread through natural dispersal but citrus material like bud wood, 
grafted trees, rootstock seedlings from infected areas can carry eggs and nymphs over 
longer distances. 

Psyllid  eggs Psyllid  nymphs   
Psyllid eggs Psyllid nymphs 
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Life cycle 
Adults live up to 75 days and females can lay from 630 to 1230 eggs. Eggs may hatch 
within 4 days during warm summer months but may take longer than 20 days during 
colder days in winter. There are five nymphal stages, all of which feed exclusively on 
new growth. Depending on the prevailing temperatures, total nymphal development 
takes about 11-25 days. Females lay their eggs on the tips of growing shoots or in the 
crevices of unfolded “feather flush” leaves. 

Adults as well as the fourth and fifth instar nymphs can acquire the HLB Pathogen. 
Adults can acquire the HLB bacterium within 15 minutes of feeding on infected plants. 
Adults that acquired the bacterium in their nymphal stage remain infective throughout 
their life span, and can transmit the pathogen more efficiently than those adults which 
did not acquire the pathogen in their nymphal stage. Longer feeding on infected plants 
results in a higher rate of acquisition of pathogen.

Hosts
Asian Citrus Psyllid occurs on all citrus species. It feeds and develops on Murraya 
paniculata (orange jasmine) and Murraya elongate, which are present in Bhutan. 

Burn tip of citrus foliage by 
psyllid feeding

Twisted tips of new flush by 
psyllid feeding

Distorted citrus leaves by 
psyllid feeding

Damage symptoms
Direct damage by this psyllid is through injury caused by the withdrawal of large 
quantities of sap from the foliage. Sap withdrawal can stunt and twist young shoots 
and cause leaf curling. Psyllids also secrete honeydew, which encourages the growth 
of sooty mould. Most importantly, it is the vector for transmitting the Asian form of 
greening disease responsible for the destruction of millions of citrus trees worldwide. 
Locally, the psyllid is normally spread through natural dispersal but citrus material like 
bud wood, grafted trees, rootstock seedlings from infected areas can carry eggs and 
nymphs over longer distances.

MANAGEMENT
On-farm monitoring 
Monitoring should be conducted by visually inspecting the new flush of citrus on which 
the psyllid is most likely to be feeding. Special attention should be focused on locating 
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damage symptoms, including twisted and curling shoot tips, sooty mould, and white 
waxy deposits on the leaves. The cause of damage should be confirmed by looking for 
eggs, nymphs or adults. Adults can be seen with the naked eye where as, young nymphs 
and eggs are hard to see without a hand lens. Yellow sticky traps can be used as an 
additional method for detecting adult psyllids. 

Non-chemical management 
Managing the psyllid within the orchard

• There are currently no known non-chemical methods for controlling Asian citrus 
psyllid. Mineral Oil may be effective, but is yet to be tested. 

• The risk of psyllids vectoring HLB pathogen within the orchard can largely be 
avoided by planting citrus above about 1200 masl with psyllid and disease free 
materials. 

• Establishing orchards away from other orchards could make the management 
of Asian citrus psyllid simpler, and greatly reduce the risk of inter-orchard 
movement of the psyllid, and therefore HLB. 

• Edge effect has been noted, with Asian citrus psyllid being most abundant on 
trees around the edge of orchards. This could mean that citrus greening would be 
transmitted more slowly through larger orchards. 

Chemical management 
Management prior to movement of citrus stock

• Only psyllid-free, healthy plant materials should be transported. 

• All planting materials should be treated with contact or systemic insecticide e.g., 
Chlorpyrifos (4ml per litre) or Dimethoate (at 2 ml per 1 litre of water). Contact 
insecticide can be used at least 7-10 days before transportation while Dimethoate 
can be used at least 21 days prior to movement to ensure that they are free of all 
psyllid life stages. 

Management within the orchard
• Insecticides are currently the only way for reducing psyllid population within the 

orchard.

• Timing of the chemical spray (systemic insecticide: Dimethoate at 2 ml per 1 
litre of water) is vital. It should coincide with the peak activity of the psyllid, 
which is during the flush period. A second spray should be applied after about 
three weeks.



15CITRUS PESTS AND DISEASES MANAGEMENT MANUAL

Citrus Shield Bug 
  

Rhynchocoris poseidon, Hemiptera: Pentatomidae.

Distribution
It is a problem below 1000 masl, causing fruit drop from April to September. 

General Appearance 
The citrus shield bug is 15-20 mm long with a prominent spine on each shoulder of 
the thorax. The abdomen carries laterally six pairs of short spines. The colour is rather 
uniformly green (sometimes more brownish), with lateral rows of dark spots on the 
abdomen. Eggs are about 1 mm in diameter and initially white, but becomes marked 
with black and red as they develop. There are five nymphal stages. Early stage nymphs 
are marked with black, green, yellow, white and orange, and can have a rather black-and-
white spotted appearance. Later stages look more like the adults and are mainly green 
with black markings. 

Life cycle 
Female bugs lay 2 to 3 batches of about 15 eggs (large and globular) on the upper surface 
of leaves, between May and September. Depending on the local climatic conditions, 
there are 1 to 3 generations per year. The eggs are about 1 mm in diameter and initially 
white, but becomes marked with black and red as they develop. 

Hosts
Hosts include citrus and native Rutaceae. 

Damage symptoms  
The citrus shield bug caused “Summer Fruit Drop”, when the fruits are of about marble 
size and slightly bigger. Young nymphs are gregarious. Early in the morning, groups 
can be seen sitting on the trunks of citrus trees in a neat circle. Dropped fruits can have 
brown secondary spots around feeding punctures, caused by entry of secondary infection 
by microorganisms. Usually the fruits have a brownish discoloration in the fruit center. 
The seed coat can also be discolored. The bug attack can also cause shrinkage of the seed 
cotyledon. Fruit drop caused by the shield bug occurs from April to September.

Adult Shield Bug Shield Bug Nymph
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MANAGEMENT 
Monitoring 
Inspect trees weekly from April to June for young bugs in orchards where citrus shield 
bug is known to be a problem. Search the trunks of trees in the early morning. Pest 
numbers can vary considerably between years, so vigilance is important. The action 
level is 10% or more trees infested with one or more bugs.  

Non-chemical management 
• In April to June young bugs (nymphs) gather early in the morning on the trunks 

of citrus trees and can be easily killed by hand or a flat piece of wood.  

• The most important predator in Bhutan is the red tree ant. They should be 
encouraged, even increased by placing ant nests from forest trees in mandarin 
trees. However, farmers consider these ants as past because of their aggresive 
attack. Ants are the important friends of the citrus farmers and should be protected 
and enhanced as they kill citrus shield bugs.

Chemical management 
• Pesticides are not recommended as they interfere with important natural control 

mechanisms (egg parasitoids and red tree ants). Chemical not so effective because 
of protective shield of bugs.

Mandarin damaged by citrus shield bug
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Citrus Trunk Borer 

Anoplophora versteegi: Coleoptera:  Cerambycidae

Distribution
The beetle is present in all citrus growing regions, but is mainly a problem in poorly 
managed or neglected orchards.

General Appearance 
Adults are 2.5 to 4 cm long with antennae that can be up to 8 cm long. The beetle is ash-
grey with transverse rows of small black spots. Eggs are the size of small rice grains. The 
fully grown larvae is 40-50 mm long and creamy in colour. Its body consist of number of 
well marked segments that are slightly broader at the base of head. Infested branches can 
die off and large trees can be killed if attack is prolonged.  

Life cycle 
Adults are active during the day and feed on citrus leaves and bark of twigs and branches. 
Between June and August female beetles make tiny holes with their mouthparts in the 
bark of the trunk and larger branches of citrus trees in which they place 1-5 eggs just 
under the bark. Larvae hatch and initially feed in the upper sapwood. They then tunnel 
into the center. The larvae pupate in the wood and emerge in April-May. The exit holes 
are round and circular. Life cycle probably takes two years.

Hosts
It appears to attack only citrus species.

Damage symptoms  
The larva damages the bark of the tree. This interferes with the sap flow to the upper 
parts resulting in the death of the branches above the area where the bark is damaged. 
In some cases complete ring barking takes place, leading to the death of the tree. After 
some weeks of feeding on the layer between bark and wood, the larvae tunnel into the heart 
wood. Their tunnels become larger and large quantities of sawdust-like frass come out of 
the feeding holes. The entrance hole offers easy access to the microorganisms that may 
damage the tree. 

Citrus trunk borer adult Citrus trunk borer larvae
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MANAGEMENT 
On-farm monitoring 

• Inspect orchard fortnightly between April and July, looking for longhorn beetles 
and signs of feeding by small larvae, i.e. small swellings on the bark on which 
drops of liquid can be seen. Check the lower two feet of trees for tiny wet or 
swollen spots.

Non- chemical management 
• Check the lower two feet of citrus trees regularly for tiny wet or swollen spots. 

Scrape the bark open with a small knife and kill the small larvae. Remove weeds 
around the trunk to make checking easier.

• Prune and burn the infested branches to stop the development of larvae and to 
prevent loss of large section of trees.

• It is essential that the basins around the trees are free of weeds, so that, signs of 
early damage are not hidden by grasses and other weeds.

• Larval holes with fresh frass can be poked with a wire to kill the larva. Plug holes 
the holes with some cotton soaked in petrol (or diesel). Close the hole with mud 
preferably mixed with cow dung. Treated trees have to be monitored and if fresh 
frass is still produced this treatment has to be repeated. 

Chemical management
• There is no effective chemical control for trunk borer.

Trunk girdling by beetles White frass produced by trunk borer feeding
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Powdery Mildew

Oidium citri (JM Yen) Erysiphales: Erysiphaceae
 
Distribution
Powdery mildew occurs in almost all the citrus growing regions of Bhutan, especially 
in Samtse, Pemagatshel, Chukha, Tsirang and Wangdue Phodrang Dzongkhags. It is 
more severe during spring and late autumn in the humid subtropical zones of Southern 
Bhutan and is particularly prevalent in nurseries, shady orchards and orchards in low 
valleys where aeration is poor. Depending on orchard location, powdery mildew can be a 
significant problem in recently pruned trees, infecting all the new re-growth.

Lifecycle 
Powdery mildew overwinters as mycelium in buds. Warm and moist conditions during 
spring and autumn favours germination. The fungus can survive on both leaves and twigs 
throughout the year.  The young leaves are infected during warm humid conditions and 
the fungus spreads rapidly down the young shoots.

Hosts
In Bhutan it has been found on mandarin and some citrus hybrids being grown at research 
centers.

Damage symptoms 
All aerial parts of the plant are susceptible to infection, but the fungus mainly attacks 
young, growing leaves and twigs. Initial symptoms develop on young shoots on the 
lower half of the tree. The disease can easily be recognized by the appearance of white 
powdery patches of mycelium on twigs and both surfaces of the leaves. However, the 
white mycelia are not visible during heavy rainfall as they are washed off the trees. 
Infected young leaves become deformed, shrivel and fall prematurely. In severely 
affected twigs dieback is common. In that case shoots die progressively, beginning at 
the tips. The fungus can also attack young fruits, causing them to drop prematurely. 
The spores (conidia) are easily dispersed by wind, clothing, equipment (pruning saws, 
secateurs) and vehicles.

Powdery mildew on fruits
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MANAGEMENT 
Powdery mildew should not normally be a problem in well managed and located 
orchards. Regular monitoring and timely management should prevent this disease from 
becoming a serious problem.

Monitoring
• Inspection for powdery mildew should be part of regular orchard inspections. 

Greater vigilance is needed in nurseries and in orchards with a history of problems.

Non-chemical management
• Select sunny orchard sites, and ensure proper planting distances as clustered 

trees will create more humid conditions.

• If only a few plants are affected then prune off the affected plant parts to prevent 
further spread. Pruned plant parts should be collected and burned to prevent 
disease spread by wind. Pruning of severely diseased plant parts should be 
conducted in spring and summer after the first and second lush.

Chemical management
• Chemical treatment is feasible only in nurseries and young orchards. Two sprays 

of wettable sulphur (2 gm / 1 liter of water) at 14-day interval during new flush 
development gives good control.

Powdery mildew on leaves Powdery mildew on a shoot
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Huanglongbing (HLB)

Candidatus Liberibacter asiaticus, Rhizobiales: Rhizobiaceae

Distribution 
Huanglongbing is present in almost all citrus growing Dzongkhags of Bhutan. Disease 
incidence and severity is high at elevations below 1200 masl, where the vector Asiatic 
citrus psyllid is common. However, the disease has also been detected in mandarin trees 
planted above this elevation. In Bhutan HLB will thrive where ever its’ vector, Asiatic 
citrus psyllid, is common. The vector is common to about 1200 masl, and present up to 
about 1450 m asl. The rate of disease spread will increase with psyllid density.

Lifecycle 
In Bhutan, HLB is caused by a putative species of phloem-limited α-Proteobacteria that 
has not been cultured: ‘Candidatus Liberibacter asiaticus’. The bacterium multiples and 
spreads within the phloem of the plant. The psyllid vector can pick up the bacterium if it 
feeds on the phloem for at least 15 minutes. However, the longer the psyllid feeds on an 
infected host the more likely it is to pick up the bacterium. Symptoms can take between 
one and three years to become apparent, sometimes faster in young grafted plants.

Hosts
Several citrus species and hybrids, and citrus relatives are known hosts. Some non-citrus 
plants are also known to harbour the bacterium. These include periwinkle/vinca and 
dodder.

Damage symptoms 
• The presence of yellow shoots that stand out among the usually green-looking 

shoots.

• Initial leaf symptoms include ‘blotchy mottle’ consisting of asymmetrical patches 
of pale green or yellow.

• Shoot dieback as the disease progresses. This can occur across the whole tree. It 
may appear as yellow with sparse foliage. Mottled leaves may turn yellow and 
become leathery. Veins may become corky.

• Trees may produce small and upright leaves.
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� If only a few plants are affected then prune off the affected plant parts to prevent 
further spread. Pruned plant parts should be collected and burned to prevent 
disease spread by wind. Pruning of severely diseased plant parts should be 
conducted in spring and summer after the first and second flush. 

 

Chemical  management  
� Chemical treatment is feasible only in nurseries and young orchards. Two sprays 

of wettable sulphur at 14-day interval gives good control. Contact NPPC for more 
details on chemical management. 

 

Huanglongbing  (HLB)  

  

 
Candidatus Liberibacter asiaticus, Rhizobiales: Rhizobiaceae 

Distribution    
 
Huanglongbing is present in almost all citrus growing Dzongkhags of Bhutan. Disease 
incidence and severity is high at elevations below 1200 masl, where the vector Asiatic 
citrus psyllid is common. However, the disease has also been detected in mandarin trees 
planted above this elevation. In Bhutan HLB will thrive where ever its’ vector, Asiatic 
citrus psyllid, is common. The vector is common to about 1200 masl, and present up to 
about 1450 m asl. The rate of disease spread will increase with psyllid density. 
 

Lifecycle    
In Bhutan, HLB is caused by a putative species of phloem-limited α-Proteobacteria that 
has not been cultured: ‘Candidatus Liberibacter asiaticus’. The bacterium multiples and 
spreads within the phloem of the plant. The psyllid vector can pick up the bacterium if it 
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• Fruits of infected trees may exhibit ‘color inversion’ manifested as abnormal 
coloring from the stylar to the penduncular ends.

• Fruits may also become lop-sided. This is most apparent when fruits are cut open 
parallel to the fruit axis.

• Infected fruits usually have aborted seeds which appear as brown and shriveled 
seeds and fruits taste bitter and salty.

MANAGEMENT 
HLB is a devastating disease. Citrus production up to about 1200 masl will require a 
rigorously applied integrated management approach. At higher altitudes strict quarantine 
measures will still need to be applied to ensure that orchards remain disease-free. 

Monitoring
Regular monitoring is necessary to track the spread and development of the disease 
through the orchard, and also to assess the abundance of the vector. Formal monitoring 
of nurseries for the presence of both the bacterium and the vector is needed to guarantee 
stock is disease-free.

Non-chemical management
National quarantine

• Effective management of HLB in Bhutan is dependent on the movement and 
supply of pathogen-free nursery stock.

• Ideally nursery stock should be produced in areas demonstrated to be free of both 
the disease and its vector. This is most likely to be at high altitude locations (> 
1200 masl).

• HLB-affected stock must be destroyed immediately as there are no techniques 
for sterilizing plants once they are infected. They must not be moved or supplied.

• Nursery operators need to demonstrate that stock is disease-free by using sterile 
techniques of germplasm production. Additionally, samples must be tested for 
the bacterium every quarter in collaboration with NPPC. Zero tolerance must be 
observed.

• Researchers should avoid collecting germplasm from the wild as they may be 
infected.

Lopsided fruit with 
aborted seeds

Yellow shoots Color inversion in fruitsBlotchy mottle leaves
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feeds on the phloem for at least 15 minutes. However, the longer the psyllid feeds on an 
infected host the more likely it is to pick up the bacterium. Symptoms can take between 
one and three years to become apparent, sometimes faster in young grafted plants. 
 
 

Hosts  
Several citrus species and hybrids, and citrus relatives are known hosts. Some non-citrus 
plants are also known to harbour the bacterium. These include periwinkle/vinca 
(Catharanthus roseus), and dodder (Cuscuta australis, Cuscuta campestris and Cuscuta 
pentagona). 
 

Damage  symptoms    
 

� The presence of yellow shoots that stand out among the usually green-looking 
shoots. 

� Initial leaf symptoms include ‘blotchy mottle’ consisting of asymmetrical patches 
of pale green or yellow. 

� Shoot dieback as the disease progresses. This can occur across the whole tree. It 
may appear as yellow with sparse foliage. Mottled leaves may turn yellow and 
become leathery. Veins may become corky. 

� Trees may produce small and upright leaves. 
� Nutrient deficiency symptoms, such as Zinc deficiency, may become apparent. 
� Fruits of infected trees may exhibit ‘color inversion’ manifested as abnormal 

coloring from the stylar to the penduncular ends. 
� Fruits may also become lop-sided. This is most apparent when fruits are cut open 

parallel to the fruit axis. 
� Infected fruits may also have aborted seeds which appear as brown and shriveled 

seeds when fruits are cut open. 
 

                    
 
 
 
 

Lobe side fruits Color inversion in fruits 
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Orchards up to about 1200 masl
• Most orchards below 1200 masl are already infected with HLB. Management 

should therefore start by progressively removing the infected trees and replanting 
at high densities with certified pathogen and psyllid free materials. If trees are 
cut off, then ensure the tree stump is also dead by treating the stumps with 
glyphosate, as any regrowth will continue to be a disease source. Progressive 
removal involves regular monitoring for signs and symptoms of the disease. As 
the pathogen is already widely distributed in Bhutan, laboratory confirmation for 
its presence is not required at farm level for orchards below 1200 masl.

• Area-wide psyllid management is essential in places where many orchards are 
present close to each other.

• When pruning trees, disinfect tools between each tree with 4% bleach (or 
undiluted household bleach e.g., Robin fabric stain remover liquid bleach). Note 
that pruning HLB symptomatic branches or shoots as part of management is not 
effective as the bacterium is systemic within the plant.

• Abandoned orchards should be destroyed to prevent them from being a local 
source of disease.

• All alternative hosts must be removed from within and in close proximity 
to orchards before pathogen-free trees are planted. This includes Bergera 
koenigii (curry leaf plants) and Murraya paniculata and Murraya elongata. These 
plants (especially Murraya plants) can sustain the vector, Asian citrus psyllids, 
even when diseased citrus plants fail to produce young flush. This can allow 
the population to quickly re-establish within the orchard as soon as young citrus 
plants with new flush (or even mature trees with new flush) become available. 
Moreover, curry leaf and Murraya are known to be transient hosts of the HLB 
pathogen.

Orchards above about 1200 masl
• Citrus production should be viable at higher altitudes (about 1200 to 1700 masl) 

provided varieties suited to high altitudes are used.

• Strict quarantine need to be practiced, especially to ensure all new stock is 
guaranteed to be free of HLB.

• Regularly inspect the orchard for HLB symptoms, and rogue out diseased plants.

Chemical management
There are no chemicals that can control HLB. However, insecticides can be used to 
suppress Asiatic citrus psyllids in orchards up to about 1200 masl. This can help slow the 
spread of the disease within and between orchards.
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Loranthus (Parasitic weed) 
 

Scurrula parasitica, Loranthaceae

Distribution 
It occurs in all citrus growing areas from 500 to 1800 masl.

General Appearance
Leaves are roundish and somewhat leathery with a silvery grey appearance due to the 
whitish down on their underside. It flowers in July/August. Flowers are 3 cm long, 
curved, red at the base and greenish yellow near the tip. The berries are small (6-7 mm 
long), red when ripe and has extremely sticky flesh.

Life cycle
Seeds germinate and sink parasitic haustorium (an attachment mechanism) into the 
branches. Later secondary haustoria are formed from the same parasitic plant wherever 
there is a contact with the host.

Hosts
Host includes citrus, apples, pear and peach trees. 

Damage symptoms  
Infested trees may have many parasitic Loranthus plants growing on it. Heavily infested 
trees have reduced growth in neglected orchards and under drought stress and can result 
in dieback of branches and occasionally the whole tree. 

MANAGEMENT 
This parasitic plant is easily managed, and should never become a problem in well 
managed orchards. 
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Monitoring 
Inspect for loranthus during general orchard monitoring and when pruning.

Non chemical Management 
• Prune back and saw off infested branches.

• All wood that is infested should be pruned out as the parasites’ haustoria are deep 
rooted and can cause new growths.

• Keeping other host plants (forest and fruit) surrounding the orchard clean of 
loranthus may also help reduce the risk of spread into the orchard. 

Chemical Management 
• Chemicals are not necessary for managing this plant.

Loranthus growing on trees
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SAFE USE OF PESTICIDES & SAFETy MEASURES

A pesticide is a chemical used to prevent, destroy, or repel pests and are toxic to both 
pests and humans. Pests can be insects, mice and other animals, weeds, fungi, or 
microorganisms such as bacteria and viruses. Although pesticides can be useful, they 
also can be dangerous if used carelessly or not are stored properly. 

Identification of Problem 
Prior to pesticide application, pesticide users must 

• Identify the pest problem in the field (viral, fungal, bacterial, mites, rats, storage 
pests etc.) 

• Assess Crop damage (Damage Assessment) 

• Timing of application

If pesticide spray is considered necessary, information must be obtained on 
• Recommended pesticide products 

• Dose rates, dilutions, timing and frequency of application 

• Methods(s) of application

• Precautions to be taken 

• Cost per unit area 

Procurement of pesticides
• The National Plant Protection Centre is the only authorized agency that is 

responsible for procurement and distribution of pesticides in the country.

Transport of pesticides. 
• Keep pesticides away from passengers, livestock and foodstuffs. Do not load 

pesticides onto vehicles carrying passenger, livestock, foodstuffs and other 
materials for human or animal consumption. If this is unavoidable, then separate 
the pesticides from passengers and the remainder of the loads. Always clean the 
vehicle after unloading. 

• Load and unload pesticides package with care. Protruding nails, metal strips and 
wood splinters on vehicle can puncture packages and cause leakage. Hammer 
them flat before loading. 

• If spillage occur, 

• keep people and animal away

• Remove damaged packages and place them on bare ground, away from 
dwellings and water supplies, where the soil will absorb the leakage

• Use soil or saw dust to absorb liquids, sweep up carefully and bury in a place 
where there is no possibility of contamination of wells and waterways 

• Wash down all the contaminated parts of the vehicle, away from wells and 
waterways 
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Storage of pesticide 
• Do not store pesticides with food or animal feeds
• Store separately ( in a separate building under lock and key) 
• Keep pesticides out of the reach of children 
• Inspect packages regularly for signs of damage and leaks 
• Remove leaking and damaged packages and containers 
• Always keep them in their original containers 
• Keep them dry, but away from fires, and out of direct sunlight 

Formulation
• Measuring and mixing 

• Always read the label 
• Always adhere to the recommended dose rates and dilutions 
• Higher doses will not produce better effects
• Lower doses will be less effective 
• Use recommended dose and dilution rates 

•	 Be protected 

• Wear protective clothing to avoid skin contamination 
• Do not measure or mix pesticides in or near houses 
• Keep children and animals away 
• Take care not to contaminate water supplies
• Use suitable equipment ( never use hands as coops) 
• Use the cleanest available water 
• Never suck up any liquid pesticide  with a tube 
• Wash all the equipment’s after use 
• Always keep the pesticides in their original container. Do not transfer into 

drink bottles or food containers. 
Disposal of containers 

• Metal cans and drums should be washed out, punctured and buried
• Plastic containers should be washed out, punctured, burned  or  buried
• Burning must take place away from dwellings and from crops 
• Do not stand in the smoke of such fires , and keep children away
• Do not use pesticide container for food or drinking water for humans or 

animals 
Protective equipment 

• Use long rubber gloves, water proof hat, goggle, long pants, rubber boots 
and respirator to help prevent skin contamination. All clothing must be well 
washed after every use.

• Do not use leaky equipment 
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• Do not use poor quality equipment 

• Clean and check equipment at the end of each day’s work

Pesticide use in the field 
• Never allow children to apply pesticides 
• Do not spray or dust into the wind 
• Never allow children to apply or to be exposed to pesticides; keep them out 

of areas being treated 
• Do not allow other workers in the fields when pesticides are being applied 
• Do not apply pesticides when it is likely to rain 
• Keep people and animals out of freshly treated crops 
• Do not blow out clogged nozzles with the mouth. Clean them with water or 

a soft grass stem
• Never leave pesticide containers open 
• Wash hands and face before eating, drinking or smoking 
• Do not eat, drink or smoke during spraying 

Pesticide Poisoning
• A pesticide poisoning occurs when chemicals intended to control a pest affect 

non-target organisms such as humans, wildlife, or bees.

First Aid
• It is easier to prevent poisoning than to treat, so handle carefully.

• Keep the patient  calm and comfortable and obtain immediate medical 
attention 

• If breathing stops, perform artificial respiration immediately 

• Antidotes are available but it should be used by doctors only 

• Priority should always be to seek medical attention and provide the label of 
the container from which the pesticide came 

Oral ingestion 
• Keep the patient calm and comfortable and protect him from heat and cold 

Inhalation
• Remove patient from the work 

• Loosen clothing around the throat and chest  

Dermal 
• Wash pesticide splashes from skin with soap and water 

• Remove the contaminated clothing immediately and wash the skin

• If the skin blisters and becomes broken apply soothing creams 

• If the splashes have entered the eyes wash the eyes thoroughly with cool, 
clean water for 10 minutes.
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Area-Wide Management of Chinese Citrus Fruit Fly in Tsirang, Bhutan  Using 
Protein Bait Sprays and Orchard  Hygiene 

105 

CONCLUSIONS 
The results indicate that the Chinese citrus fruit fly can be effectively managed through a community based approach and by employing environmentally friendly management 
strategies like protein baiting and crop hygiene. Such an approach hinged on a well planned and a coordinated program support mechanism can be employed in devising a long 
term sustainable fruit fly management program within the context of smallholder citrus farmers in Bhutan.  

INTRODUCTION 
The Chinese citrus fruit fly (CCF), Bactrocera minax (Enderlein), is one of the major fruit fly 
pests of mandarin (Citrus reticulate Blanco) in Bhutan. Due to the lack of a coordinated ap-
proach in implementing the recommended management strategies for this fruit fly pest, citrus 
growers fail to achieve the desired level of control and incur serious yield losses. This in turn 
also discourages the adoption of the recommended fruit fly management strategies. In order to 
showcase the effectiveness of a coordinated, community based approach in managing the CCF, 
an area-wide fruit fly management program was designed as part of a collaborative project be-
tween the Ministry of Agriculture and Forests (MoAF), Bhutan and the Australian Centre for 
International Agriculture Research (ACIAR). 

METHODS 
 

The program was implemented by the plant protection program with field support from the district agriculture sector in a major mandarin growing area located in the south-western 
district of Tsirang, Bhutan. The trial site consisted of a contiguous area with a total of 270 farmers participating in the program. Farmers were placed in groups with a group leader 
in each group to monitor the program. The program was implemented in two consecutive seasons from 2013 to 2014. Prior to implementing the program, farmers were trained on 
CCF biology and management. The field control program involved a fortnightly sprays of protein bait sprays from early May till the end of July and collecting and destruction of 
dropped fruits at a weekly interval from November to mid-December.  
In order to assess the effectiveness of the program, fruit fly damage assessment was undertaken in 10 orchards from  both the treated  (where the program was implemented) and 
untreated sites (where no fruit fly management practice was undertaken). In a single orchard 100 fruits on the trees were randomly sampled for fruit fly infestation. 

RESULTS 
 

Fruit fly infestation assessment showed a significant difference in the fruit fly infestation levels between the treated and the untreated sites in 2013 (Table 1) and 2014 (Table 2).  
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Location Mean infestation ± S.E 

Treated area 17.75 ± 2.44a 

Untreated area 58.75 ± 3.55b 

Means followed by the same letter are not significantly different (t‐test on log [x+1]  
transformed data: P = 0.05) 

Table 1: Mean Chinese citrus fruit fly infestation in treated and untreated areas in 2013 

The Chinese citrus fruit fly, Bactrocera minax Fruit fly damage symptom; premature fruit ripening 

Farmers training on fruit fly biology and management 

Means followed by the same letter are not significantly different (t‐test on log [x+1]  
transformed data: P = 0.05) 

Location Mean infestation ± S.E 

Treated area 19.25 ± 3.12a 

Untreated area 64.60 ± 3.41b 

Table 2: Mean Chinese citrus fruit fly infestation in treated and untreated areas in 2014 

Weekly collection and destruction of dropped fruits 
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