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This report is a staff-prepared summary of the Workshop 

on Aquatic Weed Management in the Gezira Canals, held in Wad 

Medani, Sudan, December 3 - 6, 1978, under the joint sponsor­

ship of the University of Gezira, the Democratic Republic of 

the Sudan, and the National Academy of Sciences - National 

Research Council (NAS/NRC) of the United States. Participa­

tion by the NAS/NRC was made possible through funds provided 

by the Office of Science and Technology, Bureau for Develop­

ment Support, Agency for International Development (AID) under 

contract AID/ta-c-1433. The University of Gezira will pub­

lish the final report of the workshop. 
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I
 

Introduction
 

In November 1975, the U.S. National Academy of Sciences
 

National Research Council (NAS/NRC) and the Sudanese National
 

Council for Research (NCR) jointly sponsored a regional work­

shop, "Aquatic Weed Management and Utilization in the Nile
 

Basin." The subject of this workshop was the control and util­

ization of water hyacinth (Eichhornia crassipes (Mart.) Solms).
 

Following the workshop, discussions were held between the BOSTID
 

staff and Sudanese weed control specialists on the need for a
 

workshop addressing the problem of aquatic weed management in
 

canals. The Sudanese requested a workshop to consider canal
 

weed management from the perspective of both short-term control
 

and a longer-term program of integrated control.
 

Dr. M. Obeid, Vice-Chancellor of the newly created (1978)
 

University of Gezira, offered to host the workshop at the Uni­

versity. This was an excellent location, since the University
 

of Gezira is situated in Wad Medani, the center of the Gezira
 

Irrigation Scheme. Agricultural products derived from gravity­

flow irrigation are the economic mainstay of the Sudan, and
 

the Gezira is the oldest and largest such system. Moreover,
 

it is the engineering model for all other irrigation schemes
 

in the Sudan. Wad Medani, approximately 100 miles south of
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Khartoum, is on the western side of the Blue Nile. Water for
 

the 900,000-hectares (2.2 million acres) Gezira scheme comes
 

from the Sennar Dam on the Blue Nile.
 

The Sudan is basically an arid country, with only a small
 

percentage of land mass suitable for plants requiring an aquatic
 

or semiaquatic environment. It is in the canals of the irriga­

tion schemes that favorable conditions are found for the often­

observed "explosion" of aquatic weeds. The nutrient-rich, slow­

moving, and often clear water from the Nile, coupled with sea­

sonably warm weather and the high reproductive potential of
 

certain tropical aquatic weeds, provides conditions that enable
 

weeds to fill up canals in a relatively short time.
 

Weeds are commonly defined as plants that grow in a place
 

where man does not wish them to grow, and plants growing in the
 

canals of the irrigation schemes certainly fit this definition.
 

Aquatic weeds are commonly defined as floating (e.g., water
 

hyacinth), submersed (e.g., pondweed), and emersed (e.g., cat­

tails). In irrigation canals the most serious problems are
 

frequently caused by submersed weeds, which are the most diffi­

cult to control since they cannot readily be sprayed with herbi­

cides and do not easily lend themselves to clearance by machines.
 

In fact, herbicidal treatment must be applied to the entire
 

volume of water for submersed plants, as opposed to surface
 

treatment or spraying for floating and emergent plants. When
 

canals are even partially filled with aquatic weeds, water no
 

longer moves at the designated rate of flow, which increases
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loss through seepage, evaporation and transpiration, and
 

ultimately reduces the supply needed for agricultural crops.
 

The nearly stagnant water encourages mosquito breeding and en­

hances the habitat for bilharzia-carrying snails.
 

The canal system of the Gezira is broken down as follows:
 

Main, Majors, Minors, Abu XXs, and Abu VIs. The Main canal,
 

which draws water from the Sennar Dam, is 204 km long, 40 m
 

wide, and 4.5 m deep. Branching off the Main canal are 987
 

km of Major canals, with an average width and depth of 10 x
 

3 m, respectively. There are 3,856 km of Minor canals, vary­

ing in width from 4 to 8 m and having an average depth of
 

1.5 m. The Abu XXs and VIs are the canals leading to the
 

individual plots. Maintenance of the Abus, the responsibilitv
 

of private farmers, varies according to individual whims.
 

Maiatenance of the Main, Majors, and Minors is the responsi­

bility of the Ministry of Irrigation. However, because of
 

their shape, size, and water velocity, there is no aquatic
 

weed problem in the Main and Major canals, nor are they suit­

able for the vectors of malaria and bilharzia.
 

When one speaks of a weed problem within the irrigation 

schemes, then, the reference is to the Minor canals. There 

are 11,250 km of Minor canals in the Sudan, broken down as 

follows: Gezira (3,856 km), Menagil (3,958 km), Agricultur­

al Reform (1,288 kin), New Halfa (1,331 kin), Suki (311 kin), 

Tambul-Gunied (304 km), West Sennar (117 km), and Abu Naoma 

(85 km). All provide conditions that are advantageous for
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macrophytic aquatic weed growth because of their construction,
 

design, nutrient load, and a slow rate of flow that makes them
 

practically stagnant pools. 
 Thus these canals are heavily
 

infested with weeds anchored in the mud.*
 

Such aquatic weeds, interfering with water flows in the
 

Minors, have become a serious limitation to the efficiency of
 

the Gezira system of irrigation. Because the network of these
 

canals provides the sole source of water to most of the people
 

for drinking, cooking, bathing, washing clothes, fishing, and
 

watering animals, 
the control measures undertaken must be com­

patible with the local conditions.
 

Aquatic weed control is carried out through one, or a
 

combination, of the following methods: 
 biological, chemical,
 

mechanical or manual, and draw-down. The draw-down method
 

kills off the aquatic vegetation by drying up the canals dur­

ing the hot season (March - June). This technique is no longer
 

Including Potamogeton perfoliatus L., P. nodosus Prior,
 

P. crispus L., P. pectinatus L., Najas pectinata (Porl.) Magnus,
 

Chara globuloris Thillier, Ottelia alismoides (L.) Pers. and
 

0. ulvifolia (Planch.) Walp.; also the banks of these canals
 

are inhabited by emergent weeds such as 
Panicum repens L.,
 

Cyperus rotundus L., 
Ipomoea reptans Poir, I. aquatica Forsk,
 

Echinochloa stagnia (Retz) Beauv., Phylo modiflora (L.) 
Greene,
 

Cynodon dactylon (L.) Pers, Polygonum anyustoto Bory & Choub,
 

Phragmites mauritianus Kunth, and Typha angustata Bory & Choub.
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used because of the practice of intensive, year-round crop­

ping that the Sudan adopted in the 1960s. In the past, manual
 

clearing and draw-down of the canals in the Gezira were the
 

techniques of choice.
 

Chemical control is relatively new dating from the end
 

of World War II. Mechanical control was not considered for a
 

number of reasons, especially cost and the traditional re­

liance on manual and draw-down methods. Biological control
 

is just starting to be actively researched and applied. How­

ever, with the intensive cropping of the 1960s, the irrigation
 

scheme managers found that they were having to clean the canals
 

on an average of eight times per year. With more than 11,000
 

km of canals, the costs were becoming prohibitive. Further,
 

in the 1970s unskilled laborers found that they could earn as
 

much as 30 times the daily wage for clearing canals by working
 

in the neighboring oil-rich states. Thus, the irrigation
 

scheme managers were faced with increased clearing demands and
 

a reduced labor force.
 

The tendency was to turn to chemical control. However,
 

this method requires special techniques, equipment, and trained
 

personnel, as well as foreign exchange for the chemicals. Chem­

ical control is further complicated because of the threat of
 

contamination of adjacent commercial crops. Care must also be
 

taken to protect the fish, animal, and human populations living
 

in and near the waters being treated. Chemical treatment tech­

niques vary not only according to the targeted plant species
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but also according to the rate of flow and the impurities in
 

the water. Knowledge of life cycles, physiology, and repro­

ductive characteristics of the weed species may provide clues
 

tl the proper timing for herbidical applications as well as
 

for other control measures. For the most part, however, this
 

basic knowledge is not available, and in fact an invuntory of
 

noxious weed species in the Gezira is just being completed
 

(1978-79).
 

The advantages of chemical control are that dramatic re­

sults can be achieved within a few days (or less) of treat­

ment and that costs are relatively low. Disadvantages of chem­

ical control--in addition to environmental concerns--are that
 

large masses of dead plant material may obstruct shallow canals,
 

causing oxygen depletion and leading to further eutrophycation
 

and subsequent regrowth of the same or other noxious species.
 

In sum, chemical control does not solve the problems of canal
 

clearing, but does lend itself well to treating emergency situ­

ations.
 

The managers of the various irrigation schemes are faced
 

with increased demands for maintenance and difficulty in re­

cruiting sufficient laborers. The remedies were herbicides
 

with short-term efficacy and accompanying disadvantages;
 

mechanical control with expensive equipment that offered
 

little variety of choice; and largely untested and limited
 

biological control techniques. It was in this context that
 

the Sudanese turned to the NAS/NRC for assistance.
 



II
 

Agenda, Participants and Working Groups
 

The workshop was held from December 3 - 6, 1978, at the
 

University of Gezira, Wad Medani. The first two days were de­

voted to background briefings by the Sudanese and discussions
 

by the NAS/NRC panelists on the state-of-the-art of aquatic
 

weed control in the United States. The third day was an all­

day field trip to observe the Gezira irrigation scheme and
 

its weed problem. For the final day of the workshop, the
 

participants met in three working groups to discuss biologi­

cal, chemical, and mechanical control techniques and to make
 

specific recommendations for both the short- and long-term
 

integrated control programs. Several general recommendations
 

were also presented and collectively endorsed at the final
 

session. Participation, open to the public, often resulted
 

in considerable exchange among the participants and outside
 

observers.
 

The University of Gezira hosted a reception Saturday
 

evening, December 2. Each evening after the formal sessions
 

and field trips, there were informal slide shows and talks
 

by both U.S. and Sudanese participants on various aspects
 

of the weed problem and control techniques.
 

The detailed workshop agenda follows:
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Agenda
 

Sunday, December 3 

A.M. 

Chairman: Professor Hamid 0. Burham, Director-General 
Agricultural Research Corporatio i 
Ministry of Agriculture 

Opening Remarks - Dr. M. Obeid, Vice-Chancellor 
University of Gezira 

- Dr. David L. Sutton 
Agricultural Research and Education Center 
University of Florida 

Refreshments 

Paper: The Nile in the Sudan
 

- Dr. M. E. Beshir
 
Department of Botany
 
University of Gezira
 

General Discussion
 

P.M. 

Chairman: Dr. David L. Sutton 

Paper: Gravity-Flow Irrigation in the Sudan 

- Mr. Kamal M. Abdu, Hydrologist 
Agricultural Research Corporation 

Paper: Crop-Water Requirements and Operation of Minor Canals 

- Dr. 0. A. A. Fadl, Soil Physicist 
Agricultural Research Corporation 

Discussion: Mechanical Control in the United States 

- Mr. C. M. (Brate) Bryant 
Aquamarine Corporation 

- Mr. William C. Doering 
Special Products Division 
Lantana Boatyard
 

General Discussion
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Monday, December 4 

A.M. 

Chairman: Professor M. Bakheit Said, Deputy Director-General 
Agricultural Research Corporation
Ministry of Agriculture
 

Paper: Distribution of Aquatic Macrophytes in the Gezira
 

- Mr. A. M. Hamdoun, Weed Control Specialist 
Agricultural Research Corporation 

Paper: Schistosomiasis in the Gezira 

- Dr. Mutamad A. Amin, Faculty of Medicine 
University of Khartoum 

Paper: Malaria in Irrigated Agriculture 

- Dr. A. M. Haridi, Malaria Division 
Ministry of Health 

Discussion: Chemical Control in the United States 

Dr. William T. Haller
 
Center for Aquatic Weed Research
 
University of Florida
 

- Mr. John E. Gallagher, Herbicide Division 
Amchem Products, Inc. 

- Mr. Robert J. Gates, Special Support Division 
Southwest Florida Water Management District 

General Discussion 

P.M.
 

Chairman: Dr. M. Obeid
 

Paper: Past and Present Methods of Control
 

- Mr. A. M. Hamdoun
 

Paper: Biological Control by Fish
 

Mr. T. T. George, Fisheries Research Center
 
Agricultural Research Corporation
 

Paper: The Engineer's Viewpoint
 

Mr. Kamal M. Abdu
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Discussion: Biological Control in the United States 

- Mr. William M. Bailey, Jr. 
Arkansas State Game and Fisheries Commission 

General Discussion 

Tuesday, December 5
 

Field Trip: Gezira Irrigation Scheme
 

Wednesday, December 6
 

A.M.
 

Working Group Discussions
 

P.M.
 

Chairman: Dr. M. Obeid
 

Report: Biological Control
 

Report: Chemical Control
 

Report: Mechanical Control
 

Report: Summary & Recommendations
 

Thursday, December 7
 

A.M.
 

Departure from Wad Medani
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Participants
 

Sudanese
 

Mohammed Obeid, Vice Chancellor, University of Gezira, P. 0.
 

Box 20, Wad Medani, (Chairman)
 

Kamal Mohamed Abdu, Civil Engineer, Ministry of Irrigation,
 

Irrigation Services Department, Wad Medani
 

H. S. Adam, Lecturer, University of Gezira, Wad Medani
 

Akashu M. Ali, Weed Control Specialist, Plant Protection De­

partment, Water Hyacinth Section, University of Gezira,
 

Wad Medani
 

Mohamoud Adam Ali, Agricultural Research Corporation, Ministry
 

of Agriculture, Wad Medani
 

Mutamad Ahmed Amin, Lecturer, Community Midicine, Faculty of
 

Medicine, University of Khartoum, P. 0. Box 2371, Khartoum
 

A. G. T. Babiker, Weed Scientist, Agricultural Research Corpor­

ation, Ministry of Agriculture, Wad Medani
 

M. E. Beshir, Department of Botany, University of Gezira, Wad
 

Medani
 

Hamid 0. Burham, Director-General, Agricultural Research Corpor­

ation, Ministry of Agriculture, Wad Medani
 

Lutji A. Dessougi, Botany Department, Faculty of Science, Uni­

versity of Khartoum, Khartoum 

Z. El Bier Hamza, Stauffer Chemical Company of Sudan
 

Sania Amin El Kanib, Teaching Assistant, Zoology Department, 

University of Gezira, Wad Medani 
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A. L. El Moghraby, Hydrobiological Research Unit, University
 

of Khartoum, Khartoum
 

El Sadiq Suliman, Agricultural Research Corporation, Ministry
 

of Agriculture, Wad Medani
 

Mirghani Tag El Seed, Hydrobiological Research Unit, University
 

of Khartoum, Khartoum
 

Abu Elgasim El Tayeb, University of Gezira, Wad Medani
 

Yousif M. El Tayeb, University of Gezira, Wad Medani
 

Abdalla Mohamed El Zubeir, Sudan Gezira Board, Barakat
 

Osman A. A. Fadl, Soil Physicist, Agricultural Research Corpor­

ation, Ministry of Agriculture, Wad Medani
 

Hago Gasmelseed, Weed Control Specialist, Rhone-Poulen Agro­

chemical Company, P. 0. Box 317, Wad Medani
 

T. T. George, Fisheries Research Center, Agricultural Research
 

Corporation, Ministry of Agriculture, Wad Medani
 

A. A. Hamada, Weed Control Specialist, Agricultural Research
 

Corporation, Ministry of Agriculture, P. 0. Box 120,
 

Wad Medani
 

Abdalla Mahamed Hamdoun, Weed Control Specialist, Agricultural
 

Research Corporation, Ministry of Agriculture, Wad Medani
 

Alaziz Mohamed Haridi, Chief Entomologist, Malaria Division,
 

Ministry of Health, P. 0. Box 1204, Khartoum
 

Izadrab Hassan, Sudan Gezira Board, Barakat
 

A. S. Ibrahim, Weed Scientist, A -icultural Research Corporation,
 

Ministry of Agriculture, Wad Medani
 

Hassan Khalija, Agricultural Research Corporation, Ministry of
 

Agriculture, Wad Medani
 



-13-


N. M. Nasr El Din, Director, Crop Protection Department, Sudan
 

Gezira Board, Barakat
 

Asma Ali Ragab, Teaching Assistant, Zoology Department, Univer­

sity of Gezira, Wad Medani
 

Abdel Rahman, Entomologist, Ciba-Geigy Sudan Research Project,
 

P. 0. Box 380, Wad Medani
 

M. Bakheit Said, Deputy Director-General, Agricultural Research
 

Corporation, Ministry of Agriculture, Wad Medani
 

Hamza Hassan Mod. Salih, Hafayer Subdivision Managil Extension,
 

Ministry of Irrigation and Hydroelectrical Power, Wad Medani
 

Abdel Mageed Yassin, Agricultural Research Corporation, Ministry
 

of Agriculture, Wad Medani
 

A. M. Yassini, Sudan Gezira Board, Barakat
 

National Academy of Sciences - National Research Council (NAS/NRC)
 

David L. Sutton, Agricultural Research and Education Center,
 

University of Florida, Fort Lauderdale, Florida (Chairman)
 

William M. Bailey, Jr., Fisheries Division, Arkansas State Game
 

and Fish Commission, Little Rock, Arkansas.
 

Charles M. (Brate) Bryant, Aquamarine Corporation, Box 616,
 

Waukesha, Wisconsin
 

William C. Doering, Special Products Division, Lantana Boatyard,
 

Inc., 808 N. Dixie Highway, Lantana, Florida
 

John E. Gallagher, Research Department, Herbicide Division,
 

Amchem Products, Inc., Ambler, Pennsylvania
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Robert J. Gates, Special Support Division, Southwest Floridt
 

Water Management District, Brooksville, Florida
 

William T. Hailer, Center for Aquatic Weed Research, School
 

of Forest Resources and Conservation, University of
 

Florida, Gainesville, Florida
 

NAS/NRC Staff Officers
 

Rose A. Bannigan, Assistant to the Director, Board on Science
 

and Technology for International Development, Commission
 

on International Relations 

Dennis M. Wood, Professional Associate, Board on Science and
 

Technology for International Development, Commission on
 

International Relations
 

Observers
 

David Coates, Lecturer in Zoology, University of Gezira, Wad
 

Medani
 

Kees G. Eveleens, FAO/UNDP Program for Integrated Pest Control
 

in Cotton, c/o UNDP Office, P. 0. Box 913, Khartoum
 

Brussel Fack, Agronomist, Ciba-Geigy Sudan Research Project
 

P. 0. Box 380, Wad Medani 

Ellen Gruenbaum, Social Anthropologist, Faculty of Economics, 

University of.Gezira, Wad Medani 

Fred Warren, Aquatic Weed Specialist, Agency for International 

Development, Washington, D.C. 

Joe Whitney, Institute of Environmental Studies, University 

of Khartoum, Khartoum. 



Biological Control 


David L. Sutton (Chairman) 


William M. Bailey, Jr. (Rapporteur) 


T. T. George 


A. L. El Moghraby 


Working Groups
 

Herbicidal Control 


A. M. Hamdoun (Chairman) 


William T. Haller (Rapporteur) 


A. G. T. Babiker 


John E. Gallagher 


Robert J. Gates 


A. A. Hamada 


A. S. Ibrahim 


N. M. Nasr El Din 


M. Tag El Seed
 

Mechanical Control
 

Kamal M. Abdu (Chairman)
 

M. E. Beshir (Rapporteur)
 

H. S. Adam
 

C. M. (Brate) Bryant
 

L. A. Dessougi
 

William C. Doering
 

A. M. El Zubeir
 

Osman A. A. Fadl
 



Recommendations and Conclusions
 

The recommendations and conclusions that emerged from
 

the three working groups (biological, herbicidal, and mech­

anical) are stated below. Since there were a number of
 

similar recommendations from each group, the chairmen merged
 

those recommendations and conclusions into a general category.
 

General Program Recommendations
 

The following general recommendations were made:
 

1. A national committee should be established and funded
 

to work closely with the Ministry of Irrigation in planning and
 

designing new irrigation canals, man-made lakes, and reservoirs,
 

as well as to coordinate research and control operations for
 

aquatic weeds and establish guidelines for the safe use of her­

bicides. This committee would in no way take over the duties
 

and responsibilities of the Ministry of Irrigation but would
 

help in planning research projects and implementing mechanisms
 

for controlling aquatic weeds in the Gezira scheme.
 

2. The various government departments concerned with
 

aquatic weed problems in the Gezira scheme should devote greater
 

resources to research, education and control operations.
 

-16­



-17­

3. Intensive research should be carried out on the 

biology, ecology, taxonomy, and distribution of aquatic
 

plants, and the information applied to improving weed con­

trol-in the Gezira scheme. Additional studies are needed
 

on biological control methods such as fish, insects, and
 

pathogens. Also, studies should be made regarding the use of 

herbivorous siiails which are not intermediate hosts of Schis­

tosomiasis and feed intensely on aquatic vegetation, i.e., 

Marisa spp. Emphasis should be placed on screening herbi­

cides (and their associated application techniques) to
 

evaluate their effectiveness in relation to possible side
 

effects. Testing should be conducted on the feasibility of
 

mechanical control. In order to achieve long-range weed
 

.control objectives, a team of aquaculturists, engineers, 

entomologists, pathologists, ecologists, plant physiologists, 

and sociologists should undertake a research project over a 

period of 4 to 6 years. The outcome of such an investment 

could lead to a better understanding of the aquatic weed 

problem and an integrated and more effective management pro­

gram. 

4. The Ministry of Health, in coordination with the
 

Ministry of Irrigation, the Universities of Gezira and Juba,
 

te Gezira Board, and the Agricultural Research Corporation
 

should conduct studies on the incidence and distribution of
 

waterborne disease vectors, especially bilharzia and malaria. 

The life cycles of the vectors should be studied in relation 

to both the aquatic vweed control techniques in use at present 

and those under consideration for possible future use. 



S. The health, safety and welfare of people associated
 

with the Gezira canal system should be considered in present
 

and future weed control programs.
 

Recommendations on Weed Control Methods
 

The working groups made a number of recommendations that
 

relate to studying or implementing various methods of weed
 

control.
 

Biological Control--Short-term Activities
 

1. Population and behavior studies should be conducted
 

on fish and other vertebrates in the canals to determine poten­

tial predators and to identify species of fish inhabiting the
 

The results will be useful for determining the size
canals. 


and numbers of grass carp fingerlings to be stocked and for
 

developing an integrated aquatic weed management program.
 

2. Plant populations in the canals should be surveyed
 

to determine the degree of weed infestation so as to evaluate
 

the number of grass carp required for controlling weed growth.
 

This information will also be used to pinpoint areas where 
the
 

grass carp may not be effective and where other control tech­

niques should be recommended.
 

3. 	Where suitable, canals should be stocked immediately
 

This
 
to 6-year-old fish that are currently available.
with 5-


will not only provide for the growth and development of fish
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needed for brood stock, but will also enable a study oh the
 

effectiveness of grass carp for weed control. It will also
 

provide information on stocking rates of mature grass carp
 

that will be necessary for effective control of aquatic weeds.
 

4. Temporary brood-stock holding tanks with continuous
 

water flow should be constructed for use in the spawning pro­

gram until a hatchery is completed. (See recommendations be­

low for construction of the hatchery.) A hatchery is urgently
 

needed but is more properly listed under the long-term recom­

mendations because of the time required to construct it.
 

Biological Control--Long-term Activities
 

1. A fish hatchery and rearing facilities should be con­

structed to provide an adequate supply of grass carp for stock­

ing in the canals.
 

2. The grass carp and other fish from the canals should
 

be studied for herbicide and insecticide residues to determine
 

if they are safe for human consumption. If the pesticide resi­

dues are found to be within the tolerances set by the Govern­

ment of Sudan, tenants should be allowed to harvest the fish
 

after weed control has been achieved.
 

3. A study of native herbivorous fishes should be made
 

to determine if native species might aid in the biological
 

weed control program in the canals.
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4. A study should be done on the feasibility of cul­

turing fish in the canals to produce fish protein for human
 

consumption. Aquaculture in the canals may not only provide
 

an alternative source of high quality protein, but may also
 

provide a means for controlling aquatic weed problems.
 

5. When rapid control of aquatic weeds is necessary,
 

the control program should use herbicidal or mechanical meth­

ods, followed by biological methods for long-term control of
 

regrowth.
 

6. Education and training should be provided to tech­

nicians regarding the spawning, culturing, and growing of
 

grass carp.
 

7. Methods of applying insecticide to the fields should
 

be improved to prevent their entering the canals (especially
 

chlorinated hydrocarbons, which are persistent in the soil and
 

build up in fish tissues, and organophosphates, which are
 

highly toxic to fish).
 

8. There should be increased cooperation between the
 

agencies associated with the Gezira and other schemes to en­

sure that all efforts are coordinated toward the effective
 

management of weed problems in the canals.
 

9. Biological control agents, other than the grass
 

carp, should be studied for their potential inclusion into
 

an integrated aquatic weed control program.
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Herbicidal Control
 

1. Herbicides should not be used for aquatic weed con­

trol in canals near villages or settlements of immigrant la­

borers, as these canals are often very heavily used by the
 

people.
 

2. Only the safest herbicides should be used for weed
 

control in the Gezira. Consideration has been given to the
 

human use of water, to fish and wildlife populations, and to
 

irrigated crops. The proper application and use of herbicides
 

recommended (which have passed the United States' Environmental
 

Protection Agency's standards) should not be detrimental to any
 

aspect of the Gezira.
 

3. The use of herbicides in aquatic weed control and
 

their effect on irrigated crops has not been studied in the
 

Sudan. It is imperative that a herbicide research program of
 

this type be initiated in the Sudan for ascertaining the optim­

um use and limitations of herbicides in the Gezira.
 

4. Educational programs to train scientists in aquatic
 

weed control should be rapidly expanded. Such programs should
 

provide for scholarships, research programs, and exchange
 

visits between U.S. and Sudanese scientists involved in aquatic
 

weed control.
 

5. A herbicidal aquatic weed control pilot project should
 

be initiated involving the Ministry of Irrigation, the Gezira
 

Board, Agricultural Research Board, and scientists from the
 



Table 1. Recommended Herbicide Treatments for Aquatic Weed
 

Control in the Gezira Scheme
 

EPA
 
Tolerance 

Location Herbicide Concentration Potable Watey
_lat 


I ppm
Subaersed Meads 	 Remoto Minor Diquat 

canale Endothal 1-2 ppe 


Glyphoaate I 	galloniacte
Emergent Meeds 	 Maine. 

Majora. 

near villagea 


amergent Weeds 	 minora Clyphosets a on 


AbuaX 	 Dalapon label 

BIquat or 

(paraquet) 

Aultrol T. 


0.1 

a 


b 


b 

c 

0.1 


Comment@
 

See text.
 
Aquathol-k
 

Very safe to use on
 
emergent weeds. no
 
herbicidal effect ex­
pected In Irrigation
 
vter.
 

Foiler sprays usually 
result In very little 
herbicide In vater. 
These chemicale should 
be safe used in close 
proximity to crops In 
AbuXX. OrIft control 
and surfactante will be 

beneficial. Spray dry
Abu 5x5 for natiou 
safety.
 

a. Tolerable levels of endothal in drinking water (potablewater) in the United States 
have
 

not been established by the Environmental Protection Agency (EPA). However, a tolerance
 

of 3 ppm is being requested by the chemcial industry. Current labels of endothal products
 

prohibit the use of treated water for irrigation until 7 days after treatment.
 

b. Glyphcsate is a new herbicide and tolerance limits in potable water have not yet been es­

tablished. However, Glyphosate is very biodegradable, has low toxicity, and levels occur­

ing in water near sprayed emergent plants will be insignificant.
 

Dalapon does not have a tolerance in potable water. Its tolerance in irrigation water
 c. 

Foliar treatments, particularly spot treatments,
in the western United States is 0.3 ppm. 


of Typha and other emergent vegetation, would generally result in concentrations much less
 

than . ppm in the irrigation water.
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University of the Gezira. This pilot project would also in­

clude studies of the weed biomass through vegetation surveys,
 

as well as monitoring the uptake of herbicides and their fate
 

in the aquatic ecosystems.
 

Long-range Herbicidal Research
 

Some urgent needs in the chemical control program have
 

been detailed earlier, including education and the testing
 

of the herbicides listed in Table 1. Effective control pro­

grams will require modification which can only result from
 

continuing research. Project managers should always be look­

ing for better techniques, additives, spray timing, and othei
 

improvements that will result in safer, more effective, and
 

economical weed control. The following list includes items
 

that should be undertaken in conjunction with the development
 

of a program.
 

1. Chemical recommendations in this report are designed
 

to minimize herbicide levels in the irrigation water. The
 

herbicides recommended are low toxicity chemicals with a short
 

residual half-life, but they are also expensive. Experimenta­

tion with other herbicides under Sudanese conditions could re­

sult in the discovery of more effective application rates,
 

timing or combinations of compounds.
 

2. Spray additives could immediately improve the control
 

programs. Raindrop nozzles and drift-control additives would
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reduce drift danger to crops and result in more herbicide on
 

the target plants. The rapid drying of water mixes and slow
 

uptake of herbicide by emergent plants could be alleviated
 

by adding oil surfactants to the tank mix.
 

3. Studies on draw-down treatments could also improve
 

weed control programs. Initial tests could be conducted in
 

drainage canals.
 

4. Biological studies, basic life history studies, and
 

monitoring studies should be carried out to determine the ef­

fectiveness of the control program. Such studies could also
 

pinpoint ideal times to spray the vegetation. For example,
 

split applications of glyphosate have controlled T and
 

phragmites for two years or longer in the United States.
 

In sum, the herbicide working group concluded that chemi­

cal weed control programs can solve some of the problems in
 

the Gezira scheme. Contamination of water used intensively
 

for agriculture and domestic purposes is an obstacle that can
 

be avoided by careful planning and proper herbicide selection
 

and application. Training of weed control personnel, project
 

managers, and additional scientists is needed. Chemical aquatic
 

weed control projects in the Gezira can be started immediately
 

and a full-scale, very effective program can be in full oper­

ation within a few years if both the authorities and the public
 

recognize the weed problem and become dedicated to its solution.
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Mechanical Control
 

1. A one-year study should be conducted to compare
 

various mechanical means for controlling aquatic weeds.
 

The goal of the study should be to determine:
 

0 Efficiency (cost of treatment per kilometer per
 

day);
 

o Frequency of weed removal operations; 

0 Adequacy of local skills for operating machines;
 

o Operating costs and down-time; 

a Availability of spare parts; 

o Initial costs; 

o Total system costs; 

o Life in years; and
 

a Cost/benefit ratio.
 

2. Until the study is completed and the most suitable
 

mechanical method selected, current manual removal methods
 

should be continued. It is recommended that refinements be
 

added, such as protective clothing for workers.
 

3. Experiments with canal design, e.g., deeper and
 

narrower canal cross-sections, that will deliver the same
 

volume and velocity of water should be conducted. With new
 

canal design, it may prove possible to move the same volume
 

of water at comparable speeds but with reduced growth of 

aquatic macrophytes.
 



IV 

Working Group Reports
 

Biological Control
 

Biological control agents are defined as those organisms
 

that effectively reduce the growth of target species. The
 

goal in biological weed control is reduction of plant growth
 

to an acceptable level, not eradication of the weed. A bal­

ance must be achieved that will permit enough plant growth to
 

maintain the control organism and enough control organisms
 

to maintain the weed growth at a low level. One of the prin­

cipal benefits of this balance is that once it is achieved,
 

weed control will be maintained for a number of years with
 

little cost for additional control units, though occasional
 

restocking may be necessary.
 

Various methods of biological aquatic weed control have
 

been tested, but with only limited success. One of the few
 

exceptions has been the use of arthopods for control of al­

ligator weed (Alternanthera philoxeroides). Another exception
 

is the grass carp, also commonly called the white amur (Cteno­

pharyngodon idella Val.), which is one of the most promising
 

organisms for the control of a number of aquatic weeds, es­

pecially submersed ones such as Potamogeton, Najas, Ceratophyl­

lum, Cabomba, Utricularia, Elodea, and Hydrilla species, some 
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filamentous algae, including Pithophora, Chara, Nitella, and 

Spirolyna, and floating plants such as Lemna or Wolffia. Weeds 

that have not been controlled by biological means under field 

conditions include most of the emergent plants such as Typha, 

Eleocharis, Brasenia, Scirpus, Orontium, Phragmites, Polygonum, 

Cynodon, Cyperus, Ipomoea, Phyla, and Echinochloa. Experimen­

tal results suggest that some of these weeds might be biologi­

cally controlled with insects, pathogens, and competitive plants, 

but these controls have not yet been proven in actual wide-scale 

practical application. 

NOTE: There are some sites where specific biological con­

trols should not be used and where the biological control organ­

ism may pose a threat to the aquatic site, the terrestrial sur­

roundings, or to the people who are associated with it. For
 

example, in canals--especially elevated canals--muskrats, craw­

fish, or other burrowing creatures should not be used. Competi­

tive plants, such as the dwarf spikerush should not be used in
 

areas where they might become competitive with crops, or where
 

the plant itself might provide an excellent habitat for the
 

snails that are vectors for bilharzia. Also, in some areas
 

there may be a unique natural fauna that should not be dis­

turbed by the introduction of a new species.
 

Capital outlay required for developing a new, unproven
 

biological control organism may be very high, and the required
 

rxploratory research is time consuming and expensive. Once an
 

organism is identified, it normally is placed in a quarantine
 

while additional research is conducted. The effect upon the
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target species is studied extensively. If the organism proves.
 

effective, then its effects upon non-target species and the
 

environment must be studied. Production costs must also be
 

considered to determine if this method is practical for field
 

application. These studies usually require years and may actu­

ally cost millions of dollars.
 

Based on past experience in the United States and other
 

countries with grass carp and the alligator weed flea beetle
 

as biological control agents, it is clear that the time between
 

the initiation of research and actual placement of the organism
 

in the field requires considerable time (9 to 10 years). The
 

actual time spent in search of a specific organism may be far
 

longer. Therefore, it is more practical at this point to con­

sider the work done in other systems and then apply this knowl­

edge to the problems in the Gezira. This approach will reduce
 

much of the time and expense involved in initiating a biologi­

cal control method. Furthermore, decades of research might not
 

uncover more effective biological control organisms than the
 

ones that are being considered for the Sudan. Experience shows
 

that once biological control programs are in operation, they
 

are generally the least expensive alternative for pest control.
 

The ideal situation would be one where the control organ­

isms reproduce in sufficient numbers to effectively reduce
 

plant growth, but do not reproduce to the extent that all plants
 

are eliminated and none are available for further generations
 

of the organisms.
 



-29-


Excessive aquatic weed growth in an ecosystem will ac­

celerate silting, as well as slowing water flow, causing
 

flooding, and increasing evaporation losses. Foliage break­

ing the water surface enhances mosquito production by pro­

tecting mosquito larvae from wave action and fish, thus in­

terfering with mosquito control procedures. Weeds also
 

harbor the vector snails of bilharzia, which find admirable
 

shelter habitats among them, with rich supplies of food and
 

suitable surfaces for oviposition.
 

Weeds can be eradicated by the use of herbicides, but
 

many problems are associated with their use. They are gener­

ally only partially effective, their efficacy is temporary,
 

and they are very expensive. They also have unknown effects
 

on the environment, particularly with regard to residue per­

sistence in water, bottom mud, and fish and shellfish. There
 

are no such fears of contamination with biological means.
 

Further, biological agents are far less expensive and have a
 

longer-lasting control effect.
 

One of the major benefits of using the grass carp for
 

biological control is that the weeds may be converted into
 

useful protein. The grass carp may convert as much as 80
 

percent crude protein on a dry weight basis, a benefit that
 

is lost when alternative methods of weed control such as
 

with herbicides and mechanical methods are used.
 

Biological control is more gradual and is less likely to
 

cause oxygen depletion, which may kill other living organisms.
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Biological control also causes less physical disturbance of
 

the habitat than mechanical controls. Moreover, it fosters 
a
 

more suitable environment than other control methods for intro­

ducing still other biological agents to reduce mosquito larvae.
 

Although any type of weed control should reduce mosquito popu­

lations and make remaining larvae more vulnerable to mosquito
 

fish (Gambusia affinis) or other natural predators, chemical
 

and mechanical controls may also reduce the mosquito fish and
 

other natural predators through oxygen depletion or by mech­

anical damage.
 

When considering biological control, it is necessary to
 

weigh not only the benefits but the disadvantages as well.
 

For instance, the known biological agents will not control all
 

types of aquatic weeds. Agents have not yet been discovered
 

that are effective against emergent weeds of the Gizera such
 

as Typha angustata or Phragmites mauritianus. Further, grass
 

carp will not reproduce under Sudanese conditions without hor­

mone injections requiring skilled personnel and special equip­

ment. The need for special equipment and trained manpower,
 

however, generally also holds true for chemical and mechanical
 

control techniques.
 

The weed control program using grass carp could be seri­

ously set back or destroyed by inadvertent spillage or spraying
 

of pesticides in the canals of the Gezira. 
Care must be taken
 

to assure that highly toxic chemicals do not enter the canals.
 

When using a biological control agent, it is necessary to
 

rely upon the characteristics of the control agent to achieve
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the desired goal. Man, therefore, cannot maintain total con­

trol of either the agent, the process, or the extent of weed
 

removal. This lack of complete control is in some ways simi­

lar when chemicals are used, whereas with mechanical methods,
 

the desired degree of control may be more easily achieved and
 

maintained.
 

Of the available, proven biological control agentE., only
 

the grass carp (Ctenopharyngodon idella) readily fits the needs
 

in the Gezira scheme. 'asome situations, common carp (Cyprinus
 

carpio) have also been used successfully to control aquatic
 

weeds. They appear to be especially useful in bodies of water
 

with mud bottoms. Common carp in sufficient numbers increase
 

the turbidity of the water, thus reducing plant growth by shad­

ing. The common carp might be considered as an addition to the
 

control method if it is acceptable in the Gezira scheme.
 

Aquatic plants present in the Gezira canals that can be
 

controlled by the grass carp include all the submersed species.
 

Cattails, the major emergent plant, probably cannot be con­

trolled by grass carp.
 

The use of grass carp for weed control in the Gezira has
 

a number of potential benefits that should be considered in
 

making a final choice of control method. These are discussed
 

below:
 
o Use of grass carp for weed control has proved to 

be relatively inexpensive in other countries.
 
o Grass carp converts excess plant biomass into a use­

ful product, fish protein.
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o Use of grass carp will reduce the need for other
 

control methods. Carp may be particularly effective
 

in inhibiting plant regrowth when used in an inte­

grated control program with herbicides and mechanical
 

methods.
 

a 
Grass carp will give long-term control of submersed
 

weeds due to the long life span of the fish. In some
 

areas control has been achieved for as long as 8 years
 

with a single stocking of fish.
 
o Weed prevention is also possible using grass carp.
 

A small number of the fish, three to five per acre
 

stocked in canals that do not have plants, may prevent
 

weed growth.
 

o Grass carp consume all exposed plant matter, there­

by reducing the habitat for disease vectors. The ad­

dition of common carp, which root plants and consume
 

snails that carry bilharzia, might be a further aid.
 

Weed control will also reduce breeding areas for mos­

quitoes and will enable the mosquito fish, Gambusia
 

affinis, to more easily prey upon the mosquito larvae.
 
o The actual cost of aquatic weed control by grass
 

carp may be completely offset by the value of the fish
 

as an end product. When this value is added to the
 

other general benefits of weed clearance the cost/benefit
 

ratio of weed control with grass carp may be particularly
 

favorable.
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Herbicidal Control
 

The major problems noted in the Gezira were submersed
 

weeds (Najas, Potamogeton, and Ottelia species), primarily
 

in the Minor canals, and various grasses (Typha, Panicum and
 

Cyperis species) in smaller Abu XXs. The submersed weeds
 

constitute a favorable habitat for bilharzia snails, and the
 

shallow standing water in the Abu XXs provide excellent habi­

tat for malaria vectors. Further problems caused by these
 

weeds are a serious reduction in water flow and increased loss
 

of water by transpiration and evaporation. Research conducted
 

in the United States has shown that when water is slowed down
 

and made stagnant by submersed weeds, the surface water be­

comes very warm and evaporation rises significantly.
 

In making recommendations for major aquatic weed control
 

programs, it is desirable for planners to know the cost/bene­

fit ratio to determine whether a particular control effort
 

can be economically justified. The herbicide committee was
 

therefore interested in research efforts that would help de­

termine the economic losses caused by aquatic weeds, particu­

larly studies to determine: the reduction in worker produc­

tivity due to aquatic-borne diseases, the value of reduced
 

crop yield as a function of water losses through evapo­

transpiration, and projected losses from reduced agricultural
 

expansion.
 

Generally, weed control methods are divided into three
 

traditional approaches: biological, chemical and mecnanical.
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The herbicide working group stressed the need for an addition­

al approach--prevention. Current weed problems appear to be
 

resulting from native aquatic plants, but the problems would
 

likely increase dramatically if exotic aquatic plants were
 

introduced--whether advertently or inadvertently--into the
 

Gezira. Gezira authorities and national authorities should
 

work together to prevent the introduction of alien aquatic
 

plants such as Hydrilla verticillata, Myriophyllum spicatum,
 

and others into Sudan. The Gezira habitat appears favorable
 

for explosive growths of Hydrilla, a plant which is spreading
 

rapidly throughout the world. The Ministry of Irrigation has
 

an active program for preventing hyacinths from entering the
 

Gezira. This aspect of weed control should be recognized by
 

the authorities, and national laws should be passed or en­

forced in order to prevent entry of potentially noxious aquatic
 

plants into the Sudan.
 

NOTE: Herbicides of various types are available for con­

trolling all the weeds in the irrigation canals of the Gezira.
 

However, local inhabitants utilize the water for domestic
 

purposes, including bathing, drinking, and watering livestock.
 

Consequently without a major educational program the use of
 

inexpensive .but toxic herbicides, such as acrolein, is not
 

possible in the Gezira. Herbicides should not be used for
 

submersed weed control (total volume treatment) in canals near
 

villages or settlements of immigrant laborers, as these canals
 

are often very heavily used by the people.
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Remote Minors containing submersed weeds may be consid­

ered for treatment with herbicides (Table 1). Certain pre­

cautions can increase the safety of their use. The slower
 

the water flow, the more effective control will be. An ideal
 

situation would be one where water flow can be stopped for 48
 

hours after treatment. Although the herbicides recommended
 

will be effective in slow moving water, the advantages of
 

stopping the flow for 48 hours are:
 

1. The herbicide remains were it is applied;
 

2. Treatments at initial concentrations will be ab­

sorbed and adsorbed by plants and soil. Physiochemical and
 

biological degradation will begin resulting in much lower
 

herbicide levels in the water after 48 hours; and
 

3. Herbicide treatments in non-flowing water generally
 

give better kill of aquatic weeds.
 

Because the herbicides recommended are contact foliar
 

sprays, and newly germinated crop plants may be adversely
 

affected or killed if covered with irrigation water contain­

ing contact herbicides, a safer method for application of
 

herbicides to submersed weeds is to introduce the chemical
 

when the irrigated crops are several centimeters tall.
 

Emergent plants are easier to control, and fewer poten­

tial hazards exist than with chemical treatment of submersed
 

weeds. Emergent foliage is usually sprayed with a herbicide
 

mix placed on the target species; with proper application,
 

little or no residue is found in water near the treated plants,
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The herbicides recommended in Table 1 are the safest to use
 

in irrigation and domestic water schemes. Spot-treatments
 

in Major, Minor, and Main canals, even in village areas, will
 

not endanger the public. Treatment of the Abu XXs will be
 

most effective and safest to crops if they are drained before
 

herbicide treatment.
 

The chemicals recommended have low mammalian toxicity and,
 

so far as is known, will not have adverse effects on irrigat'
 

crops if properly applied. The major hazard of herbicide use
 

is to the individual mixing the chemical concentrates for spray­

ing the canals. Label precautions and proper application tech­

niques will result in minimal hazards to the operator. The
 

chemicals recommended are nontoxic to fish if applied properly;
 

however, low oxygen content in water will occur periodically 

when treating submersed weeds and minor fish kills can be ex­

pected. These can be minimized by treating only a portion of
 

the Minor canals at one time (leaving untreated areas that will 

continue to produce oxygen). Treatment of emergent vegetation 

should never result in fish mortality. Judgment and experience 

will enable herbicide applications that will affect the environ­

ment to the smallest extent possible and yet provide for maximum 

control. Proper training and supervision is essential for the 

health and safety of the operating personnel, to avoid damage to 

crops and fish populations, and to adequately protect the health 

of human and animal populations. 

The herbicide working group has recommended the safest
 

chemicals for weed control in the Gezira based upon the multi-use
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nature of the water in the canals.. Careful consideration has
 

been given to the people drinking and using canal water in the
 

Gezira, to fish, wildlife, and animal populations, and to ir­

rigated crops. Proper application and use of the chemicals
 

should result in considerable economic and social benefits,
 

and should not be detrimental to any aspect of life in the
 

Gezira.
 

The use of chemicals for weed control can be initiated
 

immediately and can be continued until alternative control
 

measures are satisfactorily worked out. The risks of not
 

controlling weeds in the immediate future are:
 
o Weed problems are burgeoning in the Gezira scheme,
 

concurrent with labor shortage and intensification of
 

agriculture.
 

o Disease problems associated with aquatic weed popu­

lations will increase unless aquatic weed control pro­

grams are begun immediately;
 

0 Increased crop productivity in the Gezira is limited
 

by aquatic weeds that slow or stop water flow and in­

crease sedimentation; and
 
o Semiaquatic ditchbank weeds such as Dichanthium
 

annulatum will spread and cause further problems.
 

Research and monitoring mechanisms should be established
 

at the time of initiation of herbicide control programs. Her­

bicide movement in canals can be monitored with dyes. Time of
 

contact and herbicide rates should be studied. Herbicide
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residues shouldbe tested to study the effects of low herbi-'
 

cide concentrations on growth and production of irrigated
 

crops. Literature searches and new information on new and
 

old herbicides should be collected. Soil-applied herbicides
 

such as fenac and dichlobenil as well as various ureas 
and
 

triazines should be studied for their effectiveness in long­

term weed control in drainage canals. Research on dried
 

Minors could also be considered. Life cycles and distribu­

tion of aquatic plants 
in the Gezira should be studied to
 

determine the optimum time for applying herbicides and to
 

provide a data base for future evaluation of the chemical
 

control program.
 

In sum, it is the opinion of the herbicide working group
 

that the benefits of aquatic weed control by using herbicides
 

greatly outweigh any potential adverse risk or effect on the
 

people, livestock, and wildlife of the Gezira.
 

Mechanical Control
 

Mechanical methods are currently the dominant methods of
 

control in the Gezira canals, including chain-like saws pulled
 

manually across the canals and draglines operated wherever it
 

is necessary to desilt a canal. At present, there are 70 drag­

line units operating in the Gezira scheme. 
These units are
 

doing a satisfactory job of relieving the canals of their silt
 

load and of removing the aquatic weeds in the process.
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Research Institute. 
 There is every reason to believe that
 

this will happen, and support should be given to the Univer­

sity 	in this regard. 

rhe workshop pulled together a wide range of Sudanese 

officials concerned with weeds, health, and engineering 
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recommendations were reported in Mr. Bailey's Trip Report to
 

BOSTID, dated February 12, 1979.
 

While the panelists were in Egypt, Dr. Wood was in Khar­

toum coordinating workshop details with the University of
 

Gezira and USAID and met with the USAID Director, Gordon Pier­

son, and the Food and Agriculture Officer, Raymond Carpenter,
 

to discuss the details of the workshop. USAID was unable to
 

provide participants to the workshop because of concurrently
 

scheduled activities. However, AID/Washington was represented
 

by Fred Warren. Dr. Wood also met with various officials at 

the National Council for Research for preliminary discussions 

on future coope rative Frograms and to make arrangements for 

in-depth discu.ssions after the workshop. 

rollowing the workshop, ')rs. Sutton, Warren and Wood, and 

Mrs. flanni .an met ;ith Mr. ierson and Dr. Carpenter to summar­
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into their budget cycle for future funding. Mrs. Bannigan said
 

that NAS/NRC would explore the matter further with the Office
 

of Science and Technology in Washington. Dr. Carpenter said
 

he would see whether future USAID funding would be available.
 

In-depth discussions were then held with Yahia H. Hamid,
 

Director, Energy Research Institute of the National Council
 

for Research. Dr. Hamid said that the Institute was 
in the
 

process of completing an energy assessment for the Sudan. How­

ever, he felt that the Institute could use assistance in estab­

lishing priorities in energy planning. The possibility of a
 

workshop was discussed, which could be scheduled tentatively
 

for later 1979 or early 1980. This would give the Institute
 

sufficient time to publish an energy assessment currently be­

ing conducted and make the necessary arrangements for a work­

shop.
 

Further discussions with Dr. Carpenter indicated that
 

though he was amenable to the proposed energy planning workshop,
 

there were no USAID funds available for activities in this area.
 

Mrs. Bannigan said that possibilities for alternative funding
 

could be discussed with AID officials in Washington.
 

The Sudanese officials asked Messrs. Bailey and John E. 

Gallagher and Dr. Haller if they could extend their visit to 

observe and comment on present and proposed fish hatchery oper­

ations and on herbicide application techniques and problems. 

Sir. iaile yl Trip Repor', of February 12, 2979, records his ob­

servations and recommendations. Messers. Haller and Gallagher's 

joint report is currently in preparation. 


