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Foreward

The Strengthening Phytosanitary Capacity in Bangladesh (SPCB) Project under Plant Quarantine Wing
(PQW), Department of Agriculture Extension (DAE), Ministry of Agriculture conducted the study for the
APest Ri sk Analysis (PRA) aadrdingto the provisian of Rentmagt lagrabmenth 0
signed between SPCB-DAE and Centre for Resource Development Studies Ltd. (CRDS) on 11 December
2016. The PRA study is a four-month assignment commencing from 11 December 2016 under the SPCB,
DAE. The overall objectives of this Pest Risk Analysis are to identify the pests and/or pathways of
guarantine concern for a specified area of pulses and evaluate their risk in Bangladesh and to identify risk
management options. To carry out the PRA study, the consulting firm conducted field investigations in 70
upazilas under 29 major pulse growing districts of Bangladesh for listing of pests of pulses in Bangladesh.
The study covered the interview of 7000 pulse growers; 29 FGDs each of which conducted in one district;
information from DD of each districts, UAO and 10 SAAO of each upazila and BARI/BINA Researchers of
each region; physical inspection and visits of the pulse fields under sampled districts. The consultants also
reviewed secondary sources of information related to PRA of pulse including CABI & EPPO.

The study findings revealed that the in Bangladesh, number of insect pest recorded on lentil, chickpea,
mungbean, grasspea and cowpea were 8, 14, 18, 5 and 11 respectively of which some attack two or more
pulses. Thus there were altogether 23 insect pests recorded from five pulses. Number of diseases recorded
on lentil, chickpea, mungbean, grasspea and cowpea were 20, 19, 21, 14 and 15 respectively. A number of
diseases were common in two or more pulses and there were altogether 46 diseases so far recorded on five
pulses in Bangladesh. From the analysis 8 insect pests, 13 diseases and 6 weeds were identified as
quarantine pests for Bangladesh. The consultant team also conducted the risk assessment for each
quarantine pest individually based on the consequences and potential of introduction of each quarantine
pest and a risk rating was estimated for each. The findings also suggested the risk management options for
the quarantine pests of pulse in line with the pre- and post-harvest management and phytosanitary
measures.

The findings of the PRA study were presented in the National Level Workshop organized by the SPCB,
PQW of DAE on 12 June 2017. The concerned professionals of agricultural universities of Bangladesh, DAE
(Department of Agricultural Extension), research organizations and other relevant personnel from different
organizations were attended the workshop. The online version of this report will be published at
www.dae.gov.bd.

I would like to congratulate Consultant Team of CRDS for conducting the PRA study successfully and also
the concerned SPCB professionals in making the total endeavor a success. | express my heartfelt thanks to
the officials of DAE, Ministry of Agriculture, BARI, Agricultural Universities, research organizations and
groundnut i mporter and exportersd associations for
the PRA study. Thanks are also due to Technical Committee members for their kind review of the report and
providing feedbacks improving the quality of the report.

Special thanks to the Secretary and Additional Secretary (Extension) of MOA for their cooperation. | also
thanks to the Director General of DAE, Director (Plant Quarantine Wing) and other high officials of IMED and
Ministry of Agriculture for their presence at the Draft Report presentation workshop and providing valuable
suggestions & Feedbacks. Thanks are due to Mr. Ahsan Ulah, Consultant, SPCB for his advice & guidance.
| hope that the report certainly would contribute to enhance the exports and imports of pulses.

(Dr. Mohammad Ali)

Project Director

Strengthening Phytosanitary Capacity in Bangladesh (SPCB) Project
Plant Quarantine Wing (PQW)

Department of Agriculture Extension (DAE)

Ministry of Agriculture, Bangladesh.
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http://www.dae.gov.bd/

Preface

This Final Report intends to respond to the requirement of the client according to the provision of
contract agreement signed between Project Director of Strengthening Phytosanitary Capacity in
Bangladesh (SPCB) and the Centre for Resource Development Studies Ltd. (CRDS) for

AConducting Pest Ri sk Anal ysis (uhk&A)ant QUaranpne | s e i n
Wing (PQW), Department of Agriculture Extension (DAE), Ministry of Agriculture (MOA),
Government of the Peopleds Republ i cmoaoth asfdgamegtl ade s h.

commencing from 11 December 2016 under the SPCB, DAE.

Consul tancy services for fAConducting Pest Ri sk An
provided by the Centre for Resource Development Studies Ltd. (CRDS), Bangladesh. The study

team consists of six senior level experts, one coordinator, and field and office level support staffs.

The major objective of the study is to listing of major and minor pests of pulse, identification of

pests likely to be associated with pathway, identification of potential for entry, establishment and

spread, identification of potential economic and environmental impact, identification of control

measures and potential impacts of such measures, assessment of potential loss by the pests,

preparation of report on risk analysis of the pests following the relevant ISPMs and make
recommendation.

The Report includes study design, sampling framework and data collection instruments,
guidelines and checklists, details of survey and data collection method, data management and
analysis and survey finding as well as the stages of PRA, risk assessment strategies of the pests
likely to be associated with the commodity to be imported from the exporting countries and the
risk management options as recommendations.

The report had been reviewed and discussed thoroughly by the SPCB officials along with other
experts and representatives through several discussion meetings. This report was presented in
the national level workshop for further comments and suggestions. The consultants have
finalized the Report of the PRA study of Pulses incorporating the comments and suggestions of
the client and feedbacks received from the workshop.

(Shariff Nurul Anwar)

Chairman

Centre for Resource Development Studies Ltd. (CRDS)
13C/8C Babar Road (Gr. Floor), Block-B, Mohammadpur,
Dhaka-1207, Bangladesh.
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Executive Summary

Bangladesh is a deficit country in pulse production.Different pulses are being
imported from six major countries such as Australia, Canada, India, China, Nepal
and Turkey. Bangladesh is prodicing asubsantial amount of pulses. In Bangaldesh,
the acreage of selected five pulse crops, in 2015-16 cropping year, was about 8.0 lac
hectares, while the production was about 9.0 lac metric tons. The crops are grown
throughout the country. The production is much lower than the requirement and the
deficit is fulfilled by importing the grains from other countries. Currently there is no
risk analysis of imported pulses. So, there is a scope of introducing alien pest into
Bangladesh which may potentially damage our pulse crops. So, the analysis will
contribute to review of existing phytosanitary requirements for import of pulses.The
study on Pest Risk Analysis (PRA) of five pulse crops namely lentil (Lens culinaris),
chickpea (Cicer arietinum), mungbean (Vigna radiata), grasspea (Lathyrus sativus)
and cowpea (Vigna unguiculata) was undertaken following IPPC Rules and
Regulations. In order to perform this task the Government of Bangladesh awarded a
project entitled fAStrengthening Phytosanita
Plant Quarantine Wing of Department of Agricultural Extension under the Ministry of
Agriculture. The Plant Quarantine Wing is executing this task with the assistance of
Private Organization who has qualified personnel. Center for Resource Development
Studies Limited (CRDS), qualifying all requirements has been awarded to conduct
the PRA of Pulses in Bangladesh. The PRA process is being conducted with the
technical assistance of the Consultant - PRA, Md. Ahsan Ullah, Stregthening
Phytosanitary Capacity in Bangladesh Project.

The major objectives of the project included recording of major and minor insect
pests, diseases and weeds of pulse crops in Bangladesh and selected six pulses
exporting countries and listing of quarantine insect pests, diseases and weeds of
pulses. The study also included detail information on pests and pathogens, their
entry, establishment and spread, climatic and other characters of both exporting and
importing countries, etc. The baseline information on insect pests, diseases and
weeds, available in Bangladesh were collected from different secondary sources like
published papers, books, journals, internet as well as interview with different
stakeholders such as farmers, personnel from DAE, experts and professionals.
Primary data were collected through field survey. For these major pulse growing 70
upazilas under 29 districts were selected and visited during January-March, 2017
only because of time constraints. In each upazila 100 farmers (10 blocks and 10
farmers from each block) were selected for data collection. Although the selected 29
districts were used for primary data collection, the entire Bangladesh was considered
as the PRA area for pulse crops, which might be endangered by the introduction of
invasive alien pests. The PRA was conducted to identify the hazards for the PRA
area.
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Pest Risk Analysis (PRA) of Pulse in Bangladesh

The pathway and commodity has been described elaborately along with the climatic
conditions and cultivation practices followed both in the selected exporting countries
such as Australia, Canada, China, India, Nepal and Turkey as well as Bangladesh.
At the same time the geography and climate of the six selected exporting countries
and Bangladesh were also described. The information was used to analyze the
performance of the hazard organism(s) in Bangladesh condition if introduced.

For identification of potential hazards under insect pests, diseases and weeds, list of
insect pests, diseases and weeds in pulse crops in Bangladesh and six selected
countries were made through extensive searches of both national and international
sources and internet resources.

Lists of insect pest, diseases and weeds prevailing in Bangladesh have been
prepared through field survey, consulting reports and internet searching. In
Bangladesh, number of insect pest recorded on lentil, chickpea, mungbean,
grasspea and cowpea were 8, 14, 18, 5 and 11 respectively of which some attack
two or more pulses. Thus there were altogether 23 insect pests recorded from five
pulses. Number of diseases recorded on lentil, chickpea, mungbean, grasspea and
cowpea were 20, 19, 21, 14 and 15 respectively. A number of diseases were
common in two or more pulses and there were altogether 46 diseases so far
recorded on five pulses in Bangladesh. Similarly a total of 19 weeds were identified
from pulse crops. Separate lists for insect pests, diseases and weeds of five pulses
in six selected pulse exporting countries were also made through searching of
different sources like books, journal, reports, internet etc. Pest lists of Bangladesh
were critically compared with those of exporting countries and the organisms absent
in Bangladesh were identified as quarantine pests for Bangladesh. From the analysis
8 insect pests, 13 diseases and 6 weeds were identified as quarantine pests for
Bangladesh.

The identified quarantine insect pests, diseases and weeds were taken in
consideration for risk analysis process. Risk assessment considering entry, exposure
and establishment potential, and consequences on economy, environment or health,
5 insect pests (Melanagromyza obtusa, Callosobruchus analis, C. phaseoli,
Acanthoscelides obtectus, and Sitophilus granaries), 7 diseases (Ascochyta blight in
lentil, Septoria leaf spot in cowpea, Tan spot in mungbean and cowpea, Halo blight
in mungbean and cowpea, Pea seed-borne mosaic in lentil and chickpea, Alfalfa
mosaic disease in lentil and chickpea, and Cowpea severe mosaic virus in cowpea)
and 6 weed species (Lolium rigidum, Galium tricornutum, Phalaris minor, Thlaspi
arvense, Boerhavia diffusa, and Cardaia draba) were recognized as potential
hazards for Bangladesh and prompted discussion and management options for
these species. The report included the pest risk management of these 19 quarantine
pests of pulse crops with specific approaches and methods in detail. Thus it is
suggested to follow the recommended quarantine practices while importing pulses
from the six exporting countries. Management options of hazardous organisms have
been dicussed in section 6.
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1.0 Scope and Methodology of Pest Risk Analysis

1.1 Background

Pest Risk analysis provides the rationale for phytosanitary for specified PRA area. It evaluates
scientific evidence to determine whether an organism is a pest. If so, the analysis evaluates the
probability of introduction and spread of the pest and the magnitude of potential economic
consequences in a defined area, using biological or other scientific and economic evidence. If the
risk is deemed unacceptable, the analysis may continue by suggesting management option that
can reduce the risk to an acceptable level. Subsequently, pest risk management option may be
used to establish phytosanitary regulation.

For some organisms, it is known beforehand that they are pests, but for others, the question of
whether or not they are pests should initially be resolved. The pest risks posed by the
introduction of organisms associated with a particular pathway, such as a commodity, should
also be considered in a PRA. The commodity itself may not pose a pest risk but may harbour
organisms that are pests. Lists of such organisms are compiled during the initiation stage.
Specific organisms may then be analyzed individually, or in groups wherein component species
share common biological characteristics.

Less commonly, the commodity itself may pose a pest risk. When deliberately introduced and
established in intended habitats in new areas, organisms imported as commaodities (such as
plants for planting, biological control agents and other beneficial organisms, and living modified
organisms (LMOs) may pose a risk of accidentally spreading to unintended habitats causing
injury to plants or plant products. Such risks may also be analyzed by using the PRA process.

The PRA process is applied to pests of cultivated plants and wild flora, in accordance with the
scope of the IPPC. It does not cover the analysis of risk beyond the scope of the IPPC.

Provisions of other international agreements may address risk assessment (e.g. the Convention
on Biological Diversity and the Cartagena Protocol on Biosafety to that convention).

Bangladesh has been importing pulse from Australia, Canda, China, India, Nepal and Turkey
However, assessment of the potential risk of introduction of any exotic pests and diseases with
this commodity to Bangladesh and the probability of their Establishment in Bangladesh condition
has not yet been performed. Recently, Plant Quarantine Wing, Department of Agricultural
Extension (DAE) felt that an analysis of the biosecurity risks of pulse pests is required. Hence the
present activities were taken up. Here pests are referred to insect pests, diseases and weed of
pulse and the PRA areas are the selected 29 districts as shown in Table 1.

1.2 Scope of the Risk Analysis

The scope of this risk analysis is to determine the presence of insect pests, diseases, weeds and
other organisms of pulses in Bangladesh and to ascertain the potential hazard organisms
associated with pulse grains imported from the Australia, Canada, China, India, Nepal and
Turkey. Unhusked pulses are imported for food or seed purposes. Risk is defined as the
likelihood of the entry of the hazards with the pathway or commodity, probability of establishment
and the magnitude of the consequences of the hazards on economic, environment or health
point of views. The framework of pest risk analysis associated with importation of pulse grains
includes three stages such as initiation, pest risk assessment and pest risk management.The

CRDS Page 1



Pest Risk Analysis (PRA) of Pulse in Bangladesh

standard focuses on the initiation stage, gatheringinformation, documentation, risk
communication, uncertainty, consistency and management of hazards.

1.3 Objectives of the PRA Pulse Crops

Pest Risk Analysis (PRA) of pulse crops is done with the aim of some specific obejectives which
are:

9 Listing of major and minor pests of pulses in importing and exporting countries
mentioning plant parts affected
Listing of regulated pests
Identification and categorization of pests of pulses likely to be associated with commodity
and pathway
Identification of potentials for entry, establishment and spread of regulated pests
Identification of probability of survival during transport or storage and transfer of hosts
Identification of probability of pest surviving in existing pest management procedures
Identification of availability of suitable hosts, alternate hosts and vectors in the PRA
areas
Identification of potential economic and environmental impacts
Assessment of potential loss by the pests
Identification of management options/system approach for control of regulated pests
Preparation of report on risk analysis of the pests following the relevant ISPMs.

= =4

=A =4 =4 -8 8 4 4 -5 -9

14 PRA Areas

The entire Bangladesh is considered as PRA area in this risk analysis because major pulse
crops are grown almost all over the country. Moreover pulse grains are imported through
different land ports which are located all regions of Bangladesh. However, survey on insect
pests, diseases, weeds and other hazard organisms was done in major pulse growing districts of
Bangladesh.

15 Methodology of Pest Risk Analysis

PRA process includes three major stages such as Initiation, Pest Risk Assessment and Pest
Risk Management. The following methods were sequentially followed to conduct PRA of pulse
crops.The process and methodology for undertaking import risk analyses are shown in Figure 1.
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Pest Risk Analysis
Adapted from ISPM No. 2(2007)

l l l

Options for
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Monitoring of
Phytosanitary
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PRI T
p f> Pest Risk Regulatory
Management Decision
Stage 2:
Pests Pest Risk
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PRA PROCESS)

Stage 1: . 4
.nmiﬁon [ STOP ] Risk acceptable T

Including area
Specification

Initiation Points:

Listing of Pests
Pathway identify
Consequences

Risk management&
policy review
Organism

*
'

INFORMATION GATHERING, DOCUMENTATION AND RISK COMMUNICATION

Organism not a pest

Figure 1.Schematic Diagram of Pest Risk Analysis.

1.5.1 Methodology of Data Collection

In order to collect the information and present status of different insect pests, diseases and
weeds in pulse field and also infestation with insect pests in the storage and storage diseases,
an extensive survey was conducted at 700 blocks under 70 upazilas of 29 major pulse growing
districts of Bangladesh (Table 1, Figure 2). Information was colleted by interviewing with Sub-
Assistant Agriculture Officer (SAAO), Upazila Agriculture Officer (UAO) and the Deputy Director
(DD), Department of Agricultural Extension (DAE), and scientists of BARI and BINA research
stations using structured questionnaire to know the present status of insect pests, diseases and
weeds of pulse crops in respected districts. Moreover information on the area of pusle cultivation
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and production in the selected districts were collected from the DAE office. With the assistance of
DAE, ten farmers from each of 10 blocks in each upazila were selected for interview on the
incidence and severity of insect pests, diseases and weeds in their pulse crops in the field and
storage and control measures followed by them. Primary data on incidence and severity of
different insect pests, diseases and weeds were collected available in the field from the standing
pulse crops o f t he s el ec freandeach apazieeand recorded. éAllist of selected
districts and upazilas are provided in Table 1. List of DAE/BARI/BINA personnel met during
Information collection are shown Appendix XVIII.

For conducting Pest Risk Analysis (PRA) all the Formats and Questionnaires used are included
in the AppendicesXIlI-XVII

Table 1.List of Districts and Upazilas selected for PRA Studies of Pulse crops

Sl. No. District Upazila

Sadar
Kashiani
Tungipara
Shibchar
Rajoir
Kalkini
Sadar
Noria
Bhedergonj

. Jangira

. Goshairhat

. Mohammadpur

. Sadar

. Sadar

. Lohagora

. Bhanga

. Sadar

. Pansha

. Goalanda

. Sadar

. Mothbaria

. Sadar

. Ujirpur

. Morolgon;

. Sadar

. Shoronkhola

. Kolaroa

. Sadar

. Shamnagar

. Dumuria

. Fultala

. Jikargacha

01. Gopalgonj

02. Madaripur

03. Shariatpur
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04. Magura
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w

05. Narail

[EEY
I

[EY
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06. Faridpur

[EY
(o))
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07. Rajbari
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08. Pirojpur
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09. Barishal

N
N

N
w

N
N

10. Bagerhat
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11. Satkhira
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12. Khulna

w
o
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13. Jessore
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Sl. No. District Upazila

33. Sarsa

34. Bagarpara
14. Jhenidah 35. Kaligonj
36. Moheshpur
37. Sadar

15. Khagrachari 38. Sadar

39. Dighinala
40. Panchari
16. Feni 41. Sonagazi
42. Chagalnaya
17. Dhaka 43. Dhamrai
44. Keranigonj
18. Sirajgon; 45. Ullapara
46. Raigonj
19. Chittagong 47. Satkania
20. Chapainwabgon; 48. Sadar

49. Shibgon;
50. Bholahat
21. Rajshahi 51. Paba

52. Charghat
53. Bagha

22. Barguna 54. Amtali

55. Sadar

23. Sherpur 56. Sadar

57. Nokhla

24, Mymensingh 58. Goffargaon
59. Trishal

60. Ishwarganj
25. Kishoregon; 61. Sadar

62. Pakundia
26. Lakshmipur 63. Raipur

64. Sadar

27. Thakurgaon 65. Baliadanga
66. Ranishoinkol
28. Tangalil 67. Bhuapur
68. Sadar

29. Patuakhali 69. Doshmina
70. Bauphal

1.5.1.1 Appointment and Training of Field Researchers

Agricultural graduates were appointed as field researchers. Theoretical and practical training on
identification and data collecton of insect pests, diseases and weeds of pulse crops was given by
specialist scientists of BARI. Questionnaires and field data collection Format were supplied to the
enumerator for collectionof appropriate information from the Farmers, SAAO, UAO, DD and
Researchers.
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1.5.1.2 Field Survey and Primary Data Collection

Seven teams consisting two members in each wereformed for field survey and collection of
information based on questionnaire and format from the farmers and concerned officials of 29
districts (Figure 2). Each team was supplied with colored photographs of damage symptom for
insect pests, diseases and weeds for identification.Moreover, primary information of insect pests,
diseases and weeds of pulses in filed and storage was collected from Nepal by visiting during the
study period.

1.5.1.3 Secondary Data Collection

The secondary data on insect pests, diseases and weeds of pulses were collected from
scientists of BARI and BINA, university teachers, DAE personnels, books, journals, published
reports, CD of CABI and internet searching. Moreover information was collected from concerned
Nepalese scientists by visiting Nepal. These data were checked with primary data and the final
list of insect pests, diseases, weedsand other pestsof pulses in field and storage were prepared.

1.5.1.4 Internet Searching

Information on insect pests, diseases, weeds and other pests of pulse crops in fieldand storage
were collected worldwide through internet searching especially of Australia, Canada, China,
India, Nepal and Turkey from where pulse grains are imported to Bangladesh. Major pulse
growing areas of exporting countries to Bangladesh were identified and climate data of those
areas were also collected so far available. Insect pests, diseases and weed control measures
taken in the field, pre-shipment phytosanitary measures and other handling procedures followed
in the exporting countries were also gathered. Collected information was analyzed to identify the
guarantine pests, diseases and weeds.

1.5.1.5 Interpretation of Results

The collected information on insect pests, diseases and weeds of pulse from different locations
were analyzed and interpreted with the aim to find out variations in order toknow the incidence
and status of each pest against the location. The most vulnerable stage of plant growth for insect
pests and disease attack was also determined based on both primary and secondary data.
Finally, a check list was prepared based on locally available insect pests, diseases and weeds of
pulses in Bangladesh in comparison with six exporting countries.
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1.5.2 Methodology of Risk Analysis

The process and methodology for undertaking import risk analyses need to collect the
information on insect pests, diseases and weeds of the particular commodity in the importing
country, the primary data collection and secondary data collection from relevant persons,
published reports, journal article or books as well as from internet resources. Prepare a separate
pest list of importing country as well as of each exporting countries hereinafter will be called as
country of origin. Compare the lists critically to identify the potential destructive exotic pests.The
detail process of Pest Risk Analysis is shown in Figure 3.

1.5.3 Commodity and Pathway Description

The first step in the risk analysis process is to describe the commodity and entry pathway of the
commodity. This includes relevant information on:

1. The country of origin, including geographic and climatic condition, relevant crop growing
practices, pest management systems;

Pre-export processing and transport systems;

Export and transit conditions, including packaging, mode and method of shipping;

Nature and method of transport and storage on arrival in Bangladesh;

5. Characteristics of Bangladesh climate, and relevant agricultural practices.

Pon

This information provides context for the assessment of the potential hazard organisms.

1.5.4 Hazard Identification

For any risk assessment the first step is to identify the hazard as the risk is related to hazard.
Hazards are the unwanted insect pests, diseases (pathogen) or weeds which could be
introduced into Bangladesh by risk goods, in this case selected pulses, and are potentially
capable of causing harm to pulse production in Bangladesh, must be identified. This process
begins with the collation of a list of organisms that might be associated with the commaodity in the
country of origin. Such list is compared with the existing pests present in Bangladesh to prepare
a list of exotic pests harmful for Bangladesh if introduced.

This list is to be further refined and species removed or added to the list depending on the
strength of the association and the information available about its biology and life cycle. Each
pest or pathogen is assessed mainly on its biological characteristics and its likely interaction with
the Bangladesh environment and climate. Hitch-hiker organisms sometimes associated with a
commodity, but which do not feed on it or specifically depend on that commodity in some other
way are also included in the analysis. This is because there may be economic, environmental
and human health consequences of these organisms entering and/or establishing. Diagrammatic
representation of hazard identification is shown in Figure 4.
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HAZARD IDENTIFICATION
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Are there different
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and
v
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l Yes
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l Yes

\ 4

Is there a control
programme in
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A

No

A Yes

No

A 4
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existing exposure in BD?

¢No
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be a hazard in this No

risk analysis

RISK MANAGEMENT OPTIONS

What options are
available to manage |«

RISK ASSESSMENT

Entry Assessment o
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v Negligible
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Assessment Likelihood of

y

Exposure and
Establishment in BD

Non-negligible l
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Risk Estimation
not considered to
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this risk analysis

A

economy environment and
human health in BD

Non-negligible l

Negligible
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Organism/disease is
considered to be a hazard
in this risk analysis

risks?

v

What is the effect of
each measure on the
levevel risk?

include: hazard identification, risk assessment, and risk management.

Figure 3. Diagram of the risk analysis process. The three main aspects of analysis
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|
List of Organisms

\

No Is the organism likelyto be
associated withthe pathway?

l Yes

Is the organism present in BD?

No l

l Yes Potential Hazard in
this Risk Analysis

Is there a controlprogramme in Yes

Bangladesh? N
A A
No
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overseas?
No
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existingexposure in BD?

lNo
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Bangladesh?

l No
v
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Hazard in this Risk
Analysis

Yes

Figure 4. Diagrammatic Representation of Hazard Identification

1.5.5 Methodology ofRisk Assessment

Risk assessment is the evaluation of the likelihood of entry, exposure and establishment of a
potential hazard, and the environmental, economic, human and animal health consequences of
the entry within Bangladesh. The aim of risk assessment is to identify hazards which present an
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unacceptable level of risk, for which risk management measures are required. Descriptors are
used in assessing the likelihood of entry, exposure and establishment, and the economic,
environmental, social and human health consequences. The approach taken in this Risk Analysis
is to assume the commodity is imported without any risk management. In this risk analysis
hazards have been grouped where appropriate to avoid unnecessary duplication of effort in the
assessment stage of the project. Diagrammatic representation of risk assessment and risk
management is shown in Figure 5.

RISK ASSESSMENT

|

Entry Assessment:
likelihood of potential
hazard entering
Bangladesh on the

Negligible

Non-Negligible l

Not considered to be

Exposure/Establishment
Assessment:
Likelihood of exposure and
Establishment in BD

S —

a hazard

. in this risk analysis
Negligible

Non-Negligible l

Consequence Assessment:
likely impacts on the
economy, environment and
human health in BD

Negligible

Non-Negligible l

Risk Estimation:
Organism/disease is
considered to be a hazardin
this risk analysis

|

RISK MANAGEMENT

’

What options are available
to manage risks

!

What is the effectof each
measure onthe level of risk?

Figure 5. Diagrammatic Representation of the Process Followed for Risk Assessment and
Management.
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1.5.6 Assessment of Uncertainties

The purpose of this section is to summarize the uncertainties and assumptions identified during
the preceding hazard identification and risk assessment stages. An analysis of these
uncertainties and assumptions can then be completed to identify which are critical to the
outcomes of the risk analysis. Critical uncertainties or assumptions are considered for further
research with the aim of reducing uncertainty or removing the assumption. Where there is
significant uncertainty in the estimated risk, a precautionary approach to managing risk may be
adopted. In these circumstances the measures should be consistent with other measures where
equivalent uncertainties exist and be reviewed as soon as additional information becomes
available.

1.5.7 Analysis of Measures to Mitigate Biosecurity Risks

Risk management in the context of risk analysis is the process of identifying measures to
effectively manage the risks posed by the hazard(s) associated with the commodity or organisms
under consideration.

Since zero-risk is not a reasonable option, the guiding principle for risk management should be to
manage risk to achieve the required level of protection that can be justified and is feasible within
the limits of available options and resources. Risk management identifies ways to react to a risk,
evaluating the efficacy of these actions, and presenting the most appropriate options.

The uncertainty noted in the assessments of economic consequences and probability of
introduction should also be considered and included in the consideration of risk management
options. Where there is significant uncertainty, a precautionary approach may be adopted.
However, the measures selected must nevertheless be based on a risk assessment that takes
account of the available scientific information. In these circumstances the measures should be
reviewed as soon as additional information becomes available. It is not acceptable to simply
conclude that, because there is significant uncertainty, measures will be selected on the basis of
a precautionary approach. The rationale for selecting measures must be made apparent.

Each hazard or group of hazards will be dealt with separately using the following framework:

1.5.8 Risk Evaluation

If the risk estimate determined in the risk assessment is significant, measures can be justified.

1.5.9 Option Evaluation

Measures that are expected to be effective against the hazard species are considered. A
package of risk management measures is likely to be required to address the risk from all
identified hazards. While there are currently six established pathways (Australia, Canada, China
India, Nepal and Turkey) forpulse grains coming into Bangladesh, border interception for these
pathways cannot be extrapolated to predict any possible level of slippage or efficacy of
treatments. However, border interceptions can be used as evidence of hazard organism
association with the commodity. Each new pathway must be regarded as unique, given differing
pre- and post-harvest practices and treatment measures. Different pest species are associated
with each pathway and measures therefore must be tailored to the individual organisms.

1.5.10 Review and Consultation

Peer review is a fundamental component of a risk analysis to ensure it is based on the most up-
to-date and credible information available. Each analysis must be submitted to a peer review
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process involving appropriate staff within those government departments with applicable
biosecurity responsibilities, plus recognized and relevant experts fromBangladesh. The critique
provided by the reviewers where appropriate, is incorporated into the analysis. If suggestions
arising from the critique were not adopted the rationale must be fully explained and documented.
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2.0 INITIATION

2.1 Introduction

The following chapter provides information on the commodity and pathway that is relevant to the
analysis of biosecurity risks and common to all organisms or diseases potentially associated with
the pathway and commodity.

2.2 Identification of Pathways

The pathways for conducting present PRA include five pulses namely, chickpea (Cicer arietinum
L.), lentil (Lens culinaris Medik.), mungbean (Vigna radiata (L.) R. Wilczek, Grass pea (Lathyrus
sativus) and cowpea (Vigna unguiculata(L.) Walp) imported from Australia, Canada, China, India,
Nepal and Turkey.

2.2.1 Commodity Description
2.2.1.1 Introduction

Pulses are grown in virtually every corner of the globe. They have a strong history of nourishing
people around the world for centuries. Along with the early cereal grains, pulses were among the
first crops cultivated as far back as 11,000 years ago. In the past three decades, global pulse
production has grown rapidly. In the past ten years alone, the world has produced between 50
and 60 million tonnes of pulses each year. Nearly 173 countries grow pulses. As of 2015, the
world's biggest producers of pulses were India, Canada, Myanmar, China, Nigeria, Brazil,
Australia, USA, Russia, and Tanzania, while the world's most important pulse exporters also
include Argentina, France, Ethiopia, and Turkey (http:/pulses.org/what-are-pulses/where-do-

pulses-grow).

Five species of pulse crops for conducting PRA include lentil, chickpea, mungbean, Grass pea
and cowpea. Lentil is the most widely grown crop in the world as well as in Bangladesh. The
contributions of Pulse crops are two ways. These are the sources of cheap protein and thus
helping poor people for maintaining their health and also fixing atmospheric nitrogen and added
to the soil for its use and for use by subsequent crops. Presently, the world leading lentil
producing country is Canada. India is in the second position which is followed by Australia.
Bangladesh is in the ninth position after Nepal.Chickpea is grown in tropical, sub-tropical and
temperate regions. Kabuli type is grown in temperate regions while the desi type chickpea is
grown in the semi-arid tropics (19, 20). Chickpea is valued for its nutritive seeds with high protein
content, 25.3-28.9 %, after dehulling (15).

2.2.1.2 History

Short history on the origin of selected five pulse crops are briefly enumerated below:

Lentils probably originated in the Near East and rapidly spread to Egypt, central and southern
Europe, the Mediterranean basin, Ethiopia, Afghanistan, India and Pakistan, China and later to
the New World including Latin America (10, 11, 17). It is probably the oldest of grain legumes to
be domesticated (5). It is now cultivated in most subtropical and also in the Northern hemisphere
such as Canada and Pacific Northwest regions. During 2014, the top lentil producing countries
were Canada, India, Australia, Turkey and Nepal (4). The plant was given the scientific name
Lens culinaris in 1787 by Medikus, a German botanist and physician (10, 14, 23).

Chickpea is the English name of the plant. In different countries it is known as Bengal gram
(Indian), Garbanzo (Latin America), Hommes, Hamaz (Arab world), Nohud, Lablabi (Turkey)
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(21). Chickpea is grown in tropical, sub-tropical and temperate regions. Kabuli type is grown in
temperate regions while the desi type chickpea is grown in the semi-arid tropics (19,20). van der
Maesen (1972) believed that the species originated in the southern Caucasus and northern
Persia. However, Ladizinsky (1975) reported the center of origin to be southeastern Turkey. van
der Maesen (1987) recognized the southeastern part of Turkey adjoining Syria as the possible
center of origin of chickpea based on the presence of the closely related annual species, C.
reticulatum Ladizinsky and C. echinospermum P.H. Davis. Wild C. reticulatum is interfertile with
the cultivated pulse and morphologically closely resembles cultivated C. arietinum. It is regarded
as the wild progenitor of chickpea (16). "Botanical and archeological evidence show that
chickpeas were first domesticated in the Middle East and were widely cultivated in India,
Mediterranean area, the Middle East, and Ethiopia since antiquity. Brought to the New World, it is
now important in Mexico, Argentina, Chile, Peru and the U.S. Also important in Australia.Wild
species are most abundant in Turkey, Iran, Afghanistan, and Central Asia" (11).

Mungbean was domesticated in Persia (Iran), where its progenitor (Vigna radiata subspecies
sublobata) occurs wild (12, 26). Archaeology has turned up carbonized mung beans in many
sites in India (13). Areas with early finds include the eastern zone of the Harappan civilization in
Punjab and Haryana, where finds date back about 4500 years, and South India in the modern
state of Karnataka where finds date back more than 4000 years. Some scholars therefore infer
two separate domestications in the northwest and south of India. In South India there is evidence
for evolution of larger-seeded mung beans 3500 to 3000 years ago (12).Mungbean is of ancient
cultivation in India and the plant is not found in a wild state. It is probably derived from Phaseolus
radiatus L., which occurs wild throughout India and Burma, and which is occasionally cultivated
(18).By about 3500 years ago mung beans were widely cultivated throughout India. Cultivated
mung beans later spread from India to China and Southeast Asia. Archaeobotanical research at
the site of Khao Sam Kaeo in southern Thailand indicates that mung beans had arrived in
Thailand by at least 2200 years ago (9). Finds on Pemba Island indicate that during the era of
Swalhili trade, in the 9th or 10th century, mung beans also came to be cultivated in Africa (29.
Green gram is said to have been widely cultivated in India and adjacent regions for several
thousand years, and to have spread at an early time into other Asian countries and to northern
Africa. Its present wide distribution throughout the tropics and subtropics of Africa, the west of
India, north of America and Australia is comparatively recent. Currently, green gram is the most
important seed legume in Thailand and the Philippines; it ranks second in Sri Lanka and third in
each of India, Burma, Bangladesh and Indonesia. It is a minor crop in Australia, China, Iran,
Kenya, Korea, Malaysia, the Middle East, Peru, Taiwan and the USA. About 90% of the world
production of mungbean is in South Asia, especially in Bangladesh, Burma, India, Indonesia,
Pakistan, Philippines, Sri Lanka and Thailand (24).

The origins of Grass pea are unclear. Archaeological evidence suggests that domestication of
grass pea probably occurred in the Balkan region around 6,000 BC, and further remains have
been found in India dating to 2,000-1,500 BC. Grass pea is how widely cultivated and naturalized
in many areas of southern, central and eastern Europe, around the Mediterranean Basin and in
Irag and Afghanistan. Grass pea is an economically important crop in Bangladesh, India,
Pakistan, Nepal, and Ethiopia (8).

Cowpea has been a staple crop and important protein source for many cultures since the Roman
Empire. It was the most commonly cultivated bean used for human consumption in the Old World
(2). Roman writers such as Pliny referred to it as phaseolus. Thomas Jefferson is credited with
first using the name cowpea. Today the crop is still widely popular, and good harvests are critical
to ensure adequate levels of protein in the diets of populations in India and East Asia (2).
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2.2.1.3 Pulses in Bangladesh

Farmers in Bangladesh have been growing pulses over generations. In the traditional growing
areas, farmers adopted age-old practices with no inputs and with little care. Traditionally, local
varieties with low yield potential were cultivated in Bangladesh. To enhance the yield, BARI,
BINA and BSMRAU developed 39 pulse varieties with high yield potential during recent years.
These varieties are resistant to major diseases and can yield at least 35-60% higher than local
varieties. Their cultivation is mainly concentrated in the Gangetic calcareous floodplain with soll
pH 6.5-7.5. In recent years, there has been substantial progress in pulses research and
development in Bangladesh (1).As food pulse crops supply cheaper protein and also enrich the
soil with symbiotically fixed nitrogen through the rhizobium, the common nodule bacteria
attached with the root system. Pulses occupy about 4 percent of the total cropped area and
contribute about 2 percent to the total grain production of Bangladesh (7).Many different species
of pulses are grown in the country. The major pulses are Grasspea (Lathyrus sativus L.), Lentil
(Lens culinaris Medik.), Chickpea (Cicer arietinum L.), Black gram (Vigna mungo (L.) Hepper)
and Mungbean (Vigna radiata (L.) Wilez.), and the minor ones are Cowpea (Vigna unguiculata
(L.) Walp., Pigeon pea (Cajanus cajan (L.) Millsp.), Field pea (Pisum sativum L.), Faba bean
(Vicia faba L.) and Horse gram (Macrotyloma uniflorum) (6). According to the area covered, the
first five places are occupied by grasspea (248,365 ha), lentil (209,049 ha), chickpea (85,641
ha), black gram (68,492 ha) and mungbean (54,445 ha). These cover about 93% of the total
pulse crop area (3). In 1969-74 pulse was planted in Bangladesh on an area of 212.4 thousand
hectares with production of 61 thousand tones and yields 709.37 kg per hectare. In the year
2004-09 the pulse area was increased to 339.2 thousand hectares with an annual production of
115.8 thousand tones and vyield 843.24 kgs per hectare. The highest area under pulses was
654.2 thousand ha during 1989-1994, and the yield was 713.59 kg/ha (25). Grasspea, lentil and
chickpea are cultivated during winter (November-March). Mungbean is grown during the rainy
season in the northern parts of the country and during late winter (January-April) in the southern
parts. Cowpea is grown after rainy season in Chittagong Division only. Cultivation of grain
legumes is mainly concentrated within the Gangetic floodplains in the northern districts and in
some southern districts. Bangladesh faces an acute shortage of pulses. The country produces a
total of 0.53 million tons against the demand of almost 2 million tons (22).The deficit is partly
covered by imports.
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2.2.1.4 Morphological Characteristics of the Commodities
Lentil (Lens culinaris Medik.)

Taxonomic Position:
Kingdom: Plantae
Subkingdom: Viridiplantae
Infrakingdom: Streptophyta
Superdivision: Embryophyta
Division: Tracheophyta
Subdivision: Spermatophytina
Class: Magnoliopsida
Superorder: Rosanae
Order: Fabales
Family: Fabaceae
Genus: Lens Mill.
Species: Lens culinaris Medik. (3)

Lentils (English) in some other languages are called as Mercimek (Turkey), Messer (Ethiopia),
Masser (India) and Musur (Bangladesh).It is now cultivated in most subtropical and also in the
Northern hemisphere such as Canada and Pacific Northwest regions. During 2014, the top lentil
producing countries were Canada, India, Australia, Turkey and Nepal (3).

Germination of lentil is hypogeal and this keeps the developing seedlings below ground level
which reduces the effects of freezing and other desiccating environmental conditions (20).

The botanical features of Lens culinaris (cultivated lentil) can be described as annual bushy herb,
slender almost erect or suberect, much-branched, softly hairy; stems slender, angular, 15-75 cm
height (11,20). Stem colour, an important morphological character, varied from normal green to
purple. Green stem colour was found in 45% of the accessions and the rest 55% were with
purple stem. Most of the accessions originated from ICARDA were with purple stem. The stem
colour of other accessions originated from India, Pakistan, Nepal and Ethiopia were either purple
or green. The leaves are alternate, compound, pinnate, usually ending in a tendril or bristly;
leaflets 4-7 pairs, alternate or opposite; oval, sessile, 1-2 cm long; stipules small, entire; stipules
absent; pods oblong, flattened or compressed, smooth, to 1.3 cm long, 1-2-seeded; seed
biconvex, rounded, small, 4-8 mm x 2.2-3 mm, lens-shaped, green, greenish-brown or light red
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speckled with black; the weight of 100 seeds range from 2 to 8 g; cotyledons red, orange, yellow,
or green, bleaching to yellow, often showing through the testa, influencing its apparent color (11,
15, 21). Flowers are small, pale blue, purple, white or pink, in axillary 1-4-flowered racemes; 1-4
flowers are borne on a single peduncle and a single plant can produce upto 10-150 peduncles
each being 2.5-5 cm long (20). Flowering proceeds acropetally. The size of seeds increase from
the types grown in eastern regions to western types.Lentils are divided into two major types :
macrosperma (large -seeded, or Chilean types) and microsperma (small-seeded , or Persian
types) (8, 33). Large-seeded lentils have seeds up to 0.5 inch diameter with yellow cotyledons
and little pigmentation in the flowers or vegetative structures. Small-seeded lentils have seeds
up to 0.25 inch diameter with red, orange or yellow cotyledons and more pigmentation in the
plant tissue. Small-seeded lentils are generally shorter and have smaller leaves and pods (22).
The first one includes the Chilean or yellow cotyledon types while the latter includes the small
seeded Persian or red cotyledon lentils (15). Lentil flowers in 6-7 weeks after planting with early
cultivars ready to harvest in 80-110 days, late cultivars reach maturity in 125-135 days. In
traditional agricultural systems plants are cut to ground level or pulled by hand when they turn
golden yellow and left to dry for 5-10 days before being threshed and winnowed.

Chickpea (Cicer arietinum L.)

Taxonomic Position:
Kingdom: Plantae
Sub-kingdom: Spermatophyta
Division: Magnoliophyta
Class: Magnoliopsida
Order: Fabales
Family: Fabaceae (Leguminosae)
Subfamily: Faboideae( Papilionaceae)
Genus: Cicer
Species: C. arietinum (4)

Chickpea is the only domesticated species under the genus Cicer, which was originally classified
in the tribe vicieae of the family Leguminosae and sub family, Papilionaceae. Based on the pollen
morphology and vascular anatomy, Cicer is now set aside from the members of Vicieae and is
classified in its own monogeneric tribe, Cicereae Alef. The tribe, Cicereae comes closer to the
tribe, Trifolieae, which differs from the former in having hypogeal germination, tendrils, stipules
free from the petiole, and nonpapillate unicellular hairs. The genus Cicer comprises 43 species
and is divided into two subgenera. The subgenus, Pseudononis is characterized by small flowers
(normally 5-10 mm), subregular calyx, with hardly gibbous base, with sublinear nearly equal
teeth.

It comprises two sections:-

1 Monocicer -annuals, with firm erect or horizontal stems branched from the base or at
middle. The species Cicer arietinum is under this sub-section

1 Chamaecicer -annuals or perennials, with thin creeping branched stem, and small
flowers (32).

Chickpeas are classified based on seed size, shape and color. Two types are common: the
small, angular, and colored seeds are classified as desi and the large, ram-head shaped and
beige-colored seed are called kabuli (23, 26). The desi types predominate in the Indian
subcontinent. The crop is grown in tropical, sub-tropical and temperate regions. Kabuli type is
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grown in temperate regions while the desi type chickpea is grown in the semi-arid tropics
especially in the Indian sub-continent (18, 19).

Chickpea stems are branched, erect or spreading, sometimes shrubby much branched, 0.2-1 m
tall, glandular pubescent, olive, dark green or bluish green in color. Root system is robust, up to 2
m deep, but major portion up to 60 cm. Leaves imparipinnate, glandular-pubescent with 3-8 pairs
of leaflets and a top leaflet (rachis ending in a leaflet); leaflets ovate to elliptic, 0.6-2.0 cm long,
0.3-1.4 cm wide; margin serrate, apex acuminate to aristate, base cuneate; stipules 2-5 toothed,
stipules absent. Flowers solitary, sometimes 2 per inflorescence, axillary; peduncles 0.6-3 cm
long, pedicels 0.5-1.3 cm long, bracts triangular or tripartite; calyx 7-10 mm long; corolla white,
pink, purplish (fading to blue), or blue, 0.8-1.2 cm long. The staminal column is diadelphous (9-1)
and the ovary is sessile, inflated and pubescent” (10, 11, 29). Pod rhomboid ellipsoid, 1-2 with
three seeds as a maximum, and inflated, glandular-pubescent. Seed color cream, yellow, brown,
black, or green, rounded to angular, seedcoat smooth or wrinkled, or tuberculate, laterally
compressed with a median groove around two-thirds of the seed, anterior beaked; germination
cryptocotylar (10, 11, 29).

Chickpea is a self-pollinated crop. Cross-pollination is rare; only 0-1 % is reported (25, 27).

Mungbean (Vignaradiata (L.) R. Wilczek
Taxonomic Position:

Kingdom: Plantae
Subkingdom: Viridiplantae

Superdivision: Embryophyta

Division: Tracheophyta

Subdivision: Supermatophytina

Class: Mangnoliopsida
Superorder: Rosanae

Order: Fabales
Family: Fabaceae

Genus:Vigna
Species: Vigna radiata (L.) R. Wilczek (31)

The mungbean (Vigna radiata (L.) R. Wilczek) is a legume cultivated for its edible seeds and
sprouts across Asia. There are 3 subgroups of Vigna radiata: one is cultivated (Vigna radiata
subsp. radiata), and two are wild (Vigna radiata subsp. sublobata and Vigna radiata subsp.
glabra) (12).

Mungbean is a deep rooted plant; the lateral branches of roots contain nodules, which contain
nitrogen-fixing bacteria (2). It is a herbaceous annual, semi erect to erect or sometimes twining,
deep- rooted herb, 15-125 cm tall (16). Stems branching at the base and covered with short, fine,
brownish hairs. Leaves are alternate, trifoliate with long petioles. Each leaflets being large, ovate,
rounded at the base and pointed at the apex sometimes with five leaflets with long petioles. Each
leaflets being large, broadly ovate, sometimes lobbed, rounded at the base and pointed at the
apex, 5to 18 cm long, and 2 to 15 cm wide (2,14). The crop begins flowering 50 to 60 days after
sowing, and then continue flowering for a few weeks. Flowers are self-fertile and highly self-
pollinated. the leaves dry down but may not drop off completely. From 10 to 25 flowers are born
in axillary clusters or racemes. Flowers are greenish to bright yellow with a grey tinged keel, 1-
1.75 cm in diameter. Calyx is composed of 5 sepals more or less united in a tube and persistent,
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aestivation imbricates. Five petals form corolla, which are very unequal and papilionaceous
(i.e.1-posterior petal is largest and called standard or vexillum, 2-lateral petals are lanceolate and
slightly curved and called wings or alae and 2-anterior petals are asymmetrical and more or less
united to form a boat shaped structure and called keel or karina); aestivation is vexillary i.e.
standard covers the wings and the wings cover the keel; all petals have a claw at the base.
Androecium is composed of 10 stamens, diadelphous, usually (9)+1,anthers are dithecous,
introrse and dehisce by longitudinal slits. Monocarpellary gynoecium; ovary superior, unilocular;
ovules numerous; marginal placentation; style and stigma simple. The pods are cylindirical,
straight to strongly curved, pointed at the tip, and radiate horizontally in whorls. When mature,
the pods are glabrous or have short hairs, light brown to black, 5 to 14 cm long and 4 to 6 mm
wide, and may burst open when dry shaterring the seeds. Each pod contains 8 to 20 seeds,
which are globose; glossy or dull; with green, yellow, twany brown, black or mottled testa. Dull
seeds are coated with a layer of the pod inner membrane which may be translucid or pigmented
and which covers a shiny testa. Seeds vary in weight from 15 to 85 milligrams, generally
averaging 25 to 30 thousand seeds per kilogram. The hilum is round, flat (non-concave) and
white. Pods mature in about 20 days after flowering. Rapid senscence does not occur (6). Seeds
are small, slightly flattened, globular with green, yellow, tawny brown, black or mottled testa (2)

Grasspea (Lathyrus sativus L.)

Taxonomic position:
Class: Equisetopsida
Subclass: Magnoliidae

Superorder: Rosanae

Order: Fabales
Family: Leguminosae/Fabaceae - Papilionoideae
Genus: Lathyrus
Species: Lathyrus sativus L (17)

Grasspea (Lathyrus sativus) is an annual herb, branched extensively. The plant is 60-170 cm tall
with a well developed taproot. It has a variable habit and can be trailing or climbing. The stem is
slender, quadrangular and winged with leaves arranged alternately along it. The leaves are
pinnate, opposite, composed of 1-2 pairs of leaflets and ends in a simple or branched tendril. The
leaflets are sessile, linear-lanceolate, 5-7.5 cm long x 1 cm broad. Stipules (appendages at the
base of the leaf) are narrowly triangular, prominent and leaf-like. The petiole (the part which
connects the leaf to the stem) is usually winged and is up to 3.5 cm long. The flowers are
solitary, borne on axillary shoots. They can be bright blue, reddish-purple, red, pink or white and
papilionaceous, typical of species belonging to the Leguminosae subfamily Papilionoideae, and
resemble, for example, the common garden pea (Pisum sativum) flower. Each flower has 10
stamens, 9 of which are fused into a partial tube, with the tenth stamen free. The ovary is
positioned above the sepals, petals and stamens. The style is abruptly upturned and the stigma
is spoon-shaped (13, 30). An oblong, laterally flattened pod about 2.5- 5.5 cm in length, 0.6-2 cm
in width and slightly curved. Each pod contains 3- 7 seeds. The seeds are wedge-shaped, 4-7
mm in diameter and can be white, pale green, grey or yellow but spotted or mottled form(7, 13,
30).
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Cowpea [Vigha unguiculata (L.) Walp]
Taxonomic Position

Kingdom: Plantae
Division: Angiosperms
Unmarked: Rosids
Order: Fabales
Family: Fabaceae (Leguminosae)
Subfamily: Faboideae (Papilionaceae)
Genus: Vigna
Species: V. unguiculata (4)

Cowpea (Vigna unguiculata) is an important grain legume in Africa, parts of the Americas and in
Asia (24). Cowpea is grown for its edible seeds and pods, that exhibits a wide range of growth
habits. Varieties may be short and bushy, prostrate, or tall and vine-like. Canopy heights can be
21 3 feet, depending on the variety (24). Still today the crop is widely popular in the diets of
populations in India and East Asia (1).

Cowpea is a warm-season, annual legume that exhibits a wide range of growth habits. Varieties
may be short and bushy, prostrate, or tall and vine-like. Canopy heights can be 2i 3 feet,
depending on the variety. The cowpea plant is usually erect with hollow hairless ribbed stem,
roughly 1 cm wide. The stems of twining varieties are thinner. The 10 cm long and 8 cm wide
leaves are three-parted, smooth trifoliate and arranged alternately on the stems. The two lateral
leaves are asymmetrical, and the terminal leaf is symmetrical (24).

The plant produces clusters of flowers at the end of a peduncle (flower stalk). Flowering occurs in
roughly 48 days (5), and earlier varieties will produce pods in roughly 60 days (26). The flowers
can be purple or white. The lowermost whorl of leaves under the flower is bell-shaped. The lobes
of the flower are fused, and the lateral petals are shorter than the upper petal. The seed pods
are two-valved, smooth, cylindrical and curved, reaching up to 35 cm (10 in) in length, with
distinctive coloration, usually green, purple or yellow having 6-13 seeds per pod. As the seeds
reach maturity the pod changes color to tan or brown.

The kidney-shaped seeds can be white, cream, green, red brown or black in color or be a

mottled combinati on. The seed may al so possess an Oeyed wh
one that is darker at the point of attachment. Cowpea can reach in excess of 80 cm (31.5 in) in

height and, as an annual plant, lives for only one growing season before harvest. Cowpea may

also be referred to as black-eyed pea, southern pea, crowder pea or field pea.

In addition, the plants can grow a taproot which is often in excess of 8 ft which allows the plant to
access moisture deep down in the soil (9). This makes cowpea extremely resistant to drought,
requiring little or no irrigation after the plants have become established. Both wild and cultivated
plants naturally nodulate in a variety of soils (1).
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2.2.1.5 Climatic Requirements

Lentil is one of the less selective legumes in terms of climate and soil features. It can be grown
to an altitude of 3000 meters. On the other hand the seed yield per area decreases when the
altitude increases (12). However, rates of germination, emergence, and seedling growth are
markedly affected by temperature. Optimum values for germination and growth vary with cultivar,
age, and size of seeds. Smaller seeded cultivars germinate more rapidly than larger ones at
temperatures between 15 °C and 25 °C and for better growth and yield the optimum temperature
is 16-28 °C (1, 10). "Seeds will germinate at temperatures above freezing but best at the range of
18-21°C; temperatures above 27°C are harmful; optimum temperatures for growth and yields are
around 24°C. Lentils are grown as a cool weather or winter crop in the semi-arid tropics,
cultivated from sea level to 3,800 m, but are not suited to the humid tropics. They are less
damaged by drought than by waterlogging (5). Lentils require a minimum of 350mm rainfall and a
maximum of 550mm; in the higher rainfall areas good drainage is essential (4, 9).

Chickpea is usually grown as a rainfed cool-weather crop or as a dry climate crop in semi-arid
regions. Optimum conditions include 18-26°C and 21-29°C night temperatures and annual
rainfall of 600-1000 mm (3, 8, 11). The Palouse region of the states Washington and Idaho,
appears to be well suited to chickpea and can be characterized as having 18-25°C during the
day and 5-10°C during the night and a sufficiently long growing season (8). California is very
suited to the chickpea crop and it has thrived in the coastal areas and in the Central Valley.
Thrives on a sunny site in a cool, dry climate on well-drained soils and grows on a residual
moisture in the post-rainy seasons of sub tropical winter or spring of the northern hemisphere
(11). Daily temperature fluctuations are desired with cold nights with dewfall. Relative humidity of
21-41% is optimum for seed setting. Although spoken of as "day-neutral,” chickpea is a
guantitative long-day plant, but flowers in every photoperiod (11).
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Mungbean is a fast-growing, warm-season legume. It reaches maturity very quickly under
tropical and subtropical conditions where optimal temperatures are about 28-30°C and always
above 15°C. It can be sown during summer and autumn. It does not require large amounts of
water (600-1000 mm rainfall/year) and is tolerant of drought but sensitive to waterlogging. High
moisture at maturity tends to spoil the seeds that may sprout before being harvested (7).
Mungbeans (if proper varieties are used) are adapted to the same climatic areas as soybean,
drybean and cowpea. Mungbeans are responsive to length of daylight so short days hasten
flowering and long days delay it. Varieties differ in their photoperiod response (9).

Grass pea is a spring crop in temperate areas and a winter crop in subtropical regions. It can be
cultivated from sea level up to an altitude of 1200 m. and from 1700 m to 2700 m in Ethiopia, and
more generally in areas where. Lathyrus sativus can be grown where rainfall averages 400-650
mm/year and average temperatures of 10-25°C is the best (13). It grows well in the subtropics as
a winter crop. Grass pea thrives on a wide range of soil types from light sandy through loamy to
heavy clay and acid, neutral or alkaline soils. It does not tolerate shade. Like other legumes, it
improves the nitrogen content of soil (13).

Cowpea is a warm season crop and thrives in hot, moist conditions. Cowpeas have similar
growth requirements to soybeans and should not be planted until after the last frost and only
when the soil temperature has reached 18.3°C to prevent seeds rotting in the ground. The plants
will be killed by frost. Cowpeas can be planted in a wide range of soils, from acidic (to pH 4) to
neutral, as long as they are well-draining but the plants are not well adapted to alkaline soil. For
best results, plant cowpeas in a well draining sandy loam with a pH between 5.5 and 6.5 in an
area that receives full sun. Cowpeas are drought resistant and very heat tolerant which means
they can be grown successfully in many areas. Cowpeas should be direct seeded when the soll
temperature is consistently above 18.3°C. Cowpeas are drought resistant and very heat tolerant
which means they can be grown successfully in many areas (13). Cowpea in more salt and
drought tolerant than common bean. Although it can be grown under rainfed condition, performs
better under irrigated condition (6).The base temperature for germination is 8,5 °C and for leaf
growth 20 °C. Cowpea is a heat-loving and drought-tolerant crop. The optimum temperature for
growth and development is around 30 °C. Varieties differ in their response to day length, some
being insensitive and flowering within 30 days after sowing when grown at a temperature around
30 °C. The time of flowering of photosensitive varieties is dependent on time and location of
sowing and may be more than 100 days. It can grow under rainfall ranging from 400 to 700 mm
per annum. However it grows best in areas that have an annual rainfall between 750-1100 mm.
Cowpeas are also have a great tolerance to waterlogging. Well-distributed rainfall is important for
normal growth and development of cowpeas (2).
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2.2.1.6 Cultivation

Lentil is propagated by seed. Fields should be plowed and harrowed to a fine texture. Well
drained soils on south-and east-facing slopes because these slopes get warmer during the early
part of the growing season and as a result crop emergence will be faster (18). Yield advantages
due to early planting can be substantial, provided seeds are not "mudded in" by attempting to
plant when the soil is too wet (13). Seed may be either broadcast, or sown in drills at the rate of
25-90 kg/ha, in rows 20-30 cm apart. Recommended seeding rates for Palouse farmers are 671
79 kg/ha (601 70 Ib/acre) for the most commonly grown cultivar '‘Brewer' (16). Elsewhere, seeding
rates vary from 15 kg/ha (13 Ib/acre) in northern India to 115 kg/ha (103 Ib/acre) for irrigated
crops in Egypt (14). Studies indicate that a seeding depth of 47 5 cm (1.51 2 inches) is optimal for
germination and growth, even though deeper plantings may have better access to soil moisture
and improved protection from frost. Despite some success with deeper plantings, plant
emergence may be poor due to soil compaction from farm machinery or heavy rains. Lentil seeds
can germinate in the light or the dark and in constant or diurnally fluctuating temperature
regimes. However, rates of germination, emergence, and seedling growth are markedly affected
by temperature. Optimum values for germination and growth vary with cultivar, age, and size of
seeds. Smaller seeded cultivars germinate more rapidly than larger ones at temperatures
between 15 °C and 25 °C (20). Lentils are a cool season legume species and as such are grown
as a summer annual in temperate climates and as a winter annual in subtropical climates. In
India, the crop is grown both in Kharif and rabi season. The optimum time for seed sowing in
kharif season is June-July and for rabi season October-November. The seed rate is 8 to 10 kg/ha
maintaining 30 x 10 cm spacing. Before sowing seeds are treated with rhizobium culture. Sowing
is done by drilling or broadcasting method. One weeding and two hoeing are usually sufficient for
weed control during establishment. Application of FYM at 3 to 5 ton/ha and 25 kg P205 is
enough for good crop. Generally lentil is grown under rainfed condition using residual soil
moisture but irrigation at pod development stage helps getting more yields. Lentils is mainly
cultivated in Uttar Pradesh, Madhya Pradesh, Chhattisgarh, Jharkhand, Bihar and West Bengal
which together contribute more than 80% area and production of this crop. It is generally grown
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as rainfed crop during rabi season after rice, maize, pearl millet or kharif fallow. In North-eastern
parts of the country, lentil is also cultivated as paira crop with rice. Bundelkhand region is known
as O6lentil bowldé of the country. It is an ideal pu
country (8, 23). In Bangladesh lentil is traditionally grown during the winter months on residual
soil moisture under rainfed conditions. Optimum seed sowingtime is from mid October to mid
November and harvesting from mid February to mid March (5). The major lentil growing areas
are the greater districts of Faridpur, Jessore, Kustia, Pabna, Rajshahi and Comilla The major
lentil oriented cropping patterns are broadcast aus;Fallow-Lentil, Jute-Fallow-Lentil, Broadcast
aman-lentil-Fallow; T.Aman-lentil-Jute/Upland rice. It is grown both as a sole crop or as mixed
crop. It also grown as intercropping with wheat, mustard, linseed or sugarcane in some parts of
the country (2). Lentil is a well adapted plant that grows in a wide range of soil types with good
drainage but best in deep, sandy loam soils (12, 19). They can tolerate moderate alkaline or
saline conditions (17) and grow in soils with pH of 4.4 to 8.2, but are best adapted to soils with
pH of 5.5to0 7.0 (1, 12, 21).

Chickpea

Land preparation for chickpea farming is based on soil type and cropping system followed. This
crop grows well in clay to clay-loam soil. In case of heavy soil, a rough seedbed should be
prepared to avaid packing of the cloddy surface due to winter rains and to accommodate soil
aeration and easy seedling germination. Seed rate of 60 kg/ ha and plant density of 25-30 plants
per square meter is ideal. In case of late sowing plant density should be higher. An average seed
rate of 70-100 kg/ha is well enough for good stand of the crop. Ideal time of seed sowing is first
and second week of October. The chickpea seeds are sown by local country plough or seed drill
at a row spacing of 30-45 cm. Crop rotation with other cereal crops should be followed to control
soil-borne diseases. In case of poor soil, this crop requires rotten farm yard manure, nitrogen,
phosphorous and diammonium phosphate could be used before seed sowing at a depth of about
8 cm in the soil. Chickpea is cultivated mainly as rainfed crop. Good yield could be obtained
under irrigated condition, which should be light as excessive watering result in profuse vegetative
growth and lower grain yield. If no rain, one pre-sowing irrigation improves germination. For
better harvest proper weeding and controlling diseases and insect pests is necessary (9). In
Bangladesh, optimum time for seed sowing is from November to mid-January. For late sown crop
irrigation facility should be there. Seed may be sown in line or by broadcasting methods. Seed
rate for broadcasting is 60-68 kg/ha and 45-52kg/ha in case of line sowing. Before sowing seed
should be mixed with rhizobium inoculums. Chickpea can also be grown as relay crop with rice.
In such case seeds should be broadcasted in the rice field 3-4 weeks before harvesting rice (3).

Mungbean

In Bangladesh mungbean seed may be sown from 20 January to 30 March depending on the
land topography and cropping systems. Seed rate depends on seed size and methods of sowing
(Broadcasting or line sowing). For broadcasting, 1-2 passes of a power tiller followed hand
broadcasting; followed by one more Pass is needed to incorporate seed into the soil. Seed
sowing using seed drill is more convenient in such case row to row distance should be 30 cm.
Mungbean can also be sown by bed planting. This machine tills the soil and place seed on top of
a long bed that alternates with furrows that can be used for irrigation. Bed planting may require 1-
2 passes of a power tiller before planting, especially where soils are heavier. Bed planting
performs poorly in very heavy soils or where the soil is saline.

Mungbean can be cultivated on sandy loam, laterites, alluvial and heavy clay (black cotton) types
of soils. The soil should be well drained since it is sensitive to waterlogging. Yields are best in
deep, well drained alluvial loams, red loams and black soils (22).
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Grasspea is extensively cultivated in Irag, Iran, Afghanistan, Syria and Lebanon in Middle East,
France and Spain in Europe and Algeria, Egypt, Ethiopia, Libya and Morocco in Africa (10). "It is
propagated by seed. Some say inoculation is essential before sowing, especially in virgin soil;
others say it appears unnecessary. In some temperate regions, grasspea is sown after rye, or on
fallow land. Seeding rates vary from 45-90 kg per hectare depending on the method of
cultivation, whether in pure stand or intercropped purpose of cropping (food or feed) and seed
size. Seeds may be sown broadcast or in furrows about 3 cm apart in a well-prepared field. The
crop comes up as a thick mass over the entire surface and under ideal conditions can smother
out weeds. Except for lime on acid soils, other nutrients are rarely needed. Phosphorus
application is recommended in India, Pakistan, Nepal and Bangladesh, the crop may be sown as
pure or in mixed stand often into a standing rice crop one to two weeks before rice is ready to
harvest. Grasspea is reported to add 67 kg per hectare of nitrogen to the soil from symbiosis with
Rhizobium sp.” (10, 11, 15).

Cowpea is a warm season crop and thrives in hot, moist conditions. Cowpeas have similar
growth requirements to soybeans and planted when the soil temperature has reached above
18.3°C to prevent seeds rotting in the ground. The plants will be killed by frost. Cowpeas can be
planted in a wide range of soils, from acidic (to pH 4) to neutral, as long as they are well-draining
but the plants are not well adapted to alkaline soil. For best results, plant cowpeas in a well
draining sandy loam with a pH between 5.5 and 6.5 in an area that receives full sun. Cowpeas
are drought resistant and very heat tolerant which means they can be grown successfully in
many areas (plantvillage). It is a direct seeded crop. It has a number of common names,
including crowder pea, blackeyed pea, southern pea, and internationally as lubia, niebe, coupe or
frijole (6) . I n Bangladesh it eélsomb.puCawpega kind wa uiatsa bolFe
regions of Bangladesh. Presently it is extensively cultivated in the southern parts in the rice
based based cropping system after the harvest of T.Aman rice. It also grows well in the hilly
regions of Bangladesh. Cowpea in more salt and drought tolerant than common bean. Although it
can be grown under rainfed condition, performs better under irrigated condition (4).
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2.2.2 Description of Proposed Import Pathway

For the purpose of this risk analysis pulse grains are mainly imported from the countries such as
Australia, Canada, China, India, Nepal and Turkey. To comply with existing Bangladesh import
requirements for pulse, the commodity would need to be prepared for export to Bangladesh by
ensuring certain pests (insect and mite pests, diseases, weeds or any other pests) are not
associated with the product. Pulse grains from India and Nepal would be transported to
Bangladesh by road through Landports and from other countries by sea/air freighted through two
Sea ports and three Airports. However, it should be specified through which port the commodity
would be imported.
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In the port of entry after Biosecurity checking if found risk free clearance would be given for
distribution to any markets, supermarkets, shops throughout the country for sale and
consumption. Diagrammatic representation of import pathways of Pulses is shown in Figure 6.

Pulse crop
in field
Field Harvesting, Pre- Packing house, Cargo Inspection If does not
monitoring  _,, drying, threshing, treatment & declaration at the comply with
and cleaning, drying, —> transport to —> boarder
treatment testing and storage Bangladesh

Distributed Released Re-shipment
throughout for If comply or destroyed
Bangladesh marketing with

Figrue 6. Diagrammatic Representation of the Import Pathways of Pulse Grians

9 Pulses in Australia, Canada, China, India, Nepal and Turkey are being grown in the field,
either as monocrop or mixed crop with others.

1 Monitoring of the insect and mite pests, diseases, weeds or any other pests of pulse is done
and appropriate control measures are applied if pests are observed.

9 Harvesting is carried out when the pulse grains have reached the appropriate maturity. The
most appropriate time of harvest is determined based upon the length of the growing cycles
and also the degree of maturity of the grains.

1 Pre-drying is the stage of the post-harvest system during which the harvested product is dried
in order to undergo the next operation of threshing under the best possible conditions. At the
time of harvesting, the cut portions of the plant may contain too much green plant matter and
all the grains may not have reached a uniform degree of maturity and may have moisture
content too high. This makes pre-drying is essential.

9 Threshing operation may be carried out in the field or on the threshing floor, by hand or with
the help of animals or machines. Threshing is done with care to avoid breakage of the grains
or protective husks thus reducing the quality of the product and subsequent losses from the
action of insects and moulds.

1 After threshing the moisture content of the grains remains generally higher than the desired
for safe storage of grains (13-14%). Drying is the phase of the post-harvest system during
which the product is rapidly dried until it reaches the safe-moisture level.The aim of drying is
to lower the moisture content of the grain for safe storage and further processing.

9 Pulses can remain in edible condition for several years if properly stored. However, pulses
are more difficult to store than cereals and suffer much greater damage from insects and
microorganisms. Pulses are susceptible to infestation both in the field and during storage by
bruchid, which cause serious deterioration in the nutritive value of the grain. Damage ranging
from 30-70% of the grain has been reported in various publications [1, 2].
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9 Pulses are marketed as a raw whole and quality of product becomes a prime importance of
marketing. Cleaned and well graded whole grains fetch higher prices.

1 Proper packaging is an important element in reducing losses and pest infestation especially
in the tropics. Climate considerably increases the risks of grain deterioration. Packaging
allows easy handling and protects pulses from external attack by humidity, insects, sunlight,
mould etc. Various types of packing are used for storage of pulses such as jute bag,
polythene bag, cotton bag, PP woven bag etc.

9 Pulse are inspected by a competent quarantine inspector for any quarantine pests and
accompanied with phytosanitary certificate from the PPO of the country of origin and packing
to be done for shipment to Bangladesh. Fumigation is being done either before or during
transport of the pulses to Bangladesh.

9 Pulses transport to Bangladesh by air or sea or land port. Pulse grains from India and Nepal
would be transported to Bangladesh by truck or from other countries by sea/air freight.

1 The consignment is inspected at border before entry of Bangladesh and must accompany
appropriate certification, e.g. a phytosanitary certificate attesting to the identity of the
grain/seed, any treatments completed, or other information required helping mitigate risks.
Grains are examined (only visual inspection will not serve the purpose, pathogen/pest
specific Standard Seed Health Test should be performed) at the border to ensure compliance
with Bangladeshés biosecurity requirements (e.g.
either treated, re-shipped or destroyed. Consignment met all the requirements will be
released for distribution throughout the country.
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2.2.3 Background Information of Exporting Countries

The geography and climate of the pulse exporting countriesl of Australia, Canada, China, India,
Nepal and Turkey is described herein.

2.2.3.1 Australia
Geography and Climate

Geography and climate of of the pulse growing regions in Australia are briefly presented here.
Out of six states of Australia the major pulse growing areas are in the four states namely
Western Australia, South Australia, New South Wales and Victoria (4).

Western Australia is a state occupying nearly one third of Australia and lies between 26°S and
121°E. It is bounded by the Indian Ocean to the north and west, the Great Australian Bight and
Southern Ocean to the south, the Northern Territory to the north-east and South Australia to the
south-east. Western Australia is Australia's largest state with a total land area of 2,529,875
square kilometres, and the second-largest country subdivision in the world i however, a
significant part of it is sparsely populated. The state has about 2.6 million inhabitants, around
11% of the national total. 92% of the population lives in the south-west corner of the state (2, 7).
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The southwest coastal area has a Mediterranean climate. It was originally heavily forested,
including large stands of karri, one of the tallest trees in the world. This agricultural region is one
of the nine most bio-diverse terrestrial habitats, with a higher proportion of endemic species than
most other equivalent regions. Average annual rainfall varies from 300 millimetres (12 in) at the
edge of the Wheatbelt region to 1,400 millimetres (55 in) in the wettest areas near Northcliffe, but
from November to March, evaporation exceeds rainfall, and it is generally very dry. Plants are
adapted to this as well as the extreme poverty of all soils (7).

The central two-thirds of the state is arid and sparsely inhabited. The only significant economic
activity is mining. Annual rainfall averages less than 300 millimetres (87 10 in), most of which
occurs in sporadic torrential falls related to cyclone events in summer (1). An exception to this is
the northern tropical regions. The Kimberley has an extremely hot monsoonal climate with
average annual rainfall ranging from 500 to 1,500 millimetres (207 60 in), but there is a very long
almost rainless season from April to November. Eighty-five percent of the state's runoff occurs in
the Kimberley, but because it occurs in violent floods and because of the insurmountable poverty
of the generally shallow soils, the only development has taken place along the Ord River (7).

In area, South Australia ranked 4th among states and territories of Australia. The geographic
position is 32°7' - 37°49'S and 133°40'-140° 46' E Total area is 1,043,514 km? with 3,816 km
coastline. Land borders: Western Australia, Northern Territory, Queensland, New South Wales,
Victoria.South Australia's south coast is flanked by the Great Australian Bight and the Indian
Ocean, although it is referred to locally as the Southern Ocean.

South Australia climate varies, from the mild wetter regions of the southeast coast and Mount
Lofty Ranges to the hot and dry interior. Apart from droughts, South Australia weather hasn't
generally got a lot of damaging events, such as violent storms or floods although it is the driest
state in Australia. The most serious threat for South Australia is bushfires in summer. South
Australia weather in the northern desert is very hot and dry, especially in summer, the
temperature in the outback regularly reaches 40 degrees Celsius. The desert nights can be very
cold. The South Australia climate of the southern coastal regions is "Mediterranean” with hot dry
summers and cool mild wet winters. Kangaroo Island also has mild temperate weather, with
warm dry summers and cool frequently sunny winter days (2).

The landscape of New South Wales ranges from the subtropical, rainforest clad regions of the
north to the Snowy Mountains in the south, which contain Australia's highest point, Mt
Kosciuszko (2,228m), prominent alongside glacial lakes and stunning valleys. It borders
Queensland to the north, Victoria to the south, and South Australia to the west. It has a coast line
with the Tasman Sea on its east side. There are over 1,300km of coastline and four UNESCO
World Heritage sites including Lord Howe lIsland, the Greater Blue Mountains area, Willandra
Lakes and the Gondwana Rainforests (6).

The major part of New South Wales, west of the Great Dividing Range, has an arid to semi arid
climate. Rainfall averages from 150 millimetres (5.9in) to 500 millimetres (20in) a year
throughout most of this region, and summer temperatures can be scorching hot while winter
nights can be quite cold. Further east, along the western slopes of the Great Dividing Range,
rainfall is higher, usually around 600 millimetres (24 in) and falls fairly evenly throughout the year.
Peaks along the Great Dividing Range vary from 500 metres (1,640 ft) to over 2,000 metres
(6,562 ft) above sea level. Temperatures can be cool to cold in winter with frequent frosts and
snowfall, and are rarely hot in summer due to the elevation. Canberra has a climate typical of the
range, as do the regional cities of Orange and Armidale. Rainfall is moderate, from 600
millimetres (24 in) to 1,500 millimetres (59 in), falling fairly evenly throughout the year; however,
it peaks slightly in the north in the summer months on account of heavy thunderstorms and in the
south in winter due to cold fronts moving across southern Australia. Snowfall is also common in
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the higher parts of the range, sometimes occurring as far north as the Queensland border. On
the highest peaks of the Snowy Mountains, the climate can be subpolar oceanic with very cold
temperatures and heavy snow (6).

The climate along the flat, coastal plain east of the range varies from cool oceanic in the south to

humid subtropical in the far north of the state. Rainfall is highest in this area; however, it still

varies from around 800 millimetres (31 in) to as high as 3,000 millimetres (120 in) in the wettest

areas, for example Dorrigo. Along the southern coast, rainfall is heaviest in winter due to cold

fronts, while in the far north, around Lismore, rain is heaviest in summer from tropical systems

and occasionally even cyclones. Minimum temperature range from -23.07 56°C and maxi mum
from 30.5 to 49.7 -C (6).

Victoria is the southernmost mainland state of Australia. With an area of 227,594 kmz2 (87,874.5
sq mi), it is Australia's sixth largest state or territory. The State is comparable in size to the US
state of Utah or the island of Great Britain. It is bound to the northwest by South Australia,
directly north by New South Wales, and also shares a maritime border with Tasmania to the
south, across the Bass Strait. Most of Victoria's northern border lies along the Murray River. The
eastern half of the state is dominated by the Great Dividing Range and the surrounding uplands,
which also to a lesser extent extend far into the west of the state and ease off after The
Grampians. By comparison the north and northwest of the state is extremely flat with little
prominence. Approximately three quarters of Victoria's population lives on and around the coast
of the Port Phillip and Western Port bays, chiefly in Melbourne, in Victoria's South Central region
(5.

Climate range of Victoria is broad despite its small size, from the snowfields in the north east
where the temperatures can be below freezing, to the dry semi-arid Mallee area of the north west
where it can get very hot. The southern position of Victoria means it tends to be a bit cooler and
wetter than the other Australian mainland states. The Victoria weather of the coastal plains and
along the coast is generally mild and cool. This is the region of Victoria where Melbourne is
located. The Great Dividing Range extends through the centre of Victoria and has a cooler
mountain climate. The Victorian Alps are part of the Great Dividing Range and are the coldest
part of the Victoria climate, in winter the temperature can get below 0 degrees Celsius in the
highest parts of the ranges. The hottest Victoria weather region is the semi-arid north west where
the average daily temperature in summer is over 30 degrees Celsius. Rain falls more frequently
in winter than in summer in Victoria (3).
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2.2.3.2 Canada
Geography and Climate

InCanada 100% of the lentil and 88% of chickpea are produced in Saskatchewan province and
the rest 12% of chickpea is grown in Alberta. Therefore, the geography and climate of
Saskatchewan and Alberta are described here. Saskatchewan province lies within the
coordinates of 50° 46" N to 59° 10' N /104° 61' W to 106° 38' W (4) and Alberta between 49° 41’
N to 59° 87' N/112° 50" W to 117° 09' W (3). The capital of Saskatchewan is Regina. It is a
prairie and boreal province in west-central Canada, the only province without any natural
borders. It has an area of 651,900 square kilometres (251,700 sq mi), nearly 10 percent of which
(59,366 square kilometres (22,900 sq mi) is fresh water, composed mostly of rivers, reservoirs,
and the province's 100,000 lakes. Saskatchewan is bordered on the west by Alberta, on the
north by the Northwest Territories, on the east by Manitoba, to the northeast by Nunavut, and on
the south by the U.S. states of Montana and North Dakota (4). As of December 2013,
Saskatchewan's population was estimated at 1,114,170 (2). Residents primarily live in the
southern prairie half of the province, while the northern boreal half is mostly forested and
sparsely populated. Of the total population, roughly half live in the province's largest city,
Saskatoon, or the provincial capital, Regina. Other notable cities include Prince Albert, Moose
Jaw, Yorkton, Swift Current, North Battleford, and the border city Lloydminster (partially within
Alberta) (1).

Saskatchewan receives more hours of sunshine than any other Canadian province. The
province lies far from any significant body of water. This fact, combined with its northerly latitude,
gives it a warm summer, corresponding to its humid continental climate in the central and most of
the eastern parts of the province, as well as the Cypress Hills; drying off to a semi-arid steppe
climate in the southwestern part of the province. Drought can affect agricultural areas during long
periods with little or no precipitation at all. The northern parts of Saskatchewan i from about La
Ronge northward i have a subarctic climate with a shorter summer season. Summers can get
very hot, sometimes above 38 °C during the day, and with humidity decreasing from northeast to
southwest. Warm southern winds blow from the plains and intermontane regions of the Western
United States during much of July and August, very cool or hot but changeable air masses often
occur during spring and in September. Winters are usually bitterly cold, with frequent Arctic air
descending from the north."™® wi t h hi gh temper at (€ ®rsweekwat a time.e ak i n g
Warm chinook winds often blow from the west, bringing periods of mild weather. Annual
precipitation averages 30 to 45 centimetres (12 to 18 inches) across the province, with the bulk
of rain falling in June, July, and August (6).

With an area of 661,848 km?, Alberta is bounded by the provinces of British Columbia to the

west and Saskatchewan to the east, the Northwest Territories to the north, and the U.S. state of
Montanatothesout h. Al berta is one of three Canadian prov
single U.S. state and one of only two | andlocked
59 o 096 N and 110 ~.026 to N 119 -.2306 E (5).

Alberta has a humid continental climate with warm summers and cold winters. The province is
open to cold arctic weather systems from the north, which often produces extremely cold
conditions in winter. Arctic air masses in the winter produce extreme minimum temperatures
varying ACoMmB 4 n nort herAC AFiEmsoutharn Albertajathéugh
temperatures at these extremes are rare. Annual bright sunshine totals range between 1900 up
to just under 2600 hours per year. Average high temperatures in January range from 0 °C (32 °F)
in the soutA®e §F)lintthe fai rth. Annual precipitation ranges from 300 mm
(12 in) in the southeast to 450 mm (18 in) in the north, except in the foothills of the Rocky
Mountains where total precipitation including snowfall can reach 600 mm (24 in) annually. In the
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summer, the average daytime temperatures range from around 21 °C (70 °F) in the Rocky
Mountain valleys and far north, up to around 28 °C (82 °F) in the dry prairie of the southeast. The
northern and western parts of the province experience higher rainfall and lower evaporation rates
caused by cooler summer temperatures. The south and east-central portions are prone to
drought-like conditions sometimes persisting for several years, although even these areas can
receive heavy precipitation and sometimes resulting in flooding (5).

In southwestern Alberta, the cold winters are frequently interrupted by warm, dry chinook winds
bl owing from the mountains, when tAlCe (ti @mi®ent st Wr2e s
just one hour (5).

Northern Alberta is mostly covered by boreal forest and has a subarctic climate. The agricultural
area of southern Alberta has a semi-arid steppe climate because the annual precipitation is less
than the water that evaporates or is used by plants. The southeastern corner of Alberta, part of
the Palliser Triangle, experiences greater summer heat and lower rainfall than the rest of the
province, and as a result suffers frequent crop yield problems and occasional severe droughts.
Western Alberta is protected by the mountains and enjoys the mild temperatures brought by
winter chinook winds. Central and parts of northwestern Alberta in the Peace River region are
largely aspen parkland, a biome transitional between prairie to the south and boreal forest to the
north (5).
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2.2.3.3 China

Geography and Climate

China is located inEastern Asia at 35° 00 N, 105° 00 E (3). China is located in the eastern part of
Eurasian continent, occupying the territory of 9,600,000 km2. The Chinese land frontier is 22,800
km long. China borders on the PDRK (1416 km) from north-east; on the RF (3,605 km and 40
km) from north-east and north, on Mongolia (4673 km) from north; on Kazakhstan (1,533 km)
and Kyrgyzstan (858 km) from north-west; on Tajikistan (414 km), Afghanistan (76 km), Pakistan
(523 km) from west; on India (3,380 km) from south-west and south; on Nepal (1,236 km),
Bhutan (470 km), Myanmar (2,185 km), Laos (423 km) and Vietnam (1,281 km) from south. From
east and south east, China has maritime boundaries with the Republic of Korea, Japan,
Philippines, Brunei, Malaysia and Indonesia. (1).

The topography of China has been divided by the government into five homogeneous physical
macro-regions, namely Eastern China (subdivided into the northeast plain, north plain, and
southern hills), Xinjiang-Mongolia, and the Tibetan highlands. It is diverse with snow-capped
mountains, deep river valleys, broad basins, high plateaus, rolling plains, terraced hills, sandy
dunes manly other geographic features other landforms present in myriad variations. In general,
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the land is high in the west and descends to the east coast. Mountains (33 percent), plateaus (26
percent) and hills (10 percent) account for nearly 70 percent of the country's land surface. Most
of the country's arable land and population are based in lowland plains (12 percent) and basins
(19 percent), though some of the greatest basins are filled with deserts. The country's rugged
terrain presents problems for the construction of overland transportation infrastructure and
requires extensive terracing to sustain agriculture, but is conducive to the development of
forestry, mineral and hydropower resources, and tourism (3).

For a country of China's size and its varied topography, the diverse weather patterns are an
expected feature. There are primarily four seasons - Summer, Winter, Spring and Autumn. China
has a subtropical climate and the temperatures can reach extremes in Summer and Winter.
Spring and Autumn are very pleasant periods in almost all the regions. Weather in North China:
The northern winters are especially unforgiving since temperatures drop as an impact of the cold
and dry northerly winds. Northern areas like Inner Mongolia and Urumqui face intensely cold
winters during the periods of January to March. The weather in Beijing is cold and sometimes
snowy, but also dry and sunny. In the summer months from May to August, the weather is hot
and humid. There is heavy rainfall in July and August. In winter, Beijing has an average
temperature of 32 o F and below while in summer, temperature can rise to 100 °F and above (3).
Weather in South China : Due to the typhoons that usually affect the coastal regions, the weather
here remains humid from April through September. There is a short winter from January to
March, and places like Guangzhou are pleasantly cool. However, the humidity factor persists and
there can be occasional drizzles (2).

Weather in Central China : The Summers in Central China are very warm and very humid. In
places like Shanghai , the summers can last from April to October. The areas of Nanjing,
Chonging and Wuhan get very uncomfortable and are called the "Three Furnaces". The winter
months are also very cold, with freezing temperatures (2).
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2.2.3.4 India
Geography and Climate

Madhya Pradesh literally means "Central Province", and is located in the geographic heart of
India, between latitude 21.2°N-26.87°N and longitude 74°02'-82°49' E. The state straddles the
Narmada River, which runs east and west between the Vindhya and Satpura ranges; these
ranges and the Narmada are the traditional boundary between the north and south of India. The
highest point in Madhya Pradesh is Dhupgarh, with an elevation of 1,350 m (4,429 ft). The state
is bordered on the west by Gujarat, on the northwest by Rajasthan, on the northeast by Uttar
Pradesh, on the east by Chhattisgarh, and on the south by Maharashtra (en.Wikipedia). The
climate of Madhya Pradesh is subtropical. Like most of north India, it has a hot dry summer
(Aprili June), followed by monsoon rains (Julyi September) and a cool and relatively dry winter.
The average rainfall is about 1,371 mm (54.0 in). The southeastern districts have the heaviest
rainfall, some places receiving as much as 2,150 mm (84.6in), while the western and
northwestern districts receive 1,000 mm (39.4 in) or less (7).

Uttar Pradesh is garland by the two rivers, Ganga and Yamuna. On the East, Uttar Pradesh is
surrounded by Bihar, on the South by Madhya Pradesh, on the West by Rajasthan, Delhi,
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Himachal Pradesh, Haryana and on the North by Uttaranchal. The Northern boarders of Uttar
Pradesh are touched by Nepal. The area of the State is 2,36,286 sg km. It lies between latitude
of 24 deg to 31 deg and longitude of 77 deg to 84 deg East. Area wise it is the fourth largest
State of India (Indianetzone). Uttar Pradesh is generally under tropical monsoon but there appear
to be variations in the seasons owing to the change in altitude. The Himalayan region is cold.
The average temperature in the plains varies from 3 to 4 degree Celsius in January and 43 to 45
degree Celsius in May and June. There are 3 seasons in Uttar Pradesh. The state experiences
cold season from October to January, summer season - is from March to mid June and rainy
season - the Himalayan region experiences a rainfall of about 1000-2000mm (1).

Andhra Pradesh lies between 12°41' and 19.07°N latitude and 77° and 84°40°E longitude, and
is bordered by Telangana, Chhattisgarh, and Orissa in the north, the Bay of Bengal in the East,
Tamil Nadu to the south and Karnataka to the west. Among the other states, which are situated
on the country's coastal area, Andhra Pradesh has got a coastline of around 974 km, which gives
it the 2nd longest coastline in the nation.™ Two major rivers, the Godavari and the Krishna run
across the state. A small enclave 12 sq mi (30 km?3), the Yanam district of Puducherry, lies in the
Godavari Delta in the north east of the state. The state includes the eastern part of Deccan
plateau as well as a considerable part of the Eastern Ghats. The climate of Andhra Pradesh is
generally hot and humid. The summer season in this state generally extends from March to June.
During these months the moisture level is quite high. The coastal areas have higher
temperatures than the other parts of the state. In summer, the temperature generally ranges
between 20 °C and 40 °C. At certain places the temperature is as high as 45 degrees on a
summer day. The summer is followed by the monsoon season, which starts during July and
continues till September. This is the season for heavy tropical rains in Andhra Pradesh. The
major role in determining the climate of the state is played by South-West Monsoons. About one
third of the total rainfall in Andhra Pradesh is brought by the North-East Monsoons around the
month of October in the state. The winters in Andhra Pradesh are pleasant. This is the time when
the state attracts most of its tourists. October to February are the winter months in Andhra
Pradesh. Since the state has quite a long coastline, the winters are comparatively mild. The
range of winter temperatures is generally from 13 °C to 30 °C (2).

Bihar is one of the most important Eastern states of India. The state lays between 25°8' & 27°31'
North Latitude and 83°20" & 88°17' East Longitude occupying an area of 94,163 sg. km. The
average elevation of the state is 173 feet above the sea level. North of it lies Nepal while on other
sides it shares the border with Indian states of Jharkhand (South), West Bengal (East) and Uttar
Pradesh (West). Topographically Bihar can be grouped into three regions: The northern
mountainous region, Indo-Gangetic Plain and southern Plateau. The Northern mountainous
region consists of Someshwar and the Dun hills in the extreme Northwest in Champarn district.
These hills are offshoots of the Himalayans system. South of it lies the Tarai region a belt of
marshy, swampy, sparsely populated and unhealthy region. The North Gangetic part of Bihar is
just south of Tarai. This fertile alluvium tract is the product of various Himalayans and Peninsular
rivers like Gandak, Budhi Gandak, Koshi, Mahananda, Bagmati, Gogra and Son and other small
river and rivulets. The climate of Bihar is of mostly sub-tropical. Nevertheless region close to
Tropic of Cancer experiences tropical climate during summer. Like all the Indian states Bihar also
reels under hot summer season during months of March to May. Average temperature is 35-40
Celsius throughout the summer months. April and June are the hottest months of the year.
December to January is the winter season in Bihar because of its location is Northern
hemisphere. The winter in Bihar is mild with average temperature being 5 °C to 10 °C. Bihar gets
its maximum rainfall during South-West monsoon season which prevails from June to
September. The average rainfall of Bihar is around 1200mm (3).
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Maharashtra is the third largest state (in area) in India after Rajasthan and Madhya Pradesh. It
covers an area of 307,713 km? and is bordered by the states of Madhya Pradesh to the north,
Chhattisgarh to the east, Telangana to the southeast, Karnataka to the south and Goa to the
southwest. The state of Gujarat lies to the northwest, with the Union territory of Dadra and Nagar
Haveli sandwiched between the borders. The Arabian Sea makes up Maharashtra's west coast.
Maharashtra consists of two major relief divisions. The plateau is a part of the Deccan tableland
and the Konkan coastal strip abutting on the Arabian Sea. Maharashtra enjoys a tropical
monsoon climate; the hot scorching summer from March onwards yields to the rainy monsoon in
early June. The rich green cover of the monsoon season persists during the mild winter that
follows through an unpleasant October transition, but turns into a dusty, barren brown as the
summer sets in again. The seasonal rains from the western sea-clouds are very heavy and the
rainfall is over 4000mm on the Sahyadrian crests. The Konkan on the windward side is also
endowed with heavy rainfall, declining northwards. East of the Sahyadri, the rainfall diminishes to
a meagre 70 cm. in the western plateau districts, with Solapur-Ahmednagar lying in the heart of
the dry zone. The rains increase slightly, later in the season, eastwards in the Marathwada and
Vidarbha regions (6).

Rajasthan is the biggest state (3, 42,239sq.km) in the country of India and lies between 23°30'
and 30° 11' N and 69° 29' and 78° 17' E. The state shares its north-western and western
boundary with the Indo-Pakistan international border that extends about 1,070 km and touches
the major districts Barmer, Bikaner, Ganganaga and Jaisalmer. Rajasthan is bordered by
Pakistan in the west and northwest, the states of Punjab, Uttar Pradesh and Haryana in the north
and northeast. The state of Madhya Pradesh lies in the southeast and Gujrat in the southwest.
The huge portion of the state of Rajasthan is desiccated and houses the biggest Indian desert-
the Thar Desert known as the 'Maru-kantar'. The oldest chain of fold mountains- the Aravali
Range splits the state into two geographical zones- desert at one side and forest belt on the
other. Only 9.36% of the total geographical region lies under forest vegetation. The Mount Abu is
the only hill station of the state and houses the Guru Shikhar Peak that is the highest peak of the
Aravali range with an elevation of 1,722 m. The capital city of Rajasthan is Jaipur. The weather
or climate of the Rajasthan can be broadly classified into four distinct seasons. They are - Pre-
monsoon, which is the hot season preceding the monsoon and extends from April to June, the
Monsoon that occurs in the month of June in the eastern region and mid- July in the western arid
regions, the Post-monsoon that commences from mid-September and continues till November
and the Winter that extends from December to March, January being the coldest month of the
year. The average temperature in winter ranges from 8° to 28 °C and in summer the average
temperature range from 25° to 46 °C (2).

The Indian State of Karnataka is located 11°30' North and 18°30' North latitudes and 74° East
and 78°30' East longitude. It is situated on a tableland where the Western and Eastern Ghat
ranges converge into the complex, in the western part of the Deccan Peninsular region of India.
The State is bounded by Maharashtra and Goa States in the north and northwest; by the Arabian
Sea in the west; by Kerala and Tamil Nadu States in the south and by the States of Andhra
Pradesh and Telangana in the east. Karnataka extends to about 750 km from north to south and
about 400 km from east to west. Karnataka is situated in the Deccan Plateau and is bordered by
the Arabian Sea to the west, Goa to the northwest, Maharashtra to the north, Andhra Pradesh
and Telangana to the east, Tamil Nadu to the southeast, and Kerala to the southwest. It is
situated at the angle where the Western Ghats and Eastern Ghats of South India converge into
the Nilgiri hills. The highest point in Karnataka is the Mukkayanagiri hill in Chikkamagaluru district
which has an altitude of 1,929 metres (6,329 ft) above sea level. Karnataka has four seasons in
the year. The winter season from January to February, summer from March to May, monsoon
from May to September and post-monsoon season from October to December. The post-
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monsoon and winter seasons are generally pleasant over the entire state. The months April and
May are hot, very dry and generally uncomfortable. Weather tends to be oppressive during June
due to high humidity and temperature. The next three months (July, August and September) are
somewhat comfortable due to reduced day temperature although the humidity continue to be
very high. The highest recorded temperature was 45.6 °C at Raichur on May 23, 1928. The
lowest recorded temperature was 2.8 °C (37 °F) C at Bidar on December 16, 1918. The state is
divided into three meteorological zones:

1 Coastal Karnataka is a region of heavy rainfall and receives an average rainfall of
3638.5 mm per annum. far in excess of rest of state.

1 North Interior Karnataka is an arid zone and receives only 711.5 mm of average rainfall
per annum.

1 South Interior Karnataka zone receives 1064.8 mm of average rainfall per annum (4).

West Bengal is on the eastern bottleneck of India, stretching from the Himalayas in the north to
the Bay of Bengal in the south. It lies between 85 degree 50 minutes and 89 degree 50 minutes
east longitude, and 21 degrees 38 minutes and 27 degrees 10 minutes north latitude. The state
has a total area of 88,752 square kilometres (34,267 sq mi). With Bangladesh, which lies on its
eastern border, the state forms the ethno-linguistic region of Bengal. To its northeast lie the
states of Assam and Sikkim and the country Bhutan, and to its southwest, the state of Orissa. To
the west it borders the state of Jharkhand and Bihar, and to the northwest, Nepal. The
topography of West Bengal alters as the Indo-Gangetic plain begins. The Gangetic plain is rich in
alluvial soil and thus is very fertile. This kind of soil is suitable for agriculture. The climate of West
Bengal varies from tropical savannah in the southern portions to humid subtropical in the north.
The main seasons are summer, rainy season, a short autumn, and winter. While the summer in
the delta region is noted for excessive humidity, the western highlands experience a dry summer
like northern India, with the highest day temperature ranging from 38 °C to 45 °C. At nights, a
cool southerly breeze carries moisture from the Bay of Bengal. In early summer brief squalls and
thunderstorms known as "kal-baisakhi" often arrive from the north or northwest.! Monsoons
bring rain to the whole state from June to September. West Bengal receives the Bay of Bengal
branch of the Indian Ocean monsoon that moves in a northwest direction. Winter (Decemberi
January) is mild over the plains with average minimum temperatures of 15 °C. A cold and dry
northern wind blows in the winter, substantially lowering the humidity level. However, the
Darjeeling Himalayan Hill region experiences a harsh winter, with occasional snowfall at places

(7).
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2.2.3.5 Nepal
Geography and Climate

Nepal is located between 28° 00' N and 84 ° 00' E in the Hindu Kush Himalaya Range of South
Asia. Thecountry is lying along the southern slopes of the Himalayan mountain ranges. It is a
landlocked country located between India to the east, south, and west and the Autonomous Tibet
Region of China to the north. Its territory extends roughly 800 kilometres from east to west and
144 to 240 Km from north to south. The capi
into 75 districts. Physiographically, the country is divided into 5 regions: Terai, Siwalik, Middle
Mountain, High Mountain, and High Himalaya. These regions have distinct geological, climatic,
and hydrological characteristics that reflect in soils, vegetation, and land use pattern. The Terai
region is part of the Indo-Gangetic Plain (IGP) to the south and represents only 14% of the total
land area of Nepal, but contains about 46% of the gross cultivated area. The rice-wheat/ legumes
cropping systems are mostly concentrated in Terai, with very little in the Siwalik and Middle
Mountain physiographic regions (1).

The Terai plain comprises nearly level alluvial tracts, predominantly of medium- to fine-textured
sediments. The major soils are imperfectly to poorly drained Haplaquepts in the southern parts;
and well drained Hapludolls at the foot of the Churia range. The Haplaquepts are suited for rice
in the rainy season and for upland crops including wheat and legumes in the dry season. Most of
the Hapludolls are under forest vegetation. The inner Terai valleys (Chitwan, Dang-Deukhuri, and
Surkhet valleys) are covered mainly by moderately coarse to medium-textured alluvial
sediments. These valleys consist of series of terraces and flood plains. Most of the lands in these
valleys are under intensive cultivation. The dominant soils are well to somewhat excessively
drained Dystrochrepts, suited for upland crops. Drought in the dry season limits their agricultural
use. However, the low-lying areas with imperfectly to poorly drained Udorthents and Haplaquents
are best suited for rice cultivation. The level of organic matter in most cultivated soils in Terai and
inner Terai where RWCS are concentrated (below 2,000 m) is low (<1%). This could represent a
major constraint of soil fertility to a sustainable increase in rice-wheat productivity. At elevations
above 2,000 m, the soils contain 2-3% organic matter. Cooler climatic conditions and more
vegetation coverage are contributing factors to higher organic matter accumulation in this region
(2). Generally, the soils of Nepal are deficient in nitrogen (N), with phosphorus (P) being the
second most important plant nutrient limiting crop yield. Soil tests for potassium (K) generally
indicate high levels, but K deficiency has also been reported in recent years (3, 4). There is very
little evidence of calcium (Ca) and magnesium (Mg) deficiency limiting rice-wheat production.
However, soil content of sulfur (S) has been reported low in most of the soils of Nepal indicating
that S is a potential limiting nutrient to the growth of legumes, as legumes are susceptible to S
deficiency. Micronutrient deficiencies such as zinc (Zn) in rice; boron (B) in wheat, legumes, and
vegetables; and molybdenum (Mo) in vegetables and legumes are increasingly observed. An
annual rainfall of 1200-2000 mm occurs in the main rice-wheat/ legumes growing areas of the
Terai. About 80% of total annual rainfall occurs in the monsoon season between June and
September which is the main rice-growing period. Nepal also receives some winter rains through
the westerly weather system. It occurs more in the western part of the Terai and contributes to
some extent to winter crops, including wheat and legumes. Some premonsoon rains occur during
the drier period of April-June (2).

In general, the trend in seasonal variations of temperature is similar throughout the country,
although the topographic effects influence significantly at the micro-level. Temperatures rise
steadily from minimum values in winter during January-February to maximum values during April-
May and then fall slightly during the monsoon period due to presence of heavy clouds and rain.
Temperatures then drop sharply to winter minimum values. The maximum temperature rises very
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sharply in spring (March-May) while the rise of minimum temperature is gradual. The mean
maximum temperature in subtropical agroecological zones where rice-wheat and legumes are
cropped is in the range 25-35°C (2).
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2.2.3.6 Turkey
Geography and Climate

Turkey is situated in Anatolia (97%) and the Balkans (3%), bordering the Black Sea, between
Bulgaria and Georgia, and bordering the Aegean Sea and the Mediterranean Sea, between
Greece and Syria. The geographic coordinates of the country lie at: 3 9 A 0305NAND THéjBrea of
Turkey is 783,562 km? (302,535 sq mi); land: 770,760 km? (297,592 sq mi), water: 9,820 km?
(3,792 sq mi). Turkey extends more than 1,600 km (994 mi) from west to east but generally less
than 800 km (497 mi) from north to south. The total area (of about 783,562 km? (302,535 sq mi))
consists of about 756,816 km? (292,208 sq mi) in Western Asia (Anatolia) and about 23,764 km?
(9,175 sq mi) in Southeastern Europe (Thrace) (1).

Anatolia (Turkish: Anadolu) is a large, roughly rectangular peninsula, situated bridge-like
between Europe and Asia. The Anatolian part of Turkey accounts for 97% of the country's area.
It is also known as Asia Minor, Asiatic Turkey or the Anatolian Plateau. The term Anatolia is most
frequently used in specific reference to the large, semiarid central plateau, which is rimmed by
hills and mountains that in many places limit access to the fertile, densely settled coastal regions

(D).

The European portion of Turkey, known as Thrace (Turkish: Trakya), encompasses 3% of the
total area but is home to more than 10% of the total population. Istanbul, the largest city of
Thrace and Turkey, has a population of 11,372,613. Thrace is separated from Anatolia (the
Asian portion of Turkey) by the Bosphorus, the Sea of Marmara, and the Dardanelles; which
collectively form the strategic Turkish Straits that link the Aegean Sea with the Black Sea. Mount
Ararat, Turkey's tallest mountain with an elevation of 5,137 m (16,854 ft), is the legendary landing
place of Noah's Ark and is located in the far eastern portion of the country (1).

Turkey's diverse regions have different climates, with the weather system on the coasts
contrasting with that prevailing in the interior. The Aegean and Mediterranean coasts have cool,
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rainy winters and hot, moderately dry summers. Annual precipitation in those areas varies from
580 to 1,300 millimeters (22.8 to 51.2 in), depending on location. Generally, rainfall is less to the
east. The Black Sea coast receives the greatest amount of precipitation and is the only region of
Turkey that receives high precipitation throughout the year. The eastern part of that coast
averages 2,500 millimeters (98.4 in) annually which is the highest precipitation in the country (1).

The Anatolian Plateau is much more subject to extremes than are the coastal areas. Winters on

the plateau are especially s ®voamoecurinfthe mauetaineusur es o f
areas in the east, and snow may lie on the ground 120 days of the year. In the west, winter

temperatures average below 1 °C. Summers are hot and dry, with temperatures above 30 °C.

Annual precipitation averages about 400 millimeters (15.7 in), with actual amounts determined by

elevation. The driest regions are the Konya Ovasi and the Malatya Ovasi, where annual rainfall

frequently is less than 300 millimeters (11.8 in). May is generally the wettest month and July and

August the driest (1).

The climate of the Anti-Taurus Mountain region of eastern Turkey can be inhospitable. Summers
tend to be hot and extremely dry. Winters are bitterly cold with frequent, heavy snowfall. Villages
can be isolated for several days during winter storms. Spring and autumn are generally mild, but
during both seasons sudden hot and cold spells frequently occur (1).
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2.2.4  Background Information of Bangladesh
Geography and Climate

Bangladeshlies between latitudes 20° and 27°N, and longitudes 88° and 93°E (1). The country
has an area of approximately 147,540 square kilometer in the south Asian region. The country is
surrounded by India completely in the West, North, and partially in the East sharing a total of
4,053 kilometer border, while the rest 193 kilometer of the Eastern side is bordered by Myanmar.
The Bay of Bengal retains its boundary In the South with 580 kilometer of coastline. About half
the total area is actively deltaic and never higher than 10m from mean sea level. This flat low
lying land is very fertile and is suitable for rice cultivation. The vast river delta area is home to the
dominant plains culture. In the northeast and the southeast the land is more hilly and dry, and tea
is grown. The hilly areas of the northeast and southeast are occupied by much smaller tribal
groups. Ganges and Brahmaputra are the two main rivers of Bangladesh, carrying tones of silts
from the mighty Himalayans that eventually fertile the plain. Apart from these two rivers, we have
hundreds of others comprising a very wide and complex river system. Sundarbans, the largest
mangrove forest of the world, is situated in the southwest. The Chittagong Hill Tracts have
extensive hardwood forests. Lawachara is a semi-evergreen forest situated in the northeast in Sri
Mangal. The Sal forest is spread around in various parts of the country, like Bhawal and
Modhupur National Park (2).

Bangladesh has tropical monsoon climate characterized by wide seasonal variations in rainfall,
high temperatures, and high humidity. Regional climatic differences in this flat country are minor.
Three seasons are generally recognized: a hot, muggy summer from March to June; a hot,
humid and rainy monsoon season from June to November; and a warm-hot, dry winter from
December to February. In general, maximum summer temperatures range between 38 and 41 °C
(100.4 and 105.8 °F). April is the hottest month in most parts of the country. January is the
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coolest (but still hot) month, when the average temperature for most of the country is 16i 20 °C
(617 68 °F) during the day and around 10 °C (50 °F) at night. Winds are mostly from the north
and northwest in the winter, blowing gently over the country. From March to May, violent
thunderstorms, called northwesters, produce winds of up to 60 kilometers per hour (37.3 mph)

).

Heavy rainfall is characteristic of Bangladesh that helps irrigation in the rice field during the
burning months of June i August. About 80 % of Bangladesh's rain falls during the monsoon
season. Most parts of the country receive at least 2,300 mm (90.6 in) of rainfall per year, but
because of its location just south of the foothills of the Himalayas, Sylhet in northeastern
Bangladesh receives the greatest average precipitation. Annual rainfall in that region ranges
between 3,280 and 4,780 mm (129.1 and 188.2 in) (2).
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2.2.5 International Transportation of Commodity

For the purpose of this risk analysis pulsesare presumed to be imported from anywhere in
Australia, Canada, China, India, Nepal and Turky. Grains would be imported by sea or terrestrial
and seed by air freighted to Bangladesh through any of the ports mentioned below:

Land ports- Darsana, Chuadanga; Benapole, Jessore; Sonamoszid, C. Nawabganj; Hili,
Dinajpur; Burimari,Lalmonirhat; Tamabil, Sylhet; Bhomra, Satkhira; Rohonpur, C. Nawabgonj;
Zakiganj, Sylhet; Birol,Dinajpur; Banglabandha, Panchagarh; ICD Kamlapur, Dhaka; Kamalpur,
Jamalpur; Belunia, Feni; Betuli, Moulvibazar; Chatlapur, Moulvibazar; Haluaghat, Mymensingh

Sea ports-Chittagong and Mongla;

Airports-Hazrat Shahajalal International.Airport, Dhaka; Shah Amanat International Airport,
Chittagong and Osmani International Airport, Sylhet or through

River port- Narayanganj

However, it should be specified through which port the commodity would be imported. The
imported commodity, after Biosecurity checking if found risk free clearance would be given for
distribution to any markets, supermarkets, shops throughout the country for sale and/or
consumption.

Growers intend to export their wheat should be enrolled with the Plant Protection Department of
their respective countries and need to specify the location of the field, total area, frequent
monitoring for the occurrence of pest and diseases and record the measures taken for pest
management. The growing area must be free from the specified quarantine pest or disease and
the freedom of the specified pest/disease must be ascertained through field inspection, sampling
and testing of seed/grain. This information must be made available to the Govt. inspectors on
demand.
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The harvesting of the crop will be done at full maturity followed by threshing, cleaning, dryingand
seed health testingto be done at an accredited laboratory. Pulse seed or grainfor export will then
be transported to packing housewhere necessary grading and cleaning will be done. It should
beensured that seed/grain should not contain any plant parts, weed seed or soil clods.The
commodity must be inspected by a competent quarantine inspector for any quarantine pests and
provide treatment (hot water) and accompanied with phytosanitary certificatefrom the PPO of the
country of origin and packing to be done for shipment to Bangladesh.

The consignment must accompany appropriate certification, e.g. a phytosanitary certificate

attesting to the identity of the grain/seed, any treatments completed, or other information required

helping mitigate risks. Grains/seeds are to be examined at the border (only visual inspection will

not serve the purpose, pathogen/pest specific Standard Seed Health Test should be performed)

to ensure compliance with Ban g lfaa eampleguadantimes ecur it
pest is found harbouring with any consignment then decision to be made wheather this will be

released after necessary treatment. If effective treatment is not available then the consignment

to be re-shipped or destroyed. Consignment met all the requirements will be released for

distribution throughout the country.

2.3 Hazard Identification
2.3.1 Introduction

Hazard identification is the essential step conducted prior to a risk assessment. Unwanted
organisms or diseases which could be introduced by risk goods into Bangladesh and are
potentially capable of causing unwanted harm, must be identified.

2.3.2 Potential Hazard Groups

Hazards are the unwanted insect pests, diseases (pathogen) or weeds or any other pests of
pulses which could be introduced into Bangladesh and are potentially capable of causing harm to
pulse production, must be identified. This process begins with the collection of information on
insect pests, diseases (pathogen) or weed or any other pests of pulses present in the country of
origin. Such list is compared with the existing pests present in Bangladesh to prepare a list of
exotic pests that might be associated with the commodity harmful for Bangladesh, if introduce.

This list is further refined and species removed or added to the list depending on the strength of
the association and the information available about its biology and life cycle. Each pest or
pathogen is assessed mainly on its biological characteristics and its likely interaction with the
Bangladesh environment and climate. Hitch-hiker organisms sometimes associated with a
commodity, but which do not feed on it or specifically depend on that commodity in some other
way are also included in the analysis. This is because there may be economic, environmental
and human health consequences of these organisms entering and/or establishing.

2.3.3 Organism Interceptions on Commodity from Existing Pathways

As reported by the Plant Quarantine Wing (PQW) under Department of Agricultural Extension
(DAE), Bangladesh, during inspection in port of entry of pulses from the exporting counties, not a
pest had been intercepted yet today on the pulses imported into Bangladesh.

2.3.4  Other Risk Characteristics of the Commodity

Although many pests dealt with in this risk analysis had adequate information for assessment still
in some cases adequate information was not available. Moreover, the pests are dynamic, the
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status of pests might change with the change in climatic factors, variety grown and production
practices, therefore, we cannot predict future risk or even the present risks that currently escape
detection for a variety of reasons.

3.44.1 Unlisted Pests

These include pests that are not yet identified. With a trend towards decreasing use of chemical
products in agriculture and further reliance on Integrated Pest Management strategies it is
assumed that new pests enter the system at some time in the future. Prolonged use of large
doses of pesticides and fertilizers can lead to previously non pest species becoming
economically important through resistance to pest treatments. Any of these types of organism
could initially appear in very small numbers associated with the commodity, and may not be
identified as hazards before their impacts become noticeable.

3.4.4.2 Symptomless Micro-organisms

Pests such as microbes and fungi infect grain/seed before transit and may not produce
symptoms and mislead the lot as healthy. However, the pathogen introduced as symptomless
with the commodity become apparent only when they reach a suitable climate to sporulate or
reproduce. Many fungi can infect grains after arrival making it difficult to distinguish the origin of
saprobes and pathogens without adequate identification. Consumers tend to throw away rotten
grains and or plant debris associated with the pulses rather than taking it to a diagnostic
|l aboratory so there is little data on post entry a

2.4  Assumptions and Uncertainties
2.4.1 Introduction

The major uncertainties encountered in this risk analysis are identified here. The assumptions
made to take account of them are explicitly identified where relevant in the text. The assessment
of uncertainties and assumptions for each organism often covers similar areas of information or
lack of information, with key factors or variables being relevant across different organism groups.
The assumptions and uncertainties are covered in these sections rather than individually in each
pest risk assessment.

2.4.2 Hazard Biology and Identification

The biology of insect pests and pathogens those have been reared in the laboratory for several
generations is often different to wild counterparts established in field conditions. Aspects such as
life cycle, pre-oviposition period, fecundity and flight ability, as well as cold or heat tolerance can
be influenced by the highly controlled laboratory environment. Laboratory reared insects may
differ in their responses to environmental stress and exhibit tolerances that are exaggerated or
reduced when compared with wild relatives. For example longevity and fecundity of adult aphids
in a greenhouse was longer and higher than those in a growth chamber with similar conditions.

It is difficult to predict how a species will behave in a new environment, particularly if it has not
become established as a pest elsewhere outside its natural range. Therefore there will be
considerable uncertainty around the likelihood of an organism colonizing new hosts or the
consequences of its establishment and spread on the natural environment. Where indigenous
plants are discussed as potential hosts this is extrapolated from the host range (at genus and
family level) overseas and is not intended as a definitive list.

Where there is uncertainty about the identity of an organism, e.g. Rhopalosiphum maidis vs R.
padi, the more serious pest is considered in the PRA. The conclusions may need to be revisited
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if evidence to the contrary becomes available. There is uncertainty around the efficacy of risk
management measures for many of the hazards identified in this Risk Analysis. In some cases
efficacy data for similar species has had to be used.

2.4.3 Assumption Regarding Transit Time of Grains

An assumption is made around the time the grains take to get from the field in
Australia/Canada/China/Turkey transported to Bangladesh by ship. It is assumed that the
harvesting, processing, packing and transit to Bangladesh from imported countries mentioned
above, inspection and release in Bangladesh will take a minimum of 30-35 days. On the other
hand, time required for importing from India and Nepal by road may take 10-15 days.

2.4.4  Assumption and Uncertainty Around Disposal

It is not known what proportion of imported pulses is discarded during cleaning before crushing. It
is assumed that a portion of grains that might have infested or contaminated will be disposed-off
in a manner that exposes any potential hazard organisms on that grains to suitable hosts.
Disposal would include discarding grains or plant debris on urban or rural roadsides, in bush
reserves, in open rubbish bins in public places, and on open composts in domestic areas.

2.45 Assumption and Uncertainty around Risk Management Measures

A lot of uncertainty exists around the efficacy of risk management measures. Interception data is
one way of estimating efficacy, as records of live and dead organisms indicate the success of a
treatment and the thresholds for growth and development of each individual organism. A sample
audit is required to monitor efficacy. The teliospores of kernel bunt of wheat remain associated
with seeds/grains. None of the registered fungicide could kill the spores; rather inhibit
germination when tested after treatment. However, KB spore will germinate once the chemical is
washed off of the spore.

This approach makes the following assumptions, that:

I The consignment is homogeneous (grains/seeds are harvested inspected and packaged in
similar conditions, and have received similar treatments before arrival into Bangladesh).
Heterogeneous or non-randomly distributed consignments would require a higher sampling
rate to achieve the same confidence levels. Level of sampling depends on the degree of
heterogeneity;

=

The samples are chosen randomly from the consignment;

I The inspector is 100 percent likely to detect the pest if it is present in the sample. Because of
uncertain distribution of pests within the consignment some pests will not be detected if they
are present outside the sample. Some pests are difficult to detect because of their small size
and behaviours;

9 I1tis acceptable that the sampling system is based on a level (percentage) of contamination
rather than a level of surviving individuals;

91 Interception records can rarely be used quantitatively because of limitations in the
identification and recording processes.

9 There is a paucity of information on the efficacy of the available risk mitigation options in
managing the hazards associated with pulses. In the absence of efficacy data, assumptions
are made on the basis of data for similar species or similar treatments.
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2.5 Review of Management Options
2.5.1 Introduction

This chapter provides background information on possible measures to mitigate the biosecurity
risk associated with importing pulses from Australia, Canada, China, India, Nepal and Turkey.

2.5.2 Production and post-harvest measures

It is necessary to provide information about the production and post harvest procedures that
pulse growers are expected to use.

2.5.3 Monitoring Programmes in Production Areas

Regular monitoring in field, pest and pathogens is the key to optimizing production while reducing
pest and/or disease-related problems, for instance:

91 insect pests- regular inspection of leaves, stems, pods, grains etc. of pulses in field to
monitor invertebrate population levels eg: coloured sticky boards (white, blue or yellow
are attractive to thrips) are commonly used to sample thrips populations; inspection in
store ho

91 disease organisms i inspection for presence of symptoms.

I Weeds i regular inspection for presence of weeds in field.

Knowledge of pest levels allows for timely and appropriate control measures to be implemented,
thus adding to risk reduction.

254 In-Field Sanitation

In-field sanitation requires the removal of plant debris, weeds, alternate hosts and diseases
infested plant that can harbour disease or pests from pulse field. Any infected plant, leaves or
plant parts should be cut or removed from the field. Regular inspection and removal of infected
plants, weeds facilitate the health and growth by reducing the incidence of various fungal and
viral diseases, weeds and allowing in more sunlight.

255 Pest Control Measures in Field

When pests or diseases reach a volume over a set percentage in field, the grower will use
insecticide, fungicide or mineral oil sprays for control. Other forms of control that can be used are
pheromone disruption for specific invertebrates such as certain moth species or scale insects,
and the introduction of biocontrol agents such as entomophagic fungi or parasitizing
invertebrates.

Insecticidal and/or fungicidal dips can be used as part of the packhouse process. New treatments
are always becoming available. For instance, Limonene (an extract from Citrus peel) has
promise as an in-field spray treatment or post harvest dip against mealy bugs and scale as it can

penetrate the insectds waxy covering. The |
yet Citrus leaves and fruit have not been tested.

2.5.6  Selection of Grains from Areas Free of Pests (Area Freedom)

Several species identified as of quarantine concern to Banglaesh appear to have restricted
distributions in the importing countries. If it is possible to guarantee the source of grain, obtaining
it from more northerly areas will reduce the risk of importation of these species, although it will
not completely eliminate the risk. Other species identified as of quarantine concern however, are
appear to be widely distributed and it will not be possible to identify pulse producing regions free
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of these pests. In general however, infestation pressure declines as one move into more
northerly grain growing areas. If wheat is to be sourced using the principles of area freedom, this
will require detection, monitoring and delimiting surveys for pests of quarantine to be carried out
annually, also the dedication and monitoring of rail cars. This is unlikely to be commercially
acceptable in the USA as this is not normal practice.

2.5.7 Grain quality

Risk of infestation increases with decline in grain quality, measured in terms of its physical
condition (eg.% brokens, immature or mouldy grains), temperature and moisture content, and
extent of admixture of trash and other material. Many insect species find it much easier to
become established in grain consignments containing admixture and damaged grains. Grain
moisture content should be less than 14%, which is independent of grade. Stored grain pests are
adversely affected by low moisture content. Complete removal of admixture of pulses reduces
the risk of some species being imported to negligible levels. Sieving and grain cleaning will
remove most weed and other incidental contaminants. Lower grades of pulse grains are
notoriously difficult to fumigate as regions of bulk cargo can be very high in trash and fines i this
material tends to segregate during handling and transport of the grain and forms pockets and
layers through which fumigants may have difficulty passing. This results in non-uniform
distribution of gas and an increased risk of fumigant survivors. These problems are compounded
if fumigation is undertaken in ship. Clean grain is much easier to fumigate properly.

2.5.8 Prevention of Infestation during Transportation, Storage and Handling

A number of species identified of quarantine concern, notably Callosobruchus spp., and the and
Trogoderma species, are not host specific and can be pests infesting residues present in grain
handling systems. Such species can infest pusle grain when handled through contaminated
facilities. Use of well managed handling and transportation systems will reduce this risk.
Fumigation is a non residual treatment and will not confer protection of the grain during
subsequent handling and transportation.

Ships used for the importation of pulses need to b
with insects of quarantine concern from previous cargoes and not necessarily only those

associated with maize. This could include species which are not established in North America

including the khapra beetle, Trogoderma granarium. Prior to loading grain, ships must be clean

and free of infestation, at least to the standard expected of vessels which handle Australian grain

exports. This includes not only the hold, but all other areas of the vessel including crew quarters

and engine room and related areas from which infestation could arise.

2.6 Disinfestation Treatments

Disinfestation treatments are treatments that remove or kill hazard organisms that may be
contaminating commodities. Some of the treatments
aloned disinfestation treatments but these can al :
depends on a number of variables, such as the commaodity type, its tolerance for the treatment/s,

the biology of associated hazard organisms and what is available to the exporting country.

2.6.1 Heat Treatment

Heat can be used for the processing or devitalisation of grain and may be insecticidal.
Temperatures above 50°C are insecticidal, and become rapidly more insecticidal as temperature
increases above this. All storage pests are killed by a few minutes actual exposure to either wet
or dry heat of 65°C[3]. Time allowance needs to be made for the heat to penetrate the grain
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kernel to this temperature. Responses of stored product insects to various temperatures are
presented in Table 2.

Table 2. Responses of Stored Product Insects to Various Temperatures [3]

Zone Temperature Effect(s)
reanges (°C)
Lethal >62 Death in <1 min
50-62 Deathin<lh
45-50 Death in <1 day
35-42 Populations die out, mobile insects seek cooler environment
Suboptimal 35 Maximum temperature for reproduction
32-35 Slow population increase
Optimal 25-32 Maximum rate of population increase
Suboptimal 13-25 Slow population increase
Lethal 5-13 Slowly lethal
1-5 Movement ceases
-10to -5 Death in weeks, or monthe if acclimated
-25t0 -15 Deathin<lh

2.6.2 Fumigation

Fumigation is the act of releasing and dispersing a toxic chemical so it reaches the target
organism in a gaseous state. Chemicals applied as aerosols, smokes, mists, and fogs are
suspensions of particulate matter in air and are not fumigants. Fumigants should be used with
extreme care, as they are toxic to all forms of life including humans and animals. The normal
practice used by the USA or Canada for grain shipments is for grain to be treated with phosphine
at US label rates as an in-ship treatment for the duration of the voyage.

2.6.2.1 Phosphine Fumigants

Phosphine fumigants sold as solid aluminum or magnesium phosphide, both of which give off the
highly toxic phosphine gas. Phosphine fumigants provide control of all stages of stored grain
insect pests. The fumigants are available as tablets or pellets. Tablets begin release phosphine
gas in 2-4 hours after being exposed to the atmosphere, whereas pellets begin evolving
phosphine gas in only 1-2 hours. In addition to phosphine, which has no odour or colour, the
fumigant also releases ammonia, various diphosphines, and methanethiol. The latter two gases
are responsible for the characteristic garlic (or rotten fish) odour associated with grain fumigation.
The ammonia has the added benefit of reducing the potential for spontaneous ignition.

The rate of decomposition of the tablets or pellets varies depending on the grain moisture and
temperature. The higher the temperature and moisture of the grain, the faster the fumigant will be
evolved. Conversely, the lower the temperature and moisture, the slower the fumigation.
However, when the temperature of the grain is below 5°C, fumigation is not permitted because
the reaction is too slow for effective fumigation. However, aluminum phosphide will react and
release phosphine gas even at -40°C. After complete decomposition, a fine grey-white non-
poisonous powder remains.

Aluminum phosphide pellets and tablets are prepared in two spherical shapes. The rounded
tablets weigh approximately 3 grams and release 1 gram of phosphine gas. They are about 16
mm in diameter and are bulk packaged in resealable aluminum flasks containing 30, 100 or 500
tablets each. The pellets weigh approximately 0.6 grams and release 0.2 gram of phosphine gas.

CRDS Page 49



Pest Risk Analysis (PRA) of Pulse in Bangladesh

Phosphine treatment helps to provide non-infested material for the food industry with a relatively
quick treatment time [1, 7].

2.6.2.2 Dosage and Exposure Time

To determine the dosage and exposure time, always read the label. Dosage and exposure time
varies with temperature and the tightness of bin, or other grain storage facility. Increasing dosage
cannot compensate for a shortened exposure. Dosage, exposure time and temperature of
phosphine fumigation against important stored products pests are given in Table 3.

Table 3. Dose, Exposure Time and Temeperature of Phosphine Fumigation against
Important Stored Product Pests [2]

Dose Minimum exposure time
. -3 Bag-stacks Bulk storage, Minimum
Active substance g PHsm (seeds, stored silo (stored temperature
products) products)
ﬁ:}‘g@;ﬂ?ﬂ"g 3 10 days 12 days 10°C
'\Sﬁgggﬁ:ﬁg‘ 3 9 days 11 days 10°C
QL%@;”#;@ 3 7 days 9 days 20°C
'\gﬁgggﬁ:ﬁ:‘ 3 5 days 8 days 20°C

The table above gives the minimum exposure periods in days for a dosage of 3 g PH; per m®.
One day should be added to the exposure times to allow for development and distribution of the
fumigant. The dose may need to be increased to 5 g PH; per m? if the fumigation conditions are
poor (e.g. not very gas tight conditions, or low relative humidity) or if resistant species are found
or believed to be present. However, good practice is to perform phosphine fumigation only in gas
tight conditions [2].

Fumigation to control Trogoderma granarium should follow EPPO Standard PM 10/22. Because
of the high level of resistance of diapausing larvae of this pest, treatments require a longer
exposure time [6].

Additionally, the fumigation period should be long enough to allow for almost complete reaction
of phosphine products with moisture in the products so that little or no non-reacted phosphine
products remain [5].

2.7 Visual Inspection at the Border of Bangladesh

Visual inspection by a trained inspector can be used in three main ways for managing biosecurity
risks on goods being imported into Bangladesh, as:

91 a biosecurity measure, where the attributes of the goods and hazard organism provide
sufficient confidence that an inspection will be able to achieve the required level of
detection efficacy;

91 an audit, where the attributes of the goods, hazard organisms and function being audited
provide sufficient confidence that an inspection will confirm that risk management has
achieved the required level of efficacy;
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91 a biosecurity measure in a systems approach, where the other biosecurity measures are
not able to provide sufficient efficacy alone or have significant levels of associated
uncertainty.

In the case of inspection for audits, this is considered a function of assurance and is part of the
implementation of the identified measures. Inspection as a biosecurity measure uses the direct
comparison of required efficacy to manage risk versus actual efficacy of an inspection (maximum
pest limit versus expected measure efficacy).However in practice it is not possible to precisely
define either efficacy or pest limits.
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Review of Earlier PRA

No PRA on pulse crops has been done in Bangladesh earlier. Moreover PRA on pulse crops in
abroad is not found. However PRA on few insect pests of pulse have been done elsewhere
which helps preparation of this PRA report.
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3.0 IDENTIFICATION OF PESTS

Pests include insects, mites, diseases organisms, weeds and other organisms which may cause
damage to crops. Pests of pulses in Bangladesh as well as exporting countries are discussed
herein.

3.1
3.11

Insect pests of major pulses in Bangladesh such as chickpea, lentil, mungbean, grasspea and
cowpea are included in this section. Insect pests of Pulses recorded during Field Survey are
shown in Appendices IV & VII.

Insect pests, Diseases and Weeds of Pulses in Bangladesh

Insect pests of Pulses

3.1.1.1 Insect pests of Lentil

In Bangladesh, eight species of insect pests have so far been recorded on lentil of which aphid
(Aphis craccivora) and pod borer (H. armigera) were major pests in field while Callsobruchus
chinensis and C. maculatus were major insect pests in storage (Table 4). Aphid is a major pest
during vegetative to flowering phase of lentil while pod borer during podding stage [1]. Red flour
beetle (Tribolium castaneum) is a major pest of cereal grains but attacks lentil as alternate host

[3].

Table 4. List of Insect pests of Lentil with Infested Plant Parts and Pest Status in Bangladesh

Sl Common Scientific Name Order: Family Infested Plant Status
No. Name Parts
01. | Aphid Aphis craccivora Koch | Homoptera: Suck sap from Major
Aphididae twigs, flowers and
pods
02. | Whitefly Bemisia tabaci Homoptera: Suck sap from Minor
(Gennadius) Aleyrodidae twigs, flowers and
pods
03. | Green stink | Nezara viridula Linn. Hemiptera: Suck sap from Minor
bug Pentatomidae | shoot and pods
04. | Thrips Megalurothrips distalis | Thysanoptera: | Cause flower drop Minor
(Karny) Thripidae
05. | Pod borer Helicoverpa armigera | Lepidoptera: Bore into the pods Major
(Hubner) Noctuidae and feed on seeds
06. | Chinese Callosobruchus Coleoptera: Feed on grain by Major
bruchid chinensis Linnaeus Bruchidae boring
07. | Cowpea Callosobruchus Coleoptera: Feed on grain by Major
bruchid maculatus Fabricius Bruchidae boring
08. | Red flour Tribolium castaneum Coleoptera: Adult and larvae Minor
beetle Tenebrionidae | feed on grains

3.1.1.2 Insect pests of Chickpea

Eleven species of insect pests of chickpea have been recorded in Bangladesh of which nine
species attack in field and two species attack in storage (Table 5). Among the field insect pests
pod borer, Helicoverpa armigera, is a serious major and serious in most of the chickpea growing
areas in Bangladesh [2]. A countrywide survey indicated that an average of 30-40 percent pods
was found to damage by pod borer [11]. Eleven insect pests of chickpea also reported in
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Bangladesh [5]. Peak population of pod borer was observed in April [6, 7]. Two bruchids,
Callsobruchus chinensis and C. maculatus were reported to attack chickpea in storage which
were major pests all over the country. Rice weevil (Sitophilus oryzae), lesser grain borer
(Rhyzopertha dominica) and rice meal moth (Corcyra cephalonica)are the major pests of cereal
grains but they attack mungbean as alternate host [3].

Table 5. List of Insect pests of Chickpea with Infested Plant Parts and Pest Status in

Bangladesh
Sl Common Scientific Name Order: Infested Plant Parts Status
No. Name Family
01. | Black cut Agrotis ipsilon Lepidoptera: | Cut the base of Minor
worm (Hufnagel) Noctuidae seedlings
02. | Common Spodoptera liturua Lepidoptera: | Cut the base of Minor
cutworm (Fabricius) Noctuidae seedlings
03. | Green Plusia signata Lepidoptera: | Damage foliage and Minor
semilooper | Fabricius Noctuidae young plants
04. | Green stink | Nezara viridula Linn. | Hemiptera: Suck sap from shoot Minor
bug Pentatomida | and pods
e
05. | Aphid Aphis craccivora Homoptera: Suck sap from twigs, Major
Koch Aphididae flowers and pods
06. | Whitefly Bemisia tabaci Homoptera: Suck sap from twigs, Minor
(Gennadius) Aleyrodidae flowers and pods
07. | Pod borer Helicoverpa armigera | Lepidoptera: | Bore into the pods and Major
(Hubner) Noctuidae feed on seeds
08. | Bean pod Maruca testulalis Lepidoptera: | Bore into the flowers, Major
borer Geyer Crambidae pods and feed on seeds
09. | Gram blue | Euchrysops cnejus Lepidoptera: | Bore into the flowers, Minor
butterfly (Fabricius) Lycaenidae pods and feed on seeds
10. | Chinese Callosobruchus Coleoptera: Feed on grain by boring | Major
bruchid chinensis Linnaeus Bruchidae
11. | Cowpea Callosobruchus Coleoptera: Feed on grain by boring | Major
weevil maculatus Fabricius | Bruchidae
12. | Rice weevil | Sitophilus oryzae Coleoptera: Adult and larvae feed Minor
(Linnaeus) Curculionidae | on grains
13. | Lesser Rhyzopertha Coleoptera: Adult and larvae feed Minor
grain borer | dominica (Fabricius) | Bostrichidae | on grains
14. | Rice meal Corcyra cephalonica | Lepidoptera: | Larvae feed on grain Minor
moth (Stainton) Pyralidae making web

3.1.1.3 Insect pests of Mungbean

Eighteen species of insect pests were reported from mungbean in Bangladesh (Table 6). Among
themstem fly, Ophiomyia phaseoli [11], aphid, Aphis carccivora, whitefly, Bemisia tabaci [10],
thrips, Megalurothrips distalis [8, 11], hairy caterpillar, Spilarctia oblique [10] and pod borers
(Euchrysops cnejus, Maruca testulalis, Helicoverpa armigera) [10,8] were important pests in field.
Stem fly infestation on mungbean varied 50-100% over space and time depending on weather
condition [7]. Thrips was the most important pest during flower stage which caused flower
shedding and significant yield loss [6]. Pod borer damages flowers, flower buds and developing
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pods [5]. Callosobruchus chinensis and C. maculatus were major pests in storage. Rice weevil
(Sitophilus oryzae), lesser grain borer (Rhyzopertha dominica)and rice meal moth (Corcyra
cephalonica)are the major pests of cereal grains but attack mungbean as alternate host [3].

Table 6. List of Insect pests of Mungbean with Infested Plant Parts and Pest Status in Bangladesh

Sl. Common Scientific Name Order: Family | Infested Plant Parts | Status
No. Name
01. | Stemfly Ophiomyia phaseoli Diptera: Bore into stem and Major
Tryon Agromyzidae feed on internal
tissues
02. | Whitefly Bemisia tabaci Homoptera: Suck sap from twigs, Major
(Gennadius) Aleyrodidae flowers and pods
03. | Aphid Aphis craccivora Koch | Homoptera: Suck sap and transmit | Major
Aphididae virus disease
04. | Green jassid Empoasca kerri Pruthi | Homoptera: Suck sap from shoots Minor
Jassid and pods
05. | Green stink Nezara viridula Linn. Hemiptera: Suck sap from shoots Minor
bug Pentatomidae | and pods
06. | Thrips Megalurothrips distalis | Thysanoptera: | Cause flower drop Major
(Karny) Thripidae
07. | Hairy Spilarctia obliqua Lepidoptera: Feed on leaves Major
caterpillar (Walker) Arctiidae
08. | Stripped flea | Phyllotreta striolata Coleoptera: Feed on leaves Minor
beetle Fabricius Chrysomelidae
09. | Crucifer flea Phyllotreta cruciferae Coleoptera: Feed on leaves Minor
beetle (Goeze) Chrysomelidae
10. | White spotted | Monolepta signata Coleoptera: Feed on leaves Minor
leaf beetle Olivier Chrysomelidae
11. | Pod borer Helicoverpa armigera | Lepidoptera: Bore into the pods and | Major
(Hubner) Noctuidae feed on seeds
12. | Bean pod Maruca testulalis Lepidoptera: Bore into the flowers, Major
borer Geyer Crambidae pods and feed on
seeds
13. | Gram blue Euchrysops chejus Lepidoptera: Bore into the flowers, Major
butterfly (Fabricius) Lycaenidae pods and feed on
seeds
14. | Chinese Callosobruchus Coleoptera: Feed on grain by Major
bruchid chinensis Linnaeus Bruchidae boring
15. | Cowpea Callosobruchus Coleoptera: Feed on grain by Major
bruchid maculatus Fabricius Bruchidae boring
16. | Rice weevil Sitophilus oryzae Coleoptera: Adult and larvae feed Minor
(Linnaeus) Curculionidae | on grains
17. | Lesser grain Rhyzopertha dominica | Coleoptera: Adult and larvae feed Minor
borer (Fabricius) Bostrichidae on grains
18. | Rice meal Corcyra cephalonica Lepidoptera: Larvae feed on grain Minor
moth (Stainton) Pyralidae making web
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3.1.1.4 Insect pests of Grasspea

Five insect pests were found to infest grasspea in field and storage of which three insect pests
attack in field and two pests were in storage (Table 7). Aphid (Aphis craccivora) infestation
occurred during vegetative to flowering stage of the crop and considered as the major pest in
field [5]. BothCallosobruchus chinensis and C. maculatus were major pests in storage.

Table 7. List of Insect pests of Grasspea with Infested Plant Parts and Pest Status in
Bangladesh
Sl. Common Scientific Name Order: Family | Infested Plant Status
No. Name Parts
01. | Aphid Aphis craccivora Homoptera: Suck sap from Major
Koch Aphididae twigs, flowers
and pods
02. | Green stink bug | Nezara viridula Hemiptera: Suck sap from Minor
Linn. Pentatomidae | shoot and pods
03. | Thrips Megalurothrips Thysanoptera: | Cause flower Minor
distalis (Karny) Thripidae drop
04. | Chinese Callosobruchus Coleoptera: Feed on grain Major
bruchid chinensis Linnaeus | Bruchidae by boring
05. | Cowpea weevil/ | Callosobruchus Coleoptera: Feed on grain Major
Cowpea maculatus Bruchidae by boring
bruchid Fabricius

3.1.1.5 Insect pests of Cowpea

In Bangladesh, elenven insect pests were recorded from cowpea (Table 8). Among them six
specie were found to attack in field and five species infested in storage. Jassid (Empoasca kerri)
an pod borer (Maruca testulalis)\were reported as the major pest in field [5]. Bruchids,
Callosobruchus chinensis and C. maculatus were major damaging pests in storage. Rice weevil
(Sitophilus oryzae), lesser grain borer (Rhyzopertha dominica)and rice meal moth (Corcyra
cephalonica)are the major pests of cereal grains but they attack mungbean as alternate host [3].

Table 8. List of Insect pests of cowpea with infested plant parts and pest status in Bangladesh

Sl. Common Scientific Name Order: Family | Infested Plant | Status
No. Name Parts
01. | Aphid Aphis craccivora Homoptera: Suck sap from Minor
Koch Aphididae twigs, flowers
and pods
02. | Green jassid Empoasca kerri Homoptera: Suck sap from Major
Pruthi Jassid shoots and pods
03. | Green stink bug | Nezara viridula Hemiptera: Suck sap from Minor
Linneaus Pentatomidae | shoot and pods
04. | Thrips Megalurothrips Thysanoptera: | Cause flower Minor
distalis (Karny) Thripidae drop
05. | Galerucid Madurasia obscurella | Coleoptera: Damage leaves Minor
beetle Jacoby Chrysomelidae
06. | Bean pod borer | Maruca testulalis Lepidoptera: Bore into the Major
Geyer Crambidae flowers, pods
and feed on
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Sl Common Scientific Name Order: Family | Infested Plant | Status
No. Name Parts
seeds
07. | Chinese Callosobruchus Coleoptera: Feed on grain by | Major
bruchid chinensis Linnaeus Bruchidae boring
08. | Cowpea weevil/ | Callosobruchus Coleoptera: Feed on grain by | Major
Cowpea maculatus Fabricius Bruchidae boring
bruchid
09. | Rice weevil Sitophilus oryzae Coleoptera: Adult and larvae | Minor
(Linnaeus) Curculionidae | feed on grains
10. | Lesser grain Rhyzopertha Coleoptera: Adult and larvae | Minor
borer dominica (Fabricius) | Bostrichidae feed on grains
11. | Rice meal moth | Corcyra cephalonica | Lepidoptera: Larvae feed on Minor
(Stainton) Pyralidae grain
makingweb

Photographs of some major Insect pests of five major pulses in field and storage insect pests are
shown in Figure 7 and 8.

Aphid infested twig

Whitefly on leaves

Jassid on leaf

Stripped flea beetle on leaves
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