Growth response of Nile tilapia
to cow manure and supplemental feed
in earthen ponds
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ABSTRACT

Triplicate groups of Nile lilapia (Oreochromis niloticus) juveniles (10 g) were grown in nine earthen ponds for
90 days. Three of the ponds were fertilized with cow manure, three received a compounded diet (27 %, crude protein),
and the remaining three ponds received both manure and supplemental feed. Results showed that weight increases were
significantly (p < 0.05) higher in fed ponds; survival rates were significantly higher (p < 0.05) in ponds receiving
both manure and supplemental feed (86 %) ; corresponding fish productions were 820, 2200 and 2900 kq/hafyr for only
manured, only fed and both manured and fed ponds respectively, the differences being highly significant (p < 0.01)
amony the treatments. With respect to feed efficiency, the compounded diet was better utilized when cow manure was
added (feed gain ratio : 2.3, against 2.9). While confirming the poor efficiency of manuring alone with cow dung, this
sludy shows how supplemental feed can be economically used when natural productivity is stimulaled.

Key worDps : Aquaculture — Tropical environments — Tilapia — Oreochromis — Cameroon.

REsuMmE

CROISSANCE DU TILAPIA OREOCHROMIS NILOTICUS EN ETANGS FERTILISES A LA BOUSE DE B@EUF
ET RECEVANT UN ALIMENT EXOGENE

Trois lols de juvéniles d’Oreochromis niloticus (10 g) ont été lestés en iriplicals stochastiques dans neuf bassins
en lerre de 400 m2. Trois des bassins élaient fertilisés & la bouse de beeuf (75 % de matiéres séches; traitement M), irois
recevaieni un aliment composé (27 %, de protéines brules; irailemeni F'), el les trois restant recevaient a la fois le
fertilisant et Paliment (irailement MF). Au terme des 90 jours d’élevage, les gains de poids étaient significativement
plus élevés (p < 0,05) dans les trailements recevant Paliment exogéne (F el MF); les meilleurs taux de survie
(p < 0,05) élaient enregisirés dans les élangs MF (86 % ); les productions piscicoles élaient de 820, 2200 et 2900
kg/ha/an respectivement pour les traitements M, F, et MF, les différences élant hautement significatives (p < 0,01).
En terme d’efficacité alimentaire, aliment composé élait mieux ulilisé en présence du fertilisant (indice de consom-
mation égal & 2,3 pour le Irailemeni MF, conire 2,9 pour le irailement F). Cetie expérimentation confirme Uefficacité
Irés limilée de la bouse de beeuf a Uélat sec comme fertilisant en pisciculture; elle suggére en méme lemps que
Uutilisation d’un aliment exogéne par le lilapia peut élre optimisée en stimulant la produclivité nafurelle.

Mors cLEs : Aquaculture — Milieu tropical — Tilapia — Oreochromis — Cameroun.

(1) Fisheullure Research Slation, P.O.Box 255, Foumban, Cameroon.
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INTRODUCGTION On the other hand, daily growth rate of tilapia

Addition of manure to fish ponds is a traditional
method for increasing the productivity of natural
food chains in ponds. In intensive pond fish farming,
fish density is so great that the amount of natural
food available per fish becomes an insignificant frac-
tion of the total diet. Supplemental feed should the-
refore be applied, and it usually constitutes the lar-
gest single current expense of the fish farm, This fact
constitutes an actual challenge in most developing
countries, particularly in Africa where the traditio-
nal market value of fish and fish products is low. The
use of animal protein-enriched pellets in fish ponds
is therefore very limited, a more convenient feeding
system being the combination of natural and sup-
plementary cheaper foods to meet the nutritional
needs of the fish. In this respect, the fish species
used, such as Oreochromis niloticus, are capable of
exploiting the natural productivity of a fertilised
earthen pond environment. How to optimise this
combination remains a wide research field (CoLManN
and Ebpwarps, 1987).

Many works do exist on pond manuring and sup-
plemental feeding. Results of experiments conducted
at Auburn (Al, USA) (Boyp, 1979) and at Dor
(Israel) (HEpHER, 1962, ScHROEDER, 1974, 1935)
have been widely used in fertilizing programs.
Moreover, a good range of data are available on the
feeding of tilapia with alternate cheap feed ingre-
dients, mainly agricultural by-products in Africa
(Mescukat, 1967 : DeE KiveE, 1971 ; Lazarp, 1984 ;
PouoMoGNE el al., 1992 ete.). However, few studies
have been conducted on the combination of pond
manuring and supplemenfal feeding, and some
controversy do exist in the available data about the
effects of manure on supplemental feed optimisation
and fish yield. In a study of 26 commercial fish
ponds in Israel, ScHROEDER (1973) reported that
feed-gain ratios of supplemental feeding were very
positively correlated to the amount of natural food ;
he suggested that when natural food is present in
excess supply, the use of less protein-enriched pellets
was advisable. In Honduras, layer chicken litter
(applied at 500 kg total solid/hajweek) could replace
up to 58 % of pelleted supplemental feed (23 9%,
crude protein, applied at 1.5 9% f{ish biomassjday)
without significantly affecting tilapia yield (GREEN,
1992). DEGANI ¢f al. (1984) reported that equivalent
growth was registered when Oreochromis aureus was
fed either 5 %, of the body weight with pellets (27 9
crude protein), or 2.6 % of the body weight with pel-
lets and 2.5 %, of the body weight with cow manure
(dry weight). Net extrapolated yield of 3.1 t/hajyr
could be obtained with buffalo manure loaded at
6 kg of dry matter | 200 m? pond/day (ODA, 1986).
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varied from 1.36 to 1.32 g/day when liquid cow
manure was added into pond with tilapia fed a sup-
plemental feed (20 9%, crude protein and 125 kJ/kg
gross energy) (Rappaprort ef al., 1977). Moreover,
results from an experiment conducted in 280-m?
ponds for 146 days clearly indicated that chicken
manure is neither a preferred source of particulate
organic matter for Nile tilapia, nor in non integrated
systems an economically wise choice of fertiliser to
provide N and P for production of natural foods in
Thailand aquaculture ; definitely, according to the
author, addition of chicken manure to inorganic fer-
tilization did not enhance production of Nile tilapia
(Knup-HanNseN ef al., 1992).

The present study was conducted at the Foumban
Fishculture Research Station of the Cameroonian
Institute of Animal and Veterinary Research to sup-
ply more informations on the combination of cow
manure and supplemental feed in tilapia farming.

MATERIALS AND METHODS

Nine fish ponds were used in the study. Their size
varied from 350 to 450 m?, and they were 0.9 m deep
near the outlet and 1.3 m near the draining pipe.
They were individually supplied by gravity from the
surface water of an upstream reservoir.

Pond bottoms were exposed to sun for one month.
Cleaning and quicklime application (125 kgfha) were
performed a week before the start of the trial to era-
dicate wild fish and to improve water alkalinity. In
ponds receiving fertilizing treatments, a compost
bamboo frame was made to receive a mixture of
150 kg/ha of cow manure and 150 kg/ha of chopped
elephant grass (Penniselum purpureum) (dry matter)
for basic manuring.

Ponds were then filled and stocked with unsexed
juveniles of Oreochromis niloticus (mean weight
10.0 4 1.0 g) at a density of 1.55 ind./m? (155 kg/ha).
These juveniles were obtained from the spawning of
brooders captured from the River Benoue (Niger
basin). Twenty five Hemichromis fasciafus averaging
11 g were stocked as predator fish (Lazarp, 1984).
Two tilapias per pond were removed for proximate
carcass analysis of the initial group.

Each of the following treatments was assigned at
random in three replications : (i) single organic
manuring with cow dung (treatment M), (i) single
feeding with a compounded feed (table I) (treatment
F), and (iii) both manuring and feeding with the
above manure and diet (treatment MF). Manure was
collected at least one week after defecation from the
open air cow-sheds of wandering stockbreeders’
herds in the surroundings of the Station (mean che-
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: 75 9% dry matter, 9 % Kjeldahl
nitrogen, 0.6 kealg? crude energy, 55 %, ash). It was
first diluted in a bucket and spread over the entire
surface of ponds, at a daily rate of 125 to 250 kg/ha
dry matter depending on the estimated body weight
of fish in ponds (SCHROEDER, 1085) Fed fish received
6.6 to 3 9 of the body weight in six equal meals per

mical composition

day in a ﬂoatlng bamboo frame prepared at the left
downstream corner of the pond; fortnightly body
weight estimates were based on data (average peri-
odic weights of intermediate fishing) of previous stu-
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(PouvomoaNE, 1991). Manuring and feeding was done
five days a week, and the trial lasted for 13 weeks.
At the end of the trial, all fish were counted and
Weighed' in addition, weight and total length were
recorded uu.uviuuauy for a Ndﬁlplt of 60 fish in each
pond. Two fish per pond were removed for proximate
carcass analysis.

Water temperature and transparency (Secchi disk)
were measured daily; dissolved oxygen, pH and
total hardness (Hach test kit modei FF-2) were
monitored weekly. Moisture, crude protein (Nx6.25),
crude fat {(ether extracted) and ash levels in the expe-
rimental diet and manure, and the fish samples were
determined according to AOAC standard methods
(AOAC, 1975). Gross energy content was measured
by direct calorimetry (adiabatic bomb calorimeter,
Ga“nn\(nmn CB 1()0\
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Growth and feed utilization parameters were
computed. Data were subjected to analysis of
variance, and Duncan multiple-range test was used
to evaluate specific differences between the treat-
ment means.

RESULTS

Mean water quality parameters, with few varia-
tions within and between treatments throughout the
S 95 1o 9% o) for midday tem
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peratures; 60 cm (in two fertilized ponds) to more
than 100 c¢m for transparency, 6 to 7 for pH (with a
tendency of relative increment in fertilised ponds);
4 mgl! for early moming dissolved oxygen lesq than
2 mg11 for total uuuvg‘(‘ﬁ, 25 to 35 mgl‘- uduu3 for.
total hardness.

Data on fish growth (Fig. 1) and feed utilization
are presented in table I1. Survival rates varied from
77 % to 86 %, with significant difference (p < 0.05)
between treatments M and F (77 and 79 %) on the
one hand, and treatment MF (86 %) on the other
hand. Average growth rate was significantly higher
(p < 0.09) in fed pouds (0.54 and 0.59 g/da\/ for
treatments F and MF respectively, against 0.21 g/
day for treatment M). Quantities of supplemental
feed consumed showed no significant difference
{p > 0.05) between treament F and treatment MF;

Lifel
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TaBLE [

Composition of the diet « Tilapia TI» (% of dry matter)
Composition de Ualiment « Tilapia I1» (en % de la matiére séche)

Ingredients %
Rice bran 30
Cottonseed oilcake 18
Sojabean meal 17
Brewery draff 16
Peanut oilcake 15
Palm kernel meal 1
Vitamin/mineral Premix M 2
L-Lysine 0.5
Limestone 0.5
Total 100

Proximate analyses (dry matter basis)

Crude protein (%) 27.5
Crude fat (%) 12.8
Ash (%) 13.6
Gross energy (kJ/g) 18.1

(1) Provided by a local animal feed manufacturer and said to
contain per kilogram : 27 g caleium, 10 g phosphorus, 6 g iron,
3.5 g zinc, 2.4 g manganese, 600 mg copper, 20 mg iodine,
26 mg cobalt, 4 mg selenium, 45000 TU vitamin A, 140000 U
vitamin 1), 90 mg vitamin E, 18 mg vitamin K, 16 mg vita-
min B12, 113 mg pentothenic acid, 27 mg riboflavin,

on the other hand, feed gain ratios (FGR, table II)
were significantly different (p < 0.01) between the
two treatments (2.9, versus 2.3). Protein efficiency
ratios (PER) followed the same trend, i.e. supple-
mental feed protein was better utilised in ponds that
received manure in addition (table II).

Carcass composition (table ITI) was significantly
affected by the pond treatment. Moisture content of
tilapia from only manured ponds was significantly
{(p < 0.05) higher. Protein content of fed fish in
ponds receiving cow manure in addition was signifi-
cantly (p < 0.05) higher (15 9%, wet weight, against
13 9% for the other treatments). On the other hand,
the highest body fat content was registered in fish
receiving the supplemental feed only (5.6 9, against
4.2 and 1.6 %, for treatment MF and treatment M
respectively). Significant differences (p < 0.05) were
however observed for nutrient retention coefficients
only for protein, with fish from MF ponds retaining

Rev. Hydrobiol. trop. 26 (2) : 153-160 (1993).

TaeLe 11

Growth performance and feed utilization parametters for
0. niloticus in the three experimental feeding environments
Croissance et utilisation des nuiriments par Oreochromis niloti-
cus dans les frois environnements nutritionnels

Paramsters Treatments
Manure Feed Both
Average initial weight Wi (g) 10.0 10.0 10.0
Average final weight Wf (g) 23.2 42.8 46.3
Survival rate (%) 7912 76,72 86.4°
SGR (%/day) 1.38%  2.3gP 2.51P
DGR (g/fish/day) 0.21%  0.54P 0.59°
Feed intake (g DM/fish) ! 96.12 82.02
Feed gain ratio (FGR) / 2.93P 2.269
Protein efficiency ratio (PER) / 1.25b 1.62%
Nutrient retention efficiencies (NRE)
Protein ! 16.82 27.0P
Fat / 19.02 18.52
Energy / 11.92 13.67
Average weight gain for the
predator fish (Hemicromis) a7b ag® 432
Number of tilapia fries/pond 0.3 2.6 7
Total fish production t/ha/year 0.322 2.2b 2.9¢

SGR = 100 (In Wf-In Wi)/growth period

DGR = (W{-Wi)/ growth period

FGR = Dry food intake/weight gain

PER = Weight gain [ protein intake

NER = Nutrient gain/nutrient intake; nutrient gai-
ned = W{* final body nutrient — Wi* initial body nutrient.
abe : figures in each line having different superscripts are signi-
ficantly different (p < 0.05) from each other.

more protein in their body (27.0 %, against 16.8 9%,
for fish from the F ponds, table II).

Few tilapia fingerlings were observed in all ponds
(table II), thus showing Hemichromis predating effi-
ciency on tilapia offsprings in all types of treat-
ments.

Due to unavailability of adequate materials, natu-
ral productivity (i.e. phytoplancton and zooplane-
ton) could unfortunately not be analysed.

DISCUSSION

It derives from the present study that addition of
cow manure in Oreochromis niloficus ponds improves



GROWTH OF NILE TILAPIA 157

TasLe (11

Gross body composition (% wet weight) of Oreochromis niloti-
cus reared in the three experimental feeding environments for
13 weeks
Composition corporelle (poissons entiers) de Oreochromis niloti-
cus soumis aux irois envirennements nuiritionnels pendani
91 jours (% du poids frais)

CDmpOnentS Treatments

Initial Manutre Feed both
Moisture 81.1 79.6¢ 76.5 77.20
Crude protein 12.2 13.32 13.12 15.1P
Crude fat 1.5 1.6% 5.6° 4.20
Energy 3.6 3.7% 5.67 5.2P
Ash 5.1 4.5% 3.28 3.42

Figures of experimental groups in each line bearing the same
superscipts are not significantly different (p > 0.05) from each
other.

TasLe IV

Nitrogen budget of Oreochromis niloticus in the three experi-
mental feeding environments (g Kjeldahi Nfkg of live weight/
day)

Disponibilité réelle el rélention de I'azole dans les environnemenis
expérimentaur (g de Njkg de biomasse[jour)

Parameters Treatments

Manure Feed Man. + Feed
Manure or feed
distributed (g/fish) 1050 96.1 1050+82.0
N distributed’ 10.2 1.76  11.43+1.41
N retained? 0.19 0.29 0.37
Nitrogen
retention efficiency® 1.9 17.6 3.2

1 = (supplemental feed or cow manure distributed per fish *%
crude protein : 6.25) [ (Average initial weight 4 Average final
weight) : 2/length of the trial.

2 : from carcass composition (table ITI).

3=21.

the utilization of supplemental feed (FGR, PER,
NRE) and fish growth. These observations fit with
the results registered in Israel by ScHROEDER (1973)
and Decanr ef al. (1984). This is very important in

Rev. Hydrobiol. irop. 26 (2) : 153-160 (1993).

areas such as the one of the present study, where the
availability of cow dung in the surroundings renders
the latter nearly free of charge, thus lowering the
production cost of the fish.

However, fish in fed-only ponds grew far better
than fish in manured-only ponds (2.6 times). In addi-
tion, daily growth rate in manured-only ponds
(0.21g/d) appears to be low in this study. Growth
rates superior to 0.5 g/day have been often registered
in ponds receiving only cow manure (VAN DER Lin-
GEN, 1959 ; MILLER, 1975 ; SCHROEDER, 1974 ; ODA,
1986; Hu Baorong, pers. comm.). This is probably
due to the poor manure quality ; ScHROEDER (1980)
suggested that the maximum ash level in cow
manure should be 30 9, and loss of its liquid content
be prevented, since much of the nitrogen is in the
urine. In the present situation with high ash level
(55 %, probably because of a great inclusion of
foreign non essential material) and less moisture
(25 %, due to liquid infiltration in the soil and eva-
poration in the open-air pens where the manure was
collected), the quantity of manure to apply should
have been increased. As an indicative guide,
ScHrOEDER (1974) suggests that the quantity of
manure to be added in the pond shall be guided by
early morning dissolved oxygen concentrations (if it
is assumed for instance that the minimum safe dis-
solved oxygen level in a tilapia pond is 2.5 ppm,
higher data for this parameter registered at dawn
should be considered as a sign of under-manuring).
In addition, while using fermented cow manure in
outdoors containers, Decani ef al. (1982) showed
that a higher growth of Sarotherodon aureus was
registered with the manure in its liquid form rather
than in its dry form; according to the author, the
percentage of colloidal matter is low in the dry form
and consequently, the assimilation of the manure in
the food chain is much slower. In fact, cow manure is
known to be inferior to many other farm animal
manures such as chicken droppings, duck manure or
swine wastes (RarpPaporT and Saric, 1978, Buck ef
al., 1978, ODA, 1986). Definitely, manure composi-
tion should be assessed prior to deciding the manu-
ring rate to apply into ponds.

When fish groups receiving the supplemental feed
is considered, SGR still remains relatively low
compared to other studies. Tilapia growth in ponds
receiving supplemental feed with a composition simi-
lar to the one used here is usually 2 to 4 times better
(Rappaporr el al., 1977, Lazarp, 1984). One reason
could be the water quality, precisely water tempera-
ture, pH and alkalinity which were not in the opti-
mum range (26 to 32 °C for temperature, 7.5 to 85
for pH, and 80 to 100 mg CaCOs3 for total hardness,
after OMBREDANE el al., 1990). Another reason could
be the animal material, grown from an old and pro-
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bably inbred broodstock. It can be suggested for
future studies to use a new and better defined tilapia
strain.

Though the lack of adequate materials did not
allow the analysis of natural feed in pond water or in
the gut contents of fish, previous works can help us
to better assess our own results. Many studies on
pond fertilization have shown that chiorophyil a
concentrations, which is used directly or indirectly
hv tllam.h were hmhpr in fertilized water environ-
ments “and po:.1t.1\‘ely correlated (r > 0.7) to fish
yields (DEcant el al., 1984 ; ODA, 1986 ; Diana el al.,
1988 ; TEICHERT-CODDINGTON ef al., 1992). Fish yield
was negatively correlated with the carbon : nitrogen
ratia levaliiated at abant 10 1 and 95 1 far ehicken

1 einivy \l VULLAQULUW Gl dal/uude LU 1 Gl o) 4 LUV Cllvinivial
and cow manure respectively) (ODA, 1986). In an
experiment using cow shed fluid manure, ScHROE-
DER (1973) reported that cladocera and rotifers alone
were found in nen manured ponds; copepodb Wthh
are an indication of }ughm }uduntonu pjuuuuluu,
appeared in manured ponds. Crude protein content
of 160 p zooplancton was D6 9, (dry matter basis)
with an in pilre digestibility of 55 %. Thus, cow
manure contributes to fish growth in the water
through natural foods which are stimulated by its
application ; this process is well analysed by AvLma-
zan and Boyo (1978). With Tilapia aureqa, feed sup-
plement introduced into the ponds had to pass
through benthos elements (Oligochaeta, Chironomi-
dae, Ostracoda and detritus) in order to be utilized
(Spararu, 1976); as a consequence, feeding this tila-

nia [Sh e nt*ln- in nnnr‘g Y‘IJI"DI"]T\(I‘ cow manure did not
pia SpPeiIts il pOnas foetiviiig UMW Halulc Uit LV

have much additional effect on fish growth (Moav et
al., 1977). This seems not to be the case for Oreochro-
mis niloticus used in our study, since the growth dif-
ference between fish in ponds receiving manure only
and those receiving supplemental feed in addition
was very high. In the present situation, manuring
appears to improve the feed gain ratio of the supple-
mental feed. This confirms the observations of
ScHROEDER (1973).

When we look into data for total fish production, a
relation of additivity appears, ie., the sum of
manure only (treatment M) and feed only (treatment
F) slightly equals to both manure and feed (0.8 4 2.2
# 2.9). This observation matches to a certain extent
with the synergy effect of manure and feed reported
by Lovsuin ef al. (1974), i.e., fish production in
pands receiving both manure and feed is higher than
the sum of fish production in ponds receiving manure
and feed separatively. If the positive interaction

effect of manure and feed does not appear in the
preqent study, this is probably due to the low stoc-
mug (lenblf’v dunptt‘u which did not allow all the
feeding niches of treatment MF particularly to
contribute to fish production; many authors have
indeed stressed on the positive correlation, to a cer-
tain extent, between stocking density and fish pro-
duction (ScHroEDER, 1980; Horkins and Cruz,
1982 ; ZonNeveLD and Fapnovry, 1991 ; Diana et al.,
1991).

In a nutritional point of view, cow manure clearly
appears to be an inferior food. It can be seen from
table IV that retained / distributed ratio for Kjel-
dahl nitrogen is 1: 50 and 1: 3 for cow manure and

tha avnarimaontal fead ragnestivaly 10 the lattar g
LI experiniental i¢eq respecuvery, 1.e., e atter 18

17 times more efficient than cow manure in terms of
N retention. This is due to the fact that the crude
protein content of the manure is not actually pro-
tein, but rather uric acid or other non protein nitro-
gen (NPN) compounds that are not normally assimi-
lable by the fish. In open pond however, as the case
of the present study, the pond-fish combination
becomes an aerobic version of a rumen and its
owner, within which NPN is probably incorporated

I 1 OQMN

into mlCI‘O[)lal pI‘O(lUC[lOH chains \W( HROEDER, 1JDU).

CONCLUSION

The addition of cow manure in p()nd< receiving
‘\Upplt‘l‘ﬂf’l’udl feed enhanced fish gi‘(f»‘v’ul and survival
rate. However, cow manure used alone resulted in
poorer growth, comparatively to direct feeding with
a compounded plant diet. Consequently, in areas
with relatively poor water gquality as in the case of
our study, cow manure should be utilised for fish
production if its economic cost is sufficiently low.
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