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PREFACE

This Supplementary Environmental Assessment (SEA) for Sudan
Locust/Grasshopper Control was prepared by USAID/Khartoum in cooperation
with AID/OFDA, AID/AFR and the Government of Sudan. Contact persons that
contributed information provided herein are listed in Appendix A.

The final draft has been internally reviewed by USAID/Khartoum,
AID/AFR/TR, and AID/OFDA. Selected sections were reviewed by agricultural
and environmental specialists in the G.vernment of Sudan and the Institute
of Environmental Studies. This document reflects the best current
description of future directions for locust and grasshopper control in
Sudan, estimates of environmental risks and benefits, aad human safety.
Recommendations are provided to ameliorate control practices and to
mitigate potential adverse environmental impacts.

This document will be used in connection with any implementation
of a control program in Sudan using USAID support for procurement or use of
pesticides for locust or grasshopper control.



TABLE OF CONTENTS

“SB8ECTION

PREFACE

ACRONYMS

ABBREVIATIONS

LOCAL WORDS

1.0 EXECUTIVE SUMMARY

2.0 PURPOSE

3.0 ENVIRONMENTAL POLICY AND LEGISLATION

3.1 USAID Environmental Policy and Legislation
3.2 Sudan Environmental Policy and Legislation

4.0 S8COPING PROCEDURE

5.0 LOCUST8 AND GRASSHOPPERS OF THE S8UDAN

5.1 Desert Locusts

5.2 Tree Locusts Patterns of Outbreaks;
5.3 African Migratory Locusts Migration;
5.4 Red Locusts Breeding Patterns

5.5 Sudan Plagque Locusts

5.6 Grasshoppers

6.0 PGRICULTURAL PRODUCTS8 THREATENED BY LOCUBTB/GRﬂSBHOPPERS

6.1 Sudanese Agricultural Products
6.2 Assessment of Crop Losses

7.0 DESCRIPTION OF THE ENVIRONMENT

7.1 Habitat where Locusts and Grasshopper occur
7.2 Characteristics of the Affected Terrain

7.3 Human Population and Distribution

7.4 Agricultural Resources and Land Use Patterns
7.5 Forestry Resources

7.6 Parks and Protected Areas

7.7 Critical Habitats

7.8 Species of Wildlife

7.9 Bees

8.0 LOCUST AND GRASSHOPPER CONTROL

Role of PPD in Sudan

Structure and Statffing of PPD
GOS Funding for PPD Activities
Pesticide Selection in Sudan

0 0 0o
L] [ ]
S W R

PAGE

13

15
le

17

18
24
24
24
25
25

25
27

29
31
45
47
49
51
54
56
62

62
66
69
69



10.0

11.0

12.0

13.0

14.0

15.0

16.0

S8URVEY PROCEDURES

Terrestrial Surveys
Aerial Surveys
Satellite Imagery
Forecasting

VYV VYV
RS

LOCUS8T CONTROL PROCZDURES

10.1 Present PPD Operational Procedures

10.2 Notification of Spraying Operations

10.3 Equipment Seiection, Training, Calibration and Maintenance
10.4 Areas Sprayed in Recent Campaigns

10.5 Spray Operation Costs

PESTICIDE HANDLING, SAFETY AND DIRPOBAL PROCEDURES

11.1 Transport and Handling

11.2 Protective Clothing

11.3 Pesticide Storage and Security

11.4 Disposal of Unused Pesticides and Emptied Drums

POTENTIAL PESTICIDE HAZARDS8 TO HUMANS, LIVESTOCK AND WILDLIFE

12.1 Extent and Locality of Areas to be Treated
12.2 Water Contamination

12.3 Contamination of Crops

12.4 Contaminated Vegetation

12.5 Human Consumption of Locusts

HEALTH ISSUES

13.1 Health Infrastructure and Related Issues
13.2 Cholinesterase Testing

MONITORING

14.1 Pesticide Monitoring Infrastructure
14.2 Monitoring Environmental Impacts
14.3 Mcnitoring Residues

MINIMIZING PESTICIDE USAGE

15.1 Timeliness of Interventions

15.2 Timing, Method and Efficacy of Surveys

15.3 Use of Greenness Maps

15.4 Defining Econoric Thresholds

15.5 Targeting of Sprays

15.6 Use of Appropriate Equipment and Pesticides
15.7 Integrated Pest Management

15.8 Traditional Controls

15.9 Non-Chemical Control

RISKS AND BENEFITS OF PESTICIDE USE

74
75
76
76

76
80
81
82
g5

87
87
88
88

90
91
93
94
95

96
97

98
99
100

101
102
104
104
107
108
108
110
110

111



“17.0 ALTERNATIVE OPTIONS8 FOR USAID INVOLVEMENT

17.1
17.2
17.3

Potential USAID Roles
Past USAID Assistance
Future Funding Options for USAID

18.0 B8UMMARY AND CONCLUSIONS

19.0 RECOMMENDATIONS AND PROVISOS

19.1
19.2
19.3
19.4
19.5
19.6
19.7
19.8
19.9

PPD, Donor and Regional Coordination

Survey

Pesticide Selection

Pesticide Storage and Handling

Pesticide Safety

Pesticide Application

Disposal of Unusable Pesticides and Empty Containers
Environmental Monitoring and Protection

Training

19.10 Research Needs
19.11 Admir.istrative

20.0 LITERATURE

APPENDIX A

APPENDIX B

APPENDIX C

APPENDIX D

List of Compilers and Persons Consulted
Comparison of Conclusions with PEA Recommendations
Administrative and Institutional Infrastructure

Other Major Pesticide Usages in 8udan

113
114
116

116

125
126
127
128
129
130
131
132
133

136



LIST OF FIGURES

Fig. 1 Sudan - Towns, Administrative Regions, Railways 14
Fig. 2 Desert Locusts: Summer Breeding Areas 19
Fig. 3 Desert Locusts: Winter Breeding Areas 20
Fig. 4 Desert Locusts: Spring Breeding Areas 21
Fig. 5 Desert Locusts: Recorded Gregarization Sites 23
Fig. 6 Gum Arabic Areas 30
Fig. 7 Geology 33
Fig. 8 Rainfall 35
Fig. 9 Ground Water Basins 39
Fig.10 Soils 41
Fig.11 Vegetation 43
Fig.12 Population Distribution 46
Fig.13 Parks and Reserves 53
Fig.14 PPD Stations, Stores and Radios 65
LIST OF TABLES
Table 1. Crops Produced in Sudan 26
Table 2. Locust Damage to Crops 27
Table 3. Livestock Production 28
Table 4. Vegetation Zones of Sudan 42
Table 5. National Parks and Wildlife Reserves 52
Table 6. Rare and Endangered Animals 58
Table 7. Rare and Endangered Birds 59
Table 8. Categories and Numbers of PPD Staff , 64
Table 9. Pesticides Used in Sudan for Locust Control 71
Table 10. PPD Pesticide Stocks 77
Table 11. PPD Locust Control Resources 78
Table 12. Resources Used for Locust Control 83
Table 13. Pesticides Usage 84
Table 14. Desert Locust Campaign Costs 85
Table 15. Types of Health Care Facilities 96
Table 16. Minimum Population Thresholds 106
LIST OF CHARTS
PPD Organization and Structure 68



'AFR/TR
ARC

CFR
DANID2
pLCC
DLCO-EA
EC

ECLO
EEC

EPA

FAA

FAO
FEWS
FINIDA
GOS

GTZ

IES

IPM
IRLCO-CSA

ITCZ

LS

MFEP
MOAANR
MCH

NGO

NPC
OCLALAV

ODA
OFDA
PEA
PPD
PRIFAS

PST
RRC
SEA
SEPS
SRAAD
UK
ULV
UNDP
UNEP
USAID
AID/W
USG
USGS
WP

ACRONYMS

USAID Africa Bureau/Technical Resources Section
Agricultural Research Corporation

Code of Federal Regulations (US)

Danish Aid Agency

Desert Locust Coordinating Committee

Desert Locust Control Organization - East Africa
Emulsifiable Concentrate

Emergency Center for Locust Operations (FAO Rome)
European Economic Commission

US Environmental Protection Agency

Foreign Assistance Act

Food and Agriculture Organization of the United Nations
Famine Early Warnirng System

Finnish Aid Agency

Government of Sudan

German Aid Agency

Institute of Environmental Studies (University of Khartoum)
Integrated Pest Management

International Red Locust Control Organization for
Central and Southern Africa

Intertropical Convergence Zone

Sudanese Pounds

Ministry of Finance and Economic Planning

Ministry of Agriculture, Animals, and Natural Resources
Ministry of Health

Non Governmental Organizations

National Pesticides Committee

Organization Commune de Lutte Antiacridienne et de Lutte
Antiaviare ’

Overseas Development Agency (U.K.)

Office of U.S. Foreign Disaster Assistance

Programmatic Environmental Assessment

Plant Protection Department

Program de Recherches Interdisciplinaire Francois sur les
Acridiens du Sahel

Pounds per Square Inch (pressure)

Relief and Rehabilitation Commission

Supplementary Environmental Assessment

Sudanese Environmental Protection Society

Sudan Reforestation and Anti-Desertification Project
United Kingdom

Ultra Low Volume

United Nations Development Program

United Nations Environmental Program

United States Agency for International Development
United States Agency for International Development/Washington
U.S. Government

U.S. Geological Survey

Wettable Powder



“ha
km
m
mm
MT
N/A

ANIS (ADAR)
BATTIKH
BULTI
DAHASSIR
DUKHN
DUMBARI
DURA

EJIL
GARDUD

GEBASH (DAMBELAB)
GOZ
HABOOB
HAFIR
HASHAB
HEGLIG
HESKANIT
JEBEL
KARKADEH
KHOR
KITR
LAOT
MARAKH
MATAMURA
MAYAA
MOKHET
NAK (NAAL)
RAHAD
SIDR
STHA
SIMSIM
SUNT
TALH
TARFA
TUMAN
TUNDUB
WADI

ABBREVIATIONS

Hectares
Kilometers
Meter
Millimeters
Metric Tons
Not Avaiiable

GLOSSARY OF LOCAL WORDS

Sorghum purpureosericeum (grass)

Melons

Tilapia (fish)

Indigofera oblongifolia (legume)

Bullrush/Pearl Millet (Pennisetum typhoideum/glaucum)

Local "Magicians" who profess to dispel locust hordes
Sorghum

Nile Perch

Patches of hard impervious sand bound by silts, clays,
and mineral deposits

Schoenfeldia gracilis (grass)

Sands of desert origuin

Dust storm

Artificial catchment ponds in gardud and silt soil
Acacia senegal (tree)

Balanites aegyptica (tree)

Cenchrus biflorus (grass)

Mountain, rocky hill

Hibiscus sabdariffa

Small dry watercourse

Acacia mellifera (bush)

Acacia nubica (= A.orfota) (bush)

Leptadenia pyrotechnica (bush)

Traditional grain storage pits

Marshy natural depression

Boscia senegalensis (tree)

Cymbopogon_ nervatus (grass)

Large seasonal water-holding natural depression
Ziziphus spina-christi (tree)

Blepharis persica (herb) (=B. edulis)

Sesame

Acacia nilotica (tree)

Acacia_seyal (tree)
Tamarix aphylla (bush)
Panicum turgidum (grass)
Capparis decidua (bush)

Seasonal river bed




*1.0 EXECUTIVE SUMMARY

This Supplementary Environmental Assessment (SEA) provides information
that is in addition to the content of the Programmatic Environmental
Assessment on Locust/Grasshopper Control in Africa/Asia (PEA) (TAMS/CICP
1989). It examines potentially adverse environmental consequences from
various factors which are involved in the selection and use of pesticides
for locust and grasshopper control in Sudan, discusses the risks and
benefits of such control operations, lists the options for USAID
involvement, and makes recommendations for optimizing safe application of
pesticides.

Sudan is the largest country in Africa, with an area of approximately
2.5 million sq. km., being 1800 km long and 1500 km wide. It has rainfall
varying from less than 50 mm in the north to 1200 mm in the southern
mountains. Locusts and grasshcppers, such as desert locusts in particular,
have been periodic pests occurring in plague numbers at irregular
intervals, primarily in the northern half of Sudan above latitude 10
degrees North, causing damage to the agricultural production and economy of
Sudan. Sudan is at the hub of the overall range of desert locust and is
of special importance in the population dynamics of this locust. This is
because summer and winter rainfall regions can alternatively harbor a
succession of generations.

At present, successful control strategies require the use of some
chemical pesticides. Though the pesticides selected for use are ones that
are optimal for reducing the risk to human health and the environment, some
risk remains. Therefore, to minimize risk, the following recommendations
will be implemented in connection with any USAID-supported control program.

PPD, DONOR, AND REGIONAL COOPERATION

1. Donor ccmmittee meetings will be convened weekly during major
campaigns, and twice a year during recession. The Plant Protection
Department (PPD) will ke encouraged to exchange information directly with
the crop protection services in neighboring countries, to work with the
Customs Department to expedite the importation of equipment and pesticides,
to obtain international overflight agreements through the Ministry of
Foreign Affairs, to support the coordinating efforts of DLCO-EA and to
appoint headquarters/field liaison officers.

SURVEY

2. Strategic control will be used to prevent plague conditions. This
will be supported through the use of greenness maps, egg pod surveys,
monitoring diseases and parasites, standardized survey forms, properly
trained and equipped field scouts, and the encouragement of nomads' and
local villagers' reporting.
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PESTICIDE SELECTION

3. The pesticides to be used will be limited to the currently PEA
approved chemicals--malathion, diazinon, carbaryl, fenitrothion,
chlorpyrifos, propoxur, bendiocarb and lambda-cyhalothrin--until others are
approved by AID/W. Others, such as deltamethrin and acephate, should be
screened for possible inclusion on the approved list. No pesticides will
be accepted unless labeled according to USEPA standards in Arabic and
English.

4. A pesticide bank will be used to provide a choice among pesticides
and to avoid overstocking at any given location.

5. Farmer brigades will be used but will only be supplied with dusts
and baits, unless they are properly trained for application of liquid
formulations.

PESTICIDE STORAGE AND HANDLING

6. All PPD pesticide storage sites will be securely fenced, guarded,
posted with "NO UNAUTHORIZED ENTRY" and "HAZARDOUS MATERIALS" signs in
Arabic and English and periodically inspected. All pesticides will be kept
in a sheltered, well-ventilated enclosure with a cement floor, and stacked
on wooden pallets. Storage facilities will have first-aid kits, showers,
soap, a means of washing safety clothing, and lime for neutralizing
organophosphate pesticide spills.

7. A system for regular inventory of pesticide stocks will be put
into practice to minimize pesticides becoming obsolete. Pesticides types
will be kept separate from each other and from non-pesticide stores, used
on a first-in/first-out basis, and analyzed if of dubious quality. Liquid
carbaryl formulations will be rolled monthly to prevent excessive
viscosity.

HEALTH PROTECTION

8. PPD, the Ministry of Health, and the Agricultural Extension
Administration, with donor assistance, will design and issue posters and
bulletins on pesticide safety and poisoning to all field stations, rural
clinics and hospitals. All spray operations will be preceded by local
public radio notification.

9. All applicators and handlers will have two sets of light-weight,
long-sleeved, tight-weave cotton coveralls suited to Sudan's climate, a
respirator (with replacement filter cartridges), durable plastic or rubber
gloves with forearm-length gauntlets, a face shield, hard hat, and rubber
boots (not to be cut to ankle-length). Employees displaying pesticide
toxicity symptoms will be reassigned to other duties and will not be laid

off.
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10. Each spray team will have a water tanker to provide adequate
water for washing of persons, clothes and equipment; instruction posters
and guidance manuals; and at least one person trained in health procedures,
and equipped with cholinesterase test kits and antidote (atropine).
Cholinesterase testing should be done routinely for handlers and
applicators.

11. Post-spray harvest delay intervals will be closely observed when
crops are sprayed and the public will be forbidden to market and consume
locusts during campaigns. Livestock will be removed prior to treatment and
kept out for at least two days after treatment.

12. sSpecific actions and prohibitions will be followed to minimize
pesticide use, for example, a favorabie cost/benefit ratio will be the
basis for all decisions to treat (and MOAANR and PPD must make every
possible effort to improve data collection so that more credible
cost/benefit estimates can be made in the future), no blanket spraying will
occur in marginal pastures and croplands on a prophylactic basis, all
spraying will be targeted and be based on economic and biological
considerations (e.g., spraying will not take place after grain crops have
passed the "hard dough" stage of maturity, nor after females have laid
their eggs), and smaller aircraft will be favored to facilitate precision
applications. Large scale application will be forbidden in areas with
vulnerable groundwater and restrictions will be applied to treatment near
wadis and river beds even when they are dry. 1In addition, limits will be
pPlaced on total proportion of locust and grasshopper populations and
habitats (esp. wadis) that are treated in order to allow the building of
natural diseases and parasites.

13. Pesticide application will be conducted in early morning with no
more than light winds to treat swarms before flight, to minimize
volatilization of spray droplets in warmer temperatures, and to avoid
excessive drift.

DISPOSAL OF UNUSABLE PESTICIDES AND EMPTY CONTAINERS

14. Empty pesticide drums will be stored in securely fenced and
guarded areas until punctured and crushed or reconditioned technology
becomes available.

15. Unusable pesticide stocks will be concentrated at a single,
secure location until they can be destroyed. 1In view of a recent USAID
efforts in northern Pakistan and in Niger, options for incineration of
Sudan's obsolete pesticides will be vigorously explored.

16. Each PPD field station, pesticide/equipment storage facility, and
airstrip will be equipped with a concrete apron around a sump for washing
equipment and flushing spray tanks, and a means of puncturing and crushing
empty drums.
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ENVIRONMENTAL PROTECTION.

17. The appropriate GOS Ministries will be encouraged to delegate
overall environmental responsibility to one Ministry and to establish a
central environmental monitoring function. Appropriate staff will monitor
pesticide impacts on fauna and flora. Guideline protocols for monitoring
will be developed and used.

18. Existing National Parks will be clearly defined and protected
from spraying. Pesticide use also will not occur in the remaining patches
of natural vegetation on Jebel Mara, in other fragile or limited
ecosystems, or within 2.5 km of riverine and other aquatic habitats.

PPD spray and survey teams will file reports with Wildlife Research and
Wildlife Conservation Forces on the presence or absence of rare species in
romote areas and surveys of endangered species and critical habitats will
be conducted.

19. Fenitrothion and diazinon will not be used for spraying tree
locusts or other species in Forest Reserves and in riverine habitats
because of the danger to birds and aquatic life. Pesticides that require
mixers, loaders and applicators to wash after use will not be used in
desert areas unless a means to wash is also provided.

20. Five per cent of the value of all pesticide donations and
purchases will be put into a fund devoted to environmental monitoring and
research within Sudan. This will be in addition tc¢ research conducted
elsewhere that may have relevance in Sudan.

21. PPD will map the localities and record the areas of crops and
rangeland sprayed each year and note the types and quantities of each
pesticide applied to provide supportive data for long term monitoring.

TRAINING

22. PPD will require in-service refresher training needs for all
categories of staff and will arrange this on a regular and systematic
basis. Administrative management training will be incorporated into the
training program. PPD will be encouraged to create a training organization
to ensure that appropriate training occurs.

23. Farmers will receive extension education on pesticide safety,
selection, calibration, locust and grasshopper identification, band/swarm
size estimation, IPM principles, and environmental concerns.

24. Wildlife Research and/or Wildlife Conservation Forces will train
PPD staff on identification of birds, animals and plants, with special
reference to rare species. Wildlife field guides, environmental
literature, and video tapes, will be obtained for training PPD staff.

25. Farmers in areas subject to heavy Senegalese grasshopper
infestations will be encouraged to replace part or all of their millet
plantings with sorghum because of the greater resistance to damage.

12



RESEARCH NEEDS

26. An international field research station, run in conjunction with
PPD, will be established at an appropriate location for the study of
locusts and grasshoppers. Studies could include locust and grasshopper
biology, dynamics of diseases and parasites, effects on crops (including
yields of gum arabic and tree browse), control measures (such as a
selective barrier spray, improving the use of crop residues in bait
formulations, Neem extract as an anti-feedant), environmental impacts of
various pesticides (including effects on soil microorganisms,
nitrogen-fixing bacteria and phytotoxicity), environmental fate
(persistence, breakdown rates, and metabolites). USAID will participate in
the support of such a field research station at such a time as current USG
restrictions are lifted.

ADMINISTRATIVE

27. The Africa Emergency Locust/Grasshopper Assistance program
(AELGA) has been extended by AID/W in order to have a continuing program.
Research on microbial and chemical detoxification of pesticides, including
banned organochlorine compounds, will be encouraged.

Other detailed recommendations on operations and on research for
disposal of undesirable pesticides and empty drums appear in section 20 of
this document.

2.0 PURPOSE

Because locusts and grasshoppers are an integral part of the Sudan-
Sahelian biota, the Sudan (Fig. 1) will likely always require management of
locusts and grasshoppers to prevent losses to agriculture. Periodic
control operations will be required during plague episodes with probable
need for USAID-sponsored technical assistance, pesticides, survey and
application equipment and services, and/or gresenness maps.

For the near future, the use of anti-locust-and-grasshopper pesticides
will likely be required. The environmental procedures in the Code of
Federal Regulations (22 CFR 216) must be followed to permit USAID
assistance. This document repcrts the steps that have been, and need to
be, followed to fulfill the recguirements of 22 CFR 216 environmental
procedures. For the present, USG pesticide donations will require
technical assistance at the storage, transport, application, and disposal
phases where U.S. contributions are concerned, in order to adhere to the
recommendations herein.
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"3.0 ENVIRONMENTAL POLICY AND LEGTSLATION

3.1 USATD Environmental Policy and legislation

As a response to the increasing world-wide concern about environmental
issues, USAID funding is contingent on adhering to strlngent environmental
procedures. The disbursal of USAID funds for any activity is conditional
upon the completion of a satisfactory Environmental Assessment prior to
pesticide procurement or use and on the 1mp1ementatlon during procurement
or use of any safeguards and mlflgatlon outlined in the Environmental
Assessment. The regulations also require that host government regulations
and procedures be followed.

These requirements are to ensure that environmental consequences of
UsAID-financed activities are identified and considered by USAID and the
host government prior to implementation. Possible environmental impacts
are considered during USAID project planning and are used to design
environmental safeguards and mitigation.

As the injudicious use of pesticides can have serious environmental
consequences, USAID funding for pesticides, or their application, is
particularly subject to scrutiny and approval. This document indicates how
environmental impacts were evaluated to assess the desirability of future
support for pesticide use, while maintaining the commitment to preventing
environmental degradatlon as required by title 22 of the Code of Federal
Regulations, Part 216, "AID Environmental Procedures." Regulation 216 sets
out in detail the requlred procedures for environmentally sensitive AID
assistance for pesticide procurement or use and is the basis for the
environmental assessment.

Initially, potential environmental impact was assessed in a
Programmatic Environmental Assessment (PEA) for Locust and Grasshopper
Control in Africa/Asia (TAMS/CICP 1989) which covered locusts and
grasshoppers control in Africa and the Middle Fast but which is not
country-specific. USAID Environmental Procedures require "subsequent
Environmental Assessments" for individual actions when there may be
significant environmental impacts in specific countries not adequately
addressed in a programmatic assessment. The PEA's general breadth
precluded an individual ussessment of conditions in the Sudan. A
determination was made that supplementary environmental assessments are
necessary for all countries with significant locusts and grasshoppers
control programs prior to pesticide-related USG-financed assistance. It is
expected that the Sudan will be a recipient of USG contributions for
locusts and grasshoppers operations in the future. This document is
designed to fulfill the need for a "subsequent environmental assessment"
for the Sudan. It is a supplement to the PEA, specific to the Sudan.

The most significant other environmental assessments, as well as other
relevant literature, are listed in section 19.0. In addition, during the
three years that AID Khartoum has been closely involved with desert locusts
control campaigns in Sudan, this office has acquired a considerable store
of literature and data covering all aspects of locust biology, control
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procedures, and pesticide data. It has also had the benefit of the
knowledge and expertise of various international consultants who have been
contracted to provide advice, and whose reports are on permanent file in
the Mission office.

3.2 Sudan Environmental Policy and Legislation

Deterioration of the environment (desertification, deforestation,
drying of wells, soil sallnlty, river siltation, elimination of larger
forms of wildlife, etc.) in the northern half of Sudan is widespread and
widely recognized. It has touched the lives of the entire population in
one way or another. The appropriate Government of Sudan (GOS) officials
are fully aware of these serious environmental problems.

The Ministry of Agriculture, Animals and Natural Resources (MOAANR),
is the relevant GOS Ministry with responsibility fer land use and natural
resources, but not specifically for environmental issues. This Ministry
deals with these policy issues at the national level. 1In the early 1980's
a start was made (principally in Kordofan and Darfur), to decentralize
administration of these functions to the local Regional Governments.
Successive GOS regimes have made token attempts to address the
desertification and degradation issue, most notably by the establishment of
the Desertification and Rehabilitation Administration in the MOAANR, and
later upgrading it to Commission status in response to greater urgencies at
the time of the 1984/85 drought and the resultant mass population
dlsplacement as well as displacement caused by the civil war. These
issues currently appear to be of rather limited concern to the Relief and
Rehabilitation Commission (RRC), as it is now termed, as their attention is
presently focussed on war-related relief measures.

In addition, within the MOAANR there also exists the Land Use, Soil
Conservation and Water Programming Administration (now largely inactive),
the Range and Pasture Administration, and the Forestry Administration
(currently being converted into a parastatal corporation), all of which
have land-use and environmental respon51b111t1es The majority of senior
staff in these organizations are reasonably well qualified. Most of the
GOS administrations have been effectively grounded for some years due to
the appalling state of Sudan's economy, the run-down infrastructure, and
the vastness of the country.

The Sudanese National Council for Research formerly had a National
Committee for the Environment during the period that the United Nations
Environmental Program (UNEP) had an office in Khartoum. This was an
informal advisory committee, and its functions ceased when the UNEP office
closed; the functions were subsequently taken over by the RRC in 1986. At
about that tlme, a proposal to form a Ministerial Council to deal with
environmental issues was made but it was unsuccessful.

Sudan does not have a specific Environmental Act, and there is no
legal requirement for Environmental Assessments to be undertaken for
preposed new projects or for environmental monitoring. The Sudan
Environmental Protection Society (SEPS), an NGO active in Sudan, organized
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a seminar in June 1988 on legislation and environmental issues, and drafted
an environmental policy act, but due to frequent Ministerial shuffling in
the previous regime, and the over-riding concerns of the civil war and the
economic crisis, there was no official follow-up. The coup in June 1989
installed a new set of Ministers and officials in senior posts, but with
the previous crises still unresolved, and with a continuing purge of staff
in all Ministries, it is unlikely that any new environ ' legislation
will be enacted in the near future.

Apart from the Sudanese Pesticides Act, the legislation that most
closely addresses environmental issues in Sudan is the Environmental Health
Act 1975 (Vol.9, P.273), and to a lesser extent, the Public Health Act,
(Vol.9, P.220). The latter deals with routine human health matters. The
former is more oriented to general environmental concerns, with an emphasis
on human health safeguards, such as protecting water supplies from
contamination, air pollution prevention, garbage disposal, siting of
industries, etc. It could, with amendments, be extended to cover
additional forms of environmental degradation. The Act imposes obligations
on People's Councils to issue regulations and instructions for the
implementation and enforcement of the Act's objectives, but without
guidelines as to how this should be done. However, their enforcement is
not really feasible given the prevailing situation in Sudan, and the lack
of trained personnel to ensure compliance.

With respect to pesticides, it therefore remains largely with senior
staff in PPD and the National Pesticides Committee (NPC) to ensure that
steps are taken to avoid any associated environmental contamination. As
the Director General of PPD is the Registrar for the Pesticides Act, the
responsibility for ensuring compliance by members of PPD, in addition to
other pesticide users, is vested very firmly with the incumbent of that
office. SEPS acts as a useful watchdog insofar as it has the capacity to
monitor various activities in Sudan.

4.0 BCOPING PROCEDURE

USAID environmental procedures outlined in 22 CFR 216.3(a) (4)
describe the scoping process to be used for developing an environmental
assessment (EA). Critical elements include: 1. Determination of the
scope and significance of issues that relate to control activities,

2. Identification of issues that are not significant or have been
described in earlier assessments, 3. Timing of the analysis, 4. Format,
5. Decision-making schedule, and 6.How the analysis will be conducted and
who will participate.

Due to the critical need for this document, and because this
assessment is supplemental to the PEA, the scoping process for this
document consisted of informal consultation within USAID/Khartoum, with
assistance from Sudan's Plant Protection Department, and informal
discussions with a wide range of persons and officials in the University of
Khartoum and various GOS Departments.
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5.0 LOCUSTS8 AND GRASSHOPPERS OF THE SUDZ2N

Despite the fact that locusts have been a periodic problem to farmers
in Sudan throughout recorded history, and have been dealt with by PPD since
its inception, there has been virtually no organized attempt to
systematically record, retrieve and analyze data on the outbreak patterns,
causes of upsurge and recession, migration routes, biology, natural
predators, evaluation of control methods, and crop loss.

The knowledge built u» during upsurge years of any particular species
of locust is often largely lost by the time another cycle develops.
Because of inadequate documentation and lack of in-service training for new
members, most of the experience that is gained during plague control
operations is lost in due course when older staff retire.

Much of the present knowledge about the biology of the species of
locusts found in Sudan is derived from research undertaken by specialists
located in other Sahelian countries, or from observations recorded by
entomclogists during the period of British administratic: prior to
Independence in 1956. The Overseas Development Natural Resources Institute
in the United Kingdom is the main repository of this informatior. The main
repository of early knowledge on locusts in Sudan is the Locust Research
Centre of the Overseas Development Natural Resources Institute (ODNRI) in

U.K.

The recent upsurge of desert locusts in 1986-88 in Sudan revealed how
ill-prepared PPD had become for dealing with such a plague. The core
Locust Control Unit that is now being set up within the PPD as part of the
Medium Term Locust Project (#650-0087), to which USAID was to have been a
contributory donor, is designed to collect and collate locust information
and improve future control activities. A further comporent of this Project
is a three year research program on grasshoppers and the cost/benefits of
their control now being undertaken by the University of Khartoum. These
measures should rezult in a much better information base for future
operations.

5.1 Desert Locusts (Schistocerca gregaria)

Sudan is a key breeding area for desert locusts due to the large
expanse of favorable habitat for this species during summer (Fig. 2), often
enabling two successive generations to develop there. In addition, further
breeding follows on suitable adjacent terrain in the winter rainfall region
along the Red Sea coast that extends down into contiguous Ethiopia (Fig.
3). The breeding area continues through the spring (Fig. 3). The regional
population dynamics of desert lucusts is largely governed by events in
Sudan and the highlands of Ethiopia. This area is at the geographical
center of the entire desert locust habitat; its ability to sustain several
generations per year make the effectiveness of controls there of widespread

importance.
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A typical annual cycle is somewhat as follows: Adults commence
trekking east in October towards their winter rainfall breeding area.
Winter, as well as spring, locust generations develop on green vegetation
in the Tokar delta, and along wadis in the Red Sea hills, as well as on the
Wadi Oko and Wadi Diib on the western side of this range (Fig 3, 4).
Occasionally, winter breeding also occurs in the Nile River valley north of

Khartoum, and in some wadis between the Nile and the Red Sea Hills.

1f conditions are favorable (e.g., good rainfall and appropriate
temperatures), a second generation is produced in spring in the Red Sea
region (Fiy. 4). November through January are the principal months for
hopper bands to be encountered in this region from the winter breeding
cycie.

The dispersal pattern of the spring generation is not entirely clear,
and available data has not fully determined if there are consistent annual
migration directions. Records suggest that they mostly move eastward
towards Arabia, with some circling back to North Africa via Egypt.

The swarms that arrive in the summer breeding areas of Northern Darfur
and Northern Kordofan appear to come from Chad, appearing from mid-May
onwards, and moving downwind towards wherever the Intertropical Convergence
Zone (ITCZ) is currently located. The convergence of weather systems at
the ITCZ provides a high probability cf rain, with green vegetation and
moist soil suitable for breeding. Swarms from North Africa probably follow
the northerly winds and link up with their southern cohorts at the ITCZ in
Sudan and elsewhere in the Sahel. Migrating desert locusts can cover large
distances, and swarms from Somalia, Ethiopia and Kenya can pass through the
more southerly parts of Sudan if wind patterns allow, though they normally
prefer the areas north of the 12 degrees N line of latitude in Sudan.

Then, from Sudan, swarms can disperse widely elsewhere. The Red Sea coast
of Sudan and Ethiopia is known to be one of the few centers of origin for
upsurges of desert locust (Fig. 5).

The life-cycle and patterns of movement (if any) of non-swarming
solitary phase desert locusts in Sudan is not known, but the cycle of
gregarious desert locusts upsurges and recessions in Sudan is reasonably
well documented. However, there has been no research into population
dynamics in the field. Vast numbers evolve in the span of only a couple of
generations from a very few individuals that the survive dry years
unsuitable for mass breeding. During such recession periods, field surveys
may sight only occasional individuals at widely scattered points.

By the end of the 1988 summer season, a maximum of only about 40% of
the known swarms in Sudan had been sprayed (894,000 ha out of the infested
3,694,000 ha that had been noted). However, note that much of Sudan was
unsurveved. Of those swarms that were located during the subsequent winter
along the Red Sea, again about 40% were controlled (110,000 out of 286,000
ha). Again, much of Sudan was unsurveyed for swarms. In both cases, very
large numbers missed being sprayed, but nothing is known about the
subsequent movements or fate of the escapees. No reports of dead locusts
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were received, and it is unlikely that large predators, such as birds,
would build up sufficient population levels to consume them. USAID
“entomologist G. Cavin reported heavy parasitization of some swarms on the
Red Sea coast in January 1989, indicating that disease organisms multiply
rapidly when locusts occur in swarm densities for more than one season.
Perhaps the lack of treatment of large swarms in Sudan contributed to the
present recession. Unsuitable weather patterns and migrations into
unsuitable areas may also have been important mortality factors. These are
topics on which more research is badly needed.

5.2 Tree Locusts (Anacridium melanorhodon)

Very little has been recorded about this species in Sudan, other than
that they mainly inhabit the gum arabic belt, and that they tend to over
winter along the Nile. There is currently a build-up of tree locusts in
unprecedented numbers, increasing from 20,000 ha reported in 1987 to over 1
million hectares in late 1989, despite considerable control efforts. This
upsurge will set back gum arabic production, as defoliated trees have to be
left untapped, and even in the subsequent year yields may be lower. 1In
addition, Tree locusts attack the flowers of mango, citrus and guavas, and
in the case of the latter, will also eat the leaves. They also feed on
vegetables and most field crops, and in 1989 they, together with
grasshoppers, replaced desert locusts as the farmer's main cause for
concern. It is not known what factors triggered this build-rp, nor what
natural controls will ultimately reduce the population back to recession
levels. This is also a potentially valuable area for research. Tree
locusts populations in chad and Ethiopia are currently also exceptionally
high, and in the latter country are of considerable concern as the
defoliation of trees will reduce fodder and browse required for livestock
in the present drought. ’

5.3 African Migratory Locust (Locusta migratoria)

Although this species reached plague proportions in 1985 and 1986, it
has been of very limited concern in Sudan in recent years. In the summer
of 1989, a small swarm was reported attacking sugarcane near Kosti, and was
successfully controlled. It would appear that environmental conditions in
Sudan are only occasionally conducive to large-scale breeding of this
species. The principal breeding areas for this species in Sudan are the
black cracking clay vertisols on the boundary between the short grass and
tall grass savannahs from El Geneina to Damazin, and thence up to Kassala,
(i.e., between the 500 and 600 mm isohyets). The Gash Delta and Gezira are
also favored breeding areas, as are the sugarcane plantations and the
Gedaref mechanized farming projects. All these tend to have wet soil and
vegetation that remains green for extended periods.

5.4 Red Locust (Nomadacris septemfasciata)

T' se have occasionally appeared in the Nile Valley during years of
upsurge, coming from suitable breeding areas in more southerly countries.
However, there have been no recent reports, and because of effective
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controls in the main outbreak areas, are unlikely to be of concern in
Sudan.

5.5 Sudan Plagque Iocust (Aiolopus simulatrix)

This small species, like the African migratory locust, is found over
much of central Sudan, favoring the black cracking clays where they can
shelter in the cracks from the sun or the cold. They are a serious pest of
millet and sorghum. Their migration patterns in Sudan have not been
researched, but are presumably related to weather factors.

5.6. Grasshoppers

The red-legged grasshopper (Diabolocatantops axillaris), a smallish

species, together with the dusky grasshopper (Ornithacris turbida), were
the two principal pests in western Sudan in the 1989 summer, doing damage
to millet and sorghum crops variously estimated at between 15 and 30%. In
addition, many farmers in western Darfur had to replant three or four times
to replace seedlings devoured by grasshoppers. Pesticide dust should be
held at strategic sites for sale or issue to farmers, as the treatment of
these non-swarming species will always need to be the responsibility of the
individual cultivators. Damage in western Darfur was also reported in 1989
due to increases in the numbers of Senegalese grasshoppers (Oedaleus
senegalensis). Since this species can be migratory over considerable
distance, control on a more regional basis is necessary.

6.0 KRESOURCES THREATENED BY LOCUSTS AND GRASSHOPPERS '’

6.1 Sudanese Aqgricultural Products

Table 1 lists the principal agricultural commodities produced in
northern Sudan, all of which are vulnerable to attack by one or more
species of locusts and grasshoppers at some stage in the growth of these
crops. These figures pertain to a season of good crop growth, which is the
type of year in which major locust outbreaks are probable. They are
adapted partly from the Bank of Sudan Annual Report for 1987, and partly
from the Department of Agricultural Economics report for 1988 - 89. The
values are calculated by using the official exchange rate of 4.5 Sudanese
pounds = US$ 1.00, and are based on export values where possible. It
should be noted however that the official exchange rate is highly
overvalued - priecr to the military coup in June 1989, the black market
exchange rate had reached 20:1; the current authorized commercial bank
exchange rate is LS. 12.2 : $ 1:00.
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Table 1 CROPS PRODUCED IN SUDAN

Crop Area Production Value
(1.988/89) (000 ha) (000 MT) (US$ 000)
Scrghum {(dura) 5,580 4,425 489,208
Millet (dukhn) 2,385 495 65,587
Groundnut 682 587 203,512
Sesame (simsim) 1,174 194 107,864
Karkadeh (Hibiscus) N/aA N/A N/A
Water Melon seed N/a N/A N/A
Cotton 332 514 ‘99,202
Gum Arabic N/A 29,145 56,978
Fruit & Vegetables N/A N/A N/A
Sugar N/A 472 120,000
Wheat 165 247 51,870
Sunflower 154 46 11,550
Total Value (Crops) $ 1,205,721,000
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6.2 Assessment of Crop Losses

No accurate quantitative data exist concerning the economic impact of
locust infestations on crops in Sudan. Even less is knqwn about the impact
on trees, shrubs and grasslands. The following table, modified from the
1987 Famine Early Warning System (FEWS) Special Report on the 1986 crop
year, provides one estimate of the economic threat of a locust infestation
to grain crops in western Sudan. This was based on an estimated value of
US$ 88 per metric ton, and applies to 1986, the first Year of the three
years of the last desert locusts upsurge (1986-88), when the numbers of
locusts were less than in the two subsequent years.

Table 2 LOCUST DAMAGE TO CROPS
Production Value
(000 metric tons) (000 USS$)
Gross Production 4,300.00 MT $ 378,400
Production affected 18.5% 70,000

(probable quantity and

value of crops where

locusts were present)

Production lost to locusts 9.2% 35,000
Production saved 9.2% 35,000

However, as noted in the FEWS report, no measured loss data were
available from Sudan on which to accurately base these calculations.
Production estimates for individual Crops can vary by as much as 400% at
times. To assist in obtaining better crop production data, USAID had
funded the Agricultural Planning and Statistics Project (APS), but this is
now terminated.

In November 1989, two teams from USAID and from FAO estimated
grasshopper damage to crops in western Sudan. This was a supplement to,
and a cross-check on, figures received from PPD staff and an FAO
entomologist who had recently toured the area. Their estimated damage
figures were 20-30% and 25%, respectively. As a result of their own field
survey, the USAID team confirmed that the overall damage from insects pests
(including sorghum bug and millet-head worm) was about 25%. Some farmers
in parts of western Darfur had to replant their fields on up to four
occasions, because the emerging seedlings had been devoured by
grasshoppers. This was not only costly in terms of seed value and labor,
but it also resulted in lower Yields due to delays in planting dates.

There had been no desert locusts in northern Sudan in the 1989 cropping
year, other than one srall swarm in North Darfur on the Teiga Plateau in
October, but which shortly dispersed and disappeared.
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If the overall value of crops in northern Sudan is about
$1,250,000,000 in a good season, and locusts were to consume as little as
1% thereof, the loss would be $12.5 million, at the 1:4.5 exchange rate.
If they had consumed 10%, the damage would be $125 million. As noted in
Table 2, the losses in 1986 were estimated to be $35 million. 1In 1954,
desert locusts were estimated to have consumed 55,000 tons of grain.

In addition to cultivated crops and trees, desert locusts (especially
hopper bands) consume grasses and herbs grazed by livestock. The more
sparse the herbage, and the more extensive the locusts and grasshoppers
populations are, the more detrimental will the effect be on livestock
production. With less forage available after locusts and grasshoppers
incursions, weight gains will be lowered. Furthermore, loss of plant cover
will increase the potential for wind erosion and rainfall run-off. Tree
locust hoppers and adults have little direct impact on range grasses, as
all stages feed in trees. However, loss of tree foliage in drought years
can reduce the overall fodder supply, and in severe droughts, could be
critical to livestock survival. Tree locusts would also reduce wild fruits
from natural woodlands and which are an important dietary supplement to
rural populations, especially in years of crop failure.

Livestock formed an important source of income in Sudan prior to the
1984/85 drought, when large numbers of animals perished. The following are
estimates of livestock numbers in 1982, with values based on Khartoum
prices in 1989, converted to US dollars at the official exchange rate of
LS. 4.5 = USS$ 1.00. Note however, the commercial bank rate is in fact 12
Sudanese pounds to one dollar, and the unofficial exchange rate reached
1:20.

Table 3 LIVESTOCK PRODUCTION, 1982

Type Numbers Value/ha Offtake Numbers Value

Cattle 20.66 m $ 975 7.5-15% 1.55-3.10 m $ 1,511-3,022 m

Sheep 18.62 m $ 144 20-30% 3.72-5.59 m $ 536-805 m

Goats 13.81 m $ 90 20-30% 2.76-4.14 m S 248-372 m

Camels 2.79 m $ 1200 4-5% 0.11-0.14 m $ 132-168 m
Total Value livestock offtake $ 2,427-4,367 m

If locusts and grasshoppers plagues were to consume sufficient herbage
to reduce live weight gains by as little as 1%, then the loss of production
would amount to $24 million at the 1:4.5 exchange rate.

This, together with the $12.5 million loss to crop production, would
total about $36 million, at a damage rate of 1%. 1If however, half of the
observed damage in the 1989 Crop season could be attributed to grasshoppers
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(or locusts) alone, and this rate was to be projected to cover all types of
_agricultural production in Nortihern Sudan, then the losses would amount to
a staggering $450 million at the official exchange rate, or about $36
million at the present authorized bank rate.

Although the damage caused by locusts and grasshoppers is a relatively
low percentage of the total national agricultural production, the localized
damage sustained by individuals or communities can be devastating and will
frequently be 100%, resulting in local famine and deprivation of income.
The local socio-economic impacts that result from locusts and grasshoppers
plagues are proportionally far more severe than the damage as measured in
the national context.

7.0 DESCRIPTION OF THE ENVIRONMENT

The following information is provided in order to present a clear
picture of the areas in which locusts occur in Sudan, and of the factors
that regulate the nature of the various ecosystems, as well as listing the
more important endangered flora and fauna that occur there.

Sudan is the largest country in Africa, having a surface area of
967,000 sq. miles (2,475,500 sq. km). It is approximately 1300 miles (1800
km) long, and 1000 miles (1500 km) wide.

7.1 Habitat Where Locusts and Grasshoppers Occur

The mobility of locust swarms enables them to travel and utilize (on
an opportunistic basis according to the vagaries of individual seasons)
almost any portion of Sudan except the high-rainfall mountains in the
south, and the total desert in the north. 1In practice however, the various
economically important Sudanese locust and grasshopper species are normally
confined to the Sahelian semi-arid and arid acacia Savannahs. In seasons
of good rainfall, Desert locusts (Schistocerca gregaria) will spread
further out into the ephemeral annual grasslands which lie in the
Semi-desert north of the tree line (Figs. 2, 3, 4). Tree locusts
(Anacridium melanorhodon), as their name implies, favor the more heavily
wooded acacia Savannahs, and during the dry season, the acacia belt along
the two branches of the Nile. The distribution pattern for this latter
insect closely coincides with that of the two main gum arabic trees (Acacia
Senegal - 'Hashab', and A. seyal - 'Talh'). These trees occur mainly
between latitudes 10 degrees and 15 degrees north. (Fig 6).

The summer distribution of desert locusts lies principally between
latitudes 12 degrees and 20 degrees North; thereafter they migrate
eastward, where they may be reinforced by others arriving from Egypt or the
Arabian Peninsula, for the production of winter and spring generations.
These utilize the vegetation and moist soil of the winter rainfall zone
along the Red Sea coast. The extent of suitable habitats in Sudan normally
available to tree locusts and desert locusts respectively is about 500,000
sq. km (50 million ha), and 750,000 sg. km (75 million ha), respectively,
for the summer generations; the latter alternates with the winter/spring
breeding area of 100,000 sg. km (10 million ha) for desert locusts.
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7.2 Characteristics of the Affected Terrain

7.2.1 Overview of the lLandscape and Ecosvstems

Sudan is one of the flattest countries in the world. With the
exception of the Red Sea Hills in the east, the isolated extinct volcano
Jebel Mara (and its associated lava flows) in the west, and a few rocky
Jebels (hills and mountains) in between, the areas inhabited by locusts in
Sudan are mostly monotonous plains. These lie at an average altitude of
400 - 500 meters above mean sea level. With the exception of the White and
Blue Niles and the tributary Atbara river, northern Sudan lacks surface
water for much of the year.

North of latitude 16 degrees north, the sand sheets of the Libyan and
Nubian Deserts extend through to Libya and Egypt; these are bare shifting
sands which occasionally support a sparse cover of ephemeral annuals in
years of exceptional rainfall. Trees and shrubs occur only in drainage
lines, if at all. Low dunes extend southward to about latitude 13 degrees
north, and are mostly stabilized by vegetation; they are long ridges
oriented north/south at intervals of 600 - 1800 m. Patches of harder sand,
bound by silts, clays and mineral deposits, and which are very impervious
to rainfall, often occur in conjunction with these drainage lines. Such
soils are referred to as 'gardud'. South of latitude 16 degrees, sparsely
distributed trees dot the landscape; these gradually become more iumerous
further south where the rainfall improves, forming taller and increasingly
dense savannah.

The Nuba Hills lie south of latitude 12 degrees, between Dilling and
Kadugli in the center of Sudan, and receive localized.rainfall that is too
high o be suitable as reqular locust habitat. '

Black cracking clay vertisols comprise the Butana plains south of the
Atbara River, across to the east bank of the Nile; these soils extend past
Gedaref and Gezira to southern Kordofan and southern Darfur, forming
endless expanses of deep sticky mud during the rainy season. These clay
plains are of limited appeal to desert locusts, which require sandy soil
for egg laying. However, the desertification which is now affecting much
of the semi-arid areas of Northern Sudan iz causing an overlay of sand to
be extended onto the Butana clay plain, and this may well enlarge the
potential breeding area for desert locusts.

In the east and north east, the Atbara River separates the cracking
clay Butana plain in the south from the increasingly arid desert of sand,
dry wadis and rock outcrops in the north and east. Jebels become more
frequent, especially around Derudeb and east of Kassala along the Ethiopia
border.

These hills merge with the formidable mountains along the escarpment
that fringes the 20 - 30 km wide Red Sea coastal plain. These mountains,
known as the Red Sea Hills, attain heights of 2200 m. They are mostly
steep bare rocky slopes supporting very little soil and vegetation.
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The Red Sea plain comprises sands and gravel, with a light cover of
ephemeral grasses in winter, and occasional shrubs and stunted trees. The
discharge area of the Wadi Baraka and Wadi Langeb in the Tokar Delta at the
south end of the plain supports a more luxuriant vegetation cover, and is a
prime desert locusts breeding area for the winter and spring .generations.
This plain extends southward into Ethiopia.

In the far west of the locust affected areas of Sudan, lavas and
basalt ~ssociated with the extinct Jebel Mara volcano give rise to low
rocky hills and plateaux, augmented by outcrops of granite and sandstone.

7.2.2 Geology

Except where the underlying rocks are deeply buried by transported
sands or alluvium, they directly determine the type of soils that overlie
them. This is normally the case in arid regions. The soils in turn, along
with climatic factors, determine the associated vegetation and thereby the
ecosystems that occur in any region. A knowledge of the local geology is
therefore useful for understanding the location and origin of the various
locust habitats. It is also important in predicting the distribution and
recharge of underground water supplies which may be adversely affected by
the use of pesticides in locust control operations.

The principal geological formations that lie across the center of
Sudan and up the Red Sea coast are the Basement Complex rocks and the more
recent Nubian Sandstone Formation (Fig. 7). The former comprise granites,
gneiss, and highly metamorphosed schists. These Basement Complex rocks are
massive and impervious, and consequently are not water bearing except along
fissures. Surface exposures of Basement Complex rocks are limited - the
Red Sea Hills and the Nuba Hills are the main outcrops. The more porous
Nubian Formation comprises coarse-grained sandstones, conglomerates, and
mudstones, and includes the Gedaref Formation.

In Darfur, the extinct volcano Jebel Mara, rising to an altitude of
3042 m, has extensive associated lava fields and basalt hills. Granite
Jebels (rocky hills) occur north #nd north east of Nyala, and occasional
quartzite and micaceous schist ridges break the monotony of the Sahelian
plains on the western side of Jebel Mara, being exposures of the western
Basement Complex formation through which the volcanic plugs were
subsequently extruded.

A few parallel ridges of tilted Nubian sandstone occur between Nyala
and El Obeid. In the Semi-desert north and north east of the latter town,
occasional bare black Jebels of gneiss jut out of the plains, indicative of
the Basement Complex series that extends from the Nuba Hills around
Kadugli, to latitude 18 degrees N in the center of Sudan.

The Red Sea Hills are a composite of granites, gneisses, metamorphosed
sandstones, and schists, with the latter often severely faulted and folded.
Their greatest exposure is on their eastern aspect, where they rise as a
sheer escarpment wall flanking the littoral plain. 1Inland, their elevation
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above the adjacent plains is less dramatic, due to the higher altitudes of
the interior plains. These granite and gneissic rocks form numerous Jebels
around Derudeb, and appear also at other localities between the Nile and
the Red Sea Hills. At Kassala, there are some very impressive gneissic
granite inselbergs.

The Nubian sandstones overlie the Basement Complex rocks, and together
with them, were down-warped into several large basins at the time of the
Rift Valley formation. These basins are filled with unconsolidated and
poorly stratified sediments comprising bands and lenses of sands, gravel,
silts and clays. These are known as the Umm Ruwaba formation, and cover
about 20% of Sudan. This formation is usually about 40 - 50 m in depth,
but up to 1000 = thick in the center of some of the basins, and is a major
source of groundwater in Sudan. The Nubian sandstones cover about 25% of
Sudan, especially in the north; their sandy and pebbly strata lie
unconformably over the Basement Complex rocks, and are the other major
source of groundwater.

7.2.3 Climatology

The dist-ibution, life-cycle, propensity to form swarms, and the
migration patterns of locusts are ultimately determined by climatic
factors. Much has still to be learned in Sudan about the
inter-relationship of these factors with the various species of locusts
and grasshoppers, for prediction of upsurge and recession periods.

Apart from the Red Sea coast and the adjacent mountains, Sudan lies in
a summer rainfall zone. The annual quantity, reliability, and duration of
the rainy period, decreases from south to north. Average rainfall is
about 500-600 mm at 12 degrees north and dacreases to’ about 100 mm or less
around 16 degrees north (Fig. 8). The variation in the annual
precipitaticn of different years ranges between 25 and 150 percent, being
more erratic in the north. In northern Sudan the Jebel Mara massif in the
west, and the high ground in Ethiopia across the south-east border, produce
local orogenically-induced increases in rainfall.

Most of the rain that does fall tends to occur in tropical deluges of
short duration, often with extended dry spells in between, depending on the
nature of the particular season and the overall annual average. In the
southern sector, the rainy season may commence as early as May, but more
usually in June. 1In the drier north, rain may not fall until August or
later. June - September are the wettest months, with August being the peak
rainy month. Most of the rain is associated with the northward advance of
the Inter-Tropical Convergence Zone (ITCZ), and is of major significance in
the timing and phasing of the life-cycles of the various species of locust
and grasshopper, as well as the location of their feeding and breeding
areas.
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The ITCZ tends to occur as an east-west belt, developing over Juba in
the southern Sudan, and then moving intermittently northward, perhaps as
" far up as Dongola, before retreating in the latter part of summer. It
results from the convergence of southern and northern wind streams which
are frequently moisture laden.

Severe dust storms, ('haboobs'), occur between May and August, and
often precede rain. The dry season lasts 8 - 9 months; the atmospheric
humidity is very low except immediately after rain.

Rain in the winter rainfall area along the Red Sea coast is of lighter
intensity, and occurs mainly from November thiough February. These
precipitations are more effective for promoting vegetation growth because
the cooler weather and generally higher atmospheric humidity reduces
evaporation. Summer temperatures along the coast are very high, and are
aggravated by the high humidity, whereas the winter months are pleasant and
akin to a Mediterranean climate.

Inland, the area between 15 degrees and 20 degrees north has the
highest summer temperatures, with daily maxima frequently in the 40-45
degrees Centigrade range. Winter temperatures throughout the locust zone
are mild, with frost being unknown.

7.2.4 Hydrology, Rivers, and Wetlands, and Associated Wildlife

Extensive and sustained use of pesticides can have a potentially
serious impact on both surface and underground water supplies. It is
therefore necessary to examine the hydrology of the gum belt and adjacent
semi-arid areas in which locust control operations may occur.

The dominant feature is the Nile River, which south of Khartoum
comprises both the Blue Nile, with its source and main catchment around
Jake Tana in Ethiopia, and the White Nile which originates in Uganda and
Zaire. At peak flood times (July to September), the volume of flow in the
Blue Nile is six times that of the White Nile. This latter river lies in a
broad shallow depression with ill-defined banks, whereas the Blue Nile has
a well defined channel, often with steep banks.

The only other river in the locust zone with extended flow is the
Atbara; rivers such as the Rahad and Dinder flow for shorter periods in
summer, before shrinking to isolated pools in their sandy beds during the
dry season.

In the west, the higher rainfall associated with Jebel Mara and the
adjacent hills feeds the Wadi Azum, which becomes impassable for about
three months, usually June to August. Various tributary wadis and khors
feed into this, and also into Wadi Bulbul, Wadi Nyala and Wadi Howar.
Storm run-off from the Nuba Mountains and the El Obeid region collects in
the Khor Abu Habl, but dissipates in a sandy delta southwest of Kosti
without actually joining the White Nile. '
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During the summer rainy season, the Wadi Howar carries a considerable’
volume of water which sinks into the Libyan Desert because the old chanrel
to the Nile is now choked with sand. The trees and green vegetation that
are supported by the annual flooding of the wadi floor are an important
oasis for the wildlife of this very arid section of Northern Darfur. The
Wildlife and National Parks Administration would like this area made into a
game reserve. The Wadi El1 Milk in Northern Kordofan is a further important
drainage line in an otherwise very arid area, but is less subject to
prolonged spates. Both of these locally important wadis are, however,
being affected by desertification, and sand is filling their bheds.

After heavy rains, all hollows and minor waterways fill with run-off.
On clay soils, these depressions may hold water for periods ranging from a
few weeks to a few months. The larger seasonal pans are known as 'rahads',
and are important watering places for domestic stock and wildlife, but the
latter are now largely displaced by human disturbance and over-utilization.
The rahads are extensively trampled, and all permanent grazing has been
denuded in their vicinity.

Northern Sudan, unlike the more tropical south, is virtually devoid of
wetlands, and this is especially the case in the areas normally inhabited
by locusts. The principal habitats for water birds are therefore the Nile
and its tributaries. However, these rivers do not support large
concentrations of waders, ducks, herons and egrets, pelicans, gulls and
terns, etc., although all are to be found in varying numbers according to
season and locality along all rivers and pools. The mayaa's (marshy pans)
in Dinder National Park, and the flood plains of the Bahr-el-Ghazal and
southward are very rich habitats for waterfowl and all other aquatic life.

All permanent rivers are heavily populated along’ the banks, with
proportional numbers of livestock; irrigation has been practiced where
possible, and most of the original riverine vegetation has disappeared and
has been replaced by irrigated fields and orchards. An intermittent narrow
strip of acacias and other trees on the banks immediately adjacent to the
water is all that remains. The fluctuation in water levels between summer
peaks and dry season lows is not conducive to the development of reed beds
and aquatic vegetation, despite the very flat gradients of these river
beds.

Surprisingly, the three major dams on the Nile (Sennar, Roseires and
Jebel Aulia), do not harbor large numbers of water birds, although many
Black-headed Gulls (Larus_ridibundus) and various herons and egrets are
attracted to the outflows below the walls during low water in winter.

Sudan's rivers and dams support a wide range of fish species, of which
Tilapia (Cichlidae -'Bulti'), Nile Perch (Lates niloticus -'Ejil'), catfish
spp. (Siluridae), and Distichodus (Citharinidae) are the most economically
important; these are extensively netted, but total yields are 1low,
especially near the more heavily populated areas.

Water hyacinth (Eichhornia crassipes) occurs on the Nile, and PED has
a special section tasked to deal with it; herbicides (2,4-D) had been the
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main means of control, but latterly the introduction of three insect
_predators has been very effective in reducing this weed.

The Nile is the major flyway down Africa for migrant birds between the
Northern and Southern hemispheres. Much of this migration apparently
involves non-stop high altitude night passages, as very few long distance
migrants are seen at rest or feeding along the Nile during migration
periods in daylight hours. Pesticide applications on irrigated crops will
therefore probably have limited impacts on the overall migrant population,
but carelessness in selection and use cannot be condoned on this account -
there are many other species that could be affected, including resident
birds.

The Gash and Tokar deltas are extensively cultivated, and most of the
previous wildlife habitats disappeared long ago.

The irrigation canals and storage dams support a modicumm of water
birds. A substantial part of the population of European cranes (Grus grus)
over winters on the fallow lands at Gezira. No studies appear to have been
undertaken on their response to the heavy applications of pesticides there.

Underground water has become increasingly important in recent years
for the utilization of the semi-arid parts of northern Sudan: increased
human and livestock pressure has necessitated permanent occupation of areas
previously only capable of supporting limited numbers of nomads for much of
the year. It is therefore essential to ensure that contamination of these
supplies does not occur as a result of locust spray operations.

The National Corporation for Development of Rural Water (a GOS
parastatal), has had an active procram of research and development of
'hafirs' (catchment ponds in ‘'‘gardud' and clay soils) and bore holes, with
the latter being located principally on the Umm Ruwaba sediments and the
Nubian sandstones, and on fissures in Basement Complex rocks. Wells and
bore holes in the Umm Ruwaba sediments are usually 10-150 m deep, and
50-300 m deep in Nubian formations. Aquifers exist at greater depths, but
are too expensive to pump.

There are a number of aquifer basins in the locust belt, including the
Sahara/Nile Basin, the Gedaref Basin, the Eastern Kordofan Basin, the En
Nahud Basin, and the Darfur and Bagara Basins, all in the Nubian sandstone
and Umm Ruwaba formations. (Fig. 9)
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7.2.5  Vegetation

The vegetation of the vast expanses that comprise northern Sudan is
monotonously uniform, and is only varied by the localized strips of trees
associated with the beds and banks of the occasional wadis and khors, and
or with the occasional rocky Jebels that jut out of the plains. The nature
of the vegetation, and its species composition, is determined by a
combination of rainfall (Fig. 8) and soil type (Fig. 10). The overall
biomass, and especially tree cover, increases in direct proportion to the
rainfall, being highest in the south.

The mapping of the vegetation zones of Sudan was last done in 1958,
and is in urgent need of updating and reclassification using modern
satellite imagery. Table 4 and Figure 11 incorporate features from the
existing vegetation and ecological maps, with insights gained from recent
travels in Northern Sudan, and habitat photographs in various reference
Joooks. It is not possiole to show the subdivisione within the major zones
at the scale on which the table and map are reproduced.

The Red Sea Hills and the adjacent coastal plain lie in the winter
rainfall area, and accordingly have a different species composition by
comparison with the balance of Sudan. The littoral plain, mostly 20 - 30
km wide and 600 km long, has a halophytic (saline) fringe of low shrubs of
the genus Suaeda on saline soils adjacent to the shoreline, and an
ephemeral cover of annual winter grasses, mostly Aristida funiculata. The
White Mangrove (Avicennia marina) has a discontinuocus distribution in
sheltered bays south of Suakin.

In the Tokar delta, where there is more vegetation due to the combined
discharge of Wadi Baraka and Wadi Langeb, the dominant grass is Paspalidium
germinatum, with a scattering of Acacia nilotica trees.

Cotton is cultivated in the delta, and also grain crops. The wadi
banks have stands of bushy Tamarix trees. The Red Sea plains, and in
particular, the Tokar delta, are the prime breeding area for the winter and
spring generations of desert locusts. Desert locusts also utilize the
green growth of the Wadi Oko system on the western side of the mountains
which is sustained by residual moisture from summer rains.

The Red Sea Hills vegetation represents a convergence of Mediterranean
and Afro/Ethiopian floras. Summer-dormant bulbs are numerous at higher
elevations, together with various ferns. At Erkowit, Euphorbia abyssinica
is still reasonably common, but is now under heavy pressure from the local
inhabitants, who utilize the trunks and branches as poles for a variety of
purposes, and as fuel. Although the dense groves of the Red Sea Dragon
Tree (Dracaena ombet) have been destroyed at Erkowit by combination of
drought and exploitation, two other stands still remain. The hills are now
mostly bare gneiss and granite rock.
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Table 4 j
. Vegetation Zones of Sudan

Ecological zone Annual rainfall Total Area Percentage of
(mm) (km?) Total Area

1. Desert 0o - 75 725,200 28.9

2. Semi-desert 75 - 300 492,100 19.6

Jde Savanna:

Low rainfall 300 - 800 688,950 27.5

High rainfall 800 - 1,300 347,060 13.9

4. Riverine region 700 - 1,000 246,050 9.8
5. Mountain region 6,47°¢ 0.3
Total 2,505,835 100.0

Source: Harrison and Jackson, 1958
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In the summer rainfall area, the desert sands of the north-west and
the rock outcrops in the north-east are usually completely bare, but in the
rare event of sufficient rain, annual grasses and herbs provide sparse
temporary cover. The frequency and duration of such flushes, and the
density of the cover, increases in the south of the zone; These
Semi-desert areas lie mainly between 14 and 17 degrees north latitude.

They separate the Libyan and Nubian Deserts from the semi-arid low rainfall
savannah in which the gum arabic belt lies.

Trees are sparse or absent in the semi-desert, being confined to
drainage lines. The rainfall of 50-100 mm is only sufficient for producing
quick growing annuals, mainly Aristidas, on the sand. The thorny bush
Fagonia cretica occurs in hollows. On heavier soils near the Nile, the
red-flowered legume Indigofera oblongifolia ('Dahassir'), the woolly-leafed
herb, Aerva Javanica, and the two species of Senna (Cassia senna and C.
italica), are the principal perennials. In the more southerly sectors of
the Semi-desert region, where the rainfall increases to around 200 mm,
Panicum turgidum ('Tumam'), Cenchrus biflorus ('Haskanit') and Aristida
papposa are the important grass species.

The cracking and non-cracking clays of the Butana plain, between the
Atbara River and the Blue Nile, supported vegetation formerly dominated by
the palatable blue-flowered herb_Blepharis persica ('Siha'), but this has
now largely disappeared through overgrazing. The unpalatable 'Nar' or
'Naal' grass (Cymbopogon nervatus) is currently the dominant species,
together with Sehima ischasmoides and Sorghum purpureosericeum ('Anis' or
'Adar'). On the non-cracking clays of the north, the palatable grass
Schoenfeldia gracilis ('Gebash' or 'Dambelab') occurs with Aristida's.
Woody growth is confined to the low shrubby Acacia Nubica ('Laot'),
Capparis decidua ('Tundub'), and Boscia senegalensis ('Mokhet') with A.
mellifera ('Kitr') along the watercourses.

In the low-rainfall savannah (Table 4), the higher precipitation
(between 300 and 500 mm) enables trees to become a characteristic feature
of the landscape. This region embraces the Gum Belt, and is dominated by
various species of Acacia, principally A. Senegal ('Hashab') on sands, A.
seyal ('Talh'), which prefers areas of poor drainage, and A. mellifera
('Kitr') on the more alkaline clays. On the drier 'goz' sands, Leptadenia
pyrotechnica ('Marakh') is a frequent bushy constituent. On the heavier
dark cracking clay vertisols, where the rainfall increases to 600 mm,

Balanites aegyptica ('Heglig'), various Combretum spp., and Ziziphus
spina-christi ('Sidr') form a substantial element in the tree population.

At arcund the 600 mm rainfall isohyet, the flora of the Acacia Tall
Grass Savannah zone replaces that of the more arid Sahelian species, and
lies outside of the normal preference range of desert locusts and TOIL, as
also does the vegetation of the still wetter (1000 mm plus) Broad Leaved
Woodlands and Forests zone of Southern Sudan (Table 4).
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7.3 Human Population Distribution

Historically, the distribution of people in Sudan was largely governed
by the availability of water. During the summer, nomads who depended on
their herds for meat and milk, were able to penetrate far into the desert
margins, where ephemeral annual grasses and herbs provided the basic
moisture requirements for the transient human and livestock population.
Shallow wells in wadi beds exte:.ded the duration and location of the
periods of residence in these marginal habitats.

In recent decades, there has been a steady pattern of former nomads
abandoning their wanderings, and villages have developed or expanded
wherever water has been available. But water is still the limiting factor
for distribution of population (Fig. 12). Seasonal catch dams ('hafirs!')
dug in clay and 'gardud' soils have enabled larger populations of people
and livestock to settle in what are otherwise tile areas, and for many
years the Rural Water Corporation of the GOS has been establishing bore
holes and water-yards to cater for the ever-increasing population.

North of 14 degrees, villages in Kordofan and Darfur are sparse and
are located up to 50 km from each other. Desertification has caused many
of the smaller villages north of a line between El1 Tlc, E1 Obeid and
Khartoum to be abandoned in recent years. The populations of the larger
towns and villages have increased considerably in the past decade by people
fleeing from war in the south and from the advancing desert in the north.
Many refugees from Chad, and from territories as far afield as Nigeria and
Niger (known as 'tlc'), have also settled in the urban western areas.

In general, in Kordofan and Darfur, the sedentary farmers have been
people of Negroid stock, whereas the nomads and livestock raisers are of
Arab origin, but these distincticns have become blurred in recent decades.
Migrant workers come to assist with crop harvesting in areas such as the
Gezira Irrigation Project and on the mechanized farms. As many as one
million persons are thus employed each season, mostly from western Sudan.

In the past 100 years, the population of Sudan has increased from an
estimated 4-6 million to the present 26 million; the current rate of
population increase is 3.1% per annum. About one half of Sudan's total
population lives along the Nile and is directly or indirectly dependent on
it. The quality and quantity of water in the two branches of the Nile is
of paramount importance to the well-being of this populace. This high
population concentration has eliminated most of the trees in this region,
and charcoal must be brought to Khartoum from areas up to 500 km distant.
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East of the Nile, nomads of various tribes utilize the Butana plains,
and Besharin (Beja) and Rashaida (Zebeydia) nomad clans of Saudi origin
live in the Semi-desert between Atbara and Port Sudan, keeping large flocks
of sheep and camels. The southern nomads in the Gedaref area have been
displaced from their traditional grazing areas by GOS transformation of
these areas into large blocks of mechanized farms. Much land has also been
opened up without formal authorization for similar use. The result has
been to push the nomads into the remaining pockets of land, especially
along the border of Dinder National Park. Some even moved into the Park
with their livestock, and were farming and producing charcoal there. The
adjacent Rahad Game Reserve has been overrun with mechanized farmers,
cultivators and refugees. These now number about 60,000, who live in 53
villages within the Reserve.

With few exceptions, all land in Sudan nominally belongs to the State,
but in undemarcated areas, traditional land tenure systems are still
practiced. These are increasingly under stress due to pressures brought
about by population increase, desertification, war in southern Sudan, and
land-use for mechanized farming.

In the gum belt and other areas prone to locust infestations, it is
reasonably easy (provided roads and tracks are not flooded) to contact
villagers to warn them about pending locust spray operations; contacting
nomads is a problem, however, as the location of their encampments is
unpredictable, and will often be inaccessible. The green vegetation which
attracts locusts to feed and breed, also draws nomads to graze their
livestock.

The sparseness of the population, and the problems for vehicle traffic
during the rains, makes the detection and reporting of locusts difficult,
especially as the telephone systems are deficient and are confined to the
larger towns. The provision of helicopters for survey and for warning
nomads during locust campaigns is desirable.

On the other hand, this sparsity of people in these dry northern area
renders locust spray operations there less hazardous. 1In the southerly
areas, the terrain is often a patchwork of arable fields and fallow lands
in various stages of regeneration, with the owners living in villages or
temporary summer field quarters.

7.4 Agricultural Resources and Land-use Patterns

Agriculture is the foundation of Sudan's economy, and has
traditionally been based on cotton, gum arabic, livestock and oil seed
exports. The Sudanese agricultural sector provides a livelihood for 80% of
the population and sustenance for the nation. It furnishes 95% of the
country's foreign exchange earnings, and most of the GOS revenue at
national and local levels.

Because of low rainfall throughout much of the northern locust and
grasshopper area, crop production is either not possible, or is only a
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marginally rewarding enterprise except in years of above average rainfall
or along the Nile and in other areas where irrigation is possible (e.q.
Kashm-el-Girba, Gash and Tokar). In addition to total rainfall,
productivity is further governed by the duration of the rainy season. Crop
yields under traditional farming are strongly correlated with soil type,
being lowest on the relatively infertile 'goz' sands, and best on the clays
and alluviums.

The flat terrain over much of Sudan lends itself to mechanized farming
of large land units, and to irrigated farming along the Nile and in delta
areas. Yields are declining overall, especially in rain fed areas, because
of monoculture and lack of fertilizer inputs. Sorghum 'dura' is the major
traditional rain fed crop on the black cracking clays, together with sesame
('simsim') and sunflowers; millet ('dukhn') and groundnut are grown on
'goz' sands; cotton, wheat and sugarcane are grown under irrigation. Minor
dry land crops in western Sudan are 'Karkadeh! (Hibiscus Sabdariffa) and
melons ('battikh').

Cropping in the northern semi-desert areas is opportunistic when rain
permits. It is mostly confined to sandy wadi beds, especially in the
northeast such as along the wWadi Okn (36 degrees E, 22 - 24 degrees N),
where local precipitation is augmenied by runoff from higher in the
catchment area.

Much of the 'goz' sand belt in the low rainfall savannah of north
Kordofan and north Darfur has been stripped of natural vegetation due to
millet cultivation, the felling of gum arabic and other trees for charcoal,
overgrazing, decreasing rainfall, and desertification: The northern limit
of the millet belt has shifted about 200 km south in the past 20-30 years.

Traditional cropping systems are based on hand cultivation, using a
'Saluka' (planting stick or hoe) to open holes into which seeds are
dropped. Weeds are controlled by hoeing. Fields are small and fringed
with weeds and natural vegetation. These grass-and-weed areas offer ideal
breeding sites for locusts and grasshoppers. As soil fertility declines,
the fields will be left fallow on an extended rotation of 20-30 years.
Regeneration of Acacia Senegal was formerly encouraged by seeding, but low
prices for gum arabic in recent years has led to reduced interest in
maintaining optimum tree inventories.

Sandy soils have traditionally been favored for cropping as their
lighter texture render them easy to till with hand tools. Animal draught
was and still is seldom practiced because of traditional attitudes to
cattle. The advent of tractors has recently enabled large-scale
utilization of the hard heavy vertisol clays.

As a result of the low and erratic rainfall over much of the area
north of 12 degrees, livestock are important to the rural inhabitants,
especially in western Sudan. It is estimated that the area west of the
Nile and extending to the Chad border produces 50% of Sudan's cattle, sheep
and goats, and 70% of all camels. The Butana clay plains are also an
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important region for sheep and camels, with cattle being more concentrated
in the south.

Although settled farmers in western Sudan own livestock, the bulk is
owned by nomads, who normally have a traditional homeland known as a ‘dar’,
but who move their herds (usually north or south) according to the rains
and the availability of grazing. These nomadic cattle-owning tribes are
known collectively as 'Baggara'; the Rizeigat tribe is the largest single
group. 1In years of good rainfall, livestock graze on annual 'gizu
vegetation between Wadi Howar and Wadi el Milk, and even further north,
before retreating to the wetter southern areas of Darfur and Kordofan. The
green vegetation which is sought Ly nomads also lures locusts,
necessitating care to avoid spraying livestock and herders. Use of large
aircraft does not permit precision applications and should be discouraged.

All livestock are required to be herded away from cultivated areas
during the cropping season until after harvest; thereafter, livestock are
permitted to graze on the crop residues. Keeping the herds in the dry
north during summer avoids problems associated with water-logged soils and
biting flies, and makes better use of the available vegetation.

Trees are an important constituent of the diet of cattle, goats and
camels, but not of sheep. Green foliage, and fallen pods and leaves,
provide high protein supplements to grass, whose protéin content drops
below maintenance level in the dry season. During droughts, or where
overgrazing has eliminated range grasses and herbs, acacia branches are cut
down to make the foliage accessible. Defoliation of trees by tree locusts
(Anacridium melanorhodon) can have severe consequences for livestock
production, in addition to depleting gum arabic yields.

As rangeland trees dry and shed their leaves in autumn, Tree locusts
move towards the Nile Valleys to consume acacia foliage which remains green
along the rivers. Here they encounter orchard trees, such as mango, citrus
and guava, as well as horticultural and field crops such as cotton,
sugarcane, wheat and vegetables, which can be extensively damaged if swarms

are large.

Sudanese irrigation projects, among the largest in the world, are
particularly vital to the country's economy, though lately production has
dwindled. The strategy employed in the 1986-88 desert locust outbreaks was
to form a 'cordon sanitaire' away from the Nile, and to contrecl all swarms
arriving there. The campaign effectively succeeded in keeping desert
locusts from endangering irrigated crops.

7.5 Forestry Resources

Within locust frequented areas, trees are sparse in the Semi~desert
zone between the 100 and 300 mm isohyets, but are dominant in the south
between the 300 and 800 mm isohyets in the Low Rainfall Woodland Savannah.

In the Semi-Desert, trees are stunted and few except along
watercourses. These trees, together with the larger shrubs, are important
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sourcess of fodder and fuél, so defoliation by locusts is of considerable
concern to local villagers and nomads.

The semi-desert region has been subdivided by Harrison and Jackson
(1958) into five sub-zones.

a) Desert scrub - occurs mainly in the east. The principal woody

species are Acacia tortilis spp. raddiana and Maerua crassifolia,

with others in drainage lines.

b) Semi-desert on clay - the Butana plains between the Atbara River
and the Blue Nile are mostly devoid of trees, except around
Jebels and drainage lines where Acacia mellifera occurs. Acacia
Nubica is a common low shrub providing some browse but no timber.

c) Semi-desert grassland on sand - mostly devoid of trees, with only

occasional A. tortilis, A. mellifera, Commiphora spp., Maerua
crassifolia, Boscia seneqalensis, Acacia tortilis and Lannea
humilis.

d) Desert scrub - scattered Acacia mellifera and Commiphora spp.,
usually on heavier soils.

e) Red Sea Hill scrub - Acacia glaucophylla and A. etbaica on the
lower escarpment slopes south of Suakin.

The Low Rainfall Woodland Savannah lies between the 300 and 800 mm
isohyets, and encompasses the gum arabic belt. There,are two main
ecological sub-divisions within it, the clay and the goz sand areas. On
the clays, Acacia mellifera forms dense thickets in the drier areas, but in
the wetter southern sector (550 - 800 mm) it is replaced by the red-stemmed
A. seyal. This is a gum producing species, but not as valuable as A.
Senegal. It is often associated with Balanites aegyptiaca ('Heglig'),
which is widely conserved for its edible fruits and good shade. However,
the rising demand for charcoal is now resulting in this species also being
felled, as also is the expanding need for it as a furniture wood.

The pale-stemmed gum arabic tree, Acacia Senegal ('Hashab'), is
dominant on the drier goz sands in areas with 300 - 450 mm rainfall, and
has been a major source of income in the past. The numbers of gum arabic
trees are now severely depleted in many areas, having been felled for
charcoal or expansion of arable lands. 1In the goz area of Darfur to the
south and east of El Tlc, a belt of over 100 km wide of former savannah is
now a sheet of moving sand. A similar process is occurring in the area
south of El Obeid in Kordofan. This latter location has been chosen by
USAID to investigate forest inventory and reforestation techniques (Sudan
Reforestation and Anti-Desertification Project) ('SRAAD').

Throughout the locust-inhabited area, tree growth along river banks,

wadis, khors and drainage lines is better than in adjacent rangelands, due
to higher soil moisture and greater soil fertility. Along both Niles,
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Acacia nilotica ('Sunt') forms stands where low banks are periodically
flooded, and is the favored dry season food resource of tree locusts.

On sandy alluvial flood plains and in the larger wadis in Darfur,
Acacia albida ('Haraz') sometimes forms dense patches or open stands of
mature trees, providii'g valuable pods and leaves for livestock, and fertile
soil for millet crops. Tamarix aphylla ('Tarfa') forms extensive groves
in the Gash and Tokar deltas.

All urban centers throughout the locust belt (see Fig. 1 on page 14),
especially in the drier northern half, have severe fuel wood deficiencies.
Charcoal for Khartoum is now transported from 500 km away. There is a
serious imbalance between the location of population centers and the areas
where trees grow readily. Many donor organizations have forestry projects
aimed at the provision of the fuel and timber needs of towns and villages
to help provide a source of rural incomes, and to assist in the
anti-desertification campaign. Lack of man-power and money severely limits
the possibilities of reforesting former woodland.

7.6 Parks and Protected Areas

It is important that the various areas which have been set aside for
the protection of the flora and fauna of Sudan (Fig. 13) not be subject to
locust control spraying. These reserves are now the last refuges for many
species of wildlife. Population pressures, hunting and poaching, and
destruction of habitat through overgrazing, deforestation and cultivation
have exterminated most of the larger species over great portions of their
former ranges. Diseases such as anthrax and rinderpest, which have helped
decimate many of the game animals in Dinder Naticnal Park, are thought to
result from contacts with domestic livestock. ’

Withir the locust belt, three major and several minor National Parks,

Game Reserves and Wildlife Sanctuaries have been designated (Table 5 and
Figure 13). 1In addition, various stands of woodland have been declared
Forest Reserves. The area around Jebel Elba in the section of the Red
Sea Hills which is jointly administered by Egypt and Sudan, had been
designated as a game reserve some Years ago, but management and control
lapsed. There ave plans to try and revive it. A marine national park
encompassing coral reefs in Sangenab atoll in the Red Sea, has recently
been approved.
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.Table 5. National Parks and Wildlife Reserves

Name Year Proclaimed Area (ha) Comments
Dinder N.P. 1935 890,000 Animals severely depleted
Rahad G.R. 1939 350,000 Taken over by farmers
Erkowit W.L.S. 1939 95,000 Non-functional
Tokar 1939 500,000 Non-functional
Sabaluka G.R. 1939 150,000 No larger animals present
Radom N.P. 1980 1,250,000 Original nomads present
Sangenab Marine Pk 1990 ? About to be proclaimed
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Because of insufficiency of personnel and funds, the Wildlife Forces
“have been unable to control incursions into all Sudanese game reserves by
farmers and their livestock, with the result that they mostly exist in name
only. Even Dinder National Park has constant problems with graziers,
charcoal makers, poaciers, honey gatherers, and persons‘burning grassland.
It is probable that some local residents are either not aware that reserves
should be respected, or where the boundaries are. Political pressures have
also been mounted to allow farmers to occupy and utilize some of these
reserves. This exploitation and consequent threat to the remaining
wildlife shcould not be aggravated by conducting spray operations within
these boundaries. As recommended in the PEA, a buffer of 2.5 km around
reserves and critical habitats should be observed. This SEA suggests that
a natural resources assessment be undertaken to provide a more adequate
framework for designation of protected areas, and to help preserve
biodiversity in the wake of spray operations. The very limited extent of
the wildlife reserves in Sudan, the nature of their ecosystems and their
location ail combine to restrict their usefulness as breeding reservoirs
for locusts in Sudan.

The Forest Reserves, of which about 150 have been designated in the
locust belt, aim to protect patches of standing woodland from unauthorized
exploitation. Timber extraction is licensed at the dizcretion of the
nearest Forestry Officer. Grazing, though not legally permitted, is freely
practiced in these Forest Reserves. These Forest Reserves comprise only
about one percent of the 60 million hectares of woodlands and forests that
cover 25% of Sudan. As a result of population pressures, the drawn-out
civil war, and the overall collapse of administration in rural areas, many
of these reserves are no longer being respected. ,

The preservation of these areas, many of which are relatively small,
is necessary in order to retain additional habitats outside “he gazetted
Parks and Game Reserves. As these forest reserves will often be the only
areas of indigenous woodland left in many of the farming areas, they will
be the natural foci for tree locusts (and to a lesser extent, desert
locusts) to feed and breed. Because they are equally often the sole
remaining habitats for wildlife in these areas, spray programs which are
planned to cover Forest Reserves should be carefully designed and
monitored.

7.7 Critical Habitats

The determination of which habitats are of critical significance is
largely a measure of their total extent, their uniqueness, and the
likelihood of there being endangered species of flora or fauna confined
solely to thenm.

The most critical habitats in northern Sudan requiring protection from
the injudicious use of pesticides are the aquatic systems. The Nile in
particular offers potential food, water and shelter to millions of birds
which migrate along the valley each spring and autumn, even though only a
limited number appear to stop en route in northern Sudan. However,
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insectivorous birds are dependent on midges, flies and other nontarget
insects associated with the river.

The Nile is the only habitat for fish and aquatic fauna in northern
Sudan; it provides a bridginrg link between the populations in the Egyptian
section of the river, and those of the southern reaches. Because of the
absence of fish ladders on most of the existing dams in Sudan, upstream
fish migrations have been halted. Adverse impacts on aquatic fauna in the
two branches of the Nile will take longer to rectify due to the limitations
on movements that these barriers impose. This therefore necessitates even
greater care than normal in the selection and use of pesticides near these
rivers.

Although devoid of water for much of the Year, the wadis and tributary
drainage lines in the desert are vital for animals, birds and arthropods,
as they are the sole local sources of shelter and sustenance for many of
these creatures. Where such drainage lines are invaded by locusts, and it
is considered essential and unavoidable to incorporate them into the areas
being blanket-sprayed, swath lines and/or flights should be plarned so that
sections of the wadi or khor, say one kilometer in two (50%), saould be
left unsprayed in order to leave a reservoir from which susceptible
organisms may be able to restock the depopulated areas.

Pools which remain in the larger river beds after the rains are
utilized by numerous seed-eating birds and other wildlife - it is
especially important not to contaminate these with pesticides. This SEA
recommends that pesticide use should be restricted or banned near aquatic
habitats. If a severe locusts and grasshoppers outbreak must be controlled
in the vicinity of open water, it would be preferable.to use acephate,
which has a relatively low toxicity to aquatic life. .Jebel Mara
constitutes a unique habitat in the eastern Sahel by virtue of its altitude
and geology. Most of the original vegetation has already been removed to
enable cultivation of cereal crops on terraces. These extend all the way
to the summit caldera and into it wherever the soil and slopes permit.
Grazing pressure is heavy. There is an urgent need for the small forest
reserves on Jebel Mara to be expanded in size and designation, to conserve
a representative selection of altitude-related habitats. Locusts do not
normally invade the mountain, except perhaps around the base. 1In the event
of swarms being reported on the slopes of the mountain, they should not be
sprayed except by ground equipment to protect crops immediately at risk.
This would also help ensure that water supplies from the mountain
catchments are not contaminated.

The Red Sea Hills constitute another unique habitat. They contain
several very rare or endangered species, such as the Bald ibis, Nubian
ibex, Erkowit francolin, and the Red Sea Dragon tree. The Black
(Verreaux's) eagle occurs on Jebel Elba and possibly on a few of the other
major peaks (it has only been sighted at two other localities in Sudan).
There is a single report of a Lammergeier (Bearded vulture) which suggests
that they might live on the higher mountains, but these have not been fully
investigated.
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desert locusts must cross this barrier when moving between their
.summer and their winter areas, but they probably do so via the valleys that
bisect the mountain chain. Some might linger on the seasonally green
vedgetation in these wadis and thus be available for spraying. To avoid
contamination of any pools of water, the spraying should be done by
helicopter and not by fixed wing aircraft, to enhance precision. Ground
control along these wadis is not normally possible on any scale because of
the broken terrain. The hill slopes would seldom be sprayed, so wildlife
there would not be affected.

Bustards, ostriches and oryx formerly occurred on the coastal plain,
and Nubian asses were plentiful in the Wadi Baraka and Wadi Langeb; apart
from the possibility that some still occur around Jebel Elba in the
proposed game reserve, all have been hunted to near extermination. Two
succulents rare to Sudan occur on this strip of land - a bushy Euphorbia
related to E. fractiflexa of Yemen has been found at two places south of
Mohamed Gol, and E. triaculeata at one place south of Suakin. All three
localities are delta fans. The limited occurrence of these two species
suggests that these sites are highly specialized and may therefore contain
other very localized organisms which should not be sprayed. More detailed
fauna and flora surveys of these sites should be undertaken.

The Red Sea coast contains numerous shallow bays and inlets sheltered
by coral reefs and low coral islands on which many seabirds, including
ospreys (Pandion haliaetus), breed. These shallow bays, some containing
stands of white mangrove (Avicennia marina), were formerly inhabited by
dugong, but these marine mammals are now rare along this section of coast.
Spraying of desert locusts on the coastal plain is not likely to affect the
marine life, as the very limited rain would mostly be absorbed into the
sand and not be available for transporting pesticides’ also, because the
rain is light, and widely spaced in time, most of the pesticides approved
in the PEA would have broken down before reaching the sea.

7.8 Species of Wildlife

7.8.1. Rare, Endangered and Migratory Species

The wildlife of Sudan has not been studied on a systematic basis.
Much of what is known is derived from records of enthusiastic amateur
biologists and hunters during the British administration. To help rectify
this deficit, the Wildlife Research Administration was created within the
Agricultural Research Corporation in 1973 with a multi-disciplinary
selection of staff, but it has virtually no funds for field work. The
Wildlife Conservation Forces who administer the National Parks, are
slightly better equipped and funded, but are almost equally handicapped
for monitoring the status of threatened species. This organization has
very few graduate staff. The National Museum currently lacks professional
taxonomists and biologists. The Botany Department in the Science Faculty
of the University of Khartoum has a herbarium under the charge of a
competent taxonomist, but also has no funds for field work. Similarly, the
Zoology Department has enthusiastic staff members, also unable to undertake
field work.
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The net result is that apart from the recent German-produced bird
atlas, there are no current checklists of flora and fauna, and little jisg
known about the status of most species in any section of the country.

All forms of Sudanese wildlife came under severe pressure in the past
few decades, largely as the result of desertification, clearing of land for
cultivation (especially in the Mechanized Farming Projects), drought,
overgrazing, and over-hunting. It is known too, that high levels of
pesticides used at Gezira and other irrigation projects are having
localized effects on resident biota. For instance, the total disappearance
of the clouds of blackflies (Simuljum sp.) ('Nimiti') that pPlagued people at
dusk along the Nile at certain seasons, is undoubtedly a consequence of
resticide pollution. Their elimination must have left a gap in the food
chain, and it is reasonable to believe that other aquatic insects and fish
will have been similarly reduced. However, this has not been adequately
studied and quantified.

on six of the pesticides approved for locust control in Sudan (bendiocarb,
carbaryl, malathion, chlorpyrifos, fenitrothion and lambda-cyhalothrin).
Though difficulties in these tests prevent unequivocal conclusions, they
did give an indication that no adverse impacts on the environment may be
minimal when applications are carefully conducted. A similar Dynamac study
(1988) was undertaken in Mali, using carbaryl, malathion, chlorpyrifos, and
lambda-cyhalothrin, with comparable results. This accords with
manufacturer's trials and other published data. Accidental spraying of the
rare animals and birds listed here should be avoided if at all possible.
Research and surveys are needed to obtain more accurate information on
endangered species: their numbers, population dynamics, and preferred
habitats urgently require monitoring. This should be:undertaken jointly by
the Wildlife Research Administration and the Wildlife Conservation Forces,
together with staff of the PPD Locust Control Unit. The latter should be
trained to recognize and report on these birds and animals.
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Table 6

Rare_and Endangered Animals

"Common Names

Scientific Name

Comments

Giraffe

Salt's Dik-dik
Scimitar-horned Oryx
Addax

Soemmering's Gazelle
Dama Gazelle
Rhim/Loder's Gazelle
Dorcas Gazelle
Red-fronted Gazelle
Nubian Ibex

Barbary Sheep
Nubian Ass
Dugong
Cheetah

Giraffa cameloparlalis
Madoqua Saltiapra

Oryx dammah

Addax nasomaculatus
Gazella soemmeringii
Gazella dama

Gazella leptoceros
Gazella dorcas

Gazella rufifrons
Capra ibex

Ammotragus lervia

Asinus africanus taeniopus
Dugong dugon

Acinonyx Jubatus

58

Prob. extinct in N Sudan

Limited to Kassala area

Extinct in Sudan?

Extinct in Sudan?

Formerly abundant in SE

Extinct in Sudan?

Extinct in Sudan?

Heavily hunted

Heavily hunted

Severely reduced by
hunting and droughts

Very few left

Very few left

Very rare

No recent reports



Table 7 Rare and Endangéred Birds

Common Names

Ostrich

Abdims Stork
White Stork

Bald Ibis
Lammergeier
Swallow-tailed kite
Saker Falcon
African Hobby
Barbary Falcon
Peregrine Falcon
Erkowit Francolin

European Crane
Hartlaub's Bustard
White-bellied Bustard
Arabian Bustard
Denham's Bustard
Nubian Bustard

Ground Hornbill

Scientific Name

Struthio camelus

Ciconia abdimii

Ciconia ciconia

Geronticus eremita

Gypaetus barbatus

Chelictinia riocourii

Falco cherrug

Falco cuvieri

Falco peregrinoides

Falco peregrinus

Francolinus erckelii
pentoni

Grus grus

Eupodotis hartlaubii

Eupodotis senegalensis

Otis arabs

Neotis denhami

Neotis Nuba

Bucorvis abyssinicus
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Comments

Hunted to near extinction
Feeds on locusts May-Sept
Feeds on locusts Sept-Oct
Near extinct Red Sea Hills
One record in Red Sea Hills
Uncommon Sahel bird

Very rare

Very rare

Rare

Uncommon

Only at Erkowit

Very reduced since 1950
Very localized
Uncommon

Overhunted

Increasingly rare

Very rare

Feeds on locusts



Of the pesticides which are currently in use or contemplated in Sudan
for locust control, diazinon and fenitrothion are listed as being the most
harmful to birds. Those regarded as having the lowest impact on birds are
carbaryl (Sevin), lambda-cyhalothrin (Karate), and deltamethrin (Decis).

In the low to medium toxicity range are malathion and bendiocarb. Propoxur
has been variously rated in different publications as having impacts
ranging from low to high. Acephate has a low avian toxicity rating, but
its breakdown metabolite methamidophos is highly toxic to birds , so might
be unacceptable, though breakdown is unlikely in the environment. The
trials conducted at Tokar in 1988 by Dynamac Corporation showed no adverse
effects on birds with a single dose of fenitrothion applied at recommended
rates; however, published information normally lists fenitrothion as being
toxic to birds, so it should continue to be used with caution in the
presence of important concentrations or species of birds. Apart from
transient moderate depression of brain cholinesterase due to carbaryl, no
observable or measurable adverse effects on birds were found with the other
tested pesticides. Diazinon was not tested as the stock did not arrive.

It would therefore appear that single applications of these
pesticides, with the possible exception of fenitrothion, at recommended
rates will not constitute an unacceptable hazard to birds which are in the
area at the time of spraying, or which subsequently move into it. Tests
have not, however, been conducted on the effects on those species which
might feed on sprayed locusts, and thereby ingest pesticides in quantities
that could be lethal, teratogenic, or mutagenic.

On the above list of endangered birds, all except the four falcons are
likely to be attracted to dying locusts and would be vulnerable. 1In
addition, the migratory Steppe, Larger and Lesser Spotted Eagles (Aquila
nipalensis, A. clanga and A. pomarina) are avid consumers of locusts, as
are many other insectivorous or omnivorous birds, such as the Grasshopper
buzzard (Butastur rufipennis), the Black kite (Milvus migrans), the Marabou
stork (Leptoptilus crumenifer), the Common pratincole (Glareola
nordmannii), Tufted guineafowl (Numida meleagris), and many more.

Of these potential consumers of sprayed locusts, those of most concern
would be the three eagles. The others are sufficiently common and
widespread to be able to replace any that might be accidentally or
unavoidably poisoned.

Regrettably, there are no practical ways of discouraging these birds
from sprayed areas in remote and sparsely populated regions. However, by
comparison with crop spraying, where repeated doses of pesticides are often
used in a single season, locust spraying should normally only involve one
application per area, and often with an interval of several years before

the same site is resprayed.
7.8.2 Other Terrestrial Fauna
So little is known about the varieties, distribution and status of

other categories of fauna (e.g., reptiles, amphibians, insects, etc.), that
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it is not possible to predict which, if any, may be at risk as the result -
of pesticide applications in any part of the study area.

Regardless of what dangers locust control activities (using PEA
approved pesticides) may impose on any of the rarer species, these are
likely to be far less severe than the continued loss of habitat due to
expansion of cultivation, deforestation, overgrazing, and desertification
which result from the increase in human population. There is currently a
three year ban on hunting, but as this is virtually impossible to enforce,
it will not provide much relief to the beleaguered game populations.

7.8.3 Aquatic Fauna

The fish population in the Nile is already at risk because of the very
high use of pesticides at Gezira and the other irrigation projects in the
country (over 1 million liters of pesticide used in 1983/84), as well as
from over fishing. Injudicious spraying of tree locusts in acacias along
the Nile, or the use of herbicides against water hyacinth, could have
serious environmental impacts, so these require careful application and
monitoring. As there are no fish in the Sahelian areas away from the Nile
and its major tributaries, and as all the PEA-recommended pesticides would
break down before reaching the Nile, locust spray operations in these
remote arid areas would not adversely affect fish life in Sudan.

7.8.4. Plants

Only three species appear to be under any threat. The first is the
unusual Red Sea Dragon tree (Dracaena ombet), formerly abundant at Erkowit,
but of which only a single individual still survives there, due to a
combination of desertification and human and livestock interference.
Fortunately, at least two other stands still exist (both also depleted),
one to the south of Erkowit, and the other on Jebel Elba on the Egyptian
border.

The second species is the dramatic tree Euphorbia, E. abyssinica, also
at Erkowit, which is being felled for logs and firewood by local people who
have moved into this unprotected Wwildlife Sanctuary.

The third species is a succulent Asclepiad, Caralluma longidens, which
was described in 1865 from a specimen collected at Wadi Laemeb, about 140
km east of Berber. A recent attempt to relocate these plants was
unsuccessful.

Succulent plants may possibly be susceptible to oil-based sprays which
would interact with their waxy cuticles. Trials are needed to determine
which chemicals and formulations, if any, may have adverse effects on themn,
and on other endangered plants.
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The northern sector of the study area is unsuitable for bees by virtue
of being too arid, with no nectar sources for eight or more months of the

year. .

Most of the Low Rainfall Savannah is also of lim.ted suitability owing
to lack of trees with sufficiently large boles, and cliffs, in which hives
can be constructed. Along the two Niles, honey bees (Apis mellifera) are
seldom encountered north of Ed Dueim and Wad Medani. At Kosti, they are
compelled to utilize densely foliaged mango trees and build combs on
horizontal branches.

The little bee (Apis florae) of the Middle East made its first
recorded appearance in Sudan in 1987 in Khartoum, where it utilizes thick
shady trees and shrubs for building its small single multi-use comb.
Although placid, it is not very adaptable to apicultural practices; the
honey is not easy to harvest without detaching the entire comb and thereby
destroying the swarm, so it is of limited commercial significance.

Bee-keeping in Sudan has not been scientifically practiced, with
conservation and optimum yields in view. Most of the honey that is
gathered is from wild swarms located in hollow trees, using traditional
destructive methods.

One NGO was active in the Kosti area in 1986 - 88 with a bee-keeping
project, and several Sudanese bee-keepers there are now utilizing improved
hives. Spray programs along the Nile for tree locusts or desert locusts
within a range of 2 - 3 km from apiaries will need to ensure that
pesticides are selected which are relatively non-toxic to bees. Among
those used for locust countrol, diazinon, chlorpyrifos, lambda-cyhalothrin
(Karate), and fenitrothion are the most toxic to bees. The most acceptable
for use in the presence of honey bees are deltamethrin, endosulphan,
acephate, and sevin 4-0il. Malathion varies in its effect, normally being
moderately toxic. In most of the gum belt though, bees are either not
present or are too infrequent to require special precautions.

8.0 LOCUST/GRASSHOPPER CONTROL

8.1 Role of Plant Protection Department (PPD)

The responsibility for controlling migratory pests and major crop
pests that occur in Sudan, is vested in the Plant Protection Department
(more formally termed the Crop Protection Administration) within the
Ministry of Agriculture, Animals and Natural Resources. However, PPD does
not operate in Southern Sudan due to the constitutional division cf
administrative responsibilities, and also due to the war in the south. The
control of minor crop pests (except when they reach plague proportions e.qg.
rats, fruit flies, melon bug and the newly introduced green palm scale) is
the responsibility of individual farmers; pests of specific crops, such as
cotton, which are grown on organized schemes, are dealt with by the
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respective parastatal production corporations. PPD provides technical -
advice to such organizations as required. PPD is a member of the Pests and
Diseases Committee which is headed by the Director General of the
Agricultural Research Corporation. The numbers of qualified professional
staff in PPD (Table 8), and their geographic distribution in the field
(Fig. 14), ensures acceptable levels of competence in the identification of
various pests, together with the raquisite knowledge of appropriate control
measures. However, in-service refresher training should be improved.

locusts and grasshoppers (in addition to quelea birds, water hyacinth,
and army worm) are pests of a national magnitude and are therefore included
in PPD's portfolio of responsibilities. PPD also plays an important role
in the control of grain storage pests in conjunction with the Agricultural
Bank of Sudan at grain depots and at ports of entry, particularly Port
Sudan.

It is the responsibility of PPD to continuously survey and monitor the
presence, magnitude and seriousness of any major crop pest, and to initiate
appropriate control measures. Specialist advice on crop diseases,
nematodes etc., is provided by personnel from the Agricultural Research
Corporation (ARC).

PPD is responsible for implementing the Pesticides Act: the Director
General oi PPD is the Registrar in accordance with the Act. Furthermore,
PPD staff have an important role in helping to evaluate new pesticides that
become available on the international market, and to help determine which
of these should be registered and approved for use in Sudan. These
investigations are undertaken in conjunction with the Agricultural Research
Corporation, and the recommendations are subject to review by the
Pesticides Committee. This committee has representatjves from PPD, ARC,
Veterinary Affairs, Ministry of Health, University of Khartoum, and the
National Research Council. This ensures compliance with the Act's
requirements and standards.

PPD maintains stocks of pesticides and equipment for use in control
campaigns at various regional stations and substations that are
strategically located throughout the country. Lack of suitable policy and
control in the past, coupled with poor storage facilities, led to the
accumulation of large quantities of over-age unusable pesticides. USAID
initiated a disposal campaign, and provided specialist ccnsultants to
examine the problem and advise PPD on suitable disposal methods. All
obsolete liquid pesticides have now been destroyed using the Shell Company
portable incinerator at Wad Medani, but proposed trials using cement kiln
destruction were aborted due to floods. Subsequent funding problems have
prevented this program from being resumed.

PPD supplies pesticide dusts, bait, and equipment to farmers (when
available) for small-scale use against locusts and grasshoppers; such
pesticides and equipment are sold at a 'nominal' price, or are loaned (in
the case of equipment).
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.Table_ 8 CATEGORIES AND NUMBERS OF PPD STAFF

Entomologists - Ph.D 11
Entomologists - M.Sc. 76
University Graduates 135
College Diplomates 44
Agric. Secondary Institutes 59
Secondary Schools 85
Intermediate Schools 400
Skilled Laborers 357
Field Laborers 2243
Drivers 377
Caretakers/Watchmen 200
Mecsengers 377

4364
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To help PPD become more effective in the control of locusts, and to
-overcome the loss of institutional memory that is inevitable when an
organization only deals with any particular pest at intervals which may be
many years apart, USAID Khartoum, along with other donors under the aegis
of the Locust Control Steering Committee, developed the Medium Term Locust
Control Project (650-0087) in 1988. The project comprised four activities:

1. The develépment of a core Locust Control Unit,
2. Disposal of obsolete pesticides,

3. Rehabilitation of pesticide stores, and

4. Improving stock procedures in pesticide stores.

The core Locust Control Unit is based at PPD headquarters in Khartoun,
utilizing the twenty regional offices for reqular locust monitoring,
reporting and routine local control during recession periods. It is
designed and staffed to be capable of rapid expansion at times of major
upsurges, and able to recruit and train supplementary staff for control
operations.

8.2 Structure and Staffing of Plant Protection Department (PPD)

To undertake the responsibilities assigned to this MOAANR
Administration (as outlined in section 8.1), PPD has a large and
well-structured organization, staffed with many well-trained and competent
professionals, who are geographically distributed to provide services to
farming communities throughout northern Sudan. Southern Sudan has a
separate Regional administrative structure, but PPD Headquarters personnel
are nominally responsible for providing professional advice if required, or
dealing with national pests and disease in conjunction with the local
regional authorities. The long-standing war in the south has, however,
effectively precluded normal crop protection operations, as such staff that
are left are confined to beleaguered garrison towns. Outside of Khartoum,
there are twenty Regional offices, with sixteen sub-stations at strateqgic
points. Small laboratory facilities are provided at each Regional Office
but they are largely inoperative due to lack of funds for replacing
equipment and chemicals. They are in any case limited in function: major
analytical work is undertaken at the Pesticide Laboratories at Wad Medani.
The professional staff in the field numbers about 190. The PPD staff are
supplemented by additional entomologists and persons of allied disciplines
in the universities, the Agricultural Research Council, the Mechanized
Farming Corporation, and the various irrigation schemes.

Perhaps the main weakness of PPD is the lack of a formal Training
Branch to oversee the training needs of this very considerable body of
staff. This is especially necessary in view of the wide geographic spread
of staff coupled with the very poor communications infrastructure of Sudan,
which severely inhibits Head Office personnel from keeping in regqular
contact with field staff to ensure that operational activities and
knowledge are always at an acceptable level. Well trained field staff, who
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are regularly updated in'appropriate technical, safety, environmental and
administrative requirements, are the best insurance for efficient locust
control operations where supervision is minimal.

A well-structured and efficient Training Branch would constantly
monitor the training needs of each professional and technical member of
staff, and would organize appropriate courses using specialist trainers; it
would also ensure that all staff are provided with the necessary technical
bulletins needed for permanent personal reference.

PPD also lacks a research section, which should be staffed with highly
trained, experienced and self-motivated entomologists and general
biologists, and backed by a comprehensive and well-maintained library and
laboratory, for studies on locusts and grasshoppers, other pests, and
environmental issues.

A further weakness is that in the current chain of command in PPD,
there is a lack of posts for suitable senior personnel to serve as Regional
Supervisors; this is particularly crucial given the size of the country and
the communications problems. Such supervisory officers should commute on a
regular basis between PPD Headquarters and their assigned regions, and
would provide a two-way flow of information between field staff and PPD
Directorate (including Head Office specialists). They should monitor all
activities in their respective regions, commuting by road or scheduled air
services according to the distance from Khartoum.

In Sudan, the system whereby Regional Government administrators
exercise responsibility over personnel based in their respective Regions,
has a potential for creating diviued loyalties and diluting control over
field staff. However, the national nature of many pests for which PPD is
responsible, ensures that linkages between Head Office and field are
normally sound.
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8.3 GOS Funding for PPD Activities

The regular annual budget required by PPD for administrative and
anticipated operational expenses is submitted to MFEP through MOAANR for
consideration and approval each year (March/April), for the financial year
1 July to 30 June. The ever-worsening state of Sudan's economy, now one of
the poorest in Africa, entails ever more severe cuts for operational
activities by PPD, which is now almost entirely dependent on donor
assistance for all locust-related programs. PPD's total operational budget
for the current fiscal rear was LS.300,000, equivalent to $25,000 at the
commercial rate of exchange.

The funding of PPD salaries and other administrative needs is, in
common with all other GOS Ministries, pathetically poor, to the detriment
of morale and operational efficiency. There is little financial or other
incentive for GOS staff to improve their output.

It was estimated in 1987 that 2 !/2 million Sudanese were working
outside the country because of the very poor local salaries in Sudan
(coupled with severe shortages of even the most basic commodities) - a
great many of these are persons with training and skills that Sudan badly
needs but is unable to attract and retain. Only the most dedicated, the
more mediocre, or those who have no alternatives, are left to staff the
various GOS Ministries.

MFEP is unable to pay reasonable Hardship Allowances for PPD staff on
field duties - it consequently becomes ever more difficult to induce staff
to live for extended periods under the primitive conditions that comprise
the temporary field quarters. Also, there is little incentive for Sudanese
to be posted to the more remote stations because of tHe lack of facilities

in such places.

8.4 Pesticide Selection in Sudan

8.4.1 Pesticide Selection, Approval and Reqistration

The procedure for approval and registration of new pesticides is
governed by the Pesticides Act of 1974. This is currently in the process
of revision and should be in force by the end of 1990.

In the event of a manufacturer wishing to market a new product in
Sudan, application for registration is made to the National Pesticides
Committee (NPC), of which the PPD Director is the Registrar. The Chairman
of the NPC is the First Undersecretary of the MOAANR. This Committee has
representatives from the Agricultural Research Council, the Agricultural
Research Corporation, the National Council for Research, the MOH, the
National Health Laboratories, the University of Khartoum, Veterinary
Research, and PPD. The registration office is located at PPD in Khartoum.
When the present law is amended in 1990, additional members will represent
environmental interests on the NPC.
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The manufacturer is required to fill out an initial form, and obtain a
health permit, before sending samples for testing. ARC will conduct tests
as appropriate on cotton, wheat, weeds, rodents, etc., but testing for
efficacy on locusts is done by PPD. All aspects of the introduction and
use of the proposed pesticide are evaluated, using successively larger
field trials. 1If the product is for use on edible crops, residue analyses
are conducted. The researcher who conducted and supervised the tests first
presents his report to the Pests and Diseases Committee of ARC at Wad
Medani. All the entomologists from ARC, the Irrigation Corporations, the
University, etc. are members of the Pests and Diseases Committee. If all
aspects (efficacy, health and environmental) are satisfactory, then the
report is presented to the National Pesticides Committee, and if accepted,
the product is then registered for use with such provisos as may be
necessary. It normally takes about four years to have a new pesticide
tested and evaluated for registration.

This application and screening procedure is followed for every type or
brand of pesticide that any manufacturer wishes to sell, as well as for any
deviation in formulation or of country of origin. Subsequent testing of
accepted active ingredients coming from different sources, or in different
dilutions or formulations, will be slightly less vigorous. This procedure
is well designed to screen out unacceptable products that an unscrupulous
manufacturer or agent may try to dump on an unsuspecting Third world
country, and it also ensures that bribery or collusion to achieve such an
end would be difficult.

B.4.2 Pesticides Currently Approved and Used for Locust Control

The following is a list of the pesticides which have been used in the
1986/88 desert locusts campaign in Sudan. Most of these formulations have
been approved by the National Pesticides Committee (NPC) for use against
locusts.

All of them are internationally recognized as being nen-persistent in
the environment, and with minimal adverse impacts on non-target species,
especially if used as recommended. Although fenitrothion and diazinon are
moderately to highly toxic to birds, both have been the insecticides of
choice by PPD in the recent locust campaigns. Their use should be avoided
where preservation of bird life is an important consideration, such as in
Forest Reserves and riverine habitats.
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Table 9 PESTICIDES USED IN SUDAN FOR LOCUST_CONTROL 1986-88

Category:
Active Ingredient/ Formula- NPC L.D. 50° Days to
Trade Name lation Registered Oral Dermal Safe Harvest
Organophosphate:
Fenitrothion/Sumithion 96% ULV Yes 500-800 500-1200 15
Fenitrothion/Sumithion 50% EC No 15
Chlorpyrifos/Dursban 45% ULV Yes 135-165 c.2000 3-5
Diazinon 90% ULV Yes 76 300-450 =21
Diazinon 60% EC Yes 3-21
Malathicn 96% ULV No 1000-2800 4400 2=3
Malathion 57% EC Yes 2-3
Carbamate:
Bendiocarb/Ficam 20% ULV No 400 2000 N/A
Bendiocarb/Ficam D 1% dust No 1200 N/A
Propoxur /Baygon 2% dust No 90-128 3-21
Carbaryl/Sevin 85% WP Yes 400-800 c.4000 7
Carbaryl/Sevin 4-0il EC No ’
Pyrethroids:
Lambda-cyhalothr '../Karate 4% ULV Yes 900-1900 1800 N/A
Deltamethrin/Decis 12.5% ULV No 136 7-21
Deltamethrin+Fenitrothion 5/200 ULV No N/A
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8.4.3  Environmental Studies

A set of tests was conducted at Tokar south of Port Sudan in
February/March 1988 by Dynamac Corporation of Rockville, Maryland, under
USAID Contract No. AFR-0517-C-00-7035-00, to evaluate the efficacy and
environmental impacts of six commonly used locust pesticides. These were:
bendiocarb (Ficam), carbaryl (Sevin), chlorpyrifos (Dursban), fenitrothion
(Sumithion), lambda-cyhalothrin (Karate), and malathion. Despite serious
scientific flaws in these tests, the results of these trials are the most
relevant data on potential for effects on ecosystems of Sudan that are
available. These results were written up in considerable detail in the
Technical Report submi'.:=d by Dynamac Corporation to USAID.

The following is the Dynamac's summary of conclusions and
recommendations:

i) Following the application of all six
pesticides, no dramatic environmental impacts
were seen.

ii) The degree of differences among the pesticides
in the impact on nontarget arthropods was
small, but pesticides can be identified that
appear to be less harmful to specific arthropod
groups.

iii) All the pesticides degraded rapidly in the
environment, but residue results indicate that
the use of chlorpyrifos and fenitrothion may
require restrictions on post-spray harvesting
and that bendiocarb applications should be
limited to areas not used for agriculture or
grazing.

iv) Therefore, single applications of fenitrothion,
malathion, chlorpyrifos, carbaryl,
lambda-cyhalothrin, and possibly bendiocarb can
be performed safely in grassland areas subject
to desert locust infestation.

V) However, because our trials used careful
application methods and because we did not
treat aquatic or other sensitive habitats we
cannot assess the potential impacts of careless
locust control programs.

vi) For this reason, we recommend that future
pesticide control strategies give priority to
ensuring that the selected pesticides are
properly applied and that sensitive habitats,
such as wetlands, are carefully avoided.
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8.4.4 . Pesticide Bank

- The concept of a "pesticide bank" encompasses a variety of
possibilities. One is "sharing agreements" between individual countries,
such as the transnational supplying that Sudan has done for tree locust
control in northern Ethiopia. Another is to have some ihternational group
or major donor which maintains a stockpile for the use of a number of
countries. A third approach, generally the one favored most strongly by
A.I.D., is to have agreements with manufacturers that the manufacturer will
guarantee delivery on short notice to one or more destinations specified by
the pesticide bank "sponsor." The term also is used sometimes in reference
to intra-national stockpiling to be able to provide stocks on short notice
to various regions with the same country as the bank is located.

The concept has been discussed at Locust Steering Committee
meetings and on other occasions, and is accepted in principle by PPD.
Ideally, this shculd operate on a transnational scale embracing all the
Sahelian countries, Sudan and the Arabian peninsula. PPD is, in fact,
currently undertaking such an operation by providing pesticides which are
urgently required for tree locust control in northern Ethiopia from reserve
stocks held at nearby depots in Sudan, on a replacement basis. This will
assist in the rotation of PPD's own pesticide stocks.

There are, however, various practical difficulties that must be
addressed if this concept is to ever operate effectively on a multi-country
level. For example, an acceptable organization should act as coordinator
and guarantor. This should preferably be an international organization,
such as FAO, but past experience with most UN agencies revealed serious
short-comings in their administrative capabilities; lack of continuity due
to regular transfers and the uncritical selection of some of their
personnel have contributed to this.

Holding the pesticide bank in Africa presents even more serious
problems. First, in the absence of an acceptable international guarantor,
no crop protection agency will willingly part with pesticide stocks it has
in hand, in case these cannot be replaced when required. There might well
be justified suspicion by recipient countries that they were having over-
aged pesticides dumped on them by other countries wishing to rotate their
old stocks.

Second, the lateral movement of supplies across the Sahel to
adjacent countries would require special charter flights as road transport
is seldom feasible due to lack of good all-weather inter-country links;
border customs clearance difficulties and civil unrest also inhibits
traffic at times. For the most part, rerouting pesticide by rail is even
less feasible as there is no transcontinental rail system.

Third, past experience with desert locusts indicates that all
Sahelian countries are likely to require their pesticides simultaneously.
Therefore, any country in possession of the pesticides in the bank would be
unlikely to release them to other countries, whether the host government
was the owner or the country is merely the location for storage.
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Fourth, there is a lack of sufficient storage capacity of an
acceptable standard in all the countries involved, and where temperatures
are also low enough to retard the degradation of the various formulations.
A pesticide bank also should have laboratories for checking and certifying
that the active ingredient and the formulation of any stored pesticide was
still up to standard before being sent out on an exchange basis. Sudan is
probably ome of the few Sahelian countries to have such a laboratory, but
as Sudan lacks the other esscntials to provide central pesticide bank
facilities, it could not currently host such an operation.

With all the foregoing in mind, it would be more practical to
arrange that manufacturers should hold sufficient reserves of approved
pesticides 2t appropriate warehouses in Europe, from whence they can be
readily air-freighted, and probably at no greater cost than
transcontinental movement across Africa. This was practiced to some extent
by EEC and AFR/TR during the latter phases of the last plague. If
possible, this arrangement should be used in the future.

Setting up such an operation should be initiated on a formal
basis by F20. An annual review of stocks and requirements should be
undertaken, supplemented by contingency contracts for supplies of various
stipulated pesticides if and when needed. It is essential that pesticides
should arrive in country at very short notice if incipient locust outbreaks
are to be dealt with before second generation breeding takes place.

8.4.5 Local Formulation

An attempt was made some years ago to substitute for the import
of ready formulated pesticide dusts by utilizing locally produced diluent
carriers combined with imported active ingredients, but this did not prove
satisfactory and was abandoned. At present, most of the factories in Sudan
are barely functioning or only operate intermittently, due to lack of hard
currency to import essential ingredients and spare parts. No possibility
for local formulation of pesticides seems possible in the near future, but
if and when this might occur, the pesticide laboratories at Wad Medani
would have an important role to play in monitering quality. The Shell
Company would be the firm most likely to undertake local formulation as it
has the most extensive facilities in Sudan.

9.0 LOCUST SURVEY PROCEDURES IN SUDAN

With Sudan being a center for lccust reproduction, appropriate
surveys in Sudan are important not only for Sudan but also for other
northern African and Near Eastern countries. Strategic control, and early
detection that it relies on, is particularly important in Sudan. In this
context, a major focus of A.I.D. support in Sudan will be for training in
survey techniques.

9.1 Terrestrial Survey

Ground surveys for locusts are undertaken by 4-wheel drive
vehicles operating in pairs for safety in case of breakdowns, and teams are
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on patrol for a week or more, depending on conditions suitable for locusts
Oor grasshcppers. Such vehicles are frequently under-equipped in terms of
tools and spares, and they are not always in sound mechanical condition, a
common problem in Sudan because of the serious lack of maintenance
facilities. All fuel and camping necessities are carried, and additional
water is obtained from wells en route. Rations are augmented at times by
hunting gazelles, a procedure which exacts a heavy toll on vehicles chasing
them over the desert.

In the past areas were selected for surveys on the basis of
previous experience of localities favored by locusts, combined with checks
on sites known or thought to have received rain. Reliance was also placed
on reports from nomeds who had either sighted locusts, or knew where
vegetation was yreening up. Since July 1988, greenness maps supplied by
USGS via USAID/Khartoum to PPD have greatly improved the targeting of
likely locust breeding areas that require ground surveys. PPD Headquarters
in Khartoum also now maintains liaison with the Meteorological Services to
ascertain the location of the ITCZ, and tnis information is relayed to
Regional stations as an additional guide to areas that require checking.

Ground surveys are also made in response to reports from
surveillance undertaken by fixed-wing aircraft. At least one vehicle in
each ground survey team has been fitted with a mobile short-wave radio.
These were supplied by USAID, UNDP, the Netherlands and Finland (a total of
80). Negligent handling due to insufficient instruction has subsequently
rendered some sets inoperable. PPD's radio section has been unable to make
regular visits to all bases for checking, overhaul and instruction.

Survey teams with vehicle-mounted radios report daily to PPD

~Khartoum. If necessary, the base stations relay the information if direct

contact was not made. USAID consultants designed a comprehensive radio
communications plan and a special reporting form to assist survey teams to
transmit all needed information quickly, briefly and with appropriate
detail, but the use of these forms has been discontinued. Arrangements
were also made with airport control towers to receive and relay reports to
minimize radio traffic.

9.2 Aerial Surveys

DLCO/EA tries to make two aircraft (usually Islanders or Beavers)
available in Sudan as required during the locust season. PPD personnel
with local terrain knowledge accompany the pilots to likely localities, to
scout for green vegetation, hopper bands, or fledged swarms. Information
is passed by radio, or on return to base, to ground crews for follow-up
checks. The lack of landmarks in much of northwestern Sudan makes the
pin-pointing of sites difficult - helicopter surveys would be far more
satisfactory as likely areas can be checked directly on the ground. These
would also provide more time to calculate map coordinates for follow-up by
ground or aerial spray teams. Demarcation of the area to be sprayed would
also bes easier. The use of the newly designed Global Positioning System
sets would enable coordinates to be quickly and accurately obtained from
digital readouts of geostationary satellite signals.
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9.3 Satellite Imagery

The greenness maps supplied by USGS since 8 June 1988 via USAID
Khartoum to PPD have been i.valuable as a guide to where suitablec
conditions existed for locust aggregation and which required field checks.
They have the potential to ensure that likely areas are not missed, which
can easily happen in a country as vast as Sudan and which has a very
limited road and communication infrastructure. The supply of these maps to
PPD terminated on 28 February 1990 because of the application of FAA
Section 22 (Brooke) and Section 513 sanctions to Sudan. Up till that
time, the expenditure on their supply had amounted to $ 220,856.

9.4 Forecasting

Being able to anticipate the nature of the forthcoming rainy
season each year would be of enormous advantage in planning what locust
control activities would be required. However, predictions of weather in
Sudan in advance of the season or on a long-term basis are unreliable.
Droughts and years of good rainfall do not occur in set cycles, and no
predictive data is available, other than that after a spell of drought
years, some above average rainfall can be expected; this often proves
suitable for locust upsurges. An illustration of this was the exceptional
droughts of 1984-85 being followed by the massive desert locusts plague in
the 1986-88 rainy seasons. PPD has no alternative but to plan for the
worst, and hope for the best, before the start of each season. Forecasting
of likely desert locusts upsurges requires coordinated surveys throughout
the total range of the species and in particular, surveys of egg fields in
the winter breeding areas to determine numbers and the degree of
parasitism. '

10.0 LOCUST CONTROL PROCEDURES

10.1 Present PPD Operational Procedures

PPD have permanent staff based at Regional and District offices.
Such personnel are seasonally augmented, together with vehicles, camping
and spray equipment, by moving this logistical back-up force from the
summer to the winter breeding areas, and vice versa, according to the
anticipated needs. Pre-positioning of supplies is necessary to obviate
delays that may arise as a resuit of flooded roads or muddy tracks during
the rainy season. If incursions are anticipated, additional field camps
will be sited and equipped in the areas where locusts are likely to appear.

The local Senior Locust Officers are delegated responsibility and
discretion for taking such control action as is required, and in accordance
with facilities at hand. Hopper bands or swarms are dusted or sprayed
using available pesticide stocks and equipment, according to the terrain
and the nature of the outbreak. Table 10 lists the pesticides held by PPD
in March 1989 in readiness for the anticipated 1989 desert locusts upsurge
and Table 11 lists the overall locust campaign equipment available as at
January 1989 .
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CURRENT STOCKS OF PPD PESTICIDES (INCLUDING DONATIONS, EXCLUDING

Table 10
OBSOLETE S8TOCK) FOR 1989 LOCUST CONTROL
STOCK
PESTICIDE PPD DONATED 1/ha* AREA (ha)** NOTES**%*
LAST UPDATED: March 9, 1988
AERTIAL CONTROL (liters)
Fenitrothion 100% ULV 67,595 0 .4 135,190
Fenitrothion 96% ULV 49,060 100,000 .4 372,650 Danida/GOS, 5/89
Fenitrothion 96% ULV 0 90,000 .4 225,000 Japan/FAO, 6/89
Fenitrothion 50% ULV 3,240 0 1.0 3,240
Diazinon 90% 6,000 20,000 5 52,000 Swiss/FAO, 2/89
Chlorpyrifos 45% ULV 27,900 0 .5 55,800
Chlorpyrifos 23.9% ULV 0 0 1.0 0
lambda-cyhalothrin 4% ULV 300 0 .5 600
Bendiocarb 20% ULV 29,150 0o .5 58,300
Deltamethrin 12.5% ULV 0 0 1.0 0
Malathion 96% ULV 2,000 0 1.0 2,000
Subtotal 185,245 210,000
(ha) 389,780 515,000 904,780
GROUND_CONTROL (liters)
fenitrothion 50% EC 23,275 50,000 1.0 73,275 Japan/GOS, 7/89
Diazinon 60% 21,525 80,000 1.0 101,525 Japan/GOS, 7/89
Malathion 57% 13,230 0 1.0 13,230
Carbaryl 10% dust (kg) 0 0 7.0 0
Bendiocarb 1% dust (kg) 2,775 0 7.0 396
Propoxur 2% dust (kg) 225 0 7.0 32
Propoxur WP (kgqg) 400 0o 7.0 57
Poison Bait (kg) 68,120 0 1000 68
Subtotal 129,550 130,000
(ha) 58,584 130,000 188,584
Total 314,795 340,000
Total (ha) 448,364 645,000 1,093,364

* FAO/PPD recommended application rates
** Area that this quantity could potentia.ly treat

* k%
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Table 11

PPD_IOCUST CONTROL RESOURCES - MARCH 1989

Area

Stations

Sub-Stations

Personnel Vehicles Radios Spravers

NORTHERN 3 3 9 30
KHARTOUM 1 2 3 12
GEZIRA 1 0 2 9
BLUE NILE 1 0 6 9
WHITE NILE 2 3 11 19
KORDOFAN 1 9 8 34
N. DARFUR 1 6 5 26
S. DARFUR 1 3 5 18
KASSALA 1 4 6 19
RED SEA 1 2 2 11
FOTAL 13 2 54 187

21

17
37
25
13
17

156

192
64
32
32

128

288

192

136

136
64

1264

notes:

l. Aircraft min 6 max 20 to be in
2. Vehicles distribution:

by 1st May--60% to survey and start contronl
by 1st June--100% to survey and control

3. One to two million hectares are ex
based on FAO estimates
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During the past three upsurge years, contracts were entered into with
locally based agricultural air spraying firms, particularly Sudana Pezetel,
a Polish/Sudanese spray company which is the main firm servicing the 1
million hectares of irrigated crops, to be available for the aerial
application of ULV pesticides. This is dcne with fixed-wing aircraft,
usually Antonovs. Helicopters are not normally available in Sudan. PPD
did acquire some light aircraft and helicopters in the past, but
difficulties in obtaining spare parts and having them serviced, and in
finding pilots at GOS pay rates (one tenth of those paid to equivalent
commercial pilots), have kept these grounded.

The DLCO-EA has made two or more planes available in past seasons for
surveys and spraying, and additional commercial spray planes are hired if
required. One complaint voiced by spray pilots is that target areas and
swath line positions are often inadequately marked, and that radio
communication with ground crews is poor at times. The lack of demarcation
of swath lines and areas to be sprayed is mostly due to shortages of
vehicles and flagging or other means of marking. It also often requires
r re=dawn start-ups in order to be on site before the rising sun makes the
nsects mobile, or for adults to take flight. The spray site may be some
distance from the field camps, so early rising is essential.

During locust control campaigns PPD hires additional casual labor, and
personnel are drafted from other sections of the Department to help meet
the staffing needs if large-scale spraying is required. Additional private
transport (pick-up trucks, large trucks and water tankers) will be rented
if necessary to augment PPD's own fleet.

In Sudan, GOS has a Mechanical Transport Department (MTD) that is
supposed to supply and service vehicles for the various Ministries, but due
to financial constraints, this is very ineffective, so in the past PPD
built up its own fleet and workshop. These, however, had become totally
depleted and run-down by the start of the locust upsurge in 198€; donor
assistance has helped replace part of the fleet of vehicles, and three
mobile workshops have been donated by DANIDA.

The PPD spraying equipment has often been poorly stored and serviced.
As a result of limited foreign currency, spare parts have not been
available to local agents, thus considerably reducing the numbers of usable
items. Sudan has a serious shortage of artisans and technicians, and the
abysmally poor pay, together with lengthy and hard living conditions for
field staff and lack of adequate hardship allowances, makes it extremely
difficult for PPD to attract and retain good trained mechanics, equipment
operators, and storekeepers.

Control procedures depend on the extent of the infestation, the locust
species, the stage of maturity (hoppers or flying adults), the terrain and
its accessibility, availability of labor and water, presence of humans and
livestock, types of pesticides and equipment on hand, etc. Where possible,
but depending in part on the trairing, experience, supervision and
dedication of the staff involved, normal spray procedures will be utilized.
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The use of bait is largely confined to Desert Locust control as other
locusts and grasshoppers are reluctant to eat dry groundnut shells when
succulent green vegetation is present. Bait for those species will only be
really effective if suitable additive chemicals can be developed to make it
attractive through smell and taste.

~

From experience, PPD have found that tree locusts are best controlled
by spraying the individual trees using wheelbarrow sprayers on 4-vheel
drive pick-ups or Unimogs, and using emulsifiable concentrate (EC)
formulations of malathion 50% EC, fenitrothion 50% EC, or diazinon 60% EC.
For hoppers, 85% Sevin WP is preferred. Alternatively, vehicle-mounted
fogging machines are used to spray Karate (lambda-cyhalothrin) ULV or other
ULV sprays. Aircraft are used if vehicle access is difficult, and if the
infestations occur in large tracts.

10.2 Notification of Spray Operations

PPD staff try to notify local sheikhs when spray operations are to
commence, so that villagers, nomads and livestock can be excluded from
proposed spray areas at the time of spraying, and for a reasonable interval
thereafter according to the pesticide used.

With the exception of nomads, the rural population lives in permanent
villages or tempcrary shelters near the tracts of arable land. The
location of the latter are known to the village residents, and as there is
frequent and regular contact between those remaining in the base village,
and those working the fields, any notification of impending spray
operations that are given to the village sheikh can be rapidly transmitted.
Detection of nomad camps requires aerial survey, but villagers would often
know of their whereabouts, and should be able to assist with notification.

-Often, the presence of locusts will have been detected by the
villagers, or by local nomads who in turn notify the sheikh of the nearest
village, and in this way word gets to PPD. In other cases, PPD locates
swarms during surveys, but to reach such sites, travel would be via the
nearest village, or from a track leading thereto. Ground teams that do the
spraying, or who provide ground support for spray aircraft, utilize the
same routes and wells, and should be able to disseminate news about pending
spray operations. Where and when possible, information about pending spray
operations is broadcast over the local radio network.

There is, theoretically, little reason for villagers and their
livestock to be present in the intended spraying zone if these procedures
are followed. However, experience indicates that this has been a weak
point in the recent campaigns. Demarcation of the intended spray tracts is
often inadequate. There is usually a lack of suitable means for
demarcating boundaries of the sprayed areas, which are seldom clearly
defined on the ground. There is also often inadequate communication
between ground crews and pilots to guide spray runs. The addition of a
marker dye such as methylene blue to all the sprays, or to an initial tank
load which could be used for a demarcation flight around the tract, might
be a way of designating sprayed areas if other forms of demarcation are not
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practicable. PPD is endeavoring to obtain smoke generators for future
demarcation use.

10.3 Equipment: Selection, Calibration, Maintenance and Training

The depressed economy of Sudan, with consequent minimal commercial
activity and infusion of new ideas through exchange of business visits and
trade literature, professional journals, etc., has increasingly isolated
Sudan from keeping abreast of innovations in the pesticide equipment field.

The flurry of activity and external interest in the country during the
1986/88 desert locusts upsurge, with numerous visits by various experts,
and attendance by Sudanese staff at seminars and conferences in other
countries, has partially helped to redress this situation. Nevertheless,
it is desirable that selected senior Sudanese staff should have the
opportunity to visit international agricultural trade fairs from time to
time in order to view and evaluate new equipment. It would also be
desirable to have a special agricultural trade fair exhibition every few
yYears, rotating between the Anglophone and Francophone sectors of Africa,
where a wide variety of pesticide application equipment could be viewed
simultaneously for ease of comparison. This would enable a groater range
of agricultural staff and potential importers to be familiarized with such
equipment and product progress. This might also contribute to staff morale
without disrupting normal pay scales.

FPD currently have seven different models and makes of spray
equipment, these having been provided by various donors. Better operation
and servicing would result if equipment could be standardized, resulting in
one model for each mode of application. This would facilitate the stocking
of spare parts, and improving operator and servicing knowledge.

Throughout Africa, the maintenance of equipment is always a serious
shortcoming, and Sudan is no exception. This is partly due to a shortage
of trained and dedicated artisans, to a lack of workshop facilities, and to
a dearth of spare parts and maintenance manuals. Vehicle drivers and
operators in Sudan have usually had little education and training.
Procedures for obtaining driver's licenses are very slack, and schools for
learner-drivers apparently do not exist. The need for proper handling and
care of equipment, and routine servicing, is seldom fully understood; this
together with the poor state of roads and tracks, exacts a heavy toll on
vehicles.

Given the constraints of existing circumstances in Sudan, local senior
PPD officials appear to have done well in the selection of equipment for
various situations, and to have reasonably adequate knowledge of the use
and calibration techniques needed for efficient operation. It is the
responsibility of the senior entomologists in charge of each regional and
district center to be familiar with the equipment at their disposal and to
be responsible for its use, calibration, upkeep and storage.

The enormous quantities of dust that permeates everything in Sudan for
at least 8 months of the year, especially during haboob season, probably
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has a strong negative influence on worker's attitudes to caring for .
equipment and property. This has been evident at most of the PPD storage
sites that have been visited and reported on by consultants.

The new PPD storage premises that have been erected or renovated with
Dutch funds, and the provision of three mobile workshops by Danida,
together with the restructuring of the locust section in PPD, should help
to improve this situation. However, until the financial situation of the
country recovers, and PPD can have a suitable set of country-wide workshops
staffed with competent mechanics under their own control, maintenance of
equipment and vehicles will never be satisfactory.

If, as is recommended in this SEA, a formal training branch is set up
in PPD, one of its objectives should be the provision of regqular in-service
training in equipment operation and maintenance for the appropriate
categories of staff.

10.4 Areas Sprayed in Recent Campaigns

Documentation is incomplete on the extent and localities of the areas
of desert locusts and tree locusts sprayed during the 1986-88 campaign
Years. The most complete data relates to the 1988-89 summer and winter
campaigns. This is tabulated in Tables 12 and 13. It is imperative that
systematic records be kept each Year to show where operations took place,
the extent of the sprayed areas, and the types and quantities of pesticides
used. This information should be permanently filed and regularly analyzed
to help build a clearer profile of the life cycles, preferred habitats, and
movements of the various species in Sudan, and of any subsequent
environmental effects.
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Table 12

RESOURCES USED FOR DESERT LOCUST CONTROL CAMPATIGNS IN SUDAN, 1988

SUMMER CAMPAIGN (a)

WINTER CAMPLIGN (b,

RESOURCE

Pesticide used (c) 750,000
Aircraft (d) 33
Vehicles (e) 60
Personnel (f) 500
Hectares infested 3,700,000
Hectares treated 880,000

100,000
6

51

150

260,000
100,000

Notes

(a) 22 May - 31 December 1988

(b) 29 September - 31 December 1988

(c) Up to 30 November for the Summer Campaign
Up to 31 December for the Winter Campaign

(d) 1Includes 7 air craft from irrigated projects used during
the Summer Campaign, and includes DLCO-EA air craft used in
Summer and Winter Campaigns

(e) Landrover, Suzuki and Toyota pickups and station wagons

(f) Specialists, inspectors, technicians, laborers, and drivers
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Table 13

LOCUST/GRASSHOPPER PESTICIDE USAGE 1988/89

Desert Locusts Tree Afr. Migr. Grass
Locusts Locusts hoppers
Summer Winter Total
1988 1988/89 1988/89 1989 1989 1989
Areas (ha)
Total Area
Sprayed 841,228 54,260 895,088 495,927 8,205 83,879
Ground Control
Sprayed 171,006 16,660 187,606 N/A N/A N/A
Aerial Control
Sprayed 592,912 37,660 630,572 N/A N/A N/A
Quantities (Liters/Kg)
bc 12.5% ULV 1 19,100 - 19,100 - - - cp
45% ULV 1 - 43,000 43,000 13,890 - 2,880
dm 12.5% ULV 1 - - - 3,884 - 6,748
dz 90% ULV 1 189,390 - 189,390 7,925 - 18,888
dz 6% EC 1 40,220 725 40,945 849 1,750 8,746
ft 96% ULV 1 165,649 25,447 181,096 9,195 - 9,320
ft 50% EL 1 53,055 536 53,691 10, 1,250 621
1c 4% ULV 1 15,175 - 15,175 1,144 200 -
ml 96% ULV 1 1,390 - 1,890 - - -
bc 1% dust kg 17,593 - 17,953 - - 2,000
px 2% dust kg 31,597 - 31,597 2,500 2,500 -
BHC dust kg - - - - - 1,040
BHC bait kg 289,984 163,463 453,447 - - 1,686
¢cb dust kg - - - 395 300 13,515
bc = bendiocarb; cb = carbaryl; cp = chlorpyrifos;
dz = diazinon; ft = fenitrothion; dm = deltamethrin;
ml = malathion; px = propoxur; lc = lambdacyhalothrin.

na



10.5 Spray Operation Costs

There has been no systematic data collection and analysis of Sudan
locusts and grasshoppers campaign costs. These are needed as a basis for
budget estimates for future years, and for analyzing cost/benefit ratios to
determine the economics of undertaking locusts and grasshoppers control.

-

In 1988, FAO contract entomologists installed a computer system and
trained PPD operators in data gathering and analysis, so better information
should be available in future. The quality of such information will depend
on the adequacy of the field reporting system and of accounting standards.
The latter was formerly weak {a common feature of GOS Ministries), but
recent combined pressure from the current Director General of PPD, and from
MFEP, should result in better accountability in the future.

There is a need however, to ensure that all who are involved with the
planning and execution of locusts and grasshoppers campaigns are adequately
trained to systematically record logistical data - numbers and costs of
vehicles, spray and other equipment, spare parts, maintenance, fuel,
renting of additional vehicles, purchase, depreciation, operators,
laborers, field allowances, pesticide costs, spray and survey plane costs.

The FEWS Special Report on the 1986 locusts and grasshoppers campaign
attempted to analyze costs and calculate cost/benefit ratios for the
various Sahelian countries, including Sudan (see Table 14). However, it
was necessary to extrapolate costs and conclusions for all countries from
very incomplete data, so these figures require caution for interpretation
and adoption. Regrettably, further analyses were not made for the 1987 and
1988 campaign years, when better data would have been available, and when
control operations were more refined. It is urged that a similar analysis
be undertaken for those years.

Table 14 1986 DESERT LOCUST CAMPAIGN COSTS IN SUDAN
(extracted from FEWS Special Report)

Total Area Cultivated 8,400,000 ha
Total Area Treated 370,000 ha
Area Treated by Air 333,000 ha
Area Treated from Ground 37,000 ha
Ratio ha Treated: ha Cultivated 4.4%
Total Donor Inputs $ 6,752,000
Air treatment donor costs per ha (plane+support+pesticide) $ 11.52
Donor Costs for plane + support/ha treated $ 1.89
Ground Treatment donor costs per ha $ 7.86
Donor Inputs per MT saved $ 733.91
Value saved per $ 1.00 Donor Input S 0.12
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In computing the above figures, it was assumed that in the case of .
Sudan, 50% of the area treated was under crops with an average yield of 500
kg/ha, valued at $88 per metric ton (MT); potential production from the
infested area, had there been no locusts, would have been 92,500 MT. A
loss factor of 20% due to locusts and grasshoppers was assumed for the
infested crop areas, if there had been no coiitrol. Control activities were
assumed to have cut the losses by half, resulting in a savings of 9,250 MT
of grain, and leaving a loss of 9,250 MT.

This analysis reveals either that the desert locusts campaign costs
grossly exceed the achieved savings of grain, or alternatively, that the
data on control measure costs and of production, are manifestly inadequate
and misleading. It is essential that MOAANR and PPD make every effort to
improve data collection so that more credible cost/benefit estimates can be
made in the future. This is needed in order to weigh the desirability of
future use of pesticides on a large scale for locusts and grasshoppers
control, and to solicit donor support for these campaigns and allocate
scarce GOS resources to such crop protection efforts. The decision on
future USAID support of pesticide use must rest on convincing demonstration
that future use, unlike the 1986 campaign, will be worthwhile.

86



11.0 PESTICIDE HANDLING, SAFETY AND DISPOSAL PROCEDURES
11.1 Transport and Handling

Where possible, PPD uses their own vehicles to transport pesticides,
spray equipment, stores, camp equipment, and personnel. In the event of
a major upsurge, additional vehicles have to be obtained from other
sources. These will often be privately owned trucks and pick-up trucks,
which might be used thereafter for carrying grain or other commodities
that should not be contaminated.

Vehicles carrying toxic or dangerous carqgo in Sudan do not normally
display special signs to indicate the nature of their loads. Owners of
hired transport are advised to thoroughly wash down their vehicles after
hauling pesticides, in case of spillage, but there is no easy means of
confirming that this is done, other than to insist on such flushing
on-site prior to payment. The shortage of water is a constraint, and
likewise, availability of safe sites where vehicles can be cleaned
without contaminating water supplies.

PPD has a large labor force, which is augmented with local casual
labor as required. The persons who handle the drums, and do the mixing,
would usually be regular staff who should be aware of the risks and the
precautions to be taken. PPD's safety record is normally good; it is
reinforced by refresher warnings to staff prior to operations starting.

11.2 Protective Clothing

PPD endeavors to obtain funds to enable all pesticide handlers,
flagmen, etc., to have full sets of protective clothing. What is issued
though, is largely governed by the availability of funds, and partly by
the local availability of the items. Cotton overalls are made in Sudan,
but rubber goods must be imported, and supplies and choices are limited.

Because of the heat in summer there is considerable reluctance to wear
the protective items, other than overalls. Gloves and face-masks are
particularly disliked. Farmers who obtain pesticides from PPD seldom,
if ever, wear protective clothing. Daily washing of protective clothing
is not easy due to water shortages in many operational areas and the
lack of water tankers to carry adequate supplies. Frugal use of water
is essential. Soap is likewise in short supply at present, even though
it is made in Sudan.

Senior PPD staff are well aware of what is required for operator
safety, but in the absence or disregard of facilities, they can do
little more than warn the staff about symptoms of pesticide poisoning,
and urge the labor to report to senior staff or clinics if they feel
ill. Anyone suspected of excessive exposure is temporarily laid off
work until fit again. This is an obvious disincentive for reporting
symptoms, so PPD's practice must be changed so exposed personnel are
"reassigned to other duties."
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11.3  Pesticide Storage and Security

Over the years, a most unsatisfactory state of affairs developed at
all the various PPD pesticide depots, with accumulations of large
quantities of wmany different pesticides. Some of these were
formulations no longer used in the irrigation schemes, and which were
passed on to PPD; the balance were unused stocks from locusts, armyworm,
quelea, rat, and water hyacinth campaigns. Some of these drums were 20
= 25 years old, rusty, leaking, and with labelling lost. Often the
store-rooms were of inadequate capacity, poorly 1lit and ventilated, not
properly secured or manned by competent store-keepers and watchmen, or
were badly sited in urban areas. Most of the storage was on permeable
earthen floors.

US consultants and technical assistance personnel who were brought to
Sudan to assist with operations planning during the recent desert
locusts upsurge were unanimously appalled by this state of affairs, and
this was addressed by the Locust Steering Committee. USAID funded
visits to and from Sudan by US and Sudanese personnel to investigate the
problem and study storage and dispos:cl options.

The Netherlands Government, as their contribution to the Medium Term
Locust Project, financed the rehabilitation or constiuction of 26
pesticide storage facilities. The sites are located away from populated
areas and the fenced areas enclose: pesticide store, handling area
(e.g., for bait mixing), fuel storage area, gas cylinder storage area,
a multipurpose area, an administration building, an emergency shower and
an unloading platform. This will result in all PPD pesticide stores
being properly located and built, with reduced health risks to workers
and adjacent communities. In addition, the Dutch aid package contains
a component to improve the inefficient and unsafe stock control
practices, and to introduce a s>und administrative system.

11.4 Disposal of Unused Pesticides and Emptied Druis

During USAID/Khartoum and OFDA involvement in the locust emergency in
Sudan between 1986 and 1988, there was intense review of this issue. It
has also been a regular feature of Locust Steering Committee
discussions.

In 1987, an international team funded by OFDA visited four East
African countries to study the problem of accumulated over-age an’
obsolete pesticides (about 250 tons) and made recommendations for
disposal options. Most of the liquids (140 tons) in the Northern Region
subsequently were destroyed utilizing the Shell Compainy mobile
incinerator at Wwad Medani. The U.S. consulting firm of Terran
Corporation was contracted by OFDA to investigate the feasikility of
incineration of solids at the Atbara cement kiln and to arrange test
burns. This program was not finalized because floods intervened in
August 1988, because the Sudan government seemed unwilling or unable to
make serious commitments to the project and because USAID project
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activity was curtailed for administrative reasons. A successful test
burn was conducted in Pakistan, and selected senior PPD pesticide and
cement factory staff were sent to the US by USAID to see demonstrations
of pesticide disposal and incineration methods.

No decisions or actions have subsequently been taken for the
destruction of the remaining accumulated solid pesticides, but it is
anticipated that these will be disposed of by an appropriate method when
funds become available. We understand that GTZ staff have been working
with GOS for a possible test burn at the cement kiln at Rabag. GTZ has
experience with burning solid pesticides in a kiln in Malaysia. Also,
USAID/Niamey is explorirg a "return to sender" arrangement. for possible
incineration in the Netherlands. This is an option that could be
considered for Sudan.

The vast extent of uninhabited desert or semi-desert in northern
Sudan, where rainfall is minimal, and which is only infrequently
traversed by occasional nomads, has been mentioned as a tempting target
for disposal of obsolete pesticides either by 1land spraying or by
burying in shallow pits with impervious liners. However, the importance
of water lenses of the oases to migratory birds, mammals and nomads, and
the uncertainty about breakdown products makes recommendation of any
such alternative impossible at this time. Studies conducted at Gezira
indicate that under the climatic conditions that prevail in Sudan, the
degradation of pesticides may be considerably more rapid than in
temperate climates. The "half-life" of DDT in soil was found to be less
than 4 weeks (K.H. Abbadi and G.A. El Zorgani, Wadi Medani, 1981). This
breakdown rate is corroborated by Everts {PAN Europe 3, No. 10: 1988),
who demonstrated that under hot and sunny conditions, dieldrin
"degraded" by 95% in 65 days, even though it would be expected to
produce the more toxic product photo-dieldrin in the process. Before
any serious consideration be given a land disposal, additional studies
must be conducted under the varying conditions of different sites in
Sudan on the decomposition rates of pesticides that are likely to be
used, and to check on their metabolites and breakdown products as
possible secondary sources of pollution. It is essential in such
studies that total detoxification be determineg, not just
"disappearance" of the main active ingredient. Sudan may be suited for
such studies, having the personnel, the facilities and the sites, but
the care with which such studies would be conducted should be critically
considered.

Official policy for the disposal of empty pesticide drums in Sudan is
that those which are not suitable for reconditioning or recycling
(normally for refilling by Shell) are to be punctured, crushed and
buried. It would seem, however, that in pract/ce only a proportion of
the drums are rendered useless by puncturing with picks. There are no
drum-crushers in Sudan, and at the scene of operations there would@ be pn
alternative equipment suitable for flattening them, or fcr mechanically
excavating holes in which to bury them. In 1989, the NPC arranged for
a sub-committee to investigate the number of drums held by PPD and to
recommend acceptable methods of recycling or disposal. As yet, no
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viable solutions have been selected.

Due to the volume involved, the heat, and the lack of manpower, the
manual digging of holes of adequate size to bury them is not practical.
Empty drums will be gradually pilfered from wherever they may be stored
or buried for use as containers for fuel, water and grain, or else for
flattening to be used for roofing ard/or fencing. It is unlikely that
pilfered drums would be properly cleaned before being used.

In rural areas, containers of any sort are a precious commodity, so
every effort should be made to pass empty drums on in a safe condition
by first having all sound ones cleaned prior to being given away, or
else sold at nominal prices to defray expenses. It is necessary that
any cleaning of drums should be done at safe sites - this would require
the use of tankers to supply water or other suitable cleansers for
flushing drums out in the field, well away from water points and
habitation.

Some U.S. and Australian manufacturers supply their products in drums
containing plastic liner :nserts; these could possibly be removed and
easily disposed of, leaving relatively clean drums for alternative
usage. Another approach avoiding the contamination of drinking water
would be to taint the drums with a denaturing agent, such as Bitrex.
Drum destruction, tainting, relining and renovation methods should be
researched prior to recommending techniques for their disposal or
re-use.

In summary, A.I.D.'s preseaint preference is for empty containers to
be appropriately reused by reconditioning or recycling. If that is not
possible, they should be punctured, crushed and ,buried dispite the
difficulty of doing so. Preference for disposal of obsolete pesticides
is by incineration but with reasonable certainty that destruction is
complete, so no environmental impacts occur.

12.0 POTENTIAL PESTICIDE HAZARDS TO HUMANS, LIVESTOCK AND WILDLIFE

12.1 Extent and ILocality of Areas to be Treated

As indicated in Section 8.0 above, the principal habitats for the
major plague locusts and grasshoppers species lie between 10 and 20
degrees north latitude in the central and western parts of Sudan
(Figures 2, 3, 4). In the east of the country, the winter range of
desert locusts coincides with the winter rainfall zone, a belt about 100
km wide parallel to the Red Sea, from Egypt to Ethiopia, but which
includes the Wadi Oko draimage svstem that is sustained by residual flow
from summer rains. However, even in years of major locust upsurges,
only a small portion of this overall area is actually occupied by swarms
at any one time.

Because of the mobility of locust swarms, the vastness of their
habitat, and the paucity of observers, it is impossible to calculate
accurately the total combined area occupied by swarms at any given date,
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The known extent of areas infested by desert locusts in the 1988 summer
season in Sudan was 3.7 million ha. The winter breeding areas amounted
to 260,000 ha. To these should be added the areas occupied by tree
locusts, which were reported to be 224,000 ha in 1988 (extending to over
1,140,000 ha in 1989), making a total of just over 4 million ha.

The combined potential summer desert locusts and tree locust habitat
is about 1 million square km (100 million hectares), and about 100,000
square km (10 million ha) during winter.

It would therefore appear that the maximum area infested by locusts
is about 4 - 5% of the potential summer habitat at any one time, and
between 2 and 3% of the winter rainfell area. It is furthermore
probable that the actual combined area cf the individual swarms within
the infested areas would only be half of each of these figures.

During the 1988 summer infestation, 880,000 ha were treated; this was
estimated to account for about 40% of the total infested area. If this
is a reasonably accurate calculation, then the combined extent of the
summer swarms would cover 2.2 million ha.

12.2 Water Contamination Potential

12.2.1 Surface Waters (ponds, reservoirs, rivers, wetlands).

As noted in Section 8.0 above, there is very little surface water and
no wetlands in the Sudanese locust belt other than along the Nile for
most of the year.

Rain water from storms of 50 mm or more fill ;the numerous small
hollows and shallow pans in flat terrain, but most of these dry out or
seep into the sand within days. Many villages in western Sudan have
artificial catchment reservoirs ('hafir's?') dug in clay and ‘'gardud'
soils to provide residents and livestock with drinking water.

In order %o allow adequate time for post-treatment pesticide
degradation, spraying should not occur near any surface water or
catchment for at least two to seven days, before or after rains.

The various wadis and minor watercourses are normally dry, and only
contain run-off after heavy downpours. Most of them will cease to flow
after a few days, but those with extensive catchments in the higher
rainfall areas may flow for 2 - 3 months (e.g., Wadi Azum).

The larger seasonal rivers often contain pools that may persist for
several months after the rainy season, and these will normally be the
only surface water in the area; they will be extensively used by
livestock, birds and wildlife, so ronsiderable care needs to be taken to
ensure that they are not accidentally contaminated during aerial
spraying.

All spraying along the banks of permanent rivers requires the utmost
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cauticn to ensure that'spray drift does not pollute the river. BAerial
spraying within 2.5 km of aquatic systems must be avoided.

The absence of surface water for most of the year, and the rapid
breakdown of the currently approved locust pesticides, w111 ensure that
the chances of illness or poisoning by drinking polluted water are
minimal if the 2.5 km buffer zones are used. In the case of trea locust
infestations in crops along the Nile, ground applications could be
performed, if absolutely necessary, in conditions of no wind or when the
wind is blowing away from the water.

Rinsing of empty pesticide drums prior to sale or disposal, flushing
of spray tanks, and washinj of trucks that have been contaminated by
leaking drums, should take place at least 2.5 km from rivers, dams and
reservoirs.

12.2.2 Groundwater Contamination

Over most of Sudan away from the Nile, wells and bore holes are the
principal sources of domestic water. The former tap shallow aquifers
within 10-20 m of the surface, especially in the alluvium and Umm Ruwaba
geologlcal formations, and would be the most prone to contamination. To
minimize the potentlal for contamination of these aquifers, large-scale
aerial spraying will not be conducted in the alluvial or Umm Ruwaba
areas.

Bore holes tap deeper water-bearing Nubian sandstone strata and
fissures in the Basement Complex, at depths of 50 - 100 m or more.
Water often percolates inf:o these rock layers from up to several hundred
kilometers away. Studies show definite flow patterns in these deep
aquifers, so that contamination can have far-reaching consequences.
Furthermore, it is highly probable that pesticide breakdown would be
retarded because of the lack of oxygen and biological activity in
subterranean water resources, thus again calling for particular care to
be exercised in pesticide handling and disposal.

The underground water sources and their means of recharge in Sudan are
as yet insufficiently studied, but are obviously a combination of direct
vertical percolatlon from ralnfall and lateral recharge from the Nile
and its major tributaries. The latter probably replenishes the deeper
aquifers that occur in the Nubian sandstone and conglomerate formatlcns,
whereas the water table in the more shallow Umm Ruwaba formation is
probably more reliant on rainfall. The shallow Gezira formation and
other alluvial deposits are recharged from the two branches of the Nile.

Contamination of the Nile can thus cause problems far removed, both
in distance and time, from the source of the pollution. Wells and bore
holes in the shallow Umm Ruwaba and alluvial deposits would be more
directly affected by local mishandling of pesticides.

Standard locust spraying operations in areas other than those with
alluvium and Umm Ruwaba sediments, using the PEA-recommended pesticides
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correctly, would normally not constitute a hazard to underground water
supplies, as the quantities of active ingredient used per hectare are
relatively small. These pesticides would be rapidly broken down by the
combined action of sunlight, high temperatures, oxidation and microbes.

The overall low rainfall throughout the locust belt, and the intervals

between significant storms, also helps to ensure that there will be
adequate time for pesticide sprays to degrade prior to downward leaching
into the water table. Such percolation will in any case only occur in
depressions where sufficient water accumulates for long enough periods
to exceed evaporation and uptake by roots. Adsorption to clay particles
in clay soils, too, serves to inhibit leaching of pesticides. In most
areas in the Sudan locust belt, surface soil moisture from rain will not
reach the groundwater table.
On the other hand the sudden-rain-rapid-runoff pattern would tend to
favor contamination of surface water. Therefore, large-scale aerial
spraying will not be done across wadis or temporary rivers prior to or
during the rainy season.

Therefore, providing that large quantities of pesticides zre not
spilled or allowed to wash into depressions, there is little likelihood
of contaminating groundwater supplies during the course of locust
spraying operations. The most potentially sensitive areas for
contamination would be on the Umm Ruwaba and Gezira .ormations, or other
areas favorable for wells, because of the shallcw depth of the water
table.

12.3 Contamination of Crops

The main reason for locusts and grasshoppers contrpl is to save crops.
Although the ideal operational strategy requires that these pests be
destroyed in their breeding areas in natural rangeland, there will
always be locusts and grasshoppers populations that reach croplands.

Depending on the type of crop and its stage of growth, and of the
magnitude of the attack and its locality, locusts and
grasshoppers-threatened crops are likely to be treated with pesticides
by the farmer or by PPD.

Millet and sorghum can be attacked at various stages ranging from
newly emerged seedlings, through to the milky and soft dough grain
stages. Spraying or dusting during the young crop growth stage presents
no risk to humans and 1livestock from residues of PEA-approved
pesticides: none of them are persistent or systemic. Even when grain
crops are relatively mature, the use of these pesticides would have no
adverse impacts, provided that there is an interval of at least two
weeks between spraying and consurption.

Fruits and vegetables would also be safe for use if the recommended
safety period is observed for whichever chemical was applied. PPD must
warn all farmers near treated areas about potential pesticide dangers.
This should be done :: conjunction with the Agricultural Extension
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service and the local village administrative structure.

Phytotoxicity to crops from PEA-approved pesticides has not been
demonstrated, although care should be taken with sensitive crops such as
sorghum ('dura‘'). Overdosing and the use of oil-based pesticides in hot
weather should be avoided to reduce the risk of phytotoxicity.

12.4 Contaminated Veqetation

Grazing and browsing in rec~ntly sprayed locust-infested areas would
normally be the principal source of pesticide exposure for livestock and
wildlife in Sudan during locust plagues. This aspect was investigated
in the Dynamac trials at Tokar undertaken in February 1988. The test
results are summarized in Section 8.3. However, as noted therein, all
the PEA-approved pesticides have relatively short breakdown periods, so
if stock-owners cooperate with PPD personnel and exclude their animals
from recently treated areas, the cattle will experience negligible
exposure. Practical experience in the recent campaigns in western Sudan
found that with one possible exception (using Karate ULV), no adverse
impacts were reported by livestock owners in the operational areas. It
should be noted though that dead locusts are eaten by most categories of
domestic animals.

Wildlife cannot be excluded from sprayed areas, so that any grazing
or browsing species locally present may inadvertently be affected to a
greater or lesser degree, depending on the chemical used. Nevertheless,
at the recommended rates of application, fatalities and serious
reactions should be few. Because spraying normally dccurs only once per
season on a particular site, and as none of the approved chemicals have
bioaccumulative effects, there should ba no long-term adverse impacts on
herbivores. Furthermore, it is unlikely that sites would be sprayed in
consecutive years, thus further minimizing impacts on wildlife. PPD
should keep careful and accurate records of exact locations sprayed to
ensure that this is the case.

As most large mammals have been drastically reduced by over-hunting,
it is importartc that no further reduction of the remaining stocks ensues
from locust control operations.

Birds coulid be affected by consumption of pesticide residues on seeds,
fruits, insects or vertebrate prey or by direct exposure to the spray or
spray drift. Dead insects, being motionless and having fallen to the
ground, might be missed by many insectivorous birds, but rece-.cly
sprayed insects while enfeebled and still twitching, would be readily
seen and eaten. Carefully conducted recent studies in Senegal indicated
that bird mortality actually occurs from treatments similar to locust
control operations. Seed eating and frugivorous birds would be at
somewhat less risk than insectivorous birds, and birds whose diet is
further up the food chain are even less at risk.

In the unlikely event that any species of terrestrial wildlife is
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killed by pesticide contact or by consumption of contaminated
vegetation, this would not normally constitute irreversible 1loss or
extermination. The locusts and grasshoppers terrain in Sudan consists
of vast uniform areas (other than the restricted riverine ecosystems),
of which perhaps 90% would not be sprayed in any one season. This would
ensure that any casualties would be only a minor percentage of the
overall population of those species, and would eventually be replaced by
individuals from outside the sprayed areas. This replacement will
undoubtedly be slower in more harsh environments, such as the desert.

It is therefore reasonable to conclude that locust spraying operations
in typical Sahelia. ecosystems, using PEA-recommended pesticides, will
have no long-term adverse impacts on the overall composition of the
fauna and flora of the region if all the conditions in this SEA are
followed.

Riverine habitats (whether permanent rivers or seasonal watercourses)
are far more limited. The vertebrate and invertebrate fauna dependent
on riverine plants would not occur outside of these restricted
ecosystems, so could less easily be replaced if accidentally eliminated
by spraying. As emphasized in Section 8.0, the spraying of 1locusts
along rivers and water-courses should be verv carefully regulated.

12.5 Human Consumption of Locusts

Mitigation of human health risks has been discussed in other sections
of this SEA, with the exception of possible dietary use of
pesticide-treated locusts. Locusts are eaten by various sectors of the
rural populace in Sudan, and are also marketed 'in urban centers. They

are said to resemble shrimp in flavor when fried. There 1is no
information on how prevalent this consumption is, or which ethnic groups
consume locusts, or of their preferences for various species. In

general, Moslems refrain from eating insects, but those persons who do
eat them are rendered susceptible to accidental poisoning, particularly
if unscrupulous persons harvest sprayed insects for marketing in local
Souks.

This aspect requires research, and if it appears that there is a
danger of pesticide contaminated locusts being marketed on any scale, it
would be necessary to counter this with radio and other messages, and
also to incorporate a dye such as methylene blue into the pesticides
used for 1locusts control. Samples of marketed locusts should be
obtained and sent for analysis to the Pesticide Laboratory in Wad Medani
if this can be done expeditiously before the residues degrade.

Locusts can contribute significantly to human nutrition. It is
suggested (Bie and Herstad 1989) that the consumption of 150 fried
locusts per day would provide a person's full daily protzin requirement,
and 10% of his daily calorific needs. Locusts are therefore a
potentially valuable diet item.
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13.0 HEALTH ISSUES

13.1 Health Infrastructure and Related Issues in Sudan

Public health facilities in Sudan, especially in the rural areas, are
inadequate. Private clinics are not practicable as the rural population
is too poor to support them. Such Ministry of Health (MOH) hospitals
and clinics as do exist are under-equipped, lacking in supplies, poorly
maintained and often under-staffed. This is more a reflection of the
financial and administrative mismanagement of the country over many
years than a reflection on the medical profession. The University of
Khartoum has a well established Medical Faculty, and public health
workers receive training at the School of Hygiene and Environmental
Studies. Sudanese doctors on the whole are well-trained, with many
having additional overseas training and/or experience, but because of
the prevailing financial crisis, have difficulty in prescribing or
administering requisite drugs, even in Khartoum. The antidote for
carbamate and organophosphate pesticide poisoning, atropine, is
available in Sudan, but knowledge on how to administer it in pesticide
poisoning cases is probably very limited in rural areas.

In rural areas, health facilities are usually sited and graded in
accordance with the sizes and importance of the towns and villages. The
hierarchy of these facilities is as follows:

Table 15. Types of Health Care Facilities. ’

Location Category of Facility Type of Staff
Regional headquarters Regional hospital Specialists & M.O's
Provincial center Provincial hospital Several Doctors
District headquarters Rural hospital Doctor

Smaller towns Dispensaries Medical Assts.
Larger villages Dressing stations Nurses

Smaller villages Community health unit Comm. health worker

All rural health clinics are very sub-standard, and currently
only provide basic services. Smaller villages in remote areas often
have no formal health facilities. Trained and educated persons are
reluctant to be posted to such rural communities because of their
remoteness and lack of modern amenities, and therefore use is made of
selected local persons who are given rudimentary training to become
Community Health Workers. Pesticide usage in rural areas consequently
necessitates considerable care, since cases of accidental poisoning have
no hope of receiving appropriate medical attention locally, and public
transport to major centers, where better help may be available, is
irregular, especially after heavy rains.
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The high rate of pesticide use on the irrigation projects often
results in cases of pesticide poisoning, and admissions to the hospital
at Wad Medani are frequent for this reason. Medical staff there have
gained considerable experience in diagnosing and treating such
incidents. Elsewhere though, there is a dearth of knowledge,
literature, and antidotes for tveating cases of pesticide poisoning. 1In
view of the extent of pesticide use in Sudan, it is important that this
be rectified by arranging short-course in-service training for various
grades of medical staff, as well as by the provision of adequate and
suitable 1literature, and by incorporating this as an item in the
curricula of the Medical Faculty and of the School of Hygiene.

13.2 Cholinesterase Testing

Cholinesterase testing of workers who handle pesticides, both in
PPD and on the irrigation projects, is not normally done due tc lack of
testing kits. This again is because of the economic situation in the
country.

All staff are warned about the need to avoid over-exposure to
pesticides, and to report to senior PPD personnel or clinics if they
feel any symptoms of accidental poisoning. The degree of care exercised
obviously varies from one worker to another, but to date very few PPD
staff appear to have develop2d or exhibited adverse health symptoms.
However, one locust officer was hospitalized for 3 weeks, and several
villagers and their livestock became ill, when a village at Umm Sayala
was sprayed with Karate (Lambda-cyhalothrin) ULV in 1988. This appears
to have been an isolated case. .

In future campaigns donations of pesticides will include
cholinesterase test kits as part of the donation, with instructions in
Arabic. In addition, A.I.D. staff who participate in such programs will
have baseline cholinesterase levels established prior to beginning and
at intervals during their participation.
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14.0 MONITORING

14.1 Pesticide Monitoring Infrastructure

As a result of the vast pesticide quantities used in irrigation
projects, and resulting environmental and health concerns, a
complementary set of three laboratories was built at Wad Medani witi
funding from GTZ, the Netherlands, and GOS in 1973/74 to evaluate and
monitor pesticides usage. These are:

i) The Pesticide Formulation Laboratory - Designed to check the
quality of the formulation of the various pesticides in use or offered
by manufacturers, and test stocks of over-aged pesticides. Tests are
done on the physical properties, the chemical contents, the percentage
of active ingredients, and the inert carrier ingredients, to ensure
compliance with specifications.

ii) The Pesticide Residue Laboratory - Monitors residues on crops, but
also does analyses of soil and water when required.

iii) The Bio-Assay Laboratory - Designed to investigate the action of
pesticides in plants and insects. This is not yet fully operational as
it lacks funds to install the computer-1linked gas/liquid chromatograph
which is already on site.

These laboratories are part of the PPD structure and are staffed
by well trained persons, but are handicapped by 1lack of funds,
especially foreign exchange, for replacement of chemicals and equipment.
It is also difficult to obtain oxygen-free nitrogen locally. Being
adjacent to the ARC Headquarters and the Agricultural Research Station,
there is close co-operation with the relevant ARC research staff.

In addition to these laboratories, the two main universities also
have the capacity (but not currently functional) to do pesticide
monitoring and research. The newly acquired equipment at the IES will
also be of value for monitoring purposes, and will be available for use
by post-graduate trainees studying for higher degrees in environmental
topics.

In theory, Sudan is well placed for studies in such matters, but
is gravely handicapped by the current economic situation, and the
concomitant poor quality of the essential supporting infrastructure (for
instance, frequent and lengthy power cuts, or equipment-destroying power
surges, and lack of air-conditioning and dust proofing).

A further major handicap to effective pesticide monitoring is the
vast distances over which samples must be transported, and the
deterioration that would occur because of delays resulting from the poor
transport infrastructure and lack of dry ice for deep-freezing samples.
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14.2 Monitoring Environmental Impacts

There is no systematic monitoring done on the impacts of locust
spraying on the biota in treated areas. This is largely Lecause PPD
does not have personnel suitably trained for this purpose, and the
necessary infrastructure for rapid dispatch of samples is
non-functional.

However, the trials undertaken at Tokar in February 1988 by
Dynamac provided some experience for PPD staff on monitoring techniques,
but there has been no formal follow-up to pass this knowledge on to
other staff. It was unfortunate that those studies were poorly
conducted and that personnel from Wildlife Ressarch and the Wildlife
Conservation Forces were not invited to be present at the Tokar trials
as an informal training exercise.

The most satisfactory way to monitor the impacts of locust
spraying on the fauna and flora of Sudan would be to arrange for staff
from the Wildlife Research Administration to accompany PPD teams during
spray operations. They could do visual checks on birds, animals,
reptiles and insects, and if they had sample preservation equipment (dry
ice and vacuum flasks in particular), could arrange for specimens to be
sent for bioassays. They could also help train PPD personnel in
wildlife recognitiorn, and inculcate a greater respect for wildlife and
the environment.

In Africa, environmental awareness is a concept which has only
recently begun to be adopted by the most enlightened, but is still
largely centered on potentially adverse effects on’human populations,
and to a lesser extent, on their livestock. Concern for the well-being
of other life forms, particularly if they have no readily visible
economic importance, is not part of the Zfrican cultural heritage.
Sudan is no exception, especially among the urban population, but there
is now a steadily increasing group of dedicatec! environmentalists in
Khartoum and other centers, and among senior PPD officials.

In Sudan there is an almost total lack of journals and magazines,
reference books, and video films to assist in building motivation for
the preservation of wildlife and the environment. No appreciation of
these issues, and the pressures that such knowledge would generate, will
come about in the absence of literature to educate officials and the
public. The lack of foreign currency and the extremely low salaries
received, even by top officials, makes the personal acquisition of books
and journals an impossible luxury; GOS Ministries likewise do not have
the funds (even if they had the awareness, desire and opportunity) to
obtain such environmental and wildlife reference aud educational
literature.

The safe and proper use of pesticides is dealt with by the FAO
Code of Conduct, the London Guidelines, and the UN consolidated list, in
addition to papers from many other sources. A common data-base for this
information should be established to 1link the various organizations in

99



Sudan with international organizations.

In future locust campaigns, donors should be requested to set
aside 5% of the value of their contributions for pesticides, to be used
for monitoring and research, and for educational materials.

14.3 Monitoring Residues

No pesticide residue monitoring is done after locust control
operations. This is mainly because (f the logistical problems and
expense of quickly getting samples to the Wad Medani pesticide
laboratories in sufficient time. Even if there happened to be a vehicle
travelling back to Khartoum from the location where the spraying was
done, the journey would probably take 2 - 4 days (or longer if roads
were flooded). There would not normally be a plane service handy or
affordable for this purpose, though with planning and luck, some samples
could be flown back from the field to Khartoum if rented spray aircraft,
or DLCO-EA planes were returning to base.

Another reason for not sending samples for residue monitoring is
that all the pesticides in use have been tested elsewhere, and screened
for registration and use in Sudan by the National Pesticides Committee.
All rapidly degradable, and their properties and effects have already
been documented, so their use under Sudanese conditions might be
predictable. The Tokar trials seem to bear this out; these were
undertaken during February, at a cool time of year, so it is reasonable
to expect that breakdown of these residues would be considerably more
rapid in summer. However, the treatment of the samples in these tricls
left a lot to be desired and may not be valid.

In view of the vast quantities of pesticides used at Gezira and
the other irrigation projects in Sudan, it is disconcerting that, apart
from a few ad hoc residue checks in the past, there is not a formal
ongoing residue monitoring program in and adjacent to these various
projects, and at fixed sampling points along the Nile. This omission
probably arises because no specific Ministry or Department has been
assigned this responsibility, and because there is no budget line item
to support such activities. As 1is suggested for locust pesticide
procurement, it should be required that the irrigation parastatal
corporations set aside up to 5% of their outlay on pesticide purchases
to support IPM research and residue monitoring.

Monitoring of pesticides and other environmental hazards, should
be done by an independent and spacialized organization. Existing
institutions which have allied functions and interests are the Institute
of Environmental Studies and the Hydrobiological Research Unit of this
Institute. Both are staffed by persons of high professional calibre;
the IES is an autonomous body associated with the Faculty of Science in
the University of Khartoum. It would be desirable to complement them by
the formation of a third organization, to be termed the Institute of
Environmental Monitoring.
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i5.0 MINIMIZING PESTICIDE USAGE

15.1. Timeliness of Interventions

The desert locusts plague of 1986-88 in Sudan and elsewhere
taught that much of the damage and the expenditure or control measures
could be averted if the early generations of hopper bands are detected
and treated before they mature and reproduce.

Sudan contains a variety of ecological areas that enable desert
locusts to breed within its borders in successive seasons (unlike most
countries in Africa), so it plays a key role in fostering successive
generations that beccme concentrated and gregarious if breeding proceeds
unchecked. The concept of strategic control by pre-emptive treatment of
early build-ups should therefore be encouraged to pr:vent outbreaks and
should be supported by USAID and other donors. For strategic control,
which involves Survey even during plagque recessions, is essential for
curtailing future outbreaks.

Locating and treating hopper bands in the first few instar
stages, bLefore fledged swarms become highly mobile, will require
considerably less pesticide and for small>r treatment areas, because the
concentration of insects in hopper bands is far greater than in fledged
swarms, and the pesticide dose required to kill them is less.
Furthermore, hopper bands lend themselves to more specific target
application of inseci:icides, by dusting, spraying or baiting, thus
effecting further savings on pesticide use, and reducing risks from
exposure of applicators.

In the case of tree locusts, experience in Sudan shows that the
optimum times for control are at any stage after hatching when the
hoppers bands have climbed into the adjacent trees, and until the first
two weeks after fledgling: they are still reluctant to fly in response

intervals instead of blanket sprays. This would rely on the presumed
inability or reluctance of juvenile tree locusts to migrate in hopper
bands like desert locusts. However, the 1limited persistence of the
currently approved pesticides might mean that there would be 1little
residual contact or stomach poison left on the foliage of the sprayed
trees by the time that any tree locusts phase moved onto these from the
unsprayed sections. Observations and trials with marked tree locusts of
various instars would be desirable to obtain a clearer picture of the
pattern of movements ana feeding within an infesteqd site. Reduction of
pesticid~ quantities is possible if ground or helicopter spraying is
undertaken, as then only those trees will be treated where there are
sufficient numbers of locusts. tree locusts often aggregate in patches
of savannah and are not necessarily evenly spread out through any piece
of woodland. It would appear that tree locusts are immune to the
chemical defenses mobilized by many savannah trees as a deterrent
against browsing by antelope.



The other vulnerable stage in the tree locusts cycle is in the
dry season after most of the deciduocus savannah trees have shed their
leaves. The locusts are then forced to congregate in areas that still
provide food and shelter - these are principally in the trees along
rivers and watercourses. Because of the limited extent of these green
belts, the locusts tend to be more highly concentrated and consequently
there is less area tc be sprayed, so less pesticide is required. These
habitats, unfortunately, entail greater environmental risks, so tree
locusts control should be maximized while still in the hopper or early
fledged stages in savannah woodland. Once tree locusts swarms beccme
mobile, control becomes virtually impossible, as they migrate at night
and flight directions cannot normally be ascertained. Swarms will
probably move to other locations before spray teams can arrive on site.
As with desert locusts coutrol, treatments should orcur as early as
possible in the morning before the locusts fly and temperatures rise to
decrease spray efficacy. As tree locusts produce only one generation
per year, and have to over winter successfully as adults in order to
breed at the start of summer rains, their rate of populaticn increase is
slower than that of desert 1locusts, so timely control will have
long-term benefits.

African migratory locusts iin Sudan are seldom detected and
reported until they make their appearance in crops - usually sugar-cane.
At that stage, they are reasonably concentrated and economic to spray.

The optimum time for grasshopper control is a difficult decision.
Much more remains to be learned about their bkiology and iife-cycles,
which is the basis of a current research program at the University of
Khartoum. Grasshoppers will always be present in the natural
vegetation, from whence individuals will find their way into the
adjacent crops, and are thus a normal component of farming hazards in
Sudan.

In the 1989 cropping year, it would have been advantageous if
sufficient supplies of dust formulations (and perhaps bait) could have
been on hand for sale or issue to farmers, as many lands in Western
Darfur had to be replanted up to four times. Early control might have
saved the effort of replanting these crops, and helped to prevent
further breeding.

15.2 Timing, Method and Efficacy of Surveys

The summer rains initiate the reproductive cycle for all Sudanese
locusts and grasshoppers. A second phase of breeding for desert locusts
is inaugurated by the start of winter rains on the Red Sea coast.

In Sudan, the rains start in the south of the country and
gradually move north. Coinciding with these, it would appear that
desert locusts swarms from the central and western section of the Sahel
move north east, and those from the Mediterranean region of North
Africa, move southeast, with both sets following the winds to where they
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converge at wherever the ITCZ is currently located.

The location of desert locusts in the gregarious swarming phase,
ready to mate and breed, is therefore a function of rainfall patterns

and prevailing winds. However, unless conditions are eiceptional,
rainfall in arid and semi-arid areas tends to ® be patchy and
unpredictable. The first good soaking rains can be as early as the

beginning of May, or as late as the end of July.

It is therefore necessary to have st~ff on site and alerted, and
vehicles and supplies in place, well in time. The sodden state of the
roads, and flooded wadi crossings during and after rains, are additional
reasons for advance planning and preparation to avoid delays if swarms
are sighted.

In previous years, surveys were seldom undertaken as part of a
coordinated and approved plan of action, but were ad hoc operations
initiated at the discretion of the 1local senior entomologist. If
locusts had been absent for many years, this could create a false sense
of security because of the long interval since the last upsurge, and he
might only initiate surveys when sightings were reported by nomads or
villagers.

The recently created PPD Locust Unit (whose formation was
triggered by the recent upsurge and was supported by the Locust Steering
Committee and the seconded FAO entomologists), moves supplies and
personnel into place by the beginning of June and the beginning of
November for the summer and the winter breeding seasons respectively.
Base camps and air-strips are renovated, and stores and fuel are
stockpiled at these tinmes.

It is insufficient to rely on the detection of early swarms by
ground surveys alone, because of the vast size of northern Sudan, the
paucity of roads and local inhabitants, and the small staff and vehicle
fleet, as only narrow ribbons of terrain can be inspected, and swarms
could easily be missed in the uninspected areas in-between.

Ground surveys have been augmented with assistance from DLCO-EA
who wusually supply two aircraft to help 1locate patches of green
vegetation; additionally, the pilots and observers try to spot hopper
bands and swarms for follow-up checks by ground teams. The experience
gained in the use of a long range helicopter in winter 1988, indicated
that this is the optimum means of finding incipient swarms. Early
detection of breeding grounds gives adequate time for planning and using
the most efficient control system, thus achieving optimal
application/kill ratios.

If a high proportion of the first gregarious generation can be
reasonably well controlled, natural mortality, together with minor
subsequerit treatments, should prevent further population build-up. It
can never be economic, nor is it environmentally desirable, to aim for
total eradication.
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15.3 Use of Greenness Maps

The use of the USAID funded greenness maps generated by the
United States Geological Service (USGS) from NOAA satellite imagery, has
shown the potential for streamlining surveys. Ground based survey teams
can head directly to check any potential desert locusts breeding sites
that these maps reveal, without wasting precious time, fuel and funds,
wandering aimlessly around the desert in search of patches of suitable
greenery. This technology has been transferred to AGRYMET in Niamey,
Niger, and is available from that center.

The next stage in this process might be to relay the map data by
satellite transmission to the National Remote Sensing Center in
Khartoum, and for the maps to be printed in Khartoum. An interim
measure would be for greenness information to be copied onto 8 1/2 x 11"
paper in Niamey, Niger, for fax to Sudan when suitable fax facilities
become available in Khartoum.

A combination of greenness maps and helicopter patrols, supported
by grcund verification, will considerably improve survey efficiency and
for controlling potential desert locusts outbreaks while the numbers are
few and localized, and spraying needs are minimal.

The Artemis satellite surveys of cloud cover also offer promise
of better prediction of where rains have fallen, and this methodology
requires further investigation, testing, and refining.

In the case of tree locusts, it is doubtful if greenness maps
will be of much assistance. Circumstances in this past season, when
survey was severely curtailed by lack of fuel, inhibited investigation
into the potential usefulness of such maps for finding areas attractive
to tree locusts. On the other hand, helicopter patrols flown on a grid
pattern over extensive savannah areas, and with stops for ground checks
at regular intervals, would secm to offer better means for determining
population trends and locating areas that require treatment.

15.4 Defining Economic Thresholds

In any District, the decision of whether or not to spray for
locusts, grasshoppers, quelea and armyworm rests with the local senior
PPD entomologist. The suggested minimum locust population thresholds
contained in the AID Africa Bureau guidelines published in the February
1987 Strategy Paper appear reasonable, and are presented in Table 16.
To these have been added a guideline for defining an economic threshold
for tree locusts, set at a point where gum arabic production would be
depressed by 15 to 20%.

All of these figures are tentative and require substantiation by
research over a number of years in order to encompass different seasons,
crop regimes, stage of crop, and specific locales. The research
currently underway at the University of Khartoum should provide some
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information on the economics of locusts and grasshoppers control, but
will need to run for longer than the planned three years in order to
cover a full cycle of upsurge and recession for each pest species.

Other factors that affect control decisions when using threshold
criteria include the susceptibility of a particular crop to a specific
insect species, differing sizes of the species, the value or importance
of the crop to be protected, the abundance of the vegetation for feeding
(especially in rangeland/unutilized land), and the resources available
for treatment.

The formation of the core Locust Unit in PPD as part of the
Medium Term Locust Control Project, will assist in building up and
retaining experience and records on locust control activities, so that
decisions on whether and how to treat will be based on cumulative
knowledge.

It would probably be mutually beneficial for those senior
entomologists entrusted with making such decisions to visit colleagues
in other areas to share ideas and experience. The difficulties of
travel in Sudan, and the finarcial constraints, tend to isolate the
staff in their respective working areas, which is obviously detrimental
to their efficiency. The creation of the proposed Regional Supervisor
posts (see Section 8.2) will assist local senior entomologists in
deciding when control interventions are necessary.

In any country, there is always a tendency for farmers to want
to take action, or to request Government to intervene, from the moment
that a pest species becomes evident in or adjacent to cultivated crops.
This is a natural reaction, particularly in the case of locusts, and it
is usually a delicate matter to decide if chemigal intervention is
justified.

The poor state of roads and tracks, and temporary flooding,
results in communication delays between farmers, PPD and extension staff
for on-site inspection and decision making as to whether or not PPD
should spray.

Unfortunately, the lack of long-range weather forecasting makes
it impossible to know in advance whether any season will favor locusts
and grasshoppers placie development if pre-emptive action is not taken
earlier against smaller concentrations of locusts.
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Table 16 MINIMUM PCPULATION THRESHOLDS FOR PESTICIDE USAGE

Spraying with pesticides should only be undertaken if the following
locust or grasshopper densities are exceeded:

Cropland Rangeland, Savannah
and Fallow land
Stage of Crop
Seedlings Vegetative Head Emergence
(Under 10 cm) Stages to Harvest

Desert Locusts:

6-10/m* or 10/m?® or 10/m? or
gregarious gregarious gregarious

Tree Locusts:

N/A N/A 10/m?

Oedaleus senegalensis:
6-10/m? 15-20/m? 10-15/m?

Other Grasshoppers:

6-10/m? 15-20/m? 10-15/m?

Any gregarious forms (bands
of hoppers or swarms of adults);
populations of 10 adults/m? or
higher when conditions are
favorable, i.e., green plants,
auequate rainfall

30-50/tree on 1000 m transect

Early in season if vegetation is
drying and movement to crops
seems imminent; 20/m?

Early in the season on rangeland
if 20/m?, or if forage production
is low and over-grazing is
likely; Only at extreme levels
on unused land, e.g., to prevent
desertification.

These guidelines are for adults or large hoppers. For small
hoppers (1st-3rd instars), control thresholds would be roughly 2 -3
times these numbers to justify treatment.

(Adapted from: USAID Africa Bureau Locust Strategy - February 1987)

106



With the benefit of hind-sight, it would be wise to deal with all
gregarious populations regardless of time of yYear to avoid full-scale
plagues. The proximity of summer and winter breeding areas in Sudan,
without significant barriers in between, lends itself to rapid
population increases that pose a threat not only to Sudanese
agriculture, but throughout the Sahel, North Africa, and the Arabian
peninsula.

The old saying ‘An ounce of prevention is worth a pound of cure!,
is particularly apt in respect of 1locust control with a view to
minimizing subsequent emergency spray programs.

15.5 Targeting of Sprays

Observers of the locust control operations in 1986 - 88, noted
that the defining of target areas for aerial spraying was frequently
inadequate.

If the minimum amount of aerially applied pesticide is to be
used, the target area needs to be clearly marked. Whether this is done
by flagging, or by smudge fires, or any other means, it requires that
the target perimeters be delineated at first light. Radio contact must
be established with the pilot to maximize efficiency before swarms begin
flight. An early start is particularly essential in the case of fledged
desert locusts swarms, which are liable to become airborne upon warming.

Sexually mature desert locusts swarms are readily seen from the
air because of their yellow coloration, and are likely to be visible to
spray pilots for accurate targeting even if boundary markers are not
well established. Sexually immature pink~brown desert locusts or hopper
bands will not be quite so apparent, so greater care is needed in
establishing beacons for spray pilots.

Hopper bands should preferably be treated with ground equipment,
but if the infested areas are considerable, aerial spraying may be
justified. However, even in the case of extensive outbreaks, there will
be gaps between individual bands, resulting in wasted pesticide if
aerial sprays of contact insecticides are applied.

Targeting of tree locusts concentrations along the Nile Rivers
during the dry season should take wind direction into account, to avoid
spray drift onto the river. It may be necessary to defer spraying until
the wind has died down or has changed direction. Spraying at dawn, as
should be done anyway, may avoid operating in windy conditions.
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15.6 Use of Appropriate Equipment and Pesticides

PPD does not have much flexibility in choosing equipment and
insecticides. This is due to reliance on donations frop various sources
for locust control, as PPD's own budget, together with supplementary
allocations from Ministry of Finance for this purpose, falls far short
of requirements. Also, funding of spray equipment and pesticides
requires foreign currency, which is not readily available.

PPD generally accepts donor products without question. In most
instances, the offered pesticides have not been problem chemicals but
GOS should retain the right of refusal of any pesticide that may cause
environmental problens. The establishment of a pesticides bank, as
described in Section 8.4, would provide more opportunity to pre-screen
chemicals for potential detriment.

It is desirable to always have sufficient quantities of
alternative pesticides in stock so that the optimum type can be selected
according to the circumstances. However, choice of optimum pesticides
is unlikely as it would require considerable extra stocks of all types
to be available. Not only would this cost more, but it would entai1l
large stock carry-overs, an aspect which may be self-defeating where the
aim is to minimize pesticides in circulation. Furthermore, surplus
pesticides obtained on an 'in case of need' basis are likely to result
in stocks becoming over-aged, and requiring disposal.

Unfortunately, there is normally nothing available in Khartoum
in the way of equipment and pesticides, and the delays in obtaining
approved imports can take months. Even donations of’ vehicles often sit
for months at Port Sudan awaiting Customs approval for duty-free
importation.

A further handicap to minimizing pesticide use is the shortage
of technical literature, and limited travel opportunities for senior
staff to attend externally based trade exhibits and field days where new
equipment is displayed. It is desirable that decision makers in PPD
stay abreast of the latest technical developments to maintain optimal
program efficiency. Technical assistance on a periodic basis for
equipment maintenance, calibration, and pesticide selection should be
provided under USAID funded locust control activities.

15.7 Integrated Pest Management (IPM)

The present Director General of PPD, Dr. Hassan Abbas E1l Tom, and
other senior staff firmly believe in the need to reduce pesticide use in
all sectors of agriculture in Sudan, for environmental and for economic
reasons. This principle is equally endorsed by the Professor of

Sayed Al Bashir. Furthermore, the Undersecretary for Technical Services

in MOAANR is a specialist in IPM, and consistently promotes this
approach wherever feasible.
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. Unfortunately, satisfactory alternative options for current
applications of pesticides in Sudan are limited. In the case of
locusts, the most important strategy available for pesticide reduction
is by controlling initial swarming stages in the breeding areas when
insects are fewer and less mobile. Keeping locusts limited and scattered
would inhibit gregarization and this would extend the recession phase,
particularly in the case of desert locusts.

A major component of any pest management strategy is the concept
of economic thresholds for application of pesticides (see Section 15.4).
This must be ricorously followed.

Difficulties involved with the introduction of IPM as an
effective system in locust control arise in part because locusts and
grasshoppers plagues (particularly desert locusts) occur at extended and
unpredictable intervals, and because most species migrate after
attaining their destructive gregarious phase. This renders it
impossible for pathogens and predators to build up sufficiently rapidly
to have an appreciable effect on locust populations in the shor: term.

Furthermore, the larger the potential breeding area, and the more
patchy and unpredictable the breeding sites, the easier it is for swarms
to evade natural enemies. This is particularly so in Sudan in the
summer breeding areas. However, potential mortality in the Sudanese
winter and spring breeding season is likely to be much hijher, as the
entire population is funnelled into a more restricted area, which by
virtue of its limited extent, requires that the same breeding sites be
utilized almost every year. Systems that can be devised to aid the
natural pathogens and/or predators to develop and function optimally in
these winter breeding areas should be a principal thrust for IPM
programs. This could include setting aside "refuge" areas for the
natural diseases and parasites or inoculating with appropriate microbial
pesticides.

The only natural control organisms that can multiply rapidly
enough to have an appreciable effect on locust numbers are the more
primitive ones, such as bacteria, fungi, and viruses, provided they can
survive in locust habitats. Birds and other vertebrates, which normally
produce only one generation per annum, and whose own natural enemies
are such that the annual breeding increment normally equals natural
mortality, cannot respond adequately to rapid locust and grasshopper
population increases. Furthermore, the nature of the environment in
locust-prone areas in Sudan further inhibits the build-up of predators
in the intervening years due to the limited amount of food, water and
breeding opportunities that characterize the arid and semi-arid regions
of Sudan. These areas can only sustain low locust predator populations
in dry recession years.

As locust plagues have occurred periodically throughout recorded
history, it is obvious that natural controls are insufficient to prevent
upsurges, and that human intervention is required to deter pop=lation
buildup, and to protect agricultural investments.

109



Although USAID has contributed toward the Famine Early Warning
System (FEWS) for Sudan, there is no long-range prediction or warning
system as yet that can gquide farmers and PPD as to when and where tc
expect locusts and grasshoppers problems. The bi-weekly greenness maps,
by depicting areas where 1locusts may feed and breed are, however, a
valuable component of monitoring surveys, which is an essential
component of locust and grasshopper IPM. It should be stressed that IPM
is difficult to apply to sporadic and highly mobile pests such as desert
locusts; research is needed to develop and refine IPM tactics for use in
future campaigns. The botanically derived feeding repellent, Neem
extract, should also be investigated for use against locusts and
grasshoppers, as should the application of pheromones and Kairomones.

15.8 Traditional Controls

Traditional means of trying to kill locusts and grasshoppers en
masse, or to drive them out of croplands, have very limited effect, and
there are no systems peculiar to Sudan that are superior to those used
elsewhere. Even though the overall percentage crop damage in a region
may be within acceptable limits on a national scale, the unfortunate
individual farmers whose lands are invaded by major hopper bands or
swarms can often face total crop loss.

Such 1losses, it can be argued, are part of the hazards
encountered in farming anywhere, especially in marginal areas, so that
traditional cultivators must continue to be resilient if they wish to
survive. For instance, it is standard practice for peasant farmers to
store surpluses from good years in order to tide them over bad ones. In
Sudan, surplus grain is stored in sealed pits known as 'matamura', in
which it will remain in good conditiecn with negligible losses for a
number of years. This practice should be encouraged, as it is cheap and
within the scope of most farmers and a useful insurance against locust
losses. The digging of trenches to trap hopper bands has been a
moderately >»ffective method used by villagers in the past and should be
further encouraged in order to reduce pesticide application and augment
self-reliance. However, the drift of males to urban areas leaves less
man-power available for such tasks. Other traditional methods, such as
smudge fires or use of local practitioners of superstition ('Dumbari')
are of no proven utility. Amending agricultural practices as a means of
mitigating the damage caused by locusts, such as by planting trap crops,
selecting less palatable cultivars, or changing planting dates, hold
little hope for substantial loss reduction in the face of major plagues,
except for major substitution such as sorghum in place of millet to
thwart Senegalese grasshopper.

15.9 Non-chemical Control

CIBA-Geigy sent staff to Sudan in 1989 to undertake trials using
lL.osema locustae on desert locusts, but the total absence of swarms,
together with the prevailing logistical and security difficulties,
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prevented any results being from achieved.

The use of Neem (Azidarachta indica) extract as an anti-feedant
and locust deterrent, does not appear to have been publicized to any
extent among the farmers of Sudan. The availability of Neem trees
varies in Sudanese villages, but they have proved to be hardy and
adaptable. Because of the multiplicity of their other uses, greater
awareness needs to be created to encourage more widespread planting of
this valuable shade tree.

16.0 RISKS AND BENEFITS OF PESTICIDE USE FOR LOCUST CONTROL

The potential benefits that should result from the contrcl of
locusts and grasshoppers in Sudan can be of local, national or regional
importance.

Local benefits ensue in the form of farmers reaping the full
potentials from their harvests, enabling them to feed their families and
to have cash incomes with which to buy needed commodities or to pay for
essential services. Taxes on incomes and production assist local and
national authorities to provide the development and infrastructure
required by rural communities.

Farmers who suffer severe crop losses due to 1locust and
grasshopper depredations will frequently have no food for their
families, and may be forced to sell some of their livestock, if they
have any, or further swell the ranks of the unemployed.

The national economy of Sudan is severely degraded - it is
currently one of the poorest countries anywhere - so it cannot afford
losses in revenue such as those caused by locusts. The production of
agricultural commodities for export is the mainstay of Sudan's economy.
The two major species of plague locusts that have beset this country in
recent years (desert 1locusts and tree 1locusts) have an enormous
destructive potential (Section 6.0). Control of tree 1locusts
potentially restores incomes from gum arabic, boosts foreign exchange
earnings, and assists the 1livestock, forestry and horticultural
industries. Desert locusts attack virtually all crops, trees, and
rangeland grazing. African migratory locusts are principally a threat
to sugar, of which Sudan is perpetually in short supply.

As there is currently no reliable means for predicting the
occurrence or possible development of successively larger swarm
generations each season, or in the following year, it is too risky to
defer action when faced with small swarms in the hope that natural
causes will produce high mortality in the early stages of gregarization,
and thereby avert major pesticide intervention later. In the absence of
satisfactory alternative non-chemical controls, PPD is obliged to
undertake pre-emptive pesticide applications in breeding areas to
forestall plague conditions.
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Regionally and internationally, the control of desert locusts
within Sudan is vital, because of the potential for both summer and
winter generations to proliferate and to migrate to other countries.

On the other hand, the potential harm from pesticide use includes
possible adverse impacts on the already stressed wildlife, environment
and ecosystems. Risks to humans can result from contact, inhalation or
ingestion of spray and residues, or by accidental poisoning of operators
through careless handling and application practices. In addition,
losses sustained by accidentally poisoned livestock would affect the
welfare of the owners.

However, having reviewed the PEA-authorized pesticides, and
having ascertained the procedures by which pesticides are registered in
Sudan, it is the considered finding of this study that, subject to the
provisos and the implementstion of the recommendations in this SEA
(Section 18), any adverse effects *“hat might result from these locust
and grasshopper pesticides are within acceptable limits. It should be
noted that there is no evidence to indicate that past. pesticide use for
locust control has had any significant adverse impact in Sudan.

17.0 ALTERNATIVE OPTIONS FOR USAID INVOLVEMENT

The PEA sets out in detail four alternative courses of action
open to USAID regarding locusts and grasshoppers control.

The policy options discussed therein amounted to a choice
between:
a) No action by USAID, leaving other organizations to provide
all assistance;

b) refrain from funding control measures, but to assist with
food aid to replace harvests lost to locusts;

c) to provide assistance only during major emercencies
(preferably using AID/AFR AELGA funds); or

d) continue to play an active role in locusts and grasshoppers
control.

The disadvantages associated with the first three options are
well set out in the PEA, and their rejection is herewith endorsed
insofar as USAID's potential role in Sudan is concerned. Under present
sanctions, USAID/Khartoum is restricted to carefully watching the
infestation situation; the Mission is currently unable to be an active
participant in control assistance in collaboration with PPD. Should a
major locusts and grasshoppers outbreak occur, emergency or disaster
assistance, funded by AELGA or OFDA respectively, would 1likely be
requested by USAID/Khartoum. The 'No Action' options (a - c above)
would not necessarily debar USAID/W from assisting other organizations,
such as FAO, to fund control operations in Sudan.
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It is hereby recommended that when the legal barriers which
currently prohibit USAID from providing assistance to Sudan (the Brooke
Amendment to the Foreign Assistance Act [Section 22], and the provisions
under Section 513) no longer apply, USAID should resume active
participation in all aspects of locust and grasshopper control and
research in Sudan.

Sudan has a large and capable core of experienced professional
staff plus much of the necessary basic facilities for research and
control, even though the 1latter are frequently non-functional at
present. The diversity of species and habitats, and of key breeding
areas for desert locusts, make it a critical locale for locust programs.
This country would be especially important as a base for research on the
biology and control of these insects, and for examining related
environmental issues. Because of the vastness of the country, USAID
participation in environmentally-oriented work in Sudan would help
ensure soundly designed programs that encompass a substantial part of
the total locusts and grasshoppers ecological range.

Furthermore, Sudan's geographic placement, and the ethnic and
religious mix which exists in the country, enables it to be an important
potential bridge between the diverse population groups and cultures of
the northern and southern sectors of Africa. In normal circumstances,
and once the present internal political conflicts are resolved, work and
results attained in Sudan would have global credibility. USAID
participation in 1locust activities in Sudan can potentially have
constructive ramifications far beyond its national borders.

As noted in the PEA, USAID funding and participation will help
provide leverage, if ever necessary, for guiding locust control
activities along environmentally acceptable lines.

Consequently, when circumstances in Sudan permit the resumption
of funding and technical assistance to GOS Ministries, it is recommended
that such assistance could or should encompass normal operational,
training, health and environmental monitoring, and research needs
regarding locusts and grasshoppers.

However, the various relevant provisos, stipulations and
recommendations contained in this SEA should be incorporated into any
future formal agreements drawn up between USAID Khartoum and GOS for
USAID funding and technical assistance for locust control activities
that involve the use of pesticides.

17.1 Potential USAID Roles

In order to effectively control future locust upsurges with the
techniques currently available, PPD would require assistance in various
forms from USAID or other donors. Such support can be categorized as
follows:

i) Financial Donations - dollars or other hard currencies with
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which to purchase externally supplied services.

ii) Pesticides -~ Either donations of PEA-approved formulations,
or funds with which to purchase them.

iii) Equipment - Donations or funding of various types of
sprayers, vehicles, spare parts, mobile and static
workshops, radios, camp equipment, protective clothing,
Global Positioning System sets.

iv) Pesticide monitoring equipment and laboratory supplies.
V) Cholinesterase test kits and first aid supplies.

vi) Dollars and local currency for survey and spray aircraft
flying hours.

vii) Local currency for field staff hardship allowances.
viii) Local currency for hire of casual labor.
ix) Local currency for hire of vehicles.

X) Local currency or donations of diesel, aviation fuel, oils,
and grease.

xi) Dollar funding for seasonal helicopter surveys.

xii) Dollar and/or local currency for staff training and
training materials. ,

xiii) Supply of literature to Head office, Regional and District
offices.

xiv) Supply of USGS- or AGHRMET-produced greenness maps to
improve survey effectiveness for locusts.

XV) Supply of technical assistance.

xvi) Renovation of field quarters, storage facilities, air
strips.

The contribution of any of these items would constitute
assisting in the application of potentially harmful chemicals during
locust control campaigns, and are therefore subject to consideration and
apprcval in terms of Regulation 216 of USAID's Environmental Procedures
Policy arising from the Foreign Assistance Act.

17.2 Past USAID Assistance for Locust Control in Sudan

From the time that it became evident in mid 1986 that Sudan was
faced with a major incursion and build-up of desert locusts, USAID has
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provided substantial aid to PPD and GOS to help abate this problem. A
full-time person was appointed as Locust Coordinator in the Khartoum
office, and this post was funded through March 1990. Other USAID
Khartoum personnel provided varying amounts of work time for 1locust
activities, including Head of Section, and relevant supporst staff. The
Head of Section (initially the General Developme*~ Cfficer, and
subsequently the Senior Agricultural Officer), in ¢ ‘lar, were
heavily involved with meetings, especially the Lucu. . “teering
Committee, and meetings with PPD and/or MFEP, and with cable traffic to
USAID's Office of Foreign Disaster Assistance (OFDA) in Washington.
Various personnel in OFDA devoted considerable time to assisting with
Sudan's needs.

USAID funded visits to Sudan by a number of specialists for
varying periods to supply technical assistance, particularly
investigation, advice, training, and supervision in entomology,
logistics, radio operation, pesticides, pesticide disposal, and
satellite imagery.

In 1986, OFDA donated $1M to funds operated by the Commission of
European Communities (EEC) for locust control in Sudan (and also
Ethiopia if required). This was augmented by a further $734,000 in
1987, and a later grant of $100,00 was also made froca OFDA. Much of
this was to purchase propoxur insecticide.

OFDA provided $650,000 direct assistance to Sudan in 1988, mainly
for flying hours for spray aircraft, and supplying 30 radio sets.

$50,000 was provided for PPD training in 1987 from AFR/TR's
African Emergency Locust/Grasshopper Assistance (AELGA) budget of $22
million for locusts and grasshoppers control in Sahelian countries.
USAID contributed $ 150,000 of AELGA funds in 1989 to FAO to assist with
fielding a helicopter for locust surveillance in Sudan. Between June
1988 and February 1990, USAID provided greenness maps every two weeks at
a cost of $ 220,856.

The USAID input into drawing up the Medium Term Locust Project
in 1988 was $ 226,554 and LS 153,000.

These direct outlays to locusts and grasshoppers control in Sudan
in 1986-1988 total $ 3,131,410, not including costs of consultants and
regular staff engaged in locust control activities. A further major
form of assistance provided by USAID was the funding of various
workshops and training programs for both U.S. and Sudanese staff.

In addition to the above Jdollar outlays, further USAID assistance
to PPD was in the form of financing locust control activities from funds
held by MFEP, derived from PL 480 sales of wheat and other commodities
donated to GOS by USG.

Over the three year desert 1locusts plague period, the
USAID-derived local currency funds released to PPD with USAID agreement
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amounted to LS 22,620,000. At the official exchange rate of $1.00 = LS
4.45, this is equivalent to $5,083, 146.

These local currency releases to PPD covered flying hours for
spray aircraft, costs of transporting supplies, purchase of fuels and
lubricants, spare parts and maintenance for vehicles and equipment,
protective clothing, renovation of field camps and airstrips, training
course attendance, and hardship allowances for field staff.

17.3 Future Funding Optinns for USAID

Because Sudan occupies a critical location in the pattern of
desert locusts migrations, it will most 1likely continue to require
emergency assistance from USAID until such time as an effective
internationally directed task force can assist with the provision of the
necessary strategic controls. The AELGA project was specifically
designed to assist in emergency situations that involve pest outbreaks,
and should play the primary role in USG action against locusts and
grasshoppers problems in Africa. For this reason, USAID's AFR/TR AELGA
project has been extended as a funding and information mechanism with at
least one staff member assigned to it. OFDA intervention shou.d be
limited to assistance only in the event of a major emergency, consequent
on the formal declaration of a disaster issued by the U.S. Ambassador to
Sudan. To minimize delays in the provision of aid during plague
occurrences, this SEA has analyzed the relevant environmental issues,
thereby enabling funding and technical assistance to be speedily
provided with incorporation of appropriate safeguards.

18.0 S8UMMARY AND CONCLUSIONS ’

This Supplementary Environmental Assessment (SEA) is produced to
complement the information in the Programmatic Environmental Assessment
(PEA) (TAMS/CICP 19€9), in conformity with the requirement of Section 22
of the Code of Federal Regulations (CFR}, Part 216 of the Foreign
Assistance Act.

This SEA examines the various factors which are involved in the
selection and use of pesticides for locust and grasshopper (locusts and
grasshoppers) control in Sudan, as such use has potentially adverse
environmental consequences. It details the environmental components
that might be affected, or which determine where and when control of
locusts and grasshoppers may be necessary. It examines the capacity of
the Plant Protection Department (PPD) to satisfactorily use pesticides,
and the operating procedures employed, as well as noting the pesticide
and monitoring facilities of Sudan. The SEA discusses the risks and
benefits of pesticide use for locusts and grasshoppers control, and the
options for USAID, and makes recommendations for optimizing safe
application of pesticides.

This SEA has been produced in consultation with relevant staff
in the Plant Protection Department (PPD) and the Institute of

116



Environmental Studies (IES), and draws on the extensive locust and
pesticide literature available in the Agriculture office of USAID
Khartoum. The author (D.C.H. Plowes) has acted as Locust Coordinator in
this section for the period April 1989 - May 1990.

Sudan does rnot have an Environmental Act, and there are no legal
requirements for Environmental Impact Assessments for new projects or
activities, or for environmental monitoring. The Sudan Environmental
Protection Society, the IES (a subsidiary of the University of Khartoum)
and the Wildlife Research Administration are the principal monitors of
environmental matters.

Locusts and grasshoppers, and Desert Locusts (desert locusts) in
particular, have been periodic pests occurring in plague numbers at
irregular intervals, causing much damage to the agricultural production
and economy of Sudan. PPD has the responsibility to control major
pests, but as the upsurge of desert locusts in 1986-88 was on a scale
unknown since 1963, they were ill-equipped for the task, and required
massive donor assistance ($6.7 million in 1986).

In July 1986 an emergency situat!.n in Sudan was declared by the
U.S. Ambassador, enabling OFDA assistance to be provided without a prior
Environmental Impact Assessment. This waiver was extended through
August 1989, as the desert locusts plague in the 1987 and 1988 seasons
was on a successively more massive scale. However, the desert iocusts
plague did not continue into 1989 as anticipated.

Sudan is the largest country in Africa, being 1800 km long and
1500 km wide. It is one of the world's poorest.

The greater portion of the country is flat, lying at an altitude
of 350-650 meters a.s.l. The major mountains are the extinct volcano
Jebel Mara in the west (3042 m), the Imatong Mountains (3187 m) on the
Uganda border, the Red Sea Hills (2259 m) in the northeast, and the Nuba
Mountains (1457 m) in the center of Sudan. Rocky hills (jebels) are
frequent in the northeast, and also in the extreme west.

The summer rainfall increases from an average of 50 mm or less
in the north, to 1200 mm in the southern mountains. The climate is very
hot and dry in the northern half of the country, becoming more
subtropical and humid in the south. The Red Sea coast has a mild rainy
winter.

The top third of the country is desert and semi-~desert; the
central third is semi-arid acacia savannah, and the lower third is a mix
of broad-leaved deciduous savannah and flood plains, with evergreen
forest along the Zaire border.

There are extensive sand sheets with mobile or fixed dunes in

northern Sudan, and unbroken plains of black cracking clay (vertisol
'cotton' soils) and alluvium in the southern two thirds of the country.
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The geology comprises ancient Basement Complex rocks (granite,
gneiss and schist) - 50%; Nubian sandstones and conglomerates - 25%; Umm
Ruwaba sediments and alluvium - 20%; lava and basalt - 5%.

Shallow groundwater for wells occurs in the Umm Ruwaba series and
in seasonally dry watercourses, with deeper aquifers in the Nubian
formations. The Basement Complex rocks only hold water in fissures.

There are no wetlands in the locust-inhabited areas of northern
Sudan, and the only permanent surface water is in the two branches of
the Nile. Intermittent water persists for much of the year in the
Atbara river, and isolated pools are found in a few other major
watercourses in the south-east and the west for most of the dry season.

Half of Sudan's population of 26 million lives along the Nile,
with many being dependent on the 1.75 million ha of irrigation derived
from it. Nomads and their livestock occupy the semi-desert and dry
savannah areas where the rainfall is too meager for arable farming.
Crop farmers practice shifting cultivation in the low rainfall Sahelian
zone south ot latitude 14 dagrees North, growing millet ('dukhn') on the
sands, and sorghum ('dura') on clay soils. Gum arabic production is
centered mainly between 10 and 15 degrees North. Agriculture supports
80% of the population, and provides 95% of exports. Sudan is one of the
world's poorest countries, with a very run-down infrastructure.

In recent years, much of the woodland nas been cleared for
farming (either traditional or mechanized) anu for charcoal production.
Charcoal (the principal fuel medium in Sudan) is now transported to
Khartoum from 500 km distant.

The combination of deforestation and ovefgrazing has caused
severe desertification. A parallel loss of wildlife has ensued, and
several species are already extinct or nearly so. The heavy application
of cotton pesticides on the irrigation schemes has adversely affected
aquatic fauna. Various National Parks and Reserves have been declared
in the past, but most are now non-functional due to lack of funds for
staffing and supervision.

The northern half of Sudan is extremely hot and dry, becoming
more humid and sub-tropical in the south, with summer rains of 25-50 mm
in the north, increasing to 1200 mm on the mountains and watershed of
the Uganda/Zaire border. The Red Sea coast has a winter rainfall of 100
mm.

The only surface water for most of the year is in the White and
Blue Niles. Various watercourses carry storm water immediately after
rain, and are lined with larger trees. Half of the population of 26
million lives along the Nile and is dependent on irrigation. Wells and
bore holes supply water to people living away from the Nile.

Rain fed cropping, based mainly on sorghum and millet, occurs
mostly south of the 14 degrees North latitude. Gum arabic was a major
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source of income in the past, but many trees have been felled for
charcoal or mechanized farming. Charcoal for Khartoum is now brought
from 500 km away. Sudan has 1lost much of its wildlife, and
deforestation is a serious problem. Parks and wildlife reserves in
northern Sudan are very limited in number, and seriously threatened by
local population pressures.

Sudan is at the hub of the overall range of desert locusts, and
is of especial importance in the population dynamics of this locust in
that the summer and the winter rainfall regions can alternatively harbor
a successive series of generations on a year round breeding basis. The
winter rainfall region of the Red Sea coast is a prime breeding area,
and a high proportion of upsurges in the past are known to have
originated there. The area suitable for summer reproduction by desert
locusts in a good rainfall year in Sudan is about 500,000 square km,
principally between 12 and 20 degrees North. The winter rainfall
breeding area is a maximum of 100,000 square km. Tree locusts occupy
the gum arabic belt between 10 and 15 degrees North. This SEA deals
with areas down to 10 degrees North.

In the past three years, Tree Locusts have increased in
unprecedented numbers, posing severe threats to the gum arabic industry,
as well as to grain and horticultural crops, and have required
widespread control, utilizing insecticides originally donated for the
desert locusts campaign.

Other locust and grasshopper species have been relatively
insignificant in recent years, but a build-up of grasshoppers in western
Sudan in 1989 caused damage to grain crops of between 15 and 30%. There
is inadequate data on crop and livestock losses thatiare attributable to
locusts and grasshoppers. The Famine Early Warning System (FEWS)
Special Report commissioned by USAID Washington estimated that in 1986
desert locusts may have consumed 9.2% of the crops in the infested
areas, with a value of $ 35 million. Livestock are affected by loss of
grazing and browse, and losses in live weight gains due to reduced
forage availability in severe locusts and grasshoppers seasons could
amount to $24 million or more.

Donors and the Locust Steering Committee have helped PPD set up
a core Locust Control Unit as an additional specialist section. PPD
staff total over 4000 persons, of whom 11 are Ph.D's, 76 are M-Sc's, and
135 have Bachelors degrees. These are distributed over 20 Regional
stations and 16 sub-stations at strategic points in northern Sudan.
(Pest and disease control in southern Sudan is the responsibility of the
southern Sudan administration, but is currently non-functional because
of the war).

PPD, in common with all Government of Sudan (GOS) Ministries, has
virtually no funds for operational activities, and has to rely almost
entirely on donor support. Staff salaries and allowances are abysmally
low, with no incentives for morale and initiative.
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Despite these handicaps, PPD has many persons of high academic
calibre. It lacks facilities for in-service training and field
supervision, and for maintenance and replacement of equipment. PPD has
a complementary set of three well equipped and well staffed pesticide
laboratories at Wad Medani for the study of pesticide formulations,
residues, and bio-assays, but currently lacks funds for replacement of
chemicals and laboratory equipment. Sending samples for analysis from
distant parts of Sudan is normally impractical due to the length of time
in transit.

Donors have helped replace inadequate pesticide store-rooms, and
with incineration of large quantities of over-age .iquid chemicals.
Solid pesticides await trials and disposal by cement kiln incineration
when funds and technical assistance are available.

Sudan 1is well endowed with research and higher academic
facilities and personnel, though all are currently severely handicapped
by the collapse of the economy, with the resultant inability to replace
equipment and maintain normal operations. The Agricultural Research
Corporation has a staff of 230 graduate scientists covering a wide range
of disciplines.

The principal university is the University of Khartoum with an
enrollment of 10,000 undergraduates, and with 3000 post-graduate
students. The Faculties of Agriculture and Science, and the Institute
for Environmental Studies (IES), are all active in fields relative to
pesticide usage and environmerntal monitoring. The University of Gezira
services the vast irrigation projects in Sudan, where heavy pesticide

applications play a major role in cotton production. The smaller
University of Juba, and the Omdurman Ahlia University, each have a
Faculty of Envircnmental Studies. Sudan's desertification crisis is

increasingly focussing public attention on ecological problems, but
during the current political and economic situation in the country,
these cannot be translated into action. There is an urgent need for a
major program of environmental education aimed at all sectors of the
populace.

FAO and UNDP both have offices in Khartoum, but with a limited
range of staff for project activities. FAO has provided PPD with
full-time contract entomologists to assist with organizing and training
for locust control operations - their services have been especially
useful. USAID, utilizing the US Embassy cable network, provides PPD and
other Missions with up-to-date information on the 1locusts and
grasshoppers situation in all affected countries. This is supplemented
by a periodic bulletin from FAO/Rome.

The Desert Locust Control Organization of East Africa (DLCO-EA)
assists principally by providing PPD with two fixed-wing aircraft for

surveillance and spraying when required. Regional conflicts in and
around Sudan make inter-territorial flights and control operations
impossible. The Sudan security authorities furthermore severely

restrict the use of aircraft, and especially helicopters, in western

120



Sudan and even elsewhere.

The Locust Steering Committee has played a key role in bringing
donors, PPD, other relevant GOS officials, and NGO's together to assist
with organizing aid for control activities, and as a forum for regular
updating on the locusts and grasshoppers situation.

A major handicap for campaign operations is the severely run-down
state of Sudan's communications infrastructure, and the lack of fuel,
spare parts and other essentials which result from the present economic
collapse and the internal security situation. The railways, formerly
the most extensive in independent Africa, have virtually ceased to
operate. The telecommunications system is similar. Garages and service
stations do not exist in the rural areas.

The approval of pesticides for use in Sudan is strictly regulated
by the National Pesticides Committee (NPC), with screening undertaken
by Agricultural Research Corporation (ARC) staff; this normally requires
four years in the case of a new product. Every different formulation of
each active ingredient, as well as different brands of previously
approved chemicals, requires formal checking before approval for release
is given. similar procedures are required if the previously approved
product is manufactured in a different country.

The pesticlides currently approved by the NPC for locust control
are all acceptad in the PEA; they are non-persistent,
non-bioaccumulative, and with minimum impact on non-target species.
NPC-approved pesticides are fenitrothion, chlorpyrifos, diazinon,
malathion, carbaryl and lambda-cyhalothrin in specified formulations.
Others used during the recent emergency, bu: not yet formally approved
by NPC, were bendiocarb, propoxur and deltamethrin.

Field tests on six commonly used pesticides were undertaken for
USAID Khartoum at Tokar, south of Port Sudan, by Dynamac Corporation in
1988, to evaluate efficacy and environmental impacts. These were
bendiocarb, carbaryl, chlorpyrifos, fenitrothion, lambda-cyhalothrin and
malathion. Though these test were flawed, they seemed to indicate that
these pesticides could be used without permanent adverse impacts if used
correctly.

The 1986-88 campaigns used donated pesticides of the above types,
which in the 1988/89 season amounted to about 850,000 1liters. In
addition, control of quelea finches by PPD currently utilizes up to
35,000 liters of fenitrothion per annum. By contrast, the irrigation
scheme parastatal corporations use around 10-12 million liters of
pesticides per annum, mostly on cotton. As these schemes are adjacent
to the Nile and its tributaries, this volume of insecticide has a far
greater potential environmental impact than the insecticides used for
locusts and grasshoppers control. Furthermore, most 1locusts and
grasshoppers control occurs well away from the Nile, in sparsely
inhabited terrain.
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In 1988, at the height of the desert locust plague, the area
treated for locusts and grasshoppers control was just under 1 million
hectares. This represents less than 2% of the potential locusts and
grasshoppers habitat. If all swarms had been treated, this would not
have exceeded 5% of the potential locusts and grasshoppers terrain.
locusts and grasshoppers contrcl in future plague years is unlikely to
exceed this figure. Within this area, there is little variation in
habitat, with the exception of the riverine, hill and Red Sea littoral
ecosystems, so use of these PEA and NPC approved insecticides would at
worst only cause localized and insignificant environmental effects, all
with the potential of rapid rectification if properly used. Much
greater caution in locust control operations requires to be exercised in
the more limited riverine and Red Sea Hills ecosystems.

The survey procedures previously used for locust detection have
been a combination of vehicle patrols, augmentedq by fixed-wing aircraft
flights to check areas that have greened-up after rain: these are
potential sites of locust concentrations. Since July 1988, USAID has
supplied satellite-generated greenness maps to PPD to locate areas with
green vegetation for surveying. In 1989, a long range helicopter was
provided using combined funds from USAID and FAO to survey potential
winter breeding areas. Optimal survey procedures for the future, which
should improve early detection of incipient swarms, will be a
combination of all four of these techniques.

Although PPD has a large network of field stations and facilities
in the locusts and grasshoppers belt, it has been seasonally necessary
to shunt personnel, equipment, pesticides, fuel, etc. between the summer
and the winter breeding areas to augment local: steccks. This is
expensive, time consuming, and deleterious to vehicles, but essential in
order to have all necessary supplies in place before the onset of the
rains.

Additional spray aircraft, vehicles and casual labor are hired
locally when necessary, to augment PPD's regular facilities.

Spraying is done according to the facilities available, the
extent of the swarms, and the nature of the terrain. The use of large
planes is not favored due to airstrip constraints and the difficulties
of precisely demarcating and targeting swarms. Communication between
ground staff and plane crews has been a weak point at times, as also has
been early start-up of spraying whilst locusts are still torpid at first
light.

ULV pesticide formulations are usually preferred, due to water
being in short supply in most of the infested areas. When available,
dust and bait is made available to farmers, but all spraying is
undert en by PPD personnel or professional air-crews. Bait made from
groundnut hulls is of limited attractiveness, and research is required
on additives to improve efficacy.

PPD endeavors to notify villagers and nomads of pending spray
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operations, but due to time limitations, impassable tracks or lack of
access, and the difficulties of locating nomad camps, this is not always
practicable. Fortunately people and livestock are sparse in the more
remote areas, so adverse impacts are minimal. The decision to spray is
undertaken at the discretion of the local senior PPD entomologist. In
the 1986-88 desert locusts upsurge, the sizes and densities of hopper
bands and swarms were of such magnitude that the need for spraying was
always clear-cut.

The technical assistance provided by USAID and other donors was
very useful in assisting inexperienced local PPD personnel in organizing
the logistics and management of large-scale operations.

The efficient upkeep of vehicles and all equipment is a severe
problem in Sudan due to the shortage of technicians, funds and spare
parts. PPD lacks a training branch, and a system of field supervisors
to liaise between headquarters and regional stations, which would ensure
that all personnel are fully trained and up-dated in the appropriate
specializations that they require.

Hitherto, detailed records and data have not been kept of locusts
and grasshoppers campaigns. The installation of a computer system and
the training of operators undertaken by FAO contractors will provide
better filing and analysis in future.

An analysis was undertaken for AID/Washington of donor and local
inputs and costs for desert locusts operations in the various Sahel
countries in 1986; the available data was very imprecise, but it
indicated that in Sudan, air treatment cost. $11.50/ha, and ground
treatment. $7.86. The value of crops saved per $1.00 donor input was
calculated to be $0.12. It is not known heow realistic this latter
figure is, but it reveals the need for accurate records, and evaluation
of data, as a basis for sound policy decisions.

PPD endeavors to supply protective clothing and to ensure that
all staff who handle pesticides are aware of the risks and the
precautions to be taken. However, because of the heat, handlers dislike
using masks and gloves. No cholinesterase test kits have been
available, so handlers are warned to report symptoms and to discontinue
work if ill-effects are felt. The PPD safety record appears to be good.

No satisfactory procedure has yet been devised for the disposal
of empty pesticide drums and containers in Sudan. Some are made
available for reuse, some are punctured, some are sold, and many are
probably pilfered. There is an insatiable demand for containers of any
sort in remote rural areas to use for fuel, water, grain storage and

building shelters. PPD does not have mobile drum crushers for
flattening drums prior to burial, and the manual digging of adequate
sized pits in the desert heat is impractical. In any case, drums

interred in any pit would be promptly exhumed after departure of PPD,
even if punctured.
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The program inaugurated by USAID for the disposal of all obsolete
pesticides was interrupted by floods and subsequent funding problems.
Accumulations of obsolete liquid pesticides were incinerated, but cement
kiln disposal of solids has yet to be undertaken.

The possibilities of environmental and water cdntamination from
locust pesticides are limited due to lack of surface water in most of
the locust belt, the infrequent rains, the flat terrain which retards
run-off, and the high temperatures an¢ sunlight intensity which rapidly
degrade active ingredients.

To help minimize ground water pollution, the SEA provides a map
showing localities with shallow aquifers wher: extra care in pesticide
handling is required, and furthermore recommenads that a hydrogeologist
be consulted for selection of =ites should pit disposal be needed.

Contamination of grain crops with PEA-approved pesticides should
not normally occur as the heads will not be attractive to locusts when
mature, so should not require spraying immediately prior to harvest.
Table 6 gives the safe period to be observed prior to harvesting
horticultural crops after treatment with any particular pesticide.

Although it is not always practicable to exclude all livestock
from areas to be sprayed, the Dynamac and other trials indicate that
once-only exposures by animals and birds to PEA approved pesticides used
at recommended rates will not result in any permanent adverse effects.
Nevertheless it -is recommended that livestock should be excluded from
sprayed areas for two weeks. A greater danger to birds exists from
eating sprayed locusts. It is recommended that wildlife specialists
should monitor spraying operations. .

Humans and domestic livestock eat locusts, which are nutritious
and tasty - radio propaganda is needed during locusts and grasshoppers
control campaigns to alert people not to harvest sprayed locusts for
consumption.

Remote rural villages are poorly endowed with medical facilities,
so local help will not be available to treat cases of accidental
insecticide poisoning. Even where clinics and hospitals do exist, their
facilities are now extremely run down, with drugs in short supply.

Despite the facilities and personnel available in Sudan, and the
enormous quantities of pesticides and herbicides used on the irrigation
schemes, there is no regular or systematic monitoring of environmental
impacts. This is mainly because no Ministry or other body has been
assigned this responsibility, and there is no budget for it. This SEA
recommends that an Environmental Monitoring Institute be created as an
adjunct to the Institute for Environmental Studies.

To reduce pesticide usage for locusts and grasshoppers control,
and thereby reduce environmental impacts, strategic control and
integrated pest management is necessary. This requires efficient
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targeted surveys for early detection and treatment of incipient swarms,
preferably in the hopper stages, to prevent them maturing and breeding.
Traditional controls have limited effectiveness, and have never been
adequate in the past to prevent locusts escalating to plague proportions
in favorable seasons. There are currently no proven non-chemical
controls available: further work is needed on natural pathogens,
anti-feedants, and growth inhibitors.

Further reduction in pesticide usage can be achieved at times by
adhering to guide-lines of minimum locusts and grasshoppers population
densities that merit chemical control. Also, better delineation of
areas that are scheduled for aerial spraying will minimize wasteful
spraying of non-infested areas.

PPD are handicapped in not having free choice of insecticides and
equipment, as they are largely reliant on donations in kind, due to lack
of GOS funding. More travel opportunities are needed to enable senior
staff to see alternative equipment in operation elsewhere or at special
Agricultural Trade Fairs. Access to international professional journals
and trade literature would also be advantageous, as none has been
affordable for many years.

Analysis of the risks and benefits, and of the pros and cons of
using PEA endorsed pesticides for locusts and grasshoppers control in
Sudan, indicates that Jjudicious applications are justified and
acceptable, especially in the early phases of desert locusts population
increases. 1In consequence, this SEA supports the funding by USAID of
pesticides and technical assistance for PPD campaigns against locusts
and grasshoppers, subject to the appropriate provisos being observed.
The SEA provides a list of ninety recommendations and provisos to help
minimize adverse effects from the use of such pesticides.

19.0 RECOMMENDATIONS AND PROVISOS

The recommendations based cii the assessment described herein and
the provisos acceptable in terms of legal requirement 22 CFR 216, under
which USAID assistance could be given for the supply and use of
pesticides for locust and grasshopper control in Sudan, would include
the following:

19.1 PPD, DONOR, AND REGIONAL COOPERATION

la. Because of the vast size of Sudan, and the poor state of the
communications and transportation infrastructure, PPD's
operational efficiency would be improved by the appointment
of five Regional Liaison Officers, who would act as links
between the PPD Head Office and each of the main PPD
Regions. They would commute by car or plane on a regular
basis to ensure that Head Office directives are observed in
the field, and to keep Head Office personnel apprised of
problems, needs and progress.
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19.2

1b.

1c.

1d.

le.

1f.

1g.

Donor committee meetings will be convened weekly during
major anti-locusts and grasshoppers campaigns, and at least
twice a year during non-emergencies, with representatives
from MOAANR, PPD, MOH, Extension service, DLCO-EA, IES, all
relevant donors, FAO, and UNDP to avoid duplication and gaps
regarding assistance.

PPD will be encouraged to exchange information directly with
the crop protection services in neighboring locust and
grasshopper-affected countries.

DLCO-EA will be encouraged to stay in close contact with
PPD, USAID, other donors FAO/ECLO, and other regional
locust, and grasshopper control organizations (e.qg.,
OCLALAV) .

Member countries of DLCO-EA will be encouraged to support
DLCO-EA financially, even during 1locust and grasshopper
recessions.

Donor arrangements with Sudan's Customs Department will be
negotiated to expedite the importation of donated campaign
equipment and pesticides. PPD will take the initiative by
arranging initial meetings.

International overflight agreements will be initiated by
PPD through the Ministry of Foreign Affairs with other
countries so that surveys and transfer ofr spray aircraft and
equipment can be made more efficient during campaigns, and
for survey and strategic control during.recessions.

SURVEY

2a.

zbl

2cl

The concept of strategic control will be embraced to prevent
plague conditions developing in Sudan and all other
countries that harbor key breeding areas.

The use of greenness maps will be continued in order to
streamline survey efforts. Until greenness maps can be
produced in Sudan, data will be transferred onto 8 1/2 x 11»
paper for immediate fax to Sudan, from the recently
established greenness map center in Niamey, Niger, in order
to expedite survey. The actual greenness map for Sudan will
be sent to Khartoum by the quickest means possible. An
appropriate fax facility will be required in Khartoun,
either at PPD, USAID, or the National Remote Sensing Center.

Egg pod surveys for 1locusts and grasshoppers, and
examination of the eggs for predators and pachogens, will be
a standard routine to help predict 1likely numbers and
identify potential 1locust and grasshopper plague nuclei.
Field verification is required to indicate to what extent
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19.3

2d.

2e,

2f.

2g.

2h.

3a.

3b.

greenness maps can be used to facilitate egg pod surveys.

Due to the vastness of Sudan, long-range aircraft will be
used for surveys; helicopters would be especially useful in
areas without landing strips, areas with seasonally unusable
landing strips, and rugged terrain unfit for fixed-wing
aircraft. Helicopters have the important advantage of being
able to land anywhere for ground checks.

PPD survey forms will be standardized, if possible, to
conform with those developed by FAO. Hopefully, standard
forms will be used in all affected countries. Field scouts
will be educated on how to fill out the forms, and how to
transmit appropriate information to PPD base stations.

Terrestrial survey teams will carry at least one
ground-to-ground and one ground-to-air radio, a hand-held
beacon, equipment to mark target areas (e.g., stakes with
bright flagging or smoke flares), survey forms, camping
gear, detailed maps, and at least one backpack sprayer with
pesticide. Survey teams will be provided with two well
maintained and equipped 4-wheel drive vehicles when
operating in remote areas.

Survey aircraft will be equipped with detailed maps on which
swarms can be noted. If survey aircraft are not equipped
with spray booms, a method for marking swarm locations will
be developed (e.g., canisters of powdered dye that can be
thrown from the aircrafit). The use of Global Positioning
System units by survey aircraft will be investigated, to
enable accurate coordinates to be calculated.

Nomads and 1local villagers will be encouraged to report
locust and grasshopper activity to PPD stations and scouts.
A suitable cash reward system could boost the number of
reports.

PESTICIDE SELECTION

The pesticides to be used will be limited to the currently
PEA approved chemicals: malathion, diazinon, carbaryl,
fenitrothion, chlorpyrofos, propoxur, bendiocarb and
lambda-cyhalothrin. Deltamethrin appears to fulfill all the
necessary conditions and will be officially screened fcr
inclusion on the approved list. Limited field use in Sudan,
and the manufacturer's data, indicate that it is an
eminently safe insecticide. Acephate will also be
considered for inclusion.

In the event PPD wishes to add other chemicals to the
arsenal of pesticides for use in Sudan, their inclusion must
be cleared with USAID in order to continue to qualify for
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19.4

3c.

3d.

3e.

4.

AID assistance.

Pesticides be will supplied in heavy duty drums not larger
than 50 1liters to avoid damage during handling. All
pesticides will be labeled according to USEPA standards in
Axabic, if possible.

The use of organochlorinated pesticides will be totally
discouraged.

Pesticide labels need to be translated into Arabic.

A pesticide bank, as was successfully implemented during the
last campaign by EEC and AID Washington, will be used during
future plagues to provide a choice among pesticides and to
avoid overstocking.

Farmer brigades will only be supplied with dusts and kaits,
unless they are properly trained in liquid formulation
application procedures. In all cases, farmers will be
supplied with the most selective pesticides that have been
approved.

PESTICIDE_STORAGE AND HANDLING

6a.

6b.

6c.

6d.

6e.

6f.

7a.

All PPD pesticide storage sites will be securely fenced,
guarded, and posted with "NO UNAUTHORIZED ENTRY" and
"HAZARDOUS MATERIALS" signs in Arabic and English. The
sites will be periodically inspected'to meet standards
acceptable to USAID. All pesticides :will be kept in a
sheltered, well-ventilated enclosure with a cement floor,
and stacked, if possible, on wooden pallets.

Fuel storage areas w’ 1l be separate and posted with "DANGER"
and "NO SMOKING" signs in Arabic and English.

Fuel will be stored in enclosed and shaded areas at least
100 meters from the pesticides.

Storage facilities will have on hand first-aid kits,
showers, soap, and a means of washing safety clothing.

All storage facilities will be equipped with 1lime for
neutralizing organophosphate pesticide spills.

Pesticide drums will be loaded and unloaded to and from
trucks with pallets and a forklift, or manually, onto a
cushioned surface, such as used tires, to prevent damage.

A system for regqgular inventory of pesticide stocks will be
developed and put into continuous practice. Irnprovements
in the management of pesticide stocks will minimize the
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19.5

7b.

7c.
7d.

8a.

8b.

9a.

9b.

1l0a.

10b.

chances of pesticides becoming obsolete, banned, and over-
age.

Each pesticide type and formulation will be kept separate
from others to avoid confusion and to facilitate inventory
procedure.

Pesticides will be used on a "FIRST-IN, FIRST-OUT" basis.

Pesticides of dubious quality due to over-ageing orhnmhimn
in unsuitable storage conditions will be analyzed for
formulation and active ingredient qualitybefore using Liquid
carbaryl formulations in drums willbe rolled along the
ground for about 100 meters each month to prevent excessive
viscosity.

PESTICIDE SAFETY

PPD, with donor assistance, will design and issue posters
and bulletins on pesticide safety and poisoning to all
field stations', rural clinics and hospitals. This will
be a joint effort with the Ministry of Health, PPD and the
Agricultural Extension Administration, using the latter's
printing facilities.

All locust and grasshopper spray operations will be
preceded by local public notification through direct radio
broadcasts.

All applicators and handlers will have two sets of
light-weight, tight-weave cotton coveralls suited to
Sudan's climate, a respirator (with replacement filter
cartridges), durable plastic or rubber gloves with
forearm-length gauntlets, a face shield, hard hat, and
rubber boots (not to be cut to ankle-length).

To ensure safe and optimal use of all spraying equipment,
plastic-coated instruction posters will be prepared for
issue to all field units; the guide books and posters must
have a working life equivalent to that of the equipment,
and there will be a mandatory annual check by senior
supervisory staff to reconcile the location and types of
equipment with appropriate instruction manuals.

Each spray team will have a water tanker to provide
adequate water for washing of persons, clothes and
equipment.

Each spray team will have at least one person trained in
health procedures, and equipped with cholinesterase test
kits and antidote (atropine). Cholinesterase testing will
be done routinely for handlers and applicators.
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19.6

10c.

lla.

‘ llbo

llc.

Terrestrial spray application teams will be equipped with
at least one ground-to-ground and one ground-to-air radio.
Camping equipment and clothing will be carried and stored
separately from the pesticides and spray equipment.

Post-spray harvest delay intervals will be Closely
observed when crcps are sprayed.

People will be discouraged from marketing and consuming
locusts during campaigns. The inclusion of inert dyes in
the pesticide tank mix would act as a deterrent.

Livestock will be removed from target areas prior to
treatment, and kept cut for at least two days thereafter.

PESTICIDE APPLICATION

12a.

12b.

12c.

12d.

12e.

13a.

13b.

13c.

The area to be sprayed for locusts and grasshoppers will
not exceed the supervisory capacity of local senior PPD
staff.

There will be no blanket spraying by 1locusts and
grasshoppers in marginal pastures and croplands on a
prophylactic basis. All spraying will be targeted, and be
based on economic threshold concentrations established by
systematic population counts.

Pesticide spraying of locusts and grasshoppers will not
take place after grain crops have passed the 'hard dough'
stage of maturity. nor after dissections reveal that the
females have already laid their eggs.

Cost/benefit analyses will be undertaken for each annual
spray campaign.

Using the economic threshold principle in combination with
prudent survey and forecasting techniques, Neem, microbial
pesticides, and cultural practices, an IPM strategy will
be developed for locusts and grasshoppers control on a
crop- and, if possible, area-specific basis.

Pesticide application, especially for aircraft, w.ll be
conducted in the early morning hours to treat swarms
before flight, and to minimize volatilization of spray
droplets in warmer temperatures. To avoid excessive
drift, spraying will never be done in windy conditions.

Use of large fixed-wing aircraft (e.g., DC-7's) will be
avoided in favor of smaller aircraft to facilitate
precision applications.

Calibration, cleaning, and maintenance checks will be
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19.7

13d.

13e.

14a.

14h.

14c.

14d.

15a.

15b.

routinely performed on spray equipment by properly trained
and supervised personnel.

Exhaust nozzle sprayers, of which PPD has about 20, will
have the shut-off toggle situated in the vehlcle cab.
Swathes will be perpendicular to the wind, starting at the
downwind side. Technical assistance for calibration and
maintenance of exhaust nozzle sprayers will be provided.

All application equirment will be fitted with correct
nozzles and new or intact screens to attain proper droplet
size (also a function of correct PSI operating pressure),
and to avoid clogging, respectively.

DISPOSAL OF UNUSABLE PESTICIDES AND EMPTY CONTAINERS

Empty pesticide drums at remote bases will be stored in
securely fenced and guarded areas, and removed as soon as
possible to a regional drum collection site (also in a
secure compound) to be immediately punctured and crushed,
or reconditioned if such technology is appropriate.

If pit disposal of any pesticide-contaminated material is
being considered, it must be thoroughly cleaned first and
the selection of the site done in consultation with a
hydro-geologist with local experience, to avoid
contamination of underground aquifers.

Mobile drum crushers should be available in each regica to
destroy drums for burial that are unsujited for recycling
or sale to villagers. Empty pesticide drums will, for the
time being, be punctured and flattened by whatever means
available.

Pesticide manufacturers will be encouraged to develop
heavy plastic liners for drums to enable the empty drums
to be more easily cleaned for use by local villagers.

Until acceptable methods are developed, unusable pesticide
stocks will be concentrated at a single, secure location
until such time as they can be destroyed.

This SEA urges that the innovation of practicable and
environmentally sound disposal of unusable pesticide
stocks and drum recycling technlques should be explored on
a priority basis. In view of a recent and successful
USAID-sponsored liquid formulation pesticide incineration
test using a cement kiln in northern Pakistan, and the
"return to sender" effort being explored for Niger,
options for incineration of solid formulation pesticides
for Sudan will be vigorously explored.
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Each PPD field station, pesticide/equipment storage
facility, and airstrip will have a concrete apron around
a sump for washinjy equipment and flushing spray tanks.
The sump will be deep, and filled with gravel; layers of
lime could be pcured into the gravel® to neutralize
organophosphorus pesticide rinsate. It is recommended
that technical assistance be provided to determine the
proper location and construction of sumps. In areas where
there is danger of groundwater contamination, the sumps
will be located eisewhere, and secured by a sturdy fence
posted with "HAZARDOUS WASTE" signs in Arabic.

19.8 ENVIRONMENTAL MONITORING AND PROTECTION

17a.

17b.

17c.

17d.

1l7e.

17f.

18a.

18b.

The GOS, with advice from IES and USAID, will draft an
Environmental Policy document, and rass supporting
legislation.

The appropriate GOS Ministries will arrange an cngoing
prrgram for monitoring pollution of river, bore hole and
irrigation water, with one Ministry delegated overall
responsibility for environmental affairs.

An Institute of Environmental Monitoring could be created,
or alternatively, the terms of the existing Institute of
Environmental Studies should be expanded to incorporate
this function.

Staff from Wildlife Research and/or Wildlife Conservation
Forces will monitor pesticide impacts on fauna and flora.
Guideline protocols for monitoring will be developed and
used.

Given the high level of technical competence in Sudan,
donor assistance will be considered for upgrading the
capacity of environmental monitoring and residue analysis
laboratories, especially of those now in Wad Medani.

PPD will have one senior member of staff designated as
their Environmental Officer, reporting directly to the
Director General of PPD, and who would be responsible for
ensuring that all PPD activities are within acceptable
environmental limits, and to act as liaison between IES
and other environmentally-oriented agencies and
institutions in Sudan and abroad.

Existing National Parks will be Clearly defined and
protected from human encroachment, and critical habitats
will be identified and mapped for PPD use.

Spraying will not be done in National Parks, in the
remaining patches of natural vegetation on Jebel Mara, or

132



19.9

l18c.

19.

20.

21a.

21b.

22a.

22b.

22cC.

in other fragile or limited ecosystenms.

Along riverine and other aquatic habitats, a 2.5 knm
spray-free buffer area will be observed with the possible
exception of economically threatening tree 1locust
invasions along the Nile, and then only by ground spraying
in calm weather or when winds are blowing away from the
water (dose calibration will be scrupulously conducted
prior to such operations).

Fenitrothion and diazinon will not be used for spraying
tree locusts or other species in Forest Reserves and in
riverine habitats because of the danger to birds and
aquatic life.

A funds devoted to monitoring and research will be created
with 5 percent of the value of all pesticide donations and
purchases.

PPD will map the localities and record the areas of crops
and rangeland sprayed each Year, and note the types and
quantities of each pesticide applied, for 1long term
environmental monitoring.

Information on the area treated, weather conditions,
locusts and grasshoppers species, swarm/band size, the
pesticide used, mode of application, and post-treatment
efficacy will be recorded and properly filed at PPD
headquarters.

TRAINING

The standards of PPD staff training and supervision in
the handling and use of pesticides, and the disposal of
empty drums and obsolete stocks, will at all times be
acceptable to and be monitored by USAID.

In view of the magnitude of the PPD staff establishment,
and the responsibilities of this organization, PPD
requires a formal training branch to monitor in-service
refresher training needs for all categories of staff, and
to arrange that this is provided on a regqular and
systematic basis. Administrative management training
will be incorporated into the training program.

USAID Khartoum will ensure that their literature and files
on locusts and pesticides are retained ang be permanently
accessible for future locust emergencies. The
responsibility for 1locust relategd activities will be a
standing assignment in the allocation of responsibilities.
One USAID staff member, preferably the same officer as
above, will also be designated the Mission Environmental
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22e.

22f.

23.

24a.

24Db.

25.

19.10

26a.

Officer, and will be appropriately trained for this role
by USAID Washington.

PPD will have a formal well-stocked reference library at
Khartoum Head office.

PPD will obtain and distribute literature on 11
pesticides intended for locust, and grasshopper control to
all field stations.

Within Sudan, there will be interdistrict visits by
various categories of PPD staff from time to time, for
interchange of ideas and operational procedures.

To enable PPD staff to be kept up-to-date on currently
available spraying equipment, a special Trade Fair should
be organized periodically on a rotational basis in various
Sahelian countries, and selected senior staff from all
countries should attend demonstrations by manufacturers.
This could be combined with seminars on pesticides and
locust biology, and would facilitate exchange of ideas.
These should be initiated by FAO, who should compile an
inventory of spray equipment

manufacturers.

Farmers will receive continuous extension education on
pesticide safety, selection, calibration, 1locusts and
grasshoppers identification, band/swarm size estimation,
IPM principles, and environmental concérns.

Wildlife Research and/or Wildlife Conservation Forces will
arrange training for PPD staff on identification of birds,
animals and plants, with special reference to rare
species. Wildlife field guides, environmental literature,
and video tapes will be obtained for training PPD staff.

PPD spray and survey teams will file reports with Wildlife
Research and Wildlife Conservation Forces on the presence
or absence of rare species in remote areas. Arrangements
will be made for surveys of endangered species and
critical habitats.

To help reduce losses caused by the Senegalese grasshopper

(Oedaleus senegalensis), farmers in areas subject to heavy

Senegalese grasshopper infestations will be encouraged to
replace part or all of their millet plantings with
sorghum, as this is less palatable to this species.
RESEARCH NEEDS

PPD should have a Research Section which inter alia would
analyze operational records and data, examine and analyze
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26¢C.

26d.

26e,

26f.

269.

26h.

cost/benefit margins, and write in-country profiles on the
occurrence, biology and control methods for each major
pest.

An international field research station, run,in
conjunction with PPD, should be established, next to the
Agricultural Research Station at El1 Obeid for the study of
desert locusts, tree locusts, and grasshoppers, with a
subsidiary station at Tokar on the Red Sea coast. Studies
would include locust and grasshopper, biology, effects on
crops (including yields of gum arabic and tree browse),
control measures, environmental impacts of various
pesticides (including effects on soil micro-organisms,
nitrogen-fixing bacteria and phytotoxicity). USAID would
participate in the support of such research stations,
pending availability of funds, at such time as current
sanctions are lifted.

Studies should be initiated on the persistence, breakdown
rates, end metabolites, and environmental impacts under
field conditions in Sudan, of the various pesticides
likely to be used for 1locust control, to augment and
refine the previous Dynamac tests.

As there is currently no environmentally acceptable
substitute for dieldrin's efficacy as a barrier spray,
alternative highly selective compounds should be
investigated in the Sahel for use as barrier sprays.

In view of the desirable characteristics and principles of
bait as a control measure for locusts and grasshoppers,
research should be instigated for making locally available
crop residues (especially groundnut hulls) more attractive
to the target species by the application of chemical
additives.

Research on microbial and botanically-derived pesticides
should be supported and for those that show promise, such
as Nosema locustae, field trials should be conducted.

Research will be conducted to ascertain the efficacy of
Neem extract as an locusts and grasshoppers anti~feedant.
The Forestry and Extension Administrations, 1local
councils, and donor organizations should step up
production and issue of Neem tree seedlings (Azadirachta

indica) to enable villagers to prepare their own

anti-feedant for spraying or dusting on crops.

Research on microbial and chemical detoxification of
pesticides used in locusts and grasshoppers campaigns,
including banned organochlorine compounds, should be
encouraged and supported. Other recommendations on
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27a.

27b.

research for disposal of undesirable pesticides and empty
drums appear elsewhere in this set of recommendations.

ADMINISTRATIVE

The Africa Emergency Locust and Grasshopper Assistance
program (AELGA) has been extended to provide an
administrative focus for aspects of locust and grasshopper
control that are apprepriately regional.

Research will be supported at a regional level on topics
not ready for general field testing. These might include
research on microbial and chemical detoxification of
pesticides and microbial and other naturalistic means of
control of locusts and grasshoppers.
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APPENDIX A

LIST OF COMPILERS

Data collection, analysis and document preparation was
accomplished by Darrel C.H. Plowes, Locust Coordinator for
USAID/Khartoum, with guidance from A.C. Pryor, USAID/Khartoum, and
Allan T. Showler, AID/OrDA Entomologist. Partial revision was by
Ronald A. Stanley, Environmental Advisor on loan from USEPA.

PERSONS CONSULTED

The background data for this Environmental Assessment is
derived from a variety of sources in Sudan, of which the principal
sources of information and discussion were as follows:

i) Plant Protection Department (PPD): Very close co-operation
between the PPD Directorate and AID Khartoum has existed since
the inception of the recent Desert Locust upsurge in 1986 and
there is continuous informal 1liaison with the relevant
specialists, principally Dr. Hassan Abbas El Tom (Director),
Dr. Munir Gabra Butrous (Pesticides), Mr. Shabaan Shahata
(Field Operations cCoordinator) and Dr. Abdalla A. Abdalla
(Locust Control Unit), Dr. Rashid Osman Rashid (Locust
Information Officer, and Hassan Al Tigani (Tree Locusts). Mr.
Mohamed Mustafa (Senior Entomologist, Sennar) provided a
conducted tour of tree locusts and quelea spraying operations
near Singa. Dr. Khalid H. El1 Abbadi (Director) and Miss Nadia
El Amin (Pesticide Specialist), provided information and a
conducted tour of the PPD Pesticide Monitoring, Formulation and
Residue Analysis Laboratories at Wad Medani.

ii) The University of Khartoum has three facilities which have
provided relevant information at various times: The Institute
of Environmental Studies (IES) -~ Director: Dr. Yagocub A.
Mohammed and Dr. Asim Ibrahim E1 Moghraby of the IES
Hydrobiological Unit; the Entomological Department in the
Faculty of Agriculture - Prof. Sayid Al Bashir; the Botany
Department in the Faculty of Science - Dr. Ekhlas Abdel Bari
(Taxonomist) and Dr. Babiker F. Mohamed (Ecologist); the
Zoology Department in the Faculty of Science: Dr. Eisa Mohamed
Abdel Latif. The latter, and Dr. A.I. El Moghraby, are active
office-bearers in the Sudan Environment Conservation Society.

iii) The Wildlife Conservation Forces and National Parks
Administration:

Lt. Gen. Dr. Hassaballa El Raya (former Director General), Maj.
Gen. Mahgoub Abdalla El Bedawi (former Deputy Director), and
Capt. Mohammed Younis Abdel Salam (Wildlife Surveys).



iv)

V)

vi)

vii)

A-2
Wildlife Research Administration: Dr. Mutasim Nimr (Director).

Desert Locust Control Organization for East Africa (DLCO/EA) :
Mr. Samir S. El1 Khatim (Manager, Sudan)

UNDP Consultant Entomologist (Syria): Dr. Mohamed Mamdouh
Husseiny (Tree Locusts)

FAO Consultant Entomologist (Holland): Mr. Chris Kooyman
(Locust specialist)



APPENDIX B. DISPOSITION OF THE 38 RECOMMENDATIONS
IN THE PROGRAMMATIC ENVIROM(ENTAL ASSESSMENT

Basic Pre-condition of the Program (#1)

Inventory and Mapping Procedures (#2-5)
Mitigation of Non~Target Pesticide Effects (#6-8)
Application of Insecticides (#9-13)

Disposal of Insecticides (#14)

Public Health Awareness (#15-18)

Pesticide Formulation and Management (#19-20)
Biological Control (#21)

Training (#22-24)

Economics (#25-26)

Environmental Policy (#27)

Pesticide Use Policy (#28)

Pesticide Handbook (#29)

Support and Training (#30)

Storage (#31)

Forecasting (#32)

Public Health Monitoring and Study (#32)

Research (#34-36)

Eahancing and Accelerating Implementation (#37-38)
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BASIC PRE-CONDITION OF PROGRAM

Recommendation 1. It is recommended that A.I.D. continue its
involvement in locust and grasshopper control. Operationally, the
approach to be adopted should evolve toward one of integrated pest
management.

The Programmatic Environmental Assessment (PEA) made this
recommendation a pre-condition for all the others. No program
should exist unless it incorporates this principle. This
Supplementary Environmental Assessment (SEA) supports that
conclusion and is in itself an expression of the commitment to
continued involvement. Other recommendations deal with the
specifics of evolving toward integrated pest management (IPM),
especially numbers 9, 21, 22, 25, 26, 32, 34 and 35.

INVENTORY AND MAPPING PROCEDURES

Recommendation 2. It is recommended that an inventory and mapping
brogram be started to determine the extent and boundaries of
environmentally fragile areas.

The PEA made this re=commendation a top priority for immediate
implementation. This SEA agrees with the high priority and
includes specific areas toc be protected immediately. 1In addition,
Sudan is urged to improve the knowledge about occurence and
breeding and feeding habits of rare, endangered and migratory
species, locations of environmentally fragile and critical
habitats, and the relationship of ecological population dynamics to
locust and grasshopper control programs.

Recommendation 3. It is recommended that a system for dynamic
inventory of pesticide chemical stocks be developed.

countries. This SEA agrees with the need and makes a good system of
management a requirement for USAID support.

Recommendation 4. It is recommended that A.I.D. take an active
role in assisting host countries in identifying alternate use or
disposal of pesticide stocks. Refer to recommendation 14.

The PEA made this recommendation a top priority for immediate
implementation. This SEA supports that recommendation. Sudan has
significant quantities of obsolete pesticides in solid form. The
stock in Sudan should only be disposed of when the best technology,
fitting the 1local situation, has been developed. High priority
should also be placed on recommendation 3, to minimize the future
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accumulation of any unwanted, obsolete or outdated (ineffective)
pesticide. N

Recommendation 5. It is recommended that FAO, as lead agency for
migratory pest control, be requested to establish a system for the
inveutory of manpower, procedures and equipment.

The PEA made this recommendation a top priority for immediate
implementation. This SEA supports that recommendation in part but
carries it beyond a request to FAO, and disagrees in part. This is
a general coordination issue, appropriately handled by A.I.D. in
Washington (AID/W). USAID/W has a major project of cooperation
with FAao0. As part of a grant of $1.5 million, primarily to
implement recommendations 10 and 30, FAO is providing forecasting
capability and is being encouraged to assist sub-Saharan countries
by providing a regional inventory of resources such as these.
However, with the current recession of the locust threat, having a
regional inventory of manpower and equipment is considered lower
priority than it would be in the face of extensive locust or
grasshopper swarms.

MITIGATION OF NON-TARGET PESTICIDE EFFECTS

Recommendation 6. It is recommended that there be no pesticide
application in environmentally fragile areas and human settlements.

The PEA made this recommendation a top priority for immediate
implementation. This SEA supports that recommendation. Any future
donations of pesticides will be accompanied by a requirement
prohibiting use in some areas and limiting use in others and
requiring appropriate buffer =zones. These areas include the
national parks and national forests, the two Nile Rivers, and
substantial portion of wadis even when they are dry.

Recommendation 7. It is recommended that pesticides used should
be those with the minimum impact on non-target species.

The PEA made this recommendation a top priority for immediate
implementation. This SEA supports that recommendation. Pesticide
recommendations in the PEA will be followed until research results
indicate that more environmentally safe pesticides are available
for use. 1In addition, investigation of traditional and cultural
methods of control are also strongly encouraged.

Recommendation 8. It is recommended that pre- and post-treatment
monitoring and sampling of sentinel organisms and water and/or
soils be carried out as an integral part of each control campaign.

The PEA made this recommendation a top priority but recognized
that difficulties may delay full implementation of this
recommendation. A combination of intensive research and a phased
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approach will be adopted. Special research monitoring is important
both as a basis for design of operational monitoring and as a means
of establishing statistically verifiable base 1line data. In
addition, periodic "sampling" cbservations of gross mortality,
populations and behavior should be made at locations of major use
of pesticides. Since the preliminary results of recent studies in
Senegal indicate that some impacts occurred at twice the
recommended rate but little impact occurred at the recommended rate
of application of the most environmentally detrimental pesticides,
routine environmental monitoring of every use by individual farmers
is not considered essential. Increased training to prevent
excessive use is considered essential and training is a major
emphasis in this SEA.

APPLICATION OF INSECTICIDES

Recommendation 9. It is recommended that one of the criteria to
be utilized in the selection of control techniques should be the
minimization of the area to be sprayed.

The PEA made this recommendation a top priority for immediate
implementation. This SEA supports that recommendation. A number
of operational procedures will be followed to minimize the area to
be sprayed. First, emphasis will be on intensive surveillance;
this allows preventive, early treatment in some cases, crop
protection treatments when an economic threshold is approached, or
postponing treatment until gregarization occurs 'in other cases.
Second, a program of identifying non-treatment areas and minimum
treatment areas will be adopted:; this will ensure that substantial
areas will be excluded from most pesticide treatment. Third,
training of all decision-making individuals will emphasize the
importance of restraint in the use of pesticides. Fourth, a option
of Food-For-Work will be considered in cases where the decision to
refrain from aerial application leads to substantial crop loss in
a localized area.

Recommendation 10. It is recommended that helicopters should be
used primarily for survey to support ground and air control units.
When aerial treatment is indicated, it should only be when very
accurate spraying 1s necessary, such as close to environmentally
fragile areas or for localized treatment.

The PEA made this recommendation a top priority to be
implemented immediately. This SEA suppcrts that recommendation.
The treatment program in Sudan will emphasize ground application.
However, this recommendation should be applied with discretion.
Much of the treatment occurs during the rainy season and in some
areas of Sudan are inaccessible except by helicopter. Aerial
application guidelines are currently being revised and will be
followed when approved.
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Recommendation 11. It is recommended that, whenever possible,
small planes should be favored over medium to large two or four
engine transport types {for application of pesticides}. In all
cases, experienced contractors will be used.

The PEA made this recommendation a top priority for immediate
implementation. This SEA supports that recommendation. As
indicated in the discussior. of Tfecommendation 10, the Sudan program
emphasizes ground application.

Recommendation 12. It is recommended that any USG-funded
locust /grasshopper control actions which provide pesticides and
other commodities, or aerial or ground application services,
include technical assistance and environmental assessment expertise
as an integral component of the assistance package.

The PEA made this recommendation a high priority to be
implemented as soon as resources can be allocated. This SEA agrees
with that recommendation on an interim basis, given the likely
continued need for such assistance in the near future. However,
this SEA strongly supports the approach given in recommendations 27
and 30 for the longer term. For the short-term a portion of any
pesticide assistance will be earmarked for environmental effort,

Recommendation 13. It is recommended that all pesticide containers
be appropriately labeled.

The PEA made this recommendation a high priority to be
implemented as soon as resources can be allocated. This SEA agrees
with the recommendation and urges the Sudan to give high priority
to passing and implementing pesticides and/or environmental
legislation that includes strong language on labelling.

DISPOSAL OF INSECTICIDES

Recommendation 14. It is recommended that A.I.D. provide
assistance to host governments in disposing of empty pesticide
containers and pesticides that are obsolete or no longer usable for
the purpose intended. :

The PEA made this recommendation a high priority, to be
implemented as soon as resources can be allocated. This SEA
supports that recommendation. Sudan's problem with obsolete
Pesticides will be dealt with as soon as a suitable disposal method
is thoroughly tested. 1In addition, Sudan has a potential problem
with improper uses of empty containers. USAID/Khartoum will assist
the PPD in improving the control and monitoring of potential

lmpacts of improper uses for empty pesticide containers, and/or



devise a system for safe reuse or disposal.

PUBLIC HEALTH AWARENESS

Recommendation 15. A.I.D. should support the design, rep.oAuction
and presentation of public education materials on pesticide sarfety
(2.9., TV, radio, posters, booklets). This would include such
subjects as sarfely using effective pesticides, ecology, pest
management of locusts and grasshoppers and the hazards of
pesticides. The goal would be to help policy makers and local
populations recognize potential health problems related to
pesticide applications.

The PEA made this recommendation a high priority to be
implemented as soon as resources can be allocated. This SEA
supports that recommendation. Collaboration among PPD, the
Ministry of Health, and Agricultural Extension will result in the
development of public and applicator education in ways to
recognize, avoid and treat pesticide poisoning.

Recommendation 16. It is recommended that training courses be
designed and developed for health personnel in all areas where
pesticides are used frequently.

The PEA made this recommendation a high priority, to be
implemented as soon as resources can be allocated. This SEA
supports that recommendation in part and ' advocates the
collaboration mentioned above to achieve the training of the
pesticide applicators. The health care system in Sudan is so
poorly developed in rural areas that the emphasis should be placed
on making survey and control teams self-sufficient in providing
their own health care needs.

Recommendation 17. It is recommended that each health center and
dispensary located in an area where pesticide poisonings are
expected to occur should be supplied with large wall posters in
which the diagnosis and treatment of specific poisonings are
depicted. The centers and dispensaries should also be provided,
prior to spraying, with those medicines and antidotes required for
treatment of poisoning cases.

The PEA made this recommendation a high priority to be
implemented as soon as resources can be allocated. This SEA
supports that recommendation and advocates collaboration between
PPD and the Ministry of Health to achieve this end. Note however
that the teams of applicators are likely to have as high a level of
health care expertise as exists locally where treatments are
occuring.

Recommendation 18. It is recommended that pbresently available
tests for monitoring human exposure to pesticides should be
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evaluated in the field. This includes measurement of
cholinesterase levels in small samples of blood as a screening
test. .

The PEA made this recommendation a high priority to be
implemented as soon as resources can be allocated. This SEA
supports the need for monitoring human health impact of pesticide
applications and urges cholinesterase monitoring the individuals
most exposed to organophosphate pesticides. In addition, this SEA
favors the monitoring for actual symptoms of pesticide exposure,
and environmental residues after pesticide applications.

PESTICIDE FORMULATION AND MANAGEMENT

Recommendation 19. It is recommended that the specifications for
A.I.D. purchase of locust/grasshopper insecticides be adapted for
all insecticides.

The PEA made this recommendation a high priority to be
implemented as soon as resources can be allocated. This SEA
supports that recommendation. This is an AID/W activity that
should be implemented through a revision of A.I.D.'s Pest
Management Guidelines, currently underway.

Recommendation 20. It is recommended that pesticide container
specifications be developed.

The PEA made this recommendation a high: priority to be
implemented as soon as resources can be allocated. This SEA
supports that recommendation. This is an AID/W activity that
should be implemented through a revision of A.I.D.'s Pest
Management Guidelines. In addition, A.I.D. has a representative on
EPA's Pesticide Disposal Workgroup that is considering state-of-
the-art pesticide container specifications. Any changes in EPA's
container regulations that are relevant to A.I.D. will be
incorporated in the revised Pest Management Guidelines or provided
through other channels to A.I.D./Khartoum and GOS.

BIOLOGICAL CONTROL

Recommendation 21. It 1is recommended that Nosema and other
biological agents such as Neem be field tested under African and
Asian conditions in priority countries.

The PEA made this recommendation a high priority to be
implemented as soon as resources can be allocated. This SEA
supports that recommendation in part. AID/W has funded support for
Nosema. Preliminary results are disappointing but some followup
studies will be supported. The need for carefully controlled
studies in the area of biological control is important. Other
areas of research should be pursued, especially in regard to native



populations of parasites, diseases and predators.

TRAINING

Recommendation 22. It is recommended that a comprehensive training
brogram be developed for A.I.D. Mission personnel who have
responsibility for control operations. This will involve a review
of existing materials and those under development, in order to save
resources.

The PEA made this recommendation a high priority to be
implemented as soon as resources can be allocated. This is largely
irrelevant for Sudan as long as sanctions are in place.

Recommendation 23. It is recommended that local programs of
training be instituted for pesticide storage management,
environmental monitoring and public health (see Recommendation 16).

The PEA made this recommendation a high priority to be
implemented as soon as resources can be allocated. This SEA
supports that recommendation in part. However, it recommends that
the highest priority of training be given to ensure the safe and
appropriate application of pesticide products.

Recommendation 24. It is recommended that when technical
assistance teams are provided they be given short-term intensive
technical training (including language if necessary) and some
background in the use and availability of training aids.

The PEA made this recommendation a high priority for
implementation as soon as resources can be allocated. This SEA
supports that recommendation in general terms but with comment. A
preferred approach is to select technical assistance teams which
have the best possible expertise and sufficient language fluency
for the tasks to be performed. To the extent that any member has
a notable gap in language or facility with training aids, short-
term training will be provided. These teams should include at
least one or more members with "senior" expertise; one or more
others could be "apprentices." In this regard, note that in
general when technical expertise is provided, a foreign national or
host government counterpart is commonly matched with the US-based
expert. This practice will be followed both for entomological and
for environmental technical assistance.

ECONOMICS

Recommendation 25. It is recommended that field research be
carried out to generate badly needed economic data on a country-by-
country basis.

W
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The PEA made this recommendation a high priority to be
implemented as soon as resources can be allocated. This SEA
supports that recommendation in general. Implementation consists
of two simultaneous approaches. The country-specific approach
consists of the agricultural productivity analysis documented
herein, and a commitment to keep the database up-to-date on an
annual basis. The generic approach consists of an AID/W effort to
improve the analytical methodology for Sahelian agriculture,
particularly with a focus on simulation modelling. The latter is
expected to be difficult and expensive. When it is improved to a
level where it is useful, it will be incorporated into a country-
specific update.

Recommendation 26. It is recommended that no pesticide be applied
unless the provisional economic threshold of locusts or
grasshoppers is exceeded.

The PEA made this recommendation a high priority to be
implemented as soon as resources can be allocated. We believe that
a valid economic threshold cannot be established at this time, and
recommend long-term collection of semi-quantitative data to
determine the extent to which agricultural productivity is
threatened and an effort to ensure that declarations of disaster
are supported by valid professional judgement. This would ensure
minimum pesticide procurement by limiting A.I.D. rarticipation when
a reasonable probability of substantial threat to crops does not
exist.

ENVIRONMENTAL POLICY

Recommendation 27. It is recommended that A.I.D. provide
assistance to host countries in drawing up regulations on the
registration and management of pesticides and the drafting of
environmental policy.

The PEA made this recommendation a high priority to be
implemented as soon as resources can be allocated. This SEA
supports that recommendation. AID/W is engaged in negotiations
with EPA to enter into a partnership to provide experts who are
knowledgeable in all aspects of pesticide regulations and policies,
including human safety, environmental impact, and use, storage, and
disposal. It is expected that an expanded interagency agreement
will facilitate the implementation of this recommendation.
A.I.D./W is also engaged in developing a followup mechanism to
AELGA.

PESTICIDE USE POLICY
Recommendation 28. It is recommended that a pesticide use

inventory covering all treatments in both agricultural and health
programs be developed, on a country-by-country basis.
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The PEA made this recommendation a high priority to be
implemented as oon as resources can be allocated. This SEA
supports that recommendation. GOS should undertake d comprehensive
inventory. Such a pesticide inventory program would minimize the
build-up of obsolete stocks and contribute to a cost reduction in
pesticide use in general.

PESTICIDE HANDBOOK

Recommendation 29. It is recommended the A.I.D. produce a
regularly update’ pesticide handbook for use by its staff.

The PEA made this recommendation a high priority to be
implemented as soon as resources can be allocated. This SEA
supports that recommendation in principle. This is a centralized
function best accomplished by AID/W or REDSO. Among the relevant
activities in this area are the following. The Locust/Grasshopper
Management Operations Guidebook, updated in January, 1989, covers
the specific area of locust and grasshopper control. A similar
handbook with broader applicability should be done when the Pest.
Guidelines are revised. The most appropriate set of country-
specific recommendations would take into account the generic A.I.D.
policies (as reflected in the revised A.I.D. Pest Management
Guidelines (see recommendation 19) as well as efficacy and
agricultural productivity, environmental impacts and health
effects, safety and mitigative measures. Therefore, the production
of this type of handbook implied by this recommendation will be a
longer-term effort. However, this SEA recommends the production of
a Handbook containing health, safety, and environmental assessments
of the pesticides in use in Sudan. This type of information is
less subject to change than use and application related data.
Updating of the health and environmental safety information would
only be necessary vwhen new information becomes available, for
example through EPA's re-registration process.

SUPPORT AND TRAINING

Recommendation 30. It is recommended that technical assistance,
education and training, and equipment be provided crop protection
services of host countries with a view to making the services
eventually self-sustaining.

The PEA made this recommendation a high priority to be
implemented as soon as resources can be alliocated. This SEA
supports that recommendation. A cornerstone of A.I.D. policy is to
help host countries to help themselves become self-sustaining.
This has already been achieved to a large extent in Morocco. All
activities in the locust/grasshopper control program in Sudan will
adhere to this principle.
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STORAGE

Recommendation 31. It is recommended that more pesticide storage
facilities be built. Until that occurs, emergency supplies should
be pre-positioned in the United States.

The PEA made this recommendation a desirable but lower
priority. This SEA supports that recommendation. Since the locust
emergency is over, emergency supplies need not be pre~positioned at
this time. Supplies should, however, be built-up at times when
field observations indicate that a locust or grasshopper problem is
imminent.

FORECASTING

Recommendation 32. It is recommended that A.I.D. make a decision
as to whether to continue funding forecasting and remote sensing or
utilize FAO's early warning program.

The PEA made this recommendation a desirable but lower
priority. This SEaA supports that recommendation but recognizes the
difficulties inherent in this choice. Any system of forecasting is
iikely to be flawed at times and choosing one over another may be
difficult or impossible. A major emphasis in this SEA is on
improving the PPD capability in forecasting.

PUBLIC HEALTH MONITORING AND STUDY

Recommendation 33. It is recommended that a series of
epidemiological case-control studies, within the countries involved
in locust and grasshopper control, should be implemented in areas
of heavy human exposure to pesticides.

The PEA made this recommendaticn a desirable but lower
priority. This SEA does not support this recommendation in Sudan.
Epidemiological case-control studies are difficult under the most
ideal conditions which monitor the health and the environmental
conditions of the participating individuals on a regular and
continued basis over a period of several Years, possibly a life

are not likely to be manifested in epidemiological investigations.

RESEARCH

Recommendation 34. It is recommended that applied research be
carried out on the efficacy of various pesticides and growth
retardants and their application.
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The PEA made this recommendation a desirable but lower
priority. This SEA supports that recommendation and singles out
the search for other microbial pathogens of locust and grasshopper
species as a moderately high priority. If disease organisms can be
isolated, they might be useful in future control programs. If
current sanctions against Sudan are lifted, USAID will support a
field research center.

Recommendation 35. It is recommended that applied research be
carried out on the use of Neem as an anti-feedant.

The PEA made this recommendation a desirable but lower
priority. This SEA concludes that Neem is the most promising
current "biological" and thus deserves a higher priority. Some
research cn Neem is underway. As additional funds are available,
the most promising options should be pursued. If Neem extract
continues to show promise, a major research effort should be
devoted to it.

Recommendaticn 36. It is recommended that research be carried out
to determine the best techniques for assessing the impacts of
organophosphates used for locust and grasshopper control "in
relation" to the use of these and other chemicals for other pest
control programs.

The PEA made this recommendation a desirable but 1lower
priority. This SEA supports that recommendation’ but considers a
higher priority to be appropriate. Considerable funds are being
spent under AELGA to conduct comparative impact research. For
example, a major international research effort has been conducted
in Senegal on the ecotoxicological effects of locust insecticides.

ENHANCING AND ACCELERATING IMPLEMENTATION

Recommendation 37. It is recommended that A.I.D., on the basis of
the previous recommendations, develop & plan of action with
practical procedures to provide guidance in locust/grasshopper
control to missions in the field.

The PEA included this recommendation to enhance and accelerate
the implementation of Recommendations 1 through 36. This SEA
supports that recommendation. AID/W has a general plan of action
that includes the development of Supplementary Environmental
Assessments in the countries that are most critical for locust and

grasshopper control. These countries include Burkina Faso,
Cameroon, Chad, Mali, Mauritania, Niger, Senegal, and Sudan in the
region for which the Africa Bureau is rasponsible. These

Supplementary EAs will, in turn, contain commitments for future
actions. Country-specific plans of action will be developed to
implement those commitments when needed. The country specific

D
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plans of action will be the backbone of gquidance for locust and
grasshopper control activities. AID/W will work closely with
USAID/Khartoum in the development of plans of action when current
sanctions are lifted.

Recommendation 38. It is recommended that detailed guidelines be
developed for A.I.D. to promote common approaches to locust and
grasshopper control and safe pesticide use among UN Agenciegs and
donor nations. Coordination of efforts is becoming increasingly
important because of the increasing number and magnitude of
multilateral agreements and follow up efforts in subsequent years
by various donors.

The PEA included this recommendation to enhance and accelerate
the implementation of Recommendions 1 through 3s6. This SEA
supports that recommendation. Coordination occurs both at the
AID/W level and the USAID/Khartoum level. In this SEA specific
commitments are dmade for in-country coordination.



Appendix C. ADMINISTRATIVE AND INSTITUTIONAL INFRASTRUCTURE

C-1 Agricultural Research Corporation (ARC)

Agricultural research in Sudan dates back to 1903; the Shambat
Research Farm was established in 1904, and in 1918, agricultural
research became fully functional with the. founding of the Gezira
Research Station at Wad Medani, which is where the Headquarters of
the ARC is still based.

Tne ARC is a semi-autonomous body responsible to the Ministry
of Agriculture, and which coordinates with the National Council for
Research. This latter organization has six committees (councils),
one of which is the Agricultural Research Council. This comprises
selected scientists from the ARC together with representatives
from the agricultural faculties of the universities, and has
general responsibility for orientation and policy formulation in
agricultural research.

The ARC is governed by a Board (Council) made up of
representatives from a wide range of institutions and
organizations, appointed by the Minister of Agriculture.

Programming and coordination of research is accomplished
through National Coordinators for the various disciplines and major
commodities. The ARC has approximately 230 scientists, a high
proportion of whom have M Sc. or Ph.D. degrees. Table 5 shows the
distribution of scientists between the various disciplines in the
ARC portfolio of activities.

Regarding pesticide issues, the ARC is involved in several
ways: research on their application to crops and livestock for pest
and disease control; cooperation with the pesticide laboratories;
and participation in the evaluation of new pesticides for
registered use in Sudan.
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Table C-1 AGRICULTURAL, RESEARCH CORPORATION STAFF (1987)

Discipline

Agronomy/Crop Physiology
Botany and Plant Pathology
Entomology

Soils

Plant Breeding
Agricultural Engineering
Horticulture

Food Science
Economy/Sociology

Range, Pasture, Fodder
Animal Science

Fisheries

Forestry

Wildlife

Assistant Scientists

Total Scientists

Number of Scientists

~

21

24

18
31

230

27

18
24

[
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C-2 University Facilities, Education and Literacy

Sudan has created an .impressive academic infrastructure by
African and Third World standards. The University of Khartoum was
inaugurated as a College in 1904, and atter a series of upgradings,
became a full-fledged University at Independence in 19%56. It now
has ten faculties with an enrollment of around 10,000
undergraduates plus 3,000 post-graduate students in the Graduate
College. The teaching staff numbers about 700. The Faculties of
Agriculture and Science are of particular relevance to locust work,
and the Entomology Department in the Faculty of Agriculture is
currently conducting research on the control and economics of
grasshopper attacks. The Department head, Prof. Sayid El Bashir,
is an academician of international standing; he has been a regular
member of the Locust Steering Committee, and takes a close interest
in locust problems.

Various personnel in different sections of the Science Faculty
have been active in various studies which are relevant to locust
control activities and in particular, to environmental issues.

Arising out of their concerns, and with substantial assistance
from USAID and the Ford Foundation, the Institute of Environmental
Studies (IES), was founded in 1979. It offers M.Sc. training in
environmental studies and short term courses. It carries out basic
research and has recently acquired analytical laboratory equipment
for studies on pesticide contamination etc. The TES provides high
calibre consultancy services on themes of natural resources
management and environmental issues, drawing on a wide range of
specialists from other faculties and elsewhere.

The University of Gezira was founded in 1976 at Wad Medani and
is oriented towards the needs of the Gezira Irrigation Scheme,
where pesticide usage is very high. This University has the
advantage of having a close association with the Agricultural
Research Corporation, the Soil Survey Administration, and the
Pesticide Laboratories, all of which are located at Wad Medani. 1In
addition to reqular agricultural sections, the Agricultural Faculty
has sections dealing with Environmental Science and with Natural
Resources. The University also has a graduate college for
post-graduate studies.

The University of Juba was founded in 1977, but the civil war
in Southern Sudan has handjcapped its development, and it has been
relocated in Khartoum. It includes a College of Natural Resources
and Environmental Studies.

Two smaller private universities in Khartoum also have
environmental issues in their curricula. A further university is
now to be built to serve the Northern Region and one is under
consideration for western Sudan.
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The universities in Sudan that have science faculties are
adequate for monitoring and servicing the country's environmental
needs, but the task is monumental, and with 1little hope of
attaining much impact under current circumstances.

The Khartoum branch of the Cairo University (35,000 students),
and the Omdurman Islamic University, do not have science faculties.
The total enrollment in higher education facilities in Sudan is
60,000, with a further 2,500 studying abroad. There are currently
36,000 unemployed graduates, mostly with degrees in the humanitijes
unrelated to the needs of the country.

The following resume provides an overview of the country's
educational facilities in the agricultural and at technical fields
and at Diploma and certificate level, as an indication of the
non-graduate resource base from which PPD can recruit staff.

Diplomas in agriculture are offered by Department of
Agriculture Technicians College of Agricultural Studies at the Abu
Haraz College of Agriculture and Natural Resources, Khartoum
Polytechnic Ingtitute, Abu Na'ama College of Agriculture and
Natural Resources, and VYambio Institute for Agricultural
Technicians (Southern Sudan). Total enrollment in 1984 in these
colleges was 750 of whom 44 were women.

A diploma in forestry is offered by the Department of Forestry
Technicians, in the College of Agricultural Studies, Khartoum
Polytechnic Institute. The secondary certificate is required for
admission. The program of study extends over a 3 year period. 1In
1984 enrollment was 33, all men.

A diploma in Veterinary Science and Animal Husbandry is
offered by the Department of Veterinary Science and animal
Husbandry Technicians, College of Agricultural Studies, Khartoum
Polytechnic Institute. A program of 3 years of study is offered
after the secondary school certificate. In 1984 enrollment was 258
of whom 29 were women.

Two certificate level training institutions offer Certificates
in Agriculture: The Altalha Agricultural Secondary School and the
New Halfa Agricultural Secondary School. Each provides a four-year
program. The entrance requirements are intermediate school or
general secondary school certificate. A total of 1,300 students
were enrolled in the two schools in 1984.

Except for the Yambio Institute established in 1939, and the
three Khartoum Polytechnic Institutes established during the 1940s
and 1950s, this group of institutions was established during the
1960s and 1970s.

[N



C-5

There are also a nummber of specialized training institutions:

- Tozi Center for training in agricultural
mechanization.

- Tamboul Center for training in agricultural machinery
maintenance and operations.

- Massaad Center for training in agricultural machinery.

- El Fula Development Center of the MFC for

mechanization maintenance.

- Omdurman Veterinary School for training technicians
and vaccinators.

- Kuku Animal Husbandry Institute which offers a
three-year diploma program emphasizing nutrition and
management.

- Kuku post-Secondary Technical School in Dairy Science.
- Forest Ranger Training College at Soba.
- Forest Ranger Training College at Yambio.

Schooling facilities in Sudan vary from traditional Islamic
'khalwa' schools which are largely devoted to learning the Koran,
together with some literacy, through to more modern Western-type
schools in the larger centers. A1l centers of learning in Sudan
are currently severely handicapped by lack of funds and the
resultant shortage of training materials. Literacy among Sudan's
population of 26 million is 20%, and English is widely spoken, but
French is not taught or utilized.

C-3 Role of FAO and UNDP in Sudan

The Sudan FAO office provides an observer (normally the
Projects Officer) as a participant in Locust Steering Committee
meetings, and administers funds and technical expertise supplied by
FAO/Rome. The latter comprise locust control consultants with
pesticide, survey and logistical experience who have been seconded
to PPD for periods of up to 6 months or more to assist with
technical training, including establishment of a computerized data
base. Such personnel have been operating full-time at PPD
headquarters in Khartoum, and have accompanied PPD staff into the
field for survey and control operations; their contributions to the
Planning and the execution of the locust campaigns have been
considerable. The most recent FAO locust specialist helped to
organize the deployment of a helicopter for survey in the 1989
winter breeding season on the Red Sea coast, using FAO funds
supplied in part from USAID/Washington. Apart from the Projects
Officer and administrative personnel, the FAO office in Khartoum
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does not normally have other staff available or with the requisite
training to supply direct assistance for locust operations. The
professional staff in the Khartoum office is very limited.

The Khartoum UNDP office appears to have had a minor role in
locust control activities during the last campaign. An important
contribution however, was the provision of a Syrian locust
specialist (Dr. M. Mahmdouh Husseiny) in 1989, who undertook a
much-needed study of ‘tree locusts in lieu of DL, as the latter were
not available for study.

C-4 Role of Regional Organizations

DLCO-EA was formed in 1962 and supplies assistance to the
seven member states (Djibouti, Ethiopia, Kenya, Somalia, Sudan,
Tanzania and Uganda) for regional control of migratory pests. The
chief item of concern is the DL, but DLCO-EA also provides
assistance with the control of quelea, armyworm and tsetsefly.

The headquarters are in Addis Ababa, and the aircraft section
(currently 8 operational fixed-wing planes) is based in Nairobi.
The present staff level is 302, of whom 134 have operational
functions. A recent survey has recommended retrenching surplus
staff and closing some bases, to bring operating costs down to
match the budget level of $ 4.3 million.,

DLCO-EA has eight regional bases (one in Khartoum), and a
variety of spraying equipment and vehicles, as wéll as a stock of
400,000 liters of pesticide, of which about 250,000 liters is up to
20 years o0ld and needs to be destroyed; none of this latter
however, is in Sudan. In Khartoum (stored with PPD), they have
30,000 1liters of bendiocarb 40% ULV, and 20,000 1liters of
chlorpyrifos 25% ULV, earmarked for locust control.

The numbers of aircraft assigned at any one time to a
particular country depends on the current needs of the member
countries. Sudan normally has two DLCO-EA aircraft allocated on a
rotation basis to PPD for locust survey and control.

Ancillary responsibilities of DLCO-EA are to provide a
regional reporting service on DL, to help train local PPD staff, to
do testing and evaluation of pesticides, and to do environmental
residue analyses at their Insecticide Research Unit in Addis Ababa.
Little, if any, of these latter functions appear to take place in
Sudan.

The principle of having a regional organization which has a
mandate to cross international borders to help suppress migratory
pests is a sound one in theory, but in practise, the unrest and
antagonisms that exist in many parts of the Horn of Africa,
together with the shortfall in contributions by member states,
reduces the wusefulness of this organization. A recently

‘\7‘
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commissioned UK consultancy has investigated the operation of
DLCO-EA and has made appropriate recommendations for improvement.

Apart from DLCO-EA, there are no other regional 1locust
oriented organizations with representation in Sudan. Information
is however received and exchanged between PPD and other locust
organizations, notably PRIFAS and OCLALAV which serve Francophone
Sahelian countries in West Africa, the FAO/Rome Emergency Center
for Locust Operations (ECLO) and the FAO/Rome Desert Locust
Coordinating Committee (DLCC), and when necessary, IRLCO- CSA for
Red Locusts. ECLO and PRIFAS have been the main centers for
coordinating regional information about DL movements, and issuing
regular bulletins.

C-5 Role of Donors and NGOs

Through their participation in the Locust Steering Committee
deliberations, and their donations in «cash and in kind,
representatives of several countries, including EEC, as well as
NGOs, made important contributions to the DL campaigns upsurges in
1986-88. These contributions, together with those of USAID's
Office of Foreign Disaster Assistance (OFDA), were matched in part
in some cases with counterpart funds held by the Sudan Ministry of
Finance and Economic Planning (MFEP). In addition to Usa,
countries which contributed bilateral assistance to GOS in cash or
in kind during 1986-1989 were Netherlands, UK, Denmark, W. Germany,
Japan, Canada, Saudi Arabia, Finland, Switzerland, and Italy.

One NGO (CARE) contracted with ODA to dispose of empty
pesticide drums. Several short-term consultants were brought out
by various donors to examine and report on different aspects of
locust control and pesticides. Some of these visits were not
especially effective, being either of too limited a duration or
using personnel with inadequate experience, or who duplicated local
expertise or that which had been supplied from other sources.

Despite these minor shortcomings, the role of donors and NGO's
was very positive and had a useful impact on the morale and
capability of PPD personnel. A considerably strengthened and more
effective PPD has been resurrected with their assistance.

C~6 Role of the Locust Control Steering Committee

This committee met at weekly, fortnightly or monthly intervals
according to current needs, normally under the chairmanship of the
Royal Netherlands Embassy. It comprised representatives from PPD,
various interested diplomatic missions, UN 2gencies, the EEC, the
University of Khartoum and some NGOs. Tt served as an important
forum where all interested donors were briefed on the current
situation and needs, and where progress of the control campaign
could be monitored and discussed, opinions exchanged, donations
sought and coordinated, and technical assistance arranged. The

®
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Steering Committee was' a*Ref™factor in the successful mounting of
locust control operations on the scale that the upsurge required.

C-7 Communications Infrastruéture

i) Rail - Although:‘there is an extensive railway system
running through much ‘of--tH: Socust belt, there has been a steady
deterioration of all'gsﬁ%@ﬁsfof this service, so that all rail
traffic is unreliable,?infr_ uent, and often subject to lengthy
delays, especially during the*rains. Most movement of goods is
done by privately owned trucgs, and passengers travel by bus.

ii) Road - The only paved roads in Sudan are the ones from
Port Sudan to Khartoum via Xassala and Wad Medani, a distance of
1200 km; from Wad Medani south to Singa (170 km); from Khartoum
along the White Nile to Kostf¥ and thence across to Sennar on the
Blue Nile (413 km); 200 km “from Nyala to 2alingei in Western
Darfur; and a amuch deterioratdd 280 km stretch from El1 Obeid south
to Kadugli. vt

Roads elsewhere vary %rém seldom maintained dirt roads, to
bush and sand tracks, and whith are often impassable during the
rains. The 800 km run from Khartoum to Nyala in Western Sudan is
a 3 day journey in the dry season and longer during the rains. The
only bridges across the Niles are at Khartoum, Kosti, and wad
Medani. Elsewhere, crossing¥ are made along the tops of the dam
walls, or by ferry. e

There are a growing ndmgér of cargo haulage firms operating
fleets of trucks from Estgﬁl'shed premises, but the majority of
vehicles are either owner driven, or else belong to owner-drivers
who have acquired additional vehicles. These ply the more remote
rural routes in additiorn to the main roads where the established

haulage firms operate. -

Filling stations exfgt“oﬁiy in the larger towns, but fuel is
strictly rationed, and fréqqenﬁiy unavailable. Garages and service
stations do not exist in ruraifﬁteas, and spare parts are virtually
unobtainable except at black market prices. Most souks (markets)
have an area set aside for trangport operators and vekicle repairs.
Prices for lorry hire are negbtiated individually - there are no
set rates.

Com

This is the background against which vehicles are hired, and
under which they operate, when PPD requires additional transport to
move supplies from summer_toLﬁinter campaign areas. Most of the
transport fleet is now many years old, adding further hazards to
the problem of getting“pesticides and equipment to given localities
on time. R 10

aoni

»ii)  River ~ The nortReSf terminus for barge traffic on the

Nile is at Kosti. There has been no river traffic on the Nile
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north of Kosti for many years (except on the Aswan Dam into Egypt),
largely because the river is now too shallow in the dry season due
to irrigation abstraction and siltation. River traffic south of
Kosti is currently halted because of the war.

iv) Air - Sudan Airways operates daily flights from Khartoum
to the other major urban centers, but these are usu:lly inadequate
in number, overbooked, and often late. Furthermore, return flights
cannot be booked from Khartoum, but only at the flight destination;
seats during the time of the Mecca Haj are particularly difficult
to obtain. There is one major private charter firm flying with
single and twin engine aircraft, and a couple of smaller firms with
limited facilities.

v) Postal and Telecom Services - Mail between Western Suda.;
and Khartoum normally takes about a week. The telephone service is
seldom operative. PPD relies on their own daily radio contact
network to transmit urgent messages. The various NGO's were always
helpful in the past with passing on urgent messages, but most of
their radio sets have been confiscated by the present military
regime.

vi) Radio and TV - Radio Omdurman broadcasts daily to all
parts of Sudan, and has an agricultural program which is available
for communicating information about locusts and pesticides to rural
populations. This program is compiled by the Extension
Administration, which will incorporate text when requested by PPD.
There is no formal 1link or reqular contact bétween these twe
organizations. Local transmitting stations are based at various
Regional capitals or major centers (El Obeid, Nyala, Kassala, Port
Sudan, Wad Medani, Atbara etc.), and have similar arrangements with
their counterpart Regional Agricultural Extension Offices for
transmitting farming news.

There is a color TV service in Khartoum, in addition to
regional stations that provide local programs; these also transmit
programs from the national service. Serving the estimated
population of 26 million persons in Sudan, there are probably 5
million radios, with an audience of 20 million listeners. It is
estimated that there are one million TV sets, with 12 million
viewers.

-7
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APPENDIX D. Other Major Pesticide Usages in Sudan

The quantities of pesticides 1likely to be used in locust
control in Sudan should be measured against other major usages of
pesticides in order to adequately appreciate their relevance and
contribution to environmental disturbances.

In Sudan the principal agrochemicals with pollutant potentials
are:

i) the pesticides and herbicides used on the irrigation
schemes;

ii) the avicides used for spraying quelea breeding and
roosting colonies; and

iii) the herbicides used for water hyacinth control.

iv) agro-chemicals on the cotton and other crops on the
parastatal and private irrigation schemes along the Nile and at
other sites (data not readily available and amounts vary according
to the acreages of the various crops each Year, plus the
availability of foreign exchange to obtain inputs).

It is said that from a high of about $ 70 million a few years
ago, pesticide usage has dropped to around $ 50 million per annum.
This would equate to around 10 million litres. "However, Bank of
Sudan figures show that in 1985 and 1986, insecticide imports
averaged 5,500 tons, but in 1987, this increased to 12,500 tons.
These import figures would equate to about 5.5 million litres in
1985/86, and 12.5 m litres in 1987. Since 1987, pesticides for
Sudan have been financed by the International Develrpment Agency
and the African Development Bank.

Very little pesticide is used in rainfed agriculture, other
than for the limited amount of dryland cotton grown on mechanized
farms (mostly Nuba Mountains) and at Tokar.

D-1. Irrigation Projects. Residues from pesticides and
herbicides used on the Gezira and other irrigation schemes will
find their way into the Nile via the drainage ditches, but no
quantitative or qualitative monitoring is done to ascertain how
much actually enters the river each year. The use of the more
persistent chemicals, such as dieldrin, was phased out a number of
years ago, but where still available, o0ld stocks of dieldrin are
still used in parts of Sudan on termites.

D-2. Birds. Quelea are small sparrow-sized birds of the
Weaver family that occur throughout the savannah areas of Africa in
flocks resembling locust swarms. They are subject to irregular
migrations in response to climatic conditions, with the four races

WY
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each inhabiting a specific part of the continent. No bird ringing
studies have been undertaken in Sudan to ascertain the areas from
which the 1local population can be augmented, or to which it
disperses.

Quelea breed in dense thickets of thorn trees (preferably
Acacia mellifera, but also A. tortilis, A. seyal, Ziziphus,
Balanites, etc.) with nests usually numbering 50 - 100 per tree,
and each colony covering 100 - 1000 hectares or more. In the dry
season, quelea crowd into dense roosts at night, usually in thick
cover (trees or reeds) near water.

Control involves spraying either the nesting or the roosting
colonies with Queleatox (fenthion) by air or from the ground.
(Experiments are now being conducted on cyanophos as a substitute).
If the spraying is well targeted, damage to other organisms is very
limited, as the quelea concentration largely excludes birds and
other fauna from the colony. 1In sprayed colonies, very few other
organisms have been noted as being affected; furthermore, fenthion
degrades rapidly under the local climatic conditions, and is the
preferred avicide in southern Africa. The main victims are
predators of quelea chicks, such as marabou storks and some of the
larger raptors from neighbouring areas, who may feed on dead and
dying birds. It should be possible to chase such predators away
from treated colonies, using persons wearing suitable protective
clothing, but this is not done.

However, spraying of quelea i» riverine thickets and reed beds
is more hazardous to the environment, as fenthion can contaminate
water before it breaks down, so requires care when used at such
sites. The fenthion used on quelea control is applied at higher
rates than as an insecticide, so would be more potent.

The spraying of quelea mostly takes place near the mechanized
farming areas in the Gedaref region. 1In the past, the quantities
of Queleatox used in Sudan have ranged from 10,000 to 140,000
liters per annum, but latterly have not exceeded 35,000 liters.

Traditional Quelea control consists of nest destruction,
either by pulling the nests down with hooked sticks, or else by
chopping down the trees, and is still widely practised.

D-3. Water Hyacinth. Water hyacinth control was formerly
undertaken with the herbicide 2,4-D, but this caused coi.siderable
fish mortality. The subsequent introduction of two species of
weevils and a lepidopteran appears to be holding this weed at
acceptable levels, with only occasional small patches now being
evident where it was previously rampant. Previously, the purchase
of herbicides and their application had been costing around $ 1
million per annum.
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