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INTRODUCTION

"Water is the best ef all thiugs,"” said the Greek peet
Piundar. Rivers, dams and camals are the lifelines ef many
natiens and the fthreads frem which their subsistence and
develepment are weven.

O0f the great rivers ef the Werld, the Nile has, witheut
questien, admirably, played the mest significant part im the
early histery amd develepmemt ef mankind.

Fer the Sudam the Nile cemstitutes the maim seurce ef
irrigated agriculture, hydre-pewer petemwtial, fish supply,
riveralin grazimg petemtial and navigatien. At present irriga—
ted areas represeut seme 4.6 milliem acres ef land. Almest in
all of these the system ef irrigatiem cemsists ef a hierarch—
ical systen ef supply camals. The estimated surface area ef
fresh water im the Budan is abeut 10 millien acres which is
ggual te the area ef 1lrrigable lawrd te be develeped.

The develepment ef irrigated agriculture is a fumctien
of the availability ef water. New lakes (dams) and water cha-
nuels are cemtinueusly beimg fermed te previde this water.
This imcreases the surface area ef water spread and creates
an extensive aguatic habitat with its special enviremmental
CORIEYUENCES o

The trsatise presemted here deals with the aguatic emvi-
revment ef the Nile, its tributaries and the irrigatien cana-—
ls, specially as far as aguatic weeds are cemcermed with spe-
cial refereuce te waterhyacimth (Eichhermia crassipes Marts.
Selms) im the Sudanm.

Weeds, defimed as higher plants which are a muisance,



interfer with ene er amether ef man's activities. Bielegically
weeds are ameng the mest highly successful plamits. Heuce, their
centrel has s$ill remaimed emre ef the mest ardueus and expensi-
ve tasks.

The waterhyacinth - eme ef the mest successful aguatic
weeds - has feumd im the White Nile amd its ftributaries a mest
faveurable envirenment fer spread. The vastress eof the infested
area, the famtastic preductivity awd repreductivity ef the weed,
the deceptive temperal amd spatial distributiens ef fleating
mats arnd the expemnse imcurred, have turred, all the efferts te
cembat this weed species, imte a mere lip-stick service.

Many peeple have cenmsidered metheds ef utilizing waterhya-
cirnth in semeway im erder e receup seme of the lesses iuvelved
in tryimg te kill it. Experimeats have been carried eut amd id~-
eas advecated te turmn this plamt frem ‘a curse iunte a crep' amd
eptimism have described the plant as 'a memace that ceuld be
turned te a blessing’. "

Hewever, whether a ‘curse’ er a crep, research aand excham—
ge ef ideas and experiemces are still needed +te help in fthe re-
meval ef the curse er the husbaadry ef the crep.

This treatise represemis part ef eur cemiributien te the
preblem. I+% is writtem fer the genmeral reader, the admimistrat-—
er, the student, and the fresh research werker whe is leeking
fer a guide.

I wish te ackmewledge Hhe help and eathusiasm ef all the
writers and te specially thamk Dr. M.E. Beshir fer editimg the
first and last cemitributiems in this treatise and Dr. M. Tag EL
Seed fer his patiemt amd careful reading ef the manuscript dur-
ing the typing precess.

M. Obeid
Bditer
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THE WATER RESOURCES OF THE NILE FOR
AGRICULTURAL DEVELOPMENT IN SUDAN

BY ;
Saghayroon El Zein
Chairman, the Board of Directors,
The Public Corporation of Irrigation
Works and Earthmoving,
Khartoum North

INTRODUCTION

The land area of the Sudan of 2496138 km® may be divided
in terms of fthe amount of rainfall and associated vegebtation
types into the following propotions:-—

a) 29% desert stretching over 6 degrees of latitude
north of the 17th parallel with an annual rainfall of
less than 75 mnm.

b) 20% semidesert north of latitude 15 with an annual
rainfall of 75-300 mm.

¢c) 27% savanna 1lying between latitudes 9 and 15. The
total annual rainfall varies between 300-800 mm.

d) 10% of Tropical Forest, Savanna and Flood plants
lying to the South of latitude 9 and having rainfall
of 800-1200 mm.

e) 14% of Tropical Forest in the High Plateau of the
Southern Region with an annual rainfall of up to
1400 mm.

The above distribution of rainfall, despite its low
value, 1s furthermore very highly seasonal in character. The
Sudan is, therefore, dependent on its rivers for perennial
irrigation for reliable agricultural production. Resort for



a source of perennial irrigation is, therefore, made to the
Nile systems in the Sudan and wsince some of its rivers are
torrential and run part of the year only, resort is also made

to regulate river fiows by the construction of dams.

RESOURCES OF THE NILE

The River Nile anu its tributaries constitute the only
source in the country for irrigated crop production,hydro-power
potential, fish supply, grazing and navigation.

Irrigated agriculture has so far contributed the bulk of
the country's wealth and this role will continue to be dominant
for a long time to come. The main irrigable lands lie in the
vicinity of the Nile and its tributaries, and are concentrated
on the 400 mm rainfall belt of the Savanna woodlands bordering
the river. Of the estimated 10 million acres of irrigable land,
only about 46% is thus far developed comprising the Gezira
Scheme, Managil Extension, Khasm El Girba Scheme and the Pump
Schemes on the Blue and White Niles.

The hydro-power potential is to be found on Bahr El Jebel
from Nimule to Juba with a potential of 1000 megawatts and on
the main Nile north of Khartoum with a potential of 800 megawat~
ts. This is in addition to smaller potentials on the other trib-
utaries. Of this potential only 7.5% is presently developed.

The other water resources of the Nile system include :-

1) 1860 km of year-round navigation between Khartoum and
Juba, 1000 km on main Nile north of Khartoum to old
Halfa, and seasonal navigation on 330 km along the
Sobat river.

2) 1.5 million acres of summer grazing in the Southern
Region created by the fluctuations of river flows.

3) An annual fish crop of some 100,000 tons.
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HYDROLCGY OF THE NILE

The river Nile is the longest river in vhe World with a
length of 6695 km. Its average flow is estimated at &4 milli-
ards which constitute 6% of the total rainfall on its basin.
The flow of the Nile has a marked seasonal and annual fluctu=—
ation. More than 80% of the annual flow occurs between August
and October. The remaining 20% is discharged during the nine
months of the year. The annual variation is very great as it
varies between 42 milliards recorded in the season of 1913/
1914 and a hizhest maximum of 155 milliards recorded in 1878/
1879 .%

In the average year, however, the percent contribution
to the total flow of the Nile of its major tributaries is as
follows &=

Blue Nile 59
Sobat 14
Bahr ELl Jebel 14
River Atbars 13

Since the Blue lile, Sobat and River Atbara originate in
the Lthiopian plateau, 86% of the flow comes from that plat-
eau and only 14% comes from the Equatorial Lakes and Bahr El
Ghazal Basin. The low contribution of these basins is due

% This description of the hydrology of the Nile system is
based on the work of H.E. Hurst, The Nile Basin, Government
Fress, Cairo 1952 and H.E. Hurst and P. Philips, The Nile
Basin Vol., 5, 1938. Records of discharges, areas cropped
and water consumptions are abstracted from the records of
the Ministry of Irrigation and Hydro-electric power.



primarily to the great losses of water in +the Sudd {(Swamp)
area where an estimated 45 milliards is lost through evaporat-
1o and transplration.

The main tributaries of the Liile are described brielly
below 1=

The White Hile

The main source of the White Lile 1s the bgucatorial Lakces
of Bast Africa. The river is known first as the albert .1lc

which leaves Lake Albert at its northern end and flows throuh
flat plain to Llmule on the Sudan southern fronticr. rom
Nimule the river flows nerthwards and ig known ag sahr sl

R

Jebel for 930 km up to its Junction with Bahr 51 Ghazal ot
Lalke No.

After leaving its rocky gorge at Rejaf just north of dJuba.
Bahr El Jebel enters its Flood Plain inundating it when the
levels are high, and foruming fringe swamps and marshes which
wicen and increase gradually until they form the central swamp,
or sudd, north of Bor. Here the main course of the river divide
es into several channels, and forces its way thouzh the thick

Cyperus papyrus L. growing on the swaups over an area of soue

&,000 k. After reaching Lake llo. the river turns sharply
eastwards until it Jjoins the river Sobat comming from the Bthi-
opian frontier. Then, as the White Iiile, it flows north Toruing
narrow swamps on either buank to a width not exceeding 2 km
until 1t joins the Blue liile at Khartoum 1940 lon from Nimule.

The flows of Bahr El Jebel vary seasgsonally and annually.
The average annual flow 1s about 29 milliards m3 with a maximum

3

and minimunm of 65 and 15 milliard m” respectively. Alter passi-
ng through the swamps, the river emerges with an annual wverage
flow of only 1% milliards. Half the Bahr L1 Jebel waters toget~

her with the contribution of Bahr Bl Ghazal are lost in the



sSudd swamps.

Bahr E1l Ghazal which flows in a north eastern direction
drains the south west part of the country and the Nile-Congo
water divide. Out of a total normal annual inflow of 12 mill-
iards, only 0.6 milliards reach the White Nile through Bahr
El Ghazal.

The Sobat river is formed by the Junction of two branch-
es: the Baro which rises in Ethiopia and the Pibor which
drains part of the eastern plain of the Sudan. It joins Bahr
El Jebel forming the White Nile to which it contributes 13.3

milliards.

The total mean annual yield of the White Nile at lalakal
is 28.6 milliards made up of the following components measur-—
ed between 1905-1965,

Bahr El1 Jebel 14.7
Bahr E1 Ghazal 0.6
Sobat 13.3

The regime of the White Nile can therefore be summed as
follows. It leaves Lake Albert with practically constant dis—
charge due to the balancing effect of the Lake, then enters
the Sudan where it is slightly affected by the torrential
streams that run part of the year. Then it enters the Swamps,
loses half its water and leaves again with a constant annual
flow.,

The Blue Nile

The Blue lNile originates in Lake Tana and flows through
the Ethioplan plateau in a very deep channel for =z distance
of 805 km before it reaches the Sudan border. Its catchment -
area lies wholly within Ethiopia where all its major tributa-
ries Jjoin.

The most important tridbutaries Jjoining the Blue Nile in



the Sudan are the pivers Hahad and Dinder.

The Blue Nile is a torrential river and has very high
discharge during the flood but very low flows during low sthtages.
It has a normal maximun flood discharge of 562 million cubic
meters per day at the end of Ausust and a normal minimum of 6.
The highest recorded discharze was slishtly in excess of 1
pillion per day whereas the minimum recorded was as low as 0
million cublc meters.

The normal annual dischurge 1s 50.5 milliards out of which

46,6 are brought during the flecod geason between June to Novemb-

L

er, The rest 1s digcharged bebwoeoll Doouiber aow biwl e

The River Atbara

This river 1s the last tributary of the lile and rises in
the northern part of the Ethiopian plateau. 1T has two tributar-
ies, the Atbara and the Setit which unite some 50 miles in the
eastern Sudan plain and then run in a westerly direction to Join
the main Nile.

It is also a seasonal torrent and flows between June to
November. It has a peak discharge of 300 million cubic met@ra/
day. Out of a normal annual yield of 12 milliards, 1l are passed
in four months.

The River Nile

The main Nile is {ormed by the confluence of the White and
Blue Niles and travels distance of 3058 km o Join the Liedite-

rranean. Its length in the Sudan is 1480 ka.

The normal yield of the liile at Khartoum is 77.3 milliards

of which the Blue Nile contributes 52.2 milliards.

PERENNTAL THRRIGATION

The dependence of the sSudun en  perennial lrrigation for

-



crop production has been indicated earlier. The present
utilization of {the Sudan share of the Nile waters can be seen
in Table (1) which summarises the areas under irrigated crop
production together with their annual water consumption.

TABLE 1, Irrigated crop production schemes on
the Nile system and their water

consumption
Scheme Ares Arnual water
(X103 feddans) consumption
(x10° cubic
meter)

Blue Nile

a) Downstream of Sennar 164 976

b) Gezira and Managil 2052 7598

¢) Pump schemes upstream of 452 1595
Sennar

d) Rahad Phase 1 300 1139

e) Evaporation losses at Sennar 669
reservolir

White Nile

a) Pump schemes including Asalaya 620 2840
and Melut

Main Nile

a) Pump scheumes north of Khartoum 420 1603

River Atbara

a) Khasm El Girba Scheme 372 1700

b) Evaporation from Girba dam 139
Total 4380 18259

1 Peddan = 1,038 acres



The Sudan share of the Nile Water Agreement is 20-35
milliard cubic metres. Out of this sum 18.239 milliards are
already committed to irrigate 4.580 million acres (see Table
1.). The balance of some 2.99 milliards is yet to be allocated.

The Ten Years Plan for the Sudan envisages the development
of six new agricultural schemes with a total area of 3.041
million feddans and an estimated water requirement of 9.290
milliards.

It is clear that our present share of the Nile water has
to be supplemented so that the above development can be comple-
ted. Our first effort to supplement our water requirements is
the conservation works in the upper reaches of the Nile basin.
The first of these is the Jonglei project which is expected to
increase the annual yield of the Nile in its first phase by 4
milliards which are now lost in the Sudd area (see above).

CONSEQUENCES OF DEVELOPMENT

Some consequences of development may be inevitable and in
this regard the changes in environment that accompanied the
large-scale storage by the Aswan High Dam in Egypt, for example,
show the impact of development on the natural environment.

The century storage behind the High Dam has resulted in
shifting the tail of the Nile Delta to the south and left the
Nile itself now but a system of canals being fed daily by silte
free water from the Dam. This has resulted in the erosion of
the river bed and the spread of water weeds including the
waterhyacinth.

Some problems may be on the way for us as we use more and
more of the Nile water by building or heightening our dams and
through the creation of a new environment while attempting the
reclamation of the swamps to increase the yield of the Nile.

As far as aquatic weed growth is concerned it can be expe~
cted that the creation of large bodies of clear water as reser—
voirs or canalization systems with slow rate of water flow will

8



be conducive to aguatic weed growth.

In addition it should be expected that any changes in
the regime of water flow will induce considerations of the
mode of 1life of human settlements and their socio-—economic
interests. These are only two examples of a host of problems
that can be anticipated.

Therefore the integrated evaluation of development
schemes whether for power, navigation, crop production or
industry is essential and their possible impact on the natural
environment needs to be carefully evalusted.



AQUATIC ENVIRONMENTS IN THE SUDAN WITH
SPECIAL REFERENCE TO THE GEZIRA
CANALIZATION SYSTEM

BY
M.E. Beshir & L. Abdel Gadir

Agricultural Research Corporation, and
University of Khartoum, Sudan

INTRODUCTION

Aquatic plants colonise different and variable water
habitats which include standing and flowing, fresh, brackish
and saline waters. Their extent of distribution ranges from
the cold temperate regions to the tropics. Aguatic plants are
either free floating or attached to a substrate and these may
be emergent or their leaves floating or entirely submerged.
This wide variation in habitat is reflected in their morphol-
ogical, anatomical and physiological characters and helps to
explain their success as weeds (Sculthorpe, 1967).

The foliage of the free floating plants develops as a
rosette, comprising aerial or surface-floating leaves, conde-
nsed crown-=like stem and pendulous submerged roocts. In this
group of plants it is possible to trace a trend of structural
reduction from the rosette habit; the foliage in many plants
shows variation in size and form in different habitats.

The floating habit is acquired by the high proportion of
alr in the lacunate mesophyll follage in all free-floating
rosettes. In other plants the lacunate tissue develops so
excessively that bladder-like swellings, known as floats, are
formed. The lacunate tissue also serves to keep the foliage
rigid and balloon-like in addition to the collective turgor

1O



of its living cells.

osome free~floating plants produce numerous lateral stolous
which help them to colonise huge masses of water surfaces by
this adaptation method for vegetative propagation.

The emergent plants display structural features similarly
related to the mechanical and physiological problems of aerial
existence. This is achieved by the development and disposition
of their collenchyma, sclerenchyma and lignified vascular
elements. During the initial growth of the emergent plant orga=-—
ns, they are confronted by the risk of oxygen deficiency in the
water. This risk is overcome by developing masses of secondary
air-storage tissue, aerenchyma or to sustain anaerobiosis for a
limited time.

Plants with floating leaves are adapted to resist tearing
and immersing action of wind, waves, and rain by strong, leath-
ery, peltate leaves, circular in shape with an entire margin,
water repellent upper surface and long pliable petioles. Strong
winds, fast currents, heavy rain and flood waters restrict the
distribution of these plantis to a narrow ecological niche
provided by stationary or very slow-flowing water over a stable
silted substrate.

The stems, petioles and leaves of submerged plants contain
little or no lignin even in the vascular tissues; sclerenchyma
and collenchyma are often absent. This is because of the suppo-
rt given to thelr submerged organs by the water itself together
with the buoyancy endowed by their air-filled lac@hate tissues.
The lacunae greatly facilitate the respiration of-the living
tissue by transporting and storing of oxygen. The extremely
thin permeable cuticle of submerged oréans, and the thinness of
leaves and presence of chloroplasts in their epidermis are
valuable in solving irradiance and scarcity of exygeun.

The permeability of the thin cuticle and epidermis allews gases
disgselved 1in water to pass in or out through the whole surfa-
ce of the plant.

~11-



AGUATIC PLANTS AS WEEDS

llany aguatic plants readily qualify as weeds. The ability
for luxuriant vegetative growth and vigorous spread in addition
to the botanical characters outlined above make some aguafic
plants perform as insidiocus weeds. Weeds were defined by Shaw
(1956) as those pilants growing in undesired locations. They are
characterized by being competitive and aggressive (Campbell,
1923) and of "wild” growth (Brenchley, l920)a

As weeds, aguatic plants invade water bodies creating pro-
blems that involve, practically, all aspects of water use. for
example species of Phragmites, Sagittaria and Scirpus occur as

weeds throughout the world. Phragmites mauritlanusg occurs in

various parts of Africa, Sagittaria guayanensis in Malaysian

ricefields and Scirpus juncoides in those of lNadagascar, Malay=-
sia and the Philippines. Similarly some species of ITypha occur
as weeds in rice cultivations in the Southern U.S.A. and Portu-

gal whilst others form immense colonies in wide lowland rivers
such as the Senegal (Wild, 1961). Several species of Cyperus
are harmful throughout the world in natural waters, irrigation
systems and subagquatic crops (Sculthorpe, 1967).

Miscellaneous tropical energents, such as Behinochlos
F o 9

colonum, E. shtagnina, Neptunia oleracea, Oryza peremnig and

Vogsia cuspidata are likewlse important weeds of subaguatic

crops and irrigation schemes in West Africa, Madagascar,Sudan,
Ceylon, India, Malaysia and the Philippines (Sculthorpe, 1967).

Pistia stratictes is very troublesome on the upper White

Nile of the Sudan where it forms floating obsbtacles. In Ghana
it has covered the new Volta Lake and has resulted in health
hazards since Pigtia serves as a preferred host site for larvae
of several species of mosquitoes (Holm, Weldon and Blackburn,
1969) .

Salvinia auriculata has spread over wide areas in Central

and Socuth America from Cuba to Argentina and is known Lo occur

N



in the Zaire, the Cameroon River and in some Southeast Asian
countries. It first exploded and became a serious problem in
Ceylon about 1955 (Williams, 1956) and a similar problem has
recently arisen in Lake Kariba in the Zambezi valley (Hattingh,
1961) .

AQUATIC HABITATS IN THE SUDAN

The vegetation of the Sudan is classified into five major
divisions (see Andrews, 1948; and Harrison and Jackson, 1958).
Both classifications recognize a vegetation region referred to
as Swamp and Grassland or Flood Region.

This vegetation region comprises an area of 95,000 sguare
miles and extends over nmuch of Upper Nile and parts of Bahr El
Ghazal and Equatoria provinces. The region is divided into
three subdivisions, High land,; Intermediate and Swamp according
to the degree of flooding. The High land is so called because
it is rarely floocded. The soils of this subdivision are mostly
sand and sand loams which support a forest type dominated by
Hyphaene thebaica (L.) Mart. with Borassus aethiopum Mart.

locally dominant. The Intermediate land, the largest constitue~
nt of this region, consists of land floocded during the rainy
season but remains dry after the end of the rains. The vegetati~
ion that thrives in this area is mainly grassland dominated by
Hyparrhenia rufa and Setaria incrassata.

Swamp is flooded from the river and other water courses
and the duration of the flooding is much longer than on the
Intermediate land. The permanent swamp is dominated by Cyperus
papyrus L. while in the seasonal swamp Echinochloa stagnina and

E. pyramidalis (Lam.) Hitchc. and Chase are generally dominant.

Table l. gives an inventory of aquatic species (phaneroga-—
ms) in the Sudan with notes on their habits and geographical
locations. It will be noted that the great majority is recorded
in the three provinces of the Southern Region. Those recorded
in the northern provinces where the climate is considerably

B



drier originate mostly in localized aquatic or semiaquatic
environments.

Table 1. A:listing of plant species (phanerogams) living under
aquatic or semiaquatic conditions in the Sudan

1~ Monocotyledonous Families

1°xmwmmwmm

§g§;glantago aguatica L. Perennial aquatic herb with
tubayaua rhlzomesa 'Turda' plant. Rahad, Northern Kordofan.
Burnatia enneandra M. Mich. Slender aquatic herb, rhizome
_ovoido Gentral and Southern Sudan. Caldesia reniformis
,(Do Dan) Makino. Aguatic herb with very short rhizomes,
Equatgrla. Limnophyton obtusifolium (L.) Miq. Aquatic herb,
rhizome short. Central and Southern Sudan. Lophtocarpus
guayanensis (Kunth) Dur, and Schinz. Aquatic herb, small
rhizome. Southern Kordofan. Ranalisma humile (Kunth) Hutch.
Small marsh herb. Central Sudan on the banks of the White
Nile. Wiesneria schweinfurthii Hook f. Slender aquatic

Vherb,{Equatoriao
2. APONOGETONACEAE

épcnogéton subconjugatus Schumach. Aquatic herb, Upper Nile

Province; Aponogeton vallisnerioides Bak. Aquatic herb,
Equatoria. -

3. ARACEAE .
Pistia stratiotes L. Floating freshwater herb. Central and
Southern Sudan, in rivers.awd peels.

4 . BUTOMACEAE

Tenagocharis latifolia (D. Don) Buchen. Annual marsh herb,
e
Central Sudan.

5, CYPERACEAE

Cyperus papyrus L. Glabrous herb, rhizome woody. White Nile
and affluentsa Cyperus longus var. pallidus Boeck. Glabrous

14



glaucescent herb. Northern and Central Sudan. Cyperus
rotundus L. Glabrous herb, widespread. Cyperus alopecu~

roides Rottb. Large glabrous herb. Central and Southern
Sudan.

6. GRAMINEAR

Vossia cuspidata (Roxb.) W. Griff. Perennial herb,

culms submerged or floating, rooting from submerged
nodes. Central and Southern Sudan. Troublepome weed of
the Gezira canals. Bchinochloa stasnina (Retz.) Beauv.

Perennial herb with creeping and copious rooting rhizo-
me, branching from submerged nodes. Widespread. B. pyra—
midalis (Lam.) Hitchc.and Chase. Perennial reed-like
herb, with long strong rhizome, culms may be floating.
Central and Southern Sudan. FPanicum meyerianun Neeg.

Perennial herb, often growling in or near water. Central
and Southern Sudan. 2. repens L. Perennial herb, long
creeping rhizomes. Central and Southern Sudan. An impor—
tant weed infesting the banks of the Gezira canals. Fas—
palidium geminatum (Forsk.) Stapf. Perennial herb, with

creeping or floating more or less spongy many-noded
gtolons. Upper Nile Province. Paspalun polystachyum R.

Br. Herb, often on the edges of watercourses or in swam~
ps, Bguatoria. Fhragmiftes mauritianus Kunth. Perennial

herb. One of the commonest species of the "Sudd" region.
7. HYDROCHARITACLAE

Lagarosiphon schweinfurthii Casp. Agquatic herb, Equator—

ia. L. cordofanus (Hochst.) Camp. Aguatic herb, Blue Ni-

le Province. Nechamandra alternifolia (Roxb.) Thw.
Agquatic herb, stems thread-like. White Nile, Kosti. Ott~
elia alismoides (L.) Pers. Aguatic herb, Central Sudan.
0. ulvifolia (Planch.) Walp. Agquatic herb, Central and
oouthern Sudan. O. brachyphylla (Gurke) Dandy. Aguatic

herb, Bquatoria. 0. scabra Bak. Aquatic herb, Central
and Southern Sudan. Common on White Nile.Vallisneria
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aethiopica Fenzl. Submerged grass—like plant. Central and
Southern Sudane.

8. LENTIBULARIACEAE

Utricularia thonningii Schumach. Submerged aguatic herb,
floating close to the surface, stems thread-like. Central
and Southern Sudan. U. stellaris L.f. Submerged aquatic
herb, floating near the surface; stems thread-like.
Central and Southern Sudan. U. exoleta R. Br. floating in
water or creeping on mud. Stolons of varying length,
Central and Southern Sudan. U. reflexa Oliv. Floating
herb, stolons long, branched, slender and glabrous. Equa~
toria.

9. LEMNACEAE

Lemna polyrhiza L. Floating or submerged herb, reduced to
thallus-like fronds. Equatoria. L. perpusilla Torr. Floa-
ting or submerged herb, reduced to thallus-like fronds.
Equatoria, Central and Southern Sudan. L. geguinoctialis
Welw. Central and Southern Sudan. Wolffia hyalina (Del.)
Hegelm. Thallus-=like frond. Darfur and Kordofan. W. ﬁg;ﬂz
itschii Hegelm. Thallus-like-~Frond, Equatoria.

10. NAJADACEAE

Najas graminea Del. Aguatic herb, stems long, rooting at
the lower nodes. Blue Nile Province, Equatoria. N. Schwe-
infurthii Magnus. Aguatic herb. Bguatoria. N. pectinata
(Parl.) Magnus. Aquatic herb, stems with numerous short
lateral branches. Central and Southern Sudan. Invaded
Gezira canals.

11l. POTAMOGETONACEAE

Potamogeton nodosus Poir. Aguatic herb, leaves in mature
plants all or mostly floating. Gezira canals. P. schwein-
furthii A. Benn. Leaves all or mostly submerged. Southern
Sudan. P. perfoliatus L. Leaves all submerged. Blue Nile
Province and Gezira Canals. P. gctandrus Poir. Plant with




or without floating leaves, stems branched, thread-like.
Central and Southern Sudan. P. pusillus L. Leaves all
submerged, Jebel Marra. Northern Darfur. P. crispus L.
Stens thread~like leaves all submerged. Northern and
Central Sudan. P. pectinatus L. Stems thread-like, leaves

all submerged. Gezira canals.

12+ PONTEDERIACEAE
Bichhornis diversifolia (Vahl) Urb. Aguatic herb, submer—
ged and floating leaves. Bguatoria. Eilchhornis crassipes
(Mart.) Sclms.Free floating, White Nile and tributaries.
He

terantnerz callifolia Relchb, ex Kunth. Aguatic herb.

Bordofan, Blue Nile Frovince and Eguatoria. lMonochoria
africana (Solms) N.E.Br. Aquatic herb, Bquatoria.

13+ TYPHACEAE
Typha angustata Bory and Chaub. Aguatic herb, Blue Nile,
White Hile, Kordofan and Gezira Provinces. I. angustifol-
by, Hed Sea Province. T. australis schumach.

ia L. Marsh
Aguatic herb, Southern Sudan.
..... - Dicotyledonous Families
1. AMARAWIHADDAR

ra nodiflors He.Br. lioist places. Central and

Alternanthe

Southern Sudan. A. sessilis (L.) R.Br. ex Roth, Moist

plae%@ and stream—-beds. Widespread. Centrostachys aguati-
: (RoBx Q> Wall. Marshy places. Central and Southern

»me.

Sudane
2o CERATOPHMYLLACEAR
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read in rivers and irrigation canals.
N e
3o DROSERACEAL

Aldrovenda vesiculoga L., Fleoating in water , White Nile

Hiver. Sudd arsz.
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4 ., BLATINACEAE
Bergia capensgis L. Aguatic herb. Northern and Southern

Kordofan Province.
5. HALORAGACEAE

Gunnera perpensa L. Swamp herb. Bguatoria. Laurembergia

engleri Schindl. Low swamp herb, Equatoria and Bahr El
Ghagal.

6. NYMPHAEACEAE

Nymphaea lotus L. Aquatic herb. The Nile river and tribut-

aries south of Khartoum. N. micrantha Guillem, and Perrott.
Aguatic herb, The Nile river and tributaries south of
Khartoum. N. caerulea savigny. Aquatic herb. The Nile river
and tributaries south of Khartoum.

7. PODOSTEMACLAL

Inversgodicrsea sp. In masses con rocks in sireams. Equatoria

Imatong Mountains. Spaerothylax sp. On rocks under rapidly

flowing water. Eguatoria. Tristicha trifaria (Bory) Spreng.

Submerged moss—1like herb attached to rocks in streams and

rivers. Central and Southern Sudan.
8., POLYGONACEAE

Polyvgonum salcifolium Brouss ex. Willd., Often in marshy

places. Central or Southern Sudan., P, limbatum lMeisn. In
swamps and ditches. Central and Southern Sudan. P. laniger—
um RoBr. Agquatic peremnial herb, Southern Sudan. P. toment-
osum Willd. Agquatic Perennial herb, Central and Southern

Sudan. Po. senegalense Meisn. In river beds and swamps,

Jebel Marra at ©500 ft. P, acuninatum Kunth, In moist plac—

es, Darfur and Hguatoria.
9. TRAPACEAE

Jussiaea diffusa Forgk. Creeping or fleoating aquatic herb.

Central and Scuthern Sudan. Trapa bispinosa Roxb. Floating

herb, Southern reaches of the White Nile and its tributari~
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GRAVITY FLOW IRRIGATICH
The Flood Region ceonstitutes the only natural environment
avallable for aguatic or subaguatic plant life in the Sudan.

The other vegetation regions are composed of vegetation types

o

hat are supported by the highly seasonal rainfall. This leaves,
a5 the potential for new aquatic enviromments, the Nile system
with its tributaries and the canalization systems of the irriga=—

ted agricultural production.

The Gezira canalization system being theoldest and longest
is examined here to represent the new and artificial aquatic
environments in the Sudan.

The gravity-flow method of irrigation will continue to be
the backbone of the irrigated agricultural expansion at least
in the forseable future. The advantages of this system, now
almost a cherished engineering tradition, lie in its economic
feasibility as it is based on engineering hydraulic principles
that take maximum advantage of the land contours in any given
area. This system of irrigation consists of a hierarchical syst-
em of supply canals, i.e. lain canal supplying various lajor
canals which in turn feed a network of smaller llinor canals. The
Hinor canals are designed to convey water, through yet smaller
and smaller irrigation channels, into the crop land.

The importance of this system of irrigation can be seen in
terms of the size of crop rotational areas that have been devel-
oped by gravity-flow irrigation.

Scheme 6Area
(x10~ Feddans)

Gezira Main 1.200
Managil Extension 0.800
Khashm EL Girba C.447
Rahad (Phase 1) 0.300

(One feddan = 1.038 acres)
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From the above figures it is clear that the development
of new rotational areas means a corresponding increase in the
total length of Minor canals that are needed for the direct
conveyance of water to crop land. In addition to fthe absolute
increase in canal lengths two other considerations are also
important : the national move towards the intensification of
cropping and the choice in the new development projects of
tight rotations where the traditional agricultural fallow has
been discounted as is the case in Khashm El Girba, Suki and
more recently, as a result of intensification, the Managil
Extension.

The continued increase in the length of irrigation canals
as well as the intensified pattern of cropping, implies the
creation, within the present gystem of irrigation and as long
as the Minor canal remains the most important element of this
repetitive system of irrigation, of a new system of ’continuous?®
irrigation, and consequently a 'continucus’® potential envirorm-
ent for aguatic weed growth in irrigation canals.

Minor Canals

The Gezira Main canal receives water from the Sennar rese-
rvoir and conveys it by Major canal take~off to supply Minor
distributaries from which field outlets lead irrigation water
into the crop land.

Irrigation commences normally towards the end of July and
progresses through the cropping season to the beginning of
April. After April the majority of the canals are left dry,
except for those supplying water necessary for domestic needs.

The operation of the minor canals is such that they recei=-
ve water for 24 hrs but to store the supply at night, since the
field outlets draw water only during the day. During the night
the level of water is raised 20~30 cm above the Full Supply
Level so that watering commences during the day. The rate of
flow during the day is very small , usually in the order of 7
cm per km of canal length but during the period of night-stora-
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ce this rate falls to near zero. Between 1960 and 1969, the
traditional system of '"Night-Storage' has proved to be inflexi-
ble to cater for and cope with the increased amounts of water
needed for intensified cropping. For the above reason the
operation of the night-storage system and the traditional
method of watering individual hawashas (units of 5=-10 feddans),
were gradually replaced by 'continuous~flow watering' technique
currently universal in the Gezira (Farbrother, 1974).

Thus the liinor canals, by virtue of their construction to
command land for direct application of irrigation water and
because of the slow rate of water movement, are in fact, stagn-
ant pools except for the periodical rise in level. Therefore,
they provide conditions advantageous to aquatic weed growth.

SOURCE OF INFESTATION

Occurrence of aquatic weeds in the Gezira was first recor—
ded in Hamad E1 Nil canal in 1929, only four years after the
start of irrigation in the Gezira. Since then there has been
rapid increase in intensity and extent of infestation of the
Gezira Minor canals by water plants.

Because the source of canalization system is the Sennar
reservoir, it was not too difficult to trace the source of inf=-
estation to the reservoir and ultimately to the Blue Nile.

The Blue Nile is characterigzed like other rapidly flowing
meandering rivers, by the occurrence of mud~flats which remain
inundated for some months. The formation of these mud-flats is
probably due to the rapidly flowing water during the flood sea~
son of the river, by the flowing current impinging on the outs—
ide bank which is eroded. The water on the mud-=flats is usually
stagnant and it is there that Andrews (1945) reported the pres—
ence of aquatic weeds and determined the source of infestation
of the reservoir and ultimately of the Gezira canalization
system.
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THE SENNAR RESERVOIR

The Sennar reservoir, 80 km long and 4.25 km wide, is a
shallow artificial lake, has been colonized by the water plants
that originate on the mud~flats of the Blue Nile river.

The flora consist principally of the following species,

“Nymphaea caerulea Savigny.
Ceratophylium demersum L.

Najas pectinata {Parl.) Magnus.

Ottelia alismoides (L.) Pers.

O. ulvifolia (Planch.) Walp.
Utricularia thonningii Schumach.
U. stellaris L.fo

Pistia stratiotes L.

Chara_glabularis'Thilliere

Nitells batrachosperma Agardh.

Vossia cuspidata (Roxb.) W. Griff.

BEchinochloa stagnina (Retz.) Beauv.

Panicum meyerianum Nees.

Juncellus alopecureoides {(Rottb,) C.Bs Claxrke.

Cyvperus rotundus L.

Polyegonum glabrum Willd.

P, lanigerum R. Br.
Ipomoes reptans Lam,.

The distribution of these plants varies, in general, with
the depth of water as can be geen in Table 2. which shows the
frequency of occurrence of five species with the depth of water
determined along the banks of different portions of the reserv-
cire
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Tavle 2. Frequency of occurrence (%)

of the five most conmon

species at various

depths

Water Vossia Ottelia Chara Najas Behinochloa
depth cuspidata alismoides globularis pectin- stagnina

(cm) ata

0~ 20 - - - - -

20~ 40 - 10 4 16 -
40— 60 2 18 5 13 -

60—~ 80 1 12 6 13 -

850~-100 4 11 5 10 -
100-120 0 5 2 5 2
120-140 3 4 3 7 1
140-160 2 5 3 8 2
160-180 4 2 4 9 4
180~200 6 - 2 2 2
200-220 5 - 2 3 5
220-240 6 - - 2 14
240-260 17 - - 2 10
260-280 14 - - - 18
280~-300 24 - - - 14
300-320 16 - - - 2
320-340 6 - - - 8
340-360 1 - - - 6
360-380 12 - - - -
380-400 10 - - - -
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It will be noted that the five gpecies divide themselves
into two groups : Those inhabiting shallow water, viz: Najas
pectinata, Ottelia alismoides and Chara globularis, and those

thriving in deep water, viz: Vossia cuspidata and Echinochloa

stagnina.

AQUATIC WEBEDS IN THE MINOR CANALS

Surveys of water plants in the Minor canals have shown
the presence of two groups of species, those anchored to the
mud and those inhabiting canal banks. The species present
include,

1. Anchored to the mud

Potamogeton perfoliatus L.

P. nodosus Peoir.

P. crispus L.
P. pectinatus L.

Chara globularis Thillier.

Polygonum glabrum Willd.

Juncellus alopecurcides (Rottb.) C.B. Clarke.

Ceratophyllum demersum L.

Najas pectinata (Parl.) lagnus.

Nitella batrachosperma Agardhs.

Vallisneria aethicpica Fenzl.

Zannichellia palustris L. var. intermedia Pearsall,

Typha angustata Bory & Chaube.

2. Inhabiting canal banks

Panicum meyerianum Nees.

P. repens L.
Echinochloa stagnina (Retz.) Beauv.

Cyperus rotundus L.

Alternanthers sessilis Re. Bre.

Ipomoea reptans Poir.

Vossia cuspidata (Roxb.) W. Griff.

Phragmites mauritianus Kunth.
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The five common species of the Sermar reservoir (Table 2.)
occur, as can be expected, in the linor canals. It will be noted,
however, that gome of the species occurring in the reservoir are

4

absent from the canals while others recorded in the canals have
canals and not in the reservoir might be attributed to the adve-
rse effects of the flow of water, or that the dam might act as
a physical barrier in retaining seeds and plants. The general
occurrence of speciles in terms of the depth~frequency follows

the general pattern of their occurrence in the reservoir.

The notable exceptions in this regard are fthe four species
of Potamogeton. Not only are they absent from the source of inf-

estation but because they are essentially aquatic plants of teme
perate climates thriving very well in a subitropical climate.
There has been no record of their occurrence in the Sudan excepd
after their identification in the Gezira between 1929-1936.
Andrews (1945) has presented some thoughts on the possible route

.

of their introduction, through bird migration, into the Sudan.
P. nodogus has a restricted distribution as it is mainly

"

found towards the northern parts of the Gezira while Po perfoli-

inata, Ottelia alismoides and Chara globularis, which prefer the

shallower parto of the reservolir, are found scattered throughout
the canalization system with a tendency for concentration in the
5

shallower canals and at the southern ena of the irrigated area,

Juncellus alopecuroides which 1s widely present in the

reservolr also prefers shallow water in canals. It occurs prince
ipally at water edges and at the heads of canals, usually dowast—
ream of a regulator where small moundsg of mud are formued by the
flow of water through the regulator.

Tvpha sngustats is widely present throughout the irrigated

areas - 1ts rate of infestation is ailded by its ability for spr—
ead by rhizomes and seeds.



Of the less important plants are Echinochloa stagnina,

Tpomoea reptana which occur mostly in the southern parts of

the Gezira.

Pistia stratiotes which is free-~floating and occurs
abundantly in the Blue Nile has apparently bteen unable to
colonize the Gezira canals. This is probably because it
thrives best in shady places, usually among tall grasses and
other aquatic plants. The Gezira canals are completely without
shade and this explains its non—establishment but might not

adegquately explain its complete absence.

Life Cycles

Nearly all species grow and produce seed during the time
when fthere is clear water from the reservoir between January
to July and after the end of the flood season (July-October)
between October to Januarv.

When tae more turbid flood water has arrived in July the
bulk of vegetative parts of mest species tend o die down,
probably because the flood water reduces light penetration.
Abundant seed germination cccurs during this period. Very
little vegetative growth occurs but roots and rhizomes are
formed in abundance and would wait for the return of the clear
water when more active growith would commences.

Potamogeton spp. produce flowers and frults during the

whole peri@d of clear water, and no mounth seemed more favoura-
ble than the others. A much reduced rate of flowering ocours
during the flood season. The extent of growth and spread in
the canals can be seen in Table 3. which shows the rate of
spread of some species into various sections of miniature can=
als with stagnant water representative of the very slow water
velocity in the minor canals, over a period of 14 months which
include the flood season.

G—‘.JZ 6(}‘TTJ



Table 3. Nuanber of sections of canals
invaded by various species
after 14 months of growth.

Canal Species
P.P. O.A. P.N. V.C. N.P.

1 10 1 9 3 T

2 9 - 5 3 10

3 10 - 3 3 10

4 5 - 8 5 10

5 10 - 3 3 10

6 9 - 9 4 9

7 6 - 6 3 7

g 8 - 3 3 10

9 10 - 5 6 10

10 4 - 7 2 10
11l 9 - s 5 8
12 7 - 4 6 10
Total 97 1 67 46 111
Sections grown 120 140 120 140 120

P.P. = Potamogeton perfoliatus, O.A. = Ottelia slismoides,

P.N. = Potamogeton nodosus, V.C. = Vossia cuspidata,
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Najas pectinata has shown the greatest spread and this is

consistent with the visual observation of its behaviour in the
Gezira canals. It is probably the fastest spreader in the canal
system. Potamogeton perfoliatus has spread over 97 sections and

rivals N. pectinata in its spreading potential.,

METHODS OF CONTROL

Prior to 1960 and during the era ¢f the old Gezira's
8=course rotatiocn, the majority of canals remain dry during the
dead season for a periocd of up to 3-4 months between late March
and early July. During this period and despite high summer
temperatures the moisture content in the canal beds remains
fairly high end apparently the seeds of many species remain
viable because of this cool storage. On the other hand, the
rhizomes of only few gpecies are able to withstand the efftects
of summer drying.

The cyclic pattern of life cyvcle has indicated that comple
ete eradication may not be feasible since the periocd of summer
drying~out is not long encugh to ensure that reinfestation in
situ will not occur. The sbundant seed germination that occurs
annually during the flood season when the vegetative parts are
not visible, suggests that conirol measures must alsc be appli-
ed during the flood pericd. Thus the strategy developed to com
bat weed infestation is based on the cyclic 1ife history of
wost species. The strategy employved is designed to retard seed
production by weakening vegetative growth during its favourable
period,

The system employed relies on mechanical cleaning of infe-
sted canals at frequent regular inftervals. By cleaning the can-
als in rotation, seeding during the clear-water period would be
prevented and seedling growth during the flecod season is remov—
ed or at least retarded.
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THE WATSRIYACINTH - BICHHORIIA CRASSIFES (MART.) SOLHS
BY
M.OBEID
Faculty of Science,University
of Khartoum, Sudan

TAXOLCNY

The earliest descriptions of Eichhornia, which were based

upon vegetative characters, are difficult to interpret because
of the great vegetative resemblance between Eichhornia crassis-

pes and its close relative EBichhornia azurea (Bock 1968).

Probably the earliest description of either Hichhornia

crassipes or E. szurea is that of Sir Patrick Browne published
in 1756 and repeated in 1789. He describes a plant which he
calls "Pontederia aquatica caulescens, folios, majorbus orbic-
ULlatls ceesvencosassy, Or" the round leafed water-plantain
(Browne 1758). There was nothing in the description which, wi-
th absolute certainty, shows 1t to be one species or the other.
Ile observed this plant in Jamaica "in most of the lagoons and
rivers about the Ferry”.

The descriptions by swartz in his Prodromus (1788) and in
his Flora Indiae Occidentalis (1797), most frequently referred
to by subseguent writers refer +to Pontederia azurea. Accordi-

ng to Bock (1968) these descriptions fit Eichhormia azurea

somewhat better than B. crassipes.

However, the first ungquestionable description of Lichhor-
nia crassipes was made by lartius in 1833, who called it ront-—

ederia llart. In 1643 Kunth separated the genus Eichhornia from

Pontederia. He named Lichhornia after J.A.F, Eichhorn, who was
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Prussian Minister of Education in 1840's. Eichhorn means
*squirrel® in German and is in no way descriptive of these
aquatic weedse.

The combination of Eichhornis crassipes (Mart.) Solms
was made by Solms - Laubach in 1883.

ORIGIN AND DISTRIBUTION

The first description of Eichhornia cragsipes was based
upon plants from Brazil (Martius 1824). Since then several
workers have said that waterhyacinths originated in Brazil
(Schultes and Schultes 1830; Lester-Smith 1926; Penfound and
Earle 1948;: Backer 1951 and Evans 1963).

However, Hocker (1829) reported on several early collect-
ions of E. crassipes which came frop Brazil; Demerara River,
Guiasna; New Granada (Venezuela, Ecuador, Colombia and Panama)}
Guayaquil, Ecuador; and Buencs Aires, Argentina. Hence, water—
hyacinth was, apparently, widespread in South America at that
time Viz: 1829. They may have been in Central America at the
same time, tco, since Panama was part of the New Granada list~-
ed in the early collectionss

Nevertheless several authors have designated South Ameri-—
ca as the place of origin of E. crassipes (Bailey 1902; Stadl-
ey 1928; Bose 194%; Shibata et al. 196%) with Swartz adding
that Pusrtec Rico is the prineipal center of dispersal.

However, Britton (1918), Small {1936), Smith and Merchant
(1961) and Bock (1968) prefer to call the plant a native of
the New world tropics because 1t seems impossible to designate
any small, specific, gecgraphic region as the area of origin
of Eichhornia cragsipess

As for its advent in the United States, many authors have
written that waterhyacinth was first introduced into the Unit-
ed States in Louisiana. Tabito and Woods (1962) stated that
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the plant was first naturalized in Louisiana in 1860's.,
Penfound and Barle (1948) suggested that the waterhyacinth was
introduced, probubly, at New Orleans before 1884 and Wunderlich
(1964) credited the Cotton States Exposition at lew Orleans in
1684 with the introduction. However by 1894 waterhyacinth had
closged many streams in Southern Louisiana (Wunderlich 1962) .
Webber (1897) reported on the tremendous infestations of water—
hyacinth in the St. John's River in Northern Florida and Curti-
gs (1900) discussed the many acres of the St. John's River whi-
ch were covered with waterhyacinth. Probably the specles was
introduced into Florida from Louisiana in the 1880's (Britton
1917; Penfound and Barle 1948; and Woods 1962). Harper (1903)
found waterhyacinth naturalized near Valdoesta, Georgia. They
were collected east of La porte, Texas in 1903 (Shinners 1962)
and by 1908 the Sabine river in Texas was blocked above Orange
(Anon. 1908). Eichhornia crassipes has been reported, also, in

the llississipl and in Albama and has been naturalized in Calif-
ornia since 1904 (Bock 1968).

From the New world the waterhyacinth invaded the tropical
and sub-tropical waters of the 0ld World. Around 1900 introduc—
tions of waterhyacinth were reported from many places: Bengal,
1888 or 18889 (lMclean 1922); Australia, 1890 (Parson 1963);
Egypt, 1912 (Muschler 1912); Philippines, 1912 (Merrill 1924).

Perhaps, fthe rapid and fantastic spread during this period
was caused by man because the distances of salt water traversed
are too great for natural dispersale.

Since 1900 the waterhyacinth has been reported in still
more geographic regions. Lester-Smith (1926) reported the inva-
sion by the plant of China, Borneo and Malaya. Waterhyacinth
was first reported in Southern Rhodesia in 1937 (LEvans 1963)
and in Hawai in 1946 (Degener 1946). The Congo River was first
invaded in 1952 (Evans 1963); and the plants were recorded in
Okinawa (Sonohara et al. 1952) in that same years
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Gay saw the waterhyacinth in the Sudan near Khartoum in
1958 and Heinen and Ahmed (1964) reported that Ethiopia has
already been infested from Sudan in the Baro and Gila rivers
both within the watershed of the Sobat river. The Republic of
Central Africa has been invaded in 1970 (Udo 1974, personal
communication) .

Figure 1 which gives the present distribution of waterhy-—
acinth on the globe shows that this plant species has increas-
ed its distribution considerably in the last fifty years.

INFESTATION OF THE SUDANESE NILE SYSTEN

Mr. G.V., Wickrama-Sekara project officer in the Departme=
nt of Agriculture, Sudan first called the attention of the
Sudan Government Officials to the waterhyacinth in January
1958 when he saw the plants being offered feor sale in the city
¢f CGairo in Egypto

Gay (1958 and 1960) reported that Eichhornia crassipes
was first seen in the White Nile in March 1958 at a point near
Aba Island about 300 km south of Khartoum but was probably pr—
egent further south between Adok and Bor in the Sudd region,
in 19%6 or 1957. Wickrama~Sekara, on 20 April, 1958 while on a
field %rip to the Upper Nile province confirmed the presence
of waterhyacinth in the Sudan in a letter stating "occceevcoo @
considerable stretch of the White Nile is already heavily inf-

ested”,

As for the origin of infestation, wide inguiries Wereé
conducted to reveal when, how and where has the plant mmde!ita
first appearance. It is almost likely that this plant species
appeared in the Nile towards the end of 1955 north of Bor in
Bahr el Jebel., The fact that the first occurrence was in the
main stream, well inside the Sudan border, warranted Heinen
and Ahmed (1964) to suggest that the plant did not come from
Uganda, by river. However, the plant seem %o have never been
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reported in Uganda with which the Sudan have direct water
connections, but, the Congo River was first invaded in 1952
(Evans 1963). The assumption that birds might have carried the
seed from Congo is refused (Heinen and Ahmed 1964) on the grou-
nds that many of the lakes and shallow waters in the Sudd regi-
on, where birds usually breed and nest were found clear at the
time. The same authors assert that the weed has been brought
physically by man.

On the other hand, Bedawi (1972) believes that the only
liklihood of origin of infestation of the White Nile would be
the heavily infested Congo rivers in the South West borders of
the Sudan. Infestation of the Congo rivers particularly the
Itembri has been prior to the Sudan. Thus, although the main
streams that feed the rivers of the Congo arise in the Congo
highlands and flow westwards, nevertheiess the probability of
of contamination of the streams feeding the Sudan's southern
tributaries should not be overlooked. This hypothesis finds
support in circumstantial evidence of the existing hydrological
conditions during high flood season in the Nile-~Congo-Divide,
Hurst and Phillips (1938) reported that the Taperi river origi-
nating in the south west highlands of the Sudan is connected by
swamps to small east-flowing streams of the Nile~Congo-Divide.
Hence, Bedawi (1972) concluded that during high flood, Taperi
and Gel rivers whose ultimate destination is at shambe can tra-
nsport waterhyacinth seeds and vegetative propagules into the
lower reaches of Bahr el Jebel which joins the sudd swamps as
illustrated in Fig. 2.

All of these hypotheses seem to need further verification.

THE PRESENT SITUATION

When first reported in 1958, Eichhornia crassipes was

occupying the stretch of the river from Shambe, on Bahr El Jeb-
el, to north of Kosti, a distance of about 700 km. By 1962 the
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part where discharge of outbreaks is accomodated
for a limited periods,

Region 11l: between Kosti and Jebel Aulia where the habitat

incorporates situations destined to recelve the
ultimate infestation drifts. Jebel Aulia Dam forms
@ physical barrier against the northwards spread of
the weed,

Perhaps it 1s worth mentioning here that waterhyacinth was
not unknown in the Nile prior to 1957; it has been present in
the Nile Delta for many years {(Muschler 1912 and Tackholm and
Dirar 1950) but has never reached the 'plague’ proportions
exhibited in the Sudan since 1958 and Egypt after 1973. The co=-
ntinuing southward spread of the plant in Egypt after 1972
appears to be a direct consequence of the slowing down of the
current of the Nile north of Aswan due {o the erection of fthe
High Dam. Waterhyvacinth is a common scene on the Nile in Cairo
these days and was reported to have reached El lienia town since
January, 1973 (Mahir, personal communication).

In the Sudan, E. crassipes varies considerably in its
abundance and prolificacy within the Nile system. In the Bahr
El Ghazal, the species is less pr@lifi@ and may even show a
stunted and chlorotic appearance, a situation that may be expl-
icable in terms of water characteristics. However, more 1is nee-
ded to identify the specific causative factor(s).

EFFECTS OF WATHERHYACTINTH INFESTATION

The spread of the waterhyvacinth in the Sudanese Nile syst—
am have had a nunber of harnful effects:

Water Loss

The presence of waterhyacinth on the Nile System causes
an increase in water loss when compared to a free Nile surface.
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the presence of the waterhyacinth that equals 7.l2 milliards
M3/ye@ra

This represents one tenth the average of the normal yield
of the Nile based on (1912-1965) records as given by Hidyatalla
(1975). It, also represents 1l.78 times the amount of water expe-
cted to be provided as a result of constructing the first phase
of the Jonglei Canal. It i¢ more than enough for the irrigation
of the 100,000 feddans (one feddan = 1.038 acres) planned for
sugarcane cultivation in the area of the White Nile which accor—
ding to Hidyattlla (1975) shall need 1.235 milliards M3 of water.
It 1s also 7 times the regquirement of the 200,000 feddans envige
aged as the area most suitable for agricultural development in
the Nile and Northern Provinces-based on a reguirement of 5000
cubic metera/f@ddan for the traditionally practised type of cro-
pping pattern.

Cost of the control programme

Control programmes do cost heavy money. Table l. gives the
expenditure on waterhyacinth control since the beginning of this
programme in 19%9. The total money spent during these 15 years
amounts to 6.829 million pounds (§ equivalent = 19.12 millions).

The rising costs, of the equipment and the herbicide used,
during the last four years make one gets much far less from
these for the same amount of money. Hence, bilateral and multil-
ateral international ald seems to be very important in this asp—
ecto
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White Nile pump schemes

Along the White Nile there are more than 176 schemes
with a cultivated area exceeding 260 thousand feddans. The
advent and spread of the waterhyacinth caused many problems
for these agricultural schemes by blocking the suction lines
of irrigation pumps and by clogging the canals and other smal-
ler irrigation water channels.

Also, blockage of water distribution for electricity=-pow-
er plants have been reported in many instances,

Water supply and recreational activities

The presence of the waterhyacinth along fthe river bank
has caused disturbances in the water supply for settlements due
to increased drift leading to massive accumulation and decomp=
osition along the banks. Boating, bathing and swimming are no
longer possible along many sites in infested areas.

Transportation

The Nile is the main route of fLTransportation between
Northern and Southern Sudan. The difficulties that have been
experienced by steamers and boats since the advent of the wat—
erhyacinth are well known and have been frequently reported in
terms of days of obstructicn of navigations

Beshir (1975) reported on the damage caused to the steam-—
ers themselves in their effort to manceuvre their way between
dense mats of waterhyacinth. This incurs 3

bR money spent to purchase spare parts,

b- the delay and irregularities of the steamers® trips,

C~ delay in the transportation of goods,

d=- reduction in the carrying capacity of the steamers, and
e~ excess in fuel consumption.
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Beshir (1975) mentions that the River Transport Departm—
ent has estimated a 50 % increase over a total of 250 thousand
pounds allocated for boat maintenance; 50 % increase for spa-
re parts purchase over a total of 125 fhousand pounds; 10 %
increase to meet general repair requireménté over a total of
280 thousand pounds; and a 30 % increase over a total of 30
thousand pounds for fuel.The Department is estimated to lose
about half a million pounds annually for that reason.

Fighing

Fish is not only an important item in the diet of the
riverside dwellers, but with the increase in the prices of
meat and its scarcity, sometimes, fish is gaining increasing
importance in the diet of the inhabitants of most villages and
towns. The locals and fishermen, fish with basket or line from
the bank and the presence of the waterhyacinth makes fishing
by these methods impossible or very difficult. Many khors and
side channels which were formerly of great importance for fis-
hing are now completely chocked up. The Nilotics who normally
doe some of their fishing by spear from canoes also find their
task more difficult as they are pushed out of the shallows
into the main stream where the current is stronger. In some
areas a restriction of the number of the fish was reported
which could be due to waterhyacinth restricting breeding grou—
nds (Davies 1959). Bishai (1961) observed that the presence of
the waterhyacinth causes oxygen deficiencies, in many localit-
ies along the Nile, khors and lagoens, which render the breed-
ing and nursery areas of fishes unsuitable for life.

Heglth hazards

Waterhyacinth plants provide a suitable breeding and
nursing habitat for mosquitoes which cause an increase in the
incidence of malaria. Also, fresh water snails like Bulinus
and Biomphelaria species—which are intermediate hosts for
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bilharzia—-were found atbtached to the roots of waterhyacinth
plants collected from Jebel Aulia area (Disscgi 1974).

The floating and marginal dense mats of waterhyacinths
harbour snakes and create suffocation conditions which force

crocodiles to get out of the river, thus causing unrest among
the inhabitants.

Interaction between waberhvacinth, its envirocmment and

other aguatic organisms

Through its shading, surface cover and hinderance to
currents, waterhyacinth appears to be generally antagonistic
to all other aquatic plant life, and through its creation of
oxygen deficiency, to aquatic animals t00.

Dearth or complete absence of oxygen beneath floating
nmats of waterhyacinth was noted by Lynch et al. (1947) in
southern United States, and Hickling (1961) in Java. Similarly,
Yount (1963) reported the absence of oxyvgen at only a few cent=—
imeters’ depth in the isolated pools on surface lime-stone in

t
Florida which are thickly covered with Lemna, Pistia, Salvinia

and sometimes Eichhormia.

Floating mats drastically curtail the penetration of light
and 80 iphibit the growth and photosynthesis of phytoplankten.
They alsc shelter the surface from wind, minimising turbulence
and retarding reaeration, and hinder thermal water currents,
preventing mixing and accelerating stratification.

Bffects of 2,4~D

A liguid amine form of 2,4-dichlorophenoxy acetic acid
(2,4~D) have been used as the main chemical for the control of
the waterhyacinth in the Sudan. Although 2,4~D is one of the
safest herbicides concerning its side effects, yet a number of
effects have been felt or suspected in the storage and spraying
areas:
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(1)

(ii)

(iii)

The intensive repelling odour of 2,4-~D is felt in many
places where the herbicide and/or its empty containers
are stored.

The decrease of the fish supply from the White Nile in

the last few years have been attributed by many to be due
to waterhyacinth infestation. However, the amine form which
is used in the Nile is known not to be toxic for fish as in
the case possibly of an ester-formulation (Koch 1974).
Although some, work (Mahdi 1974 ) have been made on the
effect of different concentrations of 2,4~D on the survival
of fish yet more work is certainly needed not only on the
effects of 2,4=D concentrations on the survival and growth
of the different stages in life cycle, of a good number of
fish species but in the monitoring and follow up of the
2,4-D content of the water after spraying‘operations speci~
ally if factors like breeding sites of fishes, volumes of
water and current speed during the spraying operations and
the behaviour and growth of plankiton are taken into consid-
eration. Also, Koch (1974) points to questions as to what
extent is fish contaminated by the use of 2,4~D ? and where
does the herbicide remain after application 7 and how does
it react {decomposition, effects) ? - all of which still
need an answer.

In and around sprayed areas damage, and anomalies, in growe
th of trees, bushes and herbs including crops and vegetabl-
es are continuously observed and reported. Although, there
is a law absolving the Government from liability damage as
a result of spray drift yet all precautionary measures are
taken to avoid damage to crops and natural vegetation. Nev-
erthless, Koch (1974) reported that anomalies in the growth
of trees, bushes tomatoes and other dicotyledonous plants
were, with certainty, extensively observed at distances of
of 500-1000 m (bee~line) from the 2,4-D store in the Malak-
al area.



In Malakal area, it is frequently mentioned that the
population which live close to the river complain from stomac—
hache and intestinal troubles - effects that are suspected to
be associated with 2,4~D. However remote is the possibility
for such an illation, its scientific verification need not be
much stressed.
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WATERHYACINTH - THE SUCCESSFUL WEED

BY
M. TAG EL SEED

Hydrobiological Research Unit,
Faculty of Science, University
of Khartoum, Sudan

Eichhornia crassipes (Mart.) Solms. is a cosmopolitan,
perennial mat-forming aquatic plant species belonging to the
Pontederiaceae.

Originally a native of the New World tropics, this plant
species, has assumed a pan-tropical and sub-tropical distribut-
ion. It is also found in some temperate regions such as Central
California.

This wide distribution appears to be a manifestation of an
excellent colonizing ability. Indeed, E. crassipes is consider—
ed the most renowned of all agquatic plant species (Sculthorpe
1967) «

THE MORPHOLOGY OF THE PLANT

The mature hyacinth plant consists of roots, rhizomes,
stolons, leaves, the inflorescence and the fruit clusters.

The foliage develops as a rosette, comprising aerial leav-
es, a condensed crown-like stem and pendulous submerged roots.

The vegetative stem consists of an axis-with short intern—
odes~-which produces at the numerous nodes all the roots, leaves,
off~sets and inflorescences of the plant. New off-sets are car-
ried at the distal ends of the stolons which are elongated
internodes (Penfound and Earle 1948).
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The leaf of the water. hyacinth has been the object of much
discussion among Botanists (0live 1894). The leaves, character—
istically green with a high glossy sheen, are oval and thick
with atomatm on both sides. They are arranged in a rosette at
the base of which is a short stem that is continued under the
water by a rhizome varying in length from about one half to
four inches. In fully isolated plants the leaves have a spongy
swollen portion called a float (Penfound and Earle 1948) and a
pseudo~bulb (Bruhl and Gupta 1927). The float-leaves consist of
& membranous ligule, a subfloat, a float, an isthmus (tenuous
portion between the float and the blade) and & blade (Penfound
and Earle 1948). Arber (1920) believes that the blade is not a
true lamina but is merely an extension of the petiole. However,
Bock (1968) named this part of the leaf a pseudo-lamina.

The petiole of the leaves is filled with a spongy, porous
tissue containing many air spaces. Most of the air space is
contributed by the lacunate mesophyll but the extent to which
this is developed varies with the prevailing environmental con=—
ditions. The whole petiole may be swollen into a bulbous spongy
float which has a volume/fresh weight ratio of over 7 cmB/gm in
contrast to about l.3 cmB/gm for the other vegetative organs
(Penfound and Earle 1948).

The relation of these floats to buoyancy requirements is
shown by the fact thut in specimens stranded on the mud they do
not develop-—the petioles or bases of the blades remaining slen—
der and elongated. Yet adaptive though they may be, floats are
rarely formed in natural habitats. In established communities
most of the foliage is float-less (Sculthorpe 1967) .

The branching pattern is sympodial. The youngest leaves
are in the centre of the rosette. As the young leaves elongate
they rupture the sheathing bracts that surround {them.

The roots are fibrous, unbranched and each has & conspicu-—
ous root cap. They are purplish when exposed but White when in
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darkness or when rooted in the soil (Olive 1894). They vary
little in diameter but greatly in length (0.3 ft to 3.0 f%) or
possibly more (Penfound and Earle 1948). The root system is

well developed, composed of clusters of principal adventitious
roots closed with rows of laterals (Arnold 1940; and Sculthorpe
1967). The root system represents from 20 to 50 % of the plant
biomass depending on the season and habitat conditions (Penfound
and Barle 1948: and Westlake 1965).

The inflorescence is elegantly described by Penfound and
Barle (1948) as "an attractive lavender spike subtended by two
bracts and surmounted on an elengated stalk (peduncle). The ind-
ividual flower consists of a hypanthium, three sepals, three
petals, six stamens, a tricarpellate pistil. The pistil consists
of a conical ovary, a long %tylég and & capltate stigma which is
situated about half-way between two groups of anthers. The ovary
ripeng into & thin walled capsule which is imprisoned in the
relatively thick-walled hypanthium®.

THE SUCCESS OF WATERHYACINTH

The success of E. crassipes as a weed and a colonizing
species is attributed to a number of outstanding traits which
can be adumbrated as follows 3

le Envirommental tolerance

E. crassipes is known to tolerate a wide range of habitats.
Indeed, Bock (1968) has made an elaborate and illuminating revi=-
ewing of the literature on the tolerance of this plant species
to certain environmental factors :

(i) Temperature

There is enough evidence to show that E. crassipes can
tolerate freezing temperatures (Lansdell 1925; Penfound and
Barle 1948; Hitchcock et al. 1950; and Bock 1968). Bock (1968)
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wrote : "The ability to survive temperatures below freezing
furnishes an excellent illustration of the wide range of
temperatures which this tropical native tolerates™.

(ii) Light

WAt the old River in Central Californis the waterhyaci-
nths grow at 60 % full sunlight or better" (Bock 1968). Visco-
sa (1949) bvelieves that shade checks the growth of the waterh-
yvacinth but Anon. (1957) claimed that light seldom limits the
vegetative growth of this plant species.

(iii) pH
E. crassipes can grow in a wide range of pH levels
(4-9) provided that its nutrient requirements are satisfied

(Parija 1934; Vaas and Sachlan 1949: Obeid 1962; and Tag El
Seed 1972).

(iv) Salinity

Bock (1968) wrote : "Water hyacinths can tolerate a
wide range of salt concentrations and various inorganic and
organic compounds In water sceccs-s..0. Lhis tolerance of a
variety of organic and inorganic compounds in water undoubted—
ly contributes to E. crassipes’ success as a weed and coloniz~
ing species. The plant does well in conditions both oligotrop—
hic (Dymond 1948;) and eubtrophic (Backer 1951; Bose 1945 and
Yount 1964)9 ag well as in intermediate wabters such as those
of the 014 River™.

Penfound and Earle (1948) found that the waterhyacinth
can't tolerate more than faintly brackish water-specimens sho=
wing epinasty and chlorosis and guickly dying, yet the plant
has also been shown to grow freely in estuaries and brackish
lagoons and to survive for several days in sea water (cf.C.C.
Te4/C.S.4. 1957). Coleman (1957) believes that E. crassipes
can tolerate salt water, but camnot establish itself or multi-
ply in brackish water. Indeed, Bock (1968) wrote: "Waterhyaci-
nths exhibit some tolerance to salinity. Some waterhyacinths
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colonizations may be explained by the plants' floating from

one body of fresh water to another across stretches of salt
water. Under experimental conditions, waterhyacinths survived
for 13 days in 100 % sea water; and they survived for more than
14 days in 50 % sea water".

(v) Winds and currents

Winds and currents are agents of long distance dispersal.
Bock (1968) reported that the waterhyacinth can travel in swift
currents and can indure considerable buffeting by high winds.

This plant species is adapted for long distance dispersal
by means of its sail-like leaves which resist tearing by winds
and strong currents. Sculthorpe (1967) stated: "By virtue of
the spongy lacunate tissue in all the organs, and sail-like
attitude of the leaf-blade, the rosettes are very buoyant and
easily swept along by wind even against an appreciable surface
current® .

(vi) Drought resistance

The advent of the water hyacinth to the Nile and hence to
desert and semidesert habitats should trigger research on the
drought resistance of this plant species.

Parija (1934) claimed that the waterhyacinth is drought-
resistant because the plant was able to grow at 5.7 % of water
saturation in the soil. However, he did not mention for how
long could this plant endure these relatively dry conditions
although he explained their drought-resistance as to be due to
an increase in osmotic strength of the plant cells and a decre~-
asg-of leaf surface. Bock (1968) concluded that the waterhyaci-
nths can withstand considerable drying; but they appear to do
best when the relative humidity of the atmosphere, at the level
of leaves, is over 30 %.

Under Sudan conditions Tag E1 Seed (1972) found that the
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waterhyaciuth survived when watered every 4 days whereas plants
died when put under a weekly watering regime. The critical water
content essential for the survival of the hyacinth plants was
found to be about 20 % of the original Iresh weight. Penfound
and Barle (1948) showed that death scours when the weight of the
nlants falls below 15 % of the original fresh weight.

2, borphological plasticity

The leaves of the waterhyacinth are subject to variation in
slze and form under different habitats. When floating in shallow,
voorly oxygenated water or when stranded in muddy banks, the lea-
ves are small and may only reach a length of about 8 cm with the
blades about 3 cm wide and 2 cm long. However, when the plants
are not crowded and are living under favourable conditions, the
Leaves may attain a length of 125 eom, the blades being conspicuo-

cely longer than they are wide and mey atitain about 15 cm x 13 cm
{2culthorpe 1967).

Absence of swelling is asscciated with plants being anchored
in place by rooting or by crowding with other plants (llclean 1922;
Lansdell 1925; La Grade 1930; and Sculthorps 1967), with high te-
speratures (La Grade 1930; and Sculthorpe 1967), with shading or
light intensities below 5380 Lux {(La Grade 1930; Guido et al.
19653 and Sculthorpe 1967). Foliage with well developed floats
is correlated with the free-floating habitat (Rac 1920; Bruhl and
Gupta 19273 and La Grade 1930). However, Bock (1968) failed to
associate the petiolar conditicns with shading.

IThe ability of B. crassipes to change 1ts growth habit
iyh@m@typic) with changing habitats 1s certainly a good tool of
success indicating a wide spectrum of envirommental tolerance.

4o Reproductive strategy

E. crassipes can increase vegetatively and sexually. Howeven
the relative importance of vegetutive and sexual reproduction in
the spread of E. crassipes in different areas is very difficult



to assess (C.C.T.A./C.S.A. 1957). There is uncertainty about
the role of the seed. According to Backer (1951) fruits are
unknown in Malaysia. Adventive plants in Central California
appear to be self-incompatible (Baker 1965) but Bock (1968)
showed that the water hyacinth, there, is fertile and that
self~incompatibility is absent or if present is very weak.
Haigh (1936) concluded that the possibility of spread by seed
is real and permanent in Ceylon. Sculthorpe (1967) believes
that both modes of reproduction are equally important. On the
other hand, Pettet (1964) considers that germinating seeds
could be a real and important source of infestation in the Nile
and not a mere potential one. He envisaged that the control of
the infestation through seed germination should be seriously
considered. Hitchcock et al. (1950) surmised that the developm-
ent of seedlings was of negligible significance in the rapid
spread of this plant species in Louisiana.

(i) Ploral biology

The inflorescence of the waterhyacinth is a spike compri-
sing 2 to 35 or more spirally arranged, zygomorphic flowers.
The androecium is composed of 3 short and 3 long stamens. In
the Sudsn flowers are continuously produced from April to Sept-
ember (Obeid 1962). In the U.S.A. flowering is inagurated April
15th. Maximum anthesis prevails about June the first and a sec—
ond but lower maximum prevails about September 15th (Penfound
and Earle 1948). In nature the inflorescence buds can easily be
seen 10 days before opening. The period between the initiation
of inflorescence buds and the opening of flowers is about 14
days (Penfound and Earle 1948). Under favourable conditions
flowers appear after 26 days in plants produced by vegetative
propagation (C.C.T.A./C.S.A. 1957).

(ii) Heterostyly

E. crassipes seems to be potentially tristylic but often
two types occur. In Brazil, India, U.S.A., Malaysia and Jamaica
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almost all the flowers are meso-stylic (Muller 1871; Backer
1951; and Bock 1968) wheremss Haigh (1936) found most of the
flowers in Ceylon to be long-stylic. Tag El Seed and Obeid
(1975) found most of the flowers in the Nile to be meso-stylic
with the long—and short-stylic "races" absent or in extreme
rarity.

(1ii) Pactors affecting seed-set

The ovary of the waterhyacinth may lodge up to 500
ovules.

In a recent study Tag El Seed and Obeid (197%) reported
the inflorescence of the waterhyacinth to carry 4-26 flowers
(the average being 11.6 ¥ 3.,2)., The number of fruits that deve-
lop per inflorescence varied from O to 16 (the average being
1.5 £ 2.3). Tag El Seed and Obeid (1973) found the number of
gseeds per capsule +to vary between 5 and 452 (the average being
99 £ 80.3). The highest number of seeds per capsule reported
was by Muller (1883) in Brazil where each of 5 capsules bore
over 260 seeds.

The relative positioning of the stamens, the stigma and
that of the androgynoecial column seems to make self-pollinati-
on difficult in the fully open flower. However, the spiralling
and inflexion of the perianth can result in self-pollination
(Agharkar and Banerji 1930; Penfound and Barle 1948; and Bock
1968) . Indeed, when artificially self-pollinated most of the
flowers formed capsules containing seeds (Tag E1 Seed and Obeid
1975)

Under the Nile conditions of the Sudan the discrepancy
that exists between the number of flowers produced and the num-
ber of fruits formed appears to be mainly due to the climatic
factors. The failure of pollination and/or fertilization could
be due to the effects of high t@m@aratur@ and low relative hum-
1dity which may lead to the drying up and hence unreceptiveness
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of the stigma. No visiting insects were seen and wind pollina~
tion has not yet been fully investigated (Tag El Seed and Obe-
id 1975).

(iv) Seed germination

The germination of the seed of E. crassipes has been
studied for the last 90 years and in about 8 countries but
there is confusion about some of the results. Crocker, as ear—
ly as (1907), reported that seeds germinated in 7 days when
kept constantly in water. Haigh (1936) in Ceylon also germing-—
ted seeds 7 days from collection, and found that neither a
single drying nor prolonged dry storage are necessary for
germination, whereas Muller (1883) believed that desiccation
was essential for germination in Brazil. However, Robertson
and Thein (1932) in Burma, and Parija (1934) in India conclud-
ed that germination was governed by alternate wetting and dry-
ing and Hitchcock et al. (1949) reported that dry seeds took
about twice as long to germinate when moistened as seeds kept
wet from the time of collection. Tag ELl Seed and Obeid (1973)
found the seeds to germinate in a few days (9) or a few weeks
from the time of collection. The length of this period appears
tc be @& function of the ripeness of the seeds and the conditi-
ons of storage. Seed dormancy is probably "enforced" by the
environment.

Haigh (1936) believes that high temperature and/or int-
ense light induced germination and Hitchcock et al. (1949)
agreed that high temperature encouraged germination. Barton
and Hotchkiss (1951) believe that a combination of light and
warm temperature is necessary for the germination of the seed
of E. crassipes.

Obeid and Tag E1l Seed (under publication) studied some
of the factors that may affect seed germination. They believe
that the best laboratory germination was in clay soils, rich
in organic matter, under less than 3 cm depth of water, in
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light. There are interactions with water depth, soil depth,
soil type, organic deposits, light and temperaturse. No germin-
ation was observed in "clean" water (cf Forsberg 1965) nor in
pure sand (cf Pettet 1964). The seeds were found (Obeid & Tag
El Seed - under publication) to germinate fairly well in water
under a depth of 2.5 cm and in the soil only when scattered at
the surface. However, if buried one cm in the scil no germina-
tion ensues. The seeds germinated when they were exposed to
the natural diurnal fluctuation of temperature and illuminati-
one. They also germinated at continuous light under low oxygen
tension and low redox potentials. These authors believe that
the germingtion of the seed of E. crassipes is likely to be
affected by the specific conditions prevailing in its natural
habitat, especially along the shoreline and particularly in
the immediate vicinity of the decaying hyacinth plants. These
factors are basically : water depth; soil type and bank depos—
its: and light and/or temperature. Storage conditions of the
seeds before germination affect the results. Wet—-storage favo-—
urably affects both the rate and ultimate germination (almost
100 %). Dry-stored seeds tend to germinste sporadically and
dry-storage for more than 8 months caused germination to drop
to less than 40 %. Wetting, drying and rewetting gave complete
and guickest germination. After 2 years of dry-storage, 78 %
of the seeds were still viable . Parija (1934) found that the
seeds of E. crassipes can remain viable for a few years. Tag
El Seed and Obeid (1973) asserted that ™it is significantly
strategic for the seed of E. crassipes to rapidly germinate
under wet-storage conditions provided that a favourable habit-
at is available. However, the dry-stored sseds have acquired
another "ecology” and their slow and erratic germination in
response to dryness can not be considered an unsuccessful str-
ategy for it enables this plant species to evade the possibil-
ity of total extermination by one envirommental hazard or
another”.
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Tag E1l Seed (1972) found that 2,4-D does not seem to
adversely affect the germination of the seed of E. crassipes.
Complete germination was obtained even when the seeds were
immersed in & solution containing 2,304 p.p.ms 2,4~D. for 5
hours. Spraying the soils, infested with waterhyacinth seeds,
with 256 pep.m. 2,4-D also failed to inhibit germination. This
is, perhaps, due to a protective seed testa. Hence, despite the
use of 2,4-D as the classical herbicide in combating this weed,
it does not seem to be effective in inhibiting seed germination.
This resistance to 2,4-D might as well be considered as part of
the tolerance of this weed and hence a tool of success as a
colonizing species.

Obeid and Tag El Seed (under publication) concluded that
the seed of E. crassipes is likely to germinate in lagoons,
khors and river banks whenever the very specific conditions for
germination prevail. Indeed, seedlings of E. crassipes can be
observed along the Nile banks in Sudan from Jebel Aulia in the
North to further than Malakal in the South.

Penfound and Earle (1948) have studied the germination
stages and the develocpment of the seedlings of E. crassipes.
They reported that the cotyledon completely disappears in about
20 days, by which time, the plantlet will have produced 4 to 6
ligulate leaves about 15 mm in length. In 30 days the seedling
will have produced 7 to 8 ligulate leaves with incipient floats;
10 days later float leaves are produced and the seedlings are
readily recognized as waterhyacinth plantlets. Robertson and
Thein (1932) reported that in about 60 days from germination
most of the leaves produced will be of the float type and the
plant is by then mature. Hitchcock et al. (1950) reported that
the young seedlings of E. crassipes require anchorage in a wet,
yet solid medium for about 4 weeks, until they can grow as
floating plants. It was suggested that the ligulate-~leaved
Juvenile plants have different nutritional requirements from
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matare £lo

rogettes. These authors concluded that the
ﬁ@v@i@@m@m% of mature individuals from seed is likely to be

£

sinted bty unfaveurable growing conditions rather than conditi-

ble for gerninpatiocn.

Tsg El Seed {LO”* mmgﬁﬂﬂﬁ@d that the development of young

ings into mature ividuals is affected by & number of
Tactors, mainly the medium ix which they grow, rains, floods
and deouzht. He believes thet some of the seedlings can get
siablisbed, expand and sct a8 colonizing units for they can
wialtlply rapidly by vegetative propagations He concluded that
tne role ¢f the seed is significant-initiating primary infecti-
ons end agunenting the magnitude of infestations of the Nile.
The seed being viable fov a few yesrs and resistant to 2,4-D,
cpn recaln a permanent

nenecs for new infestations ensuring the
continulty of this weed wpecies.

Vegetative propagation and Productivity

Undoubtedly the prolific wate of vegetative propagation is
sespeonsible for the weediness and success of E. cragsipes as a
colonizing species. The plant nacaged to cover an area of 1000
kilometers in 2 years in the Sudsrese Nile system (Tag El Seed
arnd Obeid 1973).

In Louisians Penfound and Barle (1948) isolated 10 plants
and found them to vegetatively reproduce 1610 plants in 3 mont-—
hse In Sudan Obeid (1962) placsd two plants in & deserted swim-
ming pool and found then to give 30 plants in two months and
130 plants in three months.

This fantastic abllity for vegetative propagation is perh~
aps mainly due to the plant's startling rate of photosynthesis.
Westlake (1963) considers ths waterhyscinth to be the most or
one of the most productive phoiosynthetic organism(s). Yount
(1964) found this plant %o produce orgenic matter at the rate
of 28 em of carbon/sq. mt/day in Florida. In some favourable
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habitats in the Nile and Louisiana this plant species may
produce as much as 110 to 115 mt organic matter/hs (Westlake
1963) . On the other hand, Penfound and Earle (1948) found that
during active growth plants can double their number fortnight-
ly, the floating mats extending by as much as 0.5 to 0.75 mt/
month. At this rate of multiplication 10 "individual™ plants
would have produced 655,360 plants equivalent to a solid acre
during one growing season which in Louisiana extends from at
least March 15 to about November 15. They also found the total
fresh weight of an eight year old mat to vary from 56,660 kg/
ha (123 tons/acre) in winter to 75,700 kg/ha (184 tons/scre)
in summer. In California, Bock (1968) found that this plant
species could produce organic matter at rates comparable to
those of the tropics. Indeed, Harper (1970) wrote : "the grow-
th of population is particularly startling in aguatic weeds,
and the waterhyacinth may multiply af such a rate in the Congo
that it has been observed passing Leopoldville at the rate of
150 tons an hour (despite the expenditure of 50 million francs
a year in attempts to keep the river clear)".

The possession by this plant species of the dual mode of
reproduction is certainly advantageous as the two methods com—
pirement the effect of each other and thus enable the plant to
be that famous snd ubiguitous colonizing species.

5o Competitive ability

The symposium on the problems of E. crassipes in Africa
(CeCGoTeA./C.S.A. 1957) observed :

{1) +that there is no particular or well known sntagonism
between E. crassipes and the various plant associations on the
rivers of Central Africa, that Eichhornia invasion is mainly
limited to free spaces among or in the neighbourhood of +the
assocliations, and that it penetrates only to a small extent
into Vossia and Echinochloa formations.

(2) +that only two concrete cases of antagonism have been
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observed : beds of Pistia stratiotes on the Congo, regressing

before an Eichhornia invasion, and the martime Telanthera

association, along the high water mark near the estuary of
the river, in process of disappearing under an accumulation of
decaying Eichhornia, carried down by the river and left on the

beach by the outgoing tide.

Bishai (1961) and Chadwick (1961) believe that E. crassi-
pes modifies the substrate in which it grows. Bock (1968) rep-
orted that in California and in other places E. crassipes
often forme more or less closed stands within or upon which
certain other species are able to live. According to Gay (1958
and 1960), Vossia cuspidata, Pistia stratiotes, Azolla species,
Cyperus papyrus and Lemna species may be found growing within

Eichhornia crassipes on the White Nile and they were sometimes
replaced by it. In North Carclina and the Gulf Coastal States
of North America Alligator weed (Alternanthera philoxeroides)

may sometime replace BE. crassipes as the dominant weed but as
a result of its different growth habit, alligator weed does
not compete with E. crassipes or other floating weeds unless
it is firmly anchored in a suitable substrate (Sculthorpe
1967) . Gay (1958) claimed that Pistia stratiotes abundant in
the White Nile before the advent of the waterhyacinth, had
been virtually eliminated from some regions. Also, Little
(1966) had observed that both E. crassipes and P. stratiotes
were compebting in the middle of Lake Apanas in Nicaragua. Tag

El Seed (1972) found that E. crassipes sometimes replaced P.
stratiotes in mixed cultures. He advanced the notion that the

possession of a large leaf canopy enables E. crassipes to
occupy the substrate surface, encroaching on the smaller
Pigstia plants and impounding light from them. Eichhornis being

tolerant to a wide range of habitats, particularly to pH is
expected to have a better competitive ability than Pistia -~ a
feature that adds to the success of Eichhornia as & colonizing
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species. Indeed, Baker (1965) wrote : "nevertheless in Jamaica w-
here it had been introduced, it appears to be gpreading more

aggressively thun & native species of the same genus Eichhornia

paniculata Solms eventhough L. paniculata sets abundant seeds

(for it is self—compatible) and has vegetative reproduction as
wall" .

Certainly a plant possessing a number of outstanding trai-
ts, mainly : & wide rangs of envirommental tolerance, morpholo-
gical plasticity, an efficient reproductive stratesy, a fantas-
tic rate of organic productivity and a good competitive ability
is sure to succeed as a weed and an adventive colonizing speci-
¢s which 1s spreading in a plague-like manner all over the
globe.
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POPULATION DYNAMICS OF THE WATERHYACINTH
IN THE SUDAN
BY
JURGEN FREIDEL
Sudanese = German W&%@Thymciﬂth
Control Project, Plant Protection

Administration, Khartoum North
Waterhyacinth Section

INTRODUCTION

Much work has been done on the waterhyacinth -~ Eichhornia

crassipes (Mart.) Solms. throughout the world including the
Sudan. However, there is yet little known about the various
ecological factors contributing to the success of this weedy
speclies and aggravating the infestation of the White Nile and
its tributaries in the Sudan.

This contribuiion is meant te, broadly, summarize the work
which has been done on the population dynamice of this weed sp-—
ecies ir the Sudan. It is envisaged that studies on the popula~
tion dynamice of the waterhyacinth would help to throw somelig—
ht not only on the productivity of this plant species - which
is fairly known - but basically on the changes that take place
in its temporal and spatial distributions as affeced by the
various environmental factors. In other words, these studies
endeavour fto answer the guestions "where does the plant come
from 7 when does it come 7 how much of it comes ? and where
does it go 7.

To achieve this it was necessary to investigate the vario-
ug envirommental characteristics of the White Nile and its
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tributaries which affect the reproductive capacity and other
biological attributes together with the temporal and spatial
patterns of distribution of this plant species.

Population dynamics ~ applied to waterhyacinth in the
Sudan -~ means the study of plant distribution in the infested
area and the change of this within a certain period of time
@.8. within one year.

FACTORS AFFECTING THE POPULATION DYNAMICS
OF THE WATERHYACINTH

The factors that affect the population dynamics of the
waterhyacinth can be broadly classified into @

(i) external factors

(ii) internal factors

Three external factors are recognized. These are geography
and climate = which are generally known to influence the distr—
ibution of & plant or an animal population; and since the wate~
rhyacinth is an aquatic plant, the hydrology of the White Nile
and its tributaries has to be taken as a third important factor.

Geography and climate can be considsered as the main facto-
rs to limit the distribution of the waterhyacinth in the Sudan.
The climate and hydrology of the infested area with its season-
al changes (e.g. rainy and dry seasons; high and low floods)
are mainly responsible for the numerical (biomass) and spatial
change of distribution of the plant in the different parts of
the area.

The internal factors of the plant (innate characteristics),
such ag mode of reproduction, lifecycle, plasticity, efc... en—
able the plant to react under the influence of certain environ-
mental changes within genetically fixed limits, in an endeavour
t0 survive and preserve its species. In this respect the water—
hyacinth is considered the most renowned of all aguatic plant
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specles and the contribution by Tag Bl Sesed in this volume
outlines the mode of adaptation and tools of success that
contributed to this rencwn.

Therefore this work is confined to the investigation and
assessment of the climatic datse such as temperature, rainfall,
relative humidity, wind speed and direction; as well as the
hydrolegical data such as discharge, waterlevel and current
speed of the infegted aresa.

Water quality might also be an important factor in the
biology of the waterhyacinth. However, it is not deali with
here and shall be dealt with separately in the near future.

The geographical description of the infested rivers forms
the third point of the triangle which forms the frume in which
the special investigabtions about the plant behaviour (e.g. veg—
etative reproduction; drift of the floating plant) are placed.

EXTERNAL FACTORS
Gecgraphy

The geographic features of the area which are of direct
relevance to this investigation are the rivers and the inundat-
ed areas. A brief description of these is given here.

Baihr El Jebel is @ defined river when it enters the Sudan
plain near Juba. Its further course is northwards up to Bor and
north~north east up to Lake No. A few gide channels are present
on the firgt 200 km. From Bor onwards the river splits up into
numerous side chamnels and lakes creating the so - called
'Sudd®. Nevertheless twe main channels can be distinguished :
Bahr El Jebel in the west and about 8 km wpart the New River in
the east. They join near Shambe (430 kan from Juba). The latter
has been used for the steamer traffic for a couple of years
gince the Jebel is chocked by vegetation. This swampy area is
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about 500 km long and at least 15 km wide. In the rainy season
it even extends up to 50 km, specially in the reach of Zeraf
Cut 1 (700 km river distance from Juba).

The Zeraf Cut 1 comnnects the Jebel with the Zeraf tail
(Cut 11 has been out of function shortly after its digging in
1913). The Zeraf flows in a northerly direction and joins the
White Nile near Tonga (halfway between Lake No and Malakal).
The Zeraf is swampy at its first third. The area then becomes
more and more dry and from Fanjak to the mouth the river meande~
re in a well distinguishable bed.

About 640 km from Juba, near Adok the last big channel
joins the Jebel. Although being surrounded by swamps, the river
is well defined without any side channels. Only a few lakes are
connected to the river wup to Lake No.

At Lake No (about 840 km from Juba) the Bahr El Ghazal
which comes from the west, and is formed by the Jur river and
the Bahr El Arab, Jjoins Bahr E1l Jebel. The river which is now
called the White Nile bends eastwards, keeping this direction
for the next 150 km. Close %o Malakal, where the Sobat river
enters the White Nile, the river turns northwards again. This
direction is kept for the next 800 km up to the junction with
the Blue Nile at Khartoum, except for a bend at Melut.

The Sobat comes from the southeast with wide meanders
floating in & deep bed without any lake or side channel. The
river is mainly formed by the rivers Baro, Gila and Akobo coming
from the Bthiopian Highlands and the Pibor river which comes
from the south. Gila, Akobo and Pibor are also forming & swamp
at their lower course.

The lengths of the rivers are :

Bahr E1 Jebel (Juba to Lake No) 840 km
Bahr El Ghazal 200 km
Bahr E1 Zerafl 270 km
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White Nile 960 km

Sobat 350 km
Baro from Gambels 200 km
Pibvor from Pibor Post 350 km

The total length of the infested rivers is 3170 km., This
does not include several other infested areas parfticularly the
rivers Akobo and Gila in addition to several khors (oxbows)
and the numerous waterways in the swamps.

Hydrology

The hydrology of the White Nile and its ftributaries is
characterized by three outstanding features :

(i)  almost all the water is coming from the mountains which
surround the Sudan plaine (Lake Plateau and the Ethiopian
Highlands) g

(ii) +the slopes of the rivers are very flat (White Nile 1.7
cr/km snd Sosbat 4 em/km; and

(iii) there is a big water loss, which influences the waterle-
vel changes between high fleood and low flood together with the
sumer rains {(maximum in August).

This is why the discharge in the rivers shows am aanual
fluctuation. Therefore within one year the different areas
show different pictures i like changes in river width; format-
ion of swamps when spilling over the banks; and dried out
khors ~ depending on topography, rainfall and discharge. Figu-
re 1 (d) gives an idea about the differences in waterlevel and
the times of low and high flood in several sites of the river
system.

The big difference in waterlevel in the Sobat is due to
the summer rains and the defined ved of the river where the
water spills very late at high level. The small differences in
the 'Sudd® can be explained by the fact that the water in Bahr
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It seems that vegetative reproduction is the main modus
of reproduction of the waterhyacinth, specially in the south.
Although the experiments have recently been started and only
in & small scale, it can be sald that the climate has an impor-
tant effect both on the growth and the vegetative reproduction
of the plant.

The experiments which were carried out in December 1974
and January 1975 at Jebel Aulia Dam area and at Malakal geave
the following results :

The average number of plants produced at Jebel Aulia Dam
was 6 out of one within 79 days. The plants had small leaves,
ball - like bladders end were less than 10 cm high. The whole
group of 7 plants covered an area not greater than 15 x 12 cm.

On the other hand, at Malakal the plants were bigger in
gize (20-30 cm) high, with elongated bladders and leaves about
100 emzo More important, the average number of plants produced
out of one plant was 54 within one single month.

When these figures are converted, applying the reproducti-
on formula used by Bock (1969); the values obtained were :

Jebel Aulia X = 1.025

Malakal X = 1.139

The rate of X = 1.11 means doubling of the plant
number every week.

Since the actual weather data were not available at this
time, the 30 year averages were taken for the comparison of the
climate at the two sites. Unfortunately the data did not indic-
ate a statistical difference between Jebel Aulia and Malakal.
The reason for the small difference might be due to the fact
that the leteorological Station at Malakal is situated at the
airfield where the ground dries oult and heats up considerably
during the dry season. The @Xp@rimémt was carried out at the
river, where one expects a higher relative humidity. Obviously,
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the weather is much drier at Jebel Aulia Dam than at Melakal.

Experiments, which are being carried out at the moment at
both places (Khartoum instead of Jebel Aulia) show equal difd-
erences in plant growth. Meteorological data are now being
collected directly at the experimental sites. These data indi-
cate up till now a clear difference in relative humidity betw=
een the two places.

The floating waterhyacinth with its sail~like leaves is
very sensitive to wind actieno‘Since there is a diurnel fluct-
uation in windspeed-the wind being fairly low during the night,
rising during the day reaching & maximum at about 2.00 p.m.
and then decreasing again towards sunset - one can expect alm-
ost no influence of the wind during the night. Whereas the
influence can be quite imﬁortant during the day, #%he annual
change of wind direction (north and south) is important mainly
on the White Nile. ‘

For the other rivers e.g. Bahr El Jebel, Sobat and other
tributaries wind does not @@@m’%haﬁ important, because these
rivers meander very much thus changing their direction consid-
erably. In addition to it, the Jebel flows between 4-6 m high
walls of vegetation in @ narrow bed. Furthermore, the wind
gpeed in the 'Sudd' is much lower than e.g. in Juba or Malakal.

Dependent on wind speed and direction and the direction
of the river, the wind can support the waterhyacinth drift
downstreams, push the plants ashore or into lagoons and is
even able to hold the plant back against the current, provided
it is not too strong.

The influence of river hydrology

Once becoming a floating plant - torn off by wave action,
wind or current — the wabterhyacinth is taken downstream by the
current. The drift speed is of course a direct function of the
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current speed. Since there ig an annual increase and decrease
in the river discharge, the gpeed of the current is changing
tooe The waterhyacinth drifts almost with the same speed as
the current. This means, provided there ig no wind, that the
waterhyacinth moves during September in Scbat at the rate of
about 90 km/day ~ thus travelling the distunce from Nasir to
the Sobat mouth in 3-4 days. In low floed when the current
speed is about half the plants take about & week to reach
Sobat mouth. It might be interesting to study, in several
sites, the effects of wind as antagonizing or promoting the
effect of current.

Also, the annual fluctuation of the discharge produces
an annual change in waterlevel. Where the banks are flat, the
river - width increases at rise and shrinks at fall of the
river level. Thus, lagoons and khors (oxbows) are created in
flood which dry out in the rainless season. Waterhyacinth
plants which are living in the lagoons, mostly blown into them,
have enough water and space during flood to grow. But when the
waterlevel falls many of these plants dry out and die due %o
lack of water supply through the roots. The dry climate, preva-

iling at the time, helps thisg drying cut.

CONCLUSION

This contribution tried to describe individually the facto-
r& which act on the waterhyacinth as well as the responses of
the plant to these influences. It alsc tries to put together
the facts and observations, in an endeavour to draw the picture
referred to at the beginning of the this article.

There is low to medium infestation in the area between
Juba and Bor. Infestation is heavy in the reach of New River
and Jebel up to Adok dvue to the numerous lakes and waterways in
this swampy area. In the stretch Adok to Lake No the infestation



is low again being restricted only to the river itself. Ghazal
has a low amount of waterhyacinth. From Lake No to Malakal,

the White INile is accompanied by & few parallel lagoons showing
a medium infestation. The degree of infestation of the White
Nile from Malakal to Jebel Aulia Dam is medium to high, depend-
ing on the season. The Sobat itself has a small amount of wate-
rhyacinth most of the year. However, the tributaries which form
the swamps at the Ethiopian border are highly infesfed.

The climate in the swanps is favourable for the plant %o
multiply all the year round. Restriction is only given in the
lagoons at falling waterlevel when little silt 1s carried with
the water, and the water is clear with only a small amount of
nutrients for the plants growing in deeper water. The plants
at the banks of the watercourses and at the shores of the lakes
are having enough nutrients becauvse moest of them are rcoting in
the ground. Waterhyacinth break off constantly frowm these stri-
pe along the banks and shores drifting them, mainly with the
current out of the swanps into the main watercourse, e.g. Bahr
El Jdebel. Sc¢ the number of floabting waterhyacinth ise increasing
downstreams. From Adok onwards, little amount of waterhyacinth
is added. But Bahr El Zeraf and Schat contribute a large number
of floating waterhyacinth- this amount being, also, dependent
on the season. When the level riges in the rivers and swanps
much more waterhyacinth break off the banks and float downstre—

HIITE

When this waterhyacinth reach the White Nile the influence
of the wind can be secen clearly. The plants are blown ashore
and many of them disappear into the lagoons from the river,also
supported by the current when the water flows into these lakes
at rising waterlevel. As long as the wind blows from the south,
the waterhyacinth are able to reach Jebel Aulia Dam. As soon as
the wind changes in the north they stop drifting towards the
Dam since the current is very slow from Kosti onwards. liore and
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more waterhyacinth get stuck on the shallow banks or they are
taken off by the lagoons. Since the reproduction rate 1s very
low in the north not many watarhy&cinth are added to those
which came from the south. So, the amount of drifting waterhy-
acinth on the White Nile decreases agaln after the rainy seas—
on. When the river falls by the end c¢f the year the amount of
waterhyacinth in the lagoons decreases also because those pla-
ces dry oubt. In the swamps the number of fleating waterhyacine—
th decreases too,whereas the amount of waterhyacinth at the
banks increases. The weak current, less thunderstorms and the
banks which are more shallow when the waterlevel is low, enab-
le those plants to grow less disturbed.

Since, Sobat rises first the amount of floating waterhya-
cinth out c¢f this river is high in March, April and May. The
contribution of Bahr Bl Zeraf is high in July and August and
the contribution from Bahr El Jebel is at ites maximum in Sept-
ember. Bahr El Ghazal does not contribubte much waterhyacinthe.

The whole phenomenon can be wsumarized ags fellsws

Waterhyacinth are produced in the swamps throughout
the year slightly increasing in number at low waterlevel. At
the rige of the waterlevel nmany of waterhyacinth are flushed
cut into the White liile. In this river they drift downstreans
ag long as there is south wind or no wind. Even at south wind
the waterhyacinth are taken up by the khors and lagoons along
the river. The uptake increases with the change of the wind-
direction, going southwards as the change of wind direction
goes southwards too. The amount of floating waterhyacinth
decreases at falling level and more and more waterhyacinth in
the lagoons along the White Nile dry out.

Hence, @although the investigations are not completed
vyet 1t caen be stated that the population dynamics of the walte-—
rhyacinth in the White Nile and its tributaries is regulated
first by the discharge and waterlevel of the rivers and the
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wind, second by the climate (relative humidity) and furthermore
by the water quality. '
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CONTROL OF WATERHYACINTH
INTRODUCTION

BY

M., OBEID
Faculty of Science,
University of Khartoum,
Sudan.

Since 1894, when the waterhyacinth clogged many streams
in Southern Louisiana (Wunderlich 1962), efforts to eradicate
and/or control this weed has started. "The Army Corps of Engi-
neering have been engaged in a war with certain weeds, beginn-
ing with waterhyacinth for the past 65 years" (Blackey 1966).

In his fight against waterhyacinth Man has used various
means ¢ (i) mechanical; (ii) manual; (iii) chemical; and (iv)
biological. . ‘

(1) Mechanical means

Many mechanical machinery units were devised in the past
70 years for use in controlling waterhyacinth. These units
vary in their functions. Certain boats were operated to cut
their way into dense mats of waterhyacinth. Conveyer machines
were used to pick the material from the streams and place it
on the banks of the waterways to get killed by drying up
(Wunderlich 1964). lMechanical mowing and rolling are widely
practised in the control of weeds of irrigation ditches (Seam—
an 1958).

There are many disadvantages inherent in mechanical means
of control. These were summarized by Sculthorpe (1967) in the
following :
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1= There is the risk of incomplete coverage of the infested
AT B8«

2=~ There is the risk of re-infestation by seeds or vegetat-—
ive fragments.

3 :Th@r@ is the need for frequent repetition of the treatm—
ent.

4~ There is the risk of greatly disturbing the aguatic
environmento, '

5~ There is the high cost of labour.

Wunderlich (1968) gave the cost of control of the unwanted
surface in the States as § 12 per acre when chemicals are used
and between § 25-35 when mechanical means were applied. These
figures, of course, need some revision after the fantastic ris-—
es in the prices of all commodities.

In countries like ours we are faced with the facts that
the machines themselves are very expensive, spare parts are
expensive too and in remote areas transfer of fuel (when avail-—
able) is a very difficult endeavour ~ all of these add to the
list of the disadvantages inherent in the mechanical means of
control.

(ii) Manual means

Sculthorpe (1967) dealing with hand clearing states that
Mecseoress weeding and cutting by hand is perhaps still the
most economical method of removing isclated groups of plants
and the small marginal populations of ditches, canals and pon-
ds." . Neverthelegs, in the Sudan with the waterhyacinth sprea—
ding in a river length of 3170 km in addition %o the various
lakes, lagoons and the Sudd area, hand clearing camnot cope
with the magnitude of infestation. Hence, manual control is
very localized in its application (cf. Beshir 1975). Indeed,
Heinen and Ahmed (1964) wrote "Even though labour costs are
relatively inexpensive, effectiveness of such methcds leaves
much to be desired and is not encouraged....... and the need
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for manual control will continue but only in selected and
specific areas.". Two local experiences for manual picking were
carried out, in co-operation between the Ministry of Youth and
the Plant Protection Administration, at El Dueim and Kosti to
clean infested areas by youth camps. Calculating the cost of
the camps and the area cleared showed the high cost of hand
clearing compared to the use of chemicals.

(1ii) Chemical means

Many chemicals have been used in the control of waterhyac-
inth before the beginning of the use of growth hormones in 1946.
Parija (1934) used barium chloride; Bouriquet (1949) tried cop-
per sulphate and sodium and calcium arsenates; and the U.S.
Army Corps of Engineers tried sodium arsenate in 1902 (Wunderl—
ich 1962).

These chemicals were found to be either ineffective in
killing waterhyacinth or they were found to be toxic to other
plants and animals.

Hildebrand (1946) was amongst the first to discover the
effectiveness of growth hormones especially 2, 4-D (2, 4-dichl-
orophenoxy acetic acid) in controlling waterhyacinth. Zimmerman
et al. (1950) were pioneers in meking large scale trials with
2, 4-D on waterhyacinth.

Since then, the literature on the herbicidal treatments
and properties of 2, 4-D increased rapidly. The research being
done covers 3 formulations of 2, 4~D; effective dosages; metho-
de of application; effects on animal and plant populations; and
morphological adaptations of waterhyacinth plants to the sprays
(for details, see Dissogi 1974).

(iv) Biological means

Many scientists feel that it is high time for biological
control to take part in control programmes of waterhyacinth.
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This is because of the high cost of mechanical and chemical
control means; Dbecause of the envirommental hazards caused

by chemiculg; and because of the many varying local conditions
which prevent effective spraying.

Many authors have asserted that bilological control would
be the best method for control in the future (Anon 1957; Bock
1968; and Wild 1961). However, it appears that relative success
has, hitherto, accompanied research activities in biological
controle.

The following organisms showed signs of success in contro-
1lling waterhyacinth : the fungus, Fusariuwn equiseti (Cda.) Sac.

(Banerjee 1942); sea cow or manatee (Allsopp 1961; and Laphan
1964); the mite, Septanychus tumidus (Viscosa 1949); the snail,
Marisa cornuarietis (Seaman and Porterfield 1964); Arthropods
(Coulson 1971); other insects (Bennet 1970) and the fungi,
Alternaria eichhorniae, Myrothecium roridum end Rhizoctonia
golani (Charudattan 1973).

The difficulties which face research in biological control
seem Lo be time, money and the limited number of persommel
involved.
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CONTROL OF WATERHYACINTH IN THE SUDAN

BY
KAMIL BESHIR EL TIGANI

Waterhyacinth Control Section,
Plant Protection Administration,
Khartoum North, Sudan.

The spread of the waterhyacinth in a number of waterways
in the Sudan has threatened a number of national interests and
that had called for the creation of a National Council for
Waterhyacinth Control.

The members of this Council are senior officials selected
from d@partm@nﬁﬂ of direct and indirect involvement with the
problem, such as the River Transport Department, the Joint
Permanent Technical Commission for Nile Waters, Miﬁisﬁry of
Finance, Ministry of Local Government, the Plant Protection
Administration. The Council is chaired by the Undersecretary
Ministry of Agriculture, Food and Natural Resources. The funct-
ion of the Council is to act as a policy-making board and to
facilitate for the control eperations in so much as to allocate
funds for campaigns, look into problems relating to the procur—
ement of chemical herbicides, purchase of spare parts, transpo-
rtation of equipment etc... In effect, its function is to make
it possible for the W&t@rhyacinth Control Section of the Plant
Protection Administration, which is entrusted with the fight
against the weed, to carry out successful control operationse.

The cost incurred annually in the control of the waterhya—
cinth is now (1975) close to a million Pounds, most of it is
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paid in hard currency for the purchase of equipment and
chemical herbicides.

CONTROL MEASURES AND OPERATIONS

Currently the control measures in the Sudan comprise four
major forms; a/chemical control, b/manual removal of waterhya-—
cinth, q/public education and d/l@gi@lativa~aetien.vDu@ to the
lack of specialized mechanical devices no mechanical control
is being done.

Chemical control

This has been used as the main control measure since it
proved te ke the most efficient and cheapest under Sudan local
conditions, It is primarily done by spraying with a liguid
anine-form of the 2, 4-~D herbicide, containing 6 1lb. of active
ingredient per U.S. gallon.

The largest areas along Bahr El Jebel, the Sobat River
and tributaries are sprayed by means of fixed-wing aircrafts.
It was found that about 4 1lb. of active ingredient applied
over one feddan of waterhyacinth gave satisfactory results.
This mseclution is obtained by diluting two-thirds of a gallon
of the conceuntrated herbicide with three and one-—third gallons
of water. The swath pattern and the speed and discharge rate
of the spray equipment on the planes are adjusted to apply the
feur-gallon-nixture to one feddan of waterhyacinth.

Only in the dry months of the year - December to March -
could aerial spraying be cenducted, since during the rainy
season the muddy solil conditions prevent the construction of
landing stripes for the fixed-wing type of aircrafts. Permanent
landing strips are lacking almost every-—-where in the South
except in three major airports.

Reugh, temporary landing etrips could only be prepared
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during the dry season and thoussnds of feddans of the weed
could then be effectively treated. This has been particularly
$0 in the last few years when it became possible to move freely
in the South and to reach a considerable part of the infested
area. For example, in 1970 only around 11,846 feddans of the
waterhyacinth could be sprayed by aircrafts, while in 1973 the
area treated has increased to abeut 128,494 feddans.

To circumvent the preblem relating te the lack of landing
strips for the fixgdwwing airaraftsg a tWawHalicept@r wait has
been intreduced in the combat against the waterhyacinth. Worki-
ng from self-supported floatingfﬁasis; this unit was meant to
penetrate and spray inaccessible areas in the 'Sudd' Region.

The two Helicopters carried out some limited scale sprayi-
ng eperations during M%rahmAprll, 1975, but it is hoped that
their action could be mmt@ﬂ$lflﬁd in the coming years since
such target—directed serial &ppiibaﬁicn proved to give better
contrel results and it is at the same time more econemical.

However, during the rainy é&asen Bpréying is mainly carri-
ed out by means of river c@mpa;gns whlch are actually mobile,
water-borne, self-sustaining units. Th@y carry beside the pers—
ounel, feod, fuel, the herbicide and spare parts necessary for
the work of the campaign. Bach umit consists of a paddle-wheel~-
#d steamer, a living bharge, a*ﬁtérége‘bwrg@ and six to eight
spray launches. These laumches’canfm@V@ freely from one place
to another as long as the waterlevel in the streams is not
critical. In each spray launch a high-pressure, high volume,
spray pump, powered by a diesel engine is mounted. The metering
of the chemical is done by means of an automatic metering devi-
ce which consists of a small suction hose through which the
chemical is metered into the maiﬁ‘wgt@r suction line ahead of
the pump. The amount of the éhe@ical used is controlled by a
disc lecated in the small suction hose with & changeable orifi-
ce to allow as much or as little chemical to pass. It has been
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found that a mixture containing 4 1lb. of active ingredient
of 2y 4-D in 150 U.S. gallons of water is satisfactory to
treat one feddan of waterhyacinth. ’

¥

Such river campaigns can in fact reach places of infesta-
tion which could otherwise be difficult to reach by means of
aircrafts or land vehicles. They are efficient in remeoving
hyacinth blockages in small streams and hence render it
possible for steamers and lecal boats to find their way from
one point te another. Many a remote area in the South would
have been completely isolated and faced with the threat of
famine and other problems, had it net been for the operations
of these river campaigns. Twenty to forty thousand feddans of
waterhyacinth are annually sprayed by these campaigns.

Manual remeoval of the waterhyacinth

These operations take place in locabtions where spray
drift may endanger other field crops, or vegetable and fruit
gardens. O0f particular importance is the cetton crop which is
grown along the banks of the White Nile in the area extending
from Dueim up teo Renk.

In this region the waterhyacinth is to some extent, manu-~
ally removed and destroyed. Inherent in the use of this method
are two impertant factors, the wind direction and the waterle-
vel in the river.

Around April and till September oxr October the wind blows
from the south, thus helps to bring mats after mats of the
drifting waterhyacinth downstream and up to the north-most 1i-
mit at Jebel Aulia where the Dam presenis a physical barrier
against further movement of the weed. Concurrently, the water~
level in the main stream starts to recede and that is around
April before the flood season commences late in July, and =e
the water in the khors and small side arms of the river dries
up, leaving huge amounts of the weed stranded on the shores
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and dry water courses. For more details of the pepulatien
dynamics of waterhyacinth refer to the contribution by Jurgen
Freidel in this Volume.

Manual labourers, provided with forks, burning devices and
other implements, are then distributed along both banks of the
river to ceollect the weed which is then left to dry under the
sun before it is burnt up. Such precedure secures not only the
destruction of the mature plants, but alse their seeds and
seedlings which could otherwise remain as potential sources of
reinfestation. These campaigns are stopped at the onset of the
rainy season in July.

By late June considerable amounts of watarhyacimkh begin
to accunulate at Jebel Aulia Dam and the drift ef the weed
continues as long as the Seutherly Winds prevail. Maximum acc-
umulation is reached around September. Spray launches, suppli-
ed with 2, 4-D are then ready to carry out the necessary spra—
ying against the waterhyacinthe.

Other beats, stationed behind the Dam patrol the northern
limits of the White Nile up te its confluence with the Blue
Nile, cellecting and destreying waterhyacinth plants that
escape through the sluices of the Dam. Continued patrelling is
2180 extended north of Khartoum in the main River Nile.

It is interesting to note that when the wind directien
changes agaln, and that is around October, most of the length
of the White Nile between Jebel Aulia and Kosti becomes water—
hyacinth-free, since the floating mats are driven southwards
by the prevailing Northerly Winds.

In connection with these factors the constructien of
river~barriers in strategic lecations is being considered as
an auxiliary methed to the mechanical snd/or the chemical
control.



Legiglative action.

It is prohibited by law to LRuiuport w o wiawdia g e e
the waterhyacinth or portions of it to clean arcau. This taw
was introduced mainly to protect the Nile River and other
uninfested tributaries as well as the canuls of the Guzirc
and Managil Schemes from being contuaminuted. Inspecticn aud
checking points on roads leading fto sensitive irrigated 2w
have been established. Waterhyacinth Control Supervisors nava
been given authority to enforce these laws.

Public education

It was deemed essential to enlighten the public about
the hazards of this weed. This is carried out by mezns of
posters, and occaisonally through the Press, Television,
broadcusting services and other meuans of communication. A filw
depicting all phases of the control prograane his been prepared
and is being shown throughout the Sudw.n. A wors recent one is
being made for the Television. The Officers in charge of the
ground campalgns, explain to the villagers, whom fthey come in
contact with, the dunger of the spread of the weod and the
penwlties pertaining 1o such wctions aws possession, tronsperiuw-
tien wnd careless disposal of the weed in cleuan arcus.

Thanks to all fthesc efforts that witer cisghteen yours the
waterhyacinth infestation is ¢ftill only confined to the White
Nile and the already infested tributwuries in the South.

Obstacles and efforts

Unforvunately, these control operations are constantly
faced with difficulties. Adverse weuther conditions marked Ly
& long rainy season, strong winds and very high temperuturss
in the Southern Region, are by far the mogst serious deterrentz

to the control activities.

wal Jomr



Lack of all season serviceable roads, of permanent landing
strips for aircrafts, of available spare parts for spraying
equipnent plus the occasional mhortag@g in the amount of herbi-
cide, are Just but a few examples in a long series of obstacles.

Nevertheless, efforts are continuously being made to impr-
ove and raise the standard of the control eperations. More and
better equipped spray-launches have been acquired and added to
the original fleet, although the attempts te fix the broken
ones are always hindered by the lack of necessary spare parts.

The Agricultural Fleet of the Plant Protection Administra-
tion, with Sudanese Pilots flying Cessna and Piper aircrafts
and trained in waterhyacinth spraying, participates to some
extent in the contrel eperations.However, the Cessna and Piper
Planes, being short—range aircrafts, are not suitable te carry
out spray operations over the vast expanse of the 'Sudd’® region.
Therefore, between 3 to 5 far-range alrcrafts are hired every
year for that purpose.

Screening of new herbicides is being done at Jebel Aulia
Research Sub-station in order to keep up with new developments
in the field of herbicides and to find an adequate alternative
to 2,4~D which can be used in places where 2, 4~D sensitive
Crops are growil.

A Laberatory for Waterhyacinth Research has Jjust been
established at the H.Q of the Waterhyacinth Centrel Sectien at
Khartoum North. Equipment for the Laboratory has been supplied
by the German Technical Aid.

A1l these efforts are geared towards reducing the infesta-—
tion to a tolerable level in an endeavour to minimize its harm-

ful effects.

International and bilateral aids

The history of such ailds dates back to the first years of
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the waterhyacinth invasion to the Sudanese Nile System.

When attention was first called to the presence of the
waterhyacinth in the Sudan in 1958, the Sudanese Government
became very concerned and appeinted a Committee to advise on
how the problem should be approached. It was then recommended
te contact different agencies and Governments faced with simi-
lar problems to solicit their expert advice on how best the
problem should be tackled.

One of the first places contacted was the Conge (now Rep~
ublic of Zaire) where Belgian Scientists had also been working
on the problem of the waterhyacinth. The Belgian Government
designated an Expert, Mr. Buyckx of the National Institute of
Agronomic Studies in the Congo, to visit the Sudan and carry
out a survey of the infested White Nile and its tributaries.
At the time the survey was made the waterhyacinth had succeed-
¢d in infesting a considerable stretch of the White Nile, from
Bor to Jebel Aulia, a distance of about 850 miles.

The Belgian Expert advised that a control programme shou—
1d immediately be laid down and that 2, 4-D sheuld be used for
spraying infested areas. He also recommended that regular ins-
pection of steamers pussing from an infested area to a clean
one should be carried out and that public information campaign
should be started so that the lecal people become aware of the
danger of the spread of the weed.

Another Belgian Expert, Mr. P. de Kimpe, also helped in
writing specifications for spray boats, spray equipment and
herbicides necessary for the control eperations.

In 1960 the Gevernment of the United States was also app-
roached to assist in the fight against the waterhyacinth. An
Expert, Mr. J. Hodgsen of the U.S. Agency for International
Development arrived in the Sudan and helped in develeping an
organizational plan for the centrel of the waterhyacinth, and
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he desmecnstrated the first beait spraying.

In 1861, Mr. Heinen, also of the U.S.A.I.D. arrived in
the Sudan to help in the execution of the waterhyucinth centrel
programme. His duties ranged from administrative to operational
field technique and equipment maintenance.

The recommendations made by the different experts who
visited the Sudan established the basis on which the control
operations were developed and carried oeut in the years that
followed. During the second half of the 1960's and early 1970's
1it¥le or no help was received from abroad except for the ceont-
inuing financial contribution of the Arab Republic of Egypt,
made through their membership in the Jeint Permanent Technical
Commission for Nile Waters. The contributien has reached 300
theusand Peunds in the last fiscal year, 1974-1975. The same
amount has been offered for the current fiscal year, 1975-1976.
The sum amounts to almost one third of the total expenditure eof
the hyacinth contrel budget, and is spent in purchasing the
herbicide, for hiring aircrafts fer aerial spraying campaigns,
and also to pay the coest of rummning the river campaign units,
maintenance and repair cost of beuts and a variety of other
purposes. Salaries of the waterhyacinth contrel personmel and
tihe purchase of equipment is paid for from the general budget
of the Plant Pretection Administratien.

In 1973 the Federal Republic eof Germany effered to help in
tha fight against hyacinth. A jeint Project was laid dewn by
the Sudanese and the German Governments, which was of a techni-
cal @and scientific nature. It was directed tewards impreving
the control eof the waterhyacinth by replacing the eld, breken
dewn eguipment with new and better centrel facilities, and alse
by intreducing and developing new techniques in the centreol
programne. Already a considerable number of new spray launches
has been prepared. The German Experts are studying the possibi-
1ity eof using the river—barrier system and the introductien of

-6



mechanical harvesters in eur centrol arsenal. The possibility
of intreducing bio—agents for waterhyacinth controel in some
sultable leocations within the infested area will be investiga-
ted. Scientific studies of the eceology and population dynamics
of the weed are now under ways. The results of zll these studi-
es will in the end help in developing a sound strategy for the
control of the waterhyacinthe.

Reference has been made to "“Heinen, Z.T. and Ahmed S.H.
(1964). Waterhyacinth Contrel en the Nile River, Sudan.
Information Productien Centre, Dept. of Agric., Khartoum.".




BURNING AS A SUPPORTING TREATMENT
FOR CONTROL OF WATERHYACINTH

BY
B.F. MOHAMED

Faculty ef Science,
University ef Kharteum, Sudan

INTRODUCTION

In the Sudan direct centrel measures against waterhyacinth
coemprise chemical spraying with 2, 4-D and manual remeval using
ferks and rakes. The latter methed theugh mere time-censuming
and mere expensive, yet, is inevitable under certain circumsta-
nces. For example, chemical spraying is restricted during the
cotten grewing seasen (July te March); it is alse restricted in
the breeding sites ef fish between January and May, in the vic-
inity of vegetable and fruit gardens aleng the river bank and
near villages as a precaution against pelluting demestic water
supplies.

Hence, the unrestricted and envirenmentally safe manual
removal of waterhyacinth is used threugheut the year and where-
ver heavy infestatien creates a serious preblem.

Masses of manually remeved waterhyacinth are nermally
piled inte large heaps aleng the dry river banks. Alse, natural
accunulations develep as a result of the sharp drep in waterle-
vel, in lew-fleed, cutting eff extensive marginal cemmunities
of waterhyacinth frem the main ceurse. These flat accumulations
are most evident around bends, in shallow side streams and
depressions.



During the dry peried (January to June) under the desicc-—
ating heat of epen sun, beth forms ef accumulatien (i.e. heaps
and carpets) are destined te dry inte readily combustible
matter. Reutine head-burning has been the usual land campaign
activity during this peried. The dry fluffy cembustible debris
ig burned in eorder te guard against pessible reinfestatien by
seeds berne in ripe capsules of dry plants.

EXPERIMENTAL

Field experiments were designed te {est the efficiency ef
routine burning which is intended te destroy seed crep centai-
ned in dry accumulations (flat and heaped) eof waterhyacinth;
intreduce the Back burning Precedure in an attempt te impreve
burning eperations; and to test the effects of burning en reg-
eneratien of waterhyacinth from seed.

1. Testing the efficiency of reutine burning

The results suggest pessible ammendments of burning prac-—
tices in erder te promete the efficiency ef burning debris ef
'naturally and mechanically removed waterhyacinth. It is recem-
mended that early buraing, in March, serves several desirable
purpeses : (1) it safeguards agasinst large scale dispersal ef
seeds, (2) destreys vegetatively dermant forms which would
rejuvenate on the onset ¢f the rainy seasen, (3) the rainy
season, ceoupled with higher atmespheric humidity retards the
process of effective burning, causing incemplete destructioen.

11. Backburning
The findings ¢f this study may be swmmerized as follews:-—

a~ Viable seed crep centained within dry hyacinth matter expe—
riences a high degree of destructien under excessively het and
mere lasting fire asseciated with backburning heaped cemponen—
ts.

~90—



b~ Flat accumulations respend faveurably te backburning.

The success in beth (a) and (b) is indicated by evident
and almest cemplete destructien inflicted by high temperature
and lenger duratien.

11ll. The effects of burning en regeneration frem seed

Experimental evidence has shewn that a considerable crep
of viable seed is centained in the litter accumulating aleng the
banks of the White Nile, during lew fleed seasen. Germinatien
gxperiments cenclude that burning destreys a large prepertien ef
geed crep and censequently supresses threat ef reinfestatien.Hem-
ce if preperly carried eut, burning mamagement can centrel spre-
ad of waterhyacinth. This ebjective may be achieved threugh
adepting backburning technigue en heaped masses of waterhyacinth
litter.
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UTILIZATION OF WATERHYACINTH
INTRODUCTION

BY
M. OBEID

Faculty ef Science,
University of Kharteoum,
Sudan.

Little and Hensen (1967) reperted "the best way te dispese
of a weed is to make use of it, te turn it inte a crep. Where
weeds are a serieus menace and the cest of contrel by mechanic—
2l means or by herbicides is beyend lecal reseurces, them util-
ization of the weed as a means of revenue becemes even merse
desirable., Water weeds may ceme imte this categery and well-kn-
ewn examples of serious infestatiens are these of waterhyacinth
(Eichhernia crassipes) en the Nile and the Cenge, and Salvinia
en Lake Kariba.".

A handbeek en the utilizatien ef aquatic plants was cempi-
led and edited by Little (1968). In this, he asserted that "it
is surprising te find hew little infermatien en the censtituen~
ts of these plants is available in the Werld's literature.”.

For waterhyacinth, utilizatien was suggested (Dissegi 1974)
as manure (Finlew and Mclean 1917); as fuel im India (Mclean
1921); as cempest (Heward 1925; and Watsen 1947); as fedder
(Hera 1951; and Chatterjee and Hye 1938); as raw material fer
industry e.g. paper and plastic industry (Mcleam 1917 and Nelan
and Kirmse 1974); as power gas and pewer alcehel (Sem 1931; and
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Sen and Chatterjee 1931); and as a pretein source (Pirie 1967).

However, it is cemmenly believed that the utilization ef
waterhyacinth may eften be impracticable, er uneceonemic, becsau—
e of the fact that the plant has such a high water content as
to make it teo expensive te harvest. If it can be harvested
(and a variety of efficient machines are available fer this
purpese) then its utilizatien might be serieusly leoked inte.

Pirie (1960) in his centributiem 'waterhyacinth : a curse
er a crop 7' asserted that his cemmunication is a plea for seome
re—~orientation of thinking in areas suffering frem, er threate—
‘ned with, waterhyacinth; there is a case for directing seme
research towards finding uses fer the pest instead ef coencentr-
ating all efferts on its eradicatien. The practicability ef the
uses mentiened has net been established and difficulties may
arise with seme ef them. But the quantity ef waterhyacinth is
new s¢ large, and se much effert is already being put inte dra-
gging it frem waterways, that it weuld seem reasenable to set
up & uwait te study all the pessibilities.

In the Sudan soeme effort has been dene en the utilizatien

of waterhyacinth., This ig given in the fellewing twe centribut-
iens,
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STUDIES ON THE NUTRITIVE VALUE OF WATERHYACINTH
(EICHHORNIA CRASSIPES MART. SOLNS.)

BY
H.E. OSMAN, G.A. EL HAG and M.M. OSMAN

Faculty ef Agriculfure,
University ef Kharteum,
Sudan.

INTRODUCTION

Many metheds have been adepted for the centrel ef Eichhe-
rnia crassipes; the mest impertant of which is the chemical
methed using 2, 4~D. Other measures ef contrel are the mechan-
ical and bielegical metheds. Hewever, nene e¢f these metheds
preved te be highly effective and the weed centinued te exist
and spread. The failure te eradicate the weed cempletely desp-
ite the great cests invelved (abeut a millien Sudsnese Peunds
in the Sudan in 1975) led scientists te think abeut alternative
means of effsetting part of the ceosts. Censequently ene of
the avenues tackled in this respect was feeding the plant te
aninals,amd a number ef trials have been cenducted in differe—
nt countries te test the feasibility ef using the weed as a
feed. When waterhyacinth was fed with a lew quality reughage
to cattle (Chatterjee and Hye 1938) the animals lest weight
(28 te 66 1bs) and enly after linseed cake was added te the
ratien did the animal's cenditiens start te impreve and gains
in weight ebtained. The results indicated clearly that waterh-—
yacinth feeding is dependent upen its supplementatien with
feedstuffs rich in pretein. This was cenfirmed by Hessain
(1959) whe reperted less in weight and diarrheea in amimals
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fed on waterhyacinth alene and imprevement im the cenditienm

of these animals when seme cakes were fed. Leesli et al. (1954)
attributed the lew feeding value ef waterhyacinth te its high
water centent and advised against its use alene except im the
case of very scarce feed supply. Kamal and Little (1970) werki-
ng in the Sudan reperted several pessible ways and means fer
its utilizatien. These ranged frem its uses as animal feed eor
mulch fer weed cemtrel in cetten aund herticultural creps, te

its pessible use as cempest. Chalmers (1968) carried eut a
preliminary study ef the nutritive value eof waterhyacinth in
this ceuntiry and cencluded that it is cemparable te many ef the
lecal hays and straws, se far as its crude pretein centent (en
dry matter basis) is cencerned. She alse, suggested, that ensi-
ling the weed weuld net be & sound prepesitiem because of its
high meisture centent which appreaches 90 per cemt. Furthermere,
she reperted against the pessibility ef pelleting dried hyacim-
th prier te feeding, and seemed te be in faveur ef grazing the
hyacinth in the fresh ferm by allewing Livesteck, mainly cattle,
direct access te the areas where the weed ceuld be foumd.

The present series ef studies has been planned with the
ebjective of making a precise evaluatien ef the nutritive value
of waterhyacinth under the Sudan cenditiens, and ef studying
the pessibilities ef its use alemne, er with ether feeds, in
feeding ruminants during the dry seasen.

MATERIALS AND METHODS

(A) Digestibility trials :

Four rams (Sudan Desert Sheep) abeut twe years of age and
weighing between 68 and 74 lbs were used in the present study.
The rams were fitted with harnesses and bags, fer faeces celle-
ctien, and allecated randemly inte twe greups befere being
heused individually in digestibility crates designed fer urine
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cellectien. Drinking water was made available all the time.

Waterhyacinth, fer feeding te the rams, was obtained
fresh every merning frem the banks ef the White Nile at about
3 kilometers seuth ef Jebel Aulia Dam. This cellectien site
was chesen because it had never been sprayed with 2, 4-D and
because of the unifermity ef the waterhyacinth stands. The
material fer all the seven digestibility trials was ebtained
frem the saume place.

Fellewing the precess of cutting, the plant material was
carted te the experimental site and a randem sample of whele
hyacinth plants was taken fer betanical analysis. The material
was then randemly divided inte twe lets. The plants frem ene
lot were cut to separate the lamina frem the sheet. The eother
let was alse cut up,firstly the shoots being separated frem
the reets, secendly the sheets being chepped inte small pieces
each about 1-1% inches in length. Thus prier te feeding te the
animals the waterhyacinth was available in twe ferms : (a)
chopped lamina, (%) chepped shoet (i.e lamina + petiele). After
thereughly mixing,separately, each of the twe types eof waterhy-
acinth material, twe grab samples (eme frem each type), each of
500 gm were weighed and taken to the laberatery fer dry matter
determination. Immediately after this, twe samples, one frem
each type of waterhyacinth feed, each weighing abeut 5 kg, were
weighed inte separate bags. The weighed centent ef each sack
wae fed %o one ram. The chepped lamina pertiens were fed te one
greup of rams and the chepped shoet was fed te the ether greup.

Each experimental peried lasted fer 10 days in which ne
faeces er urine cellectiens were made. The length eof the preli-
minary peried was chosen te ensure the adaptatien of the anima—
1s te the harnesses, bags and crates, and the rumen micre-erga-—
nisms te the feed being consumed by the animal (Lleyd, Peckhan
and Crampten 1956). Feed was offered ad. libitum at 8.00 a.m.
Feed residues were cellected-just befere feeding at 7.30 a.m.-
dried, weighed and the ameunt deducted frem the dry matter
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weight of the feed effered. Daily subsamples ef feed being
offered and residues eof each sheep were treated in a manmner
gsimilar te that described by Osman and Denaseury (1963).

Urine and faeces frem each animal were cellected separately
every day at 7.30 a.m. and treated in a mauner similar te that
described by Abeu Akkada and el-Shazly (1965).

Feed and faeces were analysed accerding te the Metheds eof
Analysis eof the Asseciatien of Official Agricultural Chemists,
Anen. (1965). Tetal nitregen in urine was estimated by the
micre-kjeldahl methed described by el-Shazly (1958).

On the first day fellewing the end ef each experimental
peried (i.e the 1llth day), twe samples ef rumen liquer were
obtained frem each ram by means ef a stemach tube (Abeu Akkada
and Osman 1967). The first sample was coellected just befere
feeding (i.e 7.45 a.m.) and the second sample 3hrs after feeding.
After straining threugh twe layers ef gauze, the before-feeding
cellectien frem each ram was divided inte twe equal samples. One
sample was further subdivided inte twe pertiens. One pertien was
imcubated im vitre fer 1 hr with 1 gm ef dried and greund sample
of the feed being given (el-Shazly snd Hungate 1965). The other
portiemn, which was intended te act as a centrel, was incubated
in vitre witheut the additien of any feed. The gas evelved frem
beth imcubated samples was recerded at 5S5-minute intervals. The
total ameunt of gas evelved in 1 hr was then assessed frem the
regression equatien relating time te amount ef gas evelved. The
difference in gas preductien in 1 hr between the centrel and the
pertien incubated im vitre with 1 gm ef feed was then takem te
be prepertienal te the net grewth of rumen micre-~erganisms
(el Shazly and Hungate 1965). The secend samples ef the befere-
feeding cellectiens were kept in a deep freeze while awaiting
analysis fer the estimation of ruminal ammenia. Cencentratien ef
ruminal ammenia was determined by the methed described by Abeu
Akkada and el Shazly (1964, 1965). Bleed sample were alse ebtai-
ned frem the Jugular vein ¢f each ram befere feeding and 3 hrs
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after feeding fer determination of urea nitrogen cencentratien
by the methed ef Abeu Akkada and el-Shazly (1965%).

Statistical analysis were as given by Smedecer (1957).

(B) Peeding trials:

32 lambs (Sudan desert gheep) abeut one year eld and eof
welght varying between 50 and 59 lbs were used in the feeding
trials. They were divided randemly inte feur greups of eight
animals. The initiael weight of each lamb was ebtained affer an
evernight fast. This trial lasted fer eight weeks during which
the feur greups of lambs were randemly fed on one of the
fellowing feeds 3

(1) Fresh waterhyacinth; (2) Humra: this is a mixture ef
ilecal dried desert grasses ceompeosed mainly of Dactylectenium

segyptium, Scheenefeldia gracilis, Eragrestis pilesa, Aristida

funiculiate and Aristida sp. The material fer the trial was

collected frem an area abeut 5 kilemeters west of Jebel Aulia
Dam; (3) concentrate: this is a mixture ef 50 % berseem hay
(Medicage sativa) Arabiaa Strain, 30 % dura grain (Serghum

vulgare) and 20 % cotten seed cake.

The lst greup of lambs was fed waterhyacinth enly. The
second greup was given humra as the sele feed. The third and
feurth greups were fed watérhyaciﬁth plus the cencentrate, and
humra plus the cencentrate respectively. The reughages (water—
byacinth and humra) were effered ad. libitum te the feur greu-
ps while the cencentrates were effered te the third and feurth
greups at levels that were predetermined , im accerdance te
Merrism standards, te satisfy {the maintensnce requiremeunts for
crude pretein.

The lambs were accemedated in a shed. Bach animal was fed
individually with free access te drinking water and salt licks.
Reughages were chepped, thereughly mixed and e¢ffered te the
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lambs at 8.30 a.m. Cencentrates were effered at 5.00 p.m.
Residues were cellected every merming and the dry matter intake
ef each lamb was calculated using the precedure already eutlin-~
ed. Lambs were weighed at the end of each week te determime the
weekly change in Liveweight.

RESULTS AND DISCUSSION
(A) Digestibility btrials: |
1. Betanical analysis:

The betanical changes which eccurred in waterhyacinth
plants threugheut the seven experimental perieds extending frem
25 Octeber, 1970 te 15 April, 1971 are shewn in Table 1.

Table 1. Betanical smalysis of waterhyacinth threugheut the
seven experimental perieds

Perieds Petiele Petiele Leaves Lamina Lamina
length dry matter number dry matter area
(em) weight per weight sq. cm/

gn/plant plant gm/plant plant

lst.

25,10 - 2.11.71 36.9 18.5 T 8.0 154.0
2nd.

3rd. :

20,12 - 27.12.71 30.5 12.7 7 7.6 131.5
4th.

20’1 - 2701072 3102 12.3 8 4.3 12605
5the.

20,2 = 27.2.72 25.6 1l.2 8 4.9 123.5
6the.

2043 = 27.3.72 20.3 11.1 7 3.7 109.5
Tth.

1504 b 2204072 1305 1.0‘5 8 3.2 9145
Mean 27410 12.83 5460 123.78
S.E. (%) 2.51 1.02 0.77 12.21
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It is clear that petiele length and weight as well as lamina
weight and area decreased centinueusly frem the first peried
teo the seventh peried. The laminae number varied frem peried
to peried but it did net shew any systematic change with time.
The eptimum vegetative grewth rate of waterhyacimth eccurred
during the peried frem Octeber te December while the lewest
grewth rate was during the menth eof April.

The gradual decrease in the vegetative grewth rate is an
explicable phenemenen because October, when the first experim-
ent was cenducted, is the time ef the year when preliferating
luxuriant plants are carried by river current, aided by seuth-
"ern winds, te Jebel Aulia Dam area. Frem Octeber eonwards,
gradual retardatien in grewth rate occurs partly as a resuli
of the piling up ef the plants inte & thick mat seuth eof the
Dam, and partly due te the onset of the celd weather. During
the March-April peried, which censtitutes the peak ef the dry
peried, the plant usually fades and dries eult. By the beginni-
ng of the rainy seasen the weed starts te fleurish again.

2. Chemical compesitien:

The dry matter centent ef waterhyacinth was found te vary
frem 10-18 per cent in the lamina and between 8~14 per cent in
the sheet. Similar results were rcperted by Chalmers (1968).

The chemical cempesitien ef the lamina and the sheet thr-
ougheut the seven experimental perieds are shewn in Table 2
(po 111). The pretein and ether extract contents ef the lamina
were higher than these ¢f the sheet and the highest percentag-
es of pretein were ebtained during the 6th and Tth perieds—the
time of minimum vegetative grewth rate. Om the ether hand the
sheet was richer than the lamina in crude fibre and nitregen
free extract. One of the étrikiﬂg features ef the cempesitien
of this aquatic plant was its high ash centent which was high-
er than that usually enceuntered with the mere comventienal
feedstuffs. ]
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Results im Table 3 (p. 113) dememstrate the statistical
analysis en seme of the results already presented. It is shewn
that the cerrelatiem ceefficient between lamina dry weight and
lamina area was sigmnificant (r = 0.83). This meams the bigger
the area, the greater the dry matter cemtent in the lamina.

The cerrelatien ceefficiemt betweer lamina weight en dry matter
basis and the lamina crude pretein shewed a sigumificant nmegati-
ve cerrelatien (r = - 0.68). Ne significant cerrelatien was
ebtained between the lamina dry weight as a prepertien ef the
tetal dry matter weight ef the sheet amd the lamima area. On
the ether hand highly sigmnificant megative cerrelatiem was ebt—
ained betweem the lamina dry weight as a prepertiem ef the dry
weight ef the whele sheet and the lamina crude preteim centent
(r = 0.82), This shews that the bigger the lamima area per
plant, the heavier was the dry matter cemtemt, but the lewer
was the crude pretein centent.

3, Nutritiemal value

Dry matter imtake values frem beth lamira and sheet threu-~
gh the 7 experimemtal perieds are givem in Table 4. (p. 114).
The imtake frem the lamina was higher than that frem the sheet.
The lew imtake frem the sheet was due te its higher meisture
centent which limits the ameumt ef dry matter that cam be cems-~
umed. The results shew that lew dry matter imtake levels de
parallel with the perieds ef high meisture centent im beth lam-
ina and sheet.

The results eutlined im Table 5 (p. 115) shew a higher
erganic matter digestibility fer the sheet tham the lamina. The
digestibility ef the preximate censtituents ef the sheet alse
shewed higher values im cemparisem te that ef lamina. Beth lam~
ina.snd sheet had shewa their highest digestibilities during
the third, feurth amd fifth perieds, the time ef eptimum veget-
ative grewth ef waterhyacinth.
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The high digestibility ceefficients ebserved with all
ingredients ef the sheet cempared te that im the lamima can
net be explaimed en the basis of crude fibre centemt which
was higher im the fermer fthan the latter. The high fibre
centent ef the sheet sheuld have resulted in lewer digestibil-
ity values fer its centemts tham that ef the lamina, a fact
centrary te what had been ebtainmed. Im this respect eme sheuld
net, hewever, lese sight ef the prevailing lew dry matter imt-
ake frem beth types ef feed which might have resulted im this
unexpected result.

Table 6 (p.ll7) represents the results ef the im vitre
rate of fermemtatien, chamges in cencentratien ef ruminal amm-
enia and bleed urea as measured just befere feeding and 3 hrs
after feeding enm lamina and sheet ef waterhyacimth threugheut
the 7 experimental perieds.

The velume of gas preduced by a lamina substrate was
greater tham that preduced frem a sheet substrate. The greater
in vitre rate ef fermemtatiem resulting frem the lamina in
cemparisen te the sheet (Fig. 1), which is taken as an expres—
gsien eof the met grewth ef rumem micre-erganisms (el—-Shazly and
Hungate 1965), is an indicatien ef the mere efficiemt utiliza-—
tien ef preteimr degradatien preducts ef the lamima by rumimal
micre—erganisms.

Te explain this ebserved differemce betweenm the lamina
and the sheet with respect te im vitre gas preductiem rate,
the cerrelatien between the nitregen centent ef the lamina
expressed as a deviatierm frem the nitregen cemtent ef the she-
et, and the velume ef gas preduced by the sheet was examined.
The cerrelatien ceefficient ebtaimed was megative (r = = 0.58)
and net sigmificant. This finding made it difficult te attrib-
ute the ebserved differences in gas preductien breught abeut
by the lamima and the sheet te the differemces in their prete-
in centent.
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Fig. 1

In Vitro Rate of Fermentation
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The changes in the cenmcentratien ef ruminal ammenia expre—
ssed in mgN/100 ml as measured just befere feeding amd 3 hrs
after feeding, was significantly higher (P 0.001) fer the lam-—
ina than the sheet (Table 7). As the rate e¢f wmmenia preductien
in the rumen depends mainly em the degree ef selubility ef pre-
tein (Lewis 1960; Amnisen 1956; el-Shazly 1958; lic Denald 1962),
it was cencluded that the lamina had mere seluble pretein than
the sheet. This high seluble pretein centent ef the lamima in
cemparisen with that ef the sheet was alse reflected im the
digestible crude preteim which was alse feund te be higher fer
the lamina Table 8 (p. 119).

Table 7. Mean squares fer im vitre rate ef fermemtatiens,
changes im ruminal ammenia and bleed urea.

Seurce ef variatien in vitre gas preductiem ; Rumimal Bleed

ammexnia urea

he 29 80 0p B2 08 60 o
P W s 20 o0 ve 20 aufs

Between perieds 1.08%x% 0.01%%x  0,29%x

Between feeds (i.e 6 o4 8%xx% 0.50%%% 3 ,61%%
laming and sheet)

#% Significant at P = 0.01
% %% " W P = 0.001

The present study alse shewed that bleed urea levels were
sigrificantly (P~ 0.001) higher em feeding lamina than en
feeding sheet. This result was in agreement with the ebservati-
ens made with ruminal ammenia, since ruminal ammenia cencentra—
tivins were feund te be paralleled by similar changes in bleed
urea cencentratiens (Abeu Akkadas wad Osman 1967).

The nutritive value was expressed in terms ef nifregen
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retentien, digestible crude pretein and tetal digestible
nutrients (Table 8). The nitregen retentien values, expressed
as a percentage of the tetal nitregen censumed were gemerally
higher with the lamina than with the sheet and the difference
between the twe was highly sigrificamt (P.+0.001, Table 9).
This finding was in accerdance with the expectatien which was
based en the lamina higher level ef intake and pretein centent.
Hewever, whem examining the present results im the light ef
what had been reperted by Abeu Akkada and Osman (1967) that
nitregen retentien was negatively cerrelated te ruminal ammenia
and bleed urea cencentratiens, ene ceuld metice the discrepancy
between the twe observatiens. This lack ef agreement between
the results ef the present werk and these of the latter authers
could have regsulted frem the fact that the waterhyacinth is
different frem the feedstuffs (legumes) upen which their deduc-
tien was drawn.

Table 9. liean square cempenents fer nitregen retentien, digest-
ible crude pretein and tetal digestible nutrients fer
seven perieds between lamima ard sheet.

i i

N-retentien ! Digestible } Tetal digest-
! crude preteinm } ible nutrients
2 2

Seurce ef variatien

e e 00 00 02 s )

Between perieds 6o T4H%x 12.,12% 528 38%%x

Between feeds 36 46%%x% 6.17N.s. 1044 21 %%x
(i.e lamina & sheet)

* Significant at P
%* %% " " P

0.05
0.001

Neg. Not significant

The lamina was alse superier te the sheet im terus eof
digestible crude preteim. The lewest values of digestible
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crude preteirn were ebtained im the third peried which was

alse the peried when the nitregen centent ef the lamina was
lewest. The values ef tetal digestible nmutriemts (TDN), were

en the ether hand sigmificantly higher (P> 0.001) in the sheet
than im the lamina (Table 9). This high TDN value ef the sheet,
cempared te lamina, may be attributed te its higher fermemtable
carbehydrate centent; a prepesitien that cam be cenrfirmed by
the fact that the highest TDN values in the sheet were ebtained
in the feurth peried when the nitregem free extract was at its
maximum.

(B) Feeding value:

The results ef this werk imdicated clearly that waterhyac-
inth ceuld net previde the eptimum nutritiemal requirememts fer
the animals, partly due te its lew pretein cemtent and partly
due te its high meisture centent. These facters made it diffic-
ult fer the animals te censume a sufficient ameunt of dry mait-
er te satisfy their nmutritienal meeds. Fer this reasen, the idea
ef utilizing waterhyacinth as a supplement arese and se it was
fed alene or in additiem te & cencentrate. These twe precedures
of feeding were cempared with feeding humra alenme er humra
supplemented with cencentrates.

It is evidemt frem Table 10 (p. 122) that the lambs en
waterhyacinth alerne censumed the least ameunt ef dry matter,
digestible crude pretein and tetal digestible mutrieants, which
were far belew their maintenance requirements. The ameunt cens-
umed by the 2md greup (i.e humra alene) was alse belew the ani-
mal's maintenmance requirements. The third and feurth greups
which were givem cemcentrates im additiem te reughages were en
the ether hand previded with ingredients im excess of their
maintenance requirements.

At the begimning ef the feeding trial, each greup ef anim—
als censisted ef eight lambs. During the eight weeks peried,
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the lambs im the lst greup died. Their deaths started im the
3rd. week till the begimming ef the last week, when neme ef
the lambs im this greup were alive. The lambs ef the 2nd gr-
eup (em humra) alse lest weight cemtimueusly while the third
and feurth greups (i.e. reughages plus cencentrates greups)
were gaimimg threugheut the trial.

The deleterieus effect resulted frem feeding waterhyac-—
imnth alene may be due te its lew palatibility which is imdu-
ced by its high petash cemtent (Hessain 1959) and the imcid~-
ence of diarrheea that affected the animals frem the 3rd
week ef the trial. Hessaim (1959) attributed the imducement
of diarrheea te the high alkali and the high meisture perce-—
ntages. Waterhyacinth supplemented with a cemcerntrate gave
satisfactery results as shewn by the perfermance eof the 3rd
greup ef lambs Table 11 (p. 124). This fimding indicates the
impertance ef feeding waterhyacimth with a preteim rich
supplement as has alse been demenstrated by Chatterjee (1938)
and Hessain (1959). The feurth greup, which was fed en
humra and cencemtrates, perfermed best.

I% can be cemcluded frem this werk that beth waterhyac-
inth and "humra" are very peer guality reughages that can
net be fed as the sele feed te ruminanmts. Cemsequently it is
legical te recemmend feedings beth reughages, enly tegether
with ether cemstituents, which are rich im pretein and high
in dry matter cenmtent in case of waterhyacinth. If ene has
te choese between humra and waterhyacimth§ ene weuld ne
deubt recemmend "humra". Feeding waterhyacinth te replace
"hunra" ceuld be ¢f special value aleng the banks ef the
White Nile, particularly im the dry seasen and years ef lew
rainfall when the grasses are scarce.

Ia trying te feed waterhyacinth, attempts must be made
te impreve the imtake level. This ceuld be derne by sprayiang
it with melasses after leaving it te wilt, er after drying
and grimding. The grimding ef the dry material is essemtial

-]2 3=



*TETI) oUy Jeo sioem USTe oYy Je

yoes

Sutanp dnexF yoe® ®WT sqUET JO JdqUMW S dIT SI8NOBIQ WeIMISq SBINTTJ

(8) Lt®0 + (8) 8€°T + (8) 621 - (0) - Yoom °U1Q
(8) €T°T + (8) 29°0 + (8) €9°T - (2) 06°T =  oam °yslL
(8) LE°T + (8) &L°0 + (8) &L*z - (€) 00°z =  ®em °*u3Q
(8) £T°¢ + (8) 6L*0 - (8) 29°T - (¥) GL°C =  eam *uU3g
(8) 0¢*z + (8) GL°€ + (8) 29°T + (¥) G2°0 =  eem °usy
(8) g€*2 + (8) ¥2°0 + (8) Gz2°0 + (9) LT°€ =  ¥eem °pag
(8) os°2 + (8) 00°T ¥ (8) 6¥°0 - (8) 00°0 HoeM *DUZ
(8) €1°€ + (8) 8€°0 3 (8) 09°€ + (8) 06°0 =  eem °asT
dnex8 st w dnex? pag W dnex3 pwmg m dnexs asT w L L LT

(AT dneal Je] me3BIuMB0HMeD

snTd eaumy pue TTY dnexf xeI saszmrsmeowmeo snTd myuwioely ‘11 dnex?
JeI raumy ‘T dnexS xeI yswmrTomfyuxssqem ‘psisige spesl) sisem UTTe
JeI eem asd prey geod squeT Je (*=aT) =3uSTem uT efuweyd 8FeJeAy °*TT oTA®]

=124~



@8 the dried waterhyacinth is extremely teugh te be cesmsumed
witheut any further precessing. Further werk is planwned te
investigate the use eof urea and melasses im enhancimg the
nutritive value ef waterhyaciath.
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UTILIZATION OF WATERHYACINTH (EICHHORNIA CRASSIPES)
AS MULCHING MATERIAL

BY

A.T. ABDEL HAFEEZ
Department ef Herticulture,
Faculty ef Agriculture,
Shambat, Sudan

INTRODUCTION

The appearance ef waterhyacimnth in the White Nile was
first reperted im 1958 by G.V. Wickrama and P.A. Gay. The
plant in 1960 infested an area ef 1,000 miles ef the White
Nile including the stretch frem {uba te Jebel Aulia Dam, the
whele length ef the Sebat River imd Bahr ez Zeraf and many
of the side lakes and tributaries especially im the 'Sudd’
region (Heinen and Ahmed 1964).

A few menths later big quantities ef the plant accumula~-
ted in Jebel Aulia Dam ferming a thick carpet. Abeut 50 mill-
ien tens ef the plant material were remeved annually frem the
river. This quantity ef plant material represents appreximat-
ely a hundred milliemn peunds ef nitregem that ceuld be recev—
ered and used prefitably. A preject between the Republic ef
Sudan and United Natiens Organizatien was imitiated fer erad-
icatien and utilizatien ef these huge quantities ef this
plant material.

Thig centributiem describes the utilizatien ef dry wate-
rhyscinth as a mulch that affects weed coentrel and seil
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meisture reservatien.

MATERIALS AND METHODS

A thereughly infested area with sedge (Cxperua retundus)
was chesen. Feur gquantities ef 0, 20,40 and 60 kilegram ef
the plant material per plet (3 x 3.7 m.) were applied and
replicated thrice im ramdemized blecks desigmn. The mulch was
then left umdisturbed fer three weeks after which it was
remeved and ebservatiens were made.

(a) Weed cemtrel

Randem samples of 20 uniferm seund sedge tubers were dug
frem each plet at the emd ef the experiment. The tubers were
then planted in dishes, daily ceumnts were made ef the nmumber
of tubers that gave visible leaves. The time required fer 50 %
of the tubers te spreut was estimated.

Leaf length was alse measured daily fer a peried ef twe
weeks amd the meam grewth rate per day was calculated (Table
ledo

Table 1, Number ef days fer 50 percent spreuting and the mean
grewth rate ef leaves ef sedge subsequent te mulch

$reatments.

Treatment Mean days te 50 lMean grewth rate
percent spreut- (mm per day)
ing

Centrel (me mulch) 6.56 5.20

20 kgmo, per plet 6,52 5.00

40 kgm. per plet 8.00 3.10

60 k@no pﬂr pl‘t 9025 3000
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The visible effect ef the mulch en the sedge was remarkable.
The intensity ef smethering (burning) was marked and increased
with increase in the mulch material per unit area. Om the ether
hand penetratien eof the grass leaves up the depth ef the mulch
decreased with increase in the mulch material. The time requir-
ed te 50 % spreuting increased with inmcrease of the mulch quan-
tity and the mean grewth rate was very much reduced with iuncre-
@se in mulch material.

These results were due te the imsulating effect of the
mulch causing lack ef light. The slew rate ef regemeratien ef
leaves was due te the relatively less foed stered in these
tubers because of the burning ef the teps.

(b) Seil meisture reservatien

Seil meisture content was determined at three seil depths
namely O-3, 6 and 12 inches. Samples were taken frem each bleck
twice per week fer a peried eof ene menth using the standard
Gravimetric Sampling methed.

Table 2. Effect of the mulch en %@il meisture reservatien at
different seil depths.

(per cent meisture)

Treatment i Seil Depth (inmches)
g__
! Surface (0-%) 6 12
3
Centrel (me mulch) 14 .78 15.01 21.11
20 kgm per plet 17.25 20.87 22425
40 kgm per plet 22435 22,36 23.89
60 kgm per plet 22 .07 25.94 26,24
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Table 2. shews that the ameunt ef water kept by the
s0il was pesitively cerrelated with the weight ef mulch appli-~
ed per plet. The effect being mainly due te reductien ef evap-
etrauspiratien. The meisture centemt at the seil surface (0-%
inch) was imcreased by abeut 33 % when applyimg 60 kgm ef the
mulch material per plet. At the depth ef 12 imches the variat-
ien in meisture centent betweer the cemtrel amd 60 kgm was
" small cempared with that ef the surface, this is mainly becau-
s¢ the upper surfaces were expesed te mere evaperative cemdit-
iens and alse they acted as self-mulching te the lewer surfac~
@S,

(¢) Plant amalysis

The waterhyacinth was analysed fer P, N, KX and Ca centent
and this was cempared with ether plant materials. Table 3.
shews that the waterhyacimth has high phespherus (P), average
nitregen (N) snd petassium (K) and peer calcium (Ca) cemtent.
Because of the high centent ef phespherus vegetable grewers im
the White Nile area, where cemsiderable ameumts ef the plant
material are remeved frem the river, may use the sundried
plant material as mulch amd the ash as a seurce ef plant feed.

Table 3., Chemical analysis ef the plant material

3
Plant Material H Per cent

b

3

1 P N K Ca

b3
Waterhyacinth* 0.42 1.03 1.81 0.02
Alfalfa 0.24 2.37 2.05 1.47
Barley 0.23 1.17 . 1.35 0.26
Herse~bean (straw) - 1.38 - -

1
i

¥ Our ewn amalysis. Seurce ef ether data is Feeds and Feeding
by Merrisen.(1951).
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CONCLUSIONS

Results ebtained shewed the pessible utilizatien eof dried
parts of waterhyacinth plant as mulchimg material fer weed
centrel, seurce ef feed fer plants aud an effective means feor
evapetranspiratien reductien.

REFERENCES

Heinen, E.T. and Almed, S.H. (1964). Waterhyacinth Centrel en
the Nile River, Sudan. Inferm. Pred. Cemnter, Dept. ef
Agric., Kharteum.

Merrisen, F.B. (1951). Feeds and feedimrg. 2lst ed. Ithaca,
New York : The Merrisem Publishing Cempanmy.

-132~



SOME EFFECTS OF EICHHORNIA CRASSIPES (MART.) SOLMS
ON THE PRODUCTIVITY OF THE WHITE NILE

BY
A.I. EL MOGHRABY

Hydrebielegical Research Unit,
University ef Kharteum, Sudan.

Knewledge ef successive medificatiens ef water charact—
eristics is essential fer many aspects ef river bielegy.Very
few studies alemg these limes, were made em the Nile; +the
mest impertant ef which are these by Tallimg (1957) and
Bishai (1962).

It will be nmeted that the first ef the abeve twe studi-
es oen water characteristics ef the White Nile was umdertaken
a few years befere waterhyacimth became emdemic em the Nile,
The secend was undertakem with the view ef assessing the
impact ef the waterhyacimth invasien en the preductivity ef
the Nile.

Thakaim ef the presemnt study is twe~feld : a cemprehen~
sive assessment of water characteristics eof the White Nile
and its tributaries, and a cemparisen ef the present mew
data with these ef Tallimg (1957), Bishai (1962) and ethers;
te discever, the leng term impact, if any,ef the waterhyaci-
rth en preductivity, 16 years after its imfestatien of the
White Nile., The cemparisen is made with respect te spatial
successien ef water characteristics and lengitudiral succes-
sien ef zeeplamktem as the criteria imdicatimg the change in
the White Nile ecesysten.
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The data presented are based en surface samples cellected
frem free flewimg water alemg the White Nile betweern Juba and
Jebel Aulia Dam, a distamce mearly 1800 kilemeters. Samples
fer zeeplankten ceunts were cellected simultameeusly. The
analysis ef the physice—chemical preperties ef water was carri-
ed eut by the stamdard metheds described by Mackreeth (1963).

A cemprehensive descriptiem ef the Nile Basim cam be feund
in the classic werks ef Hurst (1950, 1952), Hurst amd Phillips
(1932) amd mere recemtly by Hammertem (1972). The Histery ef
infestatien of the Nile by the waterhyacimth is givem by Obeid
and Tag El Seed (1973) tegether with the ecelegy ef the weed,
its repreductive strategy amd the metheds ef cemntrel (Tag El
Seed amd Obeid 1973, 1975).

SPATIAL SUCCESSION OF WATER CHARACTERISTICS

River Sebat, Bahr el Ghazal and Bahr el Zeraf were the
tributaries studied (see Map 1l). The imfluence ef amy tributary
depends en its characteristics amd the velume ef water cemtrib-—
uted te the maim chammel. The maim features ef the lengitudimal
successien of water characteristics alemg the river are shewn
in Table 1 (p. 135).

The water characteristics ef Bahr el Jebel befere entering
the 'Sudd' are best represemted by the statiem at Gummeiza.
Durimg the passage ef water threugh the swamp, as it dees aleng
Zeraf, significant medificatiens take place. The effect is an
inmcrease in the tetal disselved salts (shewa by values fer cem-
ductivity) amd im the cemcesmtratiens ef calcium, magmesium,
sedium, petassium and silicem. Phesphate, em the ether hawnd, is
depleted im the swamp while pH, mitrate-nitregen and mitrite—
Bitregen remaim mere er less uamchauwged. The imcrease might be
attributed te the imcreased rate ef evaperatiem im the swamp.

This agrees with the fimdimgs ef Tallimg (1957) except
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that values fer pH and disselved exygem did met chamge while
these fer silicem shewed ar imcrease. This might be attributed
te imstability im lecal cemditiens im the river, er the time
of samplimg but is rather difficult te cemceive as beimg due
te the imvasiem by waterhyacinthe.

The cemtributien ef Bahr el Ghazal in terms of amwual
discharge is met very sigmificamt., It is im the magmitude ef
0.6 x 10° m> (Hurst amd Phillips 1932). Nevertheless, the study
of its water characteristics is very impertant simce it is the
exly majer tributary which{haswnot been successfully iavaded by
waterhyaciath.

Bahr el Ghazal amd tributaries shew (Table 2 p. 137) dist-
imctive physice—~chemical preperties, mamely high cenductivity,
pH, alkalimity, calcium, magnesium, sedium, phesphate, nmitrate~
nitregen, mitrite-mitregem amd silicem. This agrees with the
tremd feumd by Bishai (1962) altheugh he gave higher values fer
disselved exygem, alkalirity awd {tramsparemcy amd lewer values
fer cerductivity, pH, mitrate-mitregem, phesphate and silicate.
These differemces might be attributed te seme lecal medificati-—
on like miximg with swamp water er seasem ef samplimg but it is
ukmlikely that they have much bielegical siguificaance im the
river.

The imcrease im the values fer pH and disselved exygem aud
decrease im cemductivity, slkalimity, sedium, petassium, phesp~-
hate, nitrate-mitregen, mitrite-mitregen and silicate at Lake
Ne is prebably due te the imcreased phetesymthetic activiity ef
the rich phyteplamktem flera (Tallimg 1957; Gremblad et al.
1958) .

The secend series ef results, based em samples cellected
during Jume~July 1975, imdicate a prefeumd tremd ef lemgitudim-
al medificatien inr the physice—~chemical characteristics ef this
tributary. This is shewn by the imcrease im values fer pH, cem-
ductivity, alkalimity,calcium, maguesium, sedium amd silicen
and a decrease ir petassium awd phesphates tewards Bemtiu em
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Bahr el Ghazal, This ceunfirms the imfluence ef the water
certributed by swamps and the rele ef phyteplamktewnic activity.
It alse reveals seasenal amd amuual fluctuatiens im cenductivi-
ty, alkalinity, sedium and silicen.

Due te the small discharge ef Sebat at the time ef sampli-
ng, enly slight medificatiens ir the water characteristics ef
the main stream ef the river, helew the jumctien, are neticed
(Table 1). These are : decrease in values fer tramsparemcy,
@lkalinity, calcium, magmnesium, sedium, petassium, ritrate-mnit-
regen, and mitrite-nitregen amd an increase im fthe value fer
gilicate iems. The physice-chemical preperties ef Sebat agree
with these eutlimed by Tallimg (1957) amd Bishai (1962) except
fer miner differences, especially fer cemductivity and exygen.

The water characteristics ef Sebat and twe ef itse tributa-
ries, (Piber amd Akebe) are shewa in Table 3 (p. .139). The
table reveals that medificatiens ftake place alemg the tributar-
ies ef the River. This is shewa by arn everall inmcrease in the
ceucentratiens ef the varieus iems and the drep im the cemcemi-
ratien of the mitregen iens.

The Jebel Aulia Heserveir.

Tallimg (1957) and Bishai (1962) have beth reperted am
increase in pH @nd the disselved exygem cemtent im the Jebel
Aulia reserveir. A cerrespesndimz decrease was neticed fer cend-
uctivity, tramsparemcy, aitrate-nitregen, ammeria, phesphate
and silicate. This was mest mefticeable im the last 50 kilemete-
rs abeve the Dam, while alkalinity imcreased im that regiem.
Bighai (1962) attributed the depletien ef mitrate-mitregem te
its uptake by the waterhyacimth.

The presemt results shew fluctuatiens inm physice-chemical
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Table 3. The water characteristics ef River Sebat, Piber

ard Akebe durimg April-Jume 1973

River Sebat River River
(abeve Kher Piber AkeDbe
Fullus)

date of samplimg 1.5.73 (7;5973k 7-5.73
temperature (°C) 28.6 - -
pH 7.6 8.1 8.1
transparency (m) 0.3 - -
cenductivity ( mhe/cm) 76 130 130
alkalinity (m-~eq/1) 12 25 25
disselved exygem (mg/1) 5¢5 - -
calcium (mg/1) 10.2 13.1 13.1
magresium (mg/1) 3.9 8.0 6.1
gsedium (mg/1) 5e2 5 +0 540
petassium (mg/1) 243 65 6.3
phesphate (mg/i) 1.330 0.088 0.088
nitrate-nitregen (mg/l) 0.05 0.15 0.20
nitrite-nitregen (mg/1) 0.001 0.003 0.004
Silicen (mg/1) 20,0 12.5 5.0
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preperties tewards Jebel Aulia reserveir (Table 1). Seme ef
these persist enly shert distances dewmstream and may therefere
prebably be due te lecal cenditienms. Imcreases im the disselved
exygea, pH, petassium, sedium, silicate and magmesium and the
decrease ir aitrate-mitregen, mitrite-nitregen, phesphate, alk-
alinity awd cemductivity are apparent at Abu Hugar (72 kilemet—
ers abeve the Dam.)

The values givemn; im the presemt study, fer pH, disselved
exygen, trassparency, alkalimity awd silicate are higher tham
these givem by Tallimg (1957); while these fer phesphate and
nitrate-mnitregen are lewer. Omn the ether hamd cemductivity
remains unchanged.

This gives a further dimemtien te the suggestien ef Bishai
(1962) that the trend ef spatial medificatiem ef water charact-
eristics is still preserved after the invasien ef the river by
waterhyacinth, whese enly effect em the White Nile ecesystem
appears te be the depletien ef mitrate-mitregen (im additien te
nitrite-nitregen aud phesphate iens). This is im agreement with

Gessest and Nerris (1971) whe feumd waterhyacinmth te deplete

nitregen and phespherus frem the ecesystem "te the extent that
it steres excess ef these elements im the fleats".

THE ZOOPLANKTON

Critical knewledge abeut the preductivity ef the White
Nile is s%ill lacking. The enly data em the lemgitudinal succe~
ssiem eof zeeplankten are these givem by Memakev (1969) amd
Rzeska (1973).

Recently, samples ef zeeplanktesn were takem with a PFriedi-
nger (Luzern) sampler ef twe litres capacity frem surface, mid-
dle aud bettenm levels at midstream. All samples were takem frem
free flewing water. Qualitative samples were takem with standa-
rd zeeplankiten mets supplied by the Freshwater Bielegical Asse~
ciatien, Widermere. Species ef zeeplankten were ceumted separa-
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tely ; Jjuveniles smd nauplii were net separated.

River plankten

The lake seurces ef the White Nile are rich im zeeplaumk-
ten (Greemn 1971). Thirty ene species ef Cladecera have been
recerded frem lakes Victeria,Albert and Kyega im additien te
seven species ef cepepeds and feurty eight ef Retateria. Den-
sities ef mere thaam 6,000 individuals/m3 are unet imfrequenmt.

These pure asseciatiems ef plamkten are apparently dest—
reyed in the falls and rapids befere reachimg the Sudam plai-
ns. Wher the river emters the "Sudd" regiem it carries
traces of plamktem and is rich im detritus. Rzeska et al.
(1955) suggested that these itraces im the ferm ef "survivers
and resting stages" may cemtribute te the slew buildup furth-
er dewasiream. Rzeska (1973) gave a list ef crustaceam speci-
@8 that mever reach the Sudam. This is met an unusual phenem-
enen im Africam rivers e.g. the Blue Nile (Tallimg & Rzeska
1967; E1 Meghraby 1972).

Features ef the distributien ef zeeplankten are shewa in
Table 4 (p. 142).

Ne evidence fer restimg stages er survivers was feund im
Bahr el Jebel abeve Shambe. Pure asseciatiens ef lMeima dubia
(Guermey and Richard) amd Mesecyleps leuckarti (Claus) were
feund in the river belew Shambe. Centrary te what Rzeska
(1973) suggested, there was nre evidemce im the presemt data
of repreductiem. Rather the zeeplankitem, feuad, weuld have
drifted frem the rich fauma in the lageens ard marginal vege-
tatien in the 'Sudd' regiem. The curremt, im this stretch is
tee swift te allew the creatien ef mew genmeratiems im the
ruaning water itself.
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Pable 4. The lemgitudinal successien ef zeeplamkten im the
White Nile, durimg April-Jume 1973

Sampling statien Distamce frem Zeeplankitem  Remarks
Kharteum (km) (mes./1 m3)

Juba 1762 0 On Bahr el Jebel

Gummeiza 1697 0

Bahr el Gedid 1562 0 im the 'Sudd'
regien

Shambe 1374 700

Adek 1169 1400 in the 'Sudd!
regien

Wath Wang 915 600 en the White
Nile

Belew Attar 849 1750

Belew Sebat 830 0

Ren 635 0

Reuk 482 500

Geda 343 ’ 200 within the infl-

usnce ef the Danm
Shawal 262 13600
Hashaba 198 12250

Abu Hugar 72 49500 in Jebel Aulia
' Reserveir
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Accerding te lenakev (1969) the marginal vegetatien
supperts a rich fauna. He ceunted eleven crustacean species
and several retifers im additien te water imsects and their
larvae. He feund that the biemass ef Entemestraca was 10-100
feld greater betweem the fleating mats ef waterhyacimth than
in the epem water.

The sign ef buildup ef pure plamkien, further dewnstream,
is indicated by fimding a larger mumber ef imdividuals and
species. Hewever, the zeeplasnkiten remaims thiam and meneteneus
fer a leng distamce dewustream. Species feund at Geda are
Ceriedaphnia dubia (Richard), Ceriedaphnia cermuta (Sars = ri-
gaudi Richard), Meima dubia, Mesecycleps leuckarti amd Therme—
diaptemus galebi (Barreis). It is werthwhile meting that there

are me mauplii er retifers im this stretch ef the river.

The dributaries

I did net fimd any zeeplamktenm in samples cellected frem
RBahr el Zeraf altheugh limmelegical cemditienms are similar te
these im Bahr el Jebel.

The siew—~flewing Bahr el Ghazal is the richest tributary
in zeeplankten. Meima dubia, Mesecycleps leuckarti, Diaphenes—
ema excisum (Sars) being the mest abumdamt species. Thermecy-
cleps Beglectus (Sars), Thermediaptemus galebi amd Ceriedaphm~
ia cermuta were feund, im additien te mauplii amnd the retifers
Asplanchana brightwelli (Gesse) amd Brachiemus guadridemtatus
(Ehrb) .

The density ef zeeplanktem feuwd in lake Ne, 50 kilemete~
rs upstream em Bahr el Ghazal amd at Beantiu were respectively
17,000, 8,500 and 1,100 ergamisms per 1 mo. This agrees with
the lengitudinal tremd ef distributiemn eutlimed by Memakev
(1969) .

The zeeplamkten ef River Sebat is mere diverse altheugh
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less im quamtity tharn the mair chaunel ef the White Nile.
Maximum numbers ef zeeplankiten were always feumd im the
bettem levels ef the river. Meima dubia amd Diaphenesema

excisum were the mest abumdant species. Females carryiang
eggs were eften feumd,

The Jebel Aulia Resserveir

Breek amd Rzeska (1954) Rzeska, Breek and Prewse (1955),
Prewse and Tallimg (1958) and Menakev (1969) emphasized the
impact ef Jebel Aulia reserveir im emhancing plankten devele—
puert. The effect ef the reserveir extemds seme 350 kilemete—
rs abeve the dam and is mere premeumced im the lewer regien
of the reserveir. Im the lake—~like cemditiens demse pure pla-—
nkten was deminated by blue-~green algae and Cladecera. The
seasenal fluctuatiens im demsities ef planktem were clesely
cerrelated te the regime ef the reserveir,

Present data shew am increase im the erder ef 20-120 im
densities ef zeeplamkien ever these in the river upstream.
The main species feumd im erder ef abumdamce are : lMeina
dubia, Ceriedaphuia cermuta, Thermediaptemus galebi, Cerieda—
phuia dubia, Diaphenesema excisum, Mesecycleps leuckarti amd
mauplii.

Present data cempare numerically with these preseanted by
Rzeska (1968) and Memakev (1969). Nevertheless the data are
et enreugh fer the fermulatier ef cemcrete cemclusiens.

When cemparing data givew by Rzeska et al. (1955) with
these frem the reutine sampling; carried eut by the Hydrebie-
legical Research Unit, ef the plamktem experted frem the res—
erveir, it is evidert that a sigrnificamt decrease im mumbers
of Entemestraca has takem place (65 % ever the peried ef five
menths). Retifers have beceme imsigmnificamt im mumber. This
might partly be due te the emtanglement eof zeeplankien te the
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reets of the hyacimth (Yeusif 1974).

THE FISHERIES

The White Nile is quite preductive ef fish. There are
104 species belenging te 23 families amd 51 genmera ef fish im
the Nile. The taxememy and characteristics ef the fish fauna
have been described im detail by Beulemger (1907) ard Sanden
(1950) . Hewever, Statistics en fish petemtial, distributien
and ecelegy are still im the expleratery stage. Data available
frem several seurces (Bishai 1961; E1 Meghraby 1973) and frem
direct cemmunicatien with fishermen reveal that there is a
decrease in catch rates (umit effert per fishermam) in the past
few years. They attribute this te the imvasien ef the river by
waterhyacinth,.

As a matter ef fact the presence ef waterhyacimth has seme
faveurable effects en the life ef seme fish species. The water-
hyacinth at the margin ef the river andim khers amnd lageens
previde suitable shelter fer spawaing, ef such species as the
Nile Perch (Lates mileticus). The slew curremt with margimal
vegetatien and imgide fleating mats effers pretectiem te the
larval sud yeung stages ef fish., Zeeplamkten, which is the mainm
item ef feed at this stage, is alse available withim the reets
ef waterhyacinth,

On the ether hand, waterhyacimth seems te have am adverse
effect em the life ef ether fish species. Fer example Tilapia
niletica, which is a very impertamnt cemmercial species, digs
imte the bettem amd imcubates its eggs. Under thick mats ef
waterhyacinth inm khers amd lageens, accumulatiem ef decayed
reets which may'top up te several feet (Ham@ertym, persenal
cemmunicatien) leads te depletiem ef exygem. These umfaveurable
breeding sites affect the breeding petemtial ef this fish spec—
ies and leads te a é@m@ral reductien im its pepulatien size.
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DISCUSSION

I+t has always beea assumed that the neterieus waterhyaci-
ath disturbs the eaviremmental balamce in infested ecesystens.
I% hinders mavigatiem, blecks irrigatien pumps, hampers fishi-
ng eperatiems and elimimates marginal grass, em which cattle
graze. Alse waterhyacimth harbeurs vecters ef schistesenmiases,
prevides faveurable breedimg sites fer Amepheles mesquitees
and decrseases preductivity by depleting mutrients.

The results described abeve effer a picture less dismal.
Frem a limmnelegical peint ef view waterhyacianth dees net ssem
te disturb the emviremmental balaace te the extent ¢f greatly
decreasing the preductivity ef the White Nile ecesysien.

The waterhyacimth is & very successful weed which has &
wide range ef telerance te variatiewus im physice-chemical cen~
ditiens. As shewmn abeve, a great deal ef medificatiem takes
place durimg the seaward flew ef the White Nile amd tributari-
es. The water preperties exhibited at Jebel Aulia are a resul-
tant of all these interactiens. These shew lewer values fer
wutrients and higher values fer the ether elememis. The emric—
hment ef the varieus iems, imcludimg silicemn, is prebably due
te the uptake ef salts by waterhyacimth whem stramded at the
margin ef the river er ir the swamp. The elements are liberat-
ed wher waterhyascimth drifts amd subsequently decays. The
increased depletien ef the mutrients is met umexpected but i+t
dees net seem te have any limselegical sigrificamce as te lim-
it planktean develepment.

. The tremd ef lemgitudimal successien ef water characteri-—
stics is still the same as that feund by Tallimg (1957)eighteen
years earlier. The depletien ef nutriemts due te phyteplankie—
nic activity is mere sigmificmﬁk than that due te the presence
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of waterhyacinth as shewa by the data fer Bahr el Ghagzal.
Cemtraray te what Bishai (1962) has eutlined there was ne
decrease in values fer pH er disselved exygen im the
reserveir,

The presemce ef mats eof fleatimg amd margimal Eichhernrisa
creates faveurable habitats fer the develepment ef zeeplankten
by slewing dewn the water curremt velecity im the vicimity (cf.
Rzeska 1973). Memakev (1969), Yeusif (1974) amd Adam (1975)
feund that the tetal biemass ef zeeplankten actually imcreased

after the invasien ef the river by waterhyacinth.

The decrease im the demsity ef zeeplankten experted frem
the Jebel Aulia reserveir as cempared te values givem by Rzeska
et al. (1955) may give a false impressiem since the zeeplankten
get emtangled te the reets ef waterhyacinth. '

The effect eof waterhyacinth em fish is certainly net adeqg-
uately menitered. These effects vary frem ene species te ameith-
er depemding ewn their breeding and feedimg habits, amd their
mevements and distributien aleng the rivers, Bahrs, lakes,khers
and lageens of the Nile basin.

The effect eof cemtrel eperatiems, threugh spraying 2, 4-D,
is that the planktern and juvemile fish emtangled te the reets
of waterhyacinth die with the weed. Apparently the effect ef
the herbicide is restricted te the tep layers eof water (cf.
River Sebat). Fertumately the pewers ef recevery ef Trepical
rivers are great amd the ameunt ef herbicide used is small cem-—-
pared te the velume ef discharge ef the White Nile.

ACKNOWLEDGEMENTS

I am indebted te my celleagues Dr. M. Obeid, Ustaz, F.
Sinada, O. Bedri amd L. A'Gadir fer sharimg se much im the
chemical analysis ef water during the cruise em beard the R.V.
Malakal (April-Jume 1973). Thanks are alse extended te the

=147-



techunical staff ef the Hydrebielegical Research Unit fer their
centinueus help.

REFERENCES

Adam, A. (1975). Studies em plamkten/fish relatiemships im
Jebel Aulia reserveir. Dissertatiem fer M.Sc. qualify-—
ing examinatien, University ef Kharteum.

Bishai, H. (1961). The effect ef the waterhyacinth em the
fisheries ef the Sudan. H.R.U., University ef Kharteum,
Amnual Repert 8, 29-36.

~—= (1962). The water characteristics ef the Nile im the
Sudan with a nete en the effect ef Eichhermia crassipes
en the hydrebielegy ef the Nile. Hydrebielegia 29,
357-82,

Beulenger, G.A. (1907). Zeelegy ef Egypt : The Fisheries ef
the Nile. Hugh Rees LTD Lenrd.

Breek, A.J. and Rzeska, J. (1954). The imnfluemce ef the Jebel
Aulia Dam en the develepment ¢f Nile plankten. J. Amim.
Ecel. 23, 101-14

El Meghraby, A.I. (1972). The Zeeplankten ef the Blue Nile.
Ph.D. Thesis, University ef Kharteum.

meme (1973) . Fishes of the White Nile. H.R.U., University ef
Kharteum, Amaual Repert 19, 21-4,

Gessett, D.R. and Nerris, W.E. (1971). Relatienship between
nutrient availability amnd cemntent ef mitregen and
phespherus inm tissues ef the aquatic macrephyte Eichhe-
reia crassipes Selm. Hydrebielegia 38, 15-27.

Gremblad, R. Prewse, G.A. and Scett, A.M. (1958). Sudanese
desmites. Acta Betamica Femnica 58, 1-58.

=148~



Greem, J. (1971). Asseciatiems ef cladecera in the zeeplanktem
of the lake seurces ef the White Nile. dJ. ef zeelegy
165’ 373—4140

Hammertem, D. (1972). The Nile River - A case histery. Inm :
River Ecelegy and Man, ed. Oglesby, R.T., Clarence, A.C.
and James, A.M., 171-214. Academic Press.

Hurst, H.E. (1950). The Nile Basimn. Vel. 111. Phys. Dept.
Pub. Caire, 55,

-—— (1952). The Nile. Lenden Censtable (2ud. ed. 1957).

Hurst, H.E. and Phillips, P. (1932). The Nile Basin. Phys.
Dept. Pub. Caire, 38, )

Mackreeth, F.J.H. (1963). Seme Metheds ef Water Analysis fer
Limnelegists. Scient. Publs. Freshwat. Biel. Ass. 21.

Menakev, A.V. (1969). The zeeplankten and the zeebemthes ef
the Whife Nile amd adjeiming waters im the Republic ef
the Sudan. Hydrebielegia 33, 161-87.

Obeid, M. amd Tag El Seed, M. (1973). The waterhyacinth
(Eichhermia crassipes (Mart.) Selms im the Sudanese
Nile System. Prec. ef the First Cenference ef Pests
Centrel, Univ. ef Asuit, E.A.R. Feb. 1973,

Prewse, G.A. and Talling, J.F. (1958). The seasenal grewth and
successien eof plankten algae im the White Nile. Limmel.
and Oceamegraphy 3, 222-38,

Rzeska, J. Breek, A.J. and Prewse, G.A. (1955). Seasenal plan-
kten develepment im the White Nile. Amn. Mag. Nat.
Hist. 12,5, 66-T4.

Rzeska, J. (1968). Observatiens em zeeplankiten distributiem inm
trepical river dam-basim. J. Amim. Ecel. 37, 185-98.

——= (1973). The Upper Nile Swamps, A trepical water study.
Freghwater Bielegy 4, 1-30.

~-149~



Sanden, H.» (1950). Illustrated Guide te the Freshwater Fishes
of the Sudan. Sudan Netes and Recerds lienegraphs

Talling, J. F, (1957). The lengitudinal successien ef water
characteristics im the White Nile. Hydrebielegia
11, 73-89.

Talling, J.F. and Rzeska, J. (1967). The develepment ef plankten
im relatien te hydrelegical regime ir the Blue Nile. J.
Ecel. 55, 637~62.

Tag El Seed, M, and Obeid, M. (1973). The repreductive strategy
of Eichhermia crassipes (Mart.) Selms. Prec. ef the First
Cenference ef Pests Centrel. Univ. ef Asuit, E.A.R. Feb,
1973.

e gld === (1975). Sexual repreductiem ef BEichhermia crassipes
(Mart.) Selms im the Nile. Weed Res. 15, 7=12.

Yeusif, A.Me. (1974). The influence of Eichhermia crassipes
(Selm) ewm planmktemic develepmemt im the White Nile,
Arche Hydrebiel. 47,4, 463~6T~ ‘

=150=-



Cover Printed by Khartoum University Press

Cover designed by: Desougi





