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These conclusions are restricted, however,
to lakes and seas which experience large
annual climatic variations. Within the tropics,
water temperatures are high and uniform
throughout the year, although minor fluctua
tions may occur.

Similarly, day length is uniform and the
mid-day sun is always near the vertical, so
providing maximum penetration of light into
the water. Climatic conditions in the tropics
are therefore unlikely to impose limits on
production.

Investigations on the problem of phyto
plankton productivity in the waters of Lake
Victoria have been pursued since· 1949.
Observations from the shallow bays and inle'ts
showed that no annual cycle of phytoplankton
occurred. In view of the favourable climatic
conditions found in this area, factors limiting
growth of phytoplankton were sought in the
form of deficiencies in chemical nutrients
dissolved in the water.

Chemical analyses were made at frequent
intervals to determine any changes in the
concentration of the inorganic constituents of
the water. Mackereth [7], discussing the
utilization of phosphorus by Aslel'iollella, con
cluded that water analyses could be of value
by indicating those nutrients which are not
limiting in concentration. Analyses of the
water were therefore made at frequent inter
vals during 1950 and 1951. They showed the
presence of silica at a concentration of 3-4
p.p.m. Phosphates and the inorganic com
pounds were usually found to be below the
limit of detectability (i.e. 0.05 p.p.m. and
0.1 p.p.m. respectively in our system of
analysis). However, the presence of these two
salts was often recorded and therefore must
be present, on such occasions, in amounts in
excess of the requirements of the phyto
plankton [8].

Positive evidence regarding limiting nutrients
was sought, using the well-known method of
adding various nutrients to lake water samples
and observing changes in the phytoplankton
population. Calcium, nitrogen and phosphorus

CHEMICAL FACTORS
PHYTOPLANKTON

The problem of phytoplankton production
in tropical waters differs from its counterpart
in temperate regions in several important
respects. The higher temperature and stronger
radiation that are usually found within the
tropics are the primary factors responsible. It
is well known that certain species of planktonic
algal are limited to cold water. The well
marked seasonal changes that occur in tem
perate latitudes afford an opportunity for the
development of both stenothermal and eury
thermal organisms at different times of the
year in the same lake. There is a good deal
of data available to show that fluctuations in
the population of certain planktonic algre are
controlled by limiting concentrations of
various chemical nutrients, e.g. phosphorus
and nitrogen [2], silica [3]. However, Ruttner
[I] in a recent review of limnological prob
lems, states that the overall production of
phytoplankton is usually limited by low tem
perature in temperate lakes although, in
winter, light is frequently a limiting factor.
Hutchinson's conclusions, from a study of
phytoplankton growth in Linsey Pond [4],
were that fluctuations in growth could not be
explained merely in terms of chemical nutrient
deficiencies. Riley has made several important
observations on this subject. He showed that,
on Georges Bank, plankton populations are
at a minimum during the annual period of
lowest radiation' [5]. A theoretical analysis
was also made by Riley et at of the seasonal
changes in phytoplankton in Korean waters
[6]. The conclusion reached, after a study of
450 samples taken during the period 1931-33
and the relevant meteorological data, was that
nutrient salts determined the time, duration
and magnitude of fluctuations in the phyto
plankton population during the summer and
autumn, but that the mid-winter minimum
and the vernal burst of growth were con
trolled by radiation.

There is a formidable weight of evidence,
therefore, showing that change in population
of phytoplankton is controlled largely by
climatic conditions and that nutrient defi
ciencies may be a controlling factor only
during relatively short periods.
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200 c.C. of culture medium in a 250 c.c.
EhrIenmeyer flask "",ere used in all experi
ments. The flasks were suspended on a wire
framework attached to a window but out of
the path of direct sunlight. Each was aerated
continuously by a slow stream of filtered air.

All material and apparatus were sterilized
by autoclaving at 15 lb. pressure for 15
minutes and the usual precautions were
observed during assembly and inoculation to
prevent bacterial contamination.

Agar cultures of Chiorella, a green alga,
and of Anabtena, a blue-green alga, were then
obtained from elsewhere. Members of these
genera are common in the plankton of Lake
Victoria and it was decided to use these
cultures in some preliminary experiments.
These experiments were devised to determine
which nutrients were limiting the growth of
phytoplankton in the lake water.
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were tried singly and in various combinations.
No increase in the growth of phytoplankton
was observed. In fact, a sharp decrease in
population was usually found. Further investi
gations showed that the experi,mental condi
tions introduced new factors, the effect of
which appeared to mask that of nutrient
change in the medium. More detailed experi
ments of this type in the laboratory were not
possible because attempts to grow some of the
more important planktonic algre of Lake
Victoria in artificial culture did not meet with
success.

At the conclusion of each experiment, the
state of the cultures was evaluated visually.
Then the dryweight of the algre in each flask
was estimated, in the case of Anabama, by
filtering the medium through a paper (Green's
Hyduro No. 995) and weighing the dried
residue. The Chiorella proved difficult to filter
and these cultures were centrifuged and the
cells, thus separated, were dried on filter paper.
Drying was carried out using a hot-air oven
at a temperature of 110°C. In certain cases,
the organic material, both dissolved and finely
suspended, in the filtrate was estimated using
acidified potassium permanganate.

RESULTS
A preliminary experiment showed that good

growth of the Chiorella and Anabtena was
obtained in the inorganic culture medium but
that there was negligible growth in lake water,
even with the addition of calcium, phosphate
or nitrate. Very dense- cultures were obtained,
however, using lake water enriched with the
salts comprising the inorganic medium. While

METHODS an enrichment of the lake water with the
Pure bacteria-free cultures of Chiorella constituents of the inorganic medium both

pyrenoidosa Chick and Anabtena cylindrica singly and in various combinations might have
Lemm. were obtained from Dr. G. E. Fogg, been the logical course of future investigations,
University College, London. The wholly it was decided that a better method would be
inorganic medium which was used in the to omit individual constituents from the fully
experiments with these algre had the following enriched lake water. If any doubt arose that
composition in the case of the Anabtena poor growth in any particular medium was
culture: - caused by an experimental deficiency, then
Magnesium sulphate 0.2 gms. the replacement of the omitted constituent
Potassium phosphate 0.2 gms. would prove the point. This safeguard on the
Calcium chloride 0.1 gms. deductions from the experimental results was
Ferrous sulphate 0.4 mgms. as Fe. deemed important.
Ammonium molybdate 0.1 mgms. as Fe.
Boric acid 0.1 mgms. as B. Media were prepared consisting of lake
Manganese sulphate 0.1 mgms. as Mn. water enriched with all the various constituents
Copper sulphate om mgms. as Cu. of the inorganic medium except one. It can
Zinc sulphate 0.01 mgms. as Zn. be seen from the results in Table I, thai the
Pyrex distilled water I litre. omission of calcium, iron, molybdenum,

The same medium was used for Chlorella with the manganese, copper, boron and zinc salts had
addition of:-

~_Ilp.J_~l'hr--tHI't'M""""'-----'-'-- Ori'-""-",",,,, --:r...:;e;:la=-:t~iv:..:e:;l~y~It=--·t-;tl~e--=e=-:ff:--e=c~t~.onthealgaUrowth._
Upffll\'li$lllllI itmll'lc aO~J gills.· Omission of magnesium sulphate, potassium

phosphate or nitrate from the enrichment
medium had a markedly adverse effect.

Cultures P and B were each divided into
two parts. The first of each was supplied with
magnesium chloride but no change was
observed in the condition of the culture. The
second was supplied with sodium sulphate
and a vigorous growth of the algre was
obtained within a few days. It was concluded
that the lake water contained adequate
amounts of all the nutrients required for plant
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growth with the exception of sulphate, phos
phate, and, in the case of the non-nitrogen-

~ fixing alga:, nitrate. Nine further experiments
were completed using lake water collected at
different times of the year from different parts
of the lake and at different depths. The above
conclusions were confirmed in all cases.

The effect of sulphate deficiency on the
cultures was more marked than the dry weights
indicate. Cultures deficient in sulphate were
pale, and though growth continued to some
extent, the lack of chlorophyll was obvious
even to the most casual observer.

Table -II shows again that the nutrients in
least supply in the lake water are sulphate,
phosphate and nitrate. The A Ilabrella culture
No.3 for instance gives almost as high a yield
as culture No. 12 although only sulphate and
phosphate had been added to the lake water.
In this experiment, the nitrogen present in the
lake water is insufficient to support more than
a slight growth of Chiarella. However,
Chiarella cultures 1-6 show that no marked
increase in growth occurs unless phosphate is
available. Chiarella cultures 7 and 10 show that
a deficiency of either of these nutrients gives
rise to the same amount of growth, far below
that of the control. Jt may be seen, however,
that the Anabll!na cultures give a higher dry
weight in the absence of phosphate than of
sulphate (A nabrena 7 and 10).

On this occasion, therefore, it seemed that
the most important nutrient deficiency in the
lake water, as far as tne nitrogen fixing alg,e
were concerned, was sulphate.

Sterility precautions were completely relaxed
in one experiment (sec Table III) in order to
estimate the role, if any, of bacterial metabol
ism. It seems that the nitrogen supply is
augmented under these conditions, for the
yields of Chiarella were considerably higher
than in the other experiments. Less reliance,
however, can be placed on the dryweight
figures, as bacteria and fungi, although not
obvious, may have contributed to them. The
comparison of these weights shows the import
ance of sulphate and phosphate (see cultures 6),
and in the case of Anaba'n'a, there is a greater
effect shown by a sulphate as compared with
a phosphate deficiency (cultures 2-5). The
Chiarella cultures 4, 5, 7, 8 indicate a similar
tendency.

Rodhe [2] described a successful method
for the determination of iron in the waters of

Lake Sharsjon using cultures of Sccncdesmus.
He concluded that this method is more sensi
tive than a purely chemical one but trouble
some and time-consuming in operation. Repro
ducible results, even with the same culture,
could not be obtained and so an accurate
estimation of iron is only possible when a
closely graded control series is grown together
with the sample culture. An important advan
tage of the method is that only biologically
available iron is measured. An attempt was
made io see if a similar quantitative method
could be used to evaluate the nutrient status
in lake water. The experimental results are
shown in Table IV.

Allaba!na culture 5 shows that the addition
of 0.2 mgms. MgSO, in 200 C.c. is insufficient
to overcome sulphate as a primary limiting
factor in the lake water. Extrapolation of the
graph of the dryweights of Anabama in
cultures 2, 4 and 5 against the amount of
sulphate added, indicates that a sulphate con
centration of just over I p.p.m. is already
present in the lake water. This result is of the
same order as that found by purely chemical
methods [8]. A nabrella cultures 9-12 show that
the sulphate requirements must be met before
a response to added phosphate is found.
Increase of all other nutrients is clearly of
minor importance to A nabrena. The Clzlarella
culture 9 shows that no growth of this alga
is obtained unless nitrate is supplied. After
nitrate, phosphate IS indicated as the next
Ilutrient in short supply in the lake water.
(Chlarella cultures 16, 17.) The best growth is
shown by culture 13 where sulphate, phosphate
and nitrate are in adequate supply. All other
mineral requirements of Chiarella are met by
salts already present in the lake water.

Many accounts of culture methods of algre
have shown that natural waters frequently
contain a growth-promoting substance which is
not present in artificial media. Pringsheim [9],
for instance, recommends the addition of soil
solution to an artificial medium when culti·
vating certain alga:.

The experiments recorded in Table V show
that Allabrena grows better in media made up
with lake water than in media made up in
distilled water. As it is unlikely that the dis
tilled water contained any deleterious sub
stances which might cause a reduction in the
growth of Anabama, one must conclude that
the iake water contains some growth-promoting
substances. (The experiments on the effect of
these substances on the growth of Chlorella
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TABLE I.-THE GROWTH OF CuLTURES FROM 17-9-52 TO 23-10-52 IN LAKE OR DISTILLED WATER
WITH VARIOUS INQRGANIC ADDITIONS

THE EAST AFRICAN AGRICULTURAL JOURNAL

Culture
No. Inoculum Medium

Appreciation
of growth

JANUARY, 1956

At
harvesting

pH mgms. Dry
weight

--------------------------------,---1-----

Good 8'64A
B

C

D

E
F
G
H
I

K
L
M
N

°P
Q

AnabIP1W

Ch/~~el/a

Lake water and all nutrients
Lake water and all nutrients except

MgS04
Lake water and all nutrients except

K2HP04
Lake water and all nutrients except

CaCh
Lake water and all nutrients except Fe
Lake water and all nutrients except Mo
Lake water and all nutrients except Mn
Lake water and all nutrients except Cu
Lake water and all nutrients except B,

Zn
Distilled water and all nutrients
Lake water only
Lake water only
Distilled water and all nutrients
Lake water and all nutrients ..
Lake water and all nutrients except

MgS04
Lake water and all nutrients except Cu,

B, Zn, Mn

Pale

Good

"Fair
No growth

"Slight growth
Good

Pale

Good

108

9'46 313
8·84 108
9'1 106
9'58 60
9'38 55

9'1 196
8'31 I

---~.__._--_._---------------_._._-._------- ------------

TABLE n.-THE GROWTH OF CULTURES FROM 17-9-53 TO 23-12-53 IN LAKE OR DISTILLED WATER
WITH VARIOUS INORGANIC ADDITIONS

(During the harvesting of the algre in cultures No.8 a small amount of material was lost. The dry
weights recorded for these cultures is therefore slightly low)

I
Culture

No.

-----1I
2 !,

3
4
5
6
7
8
9

10
11
12
13

I
Dry wI. in Additions for Dry wI. in

Salts added to Lake Water mgms. of for mgms. of

1_~Ztf~~~~__~~~~i~~__,_5~f~~~~~
50 p.p.m. each 0[K2HPOA.. j ._.2 II N\\- I Nn.
50 p.p.m. each of K2HP04+Na2S04 43
50 p.p.m. each ofK2HP04+MgS04 57 "
50 p.p.m. each of K2HP04 +CaCI2 18 4
100 p.p.m. K2HP04.. 7 10
Nil 2
Complete medium except sulphate. . 12 125 p.p.~. KN03 14
Complete medium except magnesium 61 26
Complete medium except CaCl2 " 85 46
Complete medium except K2HP04 31 " 13
Complete medium except KN03 .. Nil 5
Complete medium 70 125 p.p.m. KN03 45
Complete medium made with distilled

water 7 30
I

-----~._- - ------~----------_ .._------_._--
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•
(No precautions were taken to avoid bacterial and fungal contamination)

TABLE III.-THE GROWTH OF CuLTURES FROM 22-4-54 TO 10-11-54 IN A LAKE WATER MEDIUM

JANUAUR". 1956

--

DRY WT. OF CULTURES IN MGMS.
Culture No. Salts added to Lake water

Anabama Chlorella

1 All nutrients · . · . · . · . · . 100 102
2 All nutrients except MgS04 ·. · . · . 38 53
3 All nutrients except K2HP04 · . · . 63 35
4 MgS04 .. · . · . · . · . · . 67 52
5 K2HP04 · . · . · . · . · . 57 77
6 MgS04 + K2HP04 · . · . · . · . 131 94
7 KN03 + MgS04 · . · . ·. · . 37
8 KN03 + K2HP04 · . · . · . · . 55

"THE EAST AFRICAN AGRICULTURAL JOURNAL
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TABLE IV.-GROWTH OF ALGAL CULTURE, 6-2-54 TO 24-4-54 IN ENRICHED LAKE WATER

HARVEST IN MGMS. OF HARVEST IN MGMS. OF
AnabO!na CULTURES Chlorella CULTURES

Culture Salts added to Lake Water Residual Total Residual Total
No. Dry wt. organic Produc- Dry wt. organic Produc-

matter tion matter tion

1 Nil . . · . · . · . 22 1·7 23·7 2 Nil 2'0
2 MgS04 20 mgms. · . · . 67·5 5'3 72·8 1 0·2 1·2
4 MgS04 2 mgms. · . · . 55 7·6 62·6
5 MgS04 0'2 mgms. ·. · . 34 3'5 37'5
6 K2HP04 20 mgms. · . · . 32 3·6 35·6 2 0·3 2'3
7 K2HP04 5 mgms. ·. · . 39 2·8 41·8
8 K2HP04 2 mgms. · . · . 40 2'8 42'8
9 MgS04, K2HP04 each 20

mgms. · . · . · . 72 11'9 83'9 2 Nil 2'0
10 MgS04. K2HP04 each 5

mgms. ·. · . · . 70 12'5 82'5
11 MgS04, K2HP04 each 2

mgms. · . · . · . 72 7'9 79'9
12 MgS04, K2HP04 each 0'2

mgms. ·. ·. · . 36 2'9 38·9
13 MgS04, K2HP04 each 20

mgms. and KN03 20 mgms. 68 12'8 80'8 21 4'0 25'0
14 Full medium · . · . 72 12'3 84'3 12 2'4 14'4
15 KN03 50 mgms. · . · . 5 2'0 7·0
16 MgS04 20 mgms. KN03 50

mgms. · . · .
:: I

4 2·1 6'1
17 K2HP04 20 mgms. · . 18 2·0 20'0

.-

156

A

11II1 -'3_-----------------'..L

Macharia
Rectangle

Macharia
Rectangle

Macharia
Rectangle



tHE EAsT AFRICAN AGRICULTURAL JOURNAL

were, in this respect, inconclusive.) In the last
recorded experiment (6-2-54), 200 C.c. of lake
water were evaporated to dryness in one case
and in another these residues were heated until
the organic matter was charred. The residues
were then each dissolved -in 200 C.c. of distilled
water. This treatment did not seem to impair
the capacity of the medium for growing the
test algre. It seems therefore that the growth
promoting properties of the lake water are
caused by relatively stable substances.

A few culture experiments were carried out
with water samples from Lakes Albert, Rudolf,
Bunyoni. George and Edward and from a
dam (Jarvis Dam). The growth of cultures in
these waters was as poor as it is in unfortified
Lake Victoria water, except in the samples
from Lake George and from below the
thermocline in Lake Edward. These two
samples supported a fair growth of both
ChIarella and Anabrena. A discussion on the
reasons for this falls outside the scope of this
paper.

JANUARY, 1956

CONCLUSIONS

Attention has already been drawn by
Beauchamp [12] to the fact that there appears
to be a shortage of soluble sulphates through
out the African continent. and possible
reasons were considered. Tne evidence was
based mainly upon chemical analyses of water
and soils. The experiments described above
show that a shortage of sulphates is likely
to be limiting the growth of phytoplankton in
Lake Victoria.

Sulphur is an essential constituent of certain
amino acids and the phytoplankton may be
existing in a marginal concentration of dis
solved sulphate. The suggestion has been put
forward [12], therefore, that those fish feeding
almost wholly on these plants might have a
retarded growth rate. The problem may there
fore have an economic aspect, for there is an
acute shortage of protein in the diet of the
local natives, and the most important fishery
of Lake Victoria is based on Tilapia species
which are plankton feeders [13].

TABLE V.-THE EFFECT OF LAKE WATER AS COMPARED TO THAT OF DISTILLED WATER WHEN BOTH
ARE USED FOR MAKING UP NUTRIENT CULTURE SOLUTIONS. THE FAVOURABLE EFFECT OF LAKE WATER,
UNIMPAIRED BY MODERATE HEATING, IS SHOWN ESPECIALLY BY THE CULTURES OF Anabama

--------1------------------

Date of Experiment Medium
HARVEST IN MGMS.jDRY WT.

Anabll'na !Chlorella

22-4-54 to 10-11-54 Enriched Lake Water
Enriched Distilled Water

6-2-54 to 24-4-54 . . Enriched Lake Water
Enriched Distilled Water

17-9-53 to 23-12-53 Enriched Lake Water
Enriched Di~tilled Water

8-1-53 to 12-3-53 . . e!LLake Water
Enriched Distilled Water

17-9-52 to 23-10-52 Enriched Lake Water
Enriched Distilled Water

6-2-54 to 24-4-54 . . Lake Water only

Lake Water evaporated to dryness and re
suspended

Lake Water evaporated to dryness, charred and
resuspended
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100·0
9·0

• 84'3
37·7

70·0
7·0

8)4)
34·0

108·0
1·0

28·4
23·7

21'0

24·8

102·0
32·0

14·4
27·4

45'0
30·0

2·0

1·6

2,3
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The sulphur cycle is undoubtedly of con
siderable importance in Lake Victoria. The
importance of nitrogen and phosphorus cannot
be dismissed, but whereas:"' during certain
periods, phosphate and ammonia have been
found in detectable quantities in the lake water,
the content of sulphate has never reached this
concentration. Fluctuations in sulphate con
centration in the lake water are therefore not
detectable.

In this lake, the inflows are very small com
pared to its volume, and the analytical evi
dence indicates that the supply of sulphate
from these sources is likely to be of minor
importance. The boltom deposits, after drying,
yield comparatively high quantities of sulphate
(e.g. 0.25 mgm.per gm. dry weight), but
although these would appear to be the obvious
main source of supply of sulphates, experi
ments have failed to show that any consider
able quantity is released to the water under
natural conditions [14]. The metabolic activity
of certain moJluscs has been shown to cause
the release of certain quantities of sulphate
into the surrounding water [15]. It is
extremely difficult, however, to estimate how
significant the activities of these molluscs are
t9 the biology of the lake as a whole, but
there would seem to be little doubt that they
help to maintain existing levels of fertility.

The culture experiments described in this
paper show that, as far as the test algre are
concerned, sulphates are a limiting factor for
plankton growth as well as nitrates and phos
phates. If these conclusions can be confirmed
using local phytoplankton species as test alg~e,

then these salts must be regarded as playing a
vital role controlling th~ biological productivity
of Lake Victoria.
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TABLE VI.-THE RESULTS OF PHOTOSYNTHESIS EXPERIMENTS CARRIED OUT ON THE 25TH AUGUST,
1953 NEAR THE CENTRE OF LAKE GEORGE, UGANDA. (TOTAL DEPTH OF STATION, 3 METRES, WATER

TEMPERATURE 26°C.)
(Suspensions of the different algre were made and aliquot portions used ill 250 1111. oxygen bottles.
Exposure for the suspended and dark bottles was from 1100--1200 hours after which period, the

dissolved oxygen concentration was estimated and shown as p.p.m.)
--- -

Depth 0·5 metres 1·0 metres 2·0 metres 3'0 metresI Initial Dark
Samples Bottles

Chlorella .' · . 3'66· ,2,92 2·88 2'81 I 3·38

I
2'64

Anabrena .. · . 4'28 3·95 4·03 4'01 4·00 3'83
_ Phytoplankton · . 4·75 3·41 3'40 3'45 \ 3'94 3'46

-~~----

Using
Using
Usi~g
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