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ABSTRACT

The oreation  o f  the Volta  Lake in  Ghana provides favourable 

oonditions fo r  rap id  weed growth,, The present report represents an 

attempt to  in v es t ig a te  the in te ra c tion  between one o f the economically 

important weeds on the Lake, P is t ia  s t r a t io t e s , L ., and the physico­

chemical condition  o f i t s  environment in  the f i e l d  and laboratory,

P is t ia  is  represented in  most reaches o f th e Lake but only 

sheltered  bays and es tu aries  in  the south are oharaoterized by 

luxuriant vegeta tion  o f  the species. D istribu tion  and growth o f the 

p lan t w ith in  these areas are con tro lled  to  some extent by the pH 

and mineral composition o f lake water.

Under laboratory  oonditions, marked in fluence is  exerted  by 

substrate pH and nutrient content on the vegeta tive  reproduction 

and growth or the p lant. Occurrence o f optimum ve g e ta tiv e  growth 

a t low to ta l nutrient content and pH 5»0 is  r e f le c te d  in the 

tendenc3r shown by rose ttes  to  grow la rg e r  in  areas o f  the Lake 

characterised by comparatively low degree o f m inera liza tion , and 

pH.

Growth o f the plant has been observed to a l t e r  the pH and 

m ineral content o f the substrate under f i e l d  and laboratory conditions. 

The nature o f th is  change in  the f i e l d  depends on the cover o f 

vegetation .

Stranded ro se ttes  which have become rooted in  the drawdown area 

o f  the V o lta  Lake are capable o f regenerating and may reco lon ize  the 

lake surfaceo

Results o f these in vestiga tion s  have been discussed with reference 

to  methods o f con tro llin g  the plant,,
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GENERAL INTRODUCTION

The impoundment o f  the Vo lta  R iver  in  Ghana, in it ia t in g  the 

form ation, in  May I 964, o f one o f tro p io a l A fr io a 's  la rg e s t  lakes, 

provides unique opportun ities fo r  rap id weed growth. The V o lta  

Lake's long d en d r it ic  ax is  stretches fo r  nearly  400 km. (250 m l.) 

mainly through the low -ly ing  Guinea Savannah and only b r ie f ly  

through a fo re s ted  zone in  the south« The resu lt in g  extensive 

shoreline estim ated a t 2 ,̂880 km. (3,050 m l„), the numerous 

sh eltered  shallows characterized by p a r t ly  drowned riparian  

vegeta tion , and ea s ily  leached s o i l  are conditions that favour 

aquatic weed growth (Lawson, 1963; L i t t l e ,  1966a),

Rapid weed growth on newly formed lakes resu lts  from new 

ec o lo g ica l s ituations created when the s ta b il i t y  o f  the ecosystem o f 

parent r iv e r s  i s  disturbed ( c f ,  E lton, 1958; Balinsky and Jemes,

I960; Jackson, 1963)0 This invasion o f  a r t i f i c i a l  impoundments by 

weeds may be grea ter in  the trop ics  where warmer conditions are 

combined with more extended growing season. The invasion may be 

g rea ter  s t i l l  in  areas where the te rra in  is  genera lly  f l a t  as in  

many r iv e r  basins in  A fr ic a  (V/addy, 1966)  and th ere fo re  provide, 

when inundated, expansive areas o f shallow water. The rap id  bu ild  

up o f p lan t nu trien ts , vhich occurs as m ineral sa lts  leached frcm 

newly flooded  fo re s t  and fam -lan ds (Jackson, lo c 0 c i t , )  are added 

to  1hose re leased  from decaying drowned vegeta tion  (Welch, 1952), 

fu rth er favours weed in vation  (L i t t l e ,  lo c . c i t . ) 0 Indeed the 

Vo lta  Lake is  known to harbour a wide va r ie ty  o f weeds (LawsonP 196^),
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One o f the commonest and p o te n t ia lly  most troublesome of 

these weeds i s  the fr e e - f lo a t in g  water le ttu oe , P ls t la  s t ra t io te a . L0 

(Lawson, 1963)0 Subramanyam ( 1962) and Weldon and Blackburn ( 1967) 

suggest that the p lan t reproduces mainly v e g e ta t iv e ly , the daughter 

rose ttes  tending to remain attached to  the parent p lan t by means 

o f stolons ( o f 0 W ild, 1 9 6 l)• Personal observations as w e ll as those 

o f L i t t l e  (1966b) show th a t under certa in  conditions, the ra te  o f 

reproduction i s  so rap id that w ith in  a few  months a la rge area o f 

water is  covered. A f lo a t in g  p lan t with th is  reproductive capacity 

and capable o f forming extensive and tangled mass o f matted 

vegetation  can and does pose serious problems on waterways.

One o f these problems re la te s  to  public health . Several 

in v es t ig a to rs  have reported that mats o f P is t ia  serve as the 

p re fe rred  s it e s  o f sn a ils  and mosquitoes, veotors o f encephaj tfeis- 

l-iM-e, f i l a r ia s i s  end b ilh a rz ia s is  (see e .g . Seabrook, 1950; o ,

1953; Chamberlain e t  al«>, 1959; Paperna, 1968) .  While the completely 

aquatic la rvae o f Mansonia mosquitoes are known to obtain th e ir  oxygen 

supply from the aerenchyma in  P is t ia  roots  (Burton, 1959), the sn ails  

are presumed to derive  th e ir  food and p ro tec tion  against desiccation  

from P is t ia . Such an in fe s ta tio n  o f  mats o ften  occurs near fis h in g  

v i l la g e s  along the V o lta  Lake (Paperna, 1968; P ie rce , I 969) .

Large tangled mats o f  P is t ia  with extensive surface in  contact 

with the dense medium o f water, o f fe r  tremendous res istance to  boat 

movement even to  the extent o f completely preventing i t .  The
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situ a tion  is  worsened when suoh mats are co lon ized  by Solrpus spp. . 

Cyporus s p p .  and Ludwiflia s p p . .  thus form ing a more robust sudd.

At presen t, the Volta  Lake Transport P i lo t  Scheme appears not to 

have any trouble with P is t ia  encroaching upon the main ohannel used by 

i t s  f l e e t .  Around oerta in  v i l la g e s , however, r a f ts  o f P is t ia  have 

created serious transport problems. The situation  i s  p a rtic u la r ly  

serious along the Afram and Pawmpawm arms o f the Lake.

The obstruction to  boat movement resu lts  in  diminished fish in g  

a c t iv i t i e s .  Not only do fishermen experience d i f f ic u l t y  moving about 

on the Lake but observations made by the author in  co llab ora tion  with 

Entz ( In s t itu te  o f Aquatio B io logy , Accra) ind ica te  that a la rge  dense 

cover o f P is t ia  a lso reduces or completely prevents wave action  and l ig h t  

penetration . Consequently oxygenation o f  the water by wind-generated 

mixing and photosynthesis, the growth o f submerged aquatics and algae 

and the in vertebra te  fauna they support are impaired ( c f .  Buscemi,

1958; L i t t l e ,  1966b; Sculthorpe, I 967) .  *‘ish may not survive th is 

condition  end tiie r e s u lt  is  e ith e r  mass m igration away from the 

in fes ted  areas or la rge  scale m orta lity .

Large mats o f P is t ia  may d r i f t  in to  and b lock  ir r ig a t io n  channels, 

h yd ro -e le c tr ic  in s ta lla t io n s  and harbours. The presence o f such ra fts  

in  ir r ig a t io n  ohannels reduces current v e lo c it y .  This may in  turn 

resu lt  in  the s i l t in g  up o f the channels (Sculthorpe, lo c . c i t . ) .

.F inally, a la rge  expanse o f water o f fe r s  great a ttra c tion  to 

pleasure seekers and a grea t deal o f fo re ig n  exchenge may be earned 

through tourism. I t s  occupation by P is t ia . posing the dangers b r ie f l y
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reviewed above, oan adversely a f fe c t  i t s  use fo r  reoreation& l 

purpose So

Against the nuisanoe habit o f the plant may be set some b en e fits  

which can be derived  from the p lan t. I t s  a b i l i t y  to accumulate 

appreciab le qu antities o f p lan t nu trien ts ( L i t t l e ,  1968a ) probably 

accounts fo r  i t s  use as green manure, fodder or as a souroe o f 

f e r t i l i z e r s  (Sculthorpe, 1967)0 Lime, phosphorio ac id  and potash 

d e fio ienoes o f s o ils  in  horth -east Ind ia  are reported by the la s t -  

mentioned author to  be corrected  by the a p p lica tion  o f P is t ia .

Although dense mats o f P i s t i a may cause poor development o f  

in verteb ra te  fauna, sparse d is tr ib u tion s  o f the plant may provide a 

favourable hab itat fo r  in verteb ra tes  which serve as food fo r  certa in  

fis h es , P e tr  ( 1968)  reports that seme P ip tera, Crustacea end 

O ligochaeta show preference fo r  P is t ia  on the V o lta  Lake. Where the 

mat o f P is t ia  is  not s© dense as to  cut o f f  l ig h t  completely from the 

water beneath i t ,  the extensive root surface may provide substratum favour­

ab le fo r  profuse growth o f  periphyton; th is a lso provides food  fo r  

young herb ivore f is h .  Juvenile c ic h lid s  (T ila p ia , Hemichromis, Pelma- 

tochrcmis) have been observed a c t iv e ly  feed ing among P is t ia  roots 

(P e tr , 1967)0 Such mats may also serve as oover fa r  young fish  against 

predators.

In  sp ite  o f the r e a l or p o te n tia l economic importance o f P is t ia . 

l i t t l e  (Obeid and Chadwick, 1964; Chadwick and Obeid, 1966) seems to 

be known about the growth o f  the p lan t in  r e la t io n  to  i t s  environment, 

p a r t ic u la r ly  under Chanaian conditions (H a ll et a l . ,  1966) .  The la t t e r  

group o f workers have sttown experim entally that growth o f  the p lan t is
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in fluenced by the mineral composition o f  culture so lu tion . S im ila rly  

the performance o f the plant has been shown by the former two co llaborators 

to  be dependent on the n itrogen supply and pH o f the substrate. These workers 

noted that the d is tr ib u tion  o f the p lan t in  re la t io n  to pH in  nature 

agreed with th e ir  experimental resu lts , P is t ia . reports Gay (1958), was 

abundant on the White N i le ,  With the adventive spread o f Eichhomia 

crassipes. the species seems to  have been v ir tu a lly  e lim inated from most 

regions o f the r iv e r  system, Chadwiok and Obeid (1966) suggest that 

the reason fo r  the antagonism may be found in  the response o f  the two 

species to  the pH o f th e ir  substrate.

Inform ation on the response o f P is t ia  to environmental fa c to rs  

co lle c ted  in  Khartoum (Sudan) by Chadwick and Obeid in  th e ir  studies, 

reported above, and by H a ll et a l .  (1966) under laboratory conditions 

in  Ghana may not d ir e c t ly  apply to conditions on the V o lta  Lake,

Our knowledge o f  the lim n o log ica l funotion o f the plant p a r t ic u la r ly  

as i t  r e la te s  to the physico-chem ical condition o f the environment 

is  s t i l l  incomplete. The extent to  which the a b i l i t y  o f P is t ia  to  

regenerate from fragments (La ing, I 968)  and from seeds contributes 

to the re  co lon iza tion  o f  the Volta  Lake by stranded and apparently 

moribund ro se ttes  is  la rg e ly  unknown. The present in v es tig a tio n  

was th ere fo re  undertaken to contribute fu rth er  to  our kn07/ledge of 

the re la tio n s  between P is t ia  and i t s  environment with p a r t ic u la r  

reference to  i t s  occurrence on the Volta  Lake, In  chapter 1 the d is ­

tr ib u tion  and growth o f P is t ia  in  r e la t io n  to the mineral composition 

and pH of' the V o lta  Lake are described. Chapter 2 covers laboratory
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experiments under conditions simulating the natu ral environment,,

Some e f fe o ts  o f P is t ia  on i t s  hab itat are examined in  chapter 3„ 

Chapter if represents an attempt to  in v es tiga te  regeneration in  P is t ia  

with speo ia l reference to  how th is  phenomenon may a s s is t  the plant 

in  re - in fe s t in g  the Volta Lake. The in te rre la tio n sh ip s  o f the resu lts  

from ihe various in ves tiga tion s  and the relevance o f these resu lts  

to  the con tro l o f the p lan t are discussed in  the la s t  ohapter0

The combination o f  f i e ld  and laboratory approaches to a problem 

o f th is  nature is  appropriate and ju s t i f i e s  the t i t l e  o f th is  in v e s t i­

gation , U n til quick and c r i t i c a l  methods o f  f i e l d  experimentation 

become a va ila b le , the ec o lo g is t  w i l l  continue to supplement h is  f i e ld  

observations w ith information gained from laboratory  experimentso

Sampling s ite s

Three s ite s  were chosen fo r  in v es tig a tion . These include Donor 

in  Ajena Bay, Aneta-Vakpo on -the estuary o f R iver Dayi and Kponyo on 

the estuary o f R iv er  Pawmpawm0 These r iv e rs  are tr ib u ta r ie s  which 

empty in to  "the southern part o f the Volta  Lake (see map).

The choice was determined by three main considerations;

1) the occurrence o f f a i r l y  la rge  qu antities o f  P is t ia  

forming a more or le s s  continuous mat,

2) the comparatively easy access to these areas and

3) the undisturbed s ta te  o f the vegetation,.



Although P is t ia  is  as abundant in  the upper reaches o f the Afrara 

R iver as on the seleoted s ite s , that area is  le s s  accessib le and the 

vegetation  there has been sprayed severa l times. Inform ation co lle c ted  

from such an area is  th erefore  l ik e ly  to  be blurred by the e f fe o ts  

o f human in ter fe ren ce*
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CHAPTER 1

THE DISTRIBUTION AND GROWTH OF PISTIA IN RELATION 

TO THE MINERAL COMPOSITION AND pH OF THE VOLTA LAKE

The d is tr ib u tion  and growth o f p lants are to a la rgo  extent 

dependent on such environmental fa o to rs  as temperature, moisture, 

l ig h t  and the physico-chem ical condition o f  the substrate. The 

importance o f these fa c to rs  would however be determined by the 

scale o f d is tr ib u tion  and the type o f environment under consideration. 

W ithin any one c lim a tic  zone mean temperature i s  u n like ly  to  be a 

l im it in g  fa c to r  ( o f .  Pond, 1959)* The a v a i la b il i t y  o f  water is  

u n like ly  to  be an important fa c to r  co n tro llin g  the ' d is tr ib u tion  

and growth of plants in  an aquatic environment. In  such an 

environment, th ere fo re , th e  more c r i t i c a l  fa c to rs  may be presumed 

to be l ig h t  in ten s ity  and the physico-chem ical nature o f the substrate. 

In  open water hab itats, l ig h t  in ten s ity  may however be important only 

as i t  determines the depth to which aquatic vegetation  can extend 

(P e a rs a ll, 1920; S h ir ley , 19-^5) o I t  thus becomes oonoeivable that 

mainly the chemical composition and pH o f  the substrate would be 

important in  lim it in g  the d is tr ib u tion  and growth o f f lo a t in g  p lants 

such as P is t ia  (P e a rs a ll, 1920, 1921; M isra, 1938; Obeid and Chadwick, 

19&f)„

P is t ia  is  w idely d is tr ib u ted  on the Vo lta  Lake but occurs in  

la rge qu antities only in  the southern pa rt, from a l i t t l e  below 

Kpandu to  Donor near the dam (see map on po8)<> This p ic tu re  is  

■based on a recent (Octofcer 1968)  a e r ia l  survey o f  the Lake (P ie rc e ,
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pers. comm.) and on personal observation during ex tensive tra ve ls  

on the Lake over the period  1964- 69*

I t s  p re fe rred  h ab ita t seems to  be sh eltered  bays and estu aries  

where the p a r t ly  drowned tre es  o f reoen tly  flooded  woodlands 

provide anchorage (p la te s  1 - 3 ) .  P is t ia  is  reported to show

sim ila r lia M ta t preferences on the natural Lake Bosumtwi here in

Ghana (Whyte, 1968)o

Large mats o f  the plant were a lso  observed bu ild in g up on 

the windward side o f flo a t in g  lo g s  in  fa i r l y  exposed areas, 

presumably trapped there while d r i f t in g  w ith the wind. On a small 

windswept waterbody, Tokosi Swamp, adjoin ing B iver Densu near Accra, 

mats o f P is t ia  appeared confined to  the bank fac in g  the wind. Thus the 

d is tr ib u tion  o f f lo a t in g  is lands o f P is t ia  l ik e  those o f Eichhornia

crassipes ((Jay, i 960}  may be in fluenced by the wind.

Wind and anchorage may account fo r  the r e s tr ic t io n  o f luxuriant 

vegeta tion  o f P is t ia  to  the southern part o f the Lake but alone 

would not exp la in  va r ia tion  frcm lo c a l i t y  to  lo c a l i t y  and from season 

to  season in  th is  southern sector. Biswas ( 1966) ,  V iner (1967) end 

Attionu ( 1968)  have reported on varia tion s  in  the mineral composition 

and pH o f the Volta  Lake between lo c a l i t i e s  and seasons,. These a re  

fa c to rs  known to in fluence the d is tr ib u tion  and performance o f 

P is t ia  on the Sudanese K ile  (Obeid and Chadwick, 1964)  end may be 

important on the V o lta  Lake a lso .
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--Plate 1 . Donor in  Ajena Bay -  section  o f  the V o lta  Lake showing

a mat o f  P is t ia  anchored among p a r t ly  submerged vegete tion , 

October 1968.
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P le te  2. Aneta-Vakpo on R iver Day! -  a section  o f  the V o lta  Lake 

showing a mat o f  P i3t ip  anchored among p e r t ly  submerged 

vegeta tion , January 1969.
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P la te  3. Kponyo on R iver Pawmpawm -  a section  o f  the V o lta  Lake 

showing a mat o f  P is t ia  anchored among p a r t ly  submerged 

vegeta tion , February 1969.
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Considerable a tten tion  has been paid over the past few  decades 

to the re la tion sh ip  between mineral composition and v eg e ta tiv e  growth 

o f p lants as a basis fo r  understanding the m ineral requirement o f 

p lants '(see e0g . Lundegardh, 19AJ-, 1951; G-oodall and Gregory, 1947). 

Indeed th e  m ineral composition o f  p lants may in d ica te  the a v a i la b i l i t y  

o f nu trien ts in  the substrate as has been demonstrated experim entally 

by Collander (1941), snd through f i e l d  in vestiga tion s  by Caines ( 1965) 

and Fish and W il l  (1966),

The primary aim o f the in ves tiga tion  reported in  th is  chapter 

was to determine the extent to whioh d is tr ib u tion  and growth o f P is t ia  

are dependent on the m ineral composition and pH of the V o lta  Lake. 

Evidence fo r  such dependence has been sought mainly from betw een-sites 

and between-seasons co rre la t ion s  in

1) m ineral composition o f lake water and plant

2) m ineral composition o f p lant and biomass o f vegeta tion , and

3) m ineral composition end pH o f lake water on one hand end 

density and bicmass o f vegetation  on the other.

The f in a n c ia l burden o f co n tro llin g  P is t ia  may be eased by 

ex p lo it in g  i t s  chemical stores fo r  a g r ic u ltu ra l purposes (see  p.4)o 

Optimum u t i l iz a t io n  o f  the plant along these lin e s  requ ires as a matter 

o f p r io r it y  adequate knowledge o f va r ia t ion  in  mineral composition with 

season and plant s iz e . Consequently the re la tionsh ip  between the 

m ineral composition o f p lan t and p lan t s ize  has a lso  been in ves tiga ted .



G-eneral Methods 

Sampling Method and Treatment; o f M ateria ls

P lan t and water samples were oo lle o ted  usually between 11.00 

and 14<>00 hours during the fo llow in g  seasons:

1) end of rainy season (O ct. 24 -  Nov. 15, 1968)

2) harmattan, in  the middle o f the dry season (Jan„ 23 -  

Feb. 12, 1969) and

3) beginning o f the rainy season (A p r i l  23 -  May 14, 1969) .

For convenience, these seasons are r e fe r red  to  subsequently as seasons 

I ,  I I  and I I I  respectively .,

In  view  o f -the extreme d i f f ic u l t y  o f moving about on w ater and 

w ith in  a mat o f P is t ia .  i t  was not possib le to sample randomly® A 

systematic sampling technique was th ere fo re  employed (see  e „g . Husch, 

1963)« This consisted in  choosing 3 shore to midstream transects, 

about 20 metres apart, across apparently undisturbed and almost pure 

stand o f P is t ia .  on the more sh eltered  southern shore on each s it e .

Along each transect 5 samples, 2 metres apart, were co llec ted , 

using a wooden quadrat 854 sq« cm„ in  area; the e a s ily  disturbed 

midstream fr in g e  o f the mat was avoided. A t Donor where the mat 

was not la rge enough samples were c o lle c ted  from quadrats thrown unto 

the mat0 To reduce the wide va r ia t ion  observed in  samples co lle c ted  

during season I ,  the sample s ize  o f 10 quadrats at Donor and 15 on 

the other two s ite s  was increased to  20 <, The th ree  s it e s  were sampled 

w ithin a short period  (3 weeks) in  each season to  make the samples com­

parable,,

♦ Th is was convenient quadrat s ize  a va ila b le  a t the time*

15
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Water samples were o o lle c ted  by dipping a 500 ml, polythene 

b o tt le  to  about 10 can. below the water surfaoe, among the roots.

Each water sample was co lleo ted  from w ith in  the quadrat ju st before 

o o lle o t in g  each p lan t sample. The pH o f the water was measured soon 

a ft e r  o o lle o t in g  the sample, using an E . I .L .  (E leo tron io  Instruments 

L im ited ) pH meter model 50 C. A m i l l i l i t r e  o f ohloroform was then 

added to  the 500 ml. sample to  prevent changes in the chemical con­

d it io n  o f  the water caused by the a o t iv ity  o f micro-organisms during 

transportation  to  the laboratory fo r  fu rth er  analys is.

Only p lants whose rose tte  oentres f e l l  w ith in  the quadrat were 

c o lle c ted , having severed them from those ly in g  outside the quadrat.

The roots were flushed in  lake water to  remove adherent debris which other­

wise could in fluence dry weight estim ates. Each sample was packed in  a lab ­

e l le d  transparent polythene bag. Samples were quickly transported to 

the labora tory  (th e journey taking 4 - 7  hours) where they were stored 

in  a fr e e z e r  a t about -10 °C to  prevent losses due to resp ira tion  and 

decomposition.

From the fr e e z e r  each semple was quickly defrosted . The plants 

were grouped in to s ize  classes on the basis o f shoot length ( i . e .  

longest l e a f  length ) as fo llo w s : Class I :  2.0 -  6.0 cm., Class I I :

6.5 -  10.5 cm. and Class I I I :  11.0 -  15.0 cm. The number o f p lants 

in  each quadrat and c lass were then recorded. The p lants in  each

class were separated in to  shoot and root which were dried to  constant

weight in  an oven a t 105°C. From th e  above data the density (number 

o f p lants per m^) and biomass (oven-dry weight (gm .) o f p lants per m )



o f -the vegetation  and the abundanoe, expressed as % o f eaoh semple 

u n it, o f each plant s ize  c lass were oomputed. Information on the 

abundance o f ro se ttes  in  s ize  olasses was to  be used in describ ing 

the vegetation  in  chapter 3*

Only the shoot po rtion  o f oven-dried m ateria l was chem ically 

analysed. Attempts to  obtain a d e a r  d igest from the roo t portion  

proved a fa ilu re „  In  cases where the sample was not to o  bulky a l l  

o f i t  was used; otherwise i t  was thoroughly mixed and reduced to  

a convenient quantity by quartering. The m ateria l was then chopped 

in to  p ieces small enough to  pass through the funnel neck o f a m ill 

containing a s ieve with a 1 mm. pore s iz e . The ground m ateria l was 

stored in  vrell stoppered and la b e lle d  specimen tubes.

Methods o f Chemical Analysis o f Lake water and 

P lan t M ateria l

Lake 'water

Potassium, calcium and sodium were estim ated with E.E„L6 ( Evan * s 

Electroselenium  Lim ited) flame photometer. N itra te -n itro gen  and 

phosphate-phosphorus (P^O^-P) were determined according to  standard 

co lo r im etr ic  methods: phenol d isulphoric ac id  and Deniges’ methods

resp ec tiv e ly  using B.D0H0 (B r it is h  Drug House) Lovibond d iscs (see 

e .g . Anon, I960 ).

Estimates of’ to ta l m ineral content o f lake water were obtained 

by adding together the concentrations o f the in d iv idu a l elements



(see  e .g . Mackereth, 1963)•  Th is prooodure was p re ferred  to the 

d ire o t measurement o f  to ta l ion ic  oonoentration as conductivity  

(Welch, 1952) sinoe information on the in d iv idu a l elements was 

a lso  required at a la te r  stage in  th is  in v es tig a tio n . That th is  

procedure i s  ju s t i f ie d  fo r  the Vo lta  Lake was ind ica ted  by the 

d ire c t  re la tion sh ip  between t o ta l m ineral oontent and conductiv ity  

o f lake water ( f i g 0l )  (see a lso  Viner, 1967)0

Plan t m ateria l

Immediately be fore  d igestion , the ground m ateria l was oveir- 

d ried  fo r  3 hours a t 105°C, end th ree sub-samples, each weighing 

0*2 gm,, were w et-d igested , Semples f o r  phosphorus, potassium, 

oalcium end sodium determinations were w et-d igested using sulphuric, 

n i t r ic  and p e rch lo r ic  a c ids (P ip er, 1950). Semples f o r  n itrogen  

determ ination were w et-d igested  in  sulphuric a c id  using sodium 

su lphate-cata lyst (Sh irlaw , 1967)* The d igest was cooled and 

made up to  200 ml. with deion ized water. The various s ize  classes, as 

p reviou sly  described, were separately digested.

Potassium, calcium and sodium were determined c o lo r im e tr ie a lly  

as in  water samples using E.E.L. fleme photometer. Phosphorus was 

estimated as phosphate (P^O^) by the Deniges* method using Unicam 

Colorim eter (model SP 1300) with f i l t e r  No,6 (transm ission range 

620 mu. upwards). N itrogen  was estimated as ammonia by d ire c t  

N ess le r isa tion  using the same co lo rim eter with f i l t e r  N o ,2 

(transm ission range 373 — 535 mu.)o The actual concentrations o f

18



C
O

N
D

U
C

TI
V

IT
Y 

(m
ic

ro
 

- 
m

h
o

s

19

FIG.1
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TOTAL M IN E R A L  CONTENT OF VOLTA L.AKE 

AT D O N O R  ( X )  A N D  A N E T A -  VAKPO ( ©  )

d u r i n g  s e a s o n  D I
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phosphorus and n itrogen  were read o f f  from a ca lib ra tio n  curve 

based on known phosphorus and n itrogen  standards analysed in  the 

same way. The f in a l  resu lts  (concentration  o f elements) have been 

expressed as % o f dry weight o f p lant m ateria l.

Treatment o f Data

The s ign ifican ce  o f va r ia t ion  in  plant m ineral composition 

with plant s ize  at Donor and Aneta-Vakpo was tested  using -the 

analys is o f variance technique* A t Kponyo where only two size 

classes were represented, a ” t M- t e s t  was performed,, I t  has not 

been poss ib le  to  test the s ign ifican ce  o f s ite -season -s ize  

in te ra c tion  on the mineral composition o f p lan t m ateria l on account 

o f in s u ff ic ie n t  data. In  addition  to  the v ir tu a l absence o f  rosettes  

a t Donor during Season I I I ,  only two plant s iz es  were represented 

a t Kponyo on a l l  sampling occasions.

The concentration o f each element in  the shoot portion  o f the 

en tire  sample during each season and on each s it e  was obtained by 

adding together the concentration o f  that element in  the various 

s ize  c lasses . Comparative data on water chemistry were obtained 

from the analyses previou sly  described.

To t e s t  the s ign ifica n ce  o f betw een-sites va r ia t io n  in  the 

m ineral composition o f  p lan t, using the analysis o f variance 

technique, a l l  the seasons were considered together,, S im ila rly  a l l  

s ite s  were taken together in  tes t in g  the s ign ifica n ce  o f seasonal 

va r ia t io n . The pooling o f  data fo r  the s t a t is t ic a l  analysis became



neoessary as a res u lt  o f  the way data fo r  the m ineral composition 

o f p lants were derived., The seme reason acoounts fo r  the in a b il i t y  

o f the w r ite r  to te s t the s ign ifican ce o f s ite-season  in te ra c tion  on 

the m ineral composition o f planto Consequently i t  was considered 

unnecessary to examine the s ign ifican ce  o f the oombined e f fe c t  o f 

s it e  and season on the in d iv idu a l element content o f lake water*

I t  was however poss ib le  to te s t the s ign ificance o f betw een-sites 

va r ia t ion  in  m ineral composition (element by element and to ta l 

m ineral content) and pH o f lake water, the density and biomass o f 

vegetation  and the weight per p lant f o r  each season, using the same 

technique. Seasonal va r ia t ion  in  the above va r iab les  was s im ila r ly  

tes ted  fo r  each s ite . Determination o f the s ign ifican ce  o f the 

combined e f fe c t  o f  s it e  and season on to ta l m ineral content and pH o f 

lake water was based on the extent o f v a r ia t ion  derived from the means 

of the va r iab les  and th e ir  standard errors .

Due to the la rg e  number o f  analyses ca rried  out on ly summaries 

o f the analys is o f variance tab les  and of the other te s ts  are provided. 

The res u lts  are considered as s ig n if ic a n t  at the 5% l e v e l  o f 

s ign ifica n ce  (p <  0<,05). The symbols * *  and* have been used to 

in d ica te s ign ifican ce  at the 1 and 5% le v e ls  re s p e c tiv e ly ; N.S. 

denotes non -sign ificance*

Results

P lan t s iz e  and plant chemistry 

Varia tion  in  p lan t s ize  in  r e la t io n  to  the mineral ccmpositian o f

231
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plan t a t Donor, Aneta—Vakpo and Kponyo fo r  on© season is  given in 

tab les 1, 2 and 3 res p ec tiv e ly . This res u lt  is  s im ila r to  those 

obtained during subsequent seasons,, Results o f  the s t a t is t ic a l  

analys is are summarized in  appendix 10

Inspection  o f  tab les 1 - 3  shows that in  severa l cases, the 

concentration o f elements ohanges with plant s iz e , the medium size  

having the low est concentration. This re la tion sh ip  between the 

mineral composition o f  p lant and plant s ize  i s  confirmed by the 

s t a t is t ic a l  te s ts  (appendix l ) .

The s t a t is t ic a l  analyses also show that only uptake o f 

phosphorus is  s ig n if ic a n t ly  co rre la ted  with p lan t s iz e  on a l l  s ite s  

(appendix l ) .  There seems to  be no ju s t i f ic a t io n  fo r  concluding 

that uptake o f the o th er elements i s  in fluenced by p lan t s ize  since 

s ig n if ic a n t co rre la tion  was obtained only on some s ite s .

M ineral ccmposition o f water and p lant, and 

biomass o f vegetation

.Figure 2 i l lu s t r a t e s  va r ia t io n  between s it e s  in  the mineral 

composition (elem ent by element) cf lake water and p lan t, and biomass 

o f vegeta tion , In  f i  ure 3 are shown seasonal va r ia tion s  in  -the same 

variab leso The mean values from which these fig u re s  have been drawn are 

presented in  appendices 2 - 4  together with th e ir  standard errors . 

Appendices 5 and 6 summarize the analys is o f variance tab les fo r  

va ria tion s  between s ite s  end seasons in  the m ineral composition o f 

lake water res p ec tiv e ly . In  appendices 7 and 8 are given re sp ec tiv e ly



The re la t io n  between m ineral composition o f  p lan t and p lan t s ize  at Donor (.Ajena Bay)

Table 1

Sampling day 24-10-68 (end o f rainy season)

S ize
Classes

i 2 3

R ep lica ies i 2 3 Mean 1 2 3 Mean 1 2 3 Kean

N dry vrt) 1.00 1.25 1.00 1.06±0.08 0.50 0.50 0.75 0.58*0.08 1.75 1.50 1.50 1.58*0.08

P ii 0.15 0.13 0.17 0.15*0.01 0.12 0.14 0.12 o H S o H 0 .16 0.16 0.18 0.17*0.01

K it 4.60 4.60 4.40 4.53*0.01 3.40 3.6 0 3.40 3.47*0.01 4.60 4.00 4.40 4.33*0.18

Ca ii 2.40 2.45 2.40 2.47*0.02 2.25 2.25 2.40 2.30*0.06 2.40 2.40 2.55 2.45*0.06

Na 0.40 0.45 0.40 0.42*0.02 0.40 0.40 0.50 0.43*0.03 0.40 0.30 0.40 0.37*0.03

*  Shoot len gth  ranges fo r  s iz e  classes 1, 2 and 3 (as vised in  tab les 1 - 3 )  
are 2.0 -  6.0 cm, 6.5 -  10.5 cm. and 11.0 -  1 5 .0  cm. resp ec tiv e ly .



Table 2

The r e la t io n  between m ineral ocmpoaitLon o f plant and plant s ize  a t Aneta-Vakpo on
R iver Dayi

Sampling day 30-10-68 (end o f ra in y season)

Size
Classes

1 2 3

R ep lioa tes 1 2 3 Mean 1 2 3 Mean 1 2 3 Hean

N (#  dry wt) lo75 1.50 1#50 1.58*0.08 1.50 1,00 1.00 1.17*0.17
oo

1.25 1.75 1 . 67* 0.22

P " 0.12 0.12 0.10 0.11*0.01 0.14 0.14 0.14 0.14*0 0.10 0.12 0.12 0.11*0.01

K n 2<> 60 2o 20 2o40 2. 40* 0 .0 1 2.20 2.60 2.40 2.40*0.01 2.40 2.40 2.30 2.37*0.02

Ca " 1*65 1.80 1.80 1. 75* 0.06 1.80 1.65 1.80 1.75*0.06 1.75 1.75 1.80 1.77*0.02

Na * 0.20 0.23 0.21 0.21*0.01 0.22 0.22 0.22 0.22*0 0.24 0.27 0.25 0. 25*0 .0 1



Table 3

The re lation  between mineral composition of* plant and plant aize at Kponyo on
Biver Pawmpawm

Sampling day 15- 11-68 (end of rainy season)

SI Be 
Classes 1 2 3

Rep li oates 1 2 3 Mean 1 2 3 Mean 1 2 3 Mean

N dry vrt) 1.25 2.00 1.50 1.58*0.22 1.00 1.00 1.00 1. 00*0 - - - -

P 0.28 0.28 0.26 0.27*0.01 0.22 0.24 0.22 0.23*0.01 - - - -

K " 3.80 3.80 4.00 3.87* 0VQ7 3.70 3.80 3.40 3 .6 3 *& 4 2 - - - -

Ct " 1.75 1.80 1.80 1 . 78*0 .02 1.50 1.35 1.50 1.45*0.06 - - - * -

Na " 0.45 0.47 0.50 0.47*0.01 0.38 0.38 0.38 0.38*0 - - - -
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summaries o f analys is o f variance tab les fo r  va ria tions between 

s ite s  and between seasons in  the mineral composition c f p lan t.

Since ro se ttes  a t Donor during season I I I  were too few fo r  

any meaningful ohemioal ana lys is , va r ia tion  between s ite s  in 

m ineral composition of' lake water and plant fo r  only the f i r s t  two 

seasons is  presented and discussed. l«*or the same reason seasonal 

va r ia t ion  in  the same va riab les  a t only Aneta~V'alcpo and Kponyo is  

discussed. As Donor appears in  a number o f considerations to  be atypical^ 

conclusions drawn on the other two s ite s  are u n lik e ly  to  apply to 

th is  part o f  the Volta  Lake. However, oonolusions drawn on the f i r s t  

two seasons with reference to  betw een-sites va r ia t ion  may wholly or 

p a r t ly  apply to season I I I .

I t  i s  qu ite ev ident in  fig u re  2 that a m ajority  o f the macro­

nu trien t elements in  the lake water and P is t ia . and biomass o f the 

vegeta tion  show marked va r ia tion  from s ite  to  s it e .  Seasonal 

va r ia tion s  in  "the same va riab les  are a lso marked ( f i g .3 )o  But while 

betw een-sites and between-seasons va r ia tion s  in  mineral composition 

o f lake water, and biomass o f vegetation  have been found to  be 

s t a t is t ic a l ly  s ign if ica n t (appendices 5 and 6) such va ria tion s  in  

m ineral couposition o f  p lan t have been found to be gen era lly  non­

s ig n if ic a n t (appendices 7 and 8 ).  Although the s t a t is t ic a l  analysis 

shows that there are no s ign if ica n t va ria tion s  in  p lan t chemistry, 

the apparent re la tion sh ip  between the mineral composition o f lake v;ater 

and p lan t would suggest that in  fa c t  the va r ia tion s  in  plant chemistry 

are s ig n if ic a n t  and that there must have been some error in  the

28



technique adopted fo r  the analysis o f the data, Pooling; together of 

va r ia tion s  that are opposite to eaoh other, fo r  instance, i s  l ik e ly  

to produce non -s ign ifican ce.

Vegetation parameters, to ta l m ineral content and pH 

of lake water

In  fig u re  if are il lu s t ra te d  va r ia t ion s  betw een-sites in  density 

and biomass o f vegeta tion , and weight per p lant in  re la t io n  to  to ta l 

m ineral content and pH of the Volta  Lake. Seasonal va r ia tion s  in  the 

same va riab les  a t  Donor, Aneta-Vakpo and Kponyo are given in  fugures 

5, 6 and 7 re s p ec tiv e ly . In appendix 9, showing s ite-season  in te r ­

actions W Sw en the above va r iab les ,a re  g iven  as w e ll as the mean 

values from riiich th e  fig u re s  have been drawn together w ith th e ir  standard 

e rro rs . The an a lys is  o f variance tab les fo r  betw een-sites and 

between-seasons flu ctu a tion s  are sunmarized in  appendix 10 and 11 

re sp ec tiv e ly .

With the exception o f  va r ia tion s  between s ites  in  to ta l m ineral 

content o f lake water during season I I ,  changes in  the va r iab les  

mentioned above with lo c a l i t y  (fig .A -) and with season ( f i g s .  5—7) 

appear s ig n if ic a n t. G enerally, va r ia t ion s  in  vegeta tion  parameters 

are e ith e r  d ir e c t ly  or in verse ly  re la te d  to  va ria tion s  in  s ite  

fa c to rs . The s ign ifican ce  o f these va r ia tion s  has been confirmed 

s t a t is t ic a l ly  (appendices 10 and l l ) .

29
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S E A S O N S

F IG  5 S E A S O N A L  V A R IA T IO N  IN  D E N S IT Y  (D ), B IO M A S S  (B ) 
O F P IS T IA  V E G E T A T IO N  A N D  M F A N  P L A N T  W EIG H T  

!N R E L A T IO N  TO S I T E  F A C T O R S  A T  D O N O R  IN A J E N A  
B A Y
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FIG  6  : S E A S O N A L  V A R I A T I O N  IN D E N S I T Y ( O )  B IO M A S S  (B )

OF P IS T IA  V E G E T A T IO N  A N O  M E A N  P L A N T  W EIG HT 

IN R E L A T IO N  T O  S I T E  F A C T O R S  AT  A N E T A -  

V A K P O  O N  R .  D A Y I.
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S ite —season in tera c tion  on vegetation  and lake 

water characters

Results o f the e f fe o t  o f  site-season  in te ra c tion  on vegetation  

and lake water oharaoters in ves tiga ted  are presented, as already 

stated, in  appendix

Ifi changes in  the mean alone o f each variab le  w ith s ite  and 

season are considered, site-season in tera c tion  seems to  have exerted 

mariced in fluence on the characters., The same conclusion i s  a rrived  

a t i f  the extent o f  va r ia t io n  between the means is  taken in to  account*

Discussion 

P lan t s iz e  end plant chemistry

The inconsistency in  the re la tion sh ip  between plant s ize  and 

the in d iv id u a l macro-elements other than phosphorus in  the shoot o f  

P is t ia  (appendix l )  may he r e f le c t in g  some or a l l  o f the fo llow in g :

(1 ) The fa c t  th a t the a n a ly t ic a l technique used fo r  the other 

elements (N, K, Ca, Na) may not have been s u ff ic ie n t ly  

sen s itive  to  revea l small d iffe ren ces  in  the concentration 

o f these elements between the various plant s izes ,

(2 ) the fa o t  that uptake o f  the other elements may be determined 

by the p ecu lia r  requirement o f  an in d iv idu a l p lan t, a 

disturbance which could have been elim inated by the use of

a la rg e r  sample s iz e ,

(3 ) the fa c t  that the other elements may be p r e fe r e n t ia lly  

d is tr ib u ted  w ith reference to  the ro o t  end shoot o f  the



p lan t; the pattern  o f  d is tr ib u tion  may change with changes 

in the phonological status o f  the p lan t; i f  e ith e r  o f 

these p ropositions is  true, the analysis o f the shoot 

portion  alone i s  u n like ly  to  produce consistent resu lts ;

(4 ) the fa c t  that there may have been ’'luxury" uptake in  

instances where non -sign ifican ce has been obtained*

No d e fin ite  reason has y e t  been found to  account fo r  th e  lowest 

(a t  Donor and Kponyo) and the h ighest (a t  Aneta-Vakpo) concentration 

o f phosphorus in  medium-sized p lants (ta b le s  1 -  3)0 One would 

normally expect nu trien t element concentration to increase w ith 

increasing p lan t s ize  (see  e*g* Leyton, 1956, 1957; Gordon, 19&»-). 

Indeed the re la tion sh ip  between growth and nutrient uptake is  

gross ly  complicated* G-rowth does not depend only on nutrient supply 

or the a b i l i t y  o f the plant to  ex tract nu trien ts from the substrate 

but on i t s  g en e tic a lly  or on togen etica lly  determined growth p o te n tia l 

(Tamm, 1964) ,  This complexity underlies the w r ite r 's  in a b il i t y  to 

explain  without doubt some o f the resu lts*

The phenomenon o f flow erin g  and fru it in g  in  P is t ia  is  s t i l l  

la rg e ly  uninvestigated* I t  is  worth noting that under some conditions 

small as w ell as la rge  rose ttes  produce flow ers* Under others sn a il 

but not la rge rose ttes  bear flow ers . No d e ta iled  observation was 

made on the flo w e r in g  and fru tin g  sta te o f p lan ts used in  th is  study* 

I t  is  conceivable that phosphorus uptake by a rose tte  is  determined 

by i t s  phenological status*

35
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Mineral composition o f lake water

Like severa l tro p ica l lakes (T a il in g  end T a ilin g , 1965) ,  

including Kariba (Coche, 1968) ,  the Volta Lake exh ib its  s ig n if ic a n t 

s ite  to s ite  and season to season varia tion s  in  i t s  t o ta l m ineral 

composition ( f i g s ,  4~7) (see a lso  Biswas, 1966; V iner, 1967;

Attionu, 1968), I t  is  suggested that between~sites va r ia tion  i s  

very  l ik e ly  to be determined by lo c a l d iffe ren ces  in  the geoohemistry 

o f the Volta basin . Data on seotional geochemistry o f the basin are 

unavailable. Seasonal va r ia t io n  on the other hand i s  probably the 

res u lt  o f seasonal discharge o f mineral nu trien ts as s o i i  washings 

in to  the Lake (see A ttionu , 1968) .  Seasonality o f  nutrient 

regeneration  p a r t ic u la r ly  through upwelling of n u tr ien t-r ich  bottan 

waters (see Attionu , 1970) and decay o f seasonally flooded  marginal 

vegetation  are other phenomena which probably account fo r  seasonal 

va r ia t ion  in  m ineral nu trients (see e .g . Welch, 1952). Thus the 

t o ta l mineral content o f lake water at Donor ( f i g . 5) and Kponyo 

( f i g . 7) was h ighest a t the peak o f  the flo o d  season. Increase in  the 

t o ta l m ineral content during season I I  which a lte re d  th is  trend at 

Aneta-Vakpo ( f i g . 6 )  m i$ it have been caused by re lease o f nu trien ts 

due to  decay o f a "water bloom" (Welch, 1952) -that I  observed in  th is  

p art o f the jjake0 The s ig n if ic a n t  betw een-sites and seasonal 

va ria tion s in  the ind iv idu a l macro-nutrient elements o f lake water 

in vestiga ted  (appendices 5 and 6) are presumed to  be due in  a number 

c f cases to  the same phenomena suggested fo r  the va r ia t ion s  in  t o ta l  

m ineral content.
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Macro-element composition o f  lake water and p lan t, 

and biomass

On the assumption that the argument estab lish ing  the s ign ifican ce 

o f va r ia t ion s  in  plant chemistry is  leg it im a te  (see p» 2-k the data 

suggest th a t d iffe ren ces  between the s ite s  in  the m ineral composition 

o f p lan t were in  general d ir e o t ly  re la ted  to  d iffe ren ces  in  the 

m ineral content o f lake water,. Uptake o f n itrogen , potassium and 

sodium was r e s tr ic te d  by th e ir  concentration in  the ex tern a l medium; 

that o f phosphorus and oalcium was only vaguely r e s tr ic te d  ( f ig o 2 )„

Only betw een-sites d iffe ren ces  in  plant n itrogen  was d is t in c t ly  

and d ir e c t ly  re la ted  to d iffe ren ces  in  biomass during season I „  

Phosphorus, potassium and sodium were in verse ly  re la ted  to biomass 

and calcium bore no re la tion sh ip  to i t  ( f i g 02 )0 During season I I  the 

concentration o f  plant n itrogen  was a a in c le a r ly  and d ir e c t ly  

associated w ith, while the concentration o f  potassium and sodium 

was in ve rse ly  associa ted  w ith  bicmass,, The re la tio n sh ip  between 

biomass and the concentration o f phosphorus and calcium was undefined. 

Thus th ed is trib u tion  o f P is t ia  on the study s ite s  with re ference to  the 

biomass o f ilie vegeta tion  was determined only by the n itrogen content 

o f lake water as i t  in fluenced  n itrogen uptake. S ites  w ith compara­

t iv e ly  high n itrogen  were characterized  by vegeta tion  of r e la t iv e ly  high 

biomass.

The concentrations o f  n itrogen , phosphorus and sodium in  the 

shoot o f P is t ia  (on one or both s it e s ) frere d ir e c t ly  re la ted  to  the



concentrations o f these elements in  the external medium over the 

seasons ( f i g . 3 ) .  In oontrast, the concentrations o f  potassium, 

calcium end sodium (a t  only Aneta-Vakpo) were in verse ly  re la ted  to  

th e ir  concentrations in  the substrate. I t  may be conoluded that 

the concentrations o f  n itrogen , phosphorus and sodium in  lake water 

lim ited  the absorption o f these elements by rose ttes  but that o f 

potassium and calcium d id  not.

A t Aneta-Vakpo on R iv er  Dayi, seasonal ohanges in  the 

concentrations o f  p lan t n itrogen , phosphorus, potassium and sodium 

were d ir e c t ly  re la te d  to seasonal changes in  biomass but calcium did 

not seem to  bear any such re la tion sh ip  to biomass ( f i g .3 )o  I t  may 

be suggested that on th is  s ite  and a t th e  concentrations o f the 

elements involved, n itrogen , phosphorus, potassium and sodium content 

o f lake water in fluenced the d is tr ib u tion  o f P is tie, judged in  terns 

o f biomass over the seasons through th e ir  a v a i la b i l i t y  w ithin the 

p lan t. The p lan t produces r e la t iv e ly  high biomass during seasons 

when these elements are w e ll supplied.

A completely d if fe r e n t  p ic tu re was obtained a t Kponyo on R iver 

Pawmpawm. Seasonal va r ia t ion s  in  p lan t phosphorus, calcium end 

sodium were d ir e c t ly  re la ted  to biomass w hile p lan t n itrcgen  and 

potassium were in verse ly  re la ted  to  i t  ( f i g . 3 ) .  In  th is  part o f the 

Lake th e re fo re , the d is tr ib u tion  o f biomass o f vegeta tion  in  time 

appeared to have been determined by only phosphorus, calcium and sodium.
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The data on the re la tionsh ip  between the ohemistiy of plant 

and lake water would suggest that the mineral composition in  the shoot 

o f P is t ic  is  to  a la rge  extent dependent on the mineral nutrient 

status o f the Volta Lake,, A s im ila r  observation on the dependence o f the 

mineral n u tr it ion  o f  hydrophytes on the m ineral nutrient composition 

o f the ex tern al medium was made by Fish and W il l  ( I 966) working on 

Elodea canadensis and Lagarosiphon major in  two New Zealand lakes.

On the re la tion sh ip  between the m ineral n u tr it ion  and the 

performance o f  P is t ia .  the res u lts  o f  th is  in v es tiga tion  ind ica te  

that certa in  nu trien t elements are more important in  certain  areas 

o f the Lake and. during certa in  seasons in  determining the vegeta tive  

growth and d is tr ib u tion  o f the p lan t. The whole phenomenon o f the 

lim it in g  function o f  nu trien t elements has been reviewed by severel 

in v es t ig a to rs . I t  i s  genera lly  accepted that when one element is  

lim it in g  and others are a va ilab le  a t optimum concentration, 

changes in  growth correspond to changes in  the concentration o f that 

element (L ie^ b ig *s  " la w "o f lim it in g  fa c to r s ) .  According to  some 

workers, notably Lundegardh ^1951) inoreased growth follov/ing increase 

in  the concentration o f the l im it in g  element is  in fluenced by the 

concentration o f other n u trien ts . Other in v es tig a to rs  (e ,g ,  Macy,

1936) claim that f o r  each element there is  a " c r i t i c a l  concentration" 

more or le s s  independent o f  the concentration o f  other elements and 

above which "luxury” uptake occurs and below w .ich growth increases 

with increasing supply. S t i l l  others maintain that where va r ia tion  

in  more than one element occurs, th e  question o f balance between 

n u trien ts must be taken in to  account (see , e. g, Thomas, 1945)o
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Regardless o f  these d iffe ren ces  in  in terp re ta tio n , there is  

one common featu re based On experimental data. Over muoh o f the 

d e fic ie n t  range o f a nu trien t element, there i s  a .lin e a r  re la tionsh ip  

between the concentration o f the nu trien t element and vege ta tive  

growth. When more than one element i s  l im it in g  but a tten tion  is  

focussed on only one, usually the most d e fic ie n t , s ign if ica n t 

re la tion sh ip  is  s t i l l  obtained though the slope o f the regression  

lin e  and the range o f  the concentration over which i t  a p p lies  may 

vary according to  the concentration o f the other nu trien t elements.

In  view  o f the fo rego ing , the bare ly  s ig n if ic a n t or the n on -s ign ifican t 

re la tion sh ip  between ce rta in  nutrient elements in  the shoot o f P is t ia  

and the p la n t ’ s vege ta tiv e  growth may have resu lted  e ilh e r  from 

in ter fe ren ce  due to the other elements or to optimum a v a ila b il i ty  o f 

these nu trien t elements. I t  must a lso be conceded that the re la t io n ­

ship between grov/th and the mineral composition o f  p lants under f i e l d
f a c t o r

conditions may be b lu rred where a physical^such as l ig h t ,  rather than
tnc re,

a chemical fa c to r  is Alim itin g*

~,>tal mineral content o f  lake water and v e f~etatl on 

parameters

In  addition  to  marked va r ia t ion  in  biomass between the s ite s  

over the seasons already reported, there were also s ign if ica n t 

va r ia tion s  in  the density o f  vegeta tion  and plant s ize  (appendix.10). 

While density seemed not to bear any re la tion sh ip  to  to ta l mineral

content o f lake water, the re la tion sh ip  between biomass and plant



siEe on one hand and th is fa o to r  was inverse during seasons I  and I I I 0

No rela tionsh ip  between the va riab les was however apparent in

season I I  ( f i g . 4 ) «  The d is tr ib u tion  o f P is t ia  between the s ite s  in

terms o f biomass and p lan t s ize  thus seemed to  have been incluenoed

b3r the t o ta l  m ineral content o f the Vo lta  Lake but was not lim ited

by i t ,  unlike certa in  in d iv idu a l m acro-nutrients.

I t  is  a lso  c le a r ly  evident that the densiiy  and plant s iz e ,

l ik e  the biomass o f P is t ia  vegetation  va ried  seasonally on the three

stucty- s ite s  ( f ig s *  5 -  7; appendix l l ) o  The strongest evidence fo r

such va r ia t io n  was obtained from Donor in  Ajena Bay. The density,

2
fo r  instance, was 177 and 340 p lants per m during seasons I  and I I  

r e s p ec tiv e ly , but during season I I I  there were p ra c t ic a lly  no p lan ts0 

This remarkable flu ctu ation  in  the vegetation  parameters a t  Donor may 

have res l t e d  from high s e n s it iv it y  o f the vegeta tion  to environmental 

fa c to rs  due to  i t s  comparatively sn a il cover. The pattern o f seasonal 

va r ia t ion  a t  Aneta-Vakpo resembled that a t Kponyo possib ly  due to resem­

blances in  the nature o f the lo c a l i t ie s ,  but d if fe r e d  from that at 

Donor. The vegeta tion  a t  Aneta-Vakpo and Kponyo unlike that at Donor 

was s ited  on the estuary o f a r iv e r . Seasonal flu sh in g  o f  the estuary 

by the r iv e rs  may have produced fa c to rs  o f  s im ila r in fluence in  the 

two lo c a l i t ie s *

Seasonal flu ctu a tion  in  the abundance and bicmass o f  the 

vegeta tion , did not seem t o  bear any re la tion sh ip  to  the to ta l m ineral 

content o f lake water a t Donor ( f i g . 5 ).  Absence o f any re la tion sh ip

may have been due to one or a l l  o f the fo llo w in g  reasons®

41



(1 ) the paucity o f samples, and

(2 ) the fa c t  that t o ta l  m ineral oonoentration o f  lake 

water was not the major con tro llin g  fa c to r  in  th is  

area o f the Lake.

The a v a i la b i l i t y  o f anchorage provided by p a r t ly  drowned vegetation  

i s  b e lieved  to be one o f the important fa o to rs  in fluencing the 

vegeta tion  a t Donor. I t  i s  rec a lle d  that a t  the beginning o f the 

rainy season when the lake had receded from areas o f standing 

vegeta tion , there were hardly any rose ttes  ( f i g . 5 ) «  P lant a ize was, 

fo r  some in exp licab le  reason d ir e c t ly  re la te d  to  t o ta l  m ineral 

content o f lake water.

A t Aneta-Vakpo, seasonal changes in  density were unrelated to  

changes in  t o ta l  m ineral content o f  lake water. V aria tions in  

biomass and plant s iz e  on one hand and th is  character o f  lake 

water on the other were in ve rse ly  re la ted  ( f i g . 6 ),  in d ica tin g  

that although these vegeta tion  parameters were in fluenced  by the 

t o t a l  m ineral concentration o f lake water, they were not lim ited  by 

i t ,  unlike the m ajority  o f macro-nutrients®

The response o f the vegetation  to  s ite  fa c to rs  a t  Kponyo 

was d if fe re n t  to  that o f  the vegetation  a t Ane ta-Vakp o, although 

seasonal changes in  the vegeta tion  parameters in ves tiga ted  were 

s im ila r. Seasonal va r ia tion s  in  to ta l m ineral concentration o f lake 

water, unlike such va r ia t ion s  in  phosphorus, calcium and sodium, 

was unrelated to  flu ctu ation s  in  bicmass end plant s ize  ( f ig .7 )o  

Changes in  th is  lake water character appeared to have determined
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density only in  th is  part o f the Lake.

pH o f lake water and vegeta tion  parameters 

.fluctuations in  phytoplankton and hydrophytio p rod u o itiv ity  in 

combination with the decay o f flooded  marginal vegeta tion , are l ik e ly  

to  produce, in  add ition  to  va r ia tion  in  mineral content already 

reported, v a r ia t ion  in  pH o f the V o lta  Lake ( c f .  Welch, 1952),

This impact o f  aquatic p lan ts on the pH o f th e ir  natural medium 

is  more fu l ly  discussed in  chapter 3<> The extent to  which these 

processess occurred on the various s it e s  and during the various 

seasons may have determined betw een-sites ( f i g , 4 )  and seasonal 

( f i g s .  5-7) v a r ia t ion s .

The s ign if ica n t d iffe ren ces  between the s ite s  as regards the 

density o f  the vegetation  they sipported, does not appear to  have 

been determined by d iffe ren ces  in  the pH o f lake water ( f i g . 4 ) »  

Relationsh ips between biomass and plant s ize  and pH were inverse 

during seasons I  and I I  but d ir e c t  in  season I I I  ( f ig .4 )o  I t  

is  thus evident that only the vege ta t iv e  growth o f P is t ia  was 

in fluenced by pH. The h ighest biomass and la rg e s t  ro se ttes  

have been recorded from Ane ta-Vakp o with gen era lly  lowest pH 

(a c id )o f  lake water.

Seasonal v a r ia t ion  in  pH l ik e  th a t  o f  t o ta l  mineral content 

o f lake water showed no re la tion sh ip  with density  and biomass of 

vegetation  a t  Donor ( f i g . 5 ) «  The reasons may be the seme as 

those suggested f o r  the absence o f  any re la tionsh ip  between t o ta l
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mineral content and these vegetation  parameters (see p. ) 0 

nowever p lan t s ize  was d ir e c t ly  re la ted  to  pH over the seasons, 

in d ica tin g  that va r ia tion  in  the size o f rose ttes  was determined 

by th is  s ite  fa c to r0

A t Aneta-Vakpo, va r ia t ion  between seasons in  density o f rose ttes  

was inverse to  seasonal va r ia tion  in  pH but va r ia tion s  in  biomass and 

p lant s ize  were unrelated to  pH ( f i g . 6 ). I t  thus appears that 

although pH in fluenced the abundance o f rose ttes  in  th is  area o f the 

Lake, i t  d id not l im it  i t .

The same conclusion may be drawn on observations made a t  

Kponyo where the vegeta tion  parameters responded s im ila r ly  to 

the pH o f lake water ( f ig * 7 )o

On the basis o f observations made by Obeid and Chadwick ( 1964) ,  

Chadwick and Dbeid (1966), Obeid ( 1968, pers. comm©) *as w e ll as 

those o f the present author, some o f  the re la tion sh ip s  between 

vegeta tion  and lake w ater characters described above were to be 

expected, W ithin l im its , P is t ia  tends to  reproduce v e g e ta t iv e ly  as 

i t s  substrate becomes more acid , the threshold a t which th is  happens is  

however unknown,, A la rge number o f  small daughter rose ttes  is  produced, 

resu ltin g  in  increased density but decreased mean plant s iz e .

Decreasing l e v e l  o f  o v e ra ll m ineral concentration produces, w ithin 

l im its , resu lts  opposite to those o f pH„

In  a la rge number o f instances, va riations in  biomass o f p is t ia  

on the Volta Lake were d ir e c t ly  re la te d  to  va r ia t ion s  in  the s ize  of



rose ttes  but were unrelated to the density o f  vegeta tion . This 

re la tion sh ip  has a lso  been shown in  p i lo t  and some f u l l  soale 

experiments reported in  chapter 2, In  contrast to  observations 

made by Chadwick and Obeid ( 1966) ,  the f i e l d  observations show 

that biomass may not always derive from the production o f a 

la rge  number ro se ttes , P is t ia  is  h igh ly  sen s itive  to  in tra s p ec ifio  

in ter fe ren ce  (Obeid and Chadwick, 1964) .  Under the condition o f s e l f ­

shading which would: resu lt  a t high density o f ro se ttes , photosynthesis 

would become re s tr ic te d . Biomass woilild. th erefore tend to  depend 

on th e  vege ta tive  growth o f in d iv idu a l rose ttes  which is  favoured by 

low rather than by high density.

I t  may be worth noting that besides the s ig n if ic a n t separate 

e f fe c t s  o f  s ite  snd season on the vegetation  and lake water 

parameters, s it e  and season a lso exerted marked combined in fluence 

on these parameters (appendix 9 )»



CHAPTER 2

GROWTH OS' PISTIA UNDER CONTROLLED CONDITIONS

Evidence from the f i e l d  observations reported in  chapter 1

suggested that the d is tr ib u tion  and growth o f  P is t ia  on the Volta

Lake were to some extent determined by the mineral content and pH

o f lake water. I t  was however not possib le  to  determine from

these observations the exact response o f the plant to  both environmental

fa c to rs  p a r t ly  because o f the inconsistency o f the re la tion sh ip . This

inconsistency resu lted  probably from the fa c t  that other environmental

fa c to rs  a lso in fluenced the behaviour o f the plant on the Lake, To

fa c i l i t a t e  understanding o f the in fluence o f these fa c to rs  on the

p lant, inform ation had to  be sought from experiments performed under

co n tro lled  conditions simulating, as f a r  as possib le , those operating
tvcceaPo/ly

in  the f i e ld .  This kind o f  approach has been used bef ore by other 

workers suooooeftully ,  f o r  example Obeid and Chadwick, 1964 2nd Chadwick 

and Obeid, 1966, These co llab orators  in  1964 cu ltured the plant in  a 

20/o m odified  Long Ashton Solution a t pH le v e ls  o f 3*0, 4 «3 , 5.6 and 

8,2 in  one eaperiment. In another experiment, p lan ts were cultured at 

pH le v e ls  o f  4«0, 3*5 and 7<>0 which were combined with 1, 5 and 25 ppm® 

o f n itrogen . In terms o f  t o ta l dry weight, P is t ia  grew b e tte r  a t  pH 

4,0 and produced a la rg e r  number o f daughter rose ttes  than a t the other 

pH values. Increasing amounts o f  n itrogen  produced lin e a r  increments 

in  to ta l dxy weight but only ba re ly  in fluenced the mean' dxy weight per 

p lan t. By means o f such experiments on pH to lerance o f P ■ r.tia and 

Eichhom ia crassipes^Obeid and Chadwick ( 1964)  were able to  explain
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the pattern  o f  d is tr ib u tion  o f the two aquatio weeds on the Sudanese 

N ile .  E0 orassipes with a pH optimum o f near neutral was abundant 

on the vast stretch  o f  the N ile  where the pH was 7«0 and above. P is t ia  

with a pH optimum o f about 4 «0 was poorly  represented in  th is  region . 

However on the Bahr e l  G-azal section  o f  the N ile  where the pH was w e ll 

below 7*0, Ep crassipes was markedly le s s  p r o l i f i o .  The "mutual 

exclusion" exh ib ited  by the two p lan ts on Lake Apanas (Nicaragua) 

(L i t t l e ,  1966a) may have resu lted  from these d iffe ren ces  in  pH tolerance 

in  addition  to  the ansftagonism between the two plants reported by 

Obeid and Chadwick, (1964)*

Prelim inary experiments set up to  compare growth o f  P is t ia  in  

s itu  (on the V o lta  Lake) with, growth on a r t i f i c i a l  media’5' (100% 

m odified and standard Long Ashton Solu tions) and on lake water in  the 

greenhouse suggested that:

(1 ) growth in  terms of % gain  in  to ta l oven-dry weight was 

b e tte r  on the m odified Long Ashton Solu tion than on "the 

natu ral medium in  both environments but poorer 6n the 

standard so lu tion ,

(2 ) fa r  more leaves and p len ts were produced in  "the more 

m inera lised a r t i f i c i a l  media than in  the natu ral medium 

in  both environments,

(3 ) p lan ts  growing on the a r t i f i c i a l  media showed g rea te r

♦ The basic composition o f  the m odified Long Ashton Solution ysis the 
same as that used in  la te r  experiments (see p, *ro ) ;  the composition 
o f the standard Long Ashton Solution was as given in  H ew itt (1952)#

47



tendoncjr to shedding th e ir  roots than those on the

natural media, and as one < would exp o t growth in  terms 
he i (/hi-

o f % increase in  oven-diy(>of roots  was lower on the 

a r t i f i c i a l  media than on the natural media,,

Jj'rom another set o f  p i lo t  experiments designed to  se lec t the 

optimum ocncentration o f m odified Long Ashton Solution fo r  subsequent 

cu lture experiments, the fo llo w in g  resu lts  were obtained:

(1 ) judged in  terms at' % increase in  oven-diy weight, growth 

appeared to  be about the seme a t 20, 50 and 100% but higher 

a t 10% concentration,

(2 ) more leaves and p lants seemed to  have been produced a t 

50 and 100J& than a t 10 and 20% concentrations, and

(3 ) the h igher the concentration o f cu lture so lution  .the 

g rea te r  the tendency to  shed roots.

P a r t ly  because o f  the possib le  in a p p lic a b ility  o f  resu lts  

obtained by Chadwick and Obeid to  Ghanaian conditions and the 

inadequacy o f experimental data on growth o f  P is t ia  under Ghanaian 

conditions more ca re fu lly  planned experiments were ca rried  out and 

are reported in  t  is  chapter.

O r ig in a lly , a la rge  number o f environmental fa c to r s  was to be 

experimented with but time allowed only the e f fe c t s  o f to ta l mineral 

concentration and pH o f cu lture so lu tion  to  be in ten s ive ly  in vestiga ted . 

I t  was however possib le to  carry out s in g le  experiments on the e f fe c t s  

o f  aeration  o f cu lture so lu tion , l ig h t  in ten s ity  and day-length on 

growth o f the p lan t. Although resu lts  o f  these s in g le  experiments



are not conclusive fo r  various reasons, tb€Br are b r ie f ly  reported 

below fo r  use in  the fu tu re.

Results o f  the experiment in  whioh the culture solutions o f 

medium s ize  rose ttes  were subjected to  varying degrees o f aeration 

were n on -s ign ifican t, The degrees o f aeration  were achieved by 

bubbling a ir  from a "H y flo " a era tor model B by means o f 0, 1 or 2 

p ipetteso  Growth o f the p lan t under a r t i f i c i a l  illu m in ation  o f 

0 ,4 , 0o9 axid 2o0 K ilo lu x  appeared to  have been in fluenced s ig n if ic a n t ly  

by l ig h t  in tensity,, Response o f the plant to photoperiods o f llTg-, 12 

and lSg- hours showed that n e ith er flow erin g  nor v e g e ta tiv e  growth o f 

P is t ia  was determined by day length ,

G-eneral Methods

(a ) Culture Solu tions:

Chemicals used in  the preparation o f cu lture so lutions were 

e ith er o f ihe "B.D.H" or ”Analar" grade. M e ta l-d is t i l le d  water 

was used in  the preparation* U-lass-di s t i l l e d  ^ t e r  which is  by fa r  

more fr e e  from metal contamination would have been used but f a c i l i t i e s  

were inadequate fo r  producing la rge  qu an tities  o f d is t i l le d  water 

required fo r  the la rge scale experiments reported in  th is  chapter.

The basic composition o f  the culture so lutions used was as given below 

in  table 4-
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Table 4.

Basic mineral composition o f  m odified Long Ashton Solution 

(L .A „S ,) and Anion and Hoagland (1940) Solution (A  & H)

Weight (gm.) in  10 l i t r e s  o f d ilu ted  so lu tion 1

Sa lt LoA.S* A & H

KNO^ 2.02 10.20

Ca(NO^) g anh« 6o56 4.92

NaH PO . 2H 0 
2. i+ 2

2o04 -

NH, H P0 _ 2.30
4 2 4

MgS0^.7H20 3.69 4.90

F e r r ic  c it r a te 0.245 0.245

♦These amounts o f reagents in  10 l i t r e s  o f d is t i l l e d  water g ive  
a so lu tion  strength that has been re fe rred  to  as 100% concentra­
t ion  fo r  convenienceo

(b ) Production o f Clonal M a te r ia l:

On the basis  o f previous experiments, two clones co lle c ted  from 

Aneta-Vakpo were cu ltured in  50% m odified Long Ashton Solution to  cause 

them to  reproduce a la rge  number o f daughter rose ttes  rap id ly ; 50% was 

considered more economical in  terms o f  number of new rose ttes  produced 

to  the amount of reagents used* What is  more, fre sh ly  produced dau^iter 

rose ttes  did not seem to  do w e ll in  100% solution  which y ie ld s  h igher 

p lant number ihan 5096. Rejuvenation o f the parent rose ttes  a f t e r
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considerable vegeta tive  reproduction was achieved by tran s ferrin g  

them in to  lOfi m odified Long Ashton Solution fo r  a wfctile0 As daughter 

rose ttes  were produoed, they were tran s ferred  in to  10% m odified Long 

Ashton Solution which caused them to  grow b igge r  and h ea lth ie r  rather 

than undergo vege ta tiv e  reproduction*

(c )  Standardisation o f P lan t M aterial

Growth in  P is t ia  is  l ik e ly  to  be in fluenced by the genetic 

constitu tion  and the s iz e  o f ro se ttes . I t  was th erefo re  considered 

essen tia l to standardize treatment rep lica te s  in  terms o f  these 

factors® Standardization vdth re ference to  genotype, unlike s ize ,

gen era lly  presented no d i f f ic u l t y .  S ize i s  here defined  as the

amount o f orgenic m atter. The extent o f co rre la t ion  between plant

and the fo llow in g  rea d ily  measured growth in d ices  was computed:

i ) l e a f  number

2) longest le a f  length

3) le a f  number x  longest le a f  length

4) primary roo t number

5) longest primary root length

6) primary roo t number x longest primary ro o t  length*

F i f t y  rose ttes  were used in  th is  exercise* The co rre la t io n  c o e f f i ­

c ien ts , ca lcu la ted  using the o r ig in a l and transformed data, are given 

in  table 5 and the regression  lin e  o f only the p a ir  which appear to  be 

the most s ign if ica n t is  presented in  figu re  8*
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Table 5

Relationship between seme growth in d ices and to ta l oven-dry 

weight o f P is t ia ,,

V ariab les compared. C orrela tion  c o e ff ic ie n t

le a f number and dry weight Oo75

log II it and. long dry weight 0.81

lo g " it and " " 0„7 5
II n and lo g  " M 0,75
longest l e a f  length and dry weight 0.72

log it " " and lo g  d iy  weight 0.74

log ti " " and " " 0.73
ii ti " and lo g  " " 0.82

l e a f  number x longest le a f  length and dry wt* 0 . 8/

lo g ti ti x 11 n " and lo g  dry wta 0.86

lo g n n x " " " and " " 0.88
n ii X  n ti 11 l o g  11 II 0„80

roo t number end d iy  weight 0.81

lo g it m and lo g  dry weisht 0.81

log ii ii end " ” 0.77
ii 11 and lo g  " " 0.80

lon gest root length and. dry weight 0.74

lo g n n " and lo g  dry weight 0.72

lo g ii ii n and « n 0.71
n u " and lo g  " " 0.72

roo t number x longest roo t length end dry weight 0.80

lo g ii n x ” ” M and lo g  dry weight 0.79

lo g " " x  » » " ena " « 0.72
n ti x  " " " and lo g  " " 0.79
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D R Y  WT. (gm.)

FIG. 8 ,  L E A F  N U M B E R  X  L O N G E S T  L E A F  
L E N G T H - D R Y  W E I G H T  R E L A T I O N ­

S H I P  IN P I S T I A



For the number o f observations ( 50) oompared fo r  eaoh p a ir  o f 

va riab les , the co rre la t ion  c o e ff ic ie n ts  obtained are s ig n if ic a n t  at 

the 1$ le v e l  (F ish er and Yates, 1957). Loaf number x longest le a f  

length appeared to  have given the highest o correlation c o e f f ic ie n t  

(a s te r isk ed ) and was consequently chosen as the best index o f plant 

s iz e . Again, on account o f i t s  high co rre la t ion  with p lan t s ize , 

th is  combined growth parameter was to be used a lso  as a non-destructive 

means o f recording p e r iod io  ohanges in  vege ta tive  growth over the 

per iod  o f  the experiments* The high co rre la t ion  between le a f  number x 

longest l e a f  length and p lan t s ize  presumably derives from the fa c t  

that th is  combined fa c to r  i s  the c loses t approximation to  to ta l le a f  

area which is  an important fa c to r  determining the amount of organic 

m atter photo syn th e tica lly  produced. On th is  basis the rosettes were 

c la s s i f ie d  as small, medium, la rge  and extra la rge  as fo llo w s :

S ize l e a f  number x longest le a f  length

5k

small 5.0 -  15.0

medium 15.5 -  25.5

la rge ,  26.0 -  36.0

ex tra  la rge 36.5 -  46.5

(d ) Experimental procedure

Unless otherwise stated, a l l  the experiments were conducted in 

the greenhouse at Legon. Two ro se ttes  were cultured in  2 l i t r e s  o f 

cu lture so lution. The culture so lu tion  was contained in  p la s t ic



basins with ju s t a l i t t l e  over 2 l i t r e  capacity* The basins, about 

9,0 cm* deep, measured about 20,5 cm, in  diameter. Each treatment 

was rep lica ted  fou r times unless otherwise stated. Although -the 

p a rt o f the greenhouse used appeared evenly illum inated , the 

r ep lic a te s  were arranged in  a 4  x  4  la t in  square to  elim inate 

p os ition  e f fe c t ,  except in  experiment 4  where th is  arrangement 

was im possible. In  th is  experiment randomized block design was 

used. Experiments were run usually fo r  16 days, the time when 

shading o f seme ro se tte s  by others seemed to become important.

A t the end o f each experiment growth was assessed in  terms of 

severa l in d ices .

Contamination o f  the culture so lution  with a lgae ep iphytic  on 

the roots and basal po rtion  o f the leaves was a source o f great 

concern in  the in i t i a l  stages o f th is  in v es tig a tion . Attempts to 

e lim inate the algae with 0 .1  ppm CuSO  ̂ so lu tion  (see e .g .

Woodford and James 1963) were successfu l to  a fa u lt .  Both the 

algae and.the ro se ttes  d ied ! As an a lte rn a t iv e  procedure, the 

cu lture so lution  was renewed once every 3 days. Beyond th is  period, 

v is ib le  growth o f  a lgae began to  form.

(e )  Assessment o f  growth

V egeta tive  growth was measured in  terms o f  % increase in  le a f  

number (and sometimes primary root number ) ,  longest le a f  length (and

♦ These would be re fe rred  to  subsequently as root number, le a f  length, 
root length .
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sane times longest primary roo t length ) and in  terms o f oven-dry 

weighto V egeta tive reproduction was assessed in  terms o f  % increase 

in  p lan t number. P er iod io  changes in  vegeta tive  reproduction and 

growth were recorded once evexy 1+ days over the period  o f the 

experiment as changes in  plant number, and le a f  number x longest le a f 

length respectively ,,

L ea f length (taken from the le a f  base to  the h ighest po in t on 

the d is ta l margin) and root length were measured to the nearest 

0.5 Leaves and roots were counted i f  they were 0.5 cm. long and 

above. A rb itra ry  l im its  suoh as these were indispensable since i t  

was im possible to  t e l l  from the ex te r io r  whether a le a f ,  root or 

p lan t cons±ituted a p h ys io lo g ica l u n it. M ateria l fo r  the estim ation 

o f dry weight was oven-dried to constant weight a t  105°C. '.'Weighing 

was done to the nearest 0.0005 gm.

( f )  S t a t is t ic a l analys is o f data

A l l  1he data in  th is  in v es t ig a t io n  were analysed s t a t is t ic a l ly .  

In  experiment 1 "S tu den t's*1 t - t e s t  was used to examine d iffe ren ces  

between the two cu lture so lu tions. Determination o f the s ign ificance 

o f treatment e f fe c t  in  experiment k- was based on the extent o f 

v a r ia t ion  obtained from ihe standard errors o f  the means of growth 

parameters. In  a l l  other experiments the analys is o f variance 

technique was used in  testin g  treatment e f fe c t .

56
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Experiment 1. G-rowth o f P is t ia  in  two a r t i f i c i a l  oulture

so lu tions: m odified Long Ashton Solution and

Arnon '& Hoaglend (1940) Solution*

This experiment was performed to se le c t  the more sa tis fa c to ry  

( i . e .  inducing b e tte r  growth) so lu tion  fo r  subsequent laboratory 

experiments. The se lection  was based on the performance o f the plant 

a t two w idely  separated concentrations o f each type o f cu lture so lu tion . 

The basic cexpositions o f  the so lutions were as given on page £■£> .

As a r e s u lt  o f in s u ff ic ie n t  c lon a l m ateria l from each genotype fo r  

th is  experiment, 15 ro se ttes  from each of fou r clones were thoroughly 

mixed and d iv ided  in to  20 lo t s  o f 3 medium size  rose ttes  each, Four 

lo t s  were randomly assigned to  each o f  the fo llow in g  treatments.

1) 10% Long Ashton Solution

2) 100% " " "

3) 10% Arnon & Hoagland (194-0) Solu tion, and

4 ) 100% " " " "

The remaining 4 lo t s  were used fo r  the determ ination o f i n i t i a l  dry 

weight. The experiment was run fo r  13 days.

Results arid Discussion

Percentage changes in  growth per basin and per p lan t are given 

in  tab le 6 below0
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Table 6

G-rowth o f P is t ia  in  two a r t i f i c i a l  culture so lutions -  Long Ashton 

Solution and Arnon & Hoagland (1940) Solution (Values given fo r  eaoh 

concentration are mean % changes in  growth from 4 bas in s )0

Long Ashton Solution Amon & Hoagland (1940) 
Solution

10% 100% 
concentrations

Mean 10% 100% 
concentrations

Mean

le a f  number . 145 278 212j27 30 190 111*31

le a f  length 43 7 25j7 51 10 31*9

roo t number 112 64 84_±U 116 49 82*14

roo t length 34 12 23^4 25 11 18_±3

p lan t number 0 175 88j 34 0 125 63^25

roo t dry weight 60 32 46*5 43 27 35j3

shoot dry weight 3 6k 194 279j33 255 160 208*18

dry weight per 
p lant 104 15 60j 17 54 19 37*7

In  testin g  the s ign ifica n ce  o f d iffe ren ces  in  ’the performance o f the 

p lan t in  the two cu lture solutions using "Student’ s " t - t e s t ,  growth a t 10 and 

a t 100% concentrations were pooled. The re s u lts  ere presented in  appendix 12.

Comparison o f mean % changes in  growth in  the t  wo cu lture solutions 

shows that growth appeared to  have been in fluenced by the type o f culture 

so lu tion , With the exception o f increase in  l e a f  length, growth in  terms 

o f the other in d ices was b e tte r  in  Long Ashton Solu tion (tab le  6 ),  Results
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o f the s t a t is t ic a l  analys is however shows that s ig n if ic a n t d iffe ren ces  

between the two culture solutions were re f le o te d  only in  le a f  number, 

and dry weight o f roots  and shoots.

On account o f b e tte r  growth, judged in terms o f these three 

ind ices , shown by p lants growing in  m odified Long Ashton Solution, 

and th e ir  gen era lly  h e a lth e ir  appearance, th is  culture so lu tion  was 

chosen fo r  subsequent clu ture experiments.

A tten tion  i s  drawn to the marked d iffe ren ces  in  growth o f  P is t ia  

a t the two concentrations of each type o f cu lture so lu tion . V egeta tive 

growth appeared to  be b e tte r  a t 10$ than at 100% but more daughter 

rose ttes  appeared to  have been produced a t the h i^ ie r  concentration.

The e f fe c t  o f nu trien t concentration on growth o f the plant was more 

fu l ly  examined in  the succeeding experiment.

Experiment 2, E f fe c t  o f nutrient concentration o f culture 

medium on growth o f P is t ia .

The primary aim o f th is  experiment was to  determine th e  most 

sa tis fa c to ry  concentration o f the m od ified  Long Ashton Solu tion fo r  

fu ture experiments.

The main resu lts  o f  e a r l ie r  experiments summarised on pages 4& -4-Z  

and o f experiment 1 suggested that growth o f  P is t ia  would be profoundly 

in fluenced by the nutrient concentration o f i t s  growth medium. The present 

experiment was also aimed a t te s t in g  these e a r l ie r  observations. I t  was 

hoped that l ig h t  would be shed to  some extent on the performance o f P is t ia  

in  r e la t io n  to  -Hie t o ta l  mineral nutrient concentration o f the Volta Lake.
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M ateria ls  and Method';

Large-s ized  rose ttes  were cu ltured a t the fo llow in g  concentrations 

o f m odified Long Ashton Solution: 10, 20, 50 and 100%. The pH o f the

cu lture so lutions was adjusted to  5 . 0j 0* l  using 5% hydrochloric acid*

Resu lts and Discussion

Mean percentage changes in  le a f  number per basin and l e a f  length 

per p lan t are given  in  figu re

Leaf.number increased with in creasing nutrient concentration* 

In crease-in  le a f  length  a t 10?b concentration r/as s l ig h t ly  lower than 

increase a t 20% beyond which increase in  le a f  length decreased sharp ly  

with increasing nu trien t concentration (F ig*9 )o

Figure 10 shows mean percentage changes per basin in  plant 

number, root number and in  root length per plant*

Production o f new roots decreased as the n u trien t concentration o f 

•fee culture medium increased . Root elongation was optimum at 20®o 

concentration; above and below th is concentration, ohanges in  root 

length decreased. Changes in  the number o f rose ttes  increased with 

increasing nu trien t concentration ( f i g * 10)*

In figu re  11 are shown mean % gains in  root, shoot and to ta l 

( i * e .  roo t and shoot combined) d iy weight per basin together with % 

changes in  d iy weight per plant*

Increments in  dry weight o f roo ts , shoots and in  to ta l dry weight 

per basin end o f average p lan t s ize  were h ighest a t 10?o nu trien t
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FIG. 9  •• E F F E C T  OF C O N C E N T R A T IO N  OF M O D IF IE D  LONG  
A S H T O N  S O LU T IO N  ON GRO W TH  O F  P I S T IA
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oonoentration and deci’ easod ihe more concentrated the culture so lution 

beoeme, The decrease was genera lly  sharpest between 20 and 50% 

concentrations ( f i g * 11) 0 No flow ers  were produoed.

Pe r iod ic  changes in  vegeta tive  growth measured as le a f  number x 

longest leaf* length are i l lu s t ra te d  in  fig u re  12* Such changes in  

vege ta tiv e  reproduction, recorded as increases in  plant number, are 

given  in  tab le  7 °

Table 7

Mean per iod ic  changes in  plant number per basin 

Duration o f experiment fo Concentration o f Culture Solution
(days) 10 20 50 100

0 2 2 2 2

4 2 2 2 2

8 2 2 3 3

12 3 3 3 4

16 3 3 4 4

Organic matter content o f the p lants increased l in e a r ly  with 

time ( f i g 012)  and new daughter rose ttes  were produced a t every nutrient 

concentration (ta b le  7 )  as the experiment ran on0

The analys is o f variance tab les fo r  these data are summarized 

in  appendix 1 3 »

These resu lts  suggest that only the vege ta tive  growth o f P is t ia  

was s ig n if ic a n t ly  in fluenced by varying nu trien t concentration. This
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fa c to r  appeared not to have influenoed flow erin g  (soo ^ *€ 4. )  

and production o f daughter rose ttes  (appendix 13 ) .

The genera lly  lin e a r  increase in  le a f  number and decrease in  

le a f  length ( f i g . 9 ), roo t number and length ( f i g . 10) ,  dry weight 

o f roots, shoots, and to ta l dry weight per basin and per p lan t 

( f i g . l l )  with increasing nu trien t concentration oonfirm e a r l ie r  

observations on the e f fe c t  o f nu trien t concentration on the above 

growth in d ices (see  p* -4$ ) .  The in verse re la tion sh ip  between root 

growth and th is  substrate fa c to r  was to  be expected since increasing 

nutrient concentration increased the tendency to  shed roo ts , A 

s im ila r observation was made by Chadwick and Obeid ( 1966)  who reported 

that a t high concentrations o f Long Ashton Solution, the roots o f 

p is t ia  became c o lla p s ib le .

I t  is  worth noting that in  contrast to  e a r l ie r  observations, the 

production o f new rose ttes  was not in fluenced s ig n if ic a n t ly  by nutrient 

concentration (#ppen,13) although a trend was apparent ( f i g . 10) ,  

suggesting that the use of a la rg e r  sample s ize  might have produced 

s ign if ica n t resu lts . I t  i s  also worth noting that in  contrast to 

Chadwick and Obeid1 s (1966) observation, h i$ i plant number was 

co rre la ted  with low to ta l  p lant m ateria l per conta iner. Increase in  

t o ta l p lant m ateria l seems to have resu lted  not fran  increase in  plant 

number but from the ve ge ta tive  growth o f ind iv idu a l plants. These 

re la tion sh ip s  were a lso observed under f i e l d  conditions (see  p. 4 4  )<>
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I t  appeared from a p i lo t  eu^eriment that flow erin g  o f  P is t ia  

would be in fluenced by the oonoentration o f nu trients in  i t s  

substrate. Absence o f inducement o f  flow erin g  by low nu trient 

concentration in  the present experiment may be explained by the 

fo llow in g  reasons:

1) d iffe ren ces  in  pre-experim ental treatment o f rose ttes  

used in  the two experiments; while rose ttes  fo r  the 

p i lo t  experiment were co lle c ted  s tra igh t from the Volta  

Lake at Aneta-Vakpo, ro se ttes  fo r  the presen t experiment 

were produced in  the greenhouse,

2) m ateria ls fo r  th e  experiments were co lle c ted  at d if fe re n t  

times o f the y ea r ; d iffe ren ces  in  th e ir  phenologicel status

or seasonal e f f e c t  on growth may account fo r  d iffe ren ces  in  the 

flow erin g  behaviour o f the two samples. Ashby (1929) also 

recognized these fa c to rs  in  an attempt to explain the 

discordance in  the resu lts of two s im ila r  experiments 

performed a t d if fe re n t  times o f the year with the hydrophyte,

Lemna, which is  e c o lo g ic a lly  s im ila r  to P i s t ia (Gay, 1958)0

Over the per iod  o f the experiment, p e r iod ic  changes in  dry weight 

estimated as le a f  number x longest le a f  length were h ighest at 10% 

concentration and decreased with increasing nu trien t concentration 

( f i g .1 2 ) .  Th is resililt c le a r ly  demonstrates that besides more plant 

m ateria l being produced a t lower nutrient concentration, the rate o f product 

t ion  a lso va r ies  in verse ly  with increasing nu trien t concentration.



Although the f i n a l  changes in  plant number a t the various 

concentrations were not s ig n if io a n tly  d if fe re n t  (appendix 1 3 ) ,  the 

time of in i t ia t io n  o f  v e ge ta tive  reproduction seems noteworthy,, The 

process was in i t i a l l y  slow a t a l l  concentrations but started  muoh 

e a r l ie r  (a f t e r  the f i r s t  k days) a t 50 and 100% and only a f t e r  8 days 

a t the low er concentrations (ta b le  7)0

I t  i s  r e c a lle d  that the main aim o f th is  experiment was to  

s e le c t  the optimum concentration o f m odified Long Ashton Solution 

fo r  growth o f P is t ia „ The resu lts  o f th is  experiment ind icated that 

growth was gen era lly  best a t 10% which should have been chosen fo r  

subsequent laboratory  experiments. D ifferen ces in  the performance 

o f the p lan t a t 10 said 20% concentrations were however very s lig h t ; 

they were not as marked as between these low er concentrations on one 

hand and the h igher concentrations on the other. Culturing p lants 

a t 20% concentration would f a c i l i t a t e  comparison o f resu lts  o f  the 

present se r ies  o f  experiments w ith those o f e a r l ie r  experiments.

Mainly because o f th is , 20% nu trien t concentration was se lected .

The e f fe c t s  o f nu trien t concentration on growth o f  P is t ia  as 

observed under c o n tro lled  conditions agree to seme ex ten t with the 

e f fe c t s  o f th is  fa c to r  in  nature,. The inverse re la tion sh ip  between 

production o f new plant m ateria l and nu trien t concentration o f 

cu lture so lu tion  ( f i g . 11) is  r e f le c te d  in  the re la tion sh ip  between 

biomass and p lan t s iz e , and t o ta l m ineral content o f lake water as they 

va ried  from lo c a l i t y  to  lo c a l i t y  on the Volta  Lake during Seasons I  and 

I H  ( f ig o 4 )o  The seasonal co rre la tion  between the vege ta tiv e  growth



o f the p lan t and the extent o f m inera liza tion  o f lake water at 

Ane ta-Vakp o ( f i g 06) and between th is s it e  fa c to r  and the density 

o f vegeta tion  a t  Kponyo ( f i g » 7 )  a lso  demonstrate resp ec tiv e ly  

the tendenoy shown by the plant to grow b igger a t r e la t iv e ly  low 

n u trien t concentrations and produce a la rg e r  number o f p lan ts as i t s  

n u trien t medium becomes r ich e r. The experimental resu lts  cannot 

however be used to  explain  the re la tionsh ip  between to ta l  m ineral 

content o f  lake water and s ite  to s ite  va r ia tion  in  plant parameters 

during Season I I  ( f ig .4 )o  In addition , the seasonal va r ia tion  in 

p lant parameters a t Donor ( f i g . 5 ) ,  in  density  o f  the vegetation  

a t Aneta-Vakpo ( f i g . 6) and in  vege ta tive  growth o f the p lan t at 

Kponyo ( f i g . 7) in  re la t io n  to  nutrient supply contrast with the 

response o f the plant under laboratory conditions.

Experiment 3* E ffe c t  o f pH on growth o f P is t ia .

In  chapter 1 an attempt was made to  re la te  the d is tr ib u tion  

and growth o f P is t ia  to  the pH o f the V o lta  Lake. No consistent 

re la tion sh ip  was obtained presumably as a r e s u lt  o f  the m u lt ip lic ity  

o f fa c to rs  in fluencing growth o f the plant in  nature. On the basis 

o f experimental data co lle c ted  by Chadwick and Obeid (1966), the 

vegeta tion  a t Donor was expected to  be a t i t s  densest during 

season H I  when the pH o f lake water (3 »0 ) was c lo ses t  to the 

optimum (about 2^0) recorded fo r  P is t ia . On the contrary, the 

vegetation  declin ed  t o  nothing as shown in  fig u re  5 in  chapter 1, 

Indeed i t  is  often d i f f i c u l t  to  demonstrate the re la tion sh ip  between
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environmental fa o to rs  and growth o f p lants in the f  ie ld . A more 

r e l ia b le  approach o f determining such rela tionsh ips is  by means 

o f  con tro lled  experiments,, The present experiment was therefore 

set up to obtain information on the response o f the plant to 

the pH o f i t s  substrate. This information might help to  explain 

the performance o f the plant on the Lake in  re la t io n  to  the pH o f 

lake water. Confirmation o f the r e s u lts  o f previous experiments was 

a lso  sought,

M a teria ls  and Methods

Rosettes from the la rge  s ize  c lass were used fo r  this 

experiment,, These were cultured in  solutions maintained a t pH le v e ls  

o f 3o0, 5.0, 7.0 and 9<>0 adjusted to  w ithin j 0 ol o The adjustment 

was made using 5% sodium hydroxide ( t o  a lka lin e  pH) and 5% hydrochloric 

acid  ( t o  acid pH) ( c f „  Chadwick end Obeid, 1966). To compensate fo r  

the add itiona l sodium added as sodium hydroxide to  produce an a lka lin e 

so lu tion , amounts o f sodium sulphate equal to that added to the so lu tion  

maintained a t  pH 9.0 were added to  the acid and neutral solutions 

(see e. go Am on end Johnson, 1942).

Two main con side rations underlie the choice of -these pH le v e ls :

1) the le v e ls  are s u ff ic ie n t ly  separated so that changes in  

pH which may be caused by the growth o f P is t ia  as reported 

in  chapter 3 may not bring about overlap o f the treatments,

2) the range was chosen to  include pH le v e ls  recorded in  the

f i e ld ;  th is  would g ive more meaning to  and fa c i l i t a t e  the



exero ise o f re la tin g  experimental resu lts  to f i e ld  

observations*

The inclusion  o f an a lka lin e pH le v e l  w ithin the pH range would 

ra ise  the question o f p re c ip ita t io n  o f certa in  nutrient elements 

and th e ir  consequent u n a va ila b ility  to  the plant (see e .g „ Amon and 

Johnson,, loc * c i t 0)o Correction o f  th is experimental e rro r would 

have become necessary i f  a tten tion  was being focussed only on the d irect 

e f fe c t s  o f pH and not a lso on i t s  e f fe c t  on plant growth through 

nutrient a v a i la b i l i ty *  Besides, p re c ip ita t io n  in  the a lka line 

so lution became v is u a lly  recognisable ( i * e *  appreciab le) only a t the 

beginning o f  the th ird  day at the end of-which the cu lture solutions 

were renewed and the pH le v e ls  re-adjusted*

Results end Discussion 

Figure 13 i l lu s t r a t e s  mean % changes in  le a f  number per basin, 

le a f  length pe r p lant and in  plant number per basin. In  fig u re  14 

are shown mean fo increases in  root, shoot end to ta l dry weight per 

basin and in  weight p e r p lant* Appendix 14 summarizes the analysis 

o f variance o f the data*

The fig u re s  show that a l l  the growth in d ices were in fluenced 

by the pH o f nu trien t medium* This conclusion was confirmed 

s t a t is t ic a l ly  (appen±Lx 14)®

G-rowth in  terms o f most o f the ind ices in vestiga ted  increased 

frcm ‘ no-growth1 a t pH 3.0 to  a maximum at pH 5.0 beyond which i t  

declined; le a f  elongation  and root growth were h ighest a t pH 7.0

( f i g s .  13 and 14). The fa i lu r e  o f  rose ttes  to  grow at pH 3.0 needs 

sp ec ia l mention. Rosettes tran s ferred  to  cu lture so lutions maintained
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a t th is  pH responded in s ta n tly . W ithin f i v e  minutes a l l  the rose ttes  

o f leaves had closed  up„ Three hours la te r  the rose ttes  o f leaves had 

collapsed , ly in g  f l a t  on the surface o f  the culture solution,, The 

roots  a lso became s o ft0 Attempts to rev ive  the rose ttes  by transferring  

them to cu lture so lutions maintained at pH (about 5o0) know to be 

favourable were unsuccessful,, The ro s e tte s  had died.

This observation supports t o  a la rge extent resu lts  obtained 

by Chadwick and Obeid (1966), These in ves tiga to rs  reported the fa i lu r e  

o f P is t ia  to  survive a t pH 3«0 although, according to them, some 

amount o f growth was p o ss ib le . I t  i s  perhaps pertin en t here to draw 

a tten tion  to  a s im ila r  observation namely that o f instan t death o f  the 

water moss, Fon tin a lis  an tip yre tica  a t pH values between 3.0 and 4.0 

(Steeman N ie lsen , 1952). In  the same year, M inshall and Scarthe (1952) 

demonstrated experim enta lly  that in  Eichhornia crassipes. which is  

s im ila r e c o lo g ica l to  P is t ia  (Gay, 1958), root c e l l  d iv is ion  and elongation 

decreased markedly a t  pH values below 4 .0 . A t pH 3.0 , "these processes 

proceeded at h a lf the ra te  a t which they occurred a t pH 5 .0 . I t  is  l ik e ly  

that the fa i lu r e  o f P is t ia  to  withstand low pH values as observed by 

Chadwick and Obeid ( lo c .  c i t 0) is  due to  poor root growth as they have 

suggested. In  the present experiment where in s tan t death was observed, 

th is  explanation is  u n like ly  to apply. The present w r ite r  is  o f "the 

opinion that the occurrence o f instan t death would suggest that the 

fa i lu r e  resu lted  e ith e r  from d ire c t  k i l l in g  o f roo t c e l ls  or from 

enhanced uptake o f to x ic  substances, f o r  example aluminium as contamination



in  reagents used in  cu lture so lu tion , under ve iy  aoid cond itions 

(see e .g . Arnon and Johnson, 1942)„ pH in fluences through the 

in h ib itio n  o f ro o t  growth and nu trien t uptake are l ik e ly  to show 

delayed manifestations,,

The occurrence o f optimum growth a t pH 5.0 fo r  a l l  p ra c t ic a l 

purposes acoords w e ll with data obtained by Chadwick and Obeid (1966) 

who have recorded the pH optimum o f 4.0 fo r  the same species. The 

general decline in  growth beyond pH 5*0 may be due to  drastic reduction 

in  uptake o f phosphorus which occurs a t a lk a lin e  reactions (see e .g . 

Arnon and Johnson, 1942).

I t  is  in te res tin g  to  note that unlike in the preceeding 

experiment, in  the present experiment the production o f maximum plant 

m ateria l corresponded w ith maximum plant number, as observed by 

Chadwick and Obeid (1966). This re la tionsh ip  may have occurred in  the 

absence o f in t r a -s p e c if ic  competition. Although a la rg e r  number 

o f p lan ts was produced under th is  experiment, in  the preceeding 

experiment the ro s e tte s  were ve iy  much la rg e r ; on the average 8, 

medium-^ ized  p lants per basin w ith  average % gain in  weight per p lan t 

o f 20 were obtained under th is  experiment, (see f i g s .  14 and 16) as 

against 3 la rg e -s iz ed  p lan ts per basin with average % gain  in  weight 

per p lan t o f 60 (see f i g .  11, tab le  7) under experiment 2. I t  -thus 

becomes appearent that in t ra -s p e c if ic  in terfe ren ce  does not necessarily  

become important only at high plant populations but a lso  at high plant 

s iz e . In  fa c t  the fa c to r  that seems to  determine mutual in terference 

is  area per plant.
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Changes in  vege ta tive  growth and in  vegeta tive  reproduction 

recorded p e r io d ic a lly  are presented in  figu res  15 and 16 resp ec tiv e ly .

Reference to  figu re  15 shows -that vege ta tive  growth was 

constantly h ighest a t  pH 5,0 and lowest a t pH 9.0, discounting growth 

a t pH 3 .0 . This ind ica tes that not only was the f in a l  growth obtained 

genera lly  optimum a t pH 5„0 but a lso  that the ra te  a t whioh th is  was 

achieved was highest a t  th is  pH* A sim ila r trend was shown in  

vege ta tive  reproduction ( f i g 0l 6 ) 0

Because o f the inconsistent response by P is t ia  to  va r ia tion  in  

pH o f  lake water, resu lts  o f  the present experiment can, only in  pa rt, 

account f o r  the d is tr ib u tion  end growth o f the plant in  re la t io n  to 

th is  s it e  fa c to r  on the V o lta  Lake. The tendenoy shown by the plant 

during the f i r s t  two seasons to grow b igge r  and produce vegetation  o f 

comparatively high density and biomass in  l o c a l i t i e s  where the pH of 

lake water was nearer 5*0 as shown in  figu res  4 end 7 (chapter l )  may 

be considered as r e f le c t in g  the tendency by the plant to  grow best at 

th is  pH under laboratory  conditions. I t  i s  remarkable in  the l i g h t  o f 

the experimental r e s u lts  that there were v ir tu a lly  ho rose ttes  at 

Donor during the dry season when the pH o f lake water was most 

favourable ( f i g , 5 ) 0

Experiment Combined e f fe c t  o f pH end nutrient concentration 

of cu lture so lution on gorwth o f P is t ia 0

The resu lts  o f  experiments with mineral nu trien t concentration and 

pH o f  culture so lu tion  showed that both fa c to r s  in fluenced  s ig n if ic a n t ly
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growth o f P is t ia  and to seme extent threw l ig h t  on the response o f the 

plant to  these fa c to rs  on the Volta  Lake. I t  became desirab le to 

obtain in i onnation on how the plant responds to in tera c tion  between 

the two fa c to rs . Such an information might lead to  a b e tte r  under­

standing o f the performance o f the plant in  re la tio n  to these fa c to rs  

in  the f i e l d  when the re levan t f i e ld  data become a va ila b le .

M ateria ls  and Methods

On the b a s is  o f experiments 2 and 3, medium sized  rose ttes  v/ere 

cultured a t  pH values o f 5<»0, Ja0 and 9*0 which were combined with % 

t o ta l  nu trien t concentrations o f 10, 50 and 100. pH adjustment was 

made by the method p reviou sly  described (see  p. 70 ) .  Each treatment

was rep lica ted  three times. The experiment was run fo r  12 days.

Results ejid discussion

Mean % changes in  the growth parameters in ves tiga ted  in  re la t io n  

to  pH-nutrient content in teraction  are given in  appendix 15 and il lu s t ra te d  

in  3-dimensional fig u re s  (figs<> 17-25)o Note that the scale o f to ta l 

nutrient concentration used in  f ig u re s  17 and 18 is  reversed in  figu res  

19-25o

These figu res  show that, with the exception o f root number 

( f i g . 20) and average weight per p len t ( f i g . 25 ), growth in  term.s o f 

the other in d ices  examined with changes in  the pH a t constant nutrient 

concentration o f cu lture so lution or v ic e  versa, varied, suggesting that these 

ind ices were in fluenced by in te ra c tion  between the two fa c to rs . However
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FIG. 18 C O M B I N E D  E F F E C T  OF  P H -  T O T A L  N U T R I E N T  C O N C E N T R A T l O f  

O F  C U L T U R E  S O L U T I O N  ON G R O W T H  OF P I S T I A
(PLAHT HUMBER)
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FIG . 2 0  : C O M B I N E D  E F F E C T  O F  P H -  T O T A L  N U T R I E N T  C O N C E N T R A T  

O F  C U L T U R E  S O L U T I O N  O N  6 R 0 W T H  O F  P I S T I A .

(ROOT ’ HUMBER)
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F I 6.  21 : C O M B I N E D  E F F E C T  OF  P H - T O T A L  N U T R I E N T  C O N C E N T R A T I O N

OF  C U L T U R E  S O L U T I O N  ON G R O W T H  OF P I S T I A .
(ROOT LENGTH)



GA
IN

 
IN 

RO
O

T 
D

RY
 

W
E

IG
H

T
/

 
B

A
S

IN

(ROOT DRY 1TEIG-HT)



GA
IN

 
IN 

SH
O

O
T

 
DR

Y 
W

EI
G

H
T

 
/

B
A

S
IN

8 4

FIG. 2 3 :  C O M B I N E D  E F F E C T  O F  P -  T O T A L  N U T R I  E N T  C O N C  E N T R  A T I O N  
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( s h o o t  t r y  t j e ig h t)
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F IG .  2 4  : C O M B I N E D  E F F E C T  O F  P H - T O T A L  N U T R I E N T  C O N C E N T R A T I C  

O F  C U L T U R E  S O L U T I O N  O N  G R O W T H  O F  P I S T I A

(TOTAL HEY HEIGHT)
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F I G.  2 5  : C O M B I N E D  E F F E C T  O F  P H - T O T A L  N U T R I E N T  C O N C E N T R A T I  
O F  C U L T U R E  S O L U T I O N  O N  G R O W T H  O F  P I S T I A  ■

(DRY WEIGHT PER PLiNT)



examination o f  the extent o f  va r ia tion  in growth, between the treatments 

in d ica tes  that growth measured as increases in  le a f  and plant number, 

le a f  and root length , and roo t, shoot and to ta l  dry weight, appeared to 

have been in fluenced s ig n if ic a n t ly  by the in teraction  (appendix 15) ,  

Although figu re  20 shows that the production of new roots was not 

s ig n if ic a n t ly  in fluenced  by the in tera c tion , s t a t is t ic a l  analysis 

shows that the va r ia t io n  in  root number was s ign if ica n t (appendix 15 ) ,

Production o f new leaves was h ighest at pH 5«0 x 100% nutrient 

concentration and decreased w ith increasing pH and decreasing le v e l o f  

nu trients ( f ig ,1 7 )o  The decrease w ith increasing pH was grea test 

a t the low est nu trien t concentration and le a s t  a t the higher nu trien t 

content, With decreasing concentration o f nutrients, the reduction in  

le a f  production became h igher the h igher the pH value.

The reaction  o f  P is t ia  to  the in tera c tion  in  terms o f changes 

in  plant number was la rg e ly  s im ila r  to i t s  response assessed in  terms 

o f le a f  number. The la rg e s t number of rose ttes  was produced at 

100% nutrient concentration and the sm allest number a t  10% concentration 

a t a l l  pH values ( f i g .1 8 ) .  Reduction in  vege ta tiv e  reproduction as 

a resu lt  o f decreasing n u trien t supply was more marked at the higher pH 

le v e ls  than a t  pH 5 .0 . I t  is  in te res tin g  to note here ifrat va r ia t ion  in 

substrate pH influenced the production o f daughter rose ttes  only as i t  

changed from 5.0 to 7.0 or v ic e  versa a t  a l l  nutrient concentrations; 

more p lants were produced a t pH 5.0 than a t the higher pH le v e ls .
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Figure 19 shows th a t the highest increase in  le a f  length 

was obtained a t pH 5.0 x 10$ nutrient concentration. As the le v e l 

o f each fa c to r  increased, growth in  l e a f  length decreased.

Reduction in  le a f  e longation  w ith  increasing nutrient concentration 

tended to be comparatively high a t the h igher pH values„ S im ila rly  

increasing pH produced r e la t iv e ly  small increments in  l e a f  length 

at a l l  nu trien t concentrations; the h igher the concentration o f  

nutrients in  the cu lture so lu tion  was the sm aller the increment.

Growth in  terns o f number o f roots produced was optimal at 10% 

and minimal a t 100£> nutrient concentration at a l l  le v e ls  o f pH 

( f i g o20 )o At each nutrient le v e l ,  the highest number o f roots 

produced was obtained a t d if fe r e n t  pH va lues; pH' 50£) at 10$, 7.0 a t  

5C£o and pH 9?0 at lOOfo nutrient concentration; th is  trend may 

appear b e tte r  ind ica ted  in  appendix 15.

Root e longation , l ik e  the production o f  new roots was best 

a t the low est nu trien t le v e l  and poorest a t the h ighest ir resp ec tiv e  

o f the pH o f cu lture so lu tion  ( f i g . 2 l ) .  Optimum root growth occurred 

a t d if fe re n t  pH le v e ls  as the concentration o f  nu trients was varied . 

I t  is  quite apparent from figu re  22 that the combined e f fe c t  o f pH 

and nutrient concentration 'on  root growth o f  P is t ia  was such that the 

heav iest y ie ld s  in  roo t dry weight occurred at l0£u nutrient le v e l  at 

a l l  pH values and that y ie ld s  decreased w ith  increasing nutrient 

concentration, The pH value at which the le a s t  amount o f  root dry 

weight was produced va r ied  w ith nu trien t concentration.



Judged in  terms o f increase in  shoot dry w eight growth of 

P i? t ie  was genera lly  poorest at pH 9,0 regard less o f  the nu trien t concen­

tra t ion  and inoreased with decreasing pH ( f i g .  23). Increasing pH produced 

sm aller'increm ents in  shoot dry weight a t 100 than a t 50 and 10% nu trien t 

le v e ls ;  i t  did not in fluence shoot growth as i t  changed from 9.0 to  7.0 

a t 100% and only ba re ly  did so a t 50 and 10% concentrations o f nutrients,, 

The h ighest y ie ld  was obtained a t 10% nu trien t supply and the lowest at 

100% whether or not the pH v<as changed,. Variation  in  nu trien t supply 

in fluenced y ie ld s  to  a grea ter extent a t pH 5*0 when i t  decreased from 

100 to 50%. Changes in  shoot dxy weight w ith fu rth er decrease in 

nutrient supply were o f the same order o f magnitude a t  a l l  pH values, 

G-rowth in  to ta l dry weight p e r basin in  r e la t io n  to  pH-nutrient 

le v e l  in te ra c tion  as i l lu s t ra te d  in  figu re  24, p a r a l le l le d  growth in  

shoot dxy weight vdiich has ju st been described. At a l l  nu trien t le v e ls  

growth was optimum a t pH 5«0 and decreased with increasing pH,

Rosettes growing in  10% nu trien t concentration grew best and those 

a t 100% showed the poorest growth, regard less o f the pH at which the 

cu lture so lution was maintained.

The in te ra c tion  did not seem to  have influenced, the s ize  of 

rose ttes  as has been pointed out e a r l ie r  ( f i g , 25, appendix 15),

Rosettes cultured in  10% nutrient concentration were la rg e s t  at a l l  

pH values and as nu trien t concentration increased, the s iz e  o f rose ttes  

decreased. Increasing pH did not a l t e r  p lant size  a t  any o f th e  

nutrient concentrations. The probable reason fo r  th is may be found in  

the contrasting e f fe c t  o f the in te ra c tion  on plant number ( f i g . 18) and 

t o ta l d iy weight ( f i g . 24)*



The trends in  -the produotion o f new leaves and daughter rose ttes  

agree with the resu lts o f previous experiments which showed that a la rge 

number o f leaves and rose ttes  was produoed a t h igher nutrient concen­

tra tion s  and low er pH le v e ls .  The ooourrenoe o f optimum growth in  terns 

o f  the other in d ices a t r e la t iv e ly  low nu trien t and pH le v e ls  confirms 

genera lly  the reaction  o f the p lan t as observed under experiments 1, 2 

and 3» The only discrepancy i s  that optimum growth in  le a f  length 

and roo t dry weight was obtained at pH 7*0 under the present experiment 

instead o f pH 5»0 as reported under experiment 3*

I t  should have become apparent by now that the response o f certa in  

growth ind ices to the substrate fa c to rs  in ves tiga ted  d if fe r s  from that o f 

others, I t  is  r e c a lle d  that the probable reason assigned to  the non­

s ign ifican ce  of the in tera c tion  on plant s ize  i s  the contrasting 

responses shown by plant number end mean dry weight per p lant. However 

in  sp ite  of th is  d iffe ren ce , a l l  in d ices  seemed to  have shown grea ter  

s e n s it iv ity  to  changes in  mineral nu trien t content than to pH o f 

the cu lture so lu tion . Such an observation would suggest that although 

the two fa c to rs  exh ib ited  s ig n if ic a n t combined e f fe c t  on growth, at the 

le v e ls  o f  ihe fa c to rs  involved, nu trien t concentration appeared to 

contribute a g rea ter portion  o f 't h is  in fluenoe.

The extent to which e a r l ie r  experiment$elucidate the growth of 

P is t ia  in  -the f i e l d  has been indicated.. The resu lts  o f the experiment 

ju st described a lso  shed l i $ i t  on the performance o f the plant in nature 

but only as fa r  as they confirm the resu lts  o f previous experiments, 

tfu ll u t i l iz a t io n  o f the resu lts  o f th is  experiment ^ iich  has dea lt mainly 

with in te ra c t io n  awaits the a v a i la b i l i iy  o f  the appropriate data fran the 

f i e ld .
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SOME EFFECTS OF PISTIA ON ITS HABITAT

Soulthorpe (1967) suggests that aquatio plants in fluence 

th e ir  environment to a g rea te r  ex ten t than do t e r r e s t ia l  plants 

on account o f the r e s tr ic te d  volume o f waterbodies,. This 

in flu ence i s  exerted through th e ir  photosynthetio and resp ira tory  

a c t iv i t ie s  on the b io t ic  and physico-chem ical conditions o f the _ 

environmento T h e ir  shading e f fe o t  and decay, th e ir  p rov is ion  

o f sh e lte r , food and substratum fo r  other forms o f aquatio l i f e  

are other ways in  which hydrophytes are capable o f in fluencing 

th e ir  environment,, Straskraba's ( 1965) observations in  the 

backwaters o f the R iver Elbe in d ica te  that the presence o f sudd 

produced a strong thermal and chemical s t r a t i f ic a t io n  and that 

flu ctu a tion s  in  pH and oxygen were determined by the photosynthetic 

and resp ira to ry  a c t iv i t ie s  o f "the plants*

I t  is  not c le a r  from the data o f Straskraba how fa r  the e f fe c ts  

o f vegeta tion  i s  determined by i t s  cover. I t  is  my opinion that 

the impact o f hydrophytes on th e ir  environment wcuLd depend la rg e ly , 

among other fa c to rs , on how c lo s e ly  packed and extensive the 

vegeta tion  i s .  This would be p a r t ic u la r ly  true o f flo a t in g  forms 

such as P is t ia ,  A th ick  end an extensive cover o f th is  p lant would 

cut o f f  l i g h t  and c u r ta i l  or completely prevent re-aera tion  o f the 

water by wind-generated, turbulence. The fo rm er condition  discourages
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the photosyntbetic a o t iv i ty  o f elgae and submerged hydrophytes and 

a state o f o r i t io a l  oxygen d e f ic i t  may resu lt* Where the mat is  

small and the p lants sparsely d is tr ib u ted , the water can be wind- 

mixed, l ig h t  penetrates, the roo ts  provide a substratum fo r  

ep iphytic  algae and the oxygen content o f the water g rea tly  enriched 

by the photosynthetic a c t iv i t y  o f these algae and submerged plants.

In  th is  chapter, the e f fe c t  of  P is t ia  on the more c r i t i c a l  

environmental fa c to rs  -  temperature, d isso lved  oxygen and pH -  o f 

the V o lta  Lake in  re la t io n  to  the density  and extent o f the 

vegeta tion  Is reported. The study was made possib le by "the occurrence 

o f s ites  w ith  varying s ize1 and packing o f vegeta tion  on the V o lta  

Lake. Advantage was a lso  taken o f cu lture experiments to  study the 

e f fe c t  o f P is t ia  on the to ta l mineral content, sane important 

in d iv idu a l nutrient elements and on the pH o f i t s  substrate under 

labora tory  conditions.

F ie ld  observations

Method: Two h ab ita ts : l )  areas o f water covered by ra fts  of

P is t ia  and 2) open water, were chosen on each o f the s ite s  fo r  

th is  study. These hab itats  were about 200 metres apart along "the 

same bank except at Aneta-Vakpo where Ihey were s ite d  on opposite 

banks,. To e l im inate shore-open w ater va r ia t io n  in  the fa o to rs  studied, 

samples were co lle c ted  I'rom approximately the sane distance rrom the 

shore in  both habitats*
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Samples were c o lle c te d  from three po in ts , f a i r l y  widely

d is tr ib u ted , a t the surface below the r a fts  and in  the open water,

A Ruttner or s im ila r sampler was used. At one o f the po in ts, a

sample was co lle c ted  a t in te rva ls  from the surfaoe to the bottom®

Donor was sampled f i v e  times (depth probe was done only on the la s t

three sampling occasions) and Aneta-Vakpo and Kponyo were sampled

tw ice and once re s p eo tiv e ly 0

Y/ater temperature was measured with a sampler thermometer and

pH was determined as be fo re  (see p.&r)o The V/inkler method was used

in  estim ating d isso lved  oxygen. Data on the density o f  the
2

vegeta tion  ( i . e .  number o f p lants per m ) were obtained from the 

in ves t ig a t io n  reported in  chapter 1 (see  p» /£ )•  Although density 

is  a qu an tita tive  measure o f abundance o f v e g e ta t io n , it  g iv e s  l i t t l e  

guidance as to the cover of the water by p lan ts. In  fa c t  high 

density may not n ecessa rily  mean a t liick ly  matted vegeta tion  but 

could r e s u lt  from ^>arsely d is tr ib u ted  small rose ttes . Consequently 

estim ates o f the extent o f the vegetation , and the s iz e  o f rosettes 

were a lso  recorded. Inform ation on ro se tte  s ize  was co lle c ted  

during the in ves t ig a t io n  reported in  chapter 1 (see p

: su its and Discussion 

Varia tions a t the surface in  water temperature, expressed in  

°C, d isso lved  oxygen, expressed p re fera b ly  in  % saturation (see  e .g . 

Mackereth, 1963), and pH between open water and areas covered by 

vegetation  at Donor, Aneta-Vakpo and Kponyo are presented in
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tab les 8, 9 ana 10 res p ec tiv e ly . D ifferences between ttie tvro 

habitats in  terms o f temperature, oxygen and pH along the depth- 

p r o f i le  a t Conor, Aneta-Vakpo and Kponyo are i l lu s tra te d  in  figu res  

26, 27 and 28 resp ec tiv e ly .

A t Donor where the cover o f vegetation  was comparatively thin 

and le s s  extensive d iffe ren ces  in  thermal condition o f  the water at 

the surface and along the depth p r o f i le  between that part o f the 

lake below the vegeta tion  and that in  the open water was non -s ign ifican t 

on a l l  occasions. There were however s ig n if ic a n t d iffe ren ces  in 

d isso lved  oxygen ( t  -  7®17, 43, 5<>89j p <  0 .01) and pH ( t  -  6,92,

3.47, 3 .95; p <  0.01) (Table 8, f i g .  26).

On account o f i t s  thinness, i t s  small s ize  and indeed i t s  

in s ta b il i t y ,  the vegetation  a t Donor did not seem to  have in fluenced 

so lar ir ra d ia t io n  and overturns o f the lake. The r e s u lt  was an 

isothermal condition in  each h ab ita t. That the lake at th is s it e  was 

mixed from tcp to bottom is  a lso  r e f le c te d  in  the depth p r o f i le  

va r ia tion  in  d isso lved  oxygen and pH ( f i g .  26).

The unhindered penetration  o f l ig h t  probably encouraged in  

add ition  t o  a phytoplankton community, a r ich  growth o f ep iphytic 

a lgae on the extensive substratum provided by P is t ia 1s p rofusely  

branoed root system. Photosynthesis by these add itiona l communities 

may account fo r  the higher oxygen content and perhaps fo r  the higher 

pH below the vegeta tion . As more and more carbon dioxide is  withdrawn

* t  va lves are given fo r  the la s t  three sampling days; 21, 28-8 and 

9-9-68 in  th is order.
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X Table .8

E ffe o t  o f  P is t ia  vegeta tion  on seme physico-chem ical conditions o f  the V o lta  Lake
at Donor in  Ajena Bay,

Date o f sampling 30-7-68 Description  o f 
vegetation

Habitat Below P is t ia  mat Open water

Replioates 1 2 3 Kean 1 2 3 Kean Sparse, 198 plants/n

Temperature °C 

Oxygen (% sa t. ) 

pH

30.0

119

7.50

29.8

112

7.50

30.1

116

7.40

30 . 0+0 .1

116+2

7.50±0

29.6

99

6.90

30.0

99

6.80

29.5

97

6.95

29.7±p. 2 

99+0 

6. 90+0

were o f  s n a il s iz e ,  
58^3 o f  medium s iz e  
and. 11fc  o f  la rg e  
3 i z e , ab out 
200 x  10 m in  
d im ension

8-8-63

Temperature (°C ) 29.8 29.8 30.0 29.9+0.1 30.1 29.7 29.8 29.540.1

Oxygen ( j i  s a t . ) 99 95 94 96+2 69 65 68 67+ I
H

pH 7.60 7.80 7.30 7 . 60+0.2 7.10 6.90 7.05 7 . 00+0 .1

21- 8-68

Temperature (°0 ) 29.0 29.1 29.0 29. 0+0 29.0 29.0 29.0 29.0+0

Oxygen ($  s a t . ) 140 116 132 121*7 90 83 96 90+4
H

pH 8.6 7.9 8 .2 8 . 2+0.  2 7.5 7.6 7.8 7 . 6+0 ,1

*  Shoot length ranges fo r  s ize  c lasses i  ^smaiij 9 t  ouu. ^
are 2.0 -  6,0 cm,, 6,3 -  10,5 cm. and ]1 ,0  -  15.0 cm. resp ec tiv e ly .



y
Table 8 . (continued)

Date o f sampling 28-8-68 D escrip tion  o f  
vegetation

Habitat Belovr P is t ia mat Open water

Replioates 1 2 3 He an 1 2 3 Mean

Tempe rature ( °G) 30.0 30.0 30.0 30.0+0 30.0 30.0 30.0 30.0+0

Oxygen (fo s a t . ) 124 132 126 127+2 109 110 120 113+4 II

pH 8.6 8.9 8.5 8.7+0.1 8.0 8.1 8.3 8.1+0.1

9-9-68

Temperature (°C ) 29.0 29.0 29.0 29.0+0 29.0 29.0 29.0 29.0+0

Ojygen (fo s a t . ) 117 119 105 114+4 91 94 98 94+2 1!

pH 7.8 7.8 7.5 7.7±0.1 7.1 7.2 7.2 7.2+0



Table 9

E ffe c t  o f  P is t ia  vegeta tion  on some physico-chem ical conditions o f the V o lta  Lake
a t Aneta-Vakpo on R iver Dayl.

Date o f sampling 30-10-68 Description  o f 
vegetation

^ab itat Below P istLa  mat
<

Open water Dense, 400 plants/m2 
40% o f plants were 
o f  small s ize , 5 ^  
o f medium size  and 
6% o f la rge s iz e ; 
vegeta tion  was about 
40 metres wide and 
extended beyond 
s igh t.

R ep licates 1 2  3 Mean 1 2  3 Kean

Temperature (°C ) 

Oxygen (% s a t . )  

pH

30.8 30.4 30.5 30.6+0.1 

20 23 21 21+0 

6.0 6.2 6.0 6.1+0.1

31.3 31.4 31.2 31.3+0 

40 45 42 42+1 

6.9 7.1 7.0 7.0+0

23-1-69 Dense, 362 plants/ 
m2; 91/- o f the plants 
were o f small size 
and 90% o f medium 
s iz e ; vegetation 
was about 30m. wide 
and extended beyond 
s igh t.

Temperature ( ° c )  

Oxygen (% s a t . )  

pH

30.0 29»8 29.9 29.9+0 

1+6 49 41 45+2 

6.5 6.3 6.3 6.4+0.1

30.5 30.4 30.3 3 0 .^ 0  

86 90 74 83+,5 

8.1 8.5 7.9 8.2+0.2



Table 10

E ffe o t  o f  P is t ia  vegeta tion  on seme physico-chem ical conditions o f the

V o lta  Lake at Kponyo on R iver Pawmpawm.

Date o f sampling 15-11-68
Description  o f 
vegeta tion

Habitat Belov? p is t ia  mat Open water

Dense, 488 plants 
/m2j %-% o f 
plants were o f 
small s iz e  and 
6̂ 0 o f medium 
s iz e ; vegetation  
was about 200m. v 
wide and extended 
beyond sigh t.

R ep lica tes 1 2  3 Mean 1 2 3 Kean

Temperature (°C ) 

Oxygen (fo s a t . )  

PH

28„8 28.8 28.9 28.8+0 

36 32 34 3b±l 

6.95 6.90 6.80 6.90+0

30.0  30.0 29.9 30.0+0 

63 68 61 64+2 

7.35 7.50 7.30 7.40+0.1
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from the water fo r  photosynthesis, the water would beoome le s s  and le s s  

a c id  i f  i t  is  not w e ll bu ffered .

The occurrence o f  flo a t in g  vegetation  at Aneta-Vakpo and Kponyo 

a lso  in fluenced the environmental fa o to rs  on account o f  Ihe r e la t iv e ly  

dense, extensive and the resu ltan t stable condition o f  the vegetation . 

While the thermal oondition  o f  the lake below the vegetation  and in 

the open water were sim ila r a t Donor, temperature va r ia t ion  between the 

two hab itats  on the other two s ite s  d if fe re d  s ig n if ic a n t ly  a t both 

the surface and along the depth p r o f i le  ( t  values fo r  depth p r o f i le  

comparison between the two hab itats on 30-10-68 end 23-1-69 are 

r es p ec tiv e ly  3*24 and 3,32 &t Aneta-Vakpo; t  = 2,77 a t  Kponyo),

The lake was on a l l  occasions co o le r  below the oover o f vegetation  

than in  the open water (tab les  9 and 10; f i g s ,  27 and 28),

I t  is  suggested that the lower temperature o f the water below 

the mat i s  the d ire c t r e s u lt  o f  shading and the re s tr ic t io n  on mixing 

o f the water by the f lo a t in g  vegeta tion . Absence o f vegeta tion  in  

the open water would, besides exposing the water to more intense and 

d ire c t so la r  ir ra d ia t io n , promote wind-generated mixing o f the lake.

Heat from so la r  ir ra d ia t io n  absorbed a t the surface would be transferred 

to the bottom by currents so generated. That th is  must have happened 

i s  borne out by the isotherm al condition  o f the open water in  contrast 

to  the strong thermal s t r a t i f ic a t io n  below the vegetation .

Another contrasting fea tu re  is  that while a t  Donor the lake 

below the vegeta tion  was more oxygenated and perhaps -therefore more 

a lka line than in  the open water, (ta b le  8; f i g ,  26) the lake below
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the vegeta tion  was more poorly  oxygenated and possib ly  therefore 

tended to  be more a cid  than in  the open water on the other two s ite s  

( t  values f o r  depth p r o f i le  oomparison in  d isso lved  oxygen between 

the two hab itats  on 30-10-68 and 23-1-69 are resp ec tiv e ly  3 ,6 7  and 

6*33; t  values in pH are resp ec tiv e ly  3 .5 4  and 9o00 a t Aneta-Vakpo,

P<* 0,05; t  values fo r  d isso lved  oxygen and pH are resp ec tiv e ly  2,17 

and 4o98 at Kponyo, p <  0,05) (ta b les  9 end 10• f ig s ,  27 and 28),

I t  i s  suggested that these e f fe c t s  are causally  re la ted  to  -the 

cover and s ta b i l i t y  o f  the vegetation . The th ick ly  matted vegetation  

on these s ite s  probably reduoed i f  i t  did not completely cut o f f  the 

l ig h t  reaching the water below i t .  The growth o f submerged hydrophytes, 

ep iphytic and planktonic a lgae would be reduced i f  not completely 

in h ib ited  under th is  condition. As a resu lt o f  the poor hydrophytic and 

a lg a l growth, the resp ira tory  a c t iv i t y  o f the roots , the decay o f dead 

p lants and the r e s t r ic t io n  o f wind-generated mixing^the d issolved 

oxygen became markedly depleted end the water tended to  be more and 

more acid,

A s im ila r  observation has been reported from Lake V ic to r ia  (East 

A fr ic a ) where a tangled mass o f w a t e r - l i l ie s  hindered mixing and l ig h t  

penetration  and thus produced a marked oxygen dep le tion  at le s s  than 2 m, 

depth (C arter, 1955)» Several other instances o f oxygen d issipation  

by aquatic p lants have been reported from the G-rand Chaco Swamps 

o f South America (C a rter  and Beadle, 1931) and from the tro p ica l ra in  

fo re s t  o f Guyana (C arter, 1934)o
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Varia tions in  oxygen ana pH along the depth p r o f i le  in  the open 

water were not as pronounoea as unaer the vegetation . Dissolvea 

oxygen became a ra s t io a lly  reauoea w ith in  the f i r s t  metre o f water a t 

Aneta-Vakpo ( f i g . 27) and between the f i r s t  ana f i f t h  metre a t 

Kponyo ( f i g . 28). S t r a t i f ic a t io n  in  terms o f d isso lvea  oxygen and pH 

ooinoiaea more or le s s  with thermal s t r a t i f ic a t io n  but pH s t r a t i f ic a -  

tion  was not as marked as the the m o -  and oxy-o lin es.

The sudden decline in  d isso lved  oxygen and pH with increasing 

depth was most probably due to  absence o f mixing and to  shading o f the 

water* Large amounts o f aoids released during decay, and root 

resp ira tion , must have tended to  even up d iffe ren ces  in  pH along the 

depth p r o f i le  under the cover o f vegetation .

I t  i s  in te re s tin g  to note that unlike a t Aneta-Vakpo ( f i g , 27) the 

drop in  temperature, d isso lved  oxygen and pH with depth under the cover 

o f vegetation  a t Kponyo stopped short o f the bottom ( f i g , 28), The 

contrast does not seem to be re la te d  to  d iffe ren ces  in  the depth o f the 

Lake on the two s ite s . In fa o t  one would expect a fu rth e r  drop as 

depth increases. I t  is  re c a lle d  that while samples were co lle c ted  in  

a bay o f f  the main channel o f R iver Dayi a t Aneta-Vakpo, samples from 

Kponyo were co lle c ted  from over the o ld  r iv e r  channelo I t  is  therefore 

suggested that increase in  the fa c to rs  a ft e r  an i n i t i a l  decline 

is  due to an under-current from the warm, w e ll oxygenated R iver 

Pawmpawm, This would suggest that th is  area o f the Lake was neither 

t y p ic a lly  lacu strin e nor r iv e r in e  but represented a zone o f tra n s ition .
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This suggestion seemed to be re f le o te d  in  the fish -fau na o f the area -  

a mixture o f cu rren t-lov in g fo m s  e .g . the Momyrids and stagnant 

w ater-lov ing forms e, g» the C ich lid s.

I t  may be noted in  passing that in  addition  to  the va r ia tion  

between the two hab itats on each s ite , there were a lso va riations in 

the fa o to rs  in vestiga ted , e s p e c ia lly  in  d isso lved  oxygen, between 

sampling days a t Donor (ta b le  8; f ig *  26) and Aneta-Yakpo (ta b le  9; 

f i g 027)o The cause o f these va r ia t ion s  is  not known with ce rta in ty  but 

may be presumed to be changes in  l ig h t  in ten s ity  as these in fluence 

the balance between photosynthesis and resp ira t ion  or, in  general, 

changes in  fa c to rs  that add oxygen to  or remove i t  from the lake 

water.

Laboratory observations

Method: While cu lture experiment 2 (see p . ^ ^ )  was running,

advantage was taken to  study the extent to which P is t ia  in fluences 

the m ineral composition and pH o f i t s  substrate* The concentration 

o f n itrogen , phosphorus, potassium, calcium and sodium, and pH were 

estimated as b e fo re  (see pp* and f ~  ) at the beginning o f  the 

experiment and ju s t be fore the nu trien t medium was renewed on the 

th ird  day* D aily  changes in  pH and t o ta l m ineral compose tlon , measured 

as condu ctiv ity  (see  e*g . Welch, 1952), were a lso recorded. Culture 

medium without plants was used as the oon tro l.
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Results and Discussion

Changes in  pH and the concentration o f in d iv idu a l elements are 

given as °/> o f the o r ig in a l concentration in  tab le 11 and the da ily  

changes in  t o ta l m ineral content and pH are i l lu s t ra te d  in  f i g s .  29 

and 30 re sp ec tiv e ly .

The concentrations o f elements in , and the pH o f, both the tes t 

and con tro l media a t the end o f the experiment d if fe r e d  s ig n if ic a n t ly  

(ta b le  11 )o Unlike the con tro l medium the concentrations o f elements 

and pH at the s ta rt and end o f the experiments were s ig n if io a n tly  

d if fe re n t . These resu lts  suggest that two medium-sized rose ttes  

growing fo r  three days appreciably in fluenced the mineral composition and 

pH o f th e ir  substrate. Potassium (95% change) was the most depleted 

fo llow ed  by n itrogen  (33%), then calcium (37%) and phosphorus (31%) and 

f in a l l y  sodium (18%), These r e s u lts  strongly  confixm e a r l ie r  observa­

tions on the m ineral composition o f  the plant which ind ica te the same order o f 

n u trien t element intake (see pp. £ 2 —24-

D aily  changes in  -the t o ta l  m ineral content of the cu lture so lution  

as the r o s e t te s  grew were expected ( f i g . 29 ). The decline was slow at 

f i r s t  probably as a resu lt  o f the adjustment o f the p lan ts to  a new 

substrate. I t  increased sharply probably a f t e r  the adjustment but 

only to  slow down presumably as a resu lt o f the scarc ity  o f n u trien ts .

I t  i s  in te res tin g  to  note that the t o t a l  m ineral content o f  the contro l 

medium increased appreciab ly. As the cu lture so lution was uncovered, 

dust blown in to  i t  and evaporation are l ik e ly  to have cuased the observed 

increase.



Table U-

Changes in  m ineral composition and pH o f lOfo m odified Long Ashton Solu tion  
caused by P is t ia  in  3 days.

I n i t i a l  concentration 
... . i- -■ ...____L ■ _____

% change in  tea t 
so lu tion

. % chengs in  con tro l 
so lu tion

R ep licates 1 2 3 4 Mean 1 2 3 4 Mean 1 2 3 4 Mean

Nitrogen 12.5 12.5 10.0 10.0 11.3 60 40 50 50 50±14 0 0 0 0 0

Phosphorus 4.8 4.8 4.8 5.0 4 .8 33 29 29 36 32±2 0 4* 4* 4* t + 1

Potassium 7.6 7.4 7.4 7.4 7.4 92 92 92 97 93±1 0 t 0 t 2* + 1

Calcium 13.5 13.5 15.0 1 7 (" 14. 3 13.5 2-8 33 33 50 22 35t9 0 11* 0 0 f  ±  3

Sodium 2.8 2.8 2.9 2.8 2.8 21 21 2-1 18 20±1 0 4 0 4 1+

pH 5.5 5.6 5.6 5.6 5.6 6.8 6,6 6.7 6.8 6.7+0.1 5.6 5.6 5.8 5.6 5.7+0.1

* % changes are increases.



D A Y S
FIG.2 9  DAILY C HANG ES IN TOTAL  M IN ER A L  

C O N T EN T  (CONDUCT IV ITY ) OF  1 0 %  
M O D IF IE D  LONG A SH T O N  SO LU T IO N  
C A U SE D  B Y  P IST IA

D A Y S

FIG. 3 0  DA ILY  C H A N G E S  IN P H OF 1 0 %  MODIFIED 
LONG ASHTON SO L U T IO N  C AU SED  BY 

P I S T IA
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There were hardly any d a ily  changes in  pH in  the oantro l 

medium. In  the t e s t  so lu tion  the pH increased s tea d ily  from acid 

to a lkaline,, One would have expected increasing a o id ity  o f the 

cu lture so lution  as the roots  re leased  oarbon d iox ide during 

resp ira tion . Attempts to  elim inate a lgae growing on the roots 

were v is u a lly  f a i r l y  s a tis fa c to ry . However i t  is  l ik e ly  that 

the bare ly  v is ib le  growth on the ro o ts  was a c tive  enough to have 

ohanged ihe pH o f the cu lture so lution  through i t s  photo synthetic 

a c i t i v i t y .
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CHAPTER 4 

SOME ASPECTS OF REGENERATION

The water le v e l  o f the V o lta  Lake flu ctu a tes  seasonally (V o lta  

R iver Authority, unpublished hydrographic ou rve). As the wat^r 

recedes at the beginning o f  the dry season (December), not a l l  the 

P is t ia  growing along the margins f lo a t  away as quickly. Some become 

stranded on the shore in to  which they s tr ik e  root* (see p la tes  4 and 5 ). 

Others are prevented, from rooting by a ground cover o f tw igs and other 

P is t ia  p lan ts. In  the rooted  oondition, ve geta tive  reproduction appears 

to be s tron g ly  r e s tr ic te d ; in d iv idu a l plants rather increase in  s ize 

when conditions are favourable. Increase in  s ize  seans to favour 

flow erin g  and se ttin g  o f v ia b le  seeds which may be shed in to  the s o i l .  

However, when conditions are severe the le a fy  portion  o f rooted P is t ia  

looks stunted and as w ilte d  as that o f non-rooted ones.

The le v e l  o f  the V o lta  Lake does not begin to  r is e  u n til about two 

months a fte r  reaching i t s  low est l im it  in  about May each year. Consequently, 

the chances o f w ilted, p lants recovering as a r e s u lt  o f re -w ettin g  by the 

r is in g  Lake appears to be slim<, However in term itten t rains during the 

pe r iod  o f exposure might a ss is t  -these p lants in  re ta in in g  v ia b i l i t y  o f 

a t  le a s t  th e ir  hard ier po rtion , the rhizome. Retention o f  v ia b i l i t y  in  

the rhizome coupled w ith  a capacity  fo r  vege ta tive  regeneration  might 

enhance the chances o f re co lon iza tion  o f open w ater surface when the Lake 

r is e s  again. The annual o s c i l la t io n  o f the Lake le v e l  varies  y ea r ly

depending presumably on the amount o f r a in fa l l ,  discharge through the



I l l

Plat© if* A section o f the drawdom area o f the Volta Lake showing 

stranded P is t ia . above pointer, more pale than s t i l l  

floa tin g  rosettes, below pointer, January 19 69*
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P la te  5» A p i t  dug in  the s o i l  in  the drawdown area to show rooting 

o f  stranded rose ttes , January 196$ (th e  roots c o i l  in to  the 

form o f  a corkscrew as they penetrate the s o i l  -  not c le a r ly  

shown in  the p ic tu r e ) .



spillw ays and w ater-loss through evaporation.

V egeta tive reproduction is  widespread among freshw ater vascular 

p lan ts and in  some speoies, fo r  example Sa lv in ia  auriou lata (W illiam s, 

1956), A zo lla  spp. (W ild , 196 l), represents the only means o f 

regeneration. Among reduced, fr e e  flo a t in g  and submerged aquatios 

characterised by long d e lica te  stems, any fragment o f the plant® s 

body with a bud i s  p o te n t ia lly  capable o f regenerating in to  a whole 

p lan t (Sou lthoipe, 1967)0 Indeed in  the fam ily  Podostomaoeae fragments 

consists o f only a meristem can a lso regenerate (Sculthorpe, lo c , c i t , ) ,

iJ'ragmentation o f  the body may resu lt from v io le n t  disturbance o f the 

medium e ith e r  by strong winds or currents, from mechanical damage by 

fo rag ing  animals or from senescenoe (Soulthorpe, lo c , c i t . ) .  Ease of 

fragmentation coupled with a remarkable a b i l i t y  to  regenerate is  

perhaps one o f the major fa c to rs  promoting the nuisance value o f aquatic 

p lan t s.

P is t ia  has been reported to  be capable o f regenerating from small 

fragments o f the rnizome bearing root and a t le a s t  a bud (La ing, 1968). 

However the extent to  which th is  observation app lies to stranded P is t ia  

in  the drawdown area o f  the Volta  Lake does not seem to have been 

p reviou sly  in ves tiga ted . Indeed the extent to  which regeneration o f 

stranded p lants and th e ir  seeds may contribute to the r e - in fe s ta t io n  

o f the V o lta  Lake is  la rg e ly  unknown. Because o f the p o ten tia l 

importance o f r e - in fe s ta t io n  by stranded p lants in  the development o f 

con tro l measures, i t  appeared p ro fita b le  to  in ves tiga te  the fo llo w in g
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aspeots o f regeneration  o f  P is t ia :

1) regeneration  o f  rooted and non-rooted plants in  order 

to  assess the importance o f rooting ,

2) regeneration  o f  rooted plants at varying distances from 

the w aterlin e in  an attempt to  evaluate the e f fe c t  o f 

duration o f  exposure on reten tion  o f v ia b i l i t y ,

3 ) the e fi 'e c t  o f p lan t s ize  on res istance to  desiccation  

and as th is  re la te s  to  the a b il i t y  to  regenerate,

4^ ease o f r e - f lo a t in g  o f rooted  plants as an important 

consideration  fo r  the u ltim ate reco lon isa tion  o f open 

w ater.

As mentioned e a r l ie r ,  stranded plants under favourable condition  

frequ en tly  set v ia b le  seeds which may la t e r  be shed in to  the s o i l .  

Germi na tion  o f such seeds may provide the p lants fo r  subsequent 

re co lon isa tion  o f  the open water surface,, In  a prelim inary observation 

in  May 19^9, s o i l  blocks (approxim ately 3 cnu x 10 cm,) taken rrom the 

bank o f  Tokosi Swamp y ie ld ed  on the average 10 seed lings per block.

S im ila r  observations were th ere fo re  undertaken on the three study s ites  

in  an attempt to assess the p o te n tia l importance o f buried seeds in  

the r e - in fe s ta t io n  o f  the V o lta  Lake hy stranded p lan ts. Although a 

la rge  sanple o f  la r g e r  s o i l  blocks (approximately 15 cm? x 4 cm,) was 

token from over a wide part o f the drawdown area on each s it e , the s o i l  

b locks y ie ld ed  no seed lings. Th is may have resu lted  from two p o s s ib i l i t ie s .  

E ither that the s o i l  did not contain v ia b le  seeds or "that the seeds i t
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contained were s t i l l  dormant even a f t e r  fou r weeks* exposure to 

apparently favourable conditions. V e r if ic a t io n  o f  th is  would have 

en ta iled  washing o f  s o i l  and aotual id e n t i f ic a t io n  o f  seeds which was 

however not done. The form er reason however appears more probable.

In  contrast w ith  P is t ia  rooted on the margins o f  Tokosi i>wamp, those 

rooted in  the V o lta  Lake’ s drawdown area looked small and stunted.

Samples frcm the -three s ite s  showed that the rose ttes  bore ne ither flow ers 

nor f r u its .

Regeneration o f rooted and non-rooted plants 

M a ter ia l and method 

Two p a ra lle l  10 metre long transects, 1 and 2 metres from the 

w aterlin e  were marked out in  areas where appreciable qu antities of 

strended and apparently moribund P is t ia  occurred on each o f th e  three 

study s it e s ,  A sample o f 30 rooted plants was co lle c ted  from as close 

as possib le t o  each transect. Care was taken to  ensure that as many 

roots as possib le remained in ta c t . In  order t o  ascerta in  the e f fe c t  

o f duration o f exposure in  the f i e l d  on regeneration  o f rooted plants, 

samples were c o lle c ted  at known distances from the w aterline . Duration 

o f exposure was estimated from the r a te  o f change in  w ater le v e l  and 

the distance o f s tr ip s  from the w ater lin e .

As i t  was not possib le to  obtain an adequate sample o f non-rooted 

p lan ts from each transect, samples from the two transects were bulked to 

obtain 30 non—rooted plants from each s it e .
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The leaves on eaoh plant were a l l  removed leavin g  only the 

a p ica l le a f  bud. The roots were trimmed to  standard length and the 

p lants were rinsed in  d is t i l le d  water before oulturing in  10% 

m odified Long Ashton Solution in  the greenhouse. There were 10 

p lants to  21. o f so lu tion . The so lution  was renewed a ft e r  3 days. 

Expansion o f the in ta c t  ap ica l bud was accepted as evidence o f 

regeneration. Percentage regeneration was scored a f t e r  6 days. The 

res u lt  o f pre lim inary t r ia ls  had shown that th is  length o f time m s 

s u ff ic ie n t  f o r  the production o f  a t le a s t  one fu l ly  expanded le a f .

Re stilts and Discussion

The % regeneration o f rooted and non-rooted p lants i s  given  

in  tab le 12. Regeneration o f rooted p lants was s ig n if ic a n t ly  higher 

than that o f non-rooted p lan ts. This suggests that rooted plants are 

more capable of re ta in in g  th e ir  a b i l i t y  to regenerate probably because 

non-rooted p lants w i l t  and die having lo s t  contact w ith water. Although 

the le a fy  portion  o f rooted P is t ia  was as severe ly  w ilte d  as that o f 

non-rooted p lan ts, the rhizome w ith  roots s t i l l  in  contact with water 

remained fresh .

Regeneration o f rooted p lants from the upper s tr ip  was o f ihe 

same order o f magnitude as that o f p lants from the lower s tr ip  even 

though tiie upper s tr ip  had been exposed fo r  a much longer p eriod  -  

approximately 150 days as aga inst 90 fo r  the lower s tr ip . Duration o f
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Table 12

% regeneration  o f rooted and non-rooted stranded P is t ia  on s ites  in  the 

drawdown area o f  the V o lta  Lake

Rooted p lants Nori-rooted plants

Lower s t r i j f Upper s tr ip Mean Mean

Rep licates 1 2 3 Mean 1 2 3 Mean 1 2 3

Donor 100 100 90 91 90 80 90 87 92 10 10 0 7

Aneta-Vakpo 70 80 80 77 60 90 70 73 75 0 20 0 7

Kponyo 100 100 90 97 100 100 100 100 98 20 10 0 t0

* Lower and Upper S t i ip 3 were l  and 2 metres from w ater lin e  respec tiv e ly .



exposure in  the f i e l d  d id not appear to  in fluence regeneration* The 

roots o f rhizomes from the upper s tr ip  were probably s t i l l  in  oontact 

with s o i l  s u f f ic ie n t ly  moist as not to  in fluence regeneration oapaoity. 

The ground cover o f vegeta tion , among other fa c to rs , may have 

protected the s o i l  aga inst exoessive desiccation,.

E f fe c t  o f  duration o f exposure and plant s ize  

on res istance to desiocation  and regeneration

The observations on rooted and non-rooted p lants suggested that 

the degree o f desiccation  may be an important fa c to r  in  the regeneration  

o f stranded plants. Moreover a prelim inary te s t  ind icated  that 

regeneration  a f t e r  exposure occurred more rea d ily  in  la rge  than in  

small p lan ts, A simple experiment was therefore designed to in vestiga te  

the e f fe c t s  o f duration o f exposure and p len t s iz e  on the a b i l i t y  to  

regenerate under laboratory  conditions.

M ateria l and method

A sample o f  p lants co lle c ted  from Tokosi Swamp in  August, 19^9 > 

was divided, in to  lo t s  o f 27 plants each end randomly assigned to  4 

desicca tion  treatments -  des iccation  fo r  6, 12, 24 or 1$ hours. Each 

l o t  consisted  o f 9 p lants from each o f  s ize  classes I ,  I I  and H I ;  

method o f  c la s s if ic a t io n  was as described in  chapter 1 (see p. '6 ) .

The plants were mopped dry with f i l t e r  paper, each plant la b e lle d  and 

i t s  fresh  weight recorded. The p lants were then spread out on a tab le  in



an a ir-oond itionod  room where the a ir  temperature was about 23°C 

and the r e la t iv e  humidity flu ctu ated  d a ily  between 68 and 8 ($0 This 

d iurnal v a r ia t io n  in  humidity was assumed ‘to be narrow enough as 

not t o  have in fluenced  water-1 oss by p lants due to  the time o f day 

they were exposed.

A t the en| o f the exposure period , eaoh plant was re-weighed and 

i t s  % lo s s  in  weight which i s  here considered as a measure o f 

res istance to  d is loca tion  was calculated® A l l  the leaves were 

removed except the ap ica l le a f  budo The r o o ts  were trimmed to  a 

standard length  and the p lants cu ltured in  1CTfo m odified  long 

Ashton Solu tion  in  the greenhouse. The exposure o f p lants was so 

timed that a l l  the treatment groups were ready fo r  cu lturing a t the 

same time,, There were 3 rep lica tes  fo r  each s ize  c la ss  w ith in  each 

treatment group. Percentage regeneration  was scored, as be fore , 

a f t e r  6 days.

Resu lts and Discussion 

The % lo s s  in  weight and % regeneration  in  r e la t io n  to duration 

o f exposure and p lan t s iz e  are i l lu s t ra t e d  in  f ig s *  31 -  33.

On the assumption that % lo s s  in  weight was due mainly to water 

lo s s , other losses  e „g . resp ira to ry , being n e g lig ib le , the degree o f 

desicca tion  i s  in fluenced by the duration o f  exposure (fig «3 l)<>  The 

longer the period  i s  the higher the degree of* desiccation . Plant size 

a lso in fluenced  the ex ten t o f  desicca tion  (figc32-j« This observation
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suggests that la rge  p lants are more res is ta n t to desiocation0 I t  i s  

pertinen t here to  note that in  absolute terms la rge  plants lo s t  

more weight than small ones*

The d iffe ren ce  in  % regeneration between p lants exposed fo r  6,

12 and 24 hours on one hand and those exposed fo r  48 hours on -the 

other appears s ig n if ic a n t , although ih is  was not te s ted  s t a t is t ic a l ly ,  

( f ig #  5,1) o Even though d iffe ren ces  w ith in  the f i r s t  group are not 

s ig n if ic a n t (11$ regeneration  i s  equ iva lent to  1 out o f 9 plants used 

regen era tin g ), a trend which might have been s ig n if ic a n t  w ith  a 

la rg e r  sample s iz e  is  ind ica ted . I t  appears that the longer the 

period  o f exposure i s  the poorer the a b i l i t y  to  regenerate. The 

degree o f d es icca tion  which has been shown to  be time dependent appears 

to  determine th e  capacity fo r  reoovery<>

The d if fe re n t  s iz e s  when exposed fo r  6, 12 and 24 hours do not 

seem to  d i f f e r  s ig n if ic a n t ly  in  the a b i l i t y  to regenerate although 

d iffe ren ces  in  extent o f desicca tion  are s ig n if ic a n t (fig*33)<> 

S ig n if ic a n t d iffe ren ces  between s izes when plants are exposed fo r  

48 hours are in d ica ted  and a trend in  "the e f fe c t  o f p lan t size on 

regeneration  i s  also apparent* Large p lants have g rea te r  power o f 

regenerating than small plants* This power o f regeneration  seems 

causa lly  re la ted  to ihe a b i l i t y  to r e s is t  desiccation* Absence o f any 

causal re la tion sh ip  between res istance and regeneration  when plants 

are exposed fo r  6, 12 and 24 hours vrould suggest a threshold value 

fo r  degree o f d es icca tion  at and beyond which regeneration  becomes 

in flu enced  by the extent o f desiccation .



I t  is  apparent from the above resu lts that stranded and apparently 

moribund P is t ia  are capable o f regenerating. The a b i l i t y  to recover from 

desiocation  is  important but, esp e c ia lly  fo r  rooted plants, may not alone 

determine the a b i l i t y  to  reoo lon ise the lake surface. A simple 

laboratory  experiment was th ere fo re  set up to in v es tig a te  the ease of 

re f lo a t in g  by rooted plants.

Method

Some P is t ia  plants were placed in  a g lass ja r  containing s o il,  

about 30 cm. deep, covered with water. The water was allowed to  dry.

As i t  dried , the p lants which had been f lo a t in g  became rooted in  the 

s o i l .  Resistance t o  l i f t i n g  was accepted as proo f o f roo tin g . The 

p lan ts were then submerged in  about 30 cm. deep o f water, care being 

taken not to  disturb the s o i l0

Resu lt and Discussion

In about 6 hours, the p lants surfaced having pu lled  themselves 

out o f the s o i l  w ith the fo rce  o f boiyanoy exerted  by th e ir  leaves.

This observation demonstrates to a lim ited  extent the ease o f 

r e f lo a t in g  in  the f i e l d .  The a b i l i t y  to reco lon ize the water surface 

in  nature would be determined by wave action  on the shore and the extent 

to which a plant has become estab lished in  the s o i l0 Root development, 

duration o f rooting  and type o f  s o i l  are perhaps only sane o f the 

fa c to rs  that would determine the extent o f establishment.,
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ixMEBAL DISCUSSION

The in vestiga tion s  reported in  th is  th es is  have sought to 

provide as w idely as p o ss ib le , information on the relationsh ips 

hetween P is t ia  and i t s  environment,. Consequently a wide and 

varied  approach has been used to examine the various fa c e ts  o f 

the problem „ In  sp ite  o f the va r ied  nature o f the approach, 

in ves tiga tion s  on the d if fe re n t  aspects have been executed in  a 

step-w ise fash ion: an i n i t i a l  f i e ld  survey folloy^ed by

experimentation under con tro lled  conditions. More o ften  than 

not, only lim ite d  in ferences can a t best be drawn from f i e ld  observa­

tions in  view  o f  the many m ethodological problems posed by f i e ld  

survey and the complexity o f f i e l d  situations. A b e tte r  understanding 

o f th e complex p lan t-substra te rela tionsh ips may therefore  be 

provided by con tro lled  experiments esp ec ia lly  in  instances where these 

have s u ff ic ie n t ly  reconstructed the f i e ld  situation,.

In  carrying out these in vestiga tion s  on a p lan t that has v ir tu a lly  

not been, storked on, a considerable amount o f p i lo t  experiments became 

necessary. These exp lora tory  in vestiga tion s  have provided usefu l 

h in ts on how best the plant could be handled. Some important basic 

inform ation, fo r  example ihe su ita b il ity  o f the combined parameter 

o f le a f  number X le a f  length as a measure at" p lan t s iz e  or organic 

matter have through these been made a va ilab le . Results o f the p i lo t  

experiments have a lso  provided some reference point necessary fo r  

evaluating more fu l ly  the resu lts  o f f u l l  scale experiments. I t  may



be re levan t in  th is  oonneotion to draw a tten tion  to  the fa c t  that 

paucity o f  information on P is t ia  has d isallowed extensive discussion 

o f the resu lts  whioh have suggested mutual in fluence between -the plant 

and i t s  habitat*

Although P is t ia  is  w idely represented along the vast stretch  o f 

the Volta  Lake, extensive is lands o f i t s  f lo a t in g  vegeta tion  are seen 

only in  the southerly pa rts . The pattern o f  sp a tia l d is tr ib u tion  

o f the vegetation  in  these p a rts  o f  the Lake seems to be determined 

to  seme extent by the pH and m ineral content o f lake water,, In 

general, areas with comparatively high d isso lved  mineral n itrogen , low 

t o ta l  ion ic  content and pH tend to  support vegetation  o f comparatively 

high biomass derived  from increased v eg e ta tiv e  growth o f  the ind iv idu a l 

ro se ttes . Spatia l va r ia t io n  in  the abundance o f the plant 

does not seem to depend on any o f these s ite  fa c to rs  ( f ig s „  2 and

The in fluence o f these s ite  fa c to rs  on the temporal d is tr ib u tion  

o f P is t ia  seems to vary from lo c a l i t y  to  lo c a l i t y  due probably to  s ite  

p e c u lia r it ie s *  I t  i s  qu ite  c le a r  from figu re  3 that the seasonal 

performance o f  the p lan t on the Dayi estuary seems to depend on the 

supply o f n itrogen , phosphorus, potassium and sodium* Seasons 

characterized by low pH values af lake water are a lso  those times o f the 

year when the vegetation  in  th is  part o f  ihe Leke shows increased 

density0 V a ria tion  in  pH does not seem to  in fluence ve ge ta tive  growth 

just as changes in  t o ta l  m ineral content o f lake water appears not to 

l im it  v e ge ta tive  reproduction andgrowth o f the p lan t ( f ig * 6 )*  The
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growth o f rose ttes  on the Pawmpawm arm o f the Lake appears to  depend 

on the a v a i la b i l i t y  o f potassium, calcium and sodium ( f i g „ 3 ) 0 

.Fluctuations in  s ite  fa c to rs  seem to l im it  only the vegetative  

reproduction o f  the p lan t. Thus the vegeta tion  i s  denser during 

the flo o d  season when the supply o f nu trien ts be canes rioher and 

pH lower as i l lu s t ra t e d  in  f ig u re  7, Although a tten tion  has been

focussed on the m ineral nu trien t supply and pH o f lake water as

fa c to rs  determining the performance o f  P is t ia  on the V o lta  Lake, 

the p o s s ib i l i ty  o f other fa c to rs  exertin g  s ig n if ic a n t  e f fe o ts  has 

a lso  been borne in  mincL Indeed the inconsisten t re la tionsh ip  

or absence o f co rre la tion  be tween the performance o f  P is t ia  and the 

s ite  fa c to rs  measured which have been observed a t times and in  

certa in  lo c a l i t i e s  may be in d ica tiv e  o f  the overrid in g  e f fe o ts  o f other 

s it e  factors,. I t  is  rec a lle d  that the decline o f the vegetation  

in  Ajena Bay at the beginning o f  the rainy season ( f i g . 5 )  has been 

suggested to have resu lted  poss ib ly  from lack  of anchorage fo r  "the 

vegetation  (see  p* 4 - Z ) ,  This suggestion becomes more tenable against 

the background o f the lakewide d is tr ib u tion  o f  the p lant. The 

apparent r e s tr ic t io n  o f dense and extensive vegeta tion  o f  the p lan t to  

the southerly reaches c f the Lake, may be re la te d  more to  the b e tte r  shel­

teredness of tke these reaches* Of relevance in  th is regard may be noted the 

fa c t  that unlikR the genera lly  f l a t  te rra in  in  most parts o f the Lake where

P is t ia  is  poorly  represented, the basin of the Volta  Lake in  the south is

flanked on e ith e r  side by a range o f mountains and that areas swamped by the
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r is in g  waters o f the hake had been th ick  fo re s ts  whose mostly dead 

but s t i l l  standing vegeta tion  provides anchorage (p la te s  1-3)*

I t  has been in fe r red  from the f i e l d  observations that pH and 

nu trien t supply may be important in  determining the d is tr ib u tion  

and growth o f P is t ia  on the V o lta  Lake, To obtain inform ation 

on ihe ph ys io log ica l response o f the p lan t which would elucidate 

i t s  performance in  the f i e l d ,  the e f fe o ts  o f these fa c to rs  on 

growth o f the plant have been in ves tiga ted  experimentally,, The 

resu lts  o f these co n tro lled  experiments ind ica te  ihat ve geta tive  re ­

production and growth are in fluenced markedly by these fa c to rs . 

Increasing concentration o f nu trients in  the substrate promotes ihe 

production o f daughter ro se ttes  and new leaves but discourages 

vegeta tive  growth in  general ( f i g s 0 9 -  l l )©  P is t ia  i s  a lso  

sen s it ive  to  "the pH o f i t s  substrate as shown in  fig u re s  13 and 14* 

The optimum pH fo r  both vege ta tive  reproduction and growth 

according to  the le v e ls  used is  5«0o Instant death occurs a t  pH 3*0, 

These resu lts  agree to a la rge  extent w ith  resu lts  o f previous 

experiments summarized on pages 46-4-8 and are confirmed la rg e ly  

by the experiment (Experiment 4, p.'75 ) on the combined e f f e c t  of 

substrate pH and nu trien t supply. Other fa c to r s  'whose in fluences 

have been studied under con tro lled  conditions are varying degrees of 

aeration  o f culture so lu tion , l ig h t  in ten s ity  and daylength. For 

various reasons, resu lts  o f  these experiments have been considered 

inconclusive.
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An in te res tin g  phenomenon that has emerged from the response 

o f P is t ia  to i t s  environment is  the way i t  a tta in s  maximum y ie ld s  

in  diy p lan t m ateria l* Optimum production can be aohieved 

through increase in  the production o f new rose ttes  (Chadwick ana 

Obeid, 1966), inorease in the average s ize  o f p lan ts ( f ig s *  10 

and 11) or both ( f i g s .  13 and 14 )o tfnder oanditxons o f  over­

crowding, production o f  new plant m ateria l would tend to resu lt 

from average increase in  the vegeta tive  growth o f  rosettes . In 

the absence o f  overcrowding, attainment o f high dry matter would 

tend to  d erive e ith e r  1'rom increased v eg e ta tiv e  reproduction, or 

average vege ta tiv e  growth or both.

Experimental evidence shows that the growth o f P is t ia  

produces marked changes in  the pH and nu trien t composition ctf* i t s  

substrate which tends to  be more a lka lin e  and depleted o f i t s  

nu trien ts . Although the upper l im it  o f pH to le ra ted  by P is t ia  is  

s t i l l  unknown, i t  would appear that increasing the pH o f i t s  

substrate by i t s  growth i s  af g rea ter  advantage fo r  i t s  su rviva l 

than decreasing i t ,s in c e  death occurs under ve iy  acid  conditions. 

Potassium is  the most depleted nu trien t fo llow ed  by n itrogen, calcium, 

phosphorus and f in a l ly  sodium (ta b le  11 ), This trend is  r e f le c te d  

in  the m ineral composition o f , the shoot po rtion  o f  the plant 

(ta b les  1-3) «

The above data emphasize,on one hand, the p o te n tia l usefulness 

o f f lo a t in g  mats o f P is t ia  on the Vo lta  Lake0 Important nu trients
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are prevented from being washed out to sea through absorption 

and subsequent storage w ithin the p lan t. From here,they could 

be recovered by ex traction  or returned to  the lake water when 

the plant dies and deoays. In  the la t t e r  sense, P is t ia  oan 

be said to  play an important r d e  in  nutrient regeneration which> 

aocording to T a ilin g  ( 1965).,is  the c r i t i c a l  fa c to r  determining 

primary p rod u c tiv ity  on tro p ic a l lakes*. On the other hand,uptake 

of nu trients by P is t ia  mey constitu te a serious competition to  

a genera lly  more desirab le p lant community, the phytoplankton.

In  addition  to  enriching the oxygen content o f lake water through 

photosynthesis, phytoplankton serves as food fo r  herbivorous f is h .

The status o f phytoplankton as f is h  food on the V o lta  Lake is  

however not known w ith ce rta in ty . The w rite r  is  unaware of any 

records of such u t i l iz a t io n  o f P is t ia  e ith er on Lake Volta  or on 

waterbodies in  other parts o f the worldo P is t ia . besides d ir e c t ly  

consuming the oxygen content o f  lake \mter through the resp iratory  

a c t iv i t y  of i t s  roo ts  and through decay, does not appear to  contribute 

d ir e c t ly  to d isso lved  oxygen on account of i t s  f lo a t in g  habit.

Oxygen evolved during i t s  photosynthesis is  lo s t  t o  the atmosphere.

In d ire c t  contribution  to  d isso lved  oxygen, l ik e  the other in fluences

that P is t ia  exerts  on i t s  hab itat, i s  dependent on the density and

extent o f i t s  vegeta tion . A dense and extensive cover in su la tes

the water below i t  from so la r e f fe c t s  and may thus lim it  p rod u ctiv ity  o f other

aquatic p lan ts (ta b le s  9 ^ d  10j f i g s .  27 and 28) 0 The situation
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is  reversed \tfien the vegetation  is  sparse (ta b le  8 , f i g .  26) .

In vestiga tion s  on the performanoe o f P is t ia  in  re la tio n  to  sane 

s it e  fa c to rs , reported in  ohapter 1, have ind icated  that the p lan t 

i s  genera lly  le a s t  luxuriant during the diy season ( f ig s *  6 and 7 ).

Large qu an tities  o f rose ttes  become stranded on the shore during 

th is  season. Studies on the regenerative behaviour o f these 

apparently moribund rose ttes  have shown that not a l l  o f them w i l t  

and d ie . Those that take root in  the s o il may survive (ta b le  12).

The size  o f rose ttes  i s  a c r i t i c a l  fa c to r  determing su rv iva l. The 

la rg e r  the r o s e t te , the more capable i t  is  of re s is t in g  desiccation  

and th ere fo re  the more capable i t  is  o f surviving ( f i g .  33 )o Thus 

fa c to rs  (low  nu trien t concentration and not so a c id  substrate) which 

promote increase in  s ize , con fer on the plant the a b i l i t y  t o  survive 

in  the event o f exposure to desiccation . Duration o f  exposure of 

rose ttes  to  desiccation  a lso determines the a b i l i t y  to survive through 

i t s  e f fe c t  on drought res istance as i l lu s t ra te d  in  f ig u re  31<> In  the 

f i e ld ,  th is  fa c to r  has not proved d ec is ive  (ta b le  12)„ Although the 

le a fy  portion  o f  p lants exposed t o  varying periods o f desiccation  looked 

d if fe r e n t ly  moribund, the rhizomes appeared to  be equ ally  fresh .

Evidence a va ila b le  so fa r  does not show conclu sively  whether or not 

stranded p lan ts in  the Volta  basin l ik e  those in  the drawdown area 

o f Tokosi Swamp produce seeds which may germinate and r e - in fe s t  the 

lake. One fa c t  is  however c le a r : rooted stranded p lants are capable

of regenerating v e g e ta t iv e ly  and, depending on a va r ie ty  o f fa c to rs ,
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Aocording to the re s u lts  presented in  ohapters 1 and 3, the 

occurrence o f P is t ia  on the Volta Lake is  both desirab le and 

undesirable. This observation emphasizes, in  general, the need fo r  

s c ie n t i f ic  researoh to always precede attempts to  disturb natural 

s ituations and, in  p a rticu la r , to  oon tro l P is t ia 0 Recommendations fo r  

con tro llin g  the plant inolude the p r im it ive  method o f removal by 

hand as was and perhaps is  s t i l l  p ractised  on the N ile  and N iger 

de ltas (W ild , 1961) .  A f a i r l y  vdde range o f herb icides is  a lso  

in  use (see e .g . L i t t l e ,  1968b). In  India (Ranachandran and Ramaprabhu, 

I 966) and Pakistan (Chokder and Begum, I 963) 2, 4-dichlorophenoxyacetic 

a c id  (2 , 4-D) is  known to  be e f fe c t iv e  but in  the U„S. diquat is  the 

fa vou rite  (Harrison et a l . , 1966). Whatever th e method or herb icide 

used, the timing o f treatment i s  an important consideration as i t  

may considerably reduce co n tro l costs. Like a l l  bydrophytic vegeta­

tion , that farmed by P is t ia  requ ires water f o r  i t s  continued ex istence. 

In  view  o f  th is , the drying up o f temporary waterbodies -  swamps, 

lagoons and fe ed er streams -  in  the V o lta  basin and the reduction in 

area o f  the permanent ones including the Volta  Lake is  by i t s e l f  a 

potent fa c to r  in  con tro llin g  th is  weed (Lawson, 1963) .  In the Volta  

Basin the period  o f minimal area o f water surface coincides w ith the 

season during which the vegetation  declines. I t  is  th ere fo re  to  be 

h igh ly recommended that programmes o f con tro llin g  the plant should be 

undertaken during ihe dry season when natural destruction of the weed

may reco lon ize  the Lake surface.
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i s  a lso  underway* In vestiga tion s  on regeneration o f P is t ia  p lan ts

stranded in  the drawdown area o f  the Lake have revea led  that the

rooted ones oon stitu te a p o te n tia l source o f r e - in fe s ta t io n  and

should th ere fo re  not be spared during treatment,,

In  emphasizing the nuisance nature o f P is t ia  as an aquatic

weed, L i t t l e  (1966b) notes that the p lan t appears to  be p e s t- fre e .

Observations made in  Western N ig e r ia  (P e tte t  and P e tte t , 1970) and

on a stock o f the p lan t maintained on a pond in  the Botany Depar taient

a t Legon, produoed evidence to  the contrary. Of the severa l organisms

known to be associated with P is t ia .  two appear to be p o te n tia l pests0

These are ihe moth, T o rtr ix  sp. .  and ihe sn a il, Ph.ysa sp. ,  T o rtr ix  sp.

appears to spend the in i t i a l  stages o f i t s  l i f e  cyc le  on the p lan t,

beginning as ova l and cream-coloured eggs. Just b e fo re  hatching, the

eggs seem to  d isso lve  in to  -the le a f  tissues in s ide which the larvae are

hatched. For about 4 to  7 days, the la rvae remain w ithin the l e a f

tissu es on which they feed . La ter the la rvae  emerge as dark-brown

headed creamish c a te rp il la r s  which continue to feed  on the l e a f  but

only during "foe n ight. During the day, the c a te rp il la r s  are confined

to th e ir  nests b u i l t  of p ieces  o f l e a f  (p la te  6 ),

S im ilar observations have been made by Laing e t a l ,  (1963) who

put the estimate o f  damage so caused a t 4g5 sq„ cm, o f le a f  area per

2
c a te rp i l la r  per day. On ihe macro-scale about 2 m o f c lo s e ly  packed 

rose ttes  (p la te  7) were destroyed (p la te  8) by an undermined population
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P la te  6. A c lo se  up o f  3 P is t ia  leaves destroyed by T o rtr ix  sp. and 

Ph.ysa sp/. a n e »t o f  the moth ( T o r tr ix ) w ith the head o f  a 

c a te r p il la r  protruding on the r igh t is  shovai near the broad 

distu-el margin o f  the middle le a f .
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P la te  7

P is t i a  rose ttes  gromng lu xu ria n tly  -  be fo re  destruction  by T o rtr ix  sp9 

and Physa sp. on a pond at Legon.
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o f T o r tr ix  sp. and Physa sp. w ith in  about 34 days,, The destruction 

was however not complete. I t  was lim ited  to  the s o fte r  portions, 

the leaves, leav in g  the rhizomes w ith roots  and buds untouched.

The rhizome-root-bud unit has been shown in  ohapter 4 to  be capable 

o f regenerating. In about 21 days af&er a l l  the larvae and 

ca te rp il la rs  appeared to have metamorphosed in to  P is t ia  -  in d if fe r e n t  

adults, the m ajority  o f the p a r t ia l ly  m utilated rose ttes  recovered 

as shown in  p la te  9» I t  would appear then that e ith e r  the sn a ils  

(p la te  10) alone were incapable o f keeping the rose ttes  in  check 

or that the presence at“ b i t s  o f le a f  in  th e ir  mouth was co inciden ta l.

Inadequacy o f time has made i t  impossible to  examine fu l ly  the 

d if fe re n t  aspects o f  the re la tion sh ip s  between P is t ia  and i t s  

environment. A number o f questions s t i l l  remain unanswered and c a l l  

fo r  fu rth er in v es tig a tio n . I t  would appear desirab le to in v es tig a te , 

over a much longer period, "the performance o f  the plant in  re la tio n  

to  s it e  fa c to rs  on the Volta Lake. B efore then, i t  may be necessary 

to develop an e a s i ly  applicab le random method o f  sampling to  rep lace 

the systematic sempling method used. This might produce more 

conclusive resu lts . The in ferences on'the e fr e c ts  o f aeration  

(a g ita t io n ),  l ig h t  in ten s ity  and photoperiod on growth and reproduction 

in  P is t ia  need to  be re-examined in  more ca re fu lly  designed experiments. 

I t  may also prove in t e l le c tu a l ly  stim ulating to  in v es tiga te  the 

phenomenon o f in t ra -s p e c if ic  competition in  P is t ia ,,
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P la te  9

jP is tia , X osettes have begun to recover from the destruction .
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P la te  10. A c lose up o f  a destroyed l e a f  o f  P is t ia  showing the

sn ails  (Physa sp. )  near the broad d is ta l margin on the 

abaxial surface.
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Our knowledge at' the e f fe o ts  o f P is t ia  on i t s  habitat is  by no 

means complete. I t  is  not known, f o r  instance, whether the unhindered 

penetration  o f  l ig h t  in to the water below th in  vegetation  does in  

fa c t  promote growth o f ep iphytic  algae on the roots o f Pistife. or 

whether the improved oxygen ocndition resu lts  purely from re-aeration,, 

Quantitative comparison o f l ig h t  in ten s ity  under dense and sparse 

vegetation  is  needed to  te s t  the observational evidence that a 

desse mat o f P is t ia  reduoes l ig h t  in ten s ity  to  photo syn th e tica lly  

in e f fe c t iv e  le v e ls  even near the surface o f the Lake®

The evidence presented in  chapter 4 on regeneration o f  ro se ttes  

stranded in  the drawdown area o f  the Vo lta  Lake only in d ica tes  that 

these ro se ttes  are capable of regenerating and o f reco lon izing the

water surface. Observations are y e t  to be made in  the f i e l d  to
e.

te s t  these laboratory fin d in g s . I t  should a lso  be in t re sting to 

f in d  out how fa r  type o f s o i l ,  duration o f stranding and roo t 

development a f fe c t  the establishment o f rose ttes  in  the s o il and to  

what extent th is  fa c to r  and wave ac tion  on the shore determine ease o f  

r e f lo a t in g . As a fu rth er  contribution  to  information on the importance 

o f regeneration  in  the r e - in f  estation 'cef the Lake, s o i l  blocks co lle c ted  

from areas where stranded rose ttes  occur should be examined fo r  seeds 

and the germination behaviour o f these studied.

I t  is  too ea r ly  to make recommendations on the use o f T o rtr ix  sp, 

and Phvsa sp, as b io lo g ic a l means o f co n tro llin g  P is t ia . Hardily any­

thing is  known about th e ir  fe ed in g  hab its . Indeed the observation that 

Phvsa spo feeds on P is t ia  is  y e t t o  be proved, Unleashing a large
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number o f these organisms to  con tro l the p lan t may mean con tro llin g  

other p lan ts, perhaps crops. Even i f  i t  were possib le to  do th is , 

one consideration whioh m ilita te s  aga inst th e ir  use i s  the 

incompleteness o f the destruction they cause. In fa o t  such an 

in te r fe ren ce  w ith  natural s itu ations should, as has been emphasized 

e a r l ie r ,  be preceded by adequate researoh.
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SUMMARY

1) The re la tio n s  between P is t ia  s tra t io tes . L. and i t s  environment 

have been in vestiga ted , w ith speo ia l a tten tion  to  the occurrence 

o f the p lan t on the Volta  Lake.

2) P is t ia  is  w idely d is tr ib u ted  on the Volta  Lake but occurs in  la rge 

qu a n titites  only in  the southerly readies,,

3 ) The d is tr ib u tion  end growth o f  the plant in  these areas are 

determined to some extent by the m ineral content and pH of lake 

water, U-enerally, areas with comparatively high m ineral n itrogen 

but low to ta l  mineral content and low pH are characterized by the 

occurrence o f r e la t iv e ly  la rge  rose ttes . The abundance of rose ttes  

does not appear to  be in fluenced by such s ite  factors,, Variation 

in  biomass is  more o ften  co rre la ted  with changes in  s ize  than in  

abundance o f rose ttes .

4 ) The s ize  o f rose ttes , and the density and biomass o f the vegetation  

va iy seasonally on the s ite s  examined, These seasonal va riations 

are co rre la ted  in  some cases with s im ila r  va r ia tion s  in  the pH and 

m ineral nutrient composition o f lake water.

5)  Laboratory experiments show that pH and nu trien t content o f 

culture so lution, s in g ly  and c o l le c t iv e ly ,  in fluence g rea tly  

growth o f  th e p lant,

6) Among pH le v e ls  of 3 .0 , 5.0, 7.0 and 9.0, the optimum fo r  both 

v eg e ta tiv e  reproduction and growth is  5 .0 . Beyond th is  le v e l ,  both 

vege ta tive  reproduction and growth decline generally,, Instant death

occurs a t  pH 3o0„



7) Increasing nu trien t oone©ntration o f  culture so lu tion  favours 

production o f daughter rose ttes  and new leaves but impairs 

vege ta tive  growth0

8) Response o f the plant to  substrate pH and nutrient supply 

e lu c id ates  to  some extent growth o f the plant in  re la tio n  to 

these fa c to rs  on the V o lta  Lalce0

9) JJ*ield and laboratory observations show that growth o f P is t ia  

a lte rs  markedly the physico-chem ical condition o f i t s  substrate.

10) The nature o f the in fluence in  the f i e l d  depends on the cover

o f the vegetation . A la rge  and dense mat insu lates the water

below i t  aga inst so lar rad ia tion  and causes s t r a t i f ic a t io n  and 

poor oxygenation; the e f fe c t s  o f  a -thin vegetation  are the 

opposite o f  -these.

11) Studies on regeneration  and ease o f r e f lo a t in g  o f  P is t ia  p lants

stranded in  the drawdown area o f the Volta  Lake show that these

processes are important in  reco lon iza tion  o f the Lake by such 

rose ttes .

12) Stranded rose ttes  are capable at reta in in g  v ia b i l i t y  o f th e ir  

rhizome only when the^ become rooted in  moist s o i l .

13) Retention o f v ia b i l i t y  is  important fo r  regeneration.

14) Plant s ize  and period  o f exposure determine the a b il i t y  to re ta in  

v ia b i l i t y  and hence the a b il i t y  t o  regenerate.

15) Regenerated rose ttes  are p o te n tia lly  capable of reco lon iz in g  

open water surface.
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16) Depending on the size  and packing o f i t s  vegetation , the 

occurrence o f P is t ia  on waterbodies is  e ith e r  desirab le or 

undesirable. The need fo r  adequate research to precede attempts 

to in te r fe re  w ith natural s itu ation  is  thus stressed.

17) Since the vegeta tion  declines during the dry season, i t  is  

advisab le to oon tro l the p lan t during th is  period. Control costs 

may be reduced by ex p lo it in g  the accumulated mineral nutrients 

w ithin the p lan t fo r  a g r icu ltu ra l purposes.

18) Destruction o f the plant by the la rvae and c a te ip i l la r s  o f 

T o r tr ix  sp. .  and by Physa sp. is  extensive though incomplete. 

Further in ves tiga tion  i s  requ ired to assess the importance

o f these organisms in  the b io lo g ic a l con tro l o f the p lant.



Summary o f  analysis o f variance tab les (Donor, Aneta-Vakpo) 

and Student’ s Mt " - t e s t  (Kponyo) f o r  mineral composition o f 

p lan t in  re la tio n  to  p lan t size

Append!^: 1

Elements Donor Aneta-Vekpo Kponyo on
in  Ajena Bay on R. Dayi R. Pawmpaynn

N * *  N, So N.S.

p • *  *

K **  N.S0 N.S.

Ca N.S* N.S. * *

Na N.S. * **



A p p e n d ix

Elements

N

P

K

Ce

Na

Biomass
(gm./m2)

2, Seasonal va r ia t io n  in  mineral composition o f P is t ia  

and. in  biomass in  re la tio n  to  mineral composition o f 

the V o lta  LaJce at Donor in  Ajena Bay.

(va lues g iven  are means with th e ir  standard e rro rs )

End o f ra iny season Mid dry season Beginning o f ra iny 
Oot.24-Nov. 15,1968 (Harmattan) seas on

Jan.23-Peb012, Apr.23^vley 14,1969

346

Plant 3® 25±p0 29 0.73+0.1 -

Water 0. 040* 00003 0.038+0.003 0.017*0.002

P lan t 0. 44± 0.01 0 .25±p
*

Water 0„008+0 0 . 026^0.006 0 . 010+0.003

Plant 12.33+0.33 9.00+0.17 J<

Water 3 « l+ 0.2 4.0+0.2 3o0±0.1

Plant 7«17+0.05 3.45±0.02 #

17 ate r 8. 0+0. 2 8.0+0.3 4o5+0

Plant 1 . 22+0.02 0. 62+0.01
*

Water 9* 4+0. 3 3.5+0.3 3 » 6+0

190.3+17.6 296.9+4.7 0

* P lants too few fo r  any meaningful analysis,,
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Appendix 3. Seasonal v a r ia t ion  in  mineral composition o f  P is t ia  

and in  biomass in  re la t io n  to  mineral composition o f 

the V o lta  Bake at Aneta-Vakpo on R iver  Dayio 

(values g iven  are means w ith th e ir  standard erro rs )

Elements End o f  ra in y season Mid dry season Beginning o f rainy 
Oct.24-Nov. 15, 1968 (Harmattan) season

U&n. 23-Peb.l2, Apr.23-i«lay 14,1969 
1969

Ca

Na

Plan t 4A2+0.25 2.40+0.42 3 . 00+0.15

Water 0. 060+0.006 0.042*0.004 0. 046+0.008

P lan t 0. 33* 0.02 0. 29+0.02 0..3 I4 O

Water 0.012+0.004 0. 018+0.007 0. 026* 0.003

Plant 7.17+0.01 4.47+0.1 4.80*0.13

;a ter 1 .9+0.1 2. 64,0 .1 2.3+0.1

P lan t 5.27+0.01 3.30*0.1 2. 85* 0 .07

Water 2. Oft). 2 3.0+0.1 5.0+0.5

Plant 0. 69+0.01 o .5 4 tp .o i 0. 62+0.01

Water 9.3+0.8 9.9+0.3 3 . 0+0

525. 5+ 6.2 336.0*3.0 560.3+24.2
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Appendix 1+, Seasonal va r ia t io n  in  mineral composition o f  P is t ia  

and in  biomass in  re la t io n  to  mineral composition o f 

the V o lta  Lake at Kponyo on R iver Pawmpawm.

(va lues given are means w ith th e ir  standard errors )

End o f ra iny season Mid d iy  season 
Oct. 24-Nov. 15, 1968 (Hannattan) 

Jan.23-li'e b .l2 ,

Plant 2.58+0.29

Water 0. 059+0.006

1969

2.23+0.08

0 . 026+0.001

Beginning o f  rainy 
season 

Apr. 23-May 14 1969

1.30+0.05

0.021+0.002

Plan t 0.50+0.02

Water 0.085*0.026

0.29+0.04

0.007+0.002

0.47*0.01

0.010+0.001

Plant 7.50+0.12

Water 7.7+0.5

8 . 00* 0 .27 

3.5*0.1

6. 60* 0 .1 1  

3.0+0.1

Ca
Plant 3.23+0.16

,'ater 3.1+0.4

2.00+0.25 

7.7+0.1

3.80*0.24 

5.6+0.2

Ha
P lan t

Water

0.85*0.04

12.4+1.2

0. 61* 0.02

4.1+0.

0.68+0.02

4.04-0.

Biomass
(gn/m2) 403.8*3.9 213.8+8.7 300.5+14.3

/
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Summary o f analysis o f  variance tab les f o r  between - 

s ite s  eees-ettal va r ia t ion  in  water chemistry and 

biomass o f vegetation

Elements Season I  Season I I  Season I I I

Appendix 5

Ca

Na

Biomass
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Appendix 6

Summary o f analysis o f variance table* fo r  seasonal

v a r ia t ion  in  water chemistry and biomass o f vegeta­

tion  on ind iv idu a l s ite s

Elements Donor Aneta-Valcpo Kponyo on
in  Ajena Bay on R, Dayi R„ Pawmpawm

Ca

Na

Bicmass



a  i

Summary o f analysis o f  variance tab les fo r  

be tween ,sites va r ia t ion  in  mineral composi-

AppencLOc 7

try o f analysis o f  variance t c 

en ,s ite s  va r ia t ion  in  minera] 

t io n  o f p lan t

Elements

N N, So

P • N.S.

K *

Ca N.S.

Na N.S.
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Eleme nts

Appendix 8

Summary o f  analysis o f  variance tab les fo r  seasonal

va r ia t ion  in  mineral composition o f  p lan t on tlie

three s it e s  -

N N.S.

P N.S a

K N.S.

Ca N.S.

Na N.S.



Appendix 9* E ffe o t  o f site-season  in te ra c tion  on s ite  fa ctors  

and vegetation  characters.

153

S ite  fa o to r : pH

S ite

Donor Aneta-Vakpo Kponyo

r I 8.7+0 6. 0* 0 .1 6.7+0

Season I I 6, 8^0 6. 2+0 6.810

I I I 5.7+0 7.5+0 7‘ k t°

S ite  fa c to r : T o ta l mineral oontent (ppm) o f lake water0

Donor Aneta-Vakpo Kponyo

I 20.6+0.4 1 3 . 3± l.O 23.3±3.

Season I I 1506+O.5 15.5+0,3 15.1t0.

I I I  • 1 1 . 1+0 10.4+0.3 1 3 .^ 0 .

Vegeta tion  character: Density (no0 o f plants/m2) .

Donor .Aneta-Vakpo Kponyo

I 177+26 408+40 619*56

Season I I 340+1+ 362+7 488-j^

I I I 0 306+12 442+75

V egeta tion  character: Biomass (vrfc. (gm .) o f plants/m2)®

Donor Aneta-Vakpo Kponyo

. I 190.3+17.6 525.5+6.2 403.8+;

Season, I I 296. SM* 7 336.0+3.0 313. a±i

I I I 0 560.3+2.4 300.5*]

V egetation  character: e igh t (gm. )/p lant.

Donor /ineta-Vakpo Kponyo

I 1 . 2+0 .1 1 .3+0.1 0.7+0

Season I I 0. 9+0 .1 0.9+0.1 0.5+0

I I I 0 l . 9±0 .1 0.7+0
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Summary of analys is o f varianoe tab les fo r  be tween - 

s ite s , va r ia t ion  in  density, biomass, weighi/plan't, 

pH and to ta l  m ineral oontent o f lake water.

Appendix 10

End o f Mid dry Season Beginning o f
Rainy Season ( Hannattan) Rainy Season

Density

■biomass

Weight/plant **

pH

T o ta l m ineral
content NoSo
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Appendix 11

Summary o f analys is o f variance tab les fo r  seasonal

va r ia tion  in  density, biomass, mean weight/plant, pH

and t o ta l  m ineral oontent o f water on in d iv idu a l s ite s

Density

Weight/plant

pH

To ta l m ineral
content

Donor Aneta-Vakpo Kponyo on
in  Ajena Bay on R0 Dayi R.



Summary o f  "Student*s " t - t e s t  o f d iffe ren ces  between 

growth o f P is t ia  in  Long Ashton Solution and in  Arnon 

& Hoagland (194&) Solution
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Appendix 12

Growth index S ign ificance

le a f  number **

le a f  length N.S.

roo t number N0 S„

roo t length N.S.

plant number N.S.

roo t diy weight *

shoot d iy weight

dry weight per p lant N.So



Appendix 13 

Summary o f analysis o f varianoe tab les

157

G-rowth index S ign ificance

le a f  number **

l e a f  length *

root number **

roo t length **

p lan t number N0S0

root dry weight **

shoot d iy  weight **

to ta l  dry weight per basin **

dry weight per plant **
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Appendix 14 

Sumraaiy o f analysis o f variance tab les

Growth index S ign ificance

le a f  number 

le a f  length

plant number **

roo t dry weight **

shoot dry weight **

t o ta l  dry weight **

dry weight per plant +*
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Appendix 15

Combined e f f e c t  o f pH and to ta l nutrient concentration o f m odified 

Long Ashoton Solution on growth o f  P is t ia . (Values given are means 

from if rep lic a te s , together with th e ir  standard erro rs ).

G-rowth index: % gain in  l e a f  number per basin*

% to ta l Nu trien t concentration
10 50 100

5.0 284*2 364*5 415j 5
pH 7.0 250*4 345*4 400*^

9.0 215*4 328*4 386*3

Growth index: % gain in  longest le a f  length per p lan t.

% t o ta l nu trien t concentration
10 50 100

5.0 48*2 36*0 30*1
pH 7.0 45*2 34*2 28*1

9.0 41±1 31*0 25*0

Growth index: % gain  in  prim aiy root number per basin.

% t o ta l nutrie nt concentration
10 50 100

5.0 210*2 112*2 69*2
pH 7.0 205*2 114*1 70*1

9.0 209*1 110*2 73*1

G-rowth index: % gain in  longest primary root length per p lan t.

°/o t o ta l nu trien t concent ration
10 50 100

5.0 110*2 55*3 41*1

pH 7.0 100*6 55*2 45*2

9.0 108*3 50*2 40*1



Appendix 15 (o o n t.) 

Growth index: ft gain in  p lan t number per basinQ

% t o ta l n u tr ita t concentration
10 50 100

5.0 300.jp 350jW 450j40
pH 7.0 250^40 300j0 400*0

9.0 250.jP 300j0 400jp

Growth index: % gain in  root dry weight per basin.
% to ta l nutrient co no ent ration

10 50 100

5.0 120j3 86*3 694a
pH 7.0 112^2 75^2 70.±2

9.0 iaoj5 82j3 75^2

G-rowth index: % gain shoot d iy  weight per basin.

% t o ta l nu trien t concentration
10 50 100

5.0 260 150j 8 85j4
pH 7.0 215J+ 112j2 65j+

9.0 210_jl 110^1 65j 6

G-rowth index: %  gain in  t o ta l  d iy weight per basin

%  t o ta l nutrient concentration

10 50 100

5.0 190.^ 118^3 72J.

pH 7.0 l&+i5 9+j2 6Aj 4

9.0 155 jp 96 70j P

Orowth index: % gain in  dry weight per p lan t

fo t o ta l nu trien t concentration

10 50 100

5.0 32j 2 17^2 8jD

pH 7.0 3 1 jl
16^1 8j2

9.0 31j0 16*1 9jP
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