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INTRODUCTION

"Water is the best ef all thiugs," said the Greek peet
Pindar. Rivers, dums and canals are the lifelines eof many
natiens and the {threcads frem which their subsistence and
develepmsent are weven.

Of the grout rivers ef the Werld, the Nile has, witheut
questien, admirably, played the mest significant part in the
@arly histery ond duvelepment eof mankind,

Fer the Sudan the NHile csustitutes the main seurce eof
irrigated agriculture, hydre~pewer petemtial, fish supply,
riverain grazing petentiuwl and navigatien. At present irriga-
ted arzas represont seue 4.6 millien acres ef land. Almeost in
all eof these the systom eof irrigztien censisis ef a hierarch-
ical systoem of supply canals. The astimuted surface area eof
fregh water in the dudun 1g abeut 10 millien acres which is
equal bte the urca ef rrrigabie land te be develeped.

[ ]

The develepment of irrigated agriculture is a functien
ef thue availability of watoc. New lakes {dams) and water cha-
munels are tentinueusly bheing fermed te¢ previde this water.
This inereases the surface areu of water spread and creates
all exiensive aguatic habitat with its special envirenmental

CORSEIUNTLS o

The treatise presented here deals with the aquatic envi-
romment ef the Nile, its tributaries and the irrigatien cana-—
ls, specially as far as aquatic weeds are cencerned with spe—

cial reference te waterhyacinth (Eichhernia crassipes Marts.

Selms) in the Sudail,

Weoaeds, defined as higher plants which are a nuisance,
by [

v
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interfer with ene er amether of man's activities. Bielegically
weeds are ameng the mest highly successful plants. Hence, their
centrel has still remained eme of the mest ardusus and expensi-
ve tasks,

The waterhyacinth -- ene ¢f the mest successful aguatic
weeds - has feund in the White Nile and its tributaries & mest
faveurable enviremment fer spread. The vastmess ef the ianfested
area, the famtastic preductiviity aud repreductivity ef the weed,
the deceptive teumperal and spatial distributiens of fleating
mats and the expsnse inrcurred, have turned, all the effeorts te
cembat this weed mpecies, inte 2 mere lip-ctick service.

Many peepls have censidered metheds of utilizing waterhya—
cinth in semeway in erder te receup seme ef FThe lesses invelved
in frying te kill it. Experimeants have been carried eut and id~
@as advecated te Hurn this plant frem ‘& curse inte a crep' and
eptimism have described the plawt as *a menace Lhut ceuld be
turned te a blessing'. ‘

Hewever, whether a ‘curse’ or a crép, ressarch and exchan—~
ge of ideus and experiences are «till needed te help in the re-~

meval ef the curse er the husbandry of the crep.

This trestise represents part ef eur centribution te the
preblem. It is written fer the seneral reuder, the administrat-
er, the student; and the fresh research werker whe is leeking
for a guide.

I wish {te aclmewledge the help and enthusiasm of wll the
writers and te specially thank Dr. li.B. Beshir fer editing the
first and last cemtiributiews im this treatise and Dr. M. Tag El
Seed fer his patient and careful reading of the manuscript dur-
ing the typing precess.

M. Obgid
Editer

vi



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 the amount of rainfall and associated vegetation

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 mm.

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

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

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 %o
1400 mm.

The above distribution of rainfall, despite its low
value, is 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 since some of its rivers are
torrential and run part of the year only, resort is also made
to regulate river fiows by the construciion of dams.

RESOURCES OF THE NILE

The River Nile anu its tributaries constitute the only
source in the country tor 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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HYDROLOGY OF THE HILE

The river Nile is the longest rives in vhe World witl o
lengsth of 6695 k. Its averase I'low is estimated wt &4 pmilii-
ards which constitute 6% of the total rainfall on its Lasin,
The flow of the Nile has a warked weusonal and anuual fluctu—
ation. More than 80% of the annuul rlow occurs between Au ust
and October. The remaining 20% is discharsed 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 hishest maximw: of 155 milliards recorded in 1878/
1879 ,.%

In the average year, however, the percent coutrivubion
to the total flow of the liile of its major trivutaries is us
follows s~

Blue Nile 59
Sobat 14
Bahr E1 Jebel 14
River Atbara 13

Since the Blue liile, Sobat and River Athara originate in
the LEthiopian plateau, 86% of the flow comes from that plat-
eau and only 14% comes from the Bquatorial Lakes aund Bahr EL
Ghazal Basin. The low contribution of these basins is due

¥ This description of the hydrology of the I'ile system is
based on the work of H.E. Hurst, The Nile Basin, Government
Press, Cairo 1952 and H.E. Huxst and P. Philips, The Nile
Basin Vol. 5, 1938. Records of discharges, areas cropped
and water consumptions are abstracted from the records of
the Ninistry 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-
ion and transpiration.

The main tributaries of the Nile are described briefly
below -

The White Nile

The main source of the White liile is the Equatorial Lakes
of Bast Africa. The river is known first as the Albert uile
which leaves Lake Albert at its northern end and flows through
flat plain to lilmule on the Sudan southern frontier. Frow
INimule the river flows northwards and is known as Bahr il
Jebel for 930 lm up to its junction with Bahr 1 Ghazal at
Lake No.

After leaving its rocky sorge at Rejaf just north of Juba.
Bahr E1l Jebel enters its Flood Plain inundating it when the
levels are high, and formning fringe swamps and marshes which
wliuen and increase jradually until they form the central swanp,
or sudd, north of Bor. !llere the main course of the river divid-
es into several channels, and forces its way thouzh the thick
Ciperus papyrus L. growing on the swaups over an area of some
8,000 kmau After rcaching Lake No. the river turns sharply

eastwards until it joins the river Sobat couming from the Ethi-
opian frontier. Then, as the White lvile, it flows north fomaing
narrow swamps on either bunk to a width not exceeding 2 km
until it joins the Blue Liile at Khartouwn 1940 km from Himule.

The flows of Bahr El Jebel vary seasonally and annually.
3

The average annual flow is about 29 milliards m” with a maximum
and minimum of 65 and 1% milliard m3 respectively. After passi-
ng through the swamps, the river emerges with an annual average
flow of only 15 wmilliards. Half the Bahr Bl Jebel waters toget-

her with the contribution of Bahr El Ghaszal are lost in the

-t
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Slicd sWanps.

Bahr Bl Ghezal which flows in a north eastern direction
drains the south west part of the country and the Nile~Congo
wober divide. Out of a total nmormal annual inflow of 12 mill-
iards, only 0.6 milliards reach the White flile vhrough Bahr

iy
i

Bl Ghazal.

The Sobat river is formed by the junction of two branch-
ou: the Baro which rises in Bthiopia and the Pibor which

draing panrt of the eastern plain of the Sudan. It joins Bahr
1 devel forming the White Nile to which it contributes 13.3

!

=

ST

milliards.
The total mean annual yield of the White Nile at llalakal
Le 2806 milliaxds made up of the following components measur-—

=i helween 1905W1965?

o

Bahn EL Jebel 1T/
gahr Bl Ghazal 0.6
sobatl 115153
The regime of the White Nile can therefore be sumned as
ollows. It leaves Lake Albert with practically constant dis-
charze due o the balaneing effect of the Lake, then enters
erp it 15 slightly affected by the torrential
cipeams that run parb of the yean. Then il enters the Swamps ,
lnpes half its water and leaves again with a constant annual

Tyt B S
Thie Plade Nike

Pha Dive Nile originaces in Leke Tana and flows through

T
LU

lie Bthaoplen platesu in a very deep channel for a distance

FHE S

o f H05 ¥m vefore 4t reaches the Suden border. Its catchment
Weaq lies wholly within Ethiopia where all 118 major tributa—
pies Joine

important tributaries jeining the Blue lile in

Mhea Mmosh
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the Sudan are the rivers Rahad and Dinden.

The Blue Nile is a torrential river and has very high
discharge during the flood but very low flows during low stages.
It has a normel maximum flood discharge of 562 million cubic
meters per day at the end of Ausust and a normal minimum of 6.
The highest recorded discharge was slightly in excess of 1
0illion per day whercas the minimnum recorded was as low as 6
miilion cubic mcters.

The noiwal snnual discharge is 50.5 milliards out of which
46,6 are brought during the flood season between June to Novemb-

erithelirestiichcischanicdibetwetineee SRt Cua el CF,

The River Atbara

This river 1s the last trabutary of the Nile and rises in
the northern part of the Ethiopian plateau. It has two tributar-
ies, the Atbara aid the Setit which unite some 50 miles in the
eastern Sudan plain and then rua in g westerly direction Lo 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 meters/
day. Out of a normal ammual yield of 12 milliards, 11 are passed
in four months.

The River Nile

The main lille is fLoried by the confluernce of the White and
Blue Niles and travels & distoance of 3058 km o 3oin the licdite-
rranean. Its length in the Sudan is 1460 k.

The normal yicld of the liile at Khartoum is 77.3 milliards
of which the Blue Nile contributes 52.2 milliards.,

FPERENNTAL IRRIGATION

The dependence of the Suuun en perennial irrigation for

~{F




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

TABLE 1. Irrigated crop production schemes on
the liile system and their water

consumption
Scheme Area Annual water
(XlO3 feddans) consump tion
(XlOb cubic
meter)

Blue liile

a) Downstreun of Senunar 164 976

b) Gezira wnd l.anagil 2052 7598

¢) Punp scheues upstream of 452 1595
Sernnar

d) Rahad Fhase 1 300 1139

e) Bvaporation losses at Sennar £6%
reservoir

White Nile

a) Pump schemes including Asalaya 620 2840
and helut

Main Kile

a) Pump schewes north of Khartoum 420 1603

River Atbara

a) Khasm E1 Girba Scheme 372 1700

b) Evaporation from Girba dam 139
Total 4380 18259

1 Feddan = 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 thast 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).

CONBEQUENCES OF DEVELOPLENT

Some consequences of development may be inevitable and in
this regard the changes in environment thaut 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 llile Delta *c 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 i% 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 thut any changes in
the regime of water flow will induce considerations of the
mode of life of lLuman scitleuents ana their goclo-ecconouic
interests. These are only two ezuwaples of a host of probleus

that can be anticipated.

Therefore the integrated evaluation of developuient
schemes whether for power, navigation, crop prouuction or
industry is essential end their possible impact on the natural
envirorment needs to be cureiully evaluated.



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 watcrs. Their extent of distribution ranges from
the cold temperate regions to the tropics. Aquatic 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 devz2lops as a
rosette, comprising aerial or surface-floating leaves, conde-
nsed crown-like stem and pendulous submerged roots. 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
air in the lacunate mesophyll fcliage 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

=10



of its living cells.

Some free-floating plants produce numerous lateral stolons
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 plants to a narrow ecological niche
provided by stationary or very slow-flowing water over a stable
silted substrate.

The stems, petioles and leaves of subinerged 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 their submerged organs by the water itself together
with the buoyancy endowed by their air-filled lacuncte 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 exysgen.

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

-11-



Many aquatic plants readily qualify

AQUATIC PLANTS AS WEEDS

as weeds. The ability
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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 TH= 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 square
miles and extends over nmuch of Upper lile 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 flooded. 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 liart.

iate land, the largest constitue-

locally dominant. The Intceriied
of land flooded during the rainy

nt of this region, consists
season but reunains dry after the end of the rains. The vegetat-
ion that thrives in this arca is mainly grassland dominated by

Hyparrhenia rufa ond Scetaria incrassata.

Swamnp is flooded from the river anid 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 swaup Echinochloa stagmina and
L. pyramidalis (Lam.) Hitchc. and Chzse are generally dominant.

Table 1. gives an inventory of aguatic 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
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drier originate mostly in localized aquatic or semiaquatic
environmentse.

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

1- NMonocotyledonous Families

1. ALISMATACEAE

Alisma'plantggo aguatica L. Perennial aguatic herb with
tuberous rhizomes. 'Turda’ plant. Rahad, Northern Kordofan.
Burnatia enneandra M. Mich. Slender aquatic nerb, rhizome
oveid. Central and Southern Sudan. Caldesia reniformis

(D. Dén) Makino. Aquatic herb with very short rhizomes,
Equétoria. Limnophyton obtusifolium (L.) Miq. Aquatic herb,
rhizome short. Central and Southern Sudan. Lophtocarpus
Zuayanensis (Kunth) Dur, and Schingz. Aguatic herb, small
rhizome. Southern Kordofan. Ranalisma hunile (Kunth) Hutch.
Small marsh herb. Central Sudan on the banks of the White
Nile. Wiesneria schweinfurthii Hook f. Slender aquatic
herb, Equatoria.

2. APONOGETONACEAE

Aponogeton subconjugatus Schumach. Aquatic herb, Upper Nile
Province. Aponogeton vallisnerioides Bak. Aquatic herw,

Equatoria.

3« ARACEAE
Pistia stratiotes L. Floating freshwater herb. Central and
Southern Sudan, in rivers amd pesls.

4 . BUTOMACEAE

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

Central Sudan.
5¢ CYPERACEAE

Cyperus papyrus L. Glabrous herb, rhizome woody. White Nile
and affluents. Cyperus longus var. pallidus Boeck. Glabrous
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alaucescent herb. Northern and Central Sudan. Cyperus
rotundus L. Glabroug herb, widesprcad. Cyperus alopecu—

roides RobLth. Large glabrous herb. Central and Southern
sudan.
6. GRAMINEAL

1r

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

culms submerged or floating, rooting from subierged
nodes. Central and Southern Sudan. Troublesome weed of
the Gezira cenals. Behinochloa stagnina (Retz.) Beauv.

Perennial herb with crecping and copious rooting rhizo-
me, brauching from submerged nodes. didespread. L. pyra=
midulis (Lam.) Hitclic.and Chase. Eerenniul reed-like
herb, with long strong rhiszoie, culis nay be floating.

Cenbral and Souther: Sudun. Fanicum meyerignum Nees.

Perennial herb, often growing in or near water. Central

(5]

and Southern Sudan. E. repens L. Ferennial herb, long
creeping rhizomes. Central and Southern Sudan. An impor—

tant weed infesting the banks of tlie Gezira canals. Fas—
palidiun geminatun (Forslk.) Stapf. reremnial herb, with

creeping or floating more or less spongy many-noded
stolons. Upper liile Frovince. Pasvalua polystachyum R.

Br. Herb, often on the edges of watercourses or in swam-

ps, Lguatoria. Phramilitcs mauritianus Kunth. rFerennial

herb. One of the comuonest species oi the "Sudd" region,
Te HYDROCHARITACLAE

Lagarosiphon schweinfurthii Casp. Aquatic herb, Lguator-

ia. L. cordofanus (Hochst.) Caup. dquatic herb, Blue li-

le Frovincec. Nechamandra alternifolia (Ronb.) Thyt .

Aquatic herb, stems threwd-like. dhite Nile, Kosti. Ott=

clia alismoiues (L.) Fers. Aquatic herb, Ceniral Sudun,

0. ulvifolig (Planch.) Walp. Agquatic herb, Cential .nd
Southern Sudan. 0. brachyplylla (Gurlie) Dandy. Aguatic

hervb, BEquatoria. 0. scabra Bak. Aquatic herb, Ceniral
and Southern Sudan. Comon on hite Nile.Vallisneria
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aethiopica Fenzl. Submerged grass-—like plant. Central and
Southern Sudan.

8+ LENTIBULARIACEAE

Utricularia thonningii Schumach. Submerged aquatic hexrb,

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.
Ceniral 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 frondse.
Equatoria, Central and Southern Sudan. L. aequinoctialis
Welw. Central and Southern Sudan. Wolffia hyalina (Del.)
Hegelm. Thallus—-like frond. Darfur and Kordofan. W. welw-
itschii Hegelm. Thallus-like-Frond, Equatoria,

10, NAJADACEAE

Najas graminea Del. Aquatic herb, stems long, rooting at
the lower nodes. Blue Nile Province, Equatoria. N. Schwe-—

infurthii Magnus. Aquatic herb. Equatoria. N. pectinata
(Parl.) Magnus. Aquatic herb, stems with numerous short
lateral branches. Central and Southern Sudan. Invaded
Gezira canals.

1l. POTAMOGETONACEAE

Potamogeton nodosus Poir. Aquatic herb, leaves in mature
plants all or mostly floating. Gezira canals. P. schweine
furthii A. Benn. Leaves all or mostly submerged. Southern
Sudan. P. perfoliatus L. Leaves all sutmerged. Blue Nile
Province and Gezira Canalss P. octandrus Poir. Plant with
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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.
Stems thread-like leaves all subnerged. Northern and
Central Sudan. P. pectinatus L. Stems thread-like, leaves
all submerged. Gezira canals.

12. PONTEDERIACEAE

Eichhornia diversifolia (Vahl) Urb. Agquatic herb, subuer-~
ged and floating leaves. Equatoria. Eichhornia crassipes
(Mart.) Solms.Free floating, White liile and tributaries.
Heteranthera callifolia Reichb. ex Kunth. Aquatic herb.
Kordofan, Blue Nile Province and Equatoriu. lionochoria
africana (Solms) N.E.Br. Aguatic herb, Equatoria.

13. TYPHACEAE

Typha angustata Bory and Chaub. Aquatic herb, Blue HNile,
White Nile, Kordofan and Gezira Provinces. T. angustifol-
ia L. Marsh herb, Red Sea Province. T. australis schumach.
Aquatic herb, Southern Sudan.

2~ Dicotyledonous Pamilies
l. ANIARANTHACLEAE
Alternanthera nodiflora R.Br. lioist places. Central and
Southern Sudan. A. sessilis (L.) R.Br. ex Roth. lloist
places and siream~beds. Widespread. Centrostachys aguati-
ca (R.Br.) iall. Narshy places. Central and Southern
Sudan.

2. CERATOPHYLLACEAE

Ceratophyllum demersum L. Submerged aquatic herb, Widesp-
read in rivers and irrigation canals.

3+ DROSERACEAE

Aldrovanda vesiculosa L. Floating in water , White Nile
River. Sudd area.
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4. BLATINACEAE
Bergia capensis L. Aquatic herb. Northern and Southern

Kordofan Province.
5« HALORAGACEAE

Gunnera perpensa L. Swamp herb. Equatoria. Laurembersgia
engleri Schindl. Low swamp herb, Equatoria and Bahr El
Ghazal.,

6. NYWPHABACEAE

Nymphaea lotus L. Aquatic herb., The Nile river and tribut~
aries south of Khartoum. N. micrantha Guillem. and Perrott.
Aquatic herb. The Nile river and tributaries south of

Khartoum. N. caerulea savijsny. Aquatic herb. The Nile river
and tributaries south of Khartoum.

7. PODOSTENACuLAL

Inversodicraea sp. In masses on rocks in streams. Equatoria

Imatong lountains. Spaerothylax sp. On rocks under rapirdly

flowing water. Equatoria. Tristicha trifaria (Bory) Spreng,

Submerged mesz-like herb attached to rocks in streams and
rivers. Ceuntrzl and Scuthern Sudan.

8. POLYGONACEAE

Polysonum salcrfolium Brouss ex. #illd., Often in marshy

places. Central or Southern Sudan, P, limbatum lieisn. In
swamps und ditches. Central and Southern Sudun. P. laniger-
um R.Br. Aquatic peremnial herb, Southern Sudan. P. toment-
osum Wilid., Aquatic Perenniul herb, Central and Southern
Sudan. P. senegulense lieisn. In river beds and swamps,

Jekel Marra at 6500 %, P. acuminatum Kumth., In moist place—

es, Darfur and Equatoria.

9o TRAPACEAE

Jussiaea diffusa Forsk. Creeping or floating aquatic herb.

Central and Scuthern Sudan. Trapa bispinosa Roxbe Floating

herb, Southern reaches of the White Iiiile and its tributari~
€S
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GRaVITY PFLOWw IRRIGATIOL

The Flood Reglon constitubes the only naturul enviromaent
availavle for aguatic cr subaguatic plant life in the Sudan.
Tihe other vejetasion reslons ure couposed of vezetation types
that ure supported by the hijlily seasonal ruinfall. This leaves,
as the potential for new aguatic enviromments, the lile system
with its trioutaries and the canalization systeus of the irriga-—
ted agriculsurul productiocii.

The Gezira canalization systenm veing theoldest and longest
is examined here to cepresent tie new and artificial aquatic
environmenis iun the Suduan.

The grouvity—-flow method of irrigsation will continue to be
the buckbone of the irrigated agricultural expansion at least
in the forseable iuiure. The advantuges of this systen, now
almost a cherisied ewnjinecrin; tradition, lie in its ecouomic
feagibilit, as it is based on engineerin, hydraulic principles
that takc waxiiowa advantaze of the land contours in any iven
area. This systen of irrisation consicts of a hieracchical syst=—
em of supply cunals, i.e. lhain canal supplying various Liajor
canals which in turn feed a network of wuuller liinor cunals. The
liinor canals are designed to convey water, throujh yet smaller
and swaller irrigation channcels, into the crop land.

The imporsvance of this uystem 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
(%10~ Feddans)

Gezira liain 1.200
Managil Extension 0.800
Khashm El Girba 0.447
Rahad (Phasc 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 liinor canals that are needed for the direct
conveyance of water to crop land. In addition to the 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 truditional agricultural fallow has
been discounted as is the case in Khashm El Girba, Suki and
more recently, as a result of intensification, the lianagil
Extension.

The continued increase in the length of irrigation canals
as well as the intensified pattern of cropping, implies the
crecation, within the present system of irrigation and as long
as the liinor canal rewains the 1iost important element of this
repetitive system of irrigation, of a new system of fcontinuous?
lrrigation, and consequently a ‘continuous® potential environm-
ent for aquatic weed growth in irrigation canals.

Mineor Canals

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

Irrigation comnences 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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ge this rate fulls to near zero. Between 1960 and 19069, tic
traditional system of 'Night-Strvage' hus proved to be infle:i-
ble to cater for and cope with the increcased cnounts of water
needed for intensified cropping. For the above reason iihe
operation of the night-storage systew wnd the tradiftionzl
method of watering individual hawashas (units of 5-10 [tadung),
were gradually repluced by 'continuous-Iflow waterin' technigue

curreatly wiiverszl in the Gezira (Faroroiler, 1974).

Thus the ninor canals, by virtuve of their construction oo
COuiatiic Lo 2or ulweetb appileition of irrigallioun watir .o
veeause of the slow rute of wuter iiovewent, are in fuct, stagn-
ans pools except for the periouical risce in level. Zierciose,
tiley provide conditicis advantajsous to aquatic weecd srowih,.

SOULCS O ILISLTALICH
Occurrence of aquatic wecds in the Gezira wasc rfirst recor-—

ded in Hamad Bl Liil canal in 1929, only four ycars aitcr the
gstart of irriition in the Gezira. Since thien tiiere Lhas been
rapid increase in intensity and extent of infestotion 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 characterized like other rapidly flowing
meandering rivers, by the occurrence ci mud-flats which remuin
inundated for some months. The forwation of these mud-Iluts is
probably due to the rapidly {lowing water during the flood sea-~
gson of the river, by the flowing current impinging on tihe outs-—
ide bank which is eroded. The water on the mud-iluts is usuully
stasmant and it is there that Andrews (1945) reported the pres—
ence of aguatic weeds and determined the gource of infestation
of the reservoir and ultimately of the Gezira cunalization
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.
Ceratophyllum demersum L.
Najas pectinata (Parl.) Magnus.
Ottelia alismoides (L.) Pers.
0. ulvifolia (Planch.) Walp.
Utricularia thonningii Schumach.
U. stellaris L.f.
Pistia stratiotes L.

Chara globularis Thillier,

Nitella batrachcsperma Agardhe.
Vossia cuspidata (Roxb.) W. Griff.

Echinochloa stagnina {Retz.) Beauve.

Panicum meyerianw. Nees.
Juncellus alopecuroides (Rottb,) C.B. Clarke.

Cyperus rotundus L.

Polyconum glabrunm wWillde
P, lanigerum B. Br.

Ipomoea reptans Lam.

The distribution of these plants varies, in general, with
the depth of water as can be scen 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-
oir.
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Tavic 2. Frequency of occurrence (%)
of the five wost coimon

species at various

depths

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

(cm) ata

0- 20 - - - - -

20—~ 40 - 10 4 16 -

40~ 60 2 18 5 13 -

60—~ &0 1 12 6 13 -

£0-100 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
18C-200 6 - 2 2 2
200-220 5 - 2 3 5
220-240 6 - - 2 14
240~-260 17 - - 2 10
260~280 14 - - - 16
280-300 24 - - - 14
300-320 16 - - - 2
320-340 6 - - - 3
340-360 1 - - - 6
360-380 12 - - - -
380-400 10 - - - -




It will be noted that the five species 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 WEEDS IN THE MINOR CALALS

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

l. Anchored to the mud

Potamogeton perfoliatus L.

P. nodosus Pcir.
P. crispus L.
P. pectinatug L.

Chara globularis Thillier.

Polysonum glatrum Willd.

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

Ceratophyllum demersun L.

Najas pectinata (Parl.) Hagnus.

Nitella batrachosperma Agardhe.

Valiisneria aethicpiza Fenzl.

Zannichellia palusiris L., var. intermedia Pearsall.

Typkha angustata Bery & Chaub.

2. Inhabiting canal banks

Panicum meyerianum Nees.

P. repens L,
BEchinochloa stacnina (Retz.) Beauve

Cyperus rotundus L.

Alternanthera sessilis R. Br.

Ipomoea reptans Poir.

Vossia cuspidata {Roxb.) W. Griff.

Phragmites mauritianus Kunthe
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The five common species of the Semmar reservoir (Table 2.)
occur, as cal be expected, in the Ninor canals. It will be noted,
however, thu® some of the species occurring in the reservoir are
absent from the canals while others recorded in the canals have
nos veen found in the reservoir. That some species occur in the
canals and not in the reservoir might be attributed to the adve-
rse cffects of the flow of water, or thut the dam night acv as
a physical barrier in retaining seeds und plants. The jeneral
occurrence of species in terms of the depth-frequency follows
the general pattern of their occurrcnce in the reservoir.

Phe notable exceptions in this regurd are the four specics
of Potamoseton. Mot only are they absent from tie source of ini-

estation but because they are esscusially aguatic plants of tem—
perate climates thriving very well in a subtropical clim.ie.
There has been no record of their occurrence iu tiec Sudan except
after their identification iu the Gezira vetween 1929-1936.
Andrews (1945) has presented soue thoushts on the possible route
of their introduction, throush bird wigretion, into the Sudan.
P. nodosus has a restricted distribution as it is nainly
found towards the northern parts of the Gezira while P. perfoli-
atus is fairly widely distrilubted. Oa the obler hand liajas pect-

inata, Ottelia alismoides and Caara jlobularis, wiich preler ti.e

shallower parts of sthe reservoir, are fow.d scattered tihroughout
the canulization system with a tendency for concentration in the
shallower canals and at the soutnern end of the irrigated area.

Juncellus alopecuroides which is widely present in the

reservoir also prefers shallow water in canals. It occurs princ-
ipally at water edges and at the heads of canals, usually dowmst-
ream of a regulator where small mownds of wud are formed by the
flow of water through the regulator.

Typha angustata is widely present throughout the irrigated
areas - its ratve of infestation is aided by its ability for spr-

ead by rhizomes and seeds.
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Of the less important plants are Echinochloa stagnina,

Ipomoea reptana which occur mostly in the southern parts of

the Gezira.

Pistia stratictes which is free—floating and occurs

abundantly in the Blue Nile has apparently beaen unable te
colonize the Gezira canals. This is probably because 1%
thrives best in shady places, usuvally among fall grasses and
other aguatiz plants. The Gezira canals are complefiely wifthout
shade and this explains its non-establishment but might not

adeguately explain i1ts complete absence.

Life Cycles

Nearly all species grow and producs seed during the time

to July and afver the end of the flzod season {dJuly=-0ctober)
betwaeen Ootoher to Januaryoe

When the more wurbid fivusd waser has arvived in July the
bulk of vegatative parts of most species fend to die down,
probably hecausze the floond water reduces light penetraiion.
Atundant seed germinarnion oocurs duxing this perivd. Vexry
Lettle wegetarave growth oscurs but roots and rhizomes are
formaed 1n abundancs and would wast for the return of fthe clear
water when more active geowth would commence.

Potamoganon spp. produce flowers and friits during the
whole period of clear water, and n: mecoth seemed more favoura-
ble than the others. A much reduced rate of fiswering occurs
during the flocd season. The exient 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 stagnannt water representative of the very slow wa%er
velority in the minor canals, over a period of 24 mouths which
include the flgod season,
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shle 3. Hunber of sections of canals
invaded by various species
afver 14 wonths of growth.

Canal Specles
B.P. O.A. P.N. V.C. N.P.

1 10 1 9 3 7

2 9 - 5 3 10

3 10 - 3 3 10

4 5 - & 5 10

5 10 - 3 3 10

6 9 - 9 4 9

7 6 - o 3 7

& 6 - 3 3 10

9 10 - 5 6 10

10 4 - 7 2 10
11 9 - 5 5 8
12 7 - 4 6 10
Total 97 1 67 46 111
Scctions srown 120 140 120 140 120

Ottelia ulisuoides,

1l

P.P. = Yobamo jeton perfoliatus, O.4.

P.li. = Potamo::cton nodosus, V.C. = Vousiu cuspiidata,

- T > - e R -t
iiePe = licjas woctinasa.
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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 canalse. 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 of the 0ld Gezira's
8=course rotation, 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. Durinzg this period and despite high summer
temperatures the moisture content in the canal beds remains
fairly high and apparently the seeds of many species remain
viable because of this cool storage. On the other hand, the
rhizomes of only few speoiés are able t¢ withstand the efftfects
of summer drying.

The cyclic pattermn of life cycle has indicated that compl-
ete eradication may not be feasibie since fthe period of swmmer
drying-out is not long enocugh to ensure that reinfestation in
8itu will not occur. The abundant ssed germination that cccurs
annually during the flood season when the vegetative parts are
not visible, suggests thet control measures muat alse be applie
ed during the flcod pericd. Thus the sitrategy developed to com=
bat weed infestation is based on the cyclic 1ife hastory cof
most species. The strategy employed is designed to retard seed
production by weakening vegetative growtn during its favourable
period.

The system employed relies on mechanical cleaning of infe-
sted canals at frequent regular intervals. By cleaning the can-
als in rotation, seeding during the clear-water period would be
prevented and seedling growth during the flood season is remove—
ed or at least retarded.
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Phe equipment uscd consisted of two types of rakes:

(1) 4 rake with a head 0.5 m long with 15 carved prongg, cach
about 15 cm long.

(2) A rake with 2 head 1 m long with 7 prongs, each 20 cm long
and the ends of the prongs being joined by & knife bludeo

The process of clearace is cpplied on a rigid rotutionul
sehedule. The basig of thiz rotation system consisted of cleuning
cach infested canal once cvery 10-15 days during the clcur-water
period. This would engure that no secd formation occurred.buriig
the flood scason an interval of 15-20 daoys io wllowed between
succewuive operations pince thic cleaning is dircctoed Lo roiove
Aaiaaniroys seodliingl,

licchenical method provided shtisfactory resils ror combating
she intensity of weed infestation. The success of this method of
control was due principally to the wvailability of cheap labour.
Succupstul weed conbrol programics were possible through the
cuployient, in the various Gezira cduinistrative gubdivisions of
tlie Ministry of Irrigation, of pemiuncnt gangs engaged solely
for weed clearunce, cach in 2 certain scction of the subdivision.-
Bach sot of lubourers usuzlly rcazined in their particular Seci-
ion and werc nobt tronsferrcd clsewhere.

However, with labour bccomiug expensive and canulization
nmore ertensive, the cffectiveness wnd feasibility of ghis umethod

of control leuves uuelt to be decsired.
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THE WATERHYACINTH - BICHHORiIIA CRASSIPES (luaRT.) SOILMS
BY
M.OBEID
Faculty of Science,University
of Khartoum, Sudan

TAXOLICNY

The earliest descriptions of Eichhornia, which were based

upon vegetative characters, are difficult to interpret because
of the Jreat vegetative resemblance between Eichhornia crassi-—

pes and its close relative Eicahorniz czurca (Bock 1968).

Probably the eurliest degscription of either Lichhornia

crassipes or E. zszurca is thut of Sir Patrick Browne published
in 1756 and rcpeated in 1769. He describes a plant which he
calls "Pontederia aquatica caulescens, folios, majorbus orbic-
ULatis eeeeeeessases, or" the round leafed water-plantain
(Browne 1758). There was nothin: in the description which, wi-
th absoluse certainty, shows 1t to we one syecies or the othler.
lie observed this plant in Joacica Min ucse of the lajoons und
rivers about the Ferry".

The descriptions by swarsz in his Prodromus (1708) aud in
his Flora Indiae Occidentalic (1797), most frequently referred
to by subsequent writers recfer to Pontederia azurea. A.cordi-
ng to Bock (1968) these descriptions fit Eichhornia azurea

somewhat better thun E. crassipes.

However, the first unquestionable description ol sichhor-
nia crassipes was wade by hartius in 1633, who called it iont-
ederia liart. In 1843 Kunth secparated the genus Eichhornis from
Pontederia. He naned Sichhornia xzfter J.A.F. Eichliorn, who was




Prussian lMinister of Education in 1840's. Eichhorn means
'squirrel® in German and is in no way descriptive of these
aquatic weeds.

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

ORIGIN AID DISTRIBUTION

The first description of Eichhornia crassipes was based
upon plants from Brazil (Martius 1824), Since then several

workers have sald 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-
lons of E. crassipes which came fropm Brazil; Deuerara River,
Guianaj; lew 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 tiwe, too, since Panama was part of the New Granada list—
ed in the early cecllections.

Nevertheless several authors have designated South Ameri—
ca as the place of origin of E. crassipes /Bailey 1902; Stadl-
ey 1928: Buse 194%: Shibata et al. 1965) with Swartz adding
thut Puerte Rico is the principal center of dispersal.

However, Britton (1918), Small {1936), Smith and lierchant
(1951) and Bock (1968) prefer to call the plant a native of
the New world tropics because it seems impossible to designate
any small, speecific, gecgraphic regicn as the area of origin
of Eichhornia crassipes.

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 Earle \1948) suggested that the waterhyacinth was
introduced, probubly, at New Orleans before 1884 and Wunderlich
(1964) credited the Cotton States Exposition at New Orleans in
1884 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-
ss (1900) discussed the many acres of the St. John's River whi-
ch were covered with waterhyacinth. Probably the species was
introduced into Florida from Louisiana in the 1880's (Britton
1917; Penfound and Earle 1948; and WNoods 1962). Harper (1903)
found waterhyacinth naturalized near Valdoestu, 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 Mississipi 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 O0ld World. Around 1900 introduc-
tions of waterhyacinth were reported from many places: Bengal,
18886 or 18889 (Mclean 1922); Australia, 1890 (Parson 1963);
Egypt, 1912 (Muschler 1912); Philippines, 1912 (Merrill 1924).

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

Since 1900 the waterhyacinth has Vbeen reported in still
more geographic regions. Lester-Smith (1$26) reported the inva-
sion by the plant of China, Borneo and hlalaya. Waterhyacinth
was first reported in Southern Rhodesia in 1937 (Evans 1963)
and in Hawai in 1946 (Dzgener 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 year.
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Gay saw the waterhyacinth in the Sudan near Khartcum 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 yearso

INFESTATION OF THE SUDANESE NILE SYSTER

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
958 when he saw the plants being offered for sale in the city
wf Cairo in Egypt.

Gay (1958 and 1960) reported that Eichhornia crassipes
was first seen in the White Nile in larch 1958 at a point near
Aba Island about 300 km south vf Khartoum but was prcbably pr-
esent, further south between Adok and Bor in the Sudd region,
in 1956 or 1957. Wickrama-Sekara, on 20 April, 1958 while cn a
freld trip to the Upper Nile province confirmed the presence

of waterhyacinth in the Sudan in a letter stating "o.:eive.0 @
considerable stretch of the White Nile is already heavily inf-

ested".,

As for the origin of infestation; wide inquiries wexrc
conducted to reveal when, how and where has the plant made 1ts
first appearance. It is almost likely that this plant species
appeared in the Nile towards the end of 1955 north of Bor an
Bahr el Jebel. The fact that the first occurrence was in the
main stream, well inside the Sudan border, warranted Heinen
and Ahmed (1954) to suggest that the plant did not come from
Uganda, by river. However, the plant seem to 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 ia the Congo
highlands and flow westwards, nevertheless 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 lile-Congo-Divide.
Hence, Bedawi (1972) concluded that during high flood, Taperi
and Gel rivers whose ultimate destination is at shambe cun 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 PRIESENT 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


http:rieso2h.og

ant succeeded in infesting the wncle shretch of the Whise
Nile -~ from Juba to Jebel Aulia Dam: she whole lengih of fhsg
Scbat River from ite mouth eastwards up to Barc and Gils Rivers

an Ethaopia and southwareds up the Pibor Miver until Akobog she

whole length of Bahr al Zeraf: Lake No and Bahr EL Grazal: and
many of the sids lakes, khors and sribusaries, especralily un

; - : 4 ik e e S P .
tha Sudd region. The picture tedayiFige ¢ 38 pot differens
ﬂ

e

from that of the 1940%= in spites of the expenditupe of about a

million Budanese pavnd the novfirol programme i i0Gs

m
‘;
T
w
-3
2
il
®
™~
Lo
B
-
%

Sitdanese pound = B 2N

Iv. the pepiod Appal to Dablober vash amounts of waterhyact.
whn plante dpift nenpth Yowards fbe Jdebel Atlia Dam whena they
acoumulate, acmplstely coverivng the water surfags for a consid

aranie distande ma th antine Dueing tols cariod wind and Cuzi-

LiV]
L]

ent anTion contivnvusly compress bthew dnse & Bhiek aarpst that

PEophe may waik on tneme dffter OQotobar. aud due o fhe pravale-

adenf the Novibhealy wivdsol al fovaliv didiferent picture 1.3
syicounterec, fhe flsating muns ays absenved in the mald counrse
nefvizen Yooal Aulia and Malakai, Arong the Nile Bank, in khors
apa o e swenmpy Sudo Zans-fupioer g, grastelr agansgaulons
goe enpennnerad, Bavand the Sudd ragicn and sutidoduba, weny

SPRIDEEl SNl MarLOsRL RQLregatLiong prevanl., Wath the ocuset «f

[ - { lasam s L f .'l-.‘- b o . .- yn T Ik = - .
ihe fiocd season (dunesiulvl o the marginal papulaticn sterya @l
=Hemall] JF pewiv exnended lateradl offeoshootz aud mats of

floating te.and3)of watepnyacinsh are S8en rapiddy moviig, ot

hwardse By then the gentile rase. in level, of the wver starts

% oy oy gt gt et o~ 2 e : Py St Lo a - T i
+~o feed segaangl snde streams and molabel exuanssve ‘jtﬂb E35 0N

niged Shzee maloxr reglong with reganrds

-~

Region  L: hetween Juba and Nalakal Yhe auprapnLate

nurIing conditions and hencs signiufies the highess

sengestion of weedo

tegion 1lew letween Malakal and Kosti represents the tensral

i
i

(53] “ r."'(1 1
-




\
INFESTEQ PROGRESS IN |
l

NFESTATION

\
BEFORE ‘\ /
\ /
SUDAN ’\ |
/
| /
| /
] y
) " (INFESTED
’ < AFTER
p SWAMPS INUNDA. X
/ JED DURING DISCHARGE ‘l SUDAN
~——_ CONGO HIGH 7% 3\ FROM NURSING
—~=~ ~_FLOOD. CONG \

\
<o }

« [TEMBER ~OIVIDE
o //\

‘/-__-/ Pr—
NORMAL FLOW OF LOW FY00B” \

) .
DECLARED INFESTED SINCE |/ 2T \
1952 BEFORE WHITE NILE 1958 / 7 \

//LAKE ALBERM, . 2

;) NOT INFESTED ‘v~ ~

' \
! \
\
\

\
\

| MAP 2
UPPER WHITE NILE & TRIBUTARIES

ILLUSTRATION SHOWING THE POSTULATED
ORIGIN OF INFESTATION IN THE SUDAN
( After Bedawi 1972 )

— > : INITIAL INFESTATION FROM CONGO NILE DIVIDE
— : SUBSEQUENT INFESTATION

—> | SEASONAL OUTBREAK (FLOOD)




| A.RE
ot e e et et e e e
LIBYA i
i
i
~o N
'~ |
\,\ i ’
"~ i
o |
! i
I i 5 th
i L SATARKCT
Q i {- W-NILE BRIDGE™
d\\\ (=N , JLAULIA oAM\'\‘
' \

-'/--_-‘ —

: NimuLe
Gl Va s
-ﬁ/_\ " LALEERT \

" Y

Scale 1:8000000

Hyacinth infested Area

B2¥ Sudd Rigion
MAP 3



part where discharge of outbreaks is accomodated
for a limited period.

Region 1ll: between Kosti and Jebel Aulia where the habitat
incerporates situations destined 4o receive the

ultimate infestation drifts. Jebel Aulia Dam forms
a physical barrier against the northwards spread of
the weed.

Perhaps it is worth mentioning here that waterhyacinth was
not unknown in the Nile prior to 1957: it has been preseant 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 tc the erection of the
High Dam. Waterhyacinth is a common scene on the Nile in Cairo
these days and was reported to have reached El Menia town since
January, 1973 (Mahir, personal comaunication).

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 prolific and may even show a
stunted and chlorotic appearance, a situation that may be expl-
icable in terms of water chiracteristics. However, more is nee-
ded to identify the specific causative factor(s).

EFFECTS OF WVATERHYACINIH INFESTATION

The spread of the waterhyacinth in the Sudanese Nile syst-
em have had a number of harmful effects:

Water Loss
The presence of waterhyacinth on the Nile System causes

an increase in water loss when compared to a free Nile surface.



Under experimental conditions in the Laboratory the increase
in water loss due the presence of waterhyacinth wnen asompared
to a free water surface was six-fold in the States (Penfound
and Earle 1.948), four~to five-fold in Oxford {(Litfle 1357),
eight=:lold in Indonesia (Spence 1972) and two~to three-fold
in the Sudan (Tag EL Seed 1972)., Dissnogi (1974) working under
Sudan condirtions ebtained wvalues comparable to those of Tag
E1l Seed buf asserted the importance of plant size and atmosph-
eric condiftions in affecting the amcunt of water loss-a faot
that might explain the diversity of results obtained by the
different investigatons,

If one takes the modest values of water 1oss abtained Ly
Disscgl (1974) which are 1,50 gmfumgf day for waterhyacinmh
covered warer sucrface as couwpazed to 0.8% gmfrmﬂ/ day for a
free water surface and considering the tctal of the 1nfested
area ag 3000 sguare kilometers as estimated by pirie in 1970
(Kooh 1974) then =

Water loas from a 3000 sq. kau free water sucsiace

10% % 0,85 gn/day

e
= 10 b 104 x 85 % 165 mlfyea:
3 'I

00075 % 10 mi/year
e L5 1
= 89,3005 g R07 nl/yeas
5
= 3,079 milliards N°/year (2}

Waver Loss firom 2000 sqo

o waterhyacinth infested area

é P
3000 KPIQ x 107 ¥ 1.5 gn/day
I il
= 3% 207 % 107 x 15 wl/day
51D
=RA BRI OSSN G wif/year

a2

nl/vear

= )
= 166425 x 10 ml/yeax
- el T 7T 3 o
= 18,425 milliards M-/ yeax {2)
Subtracting {1) from (2} yield a teofal water loss due to

=38
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the presence of the waterhyacinth that equals 7,12 milliards
M3/yearo

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 1.78 times the amount of water expe-
cted to be provided as a result of constructing the first phase
of the Jonglei Ganal. It is mere than enough for the arrigution
of the 100,000 feddans {one feddan = 1.038 acres) plamnned for
sugarcane cultivation in the arca of tiie White hile wh;ch ACCoT—
ding to Hidyattlla (197%) shall need 1.23% milliards 3 of watere
Tt is alsc 7 times the requirement of the 200,000 feddans eNnvlSe
aged as the area most suitable for agricultural development in
the Nile and Horthern Provinces-based on a requirement of £000
cubic meters/feddan for the traditionally practised type of <ro-

pping pattern.

Cost of the control programue

Control programmes do cosh hieavy money. Table L. gives the
expenditure on waterhyacinth control since the begimning of this
programme in 1959. The total money spent during these 1% years
amounts to 6.829 million pounds {§ equivalent = 19.12 m1llions).

The ris.ng costs, of the egquipment and the herhicide used,
during the last four years make one cets much far less from
these for vhe same amount of money. Hence, bilateral and multil-
ateral internutional aid seems to be very important zn this asp-—

ecta
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Table 1. Hyacinth Consrol Budget

( thousunds of pounds)

Year Chiapfer 1 Chuapter 11 Chapter 111  Total
(Personncl) (Operation)  (Equipment)
1959~60 6.0 0.3 - 663
1960-61 27,0 103 .7 51,6 182.3
1961-62 53,6 235.0 67.0 375.6
1962-63 72 .0 32547 60,0 457 .7
1963~64 90.0 363.0 99,0 552 .0
1964~05 100.0 430.0 56,0 556,50
1965-66 90.0 427 .0 - 517.0
196607 100.0 341.0 31.0 472 .0
1967-6C 138.4 332.0 29.1 4995
19606-69 1404 347.0 11.0 499,2
19569~70 1416 3905 - 532:3
1970~71 134.8 A57 o2 40.0 532 .0
1971-72 132, 32964 52,8 516 .7
1972~T73 133.5 342 6 538 530.1
1973~T4 1373 332.8 100.0 570 .1%
Grand Total 626.0
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White Nile pump schemes

Along the White Nile there are more thun 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 punps and by clogging the canals and other smale
ler irrigation water channels.

Also,; blockage of water distribution for eleciricity-pow-
er plants have been reported in many instances.

Water supply and recreational achivities

Thne presence of the waterhyvucinth zlony the river bank
nas caused Adisturbances in zhe water supply for setilements due
to increased drift leading to massive aocunmlation snd decomp-
osition alony the banks. Boating, bathing end swimming are no

longer pessible along mavy sites in infested areac,

Transportation

The Nile s the main route of transportaticn between
Northern and Scuthern 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 cbstructicn 2f navigation,

Beshir (1975) repurted on the damag? caused to the steam-
ers themselves in their effort to manceuvre their way between
dense mats of waterhyacinsh., This incurs

a= money speint to purchase spare parts,

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

C= delay in the transportation of gocds,

d- reduction in the carrying capacity of the steamers, and
e- excess in fuel concumption.

vl Lo
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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 thousand pounds; 10 %
increase to meet general repair requirements 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 ammually for that reason.

Fishing

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 chamnels which were formerly of great importance for fis-
hing are now completely chocked up. The Nilotics who normally
do 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 fisues unsuitable for life.

Health 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 attached to the roots of waterhyacinth
plants collected from Jebel Auliaz 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.

Interastion between waterhyvacinth, its envircnmentc und

other aguatic orgaunisms

Through 1ts shading, surface cover and hinderance to
currents, waterhyacinth appears %o be generally anitaonistic
to all other aguatic plauwt life, and threough its creation of
oxygen deficiency, to aquatic animalis t00.

Degrth or complete absenze of oxygen beneath floating
mats of waterhyacinth was acted by Lynch et al. (1947) in

southern United States, and Hiclkling (196L) in Java. S:pilarly.
Yount {1963) reported the absence of oxvgen abt only a few cent~
imeters® deptih in the isclated poeols on surfacc lime-tlone in
Florida whinh ave thickly covered with Lemna, Fistia, Salvinig

and somatimes Eichhoimia.

Twal B s 5 ——

i *

Floating mats drasticaily curtar: the pesetration cf Tight
and s inhibit the growth and phetasyarhesis of phyt toplankbes.
They alsc shelter ths surface from wind, minlnising tarbulence
ané retarding reaeration, and hinder therwsl water currents.

preventing mixing and azcelerating aupratification,.

Effects of 2,4-D

A

A liquid amine form of 2,4~dichlorophenoxy acetic aci
(294mD) have been used as the main chemical for the control of
the waterhyacinth in the Sudan. Although 2,4~D is cne i the
safest herbicides concerning its side effects, yet & number ¢
effects have been felt or suspected in the storage and spraying

areass
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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.

Phe 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 dvring the spraying operations and
the behaviour and grewth of plankton are taken into consid—
eration. Also, Koch (1974) peints to questions as to what
extent is fish contaminated by the use of 2.,4~D ? and where
dces the herbicide remain after application ? and how does
it react {deccmposition, effescts) ? - all of which still
need an answero

In and arcund sprayed areas damage, and anomalies, in grow-
th. of trees, bushes and herbs including crops and vegetabl-
es are continuously observed aund 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 aguatic 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. I+ 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 tne most renowned of all agquatic plant species (Sculthorpe
1967) .

THE MORPHOLOGY OF THE PLANT

The mature hyacinth plant consists of roots, rhizomes,
stolong, 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 stomata 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 Barle 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 a 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 & volume/fresh weight ratio of over 7 cm3/gm in
contrast to about 1.3 cm3/gm for the other vegetative organs
(Penfound and Earle 1948).

The relation of these floats to buoyancy regquirements is
shown by the fact th.t 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 a 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 ft) 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
Earle (1948) as "an attractive lavender spike subtended by two
bracts and surmounted on an elcngated 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 stylés and a capitate stigma which is
situated about half-way between two groups of anthers. The ovary
ripens into a thin walled capsule which is imprisoned in the
relatively thick-walled hypanthium".

THE SUCCESS OF WATLERHYACINTH

The success of B. c¢ragsipes as a weed and a colonizing
species is attributed to a number of ouitstanding traits which
can be adumbrated as follows @

1. Envirommental tolerance

E. crassgipes i1s 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 environmmental factors :

(i) Temperature

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

st the old River in Central California the waterhyaci-
nths grow at 60 % full sunlight or better” (Bock 19E8). Visco=
sa (1949) velieves that shade checks the growth of the waterh-
yacinth 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 19£2; and Tag El
Seed 1972).

(iv) Salinity

Bock (1568) wrote o “Water hyacinths can tolerate a
wide range of salt concentrations and various inorganic and
organic compounds In WATeT eseeccensecccs This tolerance of a
variety of crganisc and inorganic compounds in water undoubted-
ly contributes to Ee. crassipes' success @s @ weed and coloniz-
ing species., The plant does well in conditions both oligotrop—
hic {Dymond 1648;) and eutrophic (Backer 1951; Bose 1945 and
Yount 1964), as well as in intermediate waters such as those
of the 01d River.

Penfound and Earle (1948) found that the waterhyacinth
can't tolerate more than faintly brackish water-gpecimens sho-
wing epinasty and chlorosis and quickly dying, yet® the plant
has also been shown tc grow freely in estuaries and brackish
lugoons and to survive for several days in sea water (cfeCaCos
?,A/C.S5.A. 1957). Coleman {1957) believes that E. crassipes
can tolerate salt water, but carmot establish itself or multi-
ply in brackisk water. Indeed, Boek (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 strctches 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 congiderable 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
atiitude 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 %o
desert and semidesert habitats should trigger research on the
drought resistance of this plant species.

Parija (1934) claimed that the witerhyacinth 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-
ase- of leaf surface. Bock (1968) concluded thut 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 El Seed (1972) found that the



waterhyacinth survived when watered every 4 duys whercas plunts
died when put under a weekly wutering regime. The critical water
content essential for the survival of the hyacinth plants was
found to be about 20 § of the original fresh weight. Penfound
and Barle (1948) showed thut deuth occurs when the weight of the
nlants falls below 15 % of the original fresh weight.

2. lorphological plasticity

The leaves of the waterhyacinth arc subjeet to variation in
size and form under different hubitauts. When Ilouting in shallow,
poorly oxygenated water or when strunded in muddy banks, the lea-
ves are small and may only reach a length of about 8 cmm with the
bilades about 3 cm wide and 2 cm long. However, when the plants
are not crowded and are living under favourable conditions, the
sgaves may attain a length of 125 em, the blades being conspicuo-
wsly longer than they are wide und nay attain about 15 em x 13 em
\Sculthorpe 1957).

Absence of swelling is associated with plants being anchored
in place by rooting or by crowding with other plunts (kiclean 1922;
Lansdell 1925; La Grade 1930; and Sculthorpe 1967), with high te-
mperatures (La Grade 1930; and Sculthorpe 1967), with shading or
light intensities below 5380 Lux (La Grade 1930; Guido et al.
1965; and Sculthorpe 1967). Foliage with well developed floats
is correlated with the free-floating huabitat (Rao 1920; Bruhl wnd
Gupta 1927; anc La Grade 1930). However, Bock (1968) failed to
associate the petiolar conditions with shading.

The ability of E. crassipes to chunge its growth habit
(phenotypic) with changing habituts is certainly a good tool of
success indicating a wide spectrum of envirommentsl tolerance.

3. Reproductive strategy

E. crassipes can increase vegetatively and sexually. However,
the relative importance of vegetative 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
wnknown 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 & 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
considersd. 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) Floral biology

The inflorescence of the waterhyacinth is a spike compri-
ging 2 to 35 or more spirally arranged, zygomorphic flowers.
The androecium is composed of 3 short and 3 long stamens. In
the Sudan 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. cragsipes 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) whereas 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.

(iii) Pactors affecting seed-set

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

In a recent study Tag El Seed and Obeid (1975) reported
the inflorescence of the waterhyacinth to carxry 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
seeds 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 tc 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 Earle 1948; and Bock
1968). Indeed, when artificially self-pollinated most of the
flowsers 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 pellination and/or fertilization could
be due to the effects of high temperature and low relative hum-
idity which may lead to the drying up and hence unreceptiveness



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 seesds germinated in 7 days when
kept constantly in water. Haigh (1936) in Ceylon also germina=-
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
abcut twice as long to germinate when moistened as seeds kept
wet from the time of collection. Tag El 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
tu be a funetion 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 El 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,
gsoil 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 soil no germina-—
tion ensues. The sesds germinated when they were exposed to
the natural diurnal fluctuation of temperature and illuminati-—
on. 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 %o be
affected by the specific conditions prevailing in its natural
habitat, especially along the shorsline 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 germinate sporadically and
dry~-storage for mors than 8 months caused germination to drop
to less than 40 %. Wetting, drying and rewetting gave complete
and quickest germination. After 2 years of dry-stcrage, 78 %
of the seeds were still viable . Parija (1934) found that the
seeds of E. crassipes can remain viable for a fsw 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 seeds 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 environmental hazard or
another".



Tag E1 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 a solution containing 2,304 p.p.m. 2,4-D. for 5
hours. Spraying the soils, infested with waterhyacinth seeds,
with 256 pepo.ms. 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 alony the Nile banks in Sudan from Jebel Aulia in the
North to further than Malakal in the South.

Panfound and Earle (1948) have studied the germination
stages and the develcpment of the seedlings of E. crassipes.
They reported that the cetyledon 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. HRobertson 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 seedli~ s of E. crassipes require auchorage 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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mature floating rosettes. These authors concluded that the
development of mature individuals from seed is likely to be
limited by unfavourable growing conditions rather than conditi-
ons unsuitable for germination.

Tag El Seed (1972) suggested thut the development of young
seedlings into mature individuals is affected by a number of
factors, mainly the medium in which they grow, rains, floods
and drought. He believes that some of the seedlings can get
established, expand and act as colonizing units for they can
multiply rapidly by vegetative propagation. He concluded that
the role of the sced is significant-initiating primary infecti-
ons and agumenting the magnitude of infestations of the Nile.
The seed being viable for a few years and resistunt to 2,4-D,
can remain a permanent menwce for new infestations ensuring the
continuity of this weed species.

4. Vegetative propagation and Productivity

Undoubtedly the prolific rate of vegetative propagation is
responsible for the weediness and success of E. crassipes as a
colonizing species. The plant munuged to cover an area of 1000
kilometers in 2 years in the Sudanese Nile system (Tag El Seed
and Obeid 1973).

In Louisiana Penfound and Earle (1948) isolated 10 plants
and found them to vegotatively reproduce 1610 plants in 3 mont~
hs. In Sudan Obeid (1962) placed two plants in u deserted swim-
ming pool and Tound them to give 30 plants in ftwo months and
130 plants in three months.

This fantastic ability for vegetative propagation is perh-
aps mainly due to the plant's startling rate of photosynthesis.
Westlake (1963) considers the waterhyacinth to be the most or
one of the most productive photosynthetic organism(s). Yount
(1964) found this plant to produce organic matter at the rate
of 28 gm 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 natter/ha (Westlake
1963). On the other hand, Penfound and EBarle (1948) found that
during active growth plants can double their number fortnight-
ly, the floating mats extending by as much as 0.5 to 075 mt/
monthe At this rate of multiplication 10 "individual" plants
would have produced 655,360 plants equivalent to a solid acre
during one growing scason which in Louisiana extends from at
lsast March 15 to about November 15. They also found the total
fresh weight of an eight year 0ld mat to vary from 56,660 kg/
ha (123 tons/acre) in winter to 75,700 kg/ha (184 tons/acre)
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 aquatic weeds,
and the waterhyacinth may multiply at 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 millicn 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 come—
piement the effect of exch other wad thus enable the plant to
ba that famous and ukbkiguitous cclonizing speciaes.

5. Competitive ability

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

{1) +that there is no particular or well known antagonism
between E. crassipes and the various plant associations on the
rivers of Central Africa, that Eichhormia invasion is mainly
iimited to free spaces among or in the neighbourhood of the
associations, 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 specics are able to live. According 4o 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 thay were sometimes

replaced by it. In North Carolina and the Gulf Coastal States
of North America Alligator weed (Alternanthera philoxeroides)

may sometime replace E. 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. Alsc, Little
(196€) had observed that both E. crassipes and P. stratiotes
were competing 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 subsirate surface, encroaching on the smaller
Pistia plants and impounding light from them. Eichhornia being
tolerant to & wide range of habitais, particularly to pH ig
expected to have a better competitive ability than Pistia - a
feature that adds to the success of Eichhornia as a colonizing
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specios. Indeed, Baker (1965) wrote : "nevertheless in Jamaica w-
here it had been introduced, it appears to be sprecding more
wooressively than a native species of the same genus Eichhornia
paniculata Solms eventhough E. paniculata sets abundant sceds
(for it is self-compatible) and has vegetative reproduction as

well".

Certainly a plant possessing a number of outsiunding trai-
ts, mainly : a wide range of envirommentil tolerance, morpholo-
gical plasticity, an efficicnt reproductive stratesy, a fantas-
tic rate of orgunic productivity and o good competitive ability
is sure to succeed as 2 weed znd an adventive colonizing speci-
2 which is spreading in & plague-like manncer all over the
slobe,

REFERENCES

Asnarkar, S.P. and Banerji, I. (1930). Studies in the pollina~-
tion and seed foraation of water hyacinth (Eichhornia

specinsa Kunth). Agric. J. India, 35, 286-06.

Anon. (1957). Eichhornia crassipes. Sci. Council for Afr.
South of the Szhara. Publ. 27,

srber, A. (1920) . Water FPlants : A Study of Aguastic Angiosper—
ms. Unive. Press, Cambridge.

Arnold, C.A. (1940). A note on the origin of the lateral roots
of E. crassipes (Mart.) Solms. Amer. J. Bot. 27, 728~
30,

Backer, C.A. (1951). Pontcderiaceae. Flora lialesiana Ser.
1,4, 255-61.

Baker, H.G. (1965). Charactecristics wnd modes of origin of
waeds., In: The Genetics of Colonizing Species, ed.
Baker, H.G. and Stebbins, G.L., pp. 147-68.

Barton, L.V. and Hotchkiss, J.E. (1951). Gemuinution of sceds
of E. crassipes Solms. Coutr. Boyce Thompson Inst.
16, 215-20,

—64—



Bishai, H.M. (1961). The effect of the water hyacinth (E.
crassiges) on the fisheries of the Sudan. 8+h amual

report of the Hydrobiolozical Research Unit, July 1960-
June, 1961l. University of Khurtoum, 29-36.

Bock, J.H. (1968). An Beological Study of E. crussipes with

Special emphasis on its Reproductive Biolosye PheD.

Thesis, Univ. of California, Berkeley.

Bose, P.XK., (1945). The problen of water hywecinth in Bengal.
Sci. Culte. 11, 167-71.

Bruhl, P. and Gupta, J.S. (1927). Comacntationes phytomorph~
ologicae IV. ZEichhornia studies 111: on the production

of ripe sceeds by artificial pollination of Eichliorniw

speciosa. J. of Dep. of Sci. Univ. of Calcutta 8, 1-8.

CoCoTwhe/C.S.A. (1957). (Commission for Technical Co~operat-
ion in Africa South of The Szsharg/Scientific Council
for Africa South Of The Szhara) Report of the syuposiun
on Eichhornia crassipes, Leopoldville, 1957. C.C.T.A./
CeS.A. publs., 27, 1-31.

Chadwick, M.J. (1961). Some observations on the ecology of
E. crassipes Solms. Rep. Hydrobiol. Rese. Unit Univ.
Khartoum. 8, 23-8.

Colemun, P.G. (1957). The chemical Control of water hyacinth
in Kelantin. The Malayan Agr. J. 40, 200-8.

Crocker, W. (1907). Germination of seeds of water plants.
Boto G’aZo iﬂ:, 375"“800

Dymond, G.C. (1948). The watcr hyacinth : a cinderellu of
the plant world. In : Soil Fertility and Sewage by
J.P.J. Van Vurens. London.,

Forsberg, C. (1965). Sterile sermination of oospores of
Chara and seeds of Najas marina. Physiol. Plant.
18,128-37.

~65~



Gay, P.A. (1958). Eichhornia crassipes in the Nile of the
~ Sudan. Nature, Lond. 182, 538-9

- (1960). Ecological studies of Eichhornia crassipes Solms.
in the Sudan. I. Analysis of 8pread in the Nile. J.

Ecol. 48, 183-91.

Guido, A.S., Montero, H.S. and Bruhm, J.C. (1965). U.S.D.A.
final project repori S9=CR-1. Natural enemies of weed
plants. Montevideo, Uruguay: U.S.D.A., Publisher.

Haigh, J.C. (1936). Notes on the water hyacinth (Eichhornia
crassipes Solms.) in Ceylon. Cey. J. Sci. 12, 97-107.

Harper, J.L. (1970). The population biology of plants. In :
Population Control ed. Anthony Allison, Penguin Books.

Hitchcock, A.E., Zimmerman, P.W., Kirkpatrick, H. and Earle,
T.T. (1949). Water hyacinth : its growth, reproduction,
and practical control by 2,4-D. Contr. Boyce Thompson
Inst. Pl. Res. 15, 363~401.

, , and ~-—- (1950). Growth and reproduction of
water hyacinth and alligator weed and their control by
means of 2,4-D. Contr. Boyce Thompson Inst. Pl, Ress
16, 91-130,

La Grade, R.V. (1930). A plant that stopped navigation.
MiSSOU.I'i Boto Gardo Bullo l-_&, 48"510

Lansdell, K.A. (1925). The water hyacinth, Eichhornia speciosa
Kunth. J, of the Dep. of Agr. South Africa 10, 24-28

Little, E.C.S. {1966). The invasion of man-made lakes by plents.,
In: Man-made lakes, ed. Lows~NMcConnell, R.H., Symp. Inst.
Biol., 15, 75-86. Inst. of Biol. and Academic Press,
London.

Mclean, K. (1922). Water hyacinth. A serious pest in Bengal,
Ag!‘. Jo Of Indiao -:_L_z, 23"'400

—66-



Muller, F. (1871). Ueber den trimorphisms der Pontederiacien.
Jensische Z. fur Naturwiss. 6,74-78.

- (1883). Einige eigenthumlichkeiten der Eichhornia crassip-
" es. Kosmos 13, 297-300.

Obeid, M. (1962). An Investigation into the Mineral Nutrition
of Some Common Weed Species in the Sudan. M.Sc. Thesis,

University of Khartoum.

Obeid, M. and Tag El Seed, M. (1976). Factors affecting
dormancy and germination of seeds of Eichhornia crassipes
(Mart.) Solms from the Nile. (Accepted for publication in
Weed Research).

Olive, E.W. (1894). Contribution to the histology of the
Pontederiaceas. Bot. Gaz. 19, 178-84.

Parija, P. (1934). Physiological investigations on water hyac-
inth (Eichhornia crassipes) in Orissa with notes on some
other aquatic weeds. Indian J. Agr. Sci. 4, 399-429.

Penfound, W.T. and Barle, T.T. (1948). The biology of the
water hyacinth. Ecol. Monogr. 18, 447-72.

Pettet, A. (1964). Seedlings of Eichhornia crassipes: a possi-
ble complication to control measures in the Sudan.Nature,
Lond. 201, 516-17.

Rao, P.S.d. (1920). The formation of leaf-bladders in Eichhor—
nia specicsa, Kunth (water hyacinth). The J. of Indian
Bot. 1, 219-25.

Robertson, H.F. and Thein, B. (1932). The occurrence of water
hyacinth (Eichhornia crassipes Solms.) seedlings under
natural conditions in Burma. Agr. and Livestock in India
2, 383-90.

Sculthorpe, C.D. (1967). The Biology of Aquatic Vascular
Plants. Edward Arnold Ltd. London.

5T



TPag EL Seed, M. (1972). Some Aspects of the Biology and
Control of Bichhornia crassipes (Mart.) Solms.
Ph.D. Thegsis, University of Khartoum.

~—— and Obeid, M. (1973). The reproductive strategy of
Eichhornia crassipes (Mart.) Solms. Proc. of
the First Conference of Pesus Control, Univ. of
Asuit, E.A.R., Feb. 1973. ‘

——- and == (1975). Sexual reproduction of Eichhornia
crassipes (Mart.) Solms in the Nile. Weed Res.
_1;5., 7"'12 .

Vaas, K.F. and Sachlen, M. (1949). On the ecology of some
lakes near Buitenzorg, Java. Hydrobiologia 1, 238-
50,

Viscosa, P. (1949). Natural checks on the water hyacinth.
The Proc. of the Louisiana Acad. of Sci. 12, 65-T71.

Westlake, D.F. (1963). Comparison of plant productivity.
Biol. Rev. 38, 385-425,

~e= (1965). Some basic data for the investigations of the
productivity of aquatic macrophytes. MNMemorie Ist.
ital. Idrolicl. 18 (Suppl.), 229-48,

Yount, J.L. (197F4). Aquatiz nutrient reduction-po’ential and
possible methods., Report of the 35th Amn. Meeting,
Florida Anti-mosquito Assoc.

68—



POPULATION DYNAMICS OF THE WATERHYACINTH
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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
@cological factors contributing to the success of this weedy
species and uggravating the infestation of the White Nile and
its tributaries in the Sudan.

This contribution is meant v, broadly, summarize the work
which has been done on the population dynamics of this weed sp=-
ecies in the Sudan. It is envisaged that studies on the popula-
tion dynamics 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 to answer the guestions "where does the plant come
from ? when does it come ? how much of it comaes ? and where
does it go 7.

To achieve this it was necessary to investigate the vario-
us environmental characteristics of the White Nilg and its
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tributaries which affect the reproductive capacity and other
biologiczl 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 end the change of this within a certain period of time
8.2+ within one year.

FACTORS AFFECTING THE POPULATION DYLANICS
OF THE WATERHYACINTH

The factors that affect the population dynamics of the
waterhyacinth can be broadly classified into 3

(i) external factors

(ii) dinternal factors

Three sxternal factors wre recognized. These are gsography
and climate = which are generally known %o influence the distr—
ibution of a 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 considsred as the main facto-
rs to 1limit 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 scasons; high and low floods)
are mainly responsible for the numerical {(biomass) and spatial
change of distributicn of the plant in the different parts of
the area.

The internal factors of tl : plant (irnate characteristics),
such as mode of reproduction, lifecycle, plasticity, etc... en-
able the plant to react under the influence of certain environ-—
mental changes within genetically fixed limits, in an endeavour
to survive and preserve its species. In this respect the water-
hyacinth is considered the most renowned of all aquatic plant
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species and the contribution by Tagz E1 Sced in this volume
outlines the mode of adaptation and tocls of success that
contributed to this rencwn.

Therefore this work is confined ‘4o the investigution and
assessment of the climatic data such as tewperature, rainfall,
relative humidity, wind speed and direction; as well as the
hydrological data such as discharse, waterlevel znd current
speed oi the infested area.

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

The geogruphical description of the infested rivers forms
the third point of the triangle which forms the frume in which
the special investigabions about the plant behaviour (c.g. veg-
ctative reproduction; drift of the floating plunt) are placed.

EXTERIAL IPACTORS
Gecgraphy

The geugraphic feutures of the area which wre of direct
relevance to this investigation are the rivers and the inundat-
ed areas., A brief description ¢f these is given here.

Bair Bl Jebel is a 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 io. A few side channels are present
on the first 200 ke, From Bor onwards the river splits up into
nunerous side chamcls and lakes crerting the so - called
'Sudd'. Nevertheless two main chamnels can be distinguished
Bahr E1 Jebel in the west and about 8 ki wpart the liew River in
the east. They join near Shumbec (430 lon from Juba). The latter
has been used for the steaner trafiic for a couple of years
gince the Jdebel is chocked by vegetation. This swapy area is



about 500 km long and at least 15 km wide. In the rainy season
it even extends up to 50 lm, specially in the reach of Zeraf
Cut 1 (700 km river distance from Juba).

The Zeraf Cut 1 comiccts the Jebel with the Zeraf tail
(Cut 11 has been out of function shortly after its digging in
1913). The Seraf 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 meunde-—
rs in a well distinguichable bed.

About 640 km from Juba, near Adok the last big channel
joins the Jdebel. Although being surrounded by swamps, the river
ig well defined without any side channels. Only a few lakes are
cormected to the river up to Lake lNo.

At Lake No (about 840 lm from Juba) the Bahr El Ghazal
which comes from the west, wnd is formed by the Jur river and
the Bahr El Arab, joins Bahr E1l Jebel. The river which is now
called the White Nile bcnds eastwards, keeping thic direction
for the next 150 km. Close to Lialakal, where thc Sobat river
enters the White Illile, 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 lielut.

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

The lengths of the rivers are :

Bahr El Jebel (Juba to Lake No) 840 Im
Bahr E1 Ghazal 200 Im
Bahr El1 Zeraf 270 km



White Nile 960 km

Sobat | 350 km
Baro from Gambela 200 km
Pibor from Pibor Post 350 km

The total length of the infested rivers is 3170 km. This
does not include several other infested areas particularly 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 wnd its tributaries is
characterized by three outstanding features =

(i) almost‘all the water is coming from the mountains which
surround the Sudan plains (Lake Plateau and the Ethiovpian
Highlends) ;

(ii) +the slopes of the rivers are very flat (White Nile 1.7
cry/km and Sobat 4 em/lm; and

(1ii) there is a big water loss, which influences the waterle-
vel changes between high fleod and low flood together with the
gummer rairs (maximum in August) .

This is why the discharge in the rivers shows an annual
fluctuation., Therefore within one year the different areas
show different pictures s 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-
rg 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 swimer rains and the defined bed 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

=73~



El Jebel spreads into side channels and spills early at the
beginning of the flood. The change of waterlevel in the White
Nile is mainly dependent on the rise and fall of the Sobat.
Indeed, the waterlevel at IMalakal and Renk corresponds with the
waterlevel at Doleib Hill, close to Sobat mouth. The earlier
high flood at Kosti and Jebel Aulia Dam can be attributed to
the effect of the Dam.

Climate

The whole infested area is described climatically as an
area of semi-tropical suwmmer rains. However, the area which is
situated between Lat. 5° N and Lat., 16° N (mean achsle Long. 32°
E) shows remarkable differences (cfo Figel); e.g. the mean temp—
erature in Juba is 27° C. in Malakal 28° C and at the Jebel Aul-
ia Dam 30° ¢ (Fig. 1 a); the rains fall in Juba for about 9 mon~
ths, starting in Marclh, in Malskal the rain starts in April aad
lasts about 7 months, whereas at the Jebel Aulia Dam 1t raing
for only thres months (Fig. 1 b). Also, the wnount of amual
rainfall decreases gradually as one proceeds northwards being
1000 mm in Juba, 900 mne in Bor, 780 mm in llalakal, 400 mm in
Kosti and only 200 mm in Jebel Aulia (Figo. 1 a).

The two main wind directions (south and north) are associa-
ted with the moist (ruiny) and dry seasons of the year. This
means that the wind blows from the south in Juba from llarch to
November and at the Jebel Aulia Dam from July to September (Fig.
1 C). Thunderstorms accompany the rainy season as well wit™ a
peak at the begimming snd at the end.

The relative humidity as a result of temperawture and rainfe-
all is low in Juba for a much shorter time than at Jebel Aulia
Dam.

RESPONSES OF THE PLANT TO THESE INFLUENCES

The influence of climate
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It seems thut 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 a small scale, it cun be said thit the climste has an impor—
tant effect both on the growth and the vegctative reproduction
of the plant.

The experiments which were carried out in December 1974
and January 197% at Jebel Auliw Dam arca and at lialaksl gave
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 and werc less than 10 cm high. The whole
group of 7 plants covered sn arcz not greater thun 15 x 15 cm.

On the other hand, at Malakal the planss were vigger in
size (20-30 em) high, wish clongabed bladders und leaves about
2 .
100 ew™. lore important, the averase number of plunts produced
out of one plant was 54 within one single wonth.
when these fijures are converted, applying the reproducti-
on foxmula used by Bock (1969); the values owtwined were :
Jebel Aulia X =
balakal X = i3
The rute of X = 1.11 means doubling of the plant

;_l
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number every week.

Since the actual weather data were ot available at this
time, the 30 year uverages were fHaken for the comparison of the
climate at the two sites. Unfortunwtely the datu did not indic-—
ate a statistical differecnce between Jebel Auliw and lalakal.
The reason for the omall differcnce might be due to the fact
that the lieteorological Stution at Malakal is situated at the
airfield where the ground drics out wand heuts up counsiderably
during the dry season. The cxperiment was carried out at the
river, where one expects a higher relwutive hwaidity. Obviously,
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the weather is much drier at Jebel Aulia Dam than at Malakal.

Experiments, which arc being carried out at the moment at
both places (Khartoum instead of Jebel Aulia) show equal diff-
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 waterhyw.irch with its sail-like leaves is
very sensitive to wind accicu. Since there is a diurnal fluct-
uation in windspeed-the wind being fairly low during the night,
rising during the day reaching a naximum 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 important during the day, the amual
change of wind direction (north and south) is important mainly
on the White Nile.

For the other rivers ea.g. Bahr EL Jebel, Sobat and other
tributaries wind does not seem that important, because these
rivers meander very much thus changing their direction conside
erably. In addition to it, the Jebel flows between 4~6 m high
walls of vegetation in a narrow bed. Furthermore, the wind
speed in the 'Sudd' is much lower than e.g. in Juba or Malakal.

Dependent on wind speed and directicn and the direction
of the river, the wind can support the waterhyuwcinth 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

~T76



current speed. Since there is an annual increase und decrease
in the river discharge, the speed of the current is changing
too. The waterhyacinth drifts almost with the same speed as
the current. This means, provided there is no wind, that the
waterhyacinth moves during September in Sobat at the rate of
about 90 km/day ~ thus travelling the distunce from Nasir to
the Sobat mouth in 3~4 days. In low flocd when the current
speed is about half the plants take about a week to reach
Sobat mouth. It might be interecting to study, in several
sites, the effects of wind as antagonizing or promcting the
effect of current.

Also, the annual fluctuation of the discharge produces
an ammual change in waterlevel. Where the banks are {lat, 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 ruinicus season. Waterhyacinth
plants which are living in the lagoons, mostly blown into them,
huve enough water and space during flood to grow. But when the
waterlevel falls many of these plints dry out and die due to
lack of water supply through the roots. The dry climate, preva-—
iling at the time, helps this drying out.

CONCLUSION

This contribution tried to describe individuwlly the facto-
rs which act cn the waterhyucinth as well as she responses of
the plant to these influences. It also tries to put together
the facts and observations, in an endeavour to draw the picture
referred to at the beginuning of the this article.

There is low to mediuwm infestation in the arca betwaen
Juba and Bor. Infestation is heavy in the reach of New River
and Jebel up to Adok due to the nwacrous lakes and waterways in
this swampy area. In the stretch Adok to Lake No the infestation
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is low again being restricted only to the river itself. Ghazal
has & low amount of waterhyacinth. From Lake No to Malakal,

the White Nile is accompanied by & few parallel lagoons showing
a mediun infestution. The degree of infestation of the White
Nile from lialakal to Jebel Aulia Dam is medium to high, depend-
ing on the season. The Sobat itself has & small amount of wate-
rhyacinth most of the year. However, the tributaries which form
the swamps at th3 Ethiopian border are highly infestzdl.

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 is 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 because most of them are rooting in
the ground. Waterhyacinth break off constantly from these stri-
ps along the banks and shores drifting them. mainly with the
current out of the swamps into the main watercourse, ec.g. Bahr
El Jebel. So the number of floating waterhyacinth is increasing
downstreams. From Adok c¢nwards, littie amount of waterhyacinth
igs added. But Bahr Bl Zeraf and Schat contribute a large number
of floating waterhyacinti~ this amount being, also, dependent
on the season. When the ievel rises in the rivers and swanps
much more waterhyacinth bLreak off the banks and float downstre-
wns.

When this waterhyacinth reach the White Nile the influence
of the wind can be scen clearly. The plants are bleown ashore
and many of them disappear into the lagoons from thie river,alse
gsupported 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 ai
the wind changes in the north they siop drifting towards the
Dam since the current is very slow from Kosti onwards. lore 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 is very
low in the north not many waterhyacinth are added to those
which came from the south. So, the amount of drifting waterhy-
‘acin:h on the White Nile decreases again after the rainy seas-
on. When the river falls by the end of the year the amount of
waterhyacinth in the lagoons decreases also because those pla-
ces dry out. In the swamps the number of floating waterhyacin—
th docreases +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 of this river is high in March, April and May. The
contribution of Bahr El Zeraf is high in July and August and
the contribution from Bahr El Jebel is «t its maximum in Sept-
ember. Bahr El Ghazal does not contribute much waterhyacinth.

The whole phenomenon can be summarized as fellews :

Waterhyacinth are produced in the swamps throughout
the year slightly increasing in number at low waterlevel. At
the rige of the waterlavel many of waterhyacinth are flushad
out into the White Nile. In this river they drift dcvmstreams
as 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
yet it can be stated that the population dynamics of the wate-
rhyacinth in the White Nile and its tributaries is regulated
first by the discharge and waterle#al of the rivers and the
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wind, second by the climate (relative humidity) and furthermore
by the water quality. ' '

LITERATURE

Bock, J.H. (1569). Productivity of the waterhyacinth (E.c.).
ECOlo 20_, 460-640

Gay, P.A. (1960). Ecological studies of Eichhornia crassipes
Solms in the Sudan : l. Analysis of spread in the Nile.
Jo Eco:l.o _4_»§, 183-910

——— (1958). Eichhornia crassipes in the Nile of the Sudan,
Nature, Lond. 182, 538-39.

~—— (1960). The waterhyacinth in the Sudan. In s The Biology
of Weeds ed. J.L. Harper. Blackwell Scientific Publ.,
Oxford.

Gunther, H. (1974) . Biologie der Wasserhyazinthe (Eichhornia
crassipes Mart., Solms). Dipl. Arbeit aus dem Institut

fur phytomedizin, Herbologie, Universitat Hohenheim.

Heinen, E.T. and Ahmed, S.H. (1964). Waterhyacinth Control
on the Nile River, Sudan. Information Center; Dept.
of Agric., Khartoum.

Hestand, R.S., May, B.A., Schultz, D.P. and Walker, C.R.
(1973). Ecological implications of waterlevel on
plant growth in a shallow water reservoir. Hyacinth
Contr. J. 11, 54~8.

Hitchcock, A.E., Zimmerman, P.W., Kirkpatrick, H. and Earle,
T.T. (1949). Waterhyacinth : its growth, reproduction
and practical control by 2, 4-D. Contr. Boyce Thompson
Inst. 15, 363-401.

Holm, L.G., Weldon, L.W. and Blackburn, R.D. (1969). Aquatic
weeds. Science 166 , 699~709.

80~



Hurst, H.E. and Phillips, FP. (1931). The iiile Basin, Vols :
1-V11ll with Supplements. Government Press, Cuiroe.

Koch, W. (1974). Studies on population dynamics of Bichhornia

crasgsipes. Presented to the Waterhyacinth Control liceting,
July, 1974.

Little, L.C.5. (1965). The World-wide distribution of the
waterhyacinth. Hyacinth Contr. J. 4, 30-2.

Tag EL Sced, M. (1972). Some uspects of the Biolory and Contr-
ol of Eichhornia crassipcs harts., Solms. Ph.D. Thesis,

Univ. osity of Khartoum, Sudwn.

Penfound, W.l. and Barle, T.T. (1948) . The Biolojy of the
waterhyoeinth. Ecol. lionogr. 18, 447-72.

Westlake. DF. (1963)., Comparison of plant productivity.
Bi.cll(« ReVu i@_’ 385“‘425:

81—



CONTROL OF WATERHYACINTH
INTRODUCTION

BY

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

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

In hig fight against waterhyacinth Man has used various
means : (i) mechanical; (ii) manual; (iii) chemical; and (iv)
biological. B ’

(i) Mechanical means

Many mechanical machinery units were devised in the past
70 years for use in controlling waterhyacinth., These uﬂ!és
vary in their functionsz. Cesrtain boats were operated to cut
their way into dense mats of waterhyacinth. Cow.veyer 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). liechanical 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 «f incomplete coverage of the infested
area.

2~ There is the risk of re-infestation by sceds or vegetat-
ive fragmentse.

3= There is the need for frequent repetitvion of the treatm—
ent.

4 There is the risk of greatly disturbing the aguatic
environment,

b=~ [There is the high cost of labour.

Wuriderlich (1968) gave the cost of control of the unwanted
gurface in the States as § 12 per scre when chemicals are used
and between » 25~35 when mechaenical mewns were applied. These
figures, of course, need some revision after the fantastic ris-

es in tune prices of all commoditics.

In ceuntries like ours we are fuced with the facts that
the machines theuselves are very expensive, spare puarts are
expensive t¢o and in remote aress trwnsier of fuel (when avail-
able) is a vexy ditrfiecult endeavour - all cof these udd to the
Jist of the disadvantages inherent in the mechanical mecans of

control,

(ii) Manuzl means

Scultherpe (1967) dealing with hand clearing states that
"ecoennoo. weeding and cutting by hand is perhaps still the
most economival method of removing isclated groups of plants
and the small marginal populations of ditches, canzls and pon=
ds." . Nevertlieless, in the Sudan with the waterhyacinth sprea—
ding in a river length of 3170 km in addition to the various
lakes, lagoons and the Sudd area, hand clearing cannot cope
with the magnitude of infestation. Hence, munual control is
very localized in its application (cl. Beshir 1975). Indeed,
Heinen und Ahmed (1964) wrote "Bven tiougn lubour costs are
relutively inexpensive, effcctivenvss of such methods leaves
mueh to be degired and is not encouraged....... und the need
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for manual control will continue but only in selected and
specific areas.". Two local experieuces for manual picking were
carried out, in co-operation between the Ministry of Youth and
the Plant Protection Administration, at E1l Dueim and Kosti to
clean infested arcas 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.

(iii) Chemical means

Many chemicals have been used in the control of waterhyac—
inth before the beginning of the use of growth hormones in 1946.
Pzrijs (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 @aeid) in controlling waterhyacinth. Zimmerman
et ul. (1950) were pioneers in making 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 : formulations of 2, 4-D; effective dcsages; metho-
ds of epplication; effects on animal and plant populations; and
morphological sdaptations 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; because of the envirommental hazards caused

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

any authors have asserted that biological control would
be the best method for control in the future (Anon 1957; Bock
1968; and Wild 1961). However, it appeurs that relative succeus
has, hitherto, accompanied research activities in biological
contrcl,

The following organisms showed signs of success in countro-
1lling waterhyacinth : the fungus, Fusariwn equisgeti (Cda.) Sace

(Banerjee 1942); seca cow or manatec (Allsopp 1961; w=nd Luphen
1964); the mite, Septanychus tumidus (Viscosa 194G); the snail,

Marisa cornuarietis (Seaman and Porterfield 1964); Arthropods
(Coulson 1971); other insccts (Bemnet 1970) and the fungi,
Alternaria eichhorniae, liyrotheciwa roridum wnd Rhizoctonig
gsolani (Charudattan 1973).

The difficulties which fuce rcsearch in biological control
seem to be time, money and the limited number of persomncl
involved.
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CONTROL OF WATERHYACINTH IN THE SUDAN

BY
KANIL BESHIR EL TIGANI

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

The spread of the waterhyacinth in a nunber 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 departments of dirert wund indirect involvement with the
problem, such as the River Transpord Department, the Joint
Permanent Technical Commission for Nile Waters, Ministry of
Fipance, Ministry of Local Government, the Mant Protection
Administration. The Council is chaired by the Undersecretary
Ninistry 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 ccntrol operations in =0 much as to allecate
funds for campaigns, look into problems relating to the procur-
ement of chemical herbicides, purchase of spare parts, transpo-
rtation of equipment etCooo In effect, its function is to make
it possible for the Waterhyacinth Control Section of the Plant
Protection Administration, which is entrusted with the fight
against the weed, to carry out successful control operationss.

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

CONTROL LEASURES AND OPERATIOINS

Currently the control measures in the Sudan comprise four
major forms; a/chemnical control, b/manual removal of waterhya-
cinth, c¢/public education and d/legislative action. Due to the
iack of speciwlized mechanical devices no mechanical control

is being done.

Chemical control

This has been used ag the main control measure since it
proved tec be the most efficient and cheapest under Sudan local
conditions. It is primarily done by spraying with a liquid
amine--form of the 2, 4~D herbicide, containing 6 1lb. of active

ingredient per U.S. gallon.

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

Only in the dry months of the year — Dgcember to March -
could aerial spraying be conducted, since during the rainy
season the muddy soil conditions prevent the construction of
landing strips for the fixed-wing type of aircrafts. Permanent
landing strips are lacking almost every-where in the South

except in three major airports.

Rough, temporary landing strips could only be prepared
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during the dry season and thousands of feddans of the weed
could then be effectively treated. This has been particularly
80 in the last few years when it became possible to move freely
in the South and %o 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 about 128,494 feddans.

To circumvent the problem relating to the lack of landing
strips for the fixed-wing aircrafts, a two-Helicopter unit has
been introduced in the combat against the waterhyacinth. Worki-
ng from seif-supported floating basis, this unit was meant to
penetrate and spray inaccessible areas in the 'Sudd' Region.

The two Helicopters carried out some limited sczle sprayi-
ng operaticns during liarch-April, 1975, but it is hoped that
their action could he intensified in the coming years since
guch Larget-dirented werial application proved to give better
control resulis and it is at the same time more economical.

Hoewever, during the rainy season spraying is mainly carri-
ed out by means of river cumpaigns which are actually mobile,
water-borne, self-sustaining units. They carry beside the pers-
ounel, food, fuel, the hervicide and spare parts necessary for
vhe work of the :ampaign. Bach unit consists of a paddle-wheel-
ed steamer. & living harge, a storage barge and six to eight
spray lavnches. These lawches can move freely from one place
to unother as iong as the waterlevel in the streams 1s not
critrcale In each spray launch a high-pressure, high volume,
$pray 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 =m2ll suction hose through which the
chemical is metered into the main water suction line ahead of
the pwop. The amount of the chemical used is controlled by a
disc located in the swull suction hose with a changeable orifi-
ce to allow as much or as little chemical to pass. It has been

«90m



found that a mixture containing 4 lb. of active ingredient
of 2, 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 removing
hyacinth bleckages in smull streams and hence render it
posgible for steamers and local boats to find their way from
one point to another. lany a remote area in the South would
have been completely isolated and faced with the threat of
famine and other problems, had it not been for the operations
of these river campaigns. Twenty to forty thousand feddans of
waterhyacinth are annually sprayed by these cwipaigns.

lianual removal of the waterhyacinth

Thesc operations take place in locutions where spray
drift mzy endanger other field crops, or vegetable and fruit
gardens. Of particular importance is the cotton crop which is
grown along the banks of the White Nile in the area extending
from Dueim up to Renk.

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

vel in the river.

Around April and *till September or October the wind blows
from the south, thus helps to bring mats after mats of the
drifting waterhyacinth downstrews and up to the north-mout li-
mit at Jebel Aulia where the Dam prescunts a physical barrier
against further movement of the weed. Concurrently, the water—
level in the main stream starts to recede wund thuit is around
April before the flood scason comaences late in July, and so
the water in the khors und small side zras of the river dries
up, leaving huge amounts of the weed strunded on the shores
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and dry water courses. For more details of the pepulation
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 collect the weed which is then left to dry under the
sun before it is burnt up. Such procedure secures not only the
destruction of the mature plants, but also their seeds and
sgedlings 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 waterhyacin%h begin
to accumulate at Jebel Aulia Dam and the drift of the weed
continues as long as the Southerly Winds prevail. Maximum acc-—
vmulation is reached around September. Spray launches, suppli-
@d with 2, 4-~D are then ready to carry out the necessary spra-
ying against the waterhyacinthe.

Other boats, stationed behind the Dam patrol the northern
limits of the White Nile up to its confluence with the Blue
Nile, collecting and destroying waterhyacinth plants that
gscape through the sluices of the Dam. Continued patrelling is
also extended north of Khartoum in the main Biver Nile.

It is interesting to note that when the wind direction
changes again, and thaut 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 comnection with these factors the construction of
river~barriers in strategic locations is being considered as
an auxiliary method to the mechanical and/or the chemical
control.
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Legislative action.

It is prohibited by law to transport. a whole plant of
the waterhyacinth or portione of it to clean areas. This law
was introduced mainly to protect the Nile River and other
uninfested tributaries as well as Lhe canals of the Gezira
and Managil Schemes from being coutaminated. Inspection and
checking points on roads leading to scnsitive irriguted arcas
have been establigshed. Waterhyacinth Control Supervisors have
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 means of
posters, and occaisonally through the P.:ss, Television,
broadcasting services and other means of communication. A film
depicting all phases of the control programme hus been prepared
and is being shown throughout the Sudun. A mnore recent one is
being made for the Television., The Officers in charge of the
ground campaigns, explain to the villu, <rs, whom they come in
contact with, the dunger of the spresad of the weed and the
penwlties pertaining to such actions us possession, transporta-
tion «nd careless disposal of the wced in clean areas.

Thanks to all thesc efforts that wfter eighteen years the
waterhyacinth infestation is still only corfined to the White
Nile und the already infested tributaries i:. the South.

Obstacles and efforts

Unrortuately, these control operations are constantly
faced with difficulties. Adverse weither conditions marked by
a long rainy season, strong winds and very high temperatures
in the Southern Region, are by far the most scrious deterrents

to the control activities.
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Lack of all season serviceable roads, of permanent landing
strips for aircrafts, of available spare parts for spraying
equipment plus the occasional shortageg 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 stundard of the control operations. More and
better equipped spray-launches have been acquired and added %o
the original fleet, although the attempts to fix the broken
ones are always hindered by the lack of necessary spare parts.

The Agricultural Fleet of the Plant Protection Adminigtra-
tion, with Sudanese Pilots flying Cessna and Piper aircrafts
and trained in waterhyacinth spraying, participates to some
extent in the control operations.However, the Cessna and Piper
Ilanesg, being short-range aircrafts, are not suitable to carry
out spray operations over the vast expanse of the *'Sudd' region.
Therefore, between 3 to 5 far-range aircrafts 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
1n 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 grown.

A Laboratory for Waterhyacinth Rescarch has just been
established at the H.Q of the Waterhyucinth Control Section at
Khartoum North. Equipment for the Laboratory has been supplied
by the German Technical Aid.

All these efforts are geared towards reducing the infesta-
tion to & tolerable level in an endeavour to minimize its harm=—
ful effects.

Intermational and bilateral aids

The history of such aids dates back to the first years of



the waterhyacinth invasion to the Sudanese llile System.

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

One of the first places contacted wus the Congo (now Rep-
ublic ¢f Zaire) where Belgiun Scientists hud also been working
on the problem of the waterhyacinth. The Belgian Government
designated an Expert, lMr. 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 und its tributaries.
At the time the survey was made the waterhyacinth had succeed-
ed in infesting a considerable stretch of the White Nile, from
Bor to Jebel Auliu, a distunce of about 850 miles.

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

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

In 1960 the Govermment of the Uniteda States was also app-
roached to assist in the fight against the waterhyucinth. An
Expert, Mr. J. Hodgsen of the U.S. Agency for Internutional
Development arrived in the Sudan and helped in developing an
organizational plan for the control of the waterhyacinth, and
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he demonstrated the first boait spraying.

In 1961, Mr. Heinen, also of the U.S.A.I.D. arrived in
the Sudan to help in the execution of the waterhyacinth centrol
programme. His duties ranged from administrative to operational
field technique and equipment maintenance.

The recommendations made by the differcnt experts who
visited the Sudan established the basis on which the control
operations were developed and carried out in the years that
follovied. During the second hzlf of the 1960's and early 1970's
little or no help was received from abroad except for the cont-—
inuing financial contribution of the Arab Republic of Egypt,
made through their membership in the Joint Permanent Technical
Commigssion for Nile Waters. The contribution has reached 300
thousand Pounds in the last fiscal year, 1974-1975. The same
amount has becn offered for the current fiscal year, 1975-1976.
The sum amounts to almost one third of the totzl expenditura of
the hyacinth control budget, and is spent in purchasing the
herbicide, for hiring aircrafts for aeriul spraying campalgns,
and also to pay the cost of rumning the river campailgn units,
maintenance and repair cost of bouis and a variety of other
purposes. Salaries of the waterhyacinth control personmel and
the purchase of equipment is paid for from the general budget
of the Plant Protection Adminigtration.

In 1973 the Federal Republic of Germany offered to help in
the fight against hyacinthe. A joint Project was laid down by
the Sudanese and the Gerwsn Governments, which was of a techni-
cal and scientific nature. It was directed towards improving
the control of the waterhyucinth by replacing the c¢ld, broken
dows equipment with new and better control facilities, and also
by introducing and developing new techniques in the control
programne. Already a considerable number of new spray launches
has been prepared. The Germun Bxperts are gtudying the possibi-
lity of using the river—barrier sysiem and the introduction of
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mechanical harvesters in our control arsenal. The possibility
of introducing bio-agents for waterhyacinth control in some
suitable locations within the infested area will be investiga-—
ted. Scientific studics of the ecology and population dynamics
of the weed ure now under way. The results of all these studi-
es will in the end help in developing a sound stratezy for the
control of the waterhyacinth,.

Reference has been made to "Heinen, @.T. und Ahmed S.H.
(1964). Waterhyucinth Contrel on the Wile River, Sudun.
Information Production Gentre, Depte. of Agric., Khartoum.".
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BURNING AS A SUPPORTING TREATMENT
FOR CONTROL OF WATERHYACINTH

BY
B.F. LiOHAMED

Faculty of Science,
University of Kharteum, Sudan

INTRODUCTION

In the Sudan direct contrel measures against waterhyacinth
comprise chemical spraying with 2, 4-D and manual removal using
forks and rakes. The latter method theugh more time-consuning
and more expensive, yet, ic inevitable under certain circumsta—-
nces. For example, chemiczl spraying is restricted during the
cotton growing season (July te March); it is ulso restricted in
the breeding sites of fish between January and lay, in the vic-
inity of vegetable and fruit gardens along the river bank and
near villages as a precaution against polluting domestic watar
guppliese.

Hence, the unrestricted and environmentally safe manual
removal of waterhyacinth is used throughout the year and where-
ver heavy infestation creates a serious problem.

Magses of manually rcmoved waterhyacinth are normally
piled inte large hecaps along the dry river banks. Also, natural
accumulations develop as x result of the sharp drep in waterle-
vel, in low-fleood, cutting off extensive marginal communities
of waterhyacinth from the muin course. These flat accumulutions
are most evident around bends, in shallow side streams and
depressions.
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During the dry period (January to June) under the desicc-
ating heat of open sun, both forms of accumulation (i.e. heaps
and carpets) are destined to dry into readily combustible
matter. Routine head-burning has been the usual land campaign
activity during this period. The dry fluffy combustible debris
is burned in order to guard against pessible reinfestation by
seeds borne in ripe capsules of dry plants.

EXPERIMENTAL
Field experiments were designed te test the efficiency of
rovtine burning which is intended to destroy seed crop centai-
ned in dry accumulations (flat and heaped) of waterhyacinth;
introduce the Back burning Procedure in an attempt to impreve
burning operations: and to test the effects of burning on reg-
eneration of waterhyacinth from seed.

1. Testing the efficiency of routine burning

The results suggest possible wmmendments of burning prac-
tices in order to promote the efficiency of burning debris of
naturally and mechanically removed waterhyacinth. It is recom-
mended that early burning, in March, serves several desirable
purposes 3 (1) it safeguards against large scale dispersal of
seeds, (2) destroys vegetatively dormant forms which would
rejuvenate on the onset of the rainy season, (3) the rainy
season, ceoupled with higher atmospheric humidity retards the
process of effective burning, causing incomplete destruction.

11, Backburning
The findings of this study may be sumnerized as follows:-

a— Viable seed crop countsined within dry hyacinth matter expe-
riences a high degree of destruction under excessively hot and
more lasting fire associuted with backburning heaped componen—
tso

-00~



b= Flat accumulations respend favourably to backburaing.

The success in both (a) and (b) is indicated by evident
and almost complete destruction inflicted by high temperature

and longer duration.

111l. The effects of burning on regeneration from seed

Experimental evidence has gshown that a considerable crop
of viable seed is contained in the litter accunuluting along the
banks of the White Nile, during low flced season. Germination
experiments cenclude that burning destroys a large proportien of
gseed crop and consequently supresses threat of reinfestation.Hem—
ce if properly carried eut, burning memagement can contrel spre-
ad of waterhyacinth. This objective may be achieved through
zdopting backburning technique on heuped masses of waterhyacinth

litter.
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UTILIZATION OF wWATBRHYACINTH
INTRCDUCTION

BY
li. OBEID

Faculty of Science,
University of Khartoum,
Sudan.

Little and Henson (1967) reported "the best way to Jdispose
of a weed is to make use of it, to turn it into a crop. Where
weeds are =z serious menace and the cost of contrel by mechanic-
al means or by herbicides is beyond local rescurces, then util-
izution of the weed as @ means of revenue becomes even more
desirable, Water weeds may come inte this category and well-kn-
own exanples of serious infestutions are those of waterhyacinth
(Eichhernia crassipes) on the liile and the Congeo, and Salvinia
on Lake Kuriba.".

A handbook on the utilization of aquatic plants was compi~
led and edited by Little (1968). In this, he asserted that "it
is surprising to find how little information on the constituen~—
ts of these plants is available in the World's literatursz.".

For waterhyacinth, utilization was suggested (Dissogi 1974)
as manure (Finlow and Mclean 1917); as fuel in India (llclean
1921); as compost (Howard 1925; and Watson 1947); as fodder
(Hora 1951; and Chatterjee and Hye 1938); as raw matecrial for
industry e.g. paper and plastiz industry (Mclean 1917 and lelan
and Kirmse 1974); as power gas wnd pewer walcehol (Sen 1931; and
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Sen wnd Chatterjee 1931); and as & protein source (Pirie 1967).

However, it is commonly belicved that the utilization of
waterhyacinth may eften be impracticable, or uneconomic, becau=
ge of the fuct thuat the plunt has such a high water content as
to make it too expensive to harvest. If it can be harvested
(and a variety of efficient machines are available for this
purpcse) then its utilization might be seriously looked intoe.

Pirie (1960) in his coentribution 'waterhyacinth : a curse
or w crop 7' asserted that his communication is a plea for some
re-orientution of thinking in areus suffering from, or threate-
ned with, waterhyacinth; there is a case for directing some
research towards finding uses for the pest instead of concentr—-
oting all c¢fforts on its eradication. The practicability of the
uses mentioned has not been established and difficulties may
arise with soume of them. But the quantity of waterhyacinth is
now so large., and so much effort is already being put inte dra-
going it from waterways, that it would seem reasonable to set
up a unit to study all the possibilities.

In the Sudan some effort has been done on the utilizution
of waterhyacinth., This is given in the following two contribut-

LGS
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SOUDIES ON THE NUTRITIVE VAILUE OF WARLRHYACINTH
( BICHHORNIA CRASSIPLG MART. SOINS . )

BY
H.E. OSHAN, G.A. BEL HAG and M.M. OBIIAN

Faculty of Agriculfure,
University of Khantoum,
Sudan.

INTRODUCTION

1]

)

Many methods have been adepted few tis contirel &F |

riiia crassipes; the most impertunt ef weich i the charical

method using 2, 4-D. Other meusures I contrel, 2re the nechai-
icul and hiological metheds. However, none of thesa netuods

preved to be nighly effective und the waoc continied s ewisd
snd spread. The failure te eradicate the waad

" -

cumpletaly doesn—
1te the greut ccegts involvad (aneut a millien Sudsnese Peunds

1 She Sudan in 1975) led scienftiists L haluk sbout alterustive

Cos |

ne of effsetbing part of the ceufis. Consaguanily one of

IS
ﬂ'i D H

he gvenucs tackled in this respeet wasw feeding the plant o)

oy

caimals,znd a number of triuls have been conaucted in diffena--
nt countrics to teot the feamibility of uaing the weed as a
feed. When waterhyacinth waz fed with o low gualihy reughage
to cattle (Chatterjee and Hye 1938) the surimadallon i welght
(28 to 66 1bs) and only after linsaed caikz was sdded te 4he
ration did the animalfs conditiens stari to ampreve and galns
in weight obtained. The resulbs indicuied clearly Ghal watert—

yacinth feeding is dependent upen 1ts supplanentation with

feedstuffs rich in protein. This wais ceafiruad by Homsaii
(1959) who reported loag in weight and dizrilices 15, aninals
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fed on waterhyacinth alome and imprevement in the condition

of these animals when some cakes were fed. Loosli et al. (1954)
attributed the low feeding value eof waterhyacinth to its high
water content and advised against its use alone except in the
case of very scarce feed supply. Kemal and Little (1970) worki-
ng in the Sudan reported several possible ways and means for
its utilization. These ranged from its uses as animal feed or
mulch fer weed control in cetton and horticultural crops, to
its possible use as compoest. Chalmers (1968) carried out a
preliminary study of the nutritive value of waterhyacinth in
this country and cencluded that it is comparable te many e¢f the
local hays and straws, so far as its crude protein content (on
dry matter bagsis) is concerned. She alse, suggested, that ensi-
ling the weed would not be & sound propesition because of its
high meisture content which approaches 90 per cent. Furthermore,
she reported against the pessibility of pelleting dried hyacin-
th prior to feeding, and seemed to be in faveur of grazing the
hyacinth in the fresh form by allowing Livesteck, mainly cattle,
direct access to the areas where the weed could be found.

The present series of ctudies has been planmned with the
objective of making a precise evaluation of the nutritive value
of waterhyacinth under the Sudan conditions, and of studying
the possibilities of its use alone, or with ether feeds, in
feeding ruminants during the dry season.

MATERIALS AND ILTHODS

(A) Digestibility trials :

Four rams (Sudan Desert Sheep) about two years of age and
weighing between 68 and 74 lbs were used in the present study.
The rams were Titted with harnesses and bags, for faeces colle-
ctien, and allecated randomly into two groups befere being
heused individually in digestibility crates designed fer urine
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collection. Drinking water was made available all the time.

Waterhyacinth, for feeding to the rams, was obtained
fresh every morning from the bunks of the White Nile at about
3 kilometers south of Jebel Aulia Dam. This collection site
was chosen because it had never been sprayed with 2, 4-D and
because of the wiformity of the waterhyacinth stunds. The
material for all the seven digestibility trials was obtained

from the s.me place.

Following the process of cutting, the plant material was
carted to the experimental site and a random sample of whole
hyacinth plants was tcken for botanical analysis. The material
was thewn randomly divided into two leots. The plants from one
lot were cut to scparate the lamina from the shoot. The other
lot was also cut up,firstly the shoots being scparated from
the rcots, secondly the shoots being chopped into ciazll pieces
czeh zbout i-1} inches in length. Thus prior to feeding to the
animals the waterhyucinth was available in two foras ¢ (2)
chopped lamina, (%) chopped shoot (i.e lauina + petiole). After
thoroushly mixing,separately, =cach of the two types of watcerhy-
acinth matorial, two grab samples (one from cach type), each of
500 g were weighed and taken to the laboratory for dry matter
determination. Inmediutely after this, twe samplos, one fron
cuch type of waterhyucinth feed., each weijhing about 5 kg, were
weishied inte separate basse The weighed contvent of zuch suck
wace fod %o one ran. The chopped laaina portions were fed to one
group of rans and the chopped shoot was fed tHo the other group.

Bach experimentul period lasted for 10 duys in which no
faeces or urine collections were mwde. The length of the preli-
minary period was chosen to ensure the adaptation of the aminu~
1l to the harnesscs, bags and crates, and the rumen micro-orga—
nisis to the feed being consumed by the wnimal (Lleyd, Peckhan
and Craupton 1956) . Feed was oifered ad. libitum at 8.00 a.m.
Food residues were collected—juct before feeding at 7.30 a.me~
dried, weigzhed and vhe wumount deducted from the dry muatter
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weight of the food effered. Daily subsamples of feed being
offered and residues of cach sheep were treated in a manmner
gimilar to that described by Osman and Donasoury (1963).

Urine and faeces from ecach animal were collected separnutely
every day at 7.30 a.m., and treated in a manner similar to that
described by Abeu Akkada and el-Shazly (1965).

Food and faeces were analysed sccording to the lMetheds of
Analysig of the Association of Official Agricultural Chemists,
Anon. (1965). Tetal nitrogen in urine was estimated by the
micre~kjeldahl method described by'el-Shazly (1958).

On the first day following the end of cach experimental
period (i.e the 1llth day), two samples of rumen liquor were
obtained from each ram by nmeans of a stomach tube (Abou Akkada
and Osman 1967). The first sample was collected just before
feeding (i.e 7.45 a.mn.) and the second sample 3hrs after feeding.
After straining through two layers of gauze, the before~feeding
collection from each ram was divided ianto two equal samples. One
sample wazs further subdivided into two portions. One portion was
incubated in vitre for 1 hr with 1 gm of dried and ground sample
of the feed being given (el-Shazly snd Hungate 1965). The other
portion, which wac intended to act as a control, was incubated
in vitre without the addition of any food. The gas evolved from
both incubaied samples was recorded at S5-~minute intervals. The
total amount of gas evolved in 1 hr was then assessed from the
regression equation relating time to amount of gas evelved. The
difference in gas preduction in 1 hr between the control and the
portion incubated in vitro with . gm of food was then taken to
be proportional to the net growth of rumen micre-—organisms
(el Shazly and Hungate 1965). The second samples of the before-
feeding collectiong wore kept in a deep freeze while awaiting
analysis for the estimation of ruminal ammonia. Concentration of
runinal aummonia was determined by the method described by Abou
Akkada and el Shazly (1964, 1965). Blood sample were alse obtai-
ned from the Jugular vein of each rim before feeding and 3 hrs
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after feeding for determination of urea nitrogen ceoncentration
by the method of Abou Akkada and ¢l-Shazly (1965) «

Stutisticul analysis were ws given by oSnedecor (1957) .

(B) Feeding trials

32 luabs (Sudw desert sheep) about one year old and of
weilght warying between 50 wnd 5% 1lbgo were wsed in the {eeding
triuls. They were divided randomly into four groups of cight
animals. Phe iuitiwl weight of cach lamb was obtained after un
ht faste. This trial lasted for eight wecks during which
the four groups of lambs were randomly fed on ome of the
foellowing feeds @

(1) irech weterhyacinth; (2) Hwara: thic is a mixture of

iocul dried desert grusses composed uaiunly of Dactylocteniun

woiyptzan, Schoenefeldia gracilis, Lrugroutis piles.a, Aristida

funaviaaabye id Arictidu spe. The material for the trial wus
cullected Frow wn area about 5 kilometers west of Jebel Aulia

Datry L3) concentr.oter this is o nixtuve of 50 v bersecll hiy

(hudiCadg s b lvig ) Aarwbian Struian, 30 % durs grain { S ok
vowud 20 % coston seed cuke.

The 1lst group eof lambs wuas fed waterhyweinth ounly. The
#e2old group wis glver hware ws the gole fecd. The third and
fourtl: grveups were fed waterhyaciunth plus the coucentrate, and
punte tlus the cencentrate reuwpceciively. The roughuges (wWater-
Uiwcinbh o wnd huwera) were offered 4o libitwe to the four grou-
o wiaxle the concentrates were cffered to the third cna fourth
greups «t levels thut were predetermined , in accordance te
horrism sturdards, to sutisfy the maintenunce requiremcnts for
crude prebeins

The lambs were weccomodated in 2 ghed. Buch uanimal wus fed
individuuwlly with free access to drinking water und salt licks
Roughases were chopped, thoroughly mixed and offered to the
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lambs at 8.30 a.m. Concentrates were offered at 5.00 p.m.
Residues were collected every morning and the dry matter intake
ef each lamb was calculated using the procedure already outlin-
@d. Lambs were weighed at the end of each weck to determine the
weekly change in Livewsight.

RESULTS AND DISCUSSION
(A) Digestibility trials: |
l. Botanical analysis:

The betanical changes which eccurred in waterhyacinth
plants threugheut the seven experimental periods extending from
25 October, 1970 to 15 April, 1971 are shown in Table 1.

PTable 1. Botanical analysis of waterhyacinth throughout the
seven experimental perieds

Periods Petiole Petiele Leaves Lamina Lamina
length dry matter number dry matter areca
(cm) weight per weight sgq. cm/

gn/plent plant  gn/plant plant

1zt.

25,10 - 2.,11.71 36.9 18.5 7 8.0 154.0

2nd.

20,11 - 27.11.71 31.7 13.5 8 Te5 129.9

3rd.

4th.

2001 hond 2701.72 3102 12.3 8 403 12605

5the

20,2 = 27.2.72 25.6 11l.2 8 4.9 123.5

6th.

20.3 = 27.3.72 20.3 11.1 7 3.7 109.5

Tthe

15,4 = 22.4472 13.5 10.5 8 3.2 91.5

Mean 27.10 12.83 5460 123.78
S.E. (%) 2.51 1.02 0.77 12.21
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It is clear thut petiole length and weight 2s well as lamina
weight and areu decrceased continuously from the first period
to the geventh period. The laminae number varied from period
to period but it did not shew auy systematic change with time.
The optimuwn vegetative growth rute of waterhyacinth eccurred
during the periocd from October to December while the lowes
growth rate wags during the month of April.

The gradual decreasce in thie vegetative growth rate is un
explicable phenomenon because October, when the first experim—
ent was conducted, is the time of the year when preliferating
luxuriant plants are carried by river current, aided by scuth-
ern winds, to Jebel Auliu Dam area. From October onwards,
gradual retazrdation in growth rate occurs partly as a result
of the piling up of the plants into a thick mat south of the
Dam, and pertly due to the oncet of the cold weather. During
the March-April period, which coustitutes the peak of the dry
period, the plaut usually fades and dries out. By the beginni-
ng of the rainy scuson bthe weed starts to flourish aguin.

2. Chemicul compouition:

The dry matter content of waterhyacinth was found to vary
from 10-16 per cent in the laminz snd between 8-14 per cent in
the shoot. Similuar results were reported by Chalmers (1968).

The chemical composition of the lmaing and the cheot thr-—
oughout the secven cxperimentsl periods are chown in Table 2
(po 111). The protein and cther exbtract contents of the lamina
were higher than these of the shoot and the highest percentag-
@s of protein were obtained during the 6th and Tth periocds—the
time of minimum vegetative growith rate. On the other hund the
shoot was richer thun the lamina in crude fibre and nitregen
free extract. One of the striking features of the composition
of this aguatic plant was its high ash coentent which was high-
er than that uwsually cinceuntered with the wmore conventional
feedstuffs.
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Table 2. Chemicul cciposition of the lamins and iho shoot of waterhyacinth throuzhout the 7
experinentsl periods (exprecsed s perceatuge of dry nmaster).

Nitregen:free
Feriods Crude protein  Crude fivrc Bther cextract Ash extract
Lizoming  Shoot Loinina Shoot Lamina Sheot Lamina Shoet Lamina Sheot
uto
25.10 - 2.11.71 %2.1) Te5 16.7 20.7 2.2 1.3 15.2 17.3 53.6 53.2
l.1
218
20.11 - 27.11.71 (9.8) 5.9 15.8 18,2 1.7 1.1 20.7 19.8 52.1 54 .0
i 108
o ¥ g DAY
20.12 - 27.12.71 (5.6) G.2 17.9 16.4 0.9 l.1 23.5 19,2 52 .0 54.1
0.9
4Lth.
20.1 - 27.1.72 11.8) 8.4 14.3 19.5 0.8 0.8 21.1 15.4 52 .0 55.0
(1.2
5%
2002 - 27.2 o72 906 6.6 14-:0 1893 194 lel 28.7 22-8 46.3 51.2
. (1.0)
Tile
20.3 = 27.3.72 %6.6) 9.9 17.1 20.0 1.4 l.4 19.7 18.6 45 .2 50.1
0.9
Tthie
1944 = 22.,4.72 %4.9) 7.0 17.5 20.0 2.1 1.7 22.9 27.5 42 .6 43.1
1.2
Lican %105) 8.2 16.2 19.0 1.5 1.2 21.7 20,1 49,1 51.5
1.2
S.5. (%) 2.06 0.49 0.59 0.55 0.21 0.21 1.55 1.49 1.63 1.55

The fijures vetweo: the brackeis wre the corrcuponding crude protein percentuage in the petiele.
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Results in Table 3 (p. 113) demenstrate the stutistical
analysis en seme of the results already presented. It is shewn
that the cerrelatien coefficient between lamina dry weight and
lamina area was significant (r = 0.83). This means the bigger
the area, the greater the dry matter ceuntent in the lamina.

The cerrelatien ceefficient betweer lamina weight en dry matter
bagis and the lamina crude pretein shewed a significant negati-
ve cerrelation (r = ~ 0.68). Ne significant cerrelatien was
ebtained between the lamina dry weight as a prepertien e¢f ths
tetal dry matter weight ef the sheeot amd the lamina area. On
the ether hand highly significant negative cerrelatien was ebt-—
a2ined between the lamina dry weight aus a prepertien ef the dry
weight ef the whele shooet and the lamina crude pretein centent
(r = 0.82), This shews that the bigger the lamina area per
plant, the heavier was the dry matter centent, but the lewer
was the crude pretein centent.

3. Nutritienal value

Dry matter intake values from beth lamina and sheet threu—
gh the 7 experimental perieds are given in Table 4. (p. 114).
The intake frem the lamina was higher than that frem the sheet.
The lew intake frem the sheoet was due te its higher meisture
centent which limits the amount ef dry matter that can be cens—
uned. The results shew that lew dry matter intake levels de
parallel with the perieds eof high meisture centent in beth lam~—
ina and sheot,

The results eutlined in Table 5 (p. 115) shew a higher
erganic matter digestibility fer the sheet than the lamina. The
digestibility ef the preximate constituents ef the sheot alse
shewed higher values in cemparisem te that ef lamina. Beth lam-
ina.and sheet had shewn their highest digestibilities during
the third, feurth and fifth perieds, the time of eptimum veget—
ative grewth ef waterhyacinth.
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Table 3- Cerrelatiecn ceefficients between lamina

dry weight, lamina arez and lamina

crude pretein perzent and cerrelation ceefficieunts of lamina dry weight
as a prepsriticu ef dry weight of sheot; Lumina area and lamina crude

protein percentage

Cerrelatien
Coefficients {r)

Laming weight
(dry matter basis)

Lamina weight
(dry matter basis)

Lamina dry weight as a
prepertion of sheeot dry
weight

Lamina dry weight as a
proportien ef sheet dry
weight

Lamina area

Lamina crude pretein
percentage

Lamina area

(sqge cm)

Lamina crude pretein
percentage

r = 0083**

r _——0068*

r = 0.55 N.S.

r = 0 082**

* Significant at P = 0.10
%% " k1§ P 0 .05

NeS. Net significant
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Table 4. Intakes of dry matter (gm/day) by sheep given lamina and sheet

during the 7 experimental perieds.
Perieds 1 2 3 4 5 6 7 Mean
Lamina 415.7 507.9 562.8 1125.9 1241.2 380.3 434.6 572 .6




~GT1T~

Table 5. Digestibility ceefficients eof five comstituents of laminz and sheet during the

7 experimental pericds.

—

(VY Y ¥yl

3
3
3
2
]
3
3
3
1
N

H
! Nitregen:

[P RVY VYV

Perieds Organic matter } Crude protein Crude fibre 3Ether extractifree extract
3 3 ] H
! Lamina Shoot ! Lamina Sheot } Lamina Sheot ! Laaina Sheot jLamina Sheet
b 2 2 b ?
lste.
25.10 - 2.11.71 53.7 59.8 44.9 47.0 44.8 59.3 77.5 T6.86 57.3 61.3
2nd. ’
2011 - 27.11.71 52 .9 67 .8 45.6 46.0 46.0 65.6 63.6 65.9 56.7 T0.0
3rde.
20.12 - 27.12.72 51.5 56 .4 48.6 5T.6 5507 513 48.4 T77.6 53¢6 57.5
4th.
20.1 - 27.1.72 732 834 74 .4 83.5 67.9 &l.4 70.0 85.0 74.8 84,1
5th.
20.2 hind 2702.72 6800 7902 7301. 7206 70:2 7802 7806 8403 7109 8004
6the
20.3 = 27.3.72 42.3 61,8 45.4 57.8 38.8 63.4 50,5 68.6 42,0 61.7
Tthe
15.4 = 22.4.72 52 .4 59.6 51.4 43.7 43.1 €0.1 49.4 T5.5 45,3 61.7
higan 5.3 6669 54.9 58.3 524 65.5 2.6 T6.2 57.4 68,1
s.E. (%) 1.40 3.98  4.98 5.63 4.73 4.16  5.01 2.72  4.67 3.94
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The high digestibility ceefficiemts ebserved with all
ingredients ef the sheet cempared to that in the lamina can
net be explained en the basis ef crude fibre centent which
was higher in the fermer than the latter. The high fibre
centent ef the sheot sheuld have resulted in lewer digestibil—
ity values fer its centents than that ef the lamina, a fact
centrary te what had been ebtained. In this respect ene sheuld
net, hewever, lese sight ef the prevailing lew dry matter int-
ake frem beth types ef feed which might have resulted in this
unexperted result.

Table 6 (p.117) represents the results ef the in vitre
rate of fermentatien, changes in cencentratien ef ruminal amm-—
enia and bleed urea as measured just befere feeding and 3 hrs
after feeding en lamina and sheet of waterhyacinth threuzheut
the 7 experimental perieds.

The velume ef gas preduced by a lamina substrate was
greater than that preduced frem a sheet substrate. The greater
in vitre rate eof fermentatiem resulting frem the lamina in
cemparisen te the sheet (Fig. 1), which is taken as an expres-
sion of the net grewth of rumen micre—erganisms (el~Shazly and
Hungate 1965), is an indicatien ef the mere efficient utiliza-—
tien ef pretein degradatien preducts ef the lamina by ruminal

micre-erganismse.

Te explain this ebserved difference between the lamina
and the sheet with respect te in vitre gas preductien rate,
the cerrelatien between the nitregen centent ef the lamina
expressed as a deviatien frem the nitregen centent ef the she-
ot, and the velume ef gas preduced by the sheet was examined.
The cerrelatien ceefficient ebtained was negative (r = - 0.58)
and not significant. This finding made it difficult te attrib-
ute the ebserved differences in gas preductiem breught abeut
by the lamina and the sheet te the differences in their prete-
ix centsent,.
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Table 6. Gas preduced, change in the cencentratien ef ruminal ammenia and blood urez ef
sheep fed en lamina and sheet threugh the 7 perieds

i Gas preduced (m1) i Change in cencentratien i Change in blood urea
Perieds H after 1 hr ! of runinal amneniz mgh/ 3 urex g/ 100 ml
H H 100 ml H
] 3
2 Lamina Sheet !} Lamina Shoet ! Lamina Sheoot
3 2 2
lst.
25.10 - 2.11.71 2.76 1087 0067 0027 0'78 - 0039
2nd.
20-11 hd 27.11.71 3.33 2.24 0064 0-44 1.02 . - 0137
3rd.
20.12 - 27.12.71 2.59 1.61 0‘57 0040 0.27 - Oo21
4the.
20.1 - 27.1072 2.51 1016 0050 0.36 0052 Ocll
5th.
20.2 - 27.2.72 2053 1073 0-39 0.33 0.63 0020
6th.
20.3 bt 27.3.72 1049 0085 0.52 0016 0086 0927
Tthe
15.4 - 22.4.72 2.09 l.ll 0.42 hand 0.27 1016 0.59
Mean 2,47  1.51 0.53 0.24 0.75 0.03

S.E. (¥) 0.23 0.22 0.42 0.88 0.12 0.13
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The changes in the cencentrutien of ruminal ammonia expre-
ssed i mglN/100 ml as measured just befere feedimg and 3 hrs
after feeding, was significantly higher (P 0.001) fer the lam-
ina than the sheet (Table 7). As the raute of wamoula prvduciilon
in *the rumen depends mainly en the degree of selubility ef pre-
tein (Lewis 1960; Amnisen 1956; el-Shazly 1958; lic Denald 1962),
it was concluded thut the lumina had mere soluble protein than
the sheet. This high seluble pretein centent e¢f the lamina in
cemparisen with that ef the sheet was alse reflected in the
digestible crude pretein which was alse feund te be higher fer
the lamina Table 8 (p. 119).

Table 7. Mean squares fer in vitre rate of {ermentatiens,
changes in ruminal ammenia and bleed urea.

Runinal Bleed

ammenia urea

Seurce ef variation in vitre gas preductien

e A EILARC G Ll &
e w0 00 w0 00 2o a0 0

Between perieds 1.08%%x 0.01l%*x  Q,29%%

Between feeds (i.e 6.4 8%%% 0.59%%% 3,61%x
lamina and sheet)

*%  Significant at P = 0.01
K ¥ " " P = 0.001

The present study alse shewed thut bleed urea levels were
significantly (P~ 0.001) higher en feeding lamina than en
feeding shoot., Thig result was in agreement with the ebservati~
ong made with ruminal amnenia, since ruminal ammonia cencentra-
tiv.. were fouud te be parulleled by similar changes in bleed
urca concentrations (Abeu Akkzda and Oswuan 1967).

The nutritive value was expressed in terms of nitregen
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Table 8. Nitregen retentien, digestible crude pretein and tetal digestible nutrients
in lamina and sheot threughout the 7 experimental perieds

Nitregen retention % Digestible crude Tetal digestible

3 0 3

3 1 3
Perieds i s preotein i nutrients

E Lanina Sheot i Lamina  Sheet 2 Lamina  Sheet
lSto
25.10 - 2,11.71 207 1.6 543 33 43.1 50.8
2nd.
20.11 hand 27011.71 108 108 2.8 3.9 3606 55.3
3rd.
20.12 bt 27.12071 Oo3 bl 200 0.9 503 2603 46.8
4th.
20.1 hand 27.1072 4.2 - 1.0 8.8 708 5807 7102
5the
20.2 - 27.2.72 3.6 haned 0.4— 5.2 498 5008 62.4
6th.
20.3 =~ 27.3.72 3.6 1.2 6.5 349 26.6 35.7
Tthe
15-4 - 22.4.72 4.1 2.6 707 304 3505 44'9
Mean 2.9 0.5 5.3 4.6 39.7 52 .4
S.E. (%) 0.57 0.62 1.07 0.64 5e2 4.90
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retention, digestible crude protein and tetal digestible
nutrients (Table 8). The nitrogen retentien values, expressed
as a percentage of the tetal nitroegen censumed were generally
higher with the lamina than with the shoet and the difference
between the twe was highly significant (P.0.001, Table 9).
Phig findin; was in accerdance with the expectation which was
based en the lawmina higher level of intuke and pretein content.
However, when examining the present results in the light of
what had been reperted by Abou Akkada and Osman (1967) thut
nitresen retentien was negatively correlated te ruminal amaonia
and bleed urea cexceantratiens, eue ceuld netice the discrepancy
between the twe observations. This lack ef agreement between
the resulbts ¢f the present work und those ef the latter authore
could huve resulted from the fact thut the waterhyacinth ig
different frem the feedstuffs (legumes) upen which their deduc-
tion was drawn.

Table 9. liean sqguarc cempeneats for nitregen retentien, disecet-
ible crude protein and tetal digestible nutrients for
geven periods between lamina ara shoet.

i i
N—retentien } Digestible 1Totul digest-

! crude pretein }ible nutrieats
2 .)

Source of variutien

\swesssoasaa)

Between periods 6o T4H%% 12.,12% 528 ¢ 38% %%

Between feeds 36 46X KX 6.17N.S. 1044 21 %%%
(i.c lamina & sheot)

* Significant at P = 0.05
Ll " " P =0.001
N.s. Not significant

The laming wag wluwe superier te the sheeot in teras of
digestible erude protein. The lowest values of digestible
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crude pretein were ebtaised in the third peried which was

alse the peried whem the nitreger centent ef the lamina was
lewest. The values ef tetal digestible xutrients (TDN), were

en the ether hand significantly higher (P> 0.001) in the sheet
than in the lamina (Table 9). This high TDN value ef the sheet,
conpared te lamiwa, may be attributed te ifs higher fermentable
carbehydrate centent; a prepesitien that cam be cenfirmed by
the fact that the highest TDN values in the sheei{ were ebtained
in the feurth peried when the mitregen free extract was at its
maximum.

(B) Feeding value:

The results ef this werk _mdicated clearly that waterhyac-—
inth ceuld xwet previde the epiimuwa nutritienal requirememts fer
the animals, partly due te its lew pretein centent and partly
due te its high meisture centent. These facters made it diffic-
ult fer the animals te censume & sufficient ameumt ef dry matt-
or te satisfy their nutritiemal needs. Fer this reasen, the idea
of utilizimg waterhyacinth as a supplement arese and se it was
fed alene er in additien te a cencentrate. These twe precedures
of feeding were cempared with feeding humra alere er humra
supplenented with cencentrates.

It is evidemt frem Table 10 (p. 122) that the lambs en
waterhyacinth alexe cemsumed the least ameunt ef dry matter,
digestible crude pretein and tetal digestible mutriemnts, which
were far belew their maintenarce requirements. The ameunt cens-
umed by the 2wmd greup (i.e humra alene) was alse belew the ami-
mal’s maintenance requirements. The third and feurth greups’
which were givem cemcentrates im additien te reughages were en
the ether hamd previded with ingredients in excess ef their
maintenance requirements.

At the beginning ef the feedimrg trial, each greup ef anim-
als comsisted ef eight lambs. During the eight weeks peried,
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Table 10. Intakes ef dry matter, digestible crude pretein and tetal digestible
rutrients by lambs given waterhyacinth, humra, waterhyacinth plus
cencentrates and humra plus cencentrates (mean values fer 8 sheep) .

' &

¥ 3 " v
: Pry matter cemsumaed 1lb. ! Dry matter §Digestible :r Tetal
Greup : Ratien Beughazes Ceoncentrates ! censumed as ! crude {digestible
H H ! percentage ! preteirn utrients
H 2 tof live- H 1b. :  1b.
i : i weight ? H
2 2 : 2 2
1st greup Waterhyacinih 0.46 0.8 0.02 0.24
(.09) (1.00)
2nd greup Humra 0.93 1.6 0.02 0.29
(0.09) (1.00)
3rd greup Waterhyacinth 0.41 1.61 2.9 0.1 1.02
plus cencentrates (0.c9) (1.00)
4th greup Humra plus 0.79 1.21 3¢5 C.19 1.10
cercentrates (.c9) (1.00)

Figures between orackets are the corrcespemding requirementc
fer maintenance.



the lambs in the lst greup died. Their deaths started in the
3rd. week till the bveginning ef the last week, when nene ef

the lambs in this greup were alive. The lambs ef the 2nd gr-
eup (en humra) alse lest weight centinueusly while the third
and feurth greups (i.e. reughages plus cencentrates greups)

were gwining threugheut the trial.

The deleterieus effect resulted frem fceding waterhyac—
inth alene may be due to its lew palatibility which is imdu-
ced by its high petash cemtent (Hessain 1959) and the incid-
ence ef diarrheea that affected the animals frem the 3rd
weelk of the trial. Hessain (1959) attributed the inducement
of diarrheea te the high alkali and the high meisture perce—
ntages. Waterhyacinth supplemented with a cexncentrate gave
satisfuctery results as shewn by the perfermance of the 3rd
group of lambs Table 11 (p. 124). This finding indicates the
impertance ef feeding waterhyacinth with a pretein rich
supplement as has alse been demenstrated by Chatterjee (1938)
and Hessain (1959). The feurth greup, which was fed en
humra and cencentrates, perfermed best.

It can be cencluded frew this werk that beth waterhyac-
inth and "humra" are very peer quality reughages that can
net e fed as the sele feed te ruminunts. Censequently it is
logical to recemmend feedings beth reughages, enly tegether
with ether ceanstituents, which are rich in pretein and high
in dry matter centent in case ef waterhyacinth. If ene has
to choese between humra and waterhyacinth, ene weuld ne
doubt recemmend “humra". Feeding waterhyacinth te replace
"hunra" ceuld be of special value aleng the banks of the
White Nile, particularly in the dry scasen and years of lew
rainfall when the grasses ure scarce.

In trying te feed waterhyacinth, attempts must be made
te impreve the intake level. This ceuld be dexe by spraying
it with melasses after leaving it te wilt, er after drying
and griading. The grinding ef the dry material is essential
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Table 1l. Average change im weights (lbs.) ef lambs per head per wgek fer
eight weeks (feeds effered, waterhyacinth fer greup I, humra fer
greup 1I, hyacinth plus ceacentrates fer greup III and humra plus
cencentrates fer greup IV)

e 00 00 0

Weeks Aj 1st greup 2nd greup § 3rd greup § 4th greup
lst. waeek - 0.50 (8) + 3.60 (8) %t 0.38 (8) + 3.13 (8)
2nd. week 0.00 (8) ~ 0.49 (8) £ 1,00 (8) + 2.50 (8)
3rd. week - 3.17 (6) + 0.25 (8) + 0.24 (8) + 2.38 (8)
4th. week - 0.25 (4) + 1.62 (8) + 3.75 (8) + 2.50 (8)
S5the week = 3.75 (4) - 1.62 (8) ~ 0.75 (8) + 3.13 (8)
6th. week - 2,00 (3) - 2,75 (8) + 0.75 (8) + 1.37 (8)
Tth. week ~ 1.50 (2) - 1.63 (8) + 0.62 (8) + 1.13 (8)
8th. week - (0) - 1.25 (8) + 1.38 (8) + 0.37 (8)

Figures between brackets are the mumber ef luambs in each greup during
each ef the eight weeks ef the trizl.



@@ the dried waterhyacimth is extremely teugh te be cemsumed
witheut any further precessimg. Further werk is plamned te
imvestigate the use eof urea ard melasses inm enhancimg the
uutritive value ef waterhyacinth.
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UTILIZATION OF WATERHYACINTH (EICHHORNIA CRASSIPES)
AS MULCHING MATERIAL

BY

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

INTRODUCTION

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

A few months later big quantities of the plant accumula~
ted in Jebel Aulia Dam ferming a thick carpet. Abeut 50 mill-
ien tons of the plant material were removed annually frem the
river. This quantity ef plant material represcnts approximat-
ely a hundred millien pounds of nitregen that ceuld be recev-
ered and used prefitably. A project between the Republic ef
Sudan and United Nations Organizatien was initiated fer erad-
icatien and utilization of these huge quantities ef this
plant material.

This contributien describes the utilizatien ef dry wate-
rhyacinth as a mulch that affects weed contrel and seil
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meisture reservatien.

MATERIALS AND METHODS

A thereughly infested area with sedge (Cxperus retundus)
was chesen. Feur guantities ef 0, 20,40 and 60 kilegram eof
the plant material per plet (3 x 3.7 m.) were applied and
replicated thrice in randemized blocks design. The mulch was
then left undisturbed feor three weeks after which it was
removed and ebservatiens were made.,

(a) Weed centrel

Random samples of 20 uniferm seund sedge tubers were dug
frem each plet at the end ef the experiment. The tubers were
then planted in dishes, daily ceunts were made ef the number
¢of tubers that gave visible leaves. The time required fer 50 %
9f the tubers te sprout was estimated.

Leaf length was alse measured daily fer a peried of twe
weeks and the mean grewth rate per day was calculated (Table

gl
m.) o

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

treatments.

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

Centrel (me mulch) 6,56 5020

20 kgm. per plet 6052 5.00

40 kgm. per plet 8.00 3.10

60 kgm. per plet 9.25 3,00
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The visible effect ef the mulch on the sedge was remarkable.
The intensity of smothering (burning) was marked and increased
with increase in the mulch material per unit arca. On the other
hand penetration of the grass leaves up the depth of the mulch
decreased with increase in the mulch materizl. The time reguir-
ed te 50 % sprouting increased with incrcase of the mulch quar-
tity and the mean growth rate was very much reduced with incre~

ase in mulch material.

These results were due to the insulating effect of the
mulch causing lack of light. The slow rate of regenecration of
leaves was due te the relatively less foed stored in thesec
tubers hecause ef the burning of the tops.

(v) Seil meisture reservatien

Soil meisture content was defcermined «t threce s0il depths
namely O-%, 6 and 12 inches. Samples were taken from cuach block
twice per week for « period eof one month using the standard

Gravimetric Sampling method.

Table 2. Effect of the mulch on <oil moisturae rescrvatien at
different soil deptha.

(per cent meisturae)

Treatment i Seil Depth ({inches)

3

3

3 Surfuce {0~%) £ 12

]
Control (me mulch) 14.78 15.01 21.11
20 kgm per plot 17.2% 20.87 22429
40 kgm per plet 22.35 22126 23.89
60 kgm per plet 22.07 25.94 26.24
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Table 2. shews that the ameunt ¢f water kept by the

01l was pesitively cerrelated with the weight »f mulch appli-
@d per plet. The effaect being mainly due te reduction ef evap-
etranspiratien. The meisture centent at the seil surface (0-%

inch) was increased by abeut 33 % when applying 60 kgm ef the

mulch material per plet. At the depth ef 12 inches the variat.
ien in meisture centent between the centrel and 60 kgm was

- small cempared with that ef the surface, this is mainly becau=
se the upper surfaces were expesed to mere evaperative cendit-
iens and alse they acted as self-mulching te the lewer surfac-—

(c) Plant analysis

The waterhyacinth was analysed fer P, N, K and Ca centent
and this was compared with ether plant materials. Table 3.
shows that the waterhyacinth has high phespherus (P), average
nitregen (N) and potassium (K) and peer calcium (Ca) centent.
Because of the high content of phespherus vegetable growers in
the White Nile area, where censiderable amounts ef the plant
material are remeved from the river, may use the sundried
plant material as mulch and the ash as a source of plaut foed.

Table 3. Chemical analysis ef the plant material

Plant Material 2 Per cent
| .
;P N K Ca
b
Waterhyacinth* 0.42 1.03 1.81 0.02
Alfalfa 0.24 2437 2.,05 1.47
Barley 0.23 1.17 1e35 0.26
Herse~bean (straw) - 1.38 - -

)

4
*¥ Our own analysis. Seurce ef ether data is Feeds and Feeding
by Merrisen (1951).
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CONCLUSIONS

Results ebtained shewed the pessible utilizatien of dried
parts of waterhyacinth plant as mulching material fer weed
centrel, seurce of feed fer plants and an effective means fer

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

BY
A.I. EL NMOGHRABY

Hydrebielegical Research Unift,
University ef Kharteum, Sudan.

Knewledge ef successive medificaticens ef water charact-
eristics is essential fer many aspects of river bielegy.Very
few studies aleng these lines, were made en the Nile; the
mest impertant ef which are these by Talling (1957) and
Bishai (1962).

It will be neted that the first ef the abeve btwe studi-
g8 en watber characteristics of the White Nile waw uwndertaken
a few years befere waterhyaciath became endemic en the Nile.
The secend was utndertaken with the view ¢f assessing the
impact ¢f the waterhyaciuth invasien on the preductivity ef
the Nile.

The aim ef the present study is twe-feld : a cemprehen-
sive assessmint of water characteristics of the White Nile
and its tributaries, and &« cemparisen of the present mnew
data with bthose eof Talling (1957), Bishai (1962) and ethers;
te discever, the lens term impact, if any,ef the waterhyaci~
nth en preductivity, 16 years after its infestatien of the
White Nile. The cemparisen is made with respect te spatial
successien of water characteristics and lengitudinal succes-
sien eof zeeplankten as the criteria imdicating the chauge in
the White Nile ecesystemo
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The data presented are based en surface samples cellected
frem free flewimg water aleng the White Nile between Juba and
Jebel Aulia Dam, o distance mearly 1800 kilemeters. Samples
fer zeeplaxkten ceunts were cellected simultaneeusly. The
analysis ef the physice-chemical preperties ef water was carri-
¢d eut by the standard metheds described by Mackreeth (1963).

A cemprehensive descriptien ef the Nile Basin can be feund
i® the classic werks ef Hurst (1950, 1952), Hurst and Phillips
(1932) and mere recentiy by Hammerten (1972). The Histery ef
infestatien ef the Nile hy the waterhyaciuth is given by Obeid
and Tag El Seed (1973) tegether with the ecelegy eof the weed,
its repreductive strategy and the metheds ef centrel (Tag El
Seed amd Oheid 1973, 1975).

SPATIAL SUCCESSION OF WATER CHARACTERISTICS

River Sebat, Bahr el Ghazal and Bahr el Zeraf were the
tributaries studied (see Map 1). The influence ef any tributary
depends en its characteristics and the velume ef water centrib-
uted te the main channel. The main features ef the lengitudinal
successien ef water characteristics aleng the river are shewn
in Table 1 (p. 135).

The water characteristics ef Bahr el Jebel befere entering
the 'Sudd' are best represented by the statien at Gummeiza.
During the passage ef water threugh the swamp, as it dees aleug
Zeraf, significant medificatiens take place. The effect is an
increase in the vetal disselved salts (shewn by values fer cem~—
ductivity) and in the cemcentratiens ef calcium, magwesium,
sedium, petassium and silicem. Phesphate, em the ether hand, is
depleted im the swamp while pH, nitrate-nitregen and nitrite-
nitregem remain mere er less uuchaw/ ed. The increase might be
attributed te the increased rate ef evaperatien im che swaup.

This agrees with the findings ef Talling (1957) except
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Table 1. Water characteristics ef the White Nile between Kharteum auwd Juba, during April-June,l1973

Guume~- Bahr Shambe Adek Wath Bahr Belew Belew Rem Renk Geda Sha— Has- Abu
iza el Wang el Kher Sebat wal haba Hugar
Gedid Zeraf Attar

distance frem 1697 1562 1374 118 915 876 849 830C 635 482 343 262 198 72

Kharteum (km)

temp?;a§ure 29,0 29.0 29.0 29.7 29.4 29.1 28.4 28.9 29.4 29,0 29.4 28.8 26,0 27.0

C

pH 7.8 ) Te7 7.6 Tl T8 8,0 8.0 8.5 8.5 8.6 8.7 8.9 9.2

transpa§ency - 25 20 30 35 70 40 35 25 35 30 40 40 30
cm,

cexductivit 150 160 190 1380 160 220 280 240 175 175 250 200 200 200
( th/zm)

alkalinity - 23 22 - - 22 55 28 - 30 29 36 35 33
(m-eq/1)

disselved 5.3 5.2 4.0 5.0 5.8 5,0 5.6 5.6 6.2 6.0 6.7 4,7 8.0 9,0

e¢xygen (mg/1)

CalCI(legl/ ) © 801 832 1206 €= 1301 1204 908 lOaO 904 908 1006 1200 1300
mg/l

magn?s;7m) 5.9 5.9 5,6 362 - 9.8 9.5 8.0 7.9 8.9 8.8 8.9 7.7 10.3
mg/ 1

sedium (mg/l) 20.0 18.0 15,0 20.0 19.0 24.0 7.5 12.5 12.5 13.0 13.0 15.0 18.0 32.0

pota?séym) 8.3 6.5 563 6.3 8.5 10.0 12.5 11.0 6.8 7.0 7.0 8.5 55 1255
mg/ 1)

phes h:}e) 0.088 0.066 0.088 0.044 0.044 0.044 0.088 0,044 0,088 0.088 0.088 0,083 0.088 0,067
me/ 1

nitrate—l‘litrv 0005 0005 Oclo 0015 Oalo 0005 0415 0:‘05 0005 0005 0005 0005 0605 Oo05

ezen (mg/1)

nitrite-xnitr- 0.002 0.002 0.002 0.003 0,002 0.002 0,003 0.001 0.001 0,001 0.001 0.001 0.001 0.001

egen (mg/1)

sili?cg/ ) 10.0 12.0 15.0 12.5 10.0 22,5 10.0 12.5 10.0 10.0 10.0 1.25 12.5 1i5.0
mg/ 1
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that values fer pH and disselved exygem did xet change while
these fer silicen shewed an increase. This might be attributed
te imstability imn lecal cenditiens im the river, er the time
of samplimg but is rather difficult te cenceive as being dus
te the invasiex by waterhyacinth.

The cemtributien ef Bahr el Ghazal in terms ef annual
discharge is wet very sigmificaxt. It is im the magnitude ef
0.6 x 109 m3 (Hurst amd Phillips 1932). Nevertheless, the study
of its water characteristics is very impertant simce it is the
enly majer tributary which has net beem successfully ianvaded by
waterhyacianth.

Bahr el Ghazal and tributaries shew (Table 2 p. 137) dist-
imctive physice—chemical preperties, mamely high cenductivity,
pH, alkalirity, calcium, magnesium, sediwm; phesphate, nitrate-
nitregen, nitrite-nitregen amd silicen. This agrees with the
trend feund by Bishai (1962) altheugh he gave higher values fer
disselved exygem, alkalinity and tramspareacy and lewer valugs
fer cemductivity, pH, nitrate-nitregem, phesphate and silicate.
These differences might be attributed te seme lecal medificati-
en like mixing with swamp water er seasen of sampling but it is
uklikely that they have much bielegical significance im the
river.

The imcrease im the values fer pH and disselved exygem and
decrease im cemductivity, alkalianity, sediwa, petassium, phesp~
hate, mitrate~mitregen, ritrite-nitregen and silicate at Lakse
Ne is prebably due te the imcreased phetesynthetic activity ef
the rich phyteplankten flera (Talliwng 1957; Grenblad et al.
1958).

The secend series eof results, based en samples cellected
during Juxe-July 1975, indicate a prefeund trend ef lengitudin-
al medificatien in the physice-=chemical characteristics ef this
trivutary. This is shewn by the increase in values fer pH, cen-
ductivity, alkalinity ,calcium, magresium, sedium and silicen
and a decrease im petassium and phesphates tewards Bextiu en
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Table 2. Water characteristics alsang Bahr el Ghazal during April-Jume 1973 axd
June-duly 1975

Begntiu Bahr el Ghazal Lake Bentiu River River

{10 ¥m upstream) DNe Jur Bussari
date of sampling 14.5.73 15.5.73 14.5.73 21.6.75 2.7.75 2,775
temperature (°C) 30,0 28 .6 30.0 28.6 31.8 -
pH 8.4 8.2 9.4 8.1 8.3 8.0
transpareancy (m) 0.6 0.2 0.3 - - -~
cenductivity ( mhe/zm) 250 200 15 350 35 30
alkalinity (m-eq/1) 37 35 20 223 65 55
disselved exygen (mg/l) 6.0 5ol 7.8 - - -
calcium (mg/1) 11.4 113 12.4 14.1 9.6 9.6
magmesium (mg/1) 568 7.2 7.8 575 3.6 3.7
sedium (mg/1) 35,0 26.0 20.0 18.9 16,0 14.3
petassium (mg/l) 8.5 5.5 563 6.4 503 7ol
phesphate (mg/1) 0.266 0.266 0.044 0.05 0.05 0.06
ritrate-nitregen (mg/1) 1.30 0.70 0.25 - - -
pitrite-nitregen (mg/1) 0.026 0.014 0,005 0.002 0.002 0.002
silicen (mg/1) 43.8 46,3 350 15.0 6.0 6.0
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Bahr el Ghazal. This cenfirms the influence ¢f the water
centributed by swamps and the rele e¢f phyteplamktenic activity.
It alse reveals sceasenal and axmual fluctuatiens in cenductivi-
ty, alkalinity, sedium and silicen.

Due te the smull discharge e¢f Sebat at the time ef sampli-
ng, enly slight medificatiens in the water characteristics ef
the main stream ef the river, helew the junctien, are neticed
(Table 1). These are : decrease in values fer transparsucy,
alkalinity, calecium, magnesium, sedium, petassium, nritrate-nite
regen, and nitrite~nitregen and an increase in the value fer
silicate iens. The physice--chemical preperties ef Sebat agree
with these eutlined by Tallimg (1957) and Bishai (1962) except
for miner differences, especially fer cenductivity and exygen.

The water characteristics ef Sebat and twe ef its tributa-
ries, (Piber and Akebs) are shewn in Table 3 (p. 139). The
table reveals that medificatiens take place aleng the tributar-
ies ef the River. This is shewa by an everall increase in the
cencentratiens eof the varieus iens and the drep in the cencente-
ratien ef the nitreger lens.

The Jebel Aulia Reserveir.

Talling (1957) and Bishai {1962) have beth reperted am
increase in pH and the disselved exygem coutent in the Jebel
Aulia reserveir. A cerrespending decrease® was neticed fer cend~
uctivity, transparemcy, nitrate-nitregen, wmnenia, phesphate
and silicate. This was mect neticeable in the last 50 kilemete-
rs abeve the Dam, while alkalinity increased in that regiena.
Bishai (1962) attributed the deplstien ef nitrate-nitregen te
its uptake by the waterhyaciuth.

The present results shew fluctuatiens in physice-chemical
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Table 3. The water characteristics ef River Sebat, Piber
and Akebe during April-Jume 1973

River Sebat River River
(abeve Kher Piber Akebe
Fullus)

date ef sampling 1e5.73 Te5eT73 Te5.73
temperature (*C) 28.6 - -
pH 76 8.1 8.1
transparency (m) 0.3 - -
Eonductivity ( mhe/cm) 76 130 130
alkalinity (m-eq/1) 12 25 25
disselved exygen (mg/l) 545 - -
calcium (mg/1) 10.2 13.1 13.1
magresium (mg/1) 3.9 8.0 6.1
sedium (mg/1) 52 540 540
potassium (mg/1) 2.3 645 6.3
phesphute (mg/l) 1.330 0.088 0.088
nitrate-ritregen (mg/1) 0.05 0.15 0.20
ritrite-nitregen (mg/1) 0.001 0.003 0.004
Silicern (mg/1) 20.0 12.5 50
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preperties tewards Jebel Aulia reserveir (Table 1). Seme ef
thaese persist ealy shert distances dewnstream and may therefere
prebably be dus te lecal cexnditi¢ns. Increases in the disselved
exygen, pH, petassium, sedium, silicate snd magnesium and the
decrease in aitrate-ritregen, nitrite-nitregen, phesphate, all-
xlinity aud cenductivity are apparent at Abu Hugar (72 kilemet-—
ers abeve the Dam.)

The values given; in the presert study, fer pH, disselved
exygen, transparency, alkalinity and silicate are higher fthan
these givea by Talling (1957); while these fer phesphate and
nitrate-nitregen are lewsr. On the ether hand cenductivity
“remains unchanged.

This gives & further dimentien te the suggestien ef Bishai
(1962) that the trend ef spatial medificatien ef water charact-
eristics is still preservaed after the invasien ef the river by
waterhyacinth, whese enly effect en the White Nile acesystem
appears te be the depletien ef nitrate-nitregen (in additien fe
nitrite-nitregen and phesphate iens). This is imn agreement with
Gessett aud Nerris (1971) whe feund waterhyacinth te deplete
nitregen and phespherus frem the ecesystem "te the extent that
it steres excess ef these elements in the fleats".

THE ZOOPLANKTON

Critical kmewledge abeut the preductivity ef the White
Nile is still lacking. The enly duta en the lengitudinal succe-
ssien ef zesplankfen are tLese given by Menakev (1969) and
Rzeska (1973).

Recently, samples ef zeeplaukten were takem with a Friedi-
nzer (Luzern) sampler ef twe litres capacity frem surface, mid-
dle akd bettem levels at midstream. All saunples were takem frem
free flewing water. Qualitative sumples were taken with standa—
rd zeeplankiten nets supplied by the Freshwater Bielegical Asse—
ciatien, Widermere. Species ef zeeplankten were cewnted separa—
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tely ; juveniles amd nauplii were net separated.

River plankten

The lake seurces ef the White Nile are rich in zeeplank-
ton (Green 1971). Thirty enec species ef Cladecera have been
recerded frem lakes Victeria,Albert and Kyega in additien te
seven species eof cepepeds and feurty eight ef Retateria. Den-
sities 2f mere than 6,000 individuals/m3 are net infrequent.

These pure asseciatiens ef plankien are apparently dest-
reyed in the falls and rapids befere reaching the Sudan plai-
ns., When the river enters the "Sudd" regien it carries
traces of plankten and is rich in detritus. Rzeska et al.
(1955) suggested that these traces in the ferm ef "survivers
and resting stages" may centribute te the slew buildup furth-—
er dewnsiream. Rzeska (1973) gave a list ef crustacean speci-
gs that mever reach the Sudan. This is net an wausual phenem-—
gnen in African rivers e.g. the Blue Nile (Talling & Rzeska
1967; E1 Meghraby 1972).

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

No'evidence for resting stages or survivers was feund in
Bahr el Jehel abeve Shambe. Pure asseciatiems ef lleima dubia
(Guerney and Richard) amd Mesecyleps leuckarti (Claus) were
feund in the river belew Shambe. Centrary te what Rzeska
(1973) suggested, there was ne evidemce in the present data
of repreductien. Rather the zeeplaxktem, feund, weuld have
drifted frem the rich fauna in the lageens and marginal vege-
tatien in the 'Sudd' regien. The current, in this stretch 1is
toe swift te allew the creatien ef new generatiens im the

ruaning water itself.
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Table 4. The lemgitudinal successien ef zeeplanktem in the
White Nile, during April-June 1973

Sampling statien Distance frem Zeeplankitex  Remarks

Kharteum (km) (mes./1 m)

Juba
Gummeiza

Bahr el Gedid

Shambe
Adek

Wath Wang

Belew Attar
Belew Sebat
Rem

Renk

Geda

Shawal
Hasnhaba
Abu Hugar

1762 0 On Bahr el Jebel

1697 0

1562 0 in the 'Sudd'
regien

1374 700

1169 1400 in the 'Sudd!
regien

915 600 exn the White
Nile

849 1750

830 0]

635 0

482 500

343 200 within the infl-

uence ef the Dam
262 13600
198 12250
72 49500 in Jebel Aulia

Ruserveir
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Accerding te lenakev (1969) the margiiul vegetatien
supperts a rich fauna. He ceunted eleven crustacean species
and several retifers im additien te water insectis aund their
larvae. He feund that the biemass ef Entemestraca was 10-100
feld greater between the flealing mats ef waterhyacinth than
in the epen water.

The sign ef buildup ef pure plankten, further dewnsireanm,
is indicated by finding a larger number ef imdividuals and
species. Hewever, the zeeplankten remains thii aad meneteneus
fer a long distance dewnstream. Species feund at Geda are
Ceriedaphnia dubia (Richard), Ceried.phnia cernuta (Sars = ri-

gaudi Richard), Meina dubia, Mesecycleps leuckarti and Therme-—
diaptemus galebi (Barreis). It is werthwhile meting that there

are ne nauplii er retifers in this stretch of the Trivers,

Tne tributaries

T did net find any zeeplankiten in samples cellaected frem
Pour el Zeraf altheugh limelegical cenditiens are similar te
these ~n Bahr el Jebel,

The siew-flewing Bahr @l Ghauzal is the richest tributary
in zeepiankten, Meima dubia, Mesevcycleps leuckarti, Diaphenes-—
oma 8xXI1sun (Sars) being the mest abundant species. Thermecy-
cleps neglesctus (Sars), Thermediapitomus galebi and Ceriedaphu-

ia cermuta were feund, in additien fte neuplii und the retifers
Asplanchana brightwelll (Gesse) and Brachienus guadridentatus
(Ehrb) .

The density ef zeeplankten feumd in lake Ne, 50 kilemete-
rs upstream en Bahr el Ghazal and at Bentiu were respectively
17,000, 8,500 and 1,100 erganisms per 1 m30 This agrees with
the lemgitudinal trend ef distributien eutlined by Menakev

(1969) .

The zeeplankten ef River Sebat is more diverse altheugh
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less im quantity than the main chaunel ef the White Nile.
Maximum numbers ef zeeplankitemn were always feund in the
bettom levels ef the river. Meina dubia and Diaphenesesma

excisum were the mest abundart species. Females carryins,
eggs were eftem feund.

The Jebel Aulia Reserveir

Breek and Rzeska (1954) Rzeska, Breek and Prewse (1955),
Prewse and Talling (1958) and Menakev (1969) emphasized the
impact ef Jebel Aulia reserveir in enhancing plankten devele-
pmext. The effect ef the reserveir extends seme 350 kilemete-
rs abeve the dam and is mers preneunced in the lewser regien
of the reserveir. In the lake-like cenditiens demse pure pla-
nkten was deminated by blue—green algae and Cladecera. The
geasenal Tluctuatiens in densities ef plankten were clesaely
cerrelated te the regime ef the Teservelir,

Present data shew an increase in the erder ef 20-120 in
densitios ef zeeplankiten ever these in the river upwsiream.
The main species feund in erder ef abundance are : Deina
dubia, Ceriedaphmia cermuia, Thermediaptemus galebi, Cerieda-—

phuia dubia, Diaphenesema excisum, Mesecycleps leuckarti and

rauplii.

Present data cempare numerically with these presented by
Rzeska (1968) and Menakev (1969). Nevertheless the data are
net eneugh fer the fermulatien sf cencrete cemclusiense.

When cemparing duta givem by Rzeskw st al. (1955) with
these frem the reutine sampling, carried eut by the Hydrebie-
legical Research Unit, ef the plankten experted frem the ros—
erveir, it is evident that a significant decrease in numbers
of Emtemestraca has taken place (65 % ever the peried ef five
menths). Retifers have beceme ingignificant in number. This
might partly be due te the extanglement ef zeeplankten te the
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reets of the hyacinth (Yeusif 1974).

THE FISHERILS

The White Nile is quite preductive ef fish. There are
104 species belenging te 23 families and 51 genera ef figsh in
the Nile. The taxenemy and characteristics of the fish fauna
have been described in detail by Beulenger (1907) and Sanden
(1950) . Hewevar, Statistics ex figh petential, distributien
and acelegy are still in the expleratery stage. Data available
frem several seurces (Bishal 1961; El ieghraby 1973) and frem
direct cemmunicaztien with fishermen reveal that there is a
decrease in catch rates (unit effort per fisherman) in the past
fow years. They attribute this te the invasien of the river by
waterhyacinthe.

As a matter ef fact the presence of waterhyacinth has sems
faveurable effects ei. the life ef seme fish wpecies. The water-
hyacinth at the margin ef the river andin khers and lageens
previde suitable shelter fer spawning, ef such species as the
Wile Perch {Lates nileticus). The slew current with marginal

vegetatien and ingide fleating mats effers protectien te the
layval and yeung stages of fish. Zeeplankten, which is the main
ttom of feed at this stage, is wlse available within the reets
of waterhyacinth.

On the ether hund, waterhyacinth scens te have an adverse
effect en the 1ife eof ether fish speciss. Fer example Tilapia
niletica, which is a very impertant cemmercial species, digs
inte the bettem and incubates its eggs. Under thick mats ef
waterhyacinth in khers and lageens, accumulatier ef decayed
reets which may tep up te several feet (Hammerten, persenal
cemmunicatien) leads te depletien of exygen. These wfaveurable
breeding sites affect the breeding petential ef this fish spec-
ies and leads te a genoral reductien in its pepulatier size.
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DISCUSSION

It has always beca assumed thut the neterieus waterhyaci-
nth disturbs the eanviremmental balamce in infested ecesystaems.
I+ hinders mavigatiem, blecks irrigatien pumps, hampers fishi-
ng eperatiens and eliminates marginal grass, ea which cattle
graze. Alse waterhyacinth harbeurs vecters ef schisteseniases,
prevides faveurable breeding sites fer Anepheles mesquiteas
and decreases preductivity by depleting nutrients.

The results described abeve effer a picture lsss dismal,.
Frem a limnelegical peint ef view waterhyaciabth dees net weem
te disturb the eaviremmenital balaxace te the extent ef greatly
decreasing the preductivity ef the White Nile ecesystem.

The waterhyacinth is a very successful weed which has @
wide ranze ef telerance te variatiens in physice-chemical cen-
ditiens. As shewan abeve, a great deal ef nedificativa takes
place during the seaward flew ef the White Nile and {tributari~
es. The water preperties exhibited at Jobel Aulia are a resul~
tant of all these interactiens. These zhew lewer values fer
nutriegnts and higher valucs fer the ether elements. The exnrio-
hment of the varieus iens, including silicen, is pre¢bably due
to the uptake of sulls by waterhyacinth when stramded at the
margin ef the river er in the swamp. The elements wre liberat-
2d when waterhyacinth drifts and subsequently decays. The
increased depletien ef the nutrients is net unexpected but i+%
dees net seem te have any limnelegical significance as te lim-
it plankten develepment.

. The trend ef lengitudinal successien ef water charscteri~
stics is still the same as that feund by Talling (1957)eighteun
years earlier., The depletien ef nutrients due te phyteplankie~
nic activity is mere significant than thct due te the preasence
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¢f waterhyacinth as shewn by the data fer Bahr el Ghuzal.
Comtraray te what Bishai (1962) has eutlined there was ne
decrsase in values fer pH er disselved exygen in the
reserveir,

The presencs ef mats of fleating amd marginal Eichherniu

creates faveurable habitats fer the develepment ef zeeplankiten
by slewing dewn the water current velecity im the vicinity (cf.
Rzeska 1973). Mewmakev (1969), Yeusif (1974) and Adam (1975)
feund that thes tetal biemass ef zeeplankten actually increased
after the invasien ef the river by waterhyacinth.

The decrease in the density ef zeeplaukten axperted frem
the Jebel Aulia reserveir as compared te values given by Rzeska
et al. (1955) may give a false impressien since the zeeplankten
get entangled te the reets ef waterhyacinth.

The effect ef waterhyacinth en fish is certainly net adeq~
uately menitered. These effects vary frem ene gpecies te aneth-
¢r depexding emn their breedixrg and feeding habits, and their
mevements aad distributien aleng the rivers, Bahrs, lakes,khers
and lageens ef the Nile basin.

The effect ef centrel eperatiens, threugh spraying 2, 4-D,
is that the plankten and juvenile fish entangled te the reets
ef waterhyacinth die with the weed. Apparently the effect ef
the herbicide is restricted te the tep layers ef water (cf.
River Sebat). Fertunately the pewers ef recevery ef Trepical
rivers are great ~ud the ameunt ef herbicide used is small cem—
pared te the velume of discharge ef the White Nila.
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