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FOREWORD

With the global development of the pharmaceutical industry and progress in chemical techniques,
herbal drugs were largely replaced by pure chemical drugs, resulting in a decline of medicinal
plant based therapy, particularly in ttheveloped world. However during the recent years, there

has been resurgence in the study and use of medicinal plant. Many traditional plant based remedies
are back in use, finding increasing application either as a source of direct therapeutic agents or as

a raw material base for the development and preparation of chemical compounds.

In particular, the decade has seen a signification increase in the popularity ebgdedt
medicines. Herbal remedies are increasingly becoming mainstream consumer products
manufactured by multinational companies amongst other, and sold in supermarket chains and in a
variety of other outlets, globally. A parallel development has been the incorporation of herbs into
an increasinghumberof health foods and dietary products. Te@mbined market is now a
multibillion dollar industry in which hundreds of medicinal herbs are being sold in an ever
increasing variety of forms. Many plant species used for medicinal purposes also find uses in other
fields like aromatherapy, fragrancesential oils, food supplements, herbal tea, cooking purposes,
healing powers, cosmetic purpose, natural coloring, regional cuisines, textile indelggigus

ceremoniesetc.

Nepal 6s biodiversity exists du éoldtedtopographicalni g u e
locations that host around 7,000 species of plants. Among them, medicinal and aromatic plants
(MAPSs) have directly contributed to the livelihoods of Nepalese people. Nepal Trade Integration
Strategy (NTI$2010) has recognized thisaor as having export potential and identified some

major international markets that allow Nepal to diversify its exports. At present, the processing of
MAPs is limited to the distillation of essential oils and preparing few herbal preparations. Essential

oils are exported to overseas markets and then used in the manufacturing of cosmetics, perfumes
and pharmaceuticals. The major part of collected plants, however, is exported to India and then
towards Tibetan Autonomous Region of China in raw fdrhe regilation of importing countries

requires Pest Database of concerned MAPSs. This situation has led to impediment in the trade of

MAPSs sector in Nepal.

Therefore, the effort has been made by the joint collaboration between various government

agencies and ingtitions i basically Ministry of Forest and Soil Conservation, Ministry of



Agriculture Development andinistry of Industry and Commerde undertaking Preparation of

Survey Surveillanc&uidelineand Pest Database for Selected Most Five Traded Medicirdhl a
Aromatic Plants (MAPs) of Nepalln order to facilitate and coordinate among government
agencies and concerned stakeholders, NEHHPA has taken a lead to initiate and carry out the
activities with the financial support of GIZ/Includd’P. Preparation qfest database of MAPs is

also one of the major activities identified by Project Advisory Group (PAG) consultation workshop
during the preparation of Action Plan for the implementation of MAPs project byW\IID/EIF

SP during 201-2012. The aim was to gerae a comprehensive list of sources of risks and events
that might have an impact on the achievement of each of the objectives identified in the context.

These events might prevent, degrade, delay or enhance the achievement of those objectives.

In the preent survey and surveillance study, economically important five MAPs namely
Asparagus racemosW¥illd. from Makwanpur districtSwertiachirayita (Roxb.) H.Karstfrom

llam, Zanthoxylum armaturC from SalyanSapindus mukoros$aertn. from Darchula and
Neopicrorhiza scrophulariiflorgPennell) D.Y.Hong from Jumla were collected for the study of

fungal and bacterial disease

The coordination of NEHHPA and NEHHPA president Mr. Govinda Ghimire is highly
appreciated. We highly comme the contributions of entomology expert Mr. Sanjay Bista and
pathology expert MsSangitaJoshiin preparing the pest list. The concept and coordination Ms.
Rose Shrestha, Scientific Officavls. Jyoti Joshi Bhatt, Chief NPRIDPR and Ms. Himadri
Palikhe, GIZ/TPPis highly acknowledged. The hard effort put into this research by staffs of
Biological Section, DPR, particularly Ms. Shiwafhadgi, Mr. Pramesh Bahadur Lakhey, Ms.
Suprava Shresthds. Yamini Panta andir. Dambar Bahadur Karki from MAPs pronmar
section DPR was instrumental in completing this project. Likewise the contribution af Mr
Prakash Paudel amdr. Madhav LamsalPlant Pathologists (NPQP) drghly acknowledged.

Last but not the least, we would like to thank the contribution ofMyesh Pyakurel and Mr.

Khilendra Gurung for their effort since the conceptualization to the final deliverable.

We hope that this publication will provide information fisk assessmer@nd management as
well as trade promotion of MAPSs.

Department of Plant Resources, Ministry of Forest and Soil Conservation, Thapathali,

Kathmandu
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EXECUTIVE SUMMARY

It has been estimated that aboj#6B species of medicinahd aromatic plants (MAPs) are used

by rural people of Nepal. Collection and trade of MAPs have directly contributed to the livelihoods
of peopl ehillyandmMdntaiaoliséareas. The Nepal Trade Integration Strategy (NTIS
2010) has recognized theAR®s sector as one of the commodities for export promotion. The major

part of collected MAPs is exported to India and then to China in crude form.

For last few decades; with the threat dfaftent peststhe import and export of MAPs and other
plants based products in crude forms are highly regulated. Till date, Plant Quarantine Office has
been issuingPhytosanitary Certificate for the export of MAPs on the basis of traditional methods
of observation. Ddaration of pest freedom iBhytosanitaryCertificate requires national pest
database accompanying with detection protocol of quarantine pests concerned to importing
contracting party. On the other hand, the obligations of importing countries requingirexpo
country's pest database for undertaking PRA to determine their quarantine pests. While
undertaking PRA by the importing countries, the exporting country must supply the information

as needed to them.

Thus sensing the economic importance and the tequtepare pest database for export of
concerned MAPs, Nepal Herbs and Herbal Products Association (NEHHPA) along with
Department of Plant Resources (DPR) and National Plant Quarantine Program (NPQP) with the
financial support of Nepaberman Trade Promon Programme (TPP) have prepared the pest
database of highly traded MAPs during the project period till 2015 AD.

There are more than 100 MAPSs that are in trade in raw form and it is impossible to carry out the
survey surveillance to prepare pest databasall thosecommoditiesThusonly five MAPs were
selected, primarily on the basis of traded volume (mostly in raw famd)as per the expert
consultationAlso the associated districts were selected as peatistr@ution and trade volume

The currenhstudy was focused on five highly traded MAPs from different ecological zones namely
Asparagus racemos¥gilld.) from Makwanpur distric{Tarai/Siwalik) Swertiachirayita(Roxb.)

H. Karst. from llam (mid hills), ZanthoxylumarmatumDC (mid hills) from Salyan,Sapindus
mukorossiGaertn. from Darchulgmid hills) and Neopicrorhiza scrophulariiflora(Pennell)
D.Y.Hong from Jumlghigh hills)were collected for the study of fungal and bacterial disease
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The project was initiatetly preparing the roster of experfsllowed byformulating the expert

team (comprising the team leader/ ecologistthologist, entomologist and research assdciate
This wasfollowed by an eight days training for 15 participawtso were identified to urettake

the field study.The host specific pest detection survey plan was prepared for all five selected
MAPs. The guideline was duly approved by NPPO and the final version was published by NPQP
in November 2014. Afterwards, generic survey surveillance efjuel entitled "Technical

guidelines for detection survewf plant pests ilNepal, 2014was prepared by NPPO.

Field visits were planned according to the host specific pest detection plan and generic survey
surveillance guideline. It was agreed to carry thwee consecutive visits (seedling/ growing,
flowering/ fruiting and harvesting/ post harvesting stageoltect and study all possible pest of

the commodities.

Samples were collected following teeatified and simple random sampling method. Full sample
observation waandertakeron all randomized sub plots until the species accumulation curve was
satisfied. Clustered locations were randomly sampled according to horidsttédution and
altitudinal gradientsi-ield survey work was accomplished as per the as per the protocol mentioned
in the NPPO survey guidelineStorage conditions arabsociated pests the storage facilities of

the farmers, local roakdead collectors and traders were obsearatistudied to obtain information

on the storage practices, conditions padts

The collected samples were transporteBitdogical Sectiorat DPR angest identificatiorwere
carried out following mycological (isolation of organisms, single sporemutif isolated species
and identification of organisms), bacteriological (isolation and purification of bacterial isolates and

identification of bacteria), entomological and weed identification (reference samgtiedd.

During the survey, the studied MPAicommodities were found to be affected by number of pests
during different crop stages in varying intensities. The pests were broadly divided into three
different groups as diseases, insects and weeds. Among the commaodities, thenbigbess of

pests vereobserved irKurilo (16), followed by Rittha(14), Chiraito(13) and Kurilo and Timur

(12). The prevalence of diseases in the commodities was comparatively morehbampests
(insect and weed)ntidence of sompestsseems to be generalized whilersoare highly species

specific. The infestation of weed was not found as severe as that of disease and insects. Some

viii



pests are identified up to generic level which some unidentified pests are in process of

identification.



CHAPTER I: BACKGROUND

1.1 Introduction

Nepal 6s biodiversity is a reflection of its
well as altitudinal and climatic variations. As a result, Nepal hosts around 6500 species of plants
(Haraet. al 1979, out of which 1463 species are used by rural people of Nepal (MdEH6)
collectively known as medicinal and aromatic plants (MAPs). MAPs have directly contributed to
the livelihoods of peoplespecially in mountainous and hillgeas for many centuries. The MAPs
sector has high potential tontributein growing international trade. The Nepal Trade Integration
Strategy (NTIS2010) has recognized this sector as one of the commodities for export promotion.
The major part of colleetl plants is exported to India and then to China in raw form and very few
percenageis processed into essential oils that are exported to overseas markets to be used in
cosmetics, perfumes, and pharmaceuticals. During the transport, they are prone db risk
transferring pests. Since last decade, plant health status has become a mapmlityadssue
because dthe threat of disease and pests ti@dlefore, the import and export of MAPs and other

plants based products in crude forms are highly regulated

Nepal 6s acWaldladeQrganisatio®(hy in 2004 offers significant opportunities

for the country to foster trade for development and improve the investment climate and good trade
governance. During the process of accession, Nepal hasv&owaiso entered into significant
obligations when it committed to comply with WTO rules and commitments, to adjust its laws and
to create and strengthen the necessary infrastructures. In this framework, the country has to fulfill
many obligations while gorting and importing the agricultural goods and allied plant materials.
The issuance of Sanitary and Phytosanitary certificate (SPS) while importing and exporting the
goods is primary requisite. At the same time importing country should conduct pestaigkis

(PRA) for biosecurity tocheck probable risk of pest infestatidikewise exporting countries are

obliged to provide necessary information about pest list of concerning commaodities.

Requirement under International Agreement

A pest list is a regeement under the International Plant Protection Convention (IPPC), Article
IV/2 (b), which states that the responsibilities of an offisiational Plant Protection Organization
shall include the following: the surveillance of growing plants, includiogh areas under

cultivation and wild flora, particularly with the object of reporting the occurrence of pests, and

1
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Article VIII/2 (b) which states that the contracting parties shall cooperate with one another to the
fullest practicable extent in achievintge aims of this Convention, and shall in particular:
cooperate in the exchange of information on plant pests, particularly the reporting of the
occurrence, outbreak or spread of pests that maybe of immediate or potential danger, in accordance

with such pocedures as may be established by the Commission.

Pest List Database (PLD) is also required under obligations of the WTO Agreement on the
Application of SPS by Article 5: Assessment of Risk and Determination of the Appropriate Level
of Sanitary or Phytosetary ProtectionArticle 6: Adaptation to Regional Conditions, Including

Pest or Diseasd-ree Areas and Areas of Low Pest Prevalence. Article 6/3 statgsorting
membersclaiming that areas within their territories are piet areas or areas of lopest
prevalence shall provide the necessary evidence thereof in order to objectively demonstrate to the
importingmembetthat such areas are, and are likely to ren@esifree areas or areas of low pest
prevalence, respectively. For this purpose, realsienaccess shall be given, upon request, to the

importingmemberfor inspectiontesting and other relevant procedures.”

Pest Risk Analysis i process of evaluating biological or other scientific and economic evidence
to detemine whether a pest shidibe regulated and the strength of any phytosanitary measures to
be taken against it. For thisountries negotiating trade in agricultural commodities that may
provide pathways for moving pests into new areas must be able to access information on the
biology, distribution, host range and economic status of plant pests under principles of
transparency enshrined in IPPC agreement on applicati®amtaryand Phytosanitary(SPS)
measures. They are obliged to inform trade partners and/or neighbors gfetstegtatus. It is
therefore necessary to prepare and compile database of field and storage pests including insect,
mites, pathoges, weedsetc. of the important commodities that are potential for international
trade. National Plant Protection OrganizatiNPPO) will be responsible to disclose and keep
records of such information. General sunad surveillance is the tool used to gather such

information.

Therefore, the effort has been made by the joint collaboration between various government
agencies iad institutionsbasically DPRMoFSC NARC and NPQP in undertakin@feparation

of Survey Surveilland8uidelineand Pest Database for Selected Most Five Traded Medicinal and
Aromatic Plants (MAPsof Nepal. Nepal Herbs and Herbal Products Association HINIPA)



lead the consortium téacilitate and coordinate among government agencies and concerned
stakeholderswhile GlZ/Include i Trade Promotion Projectprovided the financial support.
Preparation of Peddatabase of MAPs is also one of the major activities identified by Project
Advisory Group (PAG) consultation workshop during the preparation of Action Plan for the
implementation of MAPs project by GIM/TO/EIFSP during 201:2012.Government of Nepal

has aso prioritized this activity in their Procedure on Forestry Sector Operational Plan (2013).

1.3 Objectives
The major objective of this assignment is to facilitate the export of crude Nepalese MAPs by

preparing the pest database.
The specific objectives are as follows:
U Preparationpublicationand endorsememf i Te c hni c al Guidelines fo
of Pl ant Pests in Nepal o

U Preparation and publication of pest list on fiveghly MAPs namely Gentian
(Neopicrorhiza scrophulafiora), Chireeta(Swertia chiraytid, Prickly Ash(Zanthoxylum
armatum), Soapnu{Sapindus mukorogsandAsparagugAsparagus racemos)us

1.4 Rationale

There are ovemore than 146B1APs in Nepal that are commonly used for medicinal purposes,
both for tralitional and modern health care. The value of MAPs has been recognized widely with
its increasing contribution to the Nepalese economy (Edwards, 1996) where more than 50% of the
population of some hilly and mountainous area are engaged in trade anddombalyute 10

100% income of rural communities (Olsen and Larsen, 2003).

MAPs and herbs based products are one of the major export items from Nepal. Nepal's export of
MAPs and products estimated over NRs. 2.5 billion per year contributing 4% of the total
contribution of forestry sector to the national economy (referred from Gua@ig).In FY
2013/014, crude medicinal plants worth NRs. 1,602.19 million was exported out of NRs. 2,414.96
million export from medicinal plants, essential oils and handmaderpap 25.9% increment in
monetary value compared to FY 2012/0@8v(v.tepc.gov.njp Morethan 80% crude MAPs are
exported to India and Chimaterms of value and volun{eeferred from Gurung013) indicating

that crude MAPs is one of the important expaytcommodity of Nepal.



Trade of crude MAPs from Nepal to India and China has commenced since time immemorial and
the trade process was much easier those times. But for last few dedtdd® threat of disease

insecs and othepeststhe import and export of MAPs and other plants based products in crude
forms are highly regulated. Till date, Plant Quarantine Cifltas been issuing Phytosanitary
Certificate for the export of MAPs on the basis of traditional methods of observatidardden

of pest freedom ifPhytosanitary Certificateequires national pest database accompanying with
detection protocol of quarantine pests concerned to importingacongy party. On the other hand,

the obligations of importing countries require estp@ country's pest database for undertaking
PRA to determine their quarantine pests. While undertaking PRA by the importing countries, the
exporting country must supply the information as needed to them. The information is asked
through PRA request forrand the form is sent to the NPPO. The information asked by the
importing country must be generated by exporting country with the help of ongoing surveillance
programNepal, till the commencement of this project, did not have her national pest database and
any pest detection protocol of the related MAPs. This situation has casted an alarm to pose some
impediments in the trade of MAPs sector in Nepal. Therefore, it was sought urgent to generate
national pest database through the field based survey. Asomeh already, ther@ereno any

survey guidelineand pest databapeeparedearlier, preparation of detection survey guideline and

pest database of traded MAPs to facilitate the trade and to ensure the optimum benefit to the actors

involved in the supplyttain of MAPS is imperative.

Literally, Ministry of Agriculture Development (MoAD) is responsible to prepare the pest database
but with the limited human and financial resources, MoAD is focusing only on agricultural crops.
Preparing pest database for MABsnot even in their action plan. Thus sensing the economic
importance and the need to prepare pest database for export of concerned MAPs, Nepal Herbs and
Herbal Products Association (NEHHPA) along with Department of Plant Resources (DPR) and
National Plah Quarantine Program (NPQP) with the financial support of N&eaman Trade
Promotion Programme (TPP) wished to prepare pest database of five highly traded MAPs during
the project period till 2015 AD.

1.5 Limitations

There are approximately 100 MAPs trdda and from Nepal but about one third B2 MAPs

products (list in Annex I) have significant contribution in terms of value and volume of trade



(Olsen 2005). More than two dozen countries are reported to import MAPs from Nepal, the major
being India,China, Pakistan, Bangladesh, Singapore, Japan, Australia, USA, Canada, Germany,
Belgium, Italy and so on (Gurung013), reflecting that all the MAPs are important and Nepal

have to prepare pest database for at least three dozen MABB [28Ps from the lal list and

few others whose trade have escalated in recent years). Preparation of pest database of these MAP
species is possible only through field based surveys. Almost all the field based studies in the area
of plant pest surveillanciacesfew or morelimitations. These limitations sometimes become
unavoidable with the prevailing circumstances fewhich were smaller coverag with respect

to area, relatively short duration of overall stumhadequateaccesdo quantitative data such as
disease sevity or intensity of insect infestation, unavailability of few but highly required

gualitative data such as specimen intact attacking st€hicéeta

Preparation of pest database foradtirementioned1APs is lengthy and time consuming process

and it dso needs substantial financial and human resources. The financial requirement can be
managed but it was very difficult to manage the human resources. Because lehib
requirements of donorkgave unavailability of the consultants and the frequewélraeed of the

field surveying system (at least for three seasons for one species), followed by time consuming
laboratory analysis procedures, the duration of field survey schedules were curtailed all the time.
Aggravating this, the Trade Promotion Rdjends on 2015, leaving only two years for project
completion. The assignment has prepared pest database for five highly traded MAPs, although the
database generated and presented in this report is just a year index of the pest status of limited
areas. Brther, no any measurable data about the severity and intensity of the pest attack in
surveyed commodities were calculated, because the survey was focused only for detection of pests.
Although, PRA requires several information about loss assessment ababfmeg/, no data about
severity and intensity of pest attack was calculated during this survey. Also, the biology of the pest

attacking surveyed commaodities was not studied.

Initially fifteen survey surveillance visits was proposed (three consecusis Yor five species
during sprouting, growing/flowering and collection season) but it was decreagédtéen
because of the difficulty in managing the time of expert human resources (Cdseeetaat [lam),
and harsh climatic condition at Jumla ithgr Novembey 2014. Thus survey oGentianand

Chireetawas carried out only during sprouting and growing season.



The larvae of almost all pests need to be reared to matagesin laboratory for proper
identification. But the team had difficulty in treporting these larvae in regulated temperature due

to inadequate technology. Further, the pests collected were studied in the laboratories of DPR, the
pests identification is not verified yet and there were not sufficient live sample to identify and thus
the final list of pest database cannot be considered complete. During the identification process,
some specimens could be identified up to genus.|Bueing the field visit, some specimens could

not becollectedat the field but the damage symptoms were prominently observed; these pests are
described as per the symptoms observed at the field

Pest data list should include weeds also. But due to inadequate time and resources, weed collection
could not be done irnis assignment. Only few cases of associated plant species came across with
targeted species are listed out. Detail study about problematic weed species and parasitic plants
associated with targeted species is nee@#aer pests like ibds, rodents molluscuans, etwere

also excluded.



2.1

CHAPTER II: STUDY AREA AND METHODOLOGY

Review of the literatures, acts and regulations

Therelevantiterature when and wherever available was collected and placed at DPR office. The

reports available at concerned oéfs were collected and other related materials were also retrieved

from internet. The Crop Protection Compendium from CABI International and other official

documents were referred as and when requited. The acts and regulations (Plant Protection Act and

Regqulation, 2064) enforced by Government of Nepal regarding the current work was also referred.

2.2

MAPs and districts selected for survey

2.2.1 Preliminary list of MAPs with proposed survey districts

The expert team carried oliterature review, series of consultation meeting/workshops and

consulted concerned experts to select the five most traded MAPs. During the process of selection,

the team first prioritizes twerdiyvo MAPSs that are mostly traded in raw form, on the basis of trade

value and volume, revenue generated and geographical distribution (Table 1).

Tablel: List of proposed MAPSs for pest database preparation

SN Botanical name Common name Parts in trade Proposed areas
of collection and
survey
1 Aconitumheterophyllum/ Rhizome/ root Jumla/ Mugu
Delphinium himalayai
2 Asparagus racemosus Wild Asparagus | Rhizome/ root Makwanpur
3 Berberis asiatica/ Berberis Stem and root Nuwakot/ Rasuwa
aristata bark
4 Bergenia ciliata Rockfoll Rhizome Nuwakot/ Rasuwa
5 Cinnamomum tamala Cinnamom Leaf Jhapa/
Nawalparasi/
Udayapur
6 Elaeocarpus sphaericus Seed Sankhuwasabha/
Bhojpur
7 Fritillaria cirrhosa Fritillary Bulb Jumla/ Mugu
8 Juniperus indica/ Juniperus Juniper Needle Jumla
communis
9 Morchella conicaMorchella Morchella Whole plant Jumla/ Mugu
esculenta
10 | Nardostachys grandiflora Spikenard Rhizome/ root Jumla/ Mugu
11 | Neopicrorhiza scrophulariiflora | Gentian Rhizome/ root Jumla/ Mugu
12 | Paris polyphylla Love Apple Rhizome/ root llam
13 | Perseaodoratissima Bark Doti/ Dadeldhura
14 | Rauvolfia serpentina Serpentine Rhizome/ root Makwanpur
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15 | Rheum australe Rhizome and sten Rasuwa

16 | Rubia manjith Stem and root Nuwakot

17 | Sapindus mukorossi Soapnut Fruit Doti/ Dadeldhura
18 | Swertia chirayita Chireeta Whole plant llam/ Panchthar
19 | Taxus wallichiana Himalayan Yew | Leaf Jumla

20 | Valeriana jatamansii Valerian Rhizome/ root Jumla/ Mugu

21 | Zanthoxylum armatum Prickly Ash Fruit Salyan/ Rolpa
22 | Parmelia nepalensis Lichen Whole plant Makwanpur

2.2.2 Final list of MAPs with survey districts

From these twentywo MAPSs, the teamwith further expert consultation as well as reference
reviewselected five MAPs for the survey purposes on first year. The districts to be surveyed for
these five targetemlAPs wereselected on the basis of their distribution and availability to collect

field information and pest samples (Table 2).

Table2: Selected MAPs and districts for survey, 2014

SN Selected MAPs Selected Code no.
Scientific name Common/ Local districts
name

1 | Asparagus racemosuélid. Wild Asparagus | Makwanpur| Mak

2 Swertia chirayitalRoxb.) H. Karst.| Chireeta llam lla

3 Zanthoxylum armaturdC Prickly Ash Salyan Sal

4 | Sapindus mukoros§laertn. Soapnut Darchula | Dar

5 Neopicrorhiza  scrophulariiflorg Gentian Julma Jum

(Pennell) D.Y.Hong

2.2.3 Species background

Soapnut Sapindus mukorossiaetrn.

Sapindus mukoros$&aetrn, locally known asRitha, Aritha, Dodan, Doadni, Doda, Kanma and

Thali in different Nepali dialects. The plant belongs to family Sapindaceae of order Sapindales.

It is distributed throughout Himalayan range of NE India, {&fona, Myanmar, Taiwan, Korea
and Japan. In Nepaalthough it has been reported to occur from-6800 naslthroughout hills

and plains, it commonly grows in the westerns parts Nepal.

It is a medium sized tree. Full and mature plant is up to 15 m tall. Leaves are alternate, sometimes
odd-pinnat® ledlets 815 in number, lanceolate, glabrowdternate or the upper ones nearly
opposite. Flowers are numerous, small, polygamous, purple, in terminal, pubescent, pyramidal

panicles and are 120 cm long.



The fruit are rounded, fleshy drupes, measuring2155cm in diameter; it is light brown after
drying, somewhat translucent saponaceous rind with a wrinkled surface; the drupe encloses single

globose black seed with smooth surface and hard pericarp.

The leaves turn yellow in December before being shé&koemberJanuaryTree delicious with
leaf appearing oMarch-April. The panicles of white or purplish bisexual flowers appear in-May
June, with the green fruits ripening in Octobavember. These remain on the tree till January or

later.

Recently domdgcated and cultivated by farmers, Soapnut has become a highly traded medicinal
plant of Nepal. Its fruit, known as soapnut, is sold either as entire fruit or fruit shells or as shell
powder. It is used as the main ingredient in soaps and shampoos firghesh as it is considered

good for the health of hair. The trend of washing hair with Soapnut is still followedny local
households. The jewelers in India use this plant to bring back the lost brightness of ornaments
made of precious metals likeolg, silver, etc. The herb is also used in the treatment of extra

salivation, migraine, epilepsy and chlorosis.

It is commonly cultivated in western Nepal in Darchula, Dadheldhura and Bhajlstngfs It is
locally sold at the rate of around NRs-2% per kg. As prescribed by the Forest Regulation, 1995
and its third amendment, 2005, Government royalty of fruit and seganofkorossis NRs. 2/25

kg of fruit and NRs 0.15/kg afut.

Wild Asparagus, Asparagus racemosud/illd.

Asparagus racemosWilld. commonly known as Wild Asparagasd locally known as Hrilo

or Satawari belongs to family Asparagaceae of order Liliales.

It grows in Bhutan, China (Tibet), India (Kashmir, Sikkim), Myanmar, Ngg@asntral and
Western) and Pakistan. It is generally found in open slopes, forests and shrubberies within the
altitudinal range of 302200 nasloccurring mostly from 500 to 1300asl Naturally, it can be

found mostly in community forests, leasehold ftserational parks and conservation areas.

A. racemosuss a xerophytic perennial shrub. Its stem is woody with stiff spines at the base
bending towards ground. The leaves are nelddtecladodes. It bears tiny white flowers in raceme

which develop into iggen berries turning red upon ripening.



A. racemosusas been successfully cultivated in various districts of Nepal like Makwanpur,

Chitawan, Bara, Parsa, Sindhupalchowk, Kpatenchowk Myagdi, Gulmi, Nawalparasi, etc.

It is a highly traded medicinal ght. It has been domesticated and cultivated recently by farmers
for tuberous root, the traded part of the plant. Government royalty of the tuberacEmosuss
NRs. 5/ kg

Chireeta, Swertia chirayita(Roxb. ex Fleming) H. Karst.

Swertia chirayitg Roxb. ex Fleming) H. Karst. locally known as Chiraito or Titelongs to family

Genitianaceae of order Gentianales

The species is endemic to the Himalayas and is distributed from Kasmir through Nepal and Sikkim
NE India to Bhutan. In Nepal, it occurs fromse to west throughout the foothills of the Himalayas
within the altitudinal range of 1500 to 300@sh It grows in open and moist places, forest floor
and edge of agricultural lands. It prefers noahd northwestfacing moist habitats in forests,
rangelands and around cultivated lands, but is mostly found on-saghfacing slopes of mixed
broadleaved forests. s mostly found irblack sandy soil rich in organic matters and acidic with

pH 4.55.5 and adequate soil moisture.

The plant is a perermal erect herb, about 6025 cm tall with robust branching in later stage. The
plant develops as rosette form and in the second year develops elongated flowering and fruiting
branches in course of its growtlycle. Root is somewhat twisted;18cm long, 12 cm in
diameter, gradually tapering downwards, solid, light brown to purple brown in color. Stem is
guadrangular towards upper portiemd whole planis bitter intaste Theflowers are tiny purplish

to brown in color: insects being attracted in purgl®c Fruits are capsules ca. @, ovoidand

seeds are small, numerous.

Chiretta has been a popular broad spectrum herb. All parts of the plant including leaves, flowers,
stem and roots are used in medicine. It is used for numerous purposes incluigerstonic,

to increases appetite, control malarial and other types of fever, hepatitis, inflammation, burning
sensation during urination, etc. Highly traded medicinal pl&nthirayitaconstitutes about 80
percentof the total traded volume in tleeuntry. About 9(ercenibof theChirettaproduced in the
country are exported, about Bercento India and variable quantities to other countries including

China, Malaysia, Singapore, Germany, ltaly, France, Switzerland, Sri Lanka, Bangladesh,

10



Pakistan USA and many others. Recently it has been domesticated and cultivated by farmers.
Whole plants are used to extract its medicinal constituents, bitter principles for commercial
purposesS. chirayitahas been categorized as 'vulnerable' species based on the IUCN Threat
Categoriesversion 3.1 (Bhattarat al,, 2002). Government royalty & chirayita (harvested from

wild) is NRs. 15 kg

Prickly Ash. Zanthoxylum armatumDC

Zanthoxylum armaturdC is locally known as imur. It is found between 1100 to 2500 masl
throughout Himalayan range from (Kashmir to Bhutan), N. India, China, Taiwan and Philippines
(Presset al, 2000). Itgrows mostly in moist areas with deep soils and sites, exposed to san and
degraded slopes, shrub lands, natural forests and wasteldmglant grows as a shrub or
sometimes a small tree about 6 m tall, with corky bark and with numerous long stpags on
branchlets. The flowers are about 1 mm,-eared; calyx with €8 acute lobes; petals absent;
stamens @, much longer than calyx in male flowers. Fruits are follicles initially green, becoming
purplish red when ripe and bearing a few protrudigylands. Each fruit contains a blackish
brown seed (Bhattarai and Ghimire, 2006; DPR, 2007; Polunin and Stainton, 1984).

The dried fruit is gpopular Nepalese spis@sed in pickle and vegetable especially mushroom
preparation. Due to appealing aroara multipurpose medicinal properties present in its fruit and
bark, Prickly Ashis used in the manufacture of several headtte and cosmetics as well as
toiletries products. India is the major commercial outlet for dried timur fruits (Edwards, 1996; Den
Hertog, 1997). Estimated demand in 2004/05 in Indiarcsuitinent of timur was 23 MT but only

10 MT could be supplied annually. Domestic market is also remarkable with 5500 kg in

Kathmandu. Government royalty 8f armatumis NRs. 8/ kg

Gentian, Neopiciorhiza scrophulariflora(Pennell.) D.Y. Hong

Neopicrorhiza scrophulariflorgPennell.) D.Y. Hongocally known as Kutki or Katukin Nepali
is found in alpine grassland, gravelly areas in the Himalayas, from Nepal to Bhutan, China, NE
India, Myanmar, atlatudes of 35004800 nasl

The plant is a perennial herk312 cm tall with rhizomes up to 1 cm in diameter, coarsely rooting
from nodes. Leastalks are short, leaves spesimaped to ovate;@ cmlong, black when dry, base

tapering, margin toothed oanely double toothed. Flowering stem is brown glandular hairy.
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Flower spike 12 cm flower-stalks are 2 mm sepal cup is 6 mm, up to 1 cm in fruit, sepals
lanceshaped to obovatdlong, upper sepal linear, brown glandular hairy. Flowers are dark purple
0.81 cm, outside velvety, tube2mm to 45 mm, lower lip about 1/2 as long as uppelpi3ed,

lateral lobes with 2 or 3 small teeth. Upper lip is hooked, emarginate. Capsules are narrowly ovoid,
8-10 mm.

The flowering occurs in May August while friting occurs from August October Rhizomes
and roots are used to treat high blood pressure, fever, bile and other intestinal pains and cold and

sore throats. Government royaltyNfscrophulariiflorais NRs. 15 kg
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2.2.4Map of survey districts with GPS data code

1 MAIPHOKHARI-6, ILAM_ILLI
2 SULUBUNG-1, MAIPATAL, ILAM _1LL1
3 MAIMAJUAWA-2 [ ILAM _TLLI

4 SULUBUNG-2, DUNALI JLAM _ILLI i

5 CHAMETA-7, BAGKHOR , ILAM _ILL1 '\

6 PUWAMAJHUWA-S, ILAM _ILLI N

. River
. Contour

- D SEO- B
Legends W
i b *\ 4&}(
) y |'

Kilometers
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Legends RN )
1 HARNAMANDLMAKWANPUR MAKW3
2 SANO POKHARA MAKWANPUR_MAKW3
3 MANAHARI-3, MANAHARI (PREM NURSERY) MAKW3
- River
s Contour
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Legends
RIM-8, KHALIBAZAR, SALYAN_SAL3

RIM-§, SALYAN SAL3

RIM-8, KHALIBAZAR, SALYAN_SAL3
DHANBAG-7 KAPURKOT , SALYAN_SAL3
DHANBAG-7 KAPURKOT, SALYAN_SAL3
DHANBAG-7 KAPURKOT, SALYAN SAL3
DHANBAG-1, KHIMCHAUR ,, SALYAN_SAL3
DHANBAG-2, MULPANI SALYAN_SAL3
SARASWATI NAGAR PALIKA , SHREENAGAR ,
SALYAN SAL3

10 KUPINDE-1 , JAYATPANI,
SALYAN_SAL3 4
. River

. Contour

S AN N -
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Legends
1 PATHARASZ _JUMLA JUM2 ¢
2 CHANDANNATH-2,
ACHARYABADA. JUMLA me:-.
I CHANDANNATHZ, THINKI,
JUMLA_JUM2

4 PATMARA-2. RAKSHE DHUN GA 4\
JUMLA_JUM2

5 DEPALGAUN BANKABADI,
JUMLA_JUM2

“ Rlver
Contewr
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Legends

1 POKHARA 7,AMARGADI NAGAR PALIKA
DADELDHURA_DAR3

2 POKHARA TAMARGADI NAGAR FALIKA .,
DADELDHURA DAR3

3 PATAN-12. MEERAPUR BIIARDALL,

BALTADI DAR3

4 PATAN:-11, LORKTIA , BAITADT _DAR3

5 DHUNGEPANI-Y, SHIRKHEDAR ,

BATTADI_DAR3

6 JUMKOT-f, NAMLI, BAITADI _DAK3

7 GOKULFSWOR-4, MALLAKIUNA

BILAYETL DARCHULA _DAR3

8 GOKULESWOR-4, MALLAKUNA

BILAYETIL, DARCHULA _DAR3}

9 GOKULESWOR-4, KHATEPALEY,

DARCIIULA _DAR3

10 DETHALA-Y | KARBAY,

PARCHULA _DAR3

11 DETHALA-S, DARCHLLA _DAR3

12LUTTHA-S DETHALADARCHULA DAR3

13RUNET. RUDESHWOR, BAITADI _DAR3
. River u »
. Coutour St

l' .'_,":_4-;'“.'. 'L,; = 3|'".|.“
& JBAITAU[‘ reN (e~

iy -?‘ '

Figure 1: Maps of surveyed districts with GPS locations: llam, Makawanpur, Salyan, Jumla and Darchula (starting from top to down)
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2.3 Orientation Training

As explicitly mentioned in the objectives of the program, orientation training enti8edvéy
surveillance: pest database preparation on five highly traded MARss organized to the
concerned personnia execue theprogram An eight days long (17 to 24 March 2014) orientation
training with major emphasis on pest survey surveillance as well as pest identification and
preparation of pest database was provided to fifteen participants of diverse sedial ¢ampany
representaties, university students, concerned government staffs, field botanist, entomologists

and pathologis)sconcerned with the prograrfAnnex II).

2.4  Preparing host specific pest detection survey plan

NPQP took the responsibility to prepare host specific geetstction survey plan for five targeted
species. NPQP referred the literatures and carried out expert group consultation and drafted the
draft pest survey and surveillance guideline (Annex Ill to Annex VII). The guideline was duly
approved by NPPO and tfieal version was published by NPQP in Novem2éx14.

2.5 Preparation of survey surveillance guidelines

A final draft of technical guideline on detection sunandsurveillance of plant pests in Nepal,
2014 has been produced by National Plant Prote@rganization (NPPO), a government body,
focal organization for SanitagndPhytosanitary Issues of WTO. An ownership on the document

has thus been created by doing this particular activity through NPPO

2.6 Field visit

Survey Plan: The expert team agre#al carry out the survey in at least three seaswsitkif a
year).

First survey: During April-May, 2014 (seedling, growing and sprouting stage)

Second surveyDuring JulyAug, 2014 (flowering and fruiting stage)

Third survey: During OctNov, 2014 (harvesting and post harvesting stage)

According to prepared detection survey pléfieen field visits with reference numbers were
planned for sample collection which is as follows:
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Table3: List of selected districts wittbde numbers

: . Flowering and .
C’\cl)c()je District Sample Seedling/Sprouting fruiting stage Harvesting Stage
' April -May, 2014 | July-Aug, 2014 | Oct-Nov, 2014
1 Makwanpur | Wild Mak1* Mak2 Mak3
Asparagus
2 lllam Chiretta llal lla2 lla3
3 Salyan Prickly Sall Sal2 Sal3
Ash
4 Darchula Soapnut Darl Dar2 Dar3
5 | Jumla Gentian Juml Jum?2 Jum3

* Mak1l indicates code number given to the collection site as code number of district/ place, followed by
plot number, subplot numbesample number. For eg. Mak1.P2.SF3means third sample collected
from first subplot of second plot of Makwanpur.

2.6.1 Composition of the survey team
The survey team members comprise of concerned experts associated with the project and other

related fields. Each field visit comprises th#owing personnel:

Team leader 1
Ecologisti 1

Plant Pathologist 1
Entomologisfi 1
Research Associatel

aprwbdPRE

2.6.2 Sample Collection

Sampling method: Stratified as well as randomized sampling methods were applied for sample
collection. Full samplebservation was undertaken on all randomized@ats until the species
accumulation curve was satisfied. Clustered locations were randomly sampled according to
horizontaldistributionand altitudinal gradients:ield survey work was accomplished as her

protocol mentioned in the NPPO survey guideltamrage conditions andcidence of different

pestsin the storage facilities of the farmers, local road head collectors and traders were observed
and studied to obtain information on the storage prgticonditions angests Weeds were
visually observed and identified in the field
and herbarium are prepared for unidentified weeds, which were later identified from the central

Herbarium.
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2.6.3 Basic specimen collection procedures:
U The tools were sterilized with 70% ethanol before and after each sampling.
U Soil and crown (lower stem) tissues with root samples were collected if the problem was
associated with the root.
U The time was kept to a minimumetween sampling and dispatch of the sample for
identification.

U The methods mentioned dimechnical Guidelines for Detection Survey of Plant Pests in
N e p aublished by NPPO 20Mas followed in most of the cases

Insect samples

A large number o$pecimens of all life stages were collected. The specimens were collected with
appendages such as antennae, wings andifegsbreakable formLeakproof alcohol and
resistant container was used with sctteyw lid. For small and/or soft bodied insectsgeyle:
thrips, aphids, mites, larvae, eté% ethyl alcohol was used. For hdrddied insects (example:
beetles, moths, grasshoppers, fruit fliesg)ecimenwas folded in tissue paper and was kept in

crushproof plastic tube or container with severaldsoin the lid for ventilation.
Fungus and Bacteria:

Fungal and bacterial samples was stored undes°2C as long agossible. The samples were
selected at the margin between the diseased portion of the plant and the healthy portion. Fresh,
representativandgenerousample covering the full range of sytams was collected. Soil and

crown (lower stem) tissues with root samples were collected if considered to be a root problem.
Samples were placed in sskaling ventilated plastic bags with some dryugssor paper towel

to absorb excess moisture.

Nematodes:

The soilfor the sample was taken at least®® cm below the surface. Individual sample sizes
about 250300 g. Affected stems or leaf material was kept separate from soil and/or root samples.

Weeds:

Associ ated weeds were identified by the expe

literatures. Unidentified weeds were preservedherdarium sheet (ca. 450 x 300 mm).
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2.6.4 Preparation of voucher specimens of selected MAPs amdcompanyingpests

Voucher specimens of insect samples collected were first killedrivonkilling agent (carbon
tetra chloridejhen preserved in 70&thylalcohol. Larva samples were treated with hot water and
then preserved in 70% alcohol. Diseased samples wereathtgateserved in pressed form. All
the samples were stored in DPR microbiologyofakory following specific code numbers for

identification pocess.
Interpretration of code number of samples

Code number assigned to the isolgbedtsof particular plant consists of seven letters. First two
lettersarethe first letter (in capital) of generic name and first letter of species name of plant from
which the pathogen is isolated. Third (in capital), fourth and fifth letters shall be the first three
letters of place/district followed by (#) field visit number. Sixth (*) letter shall be the digit that
indicates the serial number of collected samplet letter shall be the first two letter of part of
plant. For egScllal-2-Le indicates pathogen isolated from second sample of le@hinéeta

collected from Illam.

Table4: List of Code numbers assigned to the isolates

District Sample Leaf Stem Root Fruit Seed
Makwanpur| Wild Asparagus | Ar-Mak# | Ar-Mak# | Ar-Mak# | Ar-Mak# | Ar-Mak#-
*-Le *-St *-RoO *-Fr *-Se
llam Chireeta Sclla#-*- | Sclla#-*- | Sclla#-*- | Sclla#-*- | Sclla#-*-
Le St Ro Fr Se
Salyan Prickly Ash Za-Sa#*- | Za-Sal# |ZaSal# |ZaSal# |ZaSal#
Le *-St *-RoO *-Fr *-Se
Darchula | Soapnut SmDar# | SmDar# | SmDar# | SmDar# | SmDar#
*-Le *-St *-Ro *-Fr *-Se
Jumla Gentian Ns-Jum# | NssJum# | Ns-Jum# | Ns-Jum# | Ns-Jum#
*-Le *-St *-Ro *-Fr *-Se

2.7 Laboratory analysis and identification of organisms

The processing of the field collected samples and identification was done at biology section of
DPR. Standard procedures were followed for laboratory analysis of the samples. As per the types
of samples collected, following methods were applied,

Mycological Method
Bacteriological Method
Entomological Method
Weeds

c: c: c: c:
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2.7.1 Mycological Method

2.7.11 Isolation of organisms

Isolation from soil

Dilution plate technique was applied to study the soil flora in rhizosphere soil. Soil samples were
air-dried without severely desiccating them. A small amount of the sample was grinded in a
sterilized mortar to break the lumps. Large particles were removed(agch bf the grinded
sampe was weighed and taken in a I®0conical flask Sterilized watewas adeéd making the

total volume to 100nl and the mixture was shaken vigorously for ten minutes. One ml of this

stock solution was added to another test tube containing 9 ml sterilized water to prepare the

suspension of 16 strength. Similarly the suspsions of strengths 1%1 103 and 104 were
prepared by serial dilution. For the study of soil flora, two types of media were used viz. PDA
(Potato Dextrose Agar) and TWA (Tap Water Agar). The poured plates were allowed to dry in

cool, dark place for-3 days before use. One ml of the 18olution was poured on the surface of

the dried media and was spread over the agar surface using a sterilized glass spreader. This process

was repeated for each strength (excef®) Hdd o replicates were prepared feach strength.

The petidishes were incubated at 25+2°C. The petriplates showed microbial growth from second
day of inoculation. The culture plates were examined from second to fifth day. The colonies were
counted on the fifth day and the organisms weearered, identified and transferred to fresh PDA

plates for further study.

Isolation from plant materials

The infected samples via root, stem, leaf, fruit and seed were cut Bton3piecesand were

washed well in sterilized water to remove adhering sailiges. These were then dipped in 75%
alcohol to make them readilgxtractable The pieces were immersed in 0.35% of sodium
hypochloritesolution for 1 minite They were thernimsed for three times thoroughly wikerilized

water. The pieces were blattevith sterilized blotting paper to remove excess water. The ends of
the pieces were cut off with a sterilized scalpel and central parts were plated out. The pieces thus
sterilized were used for isolation by following procedures.

Moist blotter method
Moist chambers were prepared by placing three layers of sterilized blotting papers moistened with

sterilized water on the bottom of pelishes Thefour sterilized pieces of plant parts were placed
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on the blotting paper and 25 seeds of Prickly ash perittdour replicates of eacdamplewere
inoculated The plates were incubated at 25£2°C. The observations were made from second to
seventh day. The fungi growing on the pieces were examined and identified. The number of pieces
showing fungal growth wasoted on the seventh day. The fungi were then trangfesr@DA and

TWA

Agar plate method

The sterilized pieces were blotted with sterilized blotting paper to remamass water. The four
sterilized plant parts were then plated on PDA and TAbAIrreplicates were maintained for each
sample The plates were then incubated at 25+2°C. These showed fungal growth from second day
onwards and the observations were made from second to fifth day. The number of pieces showing
fungal growth was counted and theduwere transferred to PDA plates for further study (Booth,
1971).

2.7.1.2Single spore culture of isolated species

The species isolated from various plant parts were further purified by single spore culture. A
needle, sterilized by flaming, was introdddato a wellgrown colony of fungi (7 days old) so

that spores adhered to it. Spores adhering to the régealere dusted onto the surface of a TWA

plate. With the help of a microscope, a consolidated spore was located and was transferred along
with sone agar to a fresh PDA plate with the help of a sterilized needle. The plates were then
incubated at 25+2°(Booth, 1971)

2.7.1.3ldentification of organisms

Preliminary identifications were done on the basis of habit charanteisy, direct observation

under microscope and by microscopic observation of prepared slides.

Determination of growth rates and pigmentation was done following Booth (1971 ¢ and 1977).
Maximum and minimum diameters s$venday-old singlesporeculture colony of an isolate were
measured and average colony diameter for each isolate was calculated. For the obséthation
pigmentation, the cultures were exposed to normal daylight for four days, and theveatour

determined visually.

The identification of the isolated fungus were done by following the methods givBarhgtt,
H.L. (1960; Booth, C.(1971and 1977)Gilman, J.C(1957; Neergaard, R1979; Mathur, S.B.
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and Kongsdal, O(2003; Cappuccino, J.G. and Sherman(1999); FAO Manual (1992) and
Bergey's Manual of Systematic Baxblogy, Vol. | (1984).

2.7.2 Bacteriological Method

2.7.2.1lsolation and purification of bacterial isolates

Isolation and purification was done following FAO Manual (19%)spected bacterial colp
isolated from different affected plant parts were streak on prepareignt Agar plategNA) by
streak plate methodhe NA plateswere incubatedfor 24 to 48 hrs at 37°C and subsequently
observedor bacterialgrowth andcolony morphology.After isolation, the isolateswerepurified
to singlecolonyfor identification. Thenusingsterileinoculatingtechniquejnoculatetwo Nutrient

Agar slantsby meansof a streakinoculationandall culturesweremaintainecdat4°C.

2.7.2.2ldentification of Bacteria

All isolatedcultureswereidentified by differenttestaccordingo B e r g Elanualof systematic
bacteriology(1984) as gram stain for morphology and arrangemenbof cell and inoculatein

differentmediafollowing for biochemicakests.

The principd testsusedfor this purposeare Carbohydratd-ermentatiorTest,Indole Test(IND),
Methyl Red Test(MR), VogesProskaueiest(VP), Citrate Utilization Test(CIT), UreaseTest
(URE), Nitrate ReductionTest (NIT), OxidaseTest (OXI), CatalaseTest (CAT), Hydrogen
SulphideProduction(H2S), Starch Hydrolysis, lipid hydrolysis,gelatinliquefactionAerobic and
AnaerobicTest(Ae/An). For all teststhe cultureswereinoculatedandincubatedat 37°Cfor 24 to
48 hrs. After incubation,a positiveresultwasnotedaschangeof color to yellow, while no color
changewvasobservedn negativeresults IND testwasperformedoy culturingthemicro-organisms
in peptonewater mediumcontainingtryptophanin a screwcappedtube, incubatedfor 24 hr at
37°CandthenKo v a red@gent0.5 ml) wasaddedwherethe positiveresultswereindicatedby
the formationof pink redlayer on the broth within secondf addingK o v areagentMR test
was performedby inoculationof the glucosephosphateeptonewaterin a screwcagedtube,
incubationfor 24-48 hr andthenadditionof 5 dropsof methylred wherethe changen color of
themediumto cherryredwasconsiderespositive.VP testwasperformedoyinoculatingglucose
phosphatg@eptonewaterwith the microbialisolatesin a screwcappedube,incubatingfor 24-48

hr, thenaddingof 0.6 ml of alphanaphtholsolutionand0.2 ml of PotassiunHydroxidesolution.
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Thetubeswerethenallowedto standfor 5-10 min aftershakingwell. Theredcolorformationwas
takenasthe postive result. For the CIT test,the Simonscitrate agarslantswereinoculatedand
incubatedat 37°C for 24-48 hrs. The positive slantswere notedto changecolor from greento

blue.For URE test,ureabrothwasinoculatedandincubatedat 37°Cfor 24 to 48 hrs. Thechange

of color of the brothfrom yellow-orangeto bright pink wasconsideredspositive.

For NIT test,nitrate brothwasinoculatedandincubatedat 37°Cfor 24-48 hr. After incubation,5
dropsof Sulfanilic acid and5 dropsof N-dimethyt1-ngphthylaminewere added.The changeof
color of brothto deepredwithin 5 min. meantthatthe bacteriahadproduceditratereductaself
color did not changetheresultswereindecisive.Smallamountof zinc wasaddedto the broth. If
the solutionremaired colorless thenboth nitrate reductaseandnitrite reductasevere presentIf

thesolutionturnedred, nitratereductasevasnot present.

OXI testwasusedto assesshe bacteriawhich producethe enzymecytochromeoxidase.Filter
paperwas moistenedwith a few dropsof 1% Tetramethylp-phenylenediaminedihydrochloride.
With a woodenapplicator,growth from TSA plate was smearedn the paper.A positiveresult
wasthe developmenbf purplecolor. No color changeindicateda negativeresult. CA testwas
performed by addinga small amountof bacterialisolate into freshly prepared1% hydrogen
peroxide andthebubblesof oxygenif appearedheisolatewasconsidereaspositivefor CA test.
For Ae/An test, TSA was inoculatedand incubatedat 37°C in anaerolt jar. The growth was
observedafter24-48 hrs.

HydrogenSulphidetest(H>S) andMotility testwasusedto determinethe ability of anorganism
to reducesulpfur into H>S andmotile and nornrmotile respectively SIM mediawasusedfor the
H>S productionand motility test. SIM mediacontainsthe sulfur containingaminoacid, sodium
thiosulfate cysteineandferroussulfate.The SIM mediawasinoculatedwith bacterialculturesby
stabbingSIM mediawith inoculatingneedle.The tubeswerethenincubatedat 35°C for 24 hr.
After incubation,a positive result was indicatedby a black precipitateformed becauseof the
reactionof HS with theiron or ferroussulfate;while the negativeresultwasindicatedby no black
precipitate.All resultswere recordin chartand identify to genusand speciesof the unknown

organismgompaing with referencecultures.
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2.7.3Entomological Method

The specimenprocessingand identification was done following the methodmentionedat the
A T e ¢ hGuiddiredfor DetectionSurveyof PlantPestain N e p @NP®0O,2014).Thecollected
insectspecimensvere processeaccordingto the insectorders.The insectspecimensollected
from the field weretransportedaswet (in 70 percentalcohol)or dry transportednethodsThese
specimensvere placedat DPR laboratoryfollowing temporarypreservatiormethodsfor some
while andfurther preservatiorwas doneas soonas possible.The small and soft bodiedinsects,
keptat 70% alcohol,wereprocesseat first by changingthe alcoholcontentandtheinsectswere
kept at screwcappedvials. Thereaftethesespecimensvere cautiouslytakenout from the vial

usingstandarcdtamelhair brushandidentified usingstereomicroscope.

The dry transportedspecimengo DPR laboratorywere placedat white paperand sorted out
accordingo theinsectorders.Thenall of thesensectspecimensverekeptatrelaxingjar for more
than 24 hrs. Thesespecimenswere then pinned with standardentomologicalpin following

standard pining methods. Later these insects were identified based on morphological
characteristicsising stereomicroscope The identification of both wet anddry preservednsect
specimensvasfollowed asmentionedn IMMS taxonomy,DulongandBorer, CPC.Further,the

informationmadeavailableby accralitedinstitutionsvia internetsiteswasalsoreferred

2.7.4WeedMethod

Eachsurveyteamcomposef a botanistands/heidentified mostof the weedsin thefield with
thehelpof own experiencandby referringto differentliteraturedike PoluninandStainton,1984;
Stainton1988;Presset. al, 2000etc. Herbariumwerepreparedfor the unidentifiedonesandwere
identifiedcrossmatchingwith the herbariumhousedn NationalHerbariumandPlantLaboratory,

Godawarri.
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CHAPTER III: FINDINGS

The basic information regarding outcome from field survey and laboratory analysisrarened
in this chapter. The information of plant diseases, insects and weeds are presented separately for
each surveyed MAP commodities. The consecutive field visits with their code numbers are

arranged in each commodities finding. Also, some notdielshobservation are also included.

3.1 Findings of pest survey in Wild Asparagus

First Field: Vegetative stage

Mak1.P1.SP1 Kamane, Hetauda Municipali#$
Mak1.P1.SP2 Kamane, Hetauda Municipali$
Mak1. P2 : GutrumDanda, Dallpata, EastTerrace
Mak1.P3 : Jyamire, Phaper BaNDC

Mak1.P4 : Prem Nursery, ManahaviDC

agrwnE

Second Field: Flowering and fruiting stage
Mak2.P1.SP1: ThulogangatetHatiya VDC
Mak2.P1.SP2 ThulogangatetHatiya VDC
Mak2.P1.SP3: Thulogangatetatiya VDC
Mak2P2.SP1 : BadkauleHarnamandi VDC
Mak2P2.SP2 : BadkauleHarnamandi VDC
Mak2P3.SP1: Prem Nursery, Manahari VDC
Mak2P3SP2 : Prem Nursery, Manahari VDC

NoakswNpE

Third Field: Harvesting and storage
1. Mak3.P1 : Badkaule, HarnamadVDC, North, Terrace
2. Mak3.P2 : Kamane, Hetauda Municapil#, North
3. Mak3.P3 : Prem Nursery, ManahaviDC

The pest collected and identified and their symptomatic characteristics are given below

3.1.1Plant Pathological Findings

Alternaria alternata(Fr.) Keissl. (Pleosporales: Pleosporaceae)

Sample number Mak1.P1.SP4S5
Isolate number Ar-Mak1-1-Le

The disease specim&mascollected fom the leaf of the plarffMak1.P1.SP)L(Fig. 2) The brown
spots at the leaf were observed wighdrying of affected leave3he furtherfield information of
A. alternatain Wild Asparaguglant is described in pest data sheet (AnndX) XThecultural and

morphological characteristics are:
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Cultural characteristics:
The growth rate of fungus is 4.2 cm. Colony appear circular in form, entire margin with raised
elevation, powdery to felty. The colony appear grey to olivaceous green with white margin in

obverse and appear dark brown black with light brown periphery

Morphological characteristics

Mycelium sparse, greyish brown, fluffy septate hyphae; conidia variable in shape often ellipsoidal,
obclavate orovoid, pale to dark brown with-3 transverse septa andséveral longitudinal
septaidium 2&8%x102 5 e m. Co n d i hoos forned ip wanchingochajfRlate 1)

Plate 1: Microscopiphotoof A. alternataof
Wild Asparagus

Asparaguplant

Chaetomium sp(Sordiariales: Chaetomiaceae)

Sample number Isolate number
Mak1.P1S5 Ar-Mak1-2-Le
Mak1.P1-S7 Ar-Mak1-3-Le
Mak1.P1-S7 Ar-Mak1-4-St
Mak1.P1i S9 Ar-Mak1-5-St
Mak1.P1i S3 Ar-Mak1-6-St

The disease specimens were collected from the leaf of the plan8)Figm Mak1.P1.SP1.The
black shooty symptoms with browsoncentric spindle shaped lesion, unilateral browning and
drying at the stem and unilateral browning with tip die back symptom of leaf were observed.
The further fieldnformationof Chaetomiunsp.in Wild Asparagusplant is described in pest data
sheet (Anex XII). The cultural and morphological characteristics are:
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Cultural characteristics

The growth rate ofungi is 6 cm. The colony consist irregular margin with flat elevation. The

colony consists of white ridges with dots at obverse and yellow ridges at reverse.

Morphological characteristics

The fungus produces conglomerate mycelium with lemon shape ascospgidbase black
ascugPlate 2)

Figure 3: Unilateral browningn stem ofWild | Plate 2:Microscopic viewof Chaetomium sp.
Asparaguplant

Cladosporium sp(Capnodiales: Davidiallaceae)

Sample Number: Isolate number:
Mak1.P3.518 Ar-Mak1 -7-St

The disease specimens were collectasihrfrthe stem of the plant (Fig) #om Mak1.P3 The
symptom of die back was observed at st€he further field information o€ladosporiunmsp.in
Wild Asparaguglant is described in pest data sheet (Ann8x Xhe culural and morphological
characteristics are:

Cultural characteristics:

The growth rate of fungus is 2.1 cm. The colony consists irregular in form, compact and with
raised elevation. The colony of fungus at obverse appears army green and black at reverse.

Morphological characteristics:

The fungus produces aerial mycelium with coiled hyphae. The conidia appearcima®, shape
ranges from ovate to cylindrical with olive brown color. The size of conidia ranges 8 m.
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Fig 4: Die-back symptom o¥Vild Asparagus Plate Conidiaof Cladosporiumsp.
plant

Pectobacteriuntarotovorum(Jones) Waldee (Enterobacteriales: Enterobacteriaceae)

Sample number Isolate number
Mak1.P1.S7 Ar-Mak1-8-Le
Mak1.P4S3 Ar-Mak1-9-St
Mak3.P3S1 Ar-Mak3-10-Ro

The disease specimens were collected from the leaf, stem and root of the plai) firogn
Mak1.P1, Makl1l.P4 and Mak3.PBhe brown lesion of stem amdot rot was observed.he
pathogen (Plate 4) was isolated from leaf during first visit (Fig. 5) and frizannle on third visit.
The further field information oPectobacterium caratovoria Wild Asparagus plaris described
in pest data sheet (Annex XlMhe cultural and morphological characteristics are:

Cultural characteristics
The fungus has mucogrowth which is white and moist.

Morphological characteristics

The vegetative cell of bacterium is straight, long and rod shape. The bacterium shows Gram

Negative in Gram staining@Plate4).
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R RO
Fig 5. Brown lesions on leaf and stenVeild Plate 4: Microscopic view dPectobacterium
Asparaguplant. caratovora

Fusarium oxysporumSchlecht. (Hyporcreales: Nectriaceae)

Sample number Isolate number
Mak1.P3.59 Ar-Mak1-11-St
Mak3.P2.S1 Ar-Mak3-12-Ro

The disease specimens were collected from the stetimeogplant (Fig 6) from Mak1.P3 and
Mak3.P2.in the $orage. The unilateral browning of stem and white small powdery spots on root
were observedlhe pathogen (Plat® was isolated fnm stem during first visiand from rhizome
(Fig. 7) on third visit.The further field information oF. oxysporumn Wild Asparagus plant is
described in pest data sheet (AnndX XThe cultural and morphological characteristics are:

Cultural characteristics

The growth rate of fungus is 4.5 cm. Its colony is circilaccose crateriform in elevation with
entire margin. The obverse and reverse view of fungus is pinkish white to purple.

Morphological characteristics

The fungus produces aerial, septate and branched mycelium. The fungus micro conidia is oval to
ellipsoidd which size ranges-%2x2.53.5 pm while macraonidia isfusiform thatis slightly
curved with 35 septa that size ranges-28x3-5 um (Plate 5)
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Fig 6.Browning of stem Plate5.Microscopic view of.oxysporum

4

Fig 7. White powdery spot and root rot

Fusarium solani(Mart ) Sacc. (Hyporcreales: Nectriaceae)

Sample Number Isolate number
Mak1.P5.81 Ar-Mak1-13-St
Mak3.P1.S1 Ar-Mak3-14-Ro

The disease specimens were collected from the stem of the plar)(ffgnm Mak1.P5 andoot
of the plant fronMak3.P1. (Fig 9)The brown spots of stem and root rot was obsemvselfurther
field informationof F. solaniin Wild Asparagugplant is described in pest data sheet (AnKi.

The cultural and morphological afacteristics are:

Cultural characteristics

The growth rate of fungus is 3.2 cm. The colony of fungus is regular, flostitiseraised
elevation.At obverse the fungus is white to cream while reverse view is yellowish with white
periphery.

Morphological characteristics

The mycelium is hyaline, aerial and septate. The microconidia is cylindrical to oval which size
ranges 81.5x2-4 um and macro conidia is inequilaterally fusoid witb $epta which size ranges
35-55x4.6 -6 um (Plate6).
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Fig 8.Brown spots on stem Wfild Asparagus Plate6.Microscopic view ofusarium solani
plants

e

Fig 9. Brown sots on rt aNild saragsplant.

Bipolaris sorokiniana(Sacc) Shoem(Pleosporales: Pleosporaceae

Isolate number
Sample number solate numbe

Mak1.P4.S3 Ar-Mak1-15-St

The disease specimens were collected from the stem of the plani@Ffgom Mak1.P4 The
brown spots of stem were observddhe further field information oB. sorokinianain Wild
Asparagus plant is described in pest data s@mex XIl). The cultural and morphological
characteristics are:

Cultural characteristics

The growth of the fungus is 4.5 cm. Its colony is irregular and flat. The obverse view of fungus is
grayish black while reverse view is grayish black with dark lrodges.

Morphological characteristics

The fungus produces septate and hyaline mycelium which bears unbranched conidiophores. The
conidia is ellipsoid, dark brown, smooth walled with ends rounded which is broad at middle. It
bears 310 distosepta, whichize ranges 4000x17 23 um(Plate7).
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. . | SV
Fig .10.Brown spots ?n stem Wild Asparagus  Plate7. Microscopic view oBipolaris sorokiniana
plant.

Fusarium moniliforme Sheldon (Hyporcreales: Nectriaceae)

Sample number Isolate number
Mak2.P1.82 Ar-Mak2-16-St
Mak2.P2.S1 Ar-Mak2-17-St

The disease specimens were collected from the stem of the planfi{f-fgpom Mak2.P1 and
Mak2.P2 The brown spots of stem wesbservedThe further field information df. moniliforme
in Wild Asparagus planis described in pest data sheet (AnnéMl). The cultural and
morphological characteristics are:

Cultural characteristics

The growth rate of fungus is 4.5 cm. The colony of fungus appears floccose which is circular in
form. At obverse vier of fungus iswhite while at reverse view of fungus is peach centre with
white periphery.

Morphological characteristics

The fungus produces hyaline, septate, sparsely branched mycelium. The micro conidia are hyaline,
clavate bearing in long chain which size rangd€®&-2.5 um. The macro conidia are fusoid with
3-6 septa which size ranges-35x 2.54 um (Plate §.
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Fig. 11. Brown spot on the stem of tWéld Plate 8. Microscopic view dfusarium moniliforme

Asparagudlant

Fusarium poae(Peck) Wollenw. (Hyporcreaks: Nectriaceae)

Sample number Isolate number
Mak2.P1.S4 Ar-Mak2-18-St

The disease specimens were colledtedh the stem of the plant (Fig. 1ftom Mak2.P1.The
unilateral browning of stem was observddhe further field information offF. poaein Wild
Asparagus plant is described in pest data sheet (AKHgx The cultural and morphological
characteristics are:

Cultural characteristics

The growth rate of fungus is 7.6 cm. Its colony appears floccose with irregular form. The colony
is white toyellow in obverse view where as peaamntre with dull white periphery at reverse view.

Morphological characteristics

The fungus consist hyaline, aerial and septate mycelium. Its macro conidia are fusiforr8with 1
septa that measures -30x2-3 um. Its mico conidia are ampulliform to globose, aspetate
measuring 710 um (Plate9).
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Fig 12: The Unilateral browning of stem  Plate9: .Microscopic view ofusarium poae

Alternaria radicina Meier, Drechsler & E.D. Eddy (Pleosporales: Pleosporaceae)

Sample number Isolate number
Mak2.P1.S4 Ar-Mak2-19-St

The disease specimens were collected from the stem of the plant3Figom Mak2.P1.The
unilateral drying of stem was observéithe further field information of. radicinain Wild
Asparagusplant is described in pest data sheet (Ann€X). The cultural and morphological
characteristics are:

Cultural characteristics

The growth of fungus is 4.3 cm. The colony appears circular in form, flat elevation with entire
margin. The colony of funguappears brownish green at obverse and dark brown with light
periphery at reverse.

Morphological characteristics

The fungus produces grayish, fluffy mycelium in which black shiny conidia appears single or in
pairs arranged in short chains. The conidia areable in shape which is often ellipsoidal or may
be obclavate or ovoid. Color of conidia is pale to dark brown withransverse septa and one or
several longitudinal or oblique septa which size i62@-2 7 @latel0).

Wild Asparaguglant
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Colletotrichum gloeosporiodeBickman (Glomerellales: Glomerellaceae)

Sample number Isolate number
Mak2.P1.S4 Ar-Mak2-20-St

The disease specimens were colledtedh the stem of the plant (Fid4) from Mak2.P1.The
unilateral drying of stem was observ@athe further field information of. gleosporiodesn Wild
Asparagus planis described in pest data sheet (Ann€k). The cultural and morphological
characteristicare:

Cultural characteristics:

The growth rate of fungus is @n. The fungus colony is floccose, loose and filamentous. The
colony appears dull white at obverse and orange with white periphery at reverse.

Morphological characteristics

The fungus producédsyaline, white and shiny mycelium. The conidia are-septate, cylindrical
with ends rounded. The size of conidia measur&4x3-4 um (Platell).

Fig 14: Unllateral drylng of the stem of thId Plate11: Microscopic view dT.gleosporiodes
Asparagudlant

Fusarium dimerumPenzig (Hyporcreales: Nectriaceae)

Sample number Isolate number
Mak2.P3.SP2 Ar-Mak2-21-Ro

Thedisease specimens were collected from the root of the plant (Fig. 15VakthP3SP2.The

tip die back of the plant wasbserved.The further field information of. dimerumin Wild
Asparagus plant is described in pest data sheet (Annex Xll). The cultural and morphological
characteristics are:

Cultural characteristics:

The growth rate of the fungus is 2.7 cm. The colonffosose, circular in form, umbonate in
elevation with entire margin. The fungus on obverse view appkiée while in reverse appear
light orange.
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Morphological characteristics.

The fungus produces hyaline and septate mycelium. Its macro conidia isnfuifd is strongly
curved with pointed apex. The fungus consists-8fskepta. Itsige varies 120x3-4 um. Micro
conidia is abser(Platel2).

Fig 15: Tip down di back alild Asparagus
Plant

Platel2. Microscopic viewof F. dimerum

Geotrichum candiduniink (Saccharomycetales: Endomycetaceae)

Sample number: Mak3.P2.S1
Isolated number: AMak3-22-Ro

Thedisease specimens were collected from the rooegfldint (Fig. 16) from storage of Mak3.P2.
The small white powdery spot on raés observed. The further field informationGfcandidum

in Wild Asparagus plants described in pest data sheet (Annek).XThe cultural and
morphological characteristics are:

Cultural characteristics

The growth rate of fungus isein. The colony apges circular with entire margin, flat elevation
with characteristic smell. The colony is white at obverse and creamy white at reverse.

Morphological characteristics

The fungus mycelium is hyaline, septate and branched. The conidia are hyaline, sied)slceft
and cylindrical with truncate en@Blate13).
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Plate13. Microscopic view ofGeotrichum

- '
Fig 16: Small powdery spots on the root of pla candidum

Colletotrichum lindemuthianum Sacc & Magnus, Michelia (Sordariomycetidae:
Glomerellaceae)

Sample number: Mak3.P32
Isolate number: AMak3-23-St

The disease specimens were collected from the stem of the plant (Fig. 1 N&®1P3 The
brown spot on the stem of the plant was observidte further field information ofC.
lindemuthianunin Wild Asparagus plant is described in pest data sheet (Annex Xll). The cultural
and morphological characteristics are:

Cultural characteristics

The colony is irregular, cottony and floccose. The colony at obverse appmacentre with white
peripheryand while in reverse appears grayish black centre with white periphery.

Morphological characteristics

The mycelium is hyaline and consist septa. The colony is hyaline, oblong to dumble shaped, 1
celled with ends rounded which measureisi@3-4 um (Platel4).
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Fig 17: Brown spot on the stem\Mild Asparagus
Plant Plate14: Microscopic view oCC. lindemuthianum

3.1.2 EntomologicalFindings

Horned coreid bug Cletus sp(Hemiptera: Heteroptera: Coreidae)

General introduction of insects:

The horned coreid bugCletus sp. was observed during first (Mak1.P4) and second visit
(Mak2.P3.SP1 and Mak2.P3.SP&) Wild Asparagusplants. This insect has been reported
especially from oriental region from different habitat. This luag collected on the foilage and
fruits of plants at the surveyed areas (Hi§. It has been reported that the bug suck the skin of
immature fruit thereby influencing the seed quality. However the insect has been reported as of
minor importance to thesaociated plants. The bug is medium sized stout brown colored with the
body length about 7 mm in length (Plate 15). Although the bug remembleSIeiitis punctulatus
Westwood, but it needs further confirmatidine field information of horned coreid bug wild

asparagus plant is described in pest data sheet (Annex XII).

The bugs were collected with the help of sweep net from the plant canopy. After collection, the
insect was kept at the killing jar for some time and later transferred to 70% alcoharsoilgD
ml plastic bottle. Later this insect was placed at 30 ml screw capped vial filled with 70% alcohol

and transported to the DPR laboratory.

At the laboratory, the specimen was taken out and the alcohol content was dried using blotting
papers. Theihe stink bug was pinned at the left sculletum by standard insect pin and kept fom
three days for completely drying. After, the dried and pinned specimen was kept at the standard
insect box at DPR laboratory.
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N\
Fig 18: Horned coreid bu
asparagus plant

Wild asparagus beetleCricocerissp.; Coleoptera: Chrysomelidae

General introduction of insects:

The chrysomelidae beetle was found from almost all the surveyed sites during first and second
visit at wild asparaguplants. The asparagus beetle we observed awitdeasparagusield is
different from other two chrysomelidae beetelSrigceris asparagi(L.) and Crioceris
duodecimpunctata(L.)) reported from garden asparaguslexamer, 2010 and another
chrysomelidae beetld.éma downesBaly) reported fromwild asparaguglCAR, 2009). Going
through the literatures, the beetle remembles @ticoceris bicruciataSahlberg, but it needs
further confirmation. Although the damaging behaviour seems to basimiih other beetles, but
taxonomically it is different. So, this beetle may be fspscific towild asparagugplants and

needs further detail research on other aspects. At the field the beetles were found in large number
damging the tender leaves andats, so it is economically very important species vidd
asparagusThe field information of chrysomelidae beetle in wild asparagus plant is described in
pest data sheet (Annex XII).

Visible damage symptoms in commodity pathway:

Both adult and the gruére damaging stages. As théd asparaguglant is bushy in nature, the

adult and larvadide under the bushes and damage the plant. As of other chrysomelidae beetles,
the asparagus beetle also possess habit of falling down and feign death charactbBstwiesh
Similarly the larvae with its viscous secretions attached firmly at the tender shoot. The grubs, as

well as the beetles, attack the tender portions of the plants, but in many cases the grubs gnaw the
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epidermis of the stems. The beetles also gi@wyoung shoots beneath the surface, causing them

to become woody and crooked in growth. During the second field visit (vegetative and flowering
stage of the plant), the population of adults (15 to 20 per plant) and grubs (20 to 25 per plat) were
observe more at the plants. Due to the severe beetle damage, the plants were totally defoliated

and skeletonized at site numbErgure 19 of Harnamadi VDC.

Field identification of insects:

Theaspargus beetis a member of leaf beetle thfe family chrysomelidae anordercoleoptera.

Both the larvae and adult have characteristic chrysomelidae chafdaedrody of the adult beetle

is 5 to 7 mmlong with shining olor (Figure 2Q. It has characteristic dark orange body color and
each elytron is marked with three black dots. The elytra cover the whole body of the beetle and
there is black longitudinal marking at the center of both elytrons. The thorax is dark+exddige

color without any markings. The head part and underside of the abdomen is black color. The larvae
are soft and fleshy with wrinkled body pattéfigure 2). It is about 7 to 8 mm long with dark
cream colored body and black head part.

Collection, transportation and preservation of the specimen:

The adult beetle due to its active behaviour is hard to collect but larvae were easily collected as
they remaimattachedvith the shoots. The adults were collected using the sweep net and later on
kept atkilling jar. These adults were then transferred at 30 ml screw capped vial filled with 70%
alcohol and transported to the DPR laboratory. At the laboratory, the spe@taeni(7) was

taken out and the alcohol content was dried using blotting paperaduliebeetles were pinned

at the left elytra by standard insect pin and kept for three days for completely drying. After, the
dried and pinned specimen was kept at the standard insect box at DPR laboratory.

The larvae at the field were collected using fitaenel brush. The 30 ml screw capped was placed
just beneath the larvae and with gentle move the larvae are placed inside the vial. The vials with
number of larvae afterwards were filled with 70% alcohol. These vials were further wrapped by
cotton roll aml tightly placed inside the plastic bottle and transported to the DPR laboratory.
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Fig 19: Defoliated wild asparagus plant due rig 20: Adult beetle at the foilage of wild asparg
damage by asparagus beetle plant

Fig 21: Larvae at the foilage wfld aspargus plan pjate 16: Adult wild asparagus beetle

3.1.3 Weed Findings

Common tropical, sub tropical crop weeds are found associated with Aspdragysire listed

below:

1.

© o N o~ wDdN

N
A W N PP O

Ageratum connyzoidésnn

Stellaria medigL.) Vill.

Drymeria chordatgL.) Willd. Ex Roemel& Schultes
Lantana camerd.

Blumea lacergBurm.F.) DC

Pogostemon sp

Trifolium repend..

Viola sp

Emilia sonchifolia(L.) DC ex Wight

. Mimosa pudicd..

. Cyperus difformig..

. Persicaria sp

. Adenophora glanduliflordNakai
. Tridax procumbengL.) L.
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15. Bidens pilosd..

16. Cynoglossum sp

17. Cynodon dactyloiL.) Pers.
18. Clerodendron sp

Inter-croping or crop rotation with maize, wheat field, vegetable crop like peas, bell plant etc also
practiced.

Table 5: Pest list of cultivatedWild Asparagus, Asparagus racemosud/illd., 2014/15

S.N. Pest Scientific Name of Common Plant Location
Category Pest Name of Parts
Pest Affected

1 Fungi Alternaria Leaf spot Leaf Kamane,
alternata(Fr.) Keissl. Makwanpur

2 Fungi Chaetomiunsp. Stem rot Leaf, Kamane,

Stem Hernamadi
3 Fungi Cladosporiunsp. | ------ Stem Prem nursery,
Manahari

4 Bacteria Pectobacterium Leaf, stem Leaf, KamanePrem

caratovorun and root rot | Stem, nursery
Root

5 Fungi Fusarium oxysporum| Rot Stem, GutrumDanda,
Schlecht. Root Sano pokhara

6 Fungi Fusarium solani Rot Stem, Prem
(Mart.) Sacc. Root nursery,Henamad

7 Fungi Bipolaris Stem Prem nursery
sorokiniana,(Sacc)
Shoem

8 Fungi Fusarium Wilting Stem Thulogangato
moniliforme Sheldon

9 Fungi Fusarium poae Stem Thulogangato
(Peck) Wollenw

10 | Fungi Alternaria radicina | Black rot Stem Hernamandi
Meier, Drechsle&
E.D. Eddy

11 | Fungi Colletotrichum Anthracnose | Stem Hernamandi
gloeosporiodes
Dickman

12 | Fungi Colletotrichum Anthracnose | Stem Prem nursery
lindemuthianunBacc
& Magnus, Michelia

13 | Fungi Fusarium dimerum | Wilting Root Prem nursery
Penzig
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14 Fungi Geotrichum Rot Stem, Sano Pokhara
candidumLink
15 | Insects Cletussp. Horned
coreid bug
16 | Insect Cricocerissp Wild
asparagus
beetle

3.2 Findings of pest survey inGentian plant

The pest detection survey dieopicrorhiza scrophulariflorgGentian was conducted at Jumla

district. During the first field visit, site selection work was done discussiitiy concerned
stakeholders (DFO, DPRO, local traders, farmers). For this purposes, the procedure mentioned at
Asurvey surveillance guidelineso published by

discussions, the following fields were identifited the detection survey.

First Field:

1. Juml1l.P1.SP1 Depalgaun, Jumla
2. Juml.P2 : Patamar&, Rakshedhunga, Jumla

3. Juml.P3 : Patmara, Jumla
4. Juml.P4 : Kale Lekh, Jumla
Second Field:

1. Jum2.P1.SPiDepalgaun, Jumla
2. Jum2P2 : Patmare2, Rakshedhunga, Jumla
3.Jum2.P3 : Patmara, Jumla

3.2.1 PathologicaFindings

Geotrichum candidunlLink. (Saccharomycetales: Dipodascacepe

Sample No. :Jum1.P251 Sample Number: Jum2-88
Isolate No.:Ns-JumZl-Le Isolate number: Nd3um22-Le

The disease specimen was collected fromle¢aé of the Gentian plant (Fig. 22) froduml1.P2.

and Jum2.P3The reddish black necrotic spot and leaf spot and leaf blight near apex at the leaf
were observed. The further field information@®fcandidumn Gentian planis described in pest

data sheet (Annex Xll). The cultural and morphological characterisécs a

Cultural characteristics
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The growth rate of fungus isein. The colony appears circular with entire margin, flat elevation
with characteristic smell. The colony is white at obverse and creamy white at reverse.

Morphological characteristics

The fungusnycelium is hyaline, septate and branched. The conidia are hyaline, single celled, short
and cylindrical with truncate endBlate 17)

Fig 22: Reddish black patches on the leal pjate 17: Microscopic view oGeotrichum
Ritha plant. candidum

Xanthomonas campestrilF§ammel) Dowson (Xanthomanadales: Xanthomonaceae)

Sample number: Juml1.F’&2
Isolated number: Ndum13-Le

The disease specimen waslected from the leaf of the plant (Fig. 23) frdom1.P3The reddish

black necrotic spot at thedewere observed. The further field informationXof campestrisn
Gentian plant is described in pest data sheet (Annex Xll). The cultural and morphological
characteristics are:

Cultural characteristics
The colony is moist, opaque, light yellow in colaith smooth margin.
Morphological characteristics

The bacterium is Gram Negative whizhgetative cell is straight rod arrange singly with rounded
ends(Plate 18)
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Fig 23 Reddish brown pots on the leaf of t Plate 18: Microscopic view oK. campestris
GentianPlant

Pseudomonas syringaean Hall (Pseudomonadales: Pseudomonadaceae)

Sample number: Jum1.P2.S2
Isolate number: NdumZ:4-Le

The disease specimen was collected from the leaf of the plant (Fig. 24)unotnP2The reddish
browns necrotic spot at the leaf were observed. The further field informati®nsyfingaein
Gentian plant is described in pest data sheet (Anfléx The cultural and morphological

characteristics are:

Cultural characteristics
Thecolony is opaque and slimy.
Morphological characteristics

It shows Gram Negative in Gram stain. The vegetatdlieis straight and rod shapelate 19)
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Fig 24. Reddish brown necrotic spot on th

Plate 19: Microscopic view d?. syringae
leaf of Gentianplant.

Alternaria alternata(Fr.) Keissl. (Pleosporales: Pleosporaceae)

Sample Number: Jum2.P2.S3  Sample number: Jum2.F82
Isolate Number: NJum25-Le Isolatemumber: NsSJum26-Le

The disease specimen was collected frontethiof the plant (Fig. 25) frodum?2.P2 and Jum2.P1.
The brown irregular leaf spot was observed. The further field informatiok. afiternatain
Gentian plant is described in pest dateeet (Annex X). The cultural and morphological
characteristics are:

Cultural characteristics:

The growth rate of fungus is 4.2 cm. Colony appear circular in form, entire margin with raised
elevation, powdery to felty. The colony appear grey to olivasegreen with white margin in
obverse and appear dark brown black with light brown periphery.

Morphological characteristics:

The mycelium is sparse, greyish brown, fluffy septate hyphae. The conidia variable in shape often
ellipsoidal, obclavate or ovoighale to dark brown, -3 transverse septa;skveral longitudinal

septa. The size of conidium -B8x102 5 & m. Condi um i s pboahchiimyor p h o u

chains(Plate 20)
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Fig 25. Brown irregular spot on leaf of Plate 20. Microscopic view dlternaria alternata
Gentianplant.

Fusarium moniliforme Sheldon Hypocreales: Nectriaceae)

Sampleno.: Juml1l.P31 Sample no.: Jum1i32

Isolateno.: NsJum17-Ro Isolate no.: NsJumZ18-Le

The disease specimen was collected from the leaf of the plant (Fig. 26)Juwom.P3. and
Juml.P2Fungal growth on root and very small whitish leaf spotwas observed. The further field
information of F. moniliformein Gentian plant is described in pest dataeti{Annex Xl). The
cultural and morphological characteristics are:

Cultural characteristic:

The growth rate of fungus is 4.5 cm. The colony of fungus appears floccose which is circular in
form. At obverse view of fungus is white while at reverse viéduogus is peach centre with
white periphery.

Morphological characteristics.

The fungus produces hyaline, septate, sparsely branched mycelium. The micro conidia are hyaline,
clavate bearing in long chain which size rangd$&-2.5 um. The macro conidare fusoid with
3-6 septa which size ranges-25x2.5-4 um (Plate 21)
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!
Fig 26 SaII whitish spot on leaf Gfentianpl

-

ant Plate 21 Microscopic view dfusarium moniliforme

Fusarium dimeriumPenzig (Hypocreales: Nectriaceag

Sample numberdum?2.P1S1
Isolated number: Ndum29-St

The diseased specimen wadlected from Depalgaun during second field of Jumla district. The
stem rot was observed. The further field informatiof.oimeriumin Gentianplant is described
in pest data sheeAfinex Xll). The cultural and morphological characteristics are:

Cultural characteristics:

The growth rate of fungus is 4.5 cm. The colony of fungus appears floccose which is circular in
form. At obverse view of funguis white while at reverse view of fgos is peach centre with
white periphery.

Morphological characteristics.

The fungus produces hyaline, septate, sparsely branched mycelium. The micro conidia are hyaline,
clavate bearing in long chain which size rangd€9&-2.5 um. The macro conidia anesbid with
3-6 septa which size ranges-35x2.5-4 um (Plate 22)
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Fig 27: Stem rot of th&entianPlant Plate22: Microscopic view of.dimerum

Curvularia eragrostidis(Henn) J.A.Mey (Pleosporales: Pleosporaceae

Sample number: Jum2.F81
Isolatednumber: NsJum210-St

The diseased specimen waslected fromJum2.P1The stem rot was observed. The further field
information ofC. eragrostidisin Gentian plant is described in pest data sheet (Annex XllI). The
cultural and morphological characteristiare:

Cultural characteristics:

The growth rate of the fungus colony is 4.1cm. The colony appears circular in form, compact with
flat elevation and entire margin. The colony at obverse appears dark brown with light periphery
and dark brown at reverse.

Morphological characteristics:

The hyphae of the fungus are septate and brown whereas conidia are smooth, barrel shape, 3 septa
where middle septum is truly median. The conidia of furgizs ranges 125 x 9-15 um(Plate
23).

51



Fig 28: Stem rot of thés‘ehtianplant

Plate 23: Microscopic view dfurvularia
eragrostidis

Alternaria japonicaYoshii (Order_Pleosporales: Pleosporaceae)

Sample number: Jum2.F&2
Isolate number: Ndum211-Le

The diseased specimen was collected fdam2.P2The concentric rings on leaf, tan spot with
brownish halo later turning into shot holes were obserVéd. further field information oA.
japonica in Gentian plantis described in pest datsheet (Annex M). The cultural and
morphological characterissare:

Cultural characteristics:

The growth of fungus is 4.2 cm. The colony appears circul@mrim. At obverse view th&ungus
appears olive green while it appears faint olive green at reverse.

Morphological characteristics

The mycelium is grey, segtaand fluffy with golden brown to black conidia. Conidia are usually
borne singly or rarely in chains of3 obclavate or ellipsoidal, usually short beak witid 2
transverse septa and a number of longitudinal and oblique septa. The size of conidi&@@anges
13x14-3 0 (@late 24).

52



Fig. 29: tan spot with halo on leaf Gfentianplant Plate 24. Microscopic view of Alternaria

japonica

Pseudomonas aeroginog&chroter ) Migula (Pseudomonadales:Pseudomonadaceae)

Sample Number: Jum1.F%5
Isolate number: NdumZt 12-So

The diseased specimen was colledtech Jum1.P2The sample is collected from rhizosphere of
affected plant. The further field information Bf aeroginosan Gentian plant islescribed in pest
data sheefAnnex Xll). The cultural and morphological characteristics are:

Cultural characteristics:
The colony of bacterium is large and smooth.
Morphological characteristics.

It shows Gram Negative i@ram stain The vegetative cell is long and rod shépkate 25)

Plate25: Microscopic view oPseudomonas
aeruginosa
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Erysiphe sp(Erysiphales: Erysiphaceae)

Sample number: Jum2.F55

The diseased specimen was collected ftbenleaf of Patmarad, Raksheydunga during second

field of Jumla district. The powdery growth on leaf were observed with superficial moldy growth
only on dorsal leaf surface, gray at centre and white at periphery starting from scatter point, later
coalesang to form large irregular patches. The further field informatidarggiphesp. in Gentian

plant is described in pest data sheet (Annex XII). The cultural and morphological characteristics
are:

Morphological characteristics

The hyphae is hyaline andpdate bearing erect conidiophores

>Fig.30: Powdry growth on the leaf « Plate26: Microscopic view oErysiphesp.
the GentianPlant
3.2.2 EntomologicalFindings

Blister beetle Mylabris cinchorii Linnaeus (Coleoptera: Meloidae)

Generalintroduction of insects:

The blister beetleMylabris cinchorii L. was collected from Patmara area during the first visit
(Jum1.P3). This insect belongs to Meloidae family of Coleoptera order ahjidyapolyphagous

insect that feeds on the flowers of several plants. This insect has been reported from many parts of
South Asia including Nepallhe further field information oM. cinchorii in Gentian phnt is
described in pest data sheet (Anmigx

Visibile damage symptoms in commodity pathway:
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Adult beetle is the damaging stage of insects. This insect was observed at the florabeatiaf
plant Figure 3). The adult generally feeds upon buds and flowers of the plant. So it may have

significart impact on the yield.

Field identification of insects:

The blister beetlés a bright colored medium sized insect about 1.5 to 1.8 cm in length. It has
characterstic longitudanally three reddish orange and black alternating irregular bands on the
forewing(elytra). The insect is highly mobile and was observed feeding on the floral parts of the

plant. The eggs are usually laid in the soil and the grub feeds upon other soil dwelling arthoprods.

Collection, preservation and transportation of the specimen:

The blister beetle was collected from the floral partthefGentianplantusing sweep net. The
insect was kept dhekilling jar for sometime and later transferred to 70% alcohol solution in 50
ml plastic bottle. Later this insect was placed at 30 ndveaapped vial filled with 70% alcohol

and transported to the DPR laboratory.

At the laboratory, the specimeRléte 27 was taken out and the alcohol content was dried using
blotting papersThenthe beetle was pinned at the left elytra by standardtipse@nd kept fom
three days for completely drying. After, the dried and pinned specimen was kept at the standard

insect box at DPR laboratory.

Fig 31. Blister beetle feeding on Gentian plant Plate 27: Blister beetle

Green stink bug,Nezara viridula(Linnaeus) (Hemiptera: Heteroptera: Pentatomidae)

General introduction of insects:
The green stink budyezara viridulalL.) was collected from Depalgaon area during first field visit
(Juml.P1.SP1). This bug is cosmopolitan in warm angeeate regions; highly polyphagus
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feeder, attackingnany economical food and other cropbhe further field information ofN.

viridula in gentian plant is described in pest data shesbéx XIl).

Visibile damage symptoms in commodity pathway:

The adult ad nymph are the damaging stages, where the nymphs are observed feeding in groups.
The bug damages the plant by sucking the plant sap. They feed upon all plant parts but mostly
growing shoots and developing fruit are preferred. The damaged shoots ugtlelyamd in
extreme cases theyaydie. The plant exihibits retarded growth eventually affecting in its quality.
This green stink bug was observed at the plant carfeigy 82 and its damage intensity at the

field was low.

Field identification of insects:

The green stink bug is a medium sized true bug with prominent shield shaped body (12 to 13 mm).
It has uniformlyapplegreen body color with a row of three small white spots between prothorax
and sculletum. The eyes are dark red, five segmenteshrean with green and red bands. Its
presence can be known from the stinking smell exhibiting from its body. The nymphs have varying

shape and body color during its development.

Collection, transportation and preservation of the specimen:

The adult green stink bug was collected from the field using sweep net from the plant canopy. The
insect was kept at the killing jar for some time and later transferred to 70% alcohol solution in 50
ml plastic bottle. Later this insect was placed at 3@erdw capped vial filled with 70% alcohol

and transported tthe DPR laboratory. At the laboratory, the specimen (Plate 12) was taken out
and the alcohol content was dried using blotting papers. Then the stink bug was pinned at the left
sculletum by standd insect pin and kept fom three days for completely drying. After, the dried

and pinned specimen was kept at the standard insect box at DPR laboratory.
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Fig 32. Green stink bug feeding on Gent Plate 28: Green stink bug

plant

3.2.3 WeedFindings

Common alpine weeds are found associated. They are as follows:

1.

2
3
4
5.
6
7
8
9

Galinsoga parvifloral.

. Artemisiasp
. Fragaria indicaAndr.
. Geranium nepalensgweet

Chlorophytunspp?

. Plantago major.

Aconitum sp/

. Datura metall.
. Rumex nepalensis
10.

Bidens sp?
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Table 6: Pest listof cultivated GentianNeopicrorhiza scrophulariflora(Pannel),D.Y.Hong

2014/15
SN | Pest Scientific Name Common Plant part | location
category name of | affected
Pest

1 | Fungi Alternaria Leaf spot Leaf Raksheydunga,
alternata(Fr.) Keissl. Patmara, Jua

2 | Fungi Alternaria  japonica| Leaf spot Leaf Raksheydunga,
(Yoshii) Patmara, Jumla

3 | Fungi Erysiphe sp. Powdery Leaf Raksheydunga,

mildew Patmara, Jumla

4 | Fungi Culvularia Stem Depalgaun, Jumia
eragrostidis
(Henn)J.A.Mey

5 | Bacteria | Xanthomonas Leaf Spot | Leaf Patmara, Jumla
campestris (Pammel)
Dowson

6 | Fungi Fusarium Wilting of | Leaf, Root | Patmara,
moniliformeSheldon | root Depalgaun, Jumla

7 | Fungi Fusarium  dimerun| Stem rot Stem Depalgaun, Jumla
Penzig

8 | Fungi Geotrichum candidun Leaf Raksheydunga,
Link Patamar&, Jumla

9 | Bacteria | Pseudomonas Wilt Leaf | Raksheydunga,
syringaevan Hall Jumla

10 | Bacteria | Pseudomonas Soil | Raksheydunga,
aeruginosa $chroter Jumla
) Miqula

11 | Insect Mylabris  cinchorii | Blister
Linnaeus beetle

12 | Insect Nezara viridula| Green stink
(Linnaeus) bug

3.3 Findings of pest survey in SoapnytSapindus mukorossiSapindaceae)

Laboratory Findings:

The pest detection survey @apindus mukorosgRitha) was conducted at Darchula district for

three times during vegetative stage, flowering stage and harvesting stage and at the storage. During
the first field visit, site selection work was done discussing with concerned stakeholders (DFO,
DPRO, loca For this

guidel i neso NPPO was folll

traders, farmers). pur pose,

published by owed.
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following fields were identified for the detection survey. The surveyedaibeg with stages crop

their code number, respective crop stages, GPS are given at Annex XII

First Field:

Darl.P1.SP1: Patan, Baitadilistrict

Darl.P1.SP2: Patan, Baitadilistrict

Darl.P2.SP1: Gokuleshwor, Darchuldistrict
Darl.P2.SP2: Nursery of Gokleshor, Darchuldistrict
Darl.P3.SP1: Khalanga, Darchuldistrict

Darl.P4. : Pokhara, Dadeldhuwdistrict

Second Field:

Dar2.P1 : Tallakuna,Gokuleshwor, Darchuldistrict
Dar2.P2 : Dethala8, Luitha,Darchuladistrict
Dar2.P3 : Gwanel, PaneBaj, Darchuladistrict

Dar2.P4.SP1: Nursery, Patan, Baitadistrict
Dar2.P5SP2 : Patan4, Lorkha,Baitadi district
Dar2.P6S1 : Amarghadi Municipality7, Pokhara, Dadeldhumdistrict

Dar2.P7 : Jimkot4, Baitadidistrict.

Third Field:

Dar3. P1 : Pokharal, Dadhelduralistrict

Dar3.P2 : Pokhara2, Dadhelduralistrict

Dar3.P3 : Pokhara7, Amargadhi, Dadheldumdistrict
Dar3.P4 . Patan, Baitadilistrict

Dar3.P5 : Lorkha, Baitaddistrict

Dar3.P6 : Runeth, Baitaddistrict

Dar3. P7 - luitha,dethala, Darchuldistrict

Dar3.P8 : Dethala5, Darchulaistrict

Dar3.P9.SP3: Belayeti4, Gokuleshwor, Darchuldistrict
Dar3.P10. :Jimkot4, Baitadai district.

3.3.1 Pathological Findings

Geotrichum candiduniink (Saccharomycetales: Dipodascaceae)

Sample number Dar3.P9.SP3E3
Isolate number: SmDar3-1-Fr
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The disease specimen was collected from the fruit of the (amB.P9.SPXIJ) (Fig. 33). The
brown spots on the fruit were observed. The further field informati@h candidumin Soap nut
plant is describeth pest data sheet (Annex XllI). The cultural and morphological characteristics
are:

Cultural characteristics:

The growth rate of fungus is 4 cm. The colony appears circular with entire margin, flat elevation
with characteristic smell. The colony is whieg obverse and creamy white at reverse
Morphological characteristics:

The fungus mycelium is hyaline, septate and branched. The conitiadires, single celled, short
& cylindrical with truncate end$late29).

candidum

Fusarium decemcellulard_ink. (Hyporcreales: Nectriaceae)

Sample numberDar3. P7S1
Isolate numberSm-Dar3-2-Fr

The disease specimens were collected from the fruit of the(pign84) from Dethalaof Darchula
district during third field. The black spots symptoms with wrinkles on fruit were observed in the
sample.The further field information of. decemcellularen Soap nuplant is described in pest
data sheet (Annex Xll). The cultural and morphological characteristics are:

Cultural characteristics:

The growth rate is 3.2 cm. The colony is irregular, raised and floccose. It appears creamy white in
obverse view and yellowish brown with white periphery in reverse view.

Morphological characteristics:

Its micro conidia is oval, aseptate, borne on cHdd1,2x3-4 um. Macro conidia is slightly curved,
straight to broadly fusoid,-I0 septate, 5200x 5-8 um (Plate 30.

60



T

Fig 34: black spot d wrinkles on the fruit®dap  pjate 30Fusarium decemcellulare
nut

Fusarium dimerumPenzig (Hyporcreales:Nectriaceae)

Sample number:Dar3.P9S1

Isolate number. SmDar3-3-Fr

The disease specimen was collected from the fruit of Soap nut plant (Fig. 35) of Pokiiara
Dadheldura district during the third field visit. The small brown spots were observedsamipie.

The further field information df. dimerumn Soap nut plant is described in pest data sheet (Annex
XII). The cultural and morphological characteristics are:

Cultural characteristics:

The growth rate of the fungus is 2.7 cm. The colony is Floaosaular in form, umbonate in
elevation with entire margin. The fungus on obverse \appear white while in reverse appear
light orange

Morphological characteristics.

The fungus produces hyaline and septate mycelium. Its macro conidia is fusiforssthagly
curved with pointed apex. The fungus consists-8fskepta. Its size varies -POx3-4 um. Micro
conidia is abser({Plate 31)

Fig no.35: small brown spot on fruit Plate31: Microscopic view of.dimerum
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Bipolaris sorkiniana(Sacc)Shoem.(Pleosporales: Pleosporaceae)

Sample number: Darl.P3.S588
Isolated number: Sfbaril-4-St

The disease specimens were collected from the stem of thdrplanKhalanga area of Darchula
district during first field visit. Rust like spots on stem was observed. The further field information
of B. sorokinianan Soap nut plant is described in pest data sheet (Anndx Xhe cultural and
morphological charactstics are:

Cultural characteristics:

The growth of the fungus is 4.5 cm. Its colony is irregular and flat. The obverse view of fungus is
grayish black while reverse view is grayish black with dark brown ridges

Morphological characteristics

Thefungusproduces septate and hyaline mycelium which bears unbranched conidiophores. The
conidia are ellipsoid, dark brown, smooth walled with ends rounded which is broad at middle. It
bears 310 distosepta, which size rangesdiix17- 23 um(Plate 32).

Fusarium oxysporumSchlecht. (Hyporcreales: Nectriaceae)

Sample number: Darl.P3.S82 Sample number: Dar2.P34 Sample number: Dar3-:84
Isolate number: Sfbarl-5-St  Isolates numbesm-Dar2-6-Fr Isolate number: Sar3-7-Fr
Sample number: Dar2.P2.&2P Sample number: Dar2.P6. S1 Sample number: D&83.P6
Isolate number: Sfar2-8-Fr Isolate number: SBar2-9-Fr Isolate number: Srdar3-10-Fr

Sample number: Dar3.P8l
Isolate number: Srar3-11-Fr

The disease specimens were collectethfthe stem of the plant (Fig. 38m Lorkha, Patan and

Runeth of Baitadi district during first field visit and from PaneBaj, Dethala, and Pokhara,
Karkarley of Darchula district during second field visit and from Runeth and Lorkha of Baitadi
district during third field visit. The leaf curling, discoloration and white, brown spots on fruit were
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observed (Fig. 37). The further field informationFofoxysporunmn Soap nut plant is described in
pest data sheet (AnnexIR. The cultural and morphological characteristics are:

Cultural characteristics:

The growth rate of fungus is 4.5 cm. Its colony is circudlaccose crateriform inelevation with
entire magin. The obverse and reverse view of fungus is pinkish white to purple.

Morphological characteristics

The fungus produces aerial, septate and branched mycelium. The fungus micro conidia is oval to
ellipsoidal which size ranges®x2.5-3.5 um while macroconidia isfusiform that is slightly
curved with 35 septa that size ranges-28<3-5 um (Plate 33)

_1.‘ V& ’_: 1 \‘

Fig 36. Brownish sbots and diso‘lofatio Fi 37.Le
of fruit

afcurling and yellowing

Plate 33: Microscopic view oFusarium
oxysporum

Alternaria radicina Meier, Drechsler & E.D. Eddy (Pleosporales:Pleosporaceae)

Sample number: Dar2.P3. S6 Sample number: DaBP25 Sample number: Dar2 454
Isolated number: Stbar2-12-Fr Isolate number: Sibar2-13-Le Isolate number: Siar2-14-Fr

The disease specimens were collected from the dfuibe plant (Fig. 38) from Darchula and
Baitadi districts during second field visit and also from leatef Soap nut plant during second
field visit in Patan of Baitadi district. Small powdery black pustules on leaf and brown, dark spots
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were observed on the fruits (Fig. 39). The further field informatioA.ofdicinainin Soap nut

plant is described in gedata sheet (Annex X). Thecultural and morphological characteristics
are:

Cultural characteristics:

The growth of fungus is 4.3 cm. The colony appears circular in form, flat elevation with entire
margin. The colony of fungus appears brownish grdeobserse and dark brown with light
periphery at reverse.

Morphological characteristics.

The fungus produces greyish, fluffy mycelium in which black shiny conidia appears single or in
pairs arranged in short chaif$ie conidia are variable in shape whisloften ellipsoidal or may

be obclavate or ovoid. Color of conidia is pale to dark brown withtransverse septa and one or
several longitudinal or oblique septa which size i52¢0-2 7 (@late34).

Fig 38: Dark spot on leaf Goap nut

Alternaria radicina

Fig 39: Blackish brown spot on fruit o
Soap nut

Alternaria alternata(Fr.) Keissl. (Pleosporales: Pleosporaceae)

Sample numberDar2-P6-S1 Sample number: Dar3.4881  Sample amber: Dar3.P$1
Isolate numberSmDar215-le isolate number: Sfdar3-16-Le Isolate number: Sibar3-17-Fr

Sample number: Dar3.P$1 Sample number: Dar3:8% Sample number: Dar3.88

Isolate number: Srdar3-18-Fr Isolatenumber: SrDar3-19-Fr Isolate number: Sibar3-20-Fr

Sample number: Dar3.P9.S83

Isolated number: SyDar3-21-Fr

The diseasspecimen was collected from the leaf of the Soap nut plant (Fig. 40 and 41) from
Pokhara of Dadeldura during second field visit and from the fruits of Pekhemd Pokhar2 of
Dadheldura district, Patan and Lorkha of Baitadi district, Dethaad Belagti-4, Gokuleshwor
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of Darchula District during second and third field visit. The brown powdery spots on leaves, grey,
brown spots on fruit along with discoloration of fruit were types of symptoms obversed. The
further field information ofA. alternatain Soap nut plant is described in pest data sheet (Annex
XI1II). The cultural and morphological characteristics are:

Cultural characteristics:

The growth rate of fungus is 4.2 cm. Colony appear circular in form, entire margin with raised
elevation, powdery téelty. The colony appear grey to olive green with white margin in obverse
and appear dark brown black with light brown periphery

Morphological characteristics::

The myceliumis sparse, grayish brown, flufigndhyphae septat&he conidia variable in shap

often ellipsoidal, obclavate or ovoid, pale to dark browr, 8ansverse septa,-skveral
longitudinal septa. The size of conidia ranges frorb@8l0-2 5 ¢ m. Conidia are
formed in branching chair(®late 35)

Plate 35: Spores &. alternataof Soa nut
plant

Fig 41 brown-black spot on fruit of th&oap nut
plant

Alternaria longissimaDeighton & MacGarvie. (Pleosporales: Pleosporaceae)

Sample number Dar2.P4.SFL
Isolate number: SmDar2-22-le
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