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ABRSTRACT

The effects of stimulated algae growth using '‘organic
and/or inorganic fertilizers and supplementary feeds on  the
growth of Orecochromis niloticus were studied over a period of

seven weeks.,

The growth rates and btypes of algae population that
developed in the media were recorded. Growth media
characteristics measured included temperature, hydrogen ion
concentration (pH), electiical conductivity, dissolved oxygen
(DO), bilochemical oxygen demand (BOD), nitrate-nitrogen (NOx~
M), phosphate-phosphorus (PB;—P}, and potassium (K+). The
fish were observed for variation in weight gain or loss,
length gain or loss, condition factor, food conversion

efficiency, protein efficirency ratio, and mortalily rates.

About fifty (50) algae taxa belonging to the
chlorophyta, euglenophyte, bacillariophyta, cyanophyta and
pyrrophyta were recorded. Growth ratees were faster in  MNPE
fertilized water and reached a peak after two weeke. In  the
chicken droppings-stimulated water, growth rate was slow in
the First and second weelks, but increased rapidly, reaching
ite peak in the fifth week. Chicken droppings produced the
highest algae growth with the highest amount of taxa
population. Pyrrophyta was not recorded in NPK  fertilized
water. The physico-chemical parameters showed no significant
differences within the treatments, but no significant

differences were cbserved between treatments in  conductivity

viil



dissnlved OXYgen and phoephate-phosphorus . bhen
supplementary feeds and fish were added to the tanks, no
eignificant differences in temperature and biochemical oxygen

demand were observed between treatments.

There was no correlation between the mean weight and the
mean standard length gained by the fish in the different
treatments. Treatment B (chicken droppings, lake water and
corn  bran) had the highest mean standard length gaan, while
treatment D {chicken droppings, groundnut cake, corn bran at
30% protein level) had the lowest mean standard length gaan.
Treatment H (NPK, groundnut cake and corn bran at 304 protein
level) had the highest weight gain, while treatment D had the

lowest.

Tt was concluded that chicken droppingse produced higher
algal growth with more algae taxa than NPK  fertilizer,
resulting in an Ancrease in the mean standard lengh gained
with a decrease in the mean weight gained. But when chicken
droppings vas combiined with other food supplemnents
(groundnuts  cake and/or corn bran), there was a decrease in
MEan standard lenolth gained due to oxygen depletion.

During feeding, Orecochromis niloticus selects microcystis sp,

Crucivema gp and Cosmarium sp better than Trachelomonas sp

arnd Euglens sp as their food.
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CHAPTER ONE
INTRODUCTION

The growth of orgapisms undsr healthy conditions is
related to Lthe gquality and quantity of food fed te them. Fish

live and obtain all nourishment from water bodie=s. bBut not

&1l water bodies have the same productive potentials and not
&#ll food materiale are produced in gijh in the water bodigs.
Some are introduced from souwrces ocutside the water body. The
major fish food produced in situ in water bodies are the

plankton, periphyton and other aguatic vegetation. These
could be divided into the primary, secondary and tertiary
producers. The primary producers in the open water are the
phytoplankton  (the algae) and the secondary are the zoo-
plankton, which feed on the algae. The z2ocplankton may also
include some inseclt larvae or crustaceans. The z2ooplankton
may be secondary or tertiary producers. The periphyton is
algae that are attached to submerged surfaces, e.9. diatoms,
the chloreopghyta, and cyanophyta, while planktons are floating
food material, e.g. chlorophyta and cyanophyta (Round, 19803
Denny, et al, 1278). The phytoplankton., periphyton and
emergent &sguatic plants are the primary producers anc
together with the zoo-plankton and zoobenthos constitute the

autochthonouws fish food in the aquatic habitats.

Another  ilmportant source of fish food are the bottom
sediments. This is inhabited by worms or invertebrates that
burrow into the soft mud or live on the surface of the soft

muad, wich 1ise rich in l1life, dead and decaying food



materials, which make the sediment conducive for aguatic

life ipcluding fish.

Other sources of fish food in the aguatic habitats are
obtained in the catchment areas. They may contain éecayed
or  decaying remaine of plante and animale washed from the
catchment areas. These are the allochthonous materials which
may constitute another important source of fish food in  the
habitat, All thece food sources enhance natural productivity

in water bodies and thus promote aguatic life and growth.

Fish, one of the most important aquatic animals needed
by man, obtaines its food from the aguatic environment. But
fieh productivity can be increased by supplementing the
natuwral food. These feeds are added depending on  the
feeding habit of the fish, the species and age of fish
cultured. Fieh are adapted to & wide variety of food, some
feed exclusively on vegetable matter, others on animal
matter. Fish speciegs fed with vegetable materials obtain low
protein nutrients, although 1k£5 grow well., They. therefore,
require low protein intake for healthy growth. Buch species
are called herbivorous fishes, Eramples of herbilivorous
fishes are Tilapia z2illi and Ctencpharynaodon idellus. Their
major digestive snhzymes are the carbohydrases (Glastunde

. 1977), Qthers feed exclusively on animal matter.
These are csrnivorous fishes, This type of fish take more
protein than herbivorous fish species and their . major

digestive enzymes are the proteinases {Robert, 1978).



Exampies of carnivorous fish are Hydrocynus brevis, Lates
pileticus and Helerotis pilptigue. Other fishes feed on both

plant and animsal matter. They are ominivorous. Examples are

Orenchromis niloticus, Orepchromis alreys and Clarias

gariepinues.

There are fieh species which feed on floating fTood
material . They are planktophagus. Exvamples of these
planktophagus fish include Barotherodon galileaue and

Sargtherdon hornmorum. Others feed on  attached materials.

Example is (fnathonemus sengaalensis. While Sarotherodon

variabili=z feed on bottom materials and are called detritus

and bottom feeders.

Culturing of fish in Africa started in Egypt and this
dates as far back as 2,900 BC (Bardach, et al, 1972}, 1In the
central part of Africa, BRardach et al (1972) and Huet (1972)
reported that fish culture only started in 1920 in  Kenya,
where it was_initisted by the Euvropeans, who probably for
reasons of familiarity concentrated on exctic species. Same
of the exotic fish species brought and cultured &re s=still
being cocultivated in Africa, €.0. Protopterus delli. The
voungs of this {feed on worms, insect larvae and small
crustaceans: while their adults feed on other fishes and
enails. The food ie from the pond water where cassava
tubers and leaves, and brewery wastes were introduced as

food.

Other species cultured were Heterotis npiloticus in

Camercon, Congo, Gabon and Migeria (Bardach et al, 1972).



These fewed mostly on zooplanktons and can aleo consume large

food items like pellated food, macroplants and small fish,

Citharinus species cultured in Niger and Congo are

indigencus species but little is known about their feeding
habits, although they accept dry foods like rice biran,

and cassava tubers (Bardach, et al, 1972).

Some other fTieh species like Barbus sp, Labec sp are
ominivorous. Most Clariags spp cuwltuwred in Africa are

canivorous except Clarias anguillarie which is

ppinivorous. OF all the fish species cultured in ﬂfrié-‘ the
cichlide have been the most successful (Bardarch, op cit),
with Tilapia =pp being the moet cultured and most successful
in the genus. Their success is based on their adaptability

to enclosed system and aleo their feeding habits which ranges

from planktophagus in Sarotherdeon guinengis to ominivorous in
Jilapia piloticus (Orpschromis piloticue) {(Rardarch, op cit).

With increasing knowledge of aquaculture in the world
and coupled with the reduction in animal protein, Africans
have started increasing effort towards production and
consumption of fish protein, which is coneidered as the
cheapest =source of protein. And the fish Qreocchromis
niloticus has been found to be the mpst successeful and widely
cultured due to its diversified feeding habits, resistant to
poor water quality, dizeases, and being able to grow well

in an enclosed environment {(Otubusin and Amaechi, 1987).



In the light of these, this research was designed to
eegarch for other supplementary feeds that 0. pileticus could
feed on in aguaria; and particularly to lock at the different
types of aloae stimulated by the twe fertilizers, i.e.
chicken droppings (organic) and NPK (inorganitc fertilizer).
It was also aimed at studying the feeding habit and the

relative abundance of algae presence in the different media.
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CHAPTER TWO

LITERATURE REVIEW

2.1 Dietary Reguirements of Fish
Like land animals, fish require protein, carbohydrates,
fats, minerals and vitamins ip & well balanced diet for

growth, reproduction and normal physiclogical function of the

body (Bardarch, gt al, 1972).

2.1.1 Protein

Some fieh have a high protein requirement for growth and
other physeicleogical maintenance than other vertebrates
{(Avinla and Faturoti, 1990). According to Cruz and Lasdancia
(1977) protein requirement of fish depends on the size and
age of the fish. the type of fish species, its feeding habit
and the temperature of the water in which they are growing.

For example, Orecchromis pilpticuse fry weighing abouwt 2g

requires about 40% crude protein for growth (Jauncey, 1982).
Juvenile fish weighing about 7.5 g need about 34% (Writee and

Stickney, 1981), while their adults need about 20% (Jackson,

et al, 1982). For Clarias gariepinus the protein
requirements are different. The dietary protein requirement
for Clarias fingerlings is 31-34% while their adults need

about 40% (Avinla and Akande, 1988).

Fish regquire high protein for growth and they obtain

]

thie from the agquatic fauna and flora which sometimes may not

completely meet the requirement of commercially fast growing



fish. Fash 4in culture opbtain additional protein from
supplementary feeds introduced by the aguaculturist. Usually
the supplementary feed iz formulated to give the full protein

complement and may explain why fish in culture grow faster

than those i the wild.

In aquacuiture, the protein reguirements of the
different fieh species has to be satisfied, The gquality of
protein in  any diet is principally based on the amount of
essential aminc acids present. There are about +twenty
naturally available amine acides, but only ten are epzssential
for fish growth. fAccording teo Avinla {1991} and NRC (3963),
ten essential amino acide required by local fish species for

growth are asz shown in Table 1.



TABLE 1: TEN ESSENTIAL AMINO ACIDS NEEDED BY
SOME LOCAL FISH SPECIES FOR BROWTH

—— s o s O b S S i S i T S — i — v _—— Sy — — — — iy _— — oy T -— —_——

AMING ACID CYPRINUS  OREQCHROMIS — CLARIAS GARIEPINUS

CARPIO 1% NILOTICUS 2% FRY 3% FINGER- JUVE-
LINGS T4 INILE

Histidine 2l > ey A b - | 2.8° b T

leplencine 0 I | 4,7 4.7 5.3

Leuwcine Z.4 5.4 9.2 9.2 12.3

L}"Eiﬂfi" 54? E'ol ?13 703 ' B'&

Methionine . P9 < 3.2

& Cystine 5

Phenylalanine 6.5 5.7 3.8 3.9 3.8

& tyrosine

Threonine 3.9 S.6 4.8 4.8 4.9

Tryptophan 0.8 1.0 -~ - -

Valine Tatd 2.8 i P, o P A

SOURCE: Avinla (1991) and NRC (1983).

2.1.2 Energy Food Sources

According to FAD (1978), Iviev (1939) was the first to
work on fish bioenergetics. He carried out both the
laboratory and field opbservations aimed at obtasining an
energy budget for carp population. According to haim, energy
budget can be divided into: (1) consumed or ingested energy

and (2) assimmlated energy.

Consumed oy ingested energy comprises of eneyvrgy in
faeces and urine and that used for heat production for tissue

growth, fat =torage, eggs and sperm production, and embryvo



meintenence., Assiamiliation energy s defined by the TRHE  News
(1965 ms the swr of production and regpdiration, or according
o the B Handbook Moo 3, Ricker (19868) desoribed it sz the

Food absorbed lese the exorebisn,

Fiah obtein this energy from carbohydrates, lipids and-
sommtimes proatein foods AT the flrst btwo are dgefficient, | ey
the absenoe of biocchemical problems, carbohydrates are at the
bl o Fiuh mwtahmliﬁ@ bwcauss OF Lhe necesnity for energy
suppty for sl physiclogical wrocesses. According to Fhillip
(1@&@); fimb  Fae low csrbobydeate reguiresent compared  to
alher animale. Howewer, this food component makes Lhe chiéf
and  itrreplaceable  snergy sources.  Phillip et &l (1964
indicated that in ook trout the carbohydretes are wtdll bred
afk &N energy ﬁmﬁrﬁﬁ, although this specie le relatively non-
gfficient mebtsbolizer of o high level carbohbvdrste diet.
Fhillips ei pl { 1966 refsrted that the level of  assinilable
carbonvdrates irs the  dist  of  brook  breout (Balvélinue

foritdnetis) shoalad be Yimited to 12X carbohydrates, othervise

ite liver will he overloaded with glycogen deposits and  this

situation  may  lead :tu geath.  Buchler &and Halver (1961)

Feportaed that chinook salaon (ﬂncmrhvnchﬁé hehamvhachal i
o) gramh hm st 48Y  dietary  carbobhvdrates wiith ro
pathnlmgi&al Eymwtmms" A eNgess urldefficienﬂy i useful
carbotwdrate also atfect the grosth rate of Fish, althougi it
hay not  have “y foﬁct on the fish health. | Al though
parbobyvdrate levels do ﬁwt affect fish hesliin, carbohvdretes

aye  omoest  preadlly combusted duaring metabolic processes for



energy =upply which is vital in increassed protein and lipids

utilization for body growth (Lovell, 1987; FAQ, 1978).

Carbohydrate souwrces for feed formulation incluwde corn
which contains about 404 carbphydrates, groundnut cake about
34.3%, coconut about 344, etc. (Ayinla, 1991). Because
carboydrate foods are relatively cheaper to supply than
protein food, nutritionists have gliven more priority to meet
protein requirements, from which carbohydrate supplies will
be derived. For instance, feedse for most species made with
commonly available ingredients are not likely to be extremely
low or high in energy, when the protein requirements are met.
According to Lovell (1987), a 32% protein catfish feed
containing soybean 0¥, grain 10%4 and animal by-product 8%,
plus vitamin and mineral supplement 24 contain approximately

2.8 kal of digestible energy per gram.

2.1.3 Lipids

Lipides are used a2 enerqgy giving foods. In addition,
they have other nputritional functions; they . provide a
vehicle for absorption of other fat-soluble nutrients such as
stercls and vitamins. They play a role in the structure of
cell and sub-cellular membraneg They are components of
hormones and precurceors for ogrostaglandins synthesis. Some
lipid components such a& steroles and certain fatty acids must

he provided in the diet and thus are essential nutrients for

fish.

11



Bome warmn—water fishes, sBuch as channel catfish
{lctalurue Quhgtatus), do not appe&ar to be as sensitive to
fatty acid deficiency as cold water fleh species. Study by
Stickney and Andrews (1972) showed no specific :fatty acid

requirement Tor channel catfish which seem to have similar

nutrient requirement with our lecal catfish ({(i.e. C.
gariepinus). However, he did Find that high diet

concentration of 18:12 n-6 fatty &cid reduced growth. Later
viark, however, has shown that menhaden cil {(high in n-é fatty
scid) produced higher growth rate an channel catfish than
beef fat (no =3 fatty acid). Contrarily, [ilapia =zilli
requires n-6 and not n-3 fatty acid. It is difficult to
determine fish requirements for fatty acids because the
metabolic reguirement is very small and fatty acid stored in
the body or even carried over from the egqg yelk can influence
performarice of the experimental fish. Lovell (1987) reported
that not much work has been done in determining the
essentiality of fatty ascide in cultivable fish species in
Nigeria due to the fact that attentions are focused on  the
protein requirement which has higher cost implications in
feed production. ficcording to Lovell (1987), mast fish
speciese respond to lipides in the diet. How much of this
response is causeed by supplying essential fatty acid and how

much is due to a readily available energy source is difficult

to discern.



2.2 Algae as Fish Food

Some specaes of algae are knpown te have high nutrient
valuwes. Investigations from various countries have revealed
that the nutritional content of the algae varied greatly with
the substrates used for the culture and the species of algae
(Kett and Wachs, 1964# Micholas, 1986). In general, under
normal conditions, Lthe organic content of algae on a dry
weight basis 1= estimated to be 40-604% protein, 10-20%4
carbohydrates, 5-1%% lipide, %-10% ash, and 5-10% crude fibre
(NAD, 1983). fitagze are known to contain some especially
ripoflavin, biotin and thiamine, certain minerals and most
aminc &cids which are vital for both man and other animals
(Palmesr, 1980) . Algae compared favourably with other
conventional feeds, bolth nuitritionally and economicallyy Lhe

protein content can be as high as 704 if grown in some

synthetic materials (FPalmer, 1980).

One advantage of algse over land plants as feed is that
there is no waste in the form of fibrows or woody or other
inedible part (Palmer, 1980). However, the cell wall is very
rigid and difficult to digest, especially by monocgastric
animals (Round, 1760; Fopma, 1982). Recently, various types
of algae are being cultivated Ffor fish food, human
consumption and for treating waste water. Some species which
are being cultivated for food on a large scale include
ghlorella and gpirulina (Round, 1980). According to Dada

(1989), Chlorella sp contains the following nutritional

values: crude protein G0-537%, carbohydrates 19-21%, lipidse 9%

13



and crude fibre 4-8%., It also containse e=zential minerals
like calcium, iron, zanc and with &ll the ten essential amina
acids needed by fish., Other algae used as fish food include

Scenedesmus, Closterium, Chlamydomongs. and Rhizonlaria.

Palmer (1980); Round (19680)) NA® (1982 and 1983);
Sandbank and Hepher (1978)3 Ufodike and Ekoketuw, (198&)
reported that sewage-grown algae can be used as partial
replacement for other conventional feeds (soybeans, corn,

groundnut cake, and fish meal),

However , there are certain constraints sssociated with
algal as fish feed. According to Nas (1982), human pathcgens
have been found in fish intestine and can  pose health
hazmrds if eaten reaw or partially cooked from fish fed with

waste grown algae. Others ainclude the presence of toxicants

{pesticides, antibiotics and hormones) in the substrate used

for cultivating algae (NAB, 1982). Algae such as
Microcyetis, QGonvaulax and Gymodium produce toxins which are

lethal to some aguatic animals, especially fishes (Swingle,

192683 Round, 1980).

Dernny, Bowker and Hailey (1978) ob=served that the
indigenous tilapias of Lake Victoria consume algae either in

suspension, e.g. Sarcthercdon gscaulentuse or from bottom

deposits as in the case of 8. wariabilis. In their study on
l. nilotica (Orecchromis piloticus), the predominant

commercial fish of Lake George, Uganda, Planktonic algae were

ehown  to be the primary food for these species. Rowker and

14



Denny (1979) also demonstrated that periphyton communities of

Nyumba Ya Mungu reservoir, Tanzania contribute much to  the

food chain and production of herbivorous fTish.

Dada (1989) reported that fish fed In  diet with 30%
algae plus fish oeal grow better than those with fiebh meal
diet only. While fish fed with 30X algae grow faster than

those Ted with soye bean diet.

2.2.1 Increased algal growth

Algae are grouped into phytobenthos (bottom dwelling),
periphyton (attached algse) and the plankton (floating
algae). They are primary producers in aguatic environment,
thus manufacturing their own food with the help of sunlight,
chlorpphyll, organic and inorganic nutrients eand dissclived
carbon dioxide from the environment. The algse are the main
stay of aquatic food chain as the primary fixers of energy.
Qther aguatic organisms (the consumere) depend on them either

directly or indirectly.

Frimary consumere feed directly on  the producers.
Secondary consumers feed on the primary consuwners, while the
tertiary consumere may feed on both the primary and secondary
consumers. Enamples of primary consumere are zooplankton,
planktophagus fishes, crustaceans, rotifers,., etc. Secondary
consumers include caniverous fish and sometimes human beings,
while the tertiary consumers include carnivorous fishee like

Lates pnpiloticus and Hydrocynus brevis, Kirk and Howell



(1972), and Kinwie (1977) reported that the well being of
fieh depends on  the availability aryed abundance of
zooplankton. looplankton depends on  the abundance  and

guality of the algae present.

Fish growth can be increased by increasing the growth of
algae (APHA, 1988). The mtimulntion of algae can be obtained
by increasing both the nitrogen and phosphorus conteﬁt of the
water body. This can be done by using arganic and inorganic

Tertilizers.

Organic fertilizer include both animal and plant wastes.
Enamples of these include chicken droppings, decaying
vegetation and cow dunag. On decay or mineralization. they
provide nitrogen and phesphorus. Chicken droppings, Tor
example, provide 7.2 mg/l and 7.35 mg/1 of nitrate (NDx) and
phosphate (FO,4) respectively (Ovie and Adeniji, 1990). These
prganic fertilizer can be applied to ponds either by sac or

fermentation method.

The inorganic fertilizers commonly used are NP K
(nitrogen, phosphorous and potassium) and superphosphate.
MNFK containe potassium nitrate and potassium phosphate giving
the ratios of the said elements as 15:15:15, superphosphate
ie potassium phoesphate and it is deficient in nitrogen,. where
it is used. The nitrogen necessary for growth is obtained
from the atmoephere throuwgh fisxation by blue-oreen &lgae
present in water. in aguatic habitat, it has been found that

phosphorue is vusually the most limiting factor to the growth



of algae (APHA, 1988). Incrganic fertilizer can be applied
gither by broadcessting or by sac method (Ovie and Adeniji, op.
cit). The introduction of fertilirzer may result in
gutrophication leading to nuisance growth of algae, oxygen
depletion, changes in physical and chemical conditions= of
water which may cause fish death (Huet, 1972). Proper
monitoring of the aquatic environment before and atfter

application of fertilizer ims, therefore, very necessary,.

2.3 Water Quality

The productivity of a given body of water is determined
by its physical, chemical and bioclogical properties. The
environmental properties of water need to be conducaive Ffor

fish to grow and reproduce well,

The phyeical properties of water include temperature,
turbidity, water transparency, etc., while the chemical
properties include pH, Carbondioride content, Ouygen
(dissalved oxygen), Nitrogen, Phosphorus, Bicchemical Oxvagen
Demand (ROD), etc. (Lind, 1979). Fish need thise environment
at ite optimum for proper growth, survival and reproduction
(Lind, op cat}, Pny change (i.e. either & rise or & fall}
from optimum will affect the existence of fish; therefore,

they should be properly monitored.
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2.3.1 Temperature

Temperature is the most easily and commonly observed
environmental parameter of water (Taive and Murray, 1981).
1t affects the dominance and distribution of phytoplankton in
water. Cairo (195886) showed that phytoplankton dominance
varies with temperature; between 20°C and 25%C diatoms
predominate, green algeae predominate at between 20°PC and 35°C

and above 35°C blue-green alpae are dominant.

Changes in temperature also lead to stratification in
the water column eséecially in deep lakes. Stratificatimﬁ
tglivides the water column into epilimnion (warm upper layer),
hypolimnion {(the lowesr cooler layer) and the thermocline (the
middle layer) which separates the two layers. The
hypolimnion is often sseociated with low primary productivity
and consequently, low dissolved oxygen (Wetzel, 1983%) .
Hawhes (1975) reported that fish and other aquatic organiesms
tend to migrate from the hypolimnion to the epilimnion where
water condition and food availability are suitable (Ridnevy

and Steel, 19738).

2.3.2 Ouygen (disspolved oxygen)

Riesplved gasese such as oXygen are essential for the
metabolism of &1l aguatic organisms. Ellis (1937) and
Briniey (1944) have shown that a minimum of 4.0 mg/l of
tygen is required to saintain & well rounded population and

below this concentration massive death of organisms due to
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guffocation may ocouwr except for some few tolerant ones. The
amoun't of ooygen in water 1is incressed by primary
proguctivity and by wind action which aerate the surface of

the water.

Beasonal ephanges of dissolved oxygen has been found to
be positively correlated with the density of phytoplankton
(DAB, 1941). Low turbidity, diurnal fluctuations, water
temperature, free carbondioxide and total alkalinity affect
primary productivity which resulte to & reduction in  the
amount of dissclved oxygen presence in water (Khan et al,
198%). Insufficlent amount of oxygen in & water body results
in anaercbic decomposition with the release of growth

nutrientse such as nitrogen and phosphorus used by algal for

increased growth.

The tnited BStates Environmental FProtective Agency
(USEPA)Y (1977) noted that dissolved osygen concentration e
not ocnly an impartan{ water aquality criterion in supporting a

well-balanced aquatic fauna and flora communitiee,

2.3.3 Hydrogen ion concentration (pH)

Hydrogen ion concentration (pH) is siénificant in
studies of primary productivity. Very alkaline waters are
generally unproductive kut pH values between 6.3 and 7.5 are
most favourable for productivity (Lind, 1979). Huest (1972)
reported that fish grow well when the pH of the ﬂater is

newtral or when it is elightly alkaline, that is pH values
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betwoan & and 8, But st high pH, orgsnic matter decomposition
is very bigh resulting in incressed carbondioside production
{(Talling and Raoske, 19267). High pH also facilitates
phpsphate removeal from water enviromnments (Goltermsm, 1970),
Th.is wlement s Amportant in primary  predwctivity. A
decresse  in  pH oresults in s deoresse in  species  diversity
{Badfrey, 1?30)... 7?  EJ;”J3 i' o ?:
:Tf o SR
2;4. Nutrient Reguirement of Algae B

Literature review d@éling with aspects of algal nutrient
reguirements {Piteairn  and Hawhes, 197383 Smith, 3942
.anéééd, 19@%;  Wartsbaugh, et al, 19605y Nichcla%, 1286)
reveals thet for &lgsl optimel or nesr optimal growbh rates,
gOMe organde nutrient and Anorganic smingral are essential.
Thé&se, nutrients are commsonly refered te s growth-prosoting
b

A

substances.

Studies rwva&i.that fh@lfmllnwing inprganic Elements are
reguired b ong o omore algal specien: MPK, Mg, fa, S, Fe,
fovia Mry, Ty Mis, Nay, Do, V, 81, ©1, H, and I. OF these, N, F,
Mg, Fe, Cu, Mn, In ard Moo oore regardéd ae bhe most essentials
of @il algee ard are not replaceable (Lewin, 19743 Smith,
1992 Nicholag, 19G4), On the ather hand, 8, K, apd Ca may
be  replamosd o some exient. The macromutrient elemenis
_rﬁ'quii"'md foar c;\ptimaf grawth include N, 7, K, 8, Ca, and Mg,
whar@as some  slgmente are essential to &ll algaer i smslld
spdantity (micronutrients).  Buch glements include Fe, Mn, Cu,

i



I, 8Bi, Na, NV and I. Cobalt is knowns tep be required &=
vitamin By, by algal flagellates (Hutner pt al., 1949) or 1in
the incrpanic  form by certain blue-green algae (MNicholas,
1984) . Scenedesmus ep require vanadium for growth (Nicholas,
1986): boron and eilicon have been demonstrated to be
essential for diatoems (Anderson, 1983 and burtebaugh et al.,

1985).

2.4.3 Nitrogen (N} and phosphorus (P)

Mitrogen and phosphorus are important nutrients needed
for growth &nd  maintenance of aquatic Droanisms
(Vallenveidear, 1976), Nitrogen ie obtained basically from
the atmosphere or from the environment (catchment area) an
the form of organic and/or inorganic fertilizerse. In aguatic
envaronment, free nitrogen is fixed by blue-green algae into
vuseful mitrogen  for growth. The aquatic microphytes use
nitrogen for growth thus depleting its amount in the water.
On  death and decay, the nitrogen is released back in  the

environment (Lind, 1979).

Nitrogen affecte the growth of primary proéucera in
aguatic habitats, According to larsson et al (198%5),
ingreassed nitrogen results in &0 Ancrease in primary
productivity. Beadle (1974) reported that uwndetectable
quantities of mitrate and phosphate in lakee &sre  commonly

associated with a veryv high rate of algal growth.
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1t can onily be introduced either as nrganié or inarganic
fertilizer (Lind, 1979 Vellenveider, 1976). Very low or
even undetectable quantities of phosphates in  lakes are
commenly associated with & very hiogh rate of algal growth as
i Lake George in Uganda (Talling and Talling, 19568; Beadle,
1974 . Woodson  and Gore (1968) reported that p;n-pharus
usually cccurs in very small amounts and this may result in a
deficiency in plants, and thus, a restriction in
phytoplanktan growth. It has alsc been shown that
phytoplankton may satore large quantities of phosphorus B0
that growth can continue long after the water has been
depleted of phosphorues. A decrease in ﬁhnsphnrus in  an
aquatic environment could be attributed to algal abundance
(Prowse and Tallinog., 19583 Talling, 194&47).

Einsele (1944) found that phosphate added to water
disappeared in & few dave, having been taken up by algae.
Woodson and Gore (1968) mentioned that inorganic nitrogen and
phosphorus  &re uwsually low, but that there may be other
factors influencing the availability of phosphate in  the
inorganic form. These other factors may include the presence
af iron chelators that help to chelate ferric oxide, thus the
removal of +the ferric oxide could make phosphates more
available in water and iron available for nitrégen fixation.

Nitrooen and phosphorus have therefore, been
established a&as limiting factors for the growth of algse
(Biggar and Cogpey, 19469). The dissoclved salt of these
elepents  in water are important for both algae and fish

growth (Lind, 19793 A&PHA, 1980).
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2.4.2 Cations - O C

Musch  work  has besn gone to ascertaln the  gffects  of

these isrs @ plant growth and  the distribution of
mhytmmlanktmh. The pocurrence o ahsence of  one of the

eatione will affect growth (Horthington and Ricardo, 19345,
Thie wftfecte of any one of these natrients  can hardly e
isalated from mndth@r, for they &re  wvary  interdependent

(Yoodsorn and Gore, 194580 Fotassium and sodium heave  been

#ide}?’ studied. Talling and Talling {19&W) ectimated
ﬁmtmﬁﬁium'mnd gpard dwvin by Thame photometier and found that the

comcentration of thaese Lwe ions increased with an increase in

corchictivity and tots) ionie concentration,

R

Potassiwm  was  slwavs present in smal ler amount  Lhan
acdivm,  but  the ratico of the e dlons does not show any
coneglderable  variation. They did nmt,lhmwavﬁr, study  Lhe
importance of these ions on the algse. Most studies seem fo

imgdicate the significance of potassium ip slgal development

withewt  stadving the specific role this element plave  in

their life (Woodson and  Gore, 19468 . Micholas {12840
berlieved that potsssiom serve az achtivetor of  enzymes  in

plant  metabolism. Biewsrd (1974) and Nicholas (1984)  alsar
reported  that remarkable gepressions of the photosynthesis
rate ohserved in Nostoo and_Chlorells was as & result of a

deficiency in potassiuam, while other cations like magressiom

aidd Galcium are very important in algse growth, Magnessiam
o on
i & constituwent of  chlorophyll, N therefore & cheef vt b

requirement for pigmented slgae and alsp essential for  the



formation of catzlase. Magnessium deficiency interrupts all

givision in Chloreglla sp resulting in abnormally large cells

(Stewart, 1974), While calcium, like some macronutrients of
algae, are very essential but the guantity required vary
greatly between species. Cell division of certain algae, for
erample Coniun, tend to be affected by calcium .cmn:entratimn
{FRound, 19280), Calcium ions are known to stimulate shaath-
formation in (scillatoria limossa (Foerster, 1944) and promote
flagella agglutination in Chlamydomonas sp (Wieee and Jones,

19631, Stewart (1974) demonstrated that the thicknees of the
covering of the cell of & number of &pecies of blue-green

algaee ie both calciwp and magnessiun-dependent .

2.8 Objective

f
L3

Some scientists  have worked on the stimulation of
specific algee weing either organic or inerganic fertilizers
or using two different crganic fertilizers to produce a&lgae
in  large amount; and used as fish food and for waste
treatment ., RowoeudO no work has been done on the éffe:t of
arganic (chicken droppings) and inorganic (NFK) fertilizers
N algae growth in aguaria tanks with the intention to
decrease the high competition that exists between man and

cother orgenisme for the smaller protein supply.

Therefore, this research was designed to determine:
(a) the compasition  and relative abundance of alogae

stimulated by chicken droppings and/or NPK fertilizer,



(1)

(<)

(d)

(@)

the different alpae digested by Qreochromnis

niloticus.,

the various growth response in Qregchromis n;léiigug in
the stimulated algae water with the addition ot

some local food supplements.

the physico~chemical changes that occur in  the tanks,

their effect on slgae and fish growth, &nd

finally, the rate of mortality in Orecghromis nilgticus

during the experimental period.

b
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CHAPTER THRER
MATERIALS AND METHODS

3.1 Algae Growth Stimulation
Algae growth in aguaria tanks were stimulated using
chicken droppings as organic fertilizer and NPK (nitrogen,

rhoephorue, potassium) . as an inorganic fertilizer.
The chicken droppings were obtained from NAPRI chicken farm

and sterilized in an autoclave at 121°C for 15 minutes. The

NPK was obtained from the open merket.

Water already seeded with &algae was obtained from

Kubanni Lake (University Lake) and 28 litres dispensed into
20, 32 litre tanke standing on a raised platform in the open

{(Plate 7). The following treatments were carried out.

y 10 grams of sterilized chicken droppings were
introduced into eight of the tanks;

2. 5 grame NPK were diseolved in eight of the tanks;

3. 5 grames and 2 1/2 grams of chicken droppings and NPK

respectively were introuced into twe tanks, while two

tanks were left untreated as the control.

The algae that developed in the tanke were monitored
weekly for seven weeks using cell density and identification
of the algae taxa that developed in the three fertilieed
treatments. Algae taxa identification was either from fresh
samples or from samples preserved using Lugo;'a solution.

Where necessary, fresh samples were concentrated by

28
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3.2 The Effect of Algal Growth and Food Supplement
on the Srowth of Qrgochromis niloticus (fish)

240
Ferr fish fingerlinge collected from Maigana fish Ffarm
D
were acclimatized for one week after which  they weirE

intrad?qrd into 10 gsete pf replicately treated aguarium
tanku,. Before introducing the fish in the tanke, the a&algae
vwere allowed to develop for two weeks, then the different
food supplements were added with the fish forming ten sets of

replicated treatments, namely:

A, Lake water and chicken droppings

E. Lake water, chicken droppinge and corn bran

28 L.ake water, chicken droppings and groundnut cake

D, Lake water, chicken drop3ings, groundnut cake and corn

bran at J0OL prnfein level

Es Lake water and NPK fertilizer
F. Lake water, NFK and corn oran
5. Lake water, NFE and groundnut cake

H. Lake water, NPK, greoundnut cake and corn bran at 30%

protein level
g Lake water, NFK and chicken droppings

S Lake water (untreated) control.

The standard length and weight of the fish was taken
once a week for seven weeks. Comparison was made between the

treatmentsy;  this was based on the mean body weight and mean

standard lengith gained.

=1



3.2.1 Body weight

The initial mean body weight of each =et of fish
introduced into the tanks was measured to the nearest gram
ueing an electricml balance model P1 200 N. By the end of
each week, the mean weight gained by the fish in the various

tanks were calcuwlated.

X.2.2 Standard length

The mean standard length of each set of ten fingerlings
in each of the treatments were measwred by the end of each
weehk wsing a measuring bosrd. The mean standard length
pained per weerk per treatment for the seven weeks was

calculated.

3.3 Feeding Habit and Food Selection

After seven weeks two fish from each of the treatments
{where the fertilaizers were introduced) were removed, washed
and dissected. The gut was removed and sectioned into fore.,
mid and bind gute. The gut contents were scrapped onto &
glass slide and chserved under the microscope. The different
algae taxa were identified in the different cultured media
and sketches were made, Note was taken of the different cell
structure of algae, that is, whole cells, partly digeeted, or

completely digested, found in the gut of. Orecchramis

niloticus.

4
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3.4 Culture Parameters
Far proper fish growth and survival, the condition of

the culture medium were monitored angd analysed same hour.,

pach week for seven weeks,

The water quality parameters monitored were:
1. Temperature
p Dissolved oxygen (DO)
B Hiochemacal oxygen demand (BOD)
4. pH
Sia Conductivity
&, Nitrate-nitrogen (NOgN)
Za Fhosphate-phosporus (FO4-F)

8. Fotassium

This experiment was done in two phases:
a. Culturing of algae in NPEK, chicken droppinge and control
wanter s

o Y8 Culturing algae and the &ddition of local food

supplements.

3.4.1 Temperature

Both shade and water temperstures were measured with
alcohol  in bulb thermometer calibrated at intervals of 19C
with a  maximum temperature reading of  40°C. Shade
temperature was taken by holding the thermometer asbove the
water for about five minutes uwntil it stebilized. Water

temperature wae determined by lowering the thermometer into.



the water in an inclined position for about five minutes to

aliow for equilibrium before recording.

3.4.2 Dissolved oxygen (DQ)

This wae determined by the modified winkler azide method

(Lind, 1979; APHA, 1988).

Duplicate water samples in Z50 ml brown aground-glass
stoppered bottles were Tixed on the site using 2 ml manganous
sulphate as catalyst followed by 2 ml alkaline-iodine azide
salution. This treatment fires the dissolved free oxyagen.

In the laboratory, 2 ml concentrated sulphuric acid {Hp;5804)

was added. This d%ssoivad the precipitate compley formed
betwesrn  the azade and dissolved oxygen releasing molecular
iodine pguavalent bto the dissolved oxygen. Thie solution is
yalinw or brownish depending on the snount of icdine, 100 m)
of this scolution was titrated with 00,0128 N sod 1um
thiocsulphate wntil it turned pale yellow and 1hm1 aof starch
solution added twning the salution te blue colour. The
titration was continued until the blue colour disappeared.
The volume of the 0.0125 N sodium thiosulphate titrant used

is equivalent to the dizeplved odygen present in the original

sample (Lind, 1979). The total dissclved oxygen mg/l was

calculated using the formula:-

Dissolved oxvgen (mgsl) = V(D) x N(D) 2 8 » L1000

e e e e e L e

Volume of Sample-2

D = sadium thipsulphate (NaySo0+)



Noo= normality of Naglgly)
Vo= volume of threosulpHrate (0.0125 N)

veed in the titration.

X.4.3 BHiochemical oiygen demand (BOD)

Water samples in the dif erent treatments were incubated

gt room teaperature for five days in  the dark before

titration= for oxygen using madified winkler—-azide method

(Lind, 1979 and APHA, 1980).

(BOD mg I~%) = Dissolved oxygen on day 1 - dissplved

oxygen on day 4.

3.4.5 pH

Sub-surface water samples were collected from the tanke
wsing plastic bottles and‘taken to the laboratory for pH
determination. A pH meter pye unican model 292 pH was used
and the temperature compensated at 28°C., The pH meter
was standardised with buffer solution at pH 4.03 pH 7.03 pH

7.0 using pH tablets (GURR), before the readings wereg taken.

3.4.6 Electrical conductivity

SBub-~surface water were zollected from the tanks and
conductivity measured LHsing & conductivity bridge
felectrolytic conductivity measuring set model MC-1, Mark V)
with the temperature compensated at 25°C with a cell constant
of K = 0.1 was pre-rinsed and filled with 1the ‘test water
before the readings were taken. The readings were expressed

in micro-ghm/cm (unmhos/cm).

A
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3.4.7 Nitrate-nitrogen (NOz—-N)

The estimation of thig was carrigd out in Soil Science

Depairtment.

The phenoldisulphonic acid method was used ag bescribed
by Mackereth (1963). 100 ml of water samples were evaporated
to drynese followed by the addition Ef 2wl pheneldisphonic
acig to the residue. This was left for 10 minutes. 10 ml of
distilled water was added followed by & ml strong ammonia
solution. The resultant wellow mixture was stirred &nd
#llowed to cool. The absorbance was messured st 410 np wave
length with a spectrophotometer model 5101, using distilled

water as the blank. The NDE—N concentration was read from

the calibration curve.

3.4.8 Phosphate-phosphorus (POg-P)
The estimation of this was carried out in Seil Science
Department. This was determined by using the Deniges method

(Mackereth, 1963; Lind, 1279; APHA, 198B0).

1 ml of Deniges resgent and five drops of stannous
Chloride were added to 100 ml water samples. Absorbance &t
&20  run wave length was measured with a spegtrophntnmeter
model S101 using distilled water as the blank. The PD4—P

concentration of water sample was read from a calibration

CUrve.



3.4-9 Potassium <K%)
The estimation of this was carried out in Boil Sci ence
Department. Potassi Ufl w»ss estimted using the flame photo-

met »rftnd re&ullsrecord »d-

3.5 Survival Rate

Michp'"ecautionsaapossi blewastakent oavOi d
stress on the experinmental fish. The tanks were observed
daily for dead fish which were rwmovwd i nmediately. The
per cent age mortality per treatment was calcul ated and

conpari sons between treatnments nmade.

3.6 Statistical Analysis
The results obtained for all the parameter arB shown in
Tables 6, 7 and S. Those msuits wer e subjected to

statistical analysis using analysis of variance (ANOVA).

The analysis was done according to Wal pole (1992) and
the results for the various parameters were tabulated as

shown in Tables 10, I|.t and 12.

Test: "'otesti ft heobsErvedvaluei ssi gnlfi canlgthe
cal cul ated val ue should be |less than the observed val ue- In
the case of this research« the values were cal cul ated as

f ol lowse
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Puring algal culturing, the F-calculated was:

source Df F-value
Feplications b > A |
Treatments 2 8.1
Errar 13

During algal culturing, addizion fTood supplements and fish,

the F-calculated was:

Spurce DF F=value
Replication & 2.67
Treatmenta - L) 2.38
Error o4

The calculated F-values were 3.7 and G.1 durang alagal
culturing and 2.69 and 2.358 when supplementary feeds were

added to the culiture.

The observed wvalue 18 rejected 1f less than thes
calculated value. Conversely, it is accepted or significant

if more than the calculated {tabie) value.

In the calculation for F-value, the following foraula

wase used:

Correction factor (CF) = (x}2
tr
where
t = npumber of cbservation 10
= npumber of replication Py
ne = squares of grand totsal (GT)

Total sum of squares 88, 0ta1 = (x)z = BF
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Treatment sum of squares 88y . ypenyy = A2 + B2 4 2
”
- ow J"_CF-

M. B, £, D are the treatments.
Bum of =quares Of error = EBi.pa; T ®Spep + trt
55 s
DF = {(t-1} or (r—-1), degree of freedom for treatment or
for replication.

Mearn squares of treatments

- v — T o b

DF treatment

Mean squares of replication:

e e e e e e —

DF of replication

Mean errgr = Ms =3

error Serr/df error

Df tir-1)

error

F-value or F-ratioco = Matreat/muarror'

The ANDVA uwsed was a one-way analysis of wvariance or

completely randomised design (CRD).

In testing the significant level of the F-values the
confidence limit taken was P < 0,08 at 98% confidence level.
The wvarious F-values for the different parameters are shown

in Tables &b, 7 and 8 of Appendix.



In orosr o hnow the be=t ifresiments ane Iz r2commeno

~
the best treatment witn the best Tizh growth. “he ls=ast

sionificant diffarence (LODY waz calculated.

P
a8 shown in Tahle and Talbl=

ErdT = ervor deares of freedom

oas = error mean sgouars

R = jeplication

Lenath-weiaht relationshin.
Rearezsion line sguation is W = al®

W = weiabt

I = dempnotlh

Eonstant

u

R

o= exponent

Eauation of the lins = Tog, = fea_ + & Joa T or ¥ = gx » o
The regression coefficient & = x¢ - % 3
--;-
£ nﬁ-\ Yt T V-
n “n
a = ny - bt v
. n
xe = w:i
'-'.

Tha rondition FTactor. ¥ iz given by =
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K= 100w

R
W= weiaht
. = Eflandarag lengts
b = FeEgression CoeFtFicyenta,

The Frotein. Efficicncy Ratia = unid waight gained

T e k. ot e e e e e

Mait oratein Fed
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CHAPTER FOUR
REBULTS

4.1 AloaE Tana and plgae growth Rate in

chicken Dropping® and NPK Stimulatnd water

pAbout o0 algal rara wWere identified in 40 geners fraom
vubanni \ake and from water collected from Kukanni lake
eated with chicken dropping® (organic fnrtilizer) ard
IPK (inorganic fertilizer). The trgated water’ ahowed

1o prent algal growth rate and enhanced different types of

AEh e

in the control tank®s the following rana were
identified: Chloruphyta wase found to be the most dominant
givision with Srenedesmus dimorphis and Cosmar il gp @8
the most dominant gpecies. Eng;ennphyta was the nent

division with Eunglens =p peing the nost dominant. Cyanophyta

ard Bacillariophyta were suh—dcminant givision. while
Pyrruphyta was the jeast repreaented waith Pgrigigum gipctum

as the only gpecies (Table 2) .

in the NF¥ ctimulated waters chlorophy ta was the most
dominant division with geenedeeMis dimorphus and Scenedesmué
guadri}ue as the most dominant epEClEs. Euglennphyta was the
nent with Euglens sp =3 the most dominants while

cyanophyta antd bacillariophyta VIET E paorly repreaented {Table

2},

in the chichen droppings Etimulated water chlorophyta

and euglenophyta were the most daminant division. Cyanophyta



and bacillariophyta were sub-dominant and pyrrophyta was
poorly represented with Peridinum cinctum as the only species

{Table 2).

In the NPK and chicken droppinge stimulated water,

Sgenedesmus dimprphus (chlorophyta) was the most dominant
gpecies. Euvglena gsp and Phacue ep (Euglenophyta) were sub-
d@minant, while FPeridinium cinctum {(Fyrrophyta) was poorly

represented.

Comparing all the four tresatment=, chicken droppings wa=
more productive. It contains not only phyteplankton but zoo-
planktong &as well. The zooplanktons were crustaeceans and
insects. Crustaeceans was found moztly in chicken droppings
stimtlated water and the control. While insectes were poorly

represented in NPK stimulated water.

Deecriptions, sketches and photographs of the different
taxa found in the control, water stimulated with NPK and
chicken droppings are eshown 1in Flates 1, 2, 3, 4 and 5
respectively. The distribution of taxa in the different

treatments is given in Table 2.



TABLE 231 ALBAE TAXA AND THEIR DIFFERENT DIVISION FOUND IN
NFK AND CHICKEN DROPPINGS BTIMULSTED WATERS
PIVISION GENUS/SPECIES CTRL NPK CHICKEN NPK AND
DROPPINGS CH. DR.

o e o B W e S M S Tt N T o S o o S o o o b it o S At i Sl M b S i O o S

Euglenophyta Euglena minuts =

Chlorophy ta FPandorina morum -

Cyanophy ta Microgvstis - - - -
aeruaion=a

Chloraphy ti Cosmarium SD. - =
Cyanophyta Merismospidia - - -

tennissima

Cyanophyta frabaena - -
spiracides

Cyvanophyta Oscillaria pigna - -

Chlorophyta Crucigenia - -
irregularia

Eunglenophyta Trachelomonas -
volvooina

Euvglenophy ta Tracehlomonas &p. -
Unidentified - -

Unidentified -

Euglenophyta LhalCus SQ.

Euglenophyta Phacu=s =p. -
Chlorophy ta Scenedesmus oblignus

Chlorophyta Haematococous lacustrise

Ehlorophyta Tetradon minimun

Chlorophyta Scenedesmus dimorphus

Chlorophyta Clusterium =p. :
Chlorophyta Scenedesmus lonous

Euglenophyta Fhacus =p.

Chiorophyta Gleoocystis planctonica
Chloroph«tm FPhytoconis sp.

———— . Y ———— ] —— S S o . o it . T T S T o o o i B e S
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TABLE 2 cont’d

—— o tn . e

DIVISION

GENUS/SPECIES CTRL

e e e et e et e e e n — — — —

MNP AND
CH.

NPE  CHICKEN
DROFPFINGS

i s . e S A S S S S S S S . S A S S N S S P R B § b i S . S Sy S B S s S S N S s S S e S S S s — o

Euwglenophyvta
Pyrrophyta
Diatoms
Unidentified
Chlorophyta
Chiarophy ta
Chlorophyta
Chlorophyta
Chlorophyta
Diatoms
Diatoms
Diatoms
Chlorophyta
Chloraophyta
Chlorophyta
Euglenophyta
Cyanophyta
Chlorophvta
Euglenophyta
Euglenophy ta

Diatoms

Peridinum cinctum
Frushula spp.
Ulothris =p.
microporum
Sphaeroples 2p.

Scenedezqus gradrilus

fe] o 2511

Cosmarium contradum
MNavicula sp.
Eipnularia sp.
Unidentified
Dedogonium £p.
Scenedesmnus sp.

Cosmarium sp.
Euglena sp.

Microcvetic sp.

Chloroccoccus dispersons

Trachelomonas hispidia
Jrachelomonas sp,.
Cymbella Sp.

e e e o i e e e
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FRME 3: RELATIVE ABUMDANCE OF ALBRE TAIS IX THE DIFFERENT TREATNENTS WITHIK SIX ¥FESS

SpECIES LAKE BATER (INTRERTES) CONTREL WY TREMED ¥OTEZ CHICKEN DROPPINGS TREATED WpTEE - . L
WEELS 1 0% 4 % & 0t 7 3 4% % & 1 12 3 & 5 g :
fuolens £ €3 Lé L& 303 4 89 &9 81 L9 05 3 24 89 &9 7B 153 4.8
Pandorima sorue L. &% 1 1 2 0 7 b b - OIS D0 0I5 0% e 2.h 24 - O
Microcyetis sp 0 - SRS S S S 15 % ST 5 SN 8 S S % S 6.+ BN O SN 6 S
{zemarive =p CR® R - 2 3 B Y - 6B 2 12 6.3 125 1,75 49 3% 08 - 3
fericarpesic tesniscise 0.1 - R 7 SO0 T 6 B - - - - - - - [
hrataenz spdroides . @25 AE BF 1 &R 0% 40 G483 -0 - - - - 61 5,25 RA 4D - T TR
fscillateris nigra S - = 7L S S TN SRR 2 2 T S S 5 S
Crecigemiz irregelards 0.3 - - - 83 - - - - G - - - &1 L6 2.5 41 03 Lo e
Trachelogoras p BT 2 Z . N X 5 N 5 0 5 S B K R JF S S O SR
Fhages = e IR 038 Le b 37 LG RS M 6% 2 08 0.9 LY 47 63 7 8B e . 2T _
Srespdesass sp - BT 4,9 7 L E 6,5 7.2 4 .5 7.3 8 1 %2 B BRI 66 - e
Hapggtorerens cp Ly 0,2 - 8.1 6t i 1.7% - - - - - LYy - - - - - ; : PR
Tetradon sinisug e S 2 S 7 R S % S 5 ST T T8 S 28 T P R
Peridinue cinctus LIS e O S S R T I R S S 0T S0 S 90 : ;
Fruchilz sp 8.1  #2% - - 6,3 6.8 - - - - 61 - 2,1 4f 4t - - 8,25 4.4 - ’ : "
Blothric ep 64 1 - 81 A 82 RS - - T et - - @ 02 - - ZA g - <o o <
Sphacroplea sp 8 - - WAL Al et L3 em 0t - 8y - - - - - - T R
Hariruls sp I ot S T T 5 B O T % I ¥ T o
Pinnuleria sp 0.8 02 426 L F 00 0463 026 6.2 04 - 01 05 6Bty 32 el T oo
fiedogonine sp 280024 2% 36 LY 2 - 7 01 B 01 04 088 G 1 43 5% 81T T T
crsbells sp 6% 63 L+ L1 7  &1 - - - g8 - - 83 01t 01 LT 6.1 D e
Chiprocotius dasperous 0.§ - - - 81 Y - - - - - R | 75 S L35 I P S S T

Eoelacirus eicroporus €7 ¢.(F - - - - - - - - - - - - - - - - R
Clusterive cetaceun 861 - - 6.1 6.1 g,

gleecyclis plartapirs 4.1 L
Fhytotonis g1 - Ll - 1 g

=
T
1
1
®
[y

81 % %1 - - .- - Ll ) A1 4.8




TABLE 4: RELATIVE ABUNDANCE OF ALGAE DIVISION
FOUND IH LAKE WATER

SPECIES W ; E KBS ) ) -

oy 2 o= s s 6
Euglenophyta B.1%  19.9% - T0.0%  23.4%  30.3%  33.5%
Chlorophyta 81.9% 69.9% 59.8% §85.3% 47 . 7% 47 . 4%
Cyanophyta w. 0% 37.0% 2.8% 12,3% 11.3% 1b.9%
Bacillariophyta J.9% 5. 9% 7. 5% B.6% 15.0% 2.0%
Pyrraophyta Q.6% e - O.4% &, 8% O.1%
TABLE S: RELATIVE ABUNDANCE OF ALGAE DIVISION

FOUND IN NPK STIMULATED HRTER

q;ECI;S : . WEEKSESE o

D 2 s s s 6
Euglencphyta 43.9%  06.3%  A4.1%  Sb.6%  B.6n  17.2%
Chlorophyta 54 .0% 50.2% 33.7% 40 . 5% 85.4% 81.1%
Cyanophy ta 185 2.9% - O 7% 5.5% O.a4%
Bacillariophyta Q.6% O.7% 2.2% 2.2% - 1.73%
TABLE &: PERCENTAGE RELA%IVE ABUNDANCE OF ALGAE DIVISION

FOUND IN CHICKEN DROPPINGS STIMULATED LAKE WATER

spECIES weeks

“““““ i1 2 s & s &
Euglencphyta 20.9%  86.2%  80.2% 35.7% I8.3%  61.8%
Chlorophyta b4 .1% 44 1% 44 .47 42.2% 37 :.2% 32.4%
Cyvanophyta 3«12 2.4% 10.3% 19.7%4 7.9% 0.8%
HBacillariophyta 3.0% 2.4% 4 .8% 2.8% 19.9% 4.,4%
Pyrrophyta 0.5% 0.4% O.b% 0.2% 0.2% 0.4%

D G S S T S S S S D S S S W w— S S S S s T S S S A S S i T S i e S S S S S S S S S S S S S i S S0 s o s S
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The relative abundance of algal taxa found in the
dgifferent treatments are ghown in Table 2. The percentage
relative abundance of the various division in the different

treatments are given in Tablee 4, 2 and &6, Figs. 3, 4, and 9.

Table 3 ahows  that inc-ease of algae growth in  NPK
gtimulated water had ite maximum growth in Week 2 and the
least growth in Weeke 3 and 4. Iin chicken droppings
"stimulated water, the highest growth was pbserved in Week 5

and lowest in Week 2.

4.2 Fhysico-chemical Parameters

Table 2 shows the physicao-chemical parameters measured
from the algae stimulated aqater wusing NPK  and chicken
droppings as fertilizers. Table £ shows the physicoichemical
parameters meEasured from the &logae stimuileated water,

additional local food supplementa.

4.2.1 Temperature °C
The temperature values obtained fTrom shade and

experimental tanks in algae stimulated water are shown in

Tables #a and Ba.

The average shade temperature was 29.6°C. The highest
water temperature (27.7°C) was obtained in chicken droppings
stimulated water. The lowest was found in  the control
25.8°C. There was a significant difference in temperature in
a&lgae stimuilated water in the different fertilized treatments

14.3) .

]

(F=value



TABLE ql THE PHYSICO-CHEMICAL PARAMETERS OBSERVED WITHIN SEVEN
WEEKS IN UNTREATED LAKE WATER (CONTROL), NPK
{INORGANILC FERTILIZER) AND CHICKEN DROPPINGS (ORBANIC)
FERTILIZER DURING ALGAE CULTURING AND FISH CULTURING

#a: Temperature (in °C) observed within 7 weeks during
Algas cultivation in the different fertilized media

o v —— e o S Y {— o W W S . " A o gttt (o o S S S — o a1 o oo g o e S et T oy e

TIME IN NFK FERT- CHICKEN CONTROL  (UN- SHADE X S
WEEKS ILIZER DROFFINGS TREATED WATER) TEMF.

By G G i — T M W S e i o b o e S b bk B i S i M o o St et o o T o iy |
.

Temperature (in ®C)

01 29 30 29 32 S0 120
oz 28 29 27 =53 29.3 117
O3 27 28 20 29 27.5 110
Q4 21 3 21 26 22.8 21
Of 26 26 22 27 25.3 101
Q& 27 29 27 =0 28.3 113
07 28 e 27 32 29 116
» 26.7 27«7 25%.8 2.0

Z X 185 194 131 207

e e e o o S S o ot i e o o o o e i b A A Bt s o S e i i i e e o et B i

ANOVA for Temperature in weeks for the
different fertilized media

B S —————————PEE P P SRR

Temperature

Source DFf 55 MS P
Feplication weeks (bl-1) é 2 0.3 Q.08
Treatment (t—1) 3 159 53 14.3
Error (w—1)(t-1) ig bHb 3.7

e o e ot et e e s ot S e e f o e o ko o amn s e o o T o o e e b e o e S e e ) e e o St S R R et



<
TABLE Ba: TEMPERATURE IN WEEKS FER TREATMENT

T T S s S i S W S S S f— S T . S S T g S S S A S S S St S S i s S S i oyl A W S S W PO O s A A S S S S S i S S-S0 i s S S e S

1 2 d
A 34 27 28
B 28 27 25
C 29 29 24
D 27 29 25
& 29 28 26
F 29 29 25
a 2@ 26 25
H 28 22 258
i 27 29 25
a 27 27 25
8T 32 30 28
X 28.4 28.2 25
£x 284 282 280

——— e o g e T o o e . o i — ——— o

BT = Shade Temperature

26
22
28

26

ANOVA FOR TEMPERATURE IN WEEKS PER TREATMENT

Bource
Replication (Weeks) (w-1)
Treatments (t-1)

Error {fw—31)(t-1)

TJotal

Df

&

e

S8
150.57
15,73

42,57

& 7
20 26
28 2%
27 26
29 24
22 2am
29 26
30 27
30 28
pic) 27
29 27
32 29
28.9 26,1
289 24681
Mm.8 F

25.0983 31.8
1.748 2.22

0.788

P o — i, S o i o S O bt B o T o e S S S e o o s e S S gy e i e T o B S s S o b



Within the fertilized treatments, Week 2 had the highest
{29,.3°C) and Week 4 had the lowest (22.8°C). There was no
significant difference in temperature (F-~value = 0.08). in
algae stimulated water and food supplement, the average shade

temperature was z30°¢.

The highest water temperature was pbtained in  treatment

4 (27.99C) and the lowest (26.%9C) in treatment B, There

agre no significant differences in temperature betwesn

treatments (F-value = 2.2).

lithin treatments, the highest water temperature
(28.9°C) was obtained in the sixth week. While the lowest
temperature  (259C) was  in the third week. There was &
significant difference in temperature within the different

treatments (F-value = 31.8).

}.2.2 Hydrogen ion concentration (pH)

In a&algae stimwlated watesr, the highest pH (B.4) was
stained in chicken droppings water, the lowest was obtained
in NPK stimulated water (pH = 3.2) (=epe Table<44. There waes

significent difference in pH in algae stimulated treatments

‘F-value = 19).

Within the treatments, the highest was observed in  lWeek
b (2.3) and the lowest was observed in Week 1 (8.0). There
s no significant difference in pH within the different

‘ertilized treatments (F-value = 0.09).



b: pH observed within 7 weeks during Alpas cultivation
in the different fertilized madia

TIME IN NFK FERT- CHICKEN CGN;;;:—:;;:-_——“-g --------- ;;;"‘-
WEEKS ILIZER DROFFINGS  TREATED WATER)

aft F.0 7.0 .2 8.1 24 .2
02 8.0 8,3 7.9 8.4 24,2
O3 a9 B3 B.7 8.3 24.9
04 8.3 ag.a £.7 8.6 28.8
05 8.0 ?.9 £.3 8.7 26.2
Qb 7.9 F.1 8.0 8.3 25
07 B.1 8.7 7.6 8.2 24 .4
% B.2 8.6 8.2

Sy 87.2 60.1 57.4

ANOVA for pH in weeks for the different fertilized media

I e e e e o e o e e o M e i i et et o e o ek b e ot o o St S i o o S o S B i S S 2 S e S o S i S S o e

Df 85 MS F
Replication & Q.79 .13 0,08
Treatment 2 n5.9 27 .95 19
Errar 12 17.61 1.47

T — ——— —— — —— T T T — i —— e S~ T —_" Vo T b 7 S o s B P § o8 S S S P S B S S S ———— — T o — o ———

L
on



TABLE B8b: pH IN WEEKS PER TREATMEMT

3 2 4 4 ]
f 8.3 B 9.4 .9 9.1
B 8.0 8.3 @.0 a.7 a.
c 8.0 8.1 8.1 a.% a.
D 79 7.9 8.1 7.8 7.
£ 7.9 8.3 8.3 7«9 P4
F 7.9 8.3 7.4 v 7
G o a.4 8.2 2.5 8.
H 7.9 8.3 7.2 7.9 7.
I p A 8.&6 8.2 .4 8.2
uJ 7.9 8.7 8.3 €.4 8.1
X 8.0 8.3 8.1 €,4 8.0
£.X 79.6 A3,.2 B80.9 BX.9 80,0
ANOVA FOR pH IN WEEKS FER TREATMENT
Source Df
Replication (Weeks) (w—1) & 2.23
Treatment (t-1) 9 .42
Error (w-1)(t-1) a4 6.23
Total ;;

s — T T — {19 2 10" 1S4 8 ot S B o W . e i e 8 St T — - . i 8

i

7.7

8.0

7.7

B'l

7.8

8.2

8.3

B s e e T T T . B S o i S S o e Sk B o o S it i o W o e b



In algae and foood supplemnented waters, within treatments
Week 4 had the highest pH value (8.4) while Week & had the
lowest (7.9). There was a significant difference in pH
within the different treatmente {(F-value = 3.12) (see Table
5b).

Retwesen treastments, treatment A had the haghest pH  (pH
71 and treatment D had the lowest pH values (pH = 7.7).

There was a significant difference in pH between treatments

(F-valus = 8.70).

4.2.3 Conductivity, K,0
The conductivity values obtained from the algae

stimulated water are shown in Table ﬂc.

The highest conductivity value (2.3 » 107¢ microhoms)
vas found in chicken droppings stimulated water during algae
ulturing. The lowest valu= (1.6 x 107% miocrahoms) was
sheerved in the controel. Thers was & significant difference
in conductivaity between treatments duwring algae culturing (F-

ralue = 4,.1).

Withirn treatments during algae culturing, the highest
ralue (2.6 10—2 microhoms) sase observed in Week 2 and the
owest (0.7 x 107% picrohoms) in Week 5. There was no
tignificant difference 1in conductivity within treatments

luring algae culturing.

The conductivity values were not constant between and

tithin treatments but their means were fairly constant



%e:  Conductivity (Kpg) x 10™2 Microhms) observed
within 7 weeks guring fAlgae culitivation in the
different fertilized media

___________________________________________ i s s s e

TIME IN NPK FERT- CHICKEN  CONTROL (UN- X £

WEEKS ILIZER DROFPINGS TREATED WATER)

o1 s e e s 4.6

02 3.8 . § 1.8 2,8 8.4

QX 2.9 1.1 .8 2.5 7.0

04 1.4 2.4 1,0 L7 8.0

Q& Q.4 1.8 0.2 0.7 2.1

Ot 2.2 2.4 2.1 2.3 &.7

07 2.2 - 1.0 P 6.7

> £.9 2.3 1.6

=X 13.6 16 11.6

ANDVA for conductivity (Kgpg) » 1072 Microhms in weeks

for the different fertilized media

————————————————————————————— Df S8 M =
Replication week & b IR 0,18 Q.16
Treatment 2 8.9 4.5 9.1
Error 12 13.5 %ok

e T [ [ S ———

od



S
TABLE 8c» CONDUCTIVITY {Kgﬂ% IN WEEKS PER TREATMENT

(1 »n 1 )} MICROHMS)

“““““ : 2z = a4 s & 7 3 &x
A 1.8 3.4 1.2 2.6 1.4 0.8 2.7 1.8 11,3
B X Sl 1.2 Bl 1.8 0.8 3.0 2 14

C 1.6 I 1.2 2.0 © 1.9 LA Xl 2.3 16.4
- 3.6 3.4 1.3 1.6 5.7 T.b  J.0  20.8
& 1.6 $. % 3.4 i 1.4 4,8 3.5 2.8 12.8
F Y:58 SR i, T o 1.9 1.6 4.6 X.7 s 21.9
6 1.6 2.5 1.2 2,5 1.8 2.4 3.2 2.3 15.9
Ho 1.7 8.0 2.2 1.4 2.1 4.0 3.7 3.3 23.4
T 1.7 3.8 3.5 1.9 2.1 5.0 3.6 2.9 20.3
J 1.8 3 il 1.9 bir 8. Sid DD 2.9 20. 1
¥ 1.64 4.0 2.4 1.9 1.7 3.5 .4
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ANOYA FOR CONDUCTIVITY IN WEEKS PER TREATMENT

Source Df 88 MS F
Replication (w=1) [ ng,.235 9.06 60,4
Treatments (t-1) 9 14.84 1.65 i3
Error (w-1)(t-1) ; a4 8.32 0,15

Total ;;



ranging from 1.8-2.4 and 1.44-4 microhome respectively in

algan culture and food esupplement media (see Table ag}.

Between treatments, treatment D had the hiighest
conductivity wvalue (4 10*2 ricrohoms) mnd treatment A had
the lowest (1.8 x 107° microboms). There was significant

difference in conductivity between treatments (F-value = 11).

Within treatments, Week 2 had the highest conductivity

. -

(4 » 10 “ microhoms) and Week 1 had the lowest (1.64 » 10 2
microhoms). There Was a zignificant difference in

conductivaity within the treatments (F-value = &0).

4.2.4 Dissolved oxygen (DQ)
it
Tablee 7d and B8d show the amount of dissolved oxygen
preaczsent in the water during algae culturing and also  during

algae culturing and food supplements.

In the algae culture waters, NPK stimulated water had
the highest dissolved oxygen (5.1 mg/l) while chicken
droppings (4.% mg/l) had the leowest. There was no

eignificant difference in disselved oxygen {(F-value = 3.%),

Within treatments beek 2 had the highest value (5.6
ma/l) and Week § had the lowszet (3.8 mg/l). There was no
significant difference in dissclved oxygen within treatments

during algae culturing (F-valuz = 0.8).



#Gl Dissolved oxygen (DO) mg/l cbserved within 7 weeks during
Algae cultivation in the different fertilized media

TIME IN NPK FERT- CHICKEN  CONTROL (UN- X Ex
WEEKS ILIZER DROFFINGS TREATED WATER)
o1 s a3 6. sa  18.9
02 B.6 B.x .0 2.6 16,9
03 4.7 Ga 5.8 o 15,7
Q4 4.6 5.0 b. §% 5 4.4 13.3
O 4.8 243 4.2 3.7 11
Oé b0 4,7 2.0 4.2 12.7
Q/ Sad 4.5 4,0 4.7 14.2
3 S 4,5 4,6
& X z6.8 31.8 S2
ANDVA for PO mg/l in weeks for
the different fertilized media
S of ss W Foo
Feplication week & 0,54 0,09 0,07
Treatment 2 8.61 4.3 B
Error 12 1R3.2%8 1.3
Total 20
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S
TABLE 8d: DISSOLYED OXYGEN CONTENT (DO) IN WEEKS
PER TREATMENT (mg/1)

B S —— . " — S . S T T - o T T S . e — St S S S —— . — T T T " — T — S — —— —

1 2 3 4 5 & 7 4 &X
A 7.8 3.8 3.7 2.8 7.8 7.8 7.6 5.8 40,9
K 7.2 B.2 4.6 6.9 y 5 7.% 7.5 6.2 45,9
c Tok Tl %7 S.4 Tk 5.4 7.0 6.2 43%.5
D 5.5 4.4 4.0 4,2 6.8 8.2 6.9 n.h  39.0
E 6.9 5.0 4.5 8.5 6.4 4.8 6.8 b.1 42.9
F Tl 7.0 1.3 15:2 T Bl 7.4 b 2P § 6.7
G 7.3 9.0 9 1t 7.6 8.4 7.2 8.4 59.5
H 6.9 7.3 8.4 .4 7.6 6.2 7.0 7.3 52.3
£ 7.7 8.6 7.2 & &.7 4.8 6.6 6.7  46.8
J N | 7.6 I 6.9 7.0 6.2 6.8 6.8 46,2
X 6.9 6.4 6.2 7.7 7.2 8.6 7.
£% 69.2 64 62 77.2 71.6 &8.% 70.9
aNOVA FOR DISSOLYED OXYBEM (DO) IN WEEKS PER TREGTMENT
Source Dt 88 MS
Replication (weeks) (w—1) & 16.29 2,72 4.8%5
Treatment (t-1) ? 83.81 9.31 16.63
Error (Ww=1){t-1) o4 A0.31 0.51

Total ;;






