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Abstract 

An experiment was conducted in outdoor cement ponds for three months to evaluate 
the growth and production of grass carp (Cte11oplwryngodon idella) and other polycultured 
species fed with napier grass (Pennisetu.m pul'pttreum). Chopped fresh napier grass was 
fed every day at ad libitw11 to grass carp stocked in three combinations in triplicates: (1) 

monoculture of grass carp; (2) polyculture of grass carp, silver carp (llypophthalmichth_ys 
molitrix) and bighead carp (Aristichthys nobilis); and (3) polyculture of grass carp, silver 
carp, bighead carp and common carp (Cyprinus carpio). Mean net fish yield (NFY) of 

grass carp obtained was: 1.22, 1.25±0.05 and 1.04±0.01 g·m·2·day-1 with total NFY of 1.22, 
1.62±0.04 and 1.44±0.01 g•m·2·day-1 in treatments 1, 2 and 3, respectively. Mean food 
conversion ratio (FCR) of fresh napier grass to grass carp production was 17.3, 17.9±0.6 
and 21.9±0.4, whereas, to total fish production, this was 17.3, 13.5±0.3 and 15.0±0.3 in 
treatment.'-! 1, 2 and 3, respectively. Results clearly indicated that waste of grass carp 
cultivation fed on grass can irnpport the production of other fish species and that, as 
shown by NFY and FCR, grass carp and common carp compete on grasses. Water quality 
was less a problem in polyculture than that in monoculture despite the higher 
stocking density in polyculture. Mass mortality of grass carps occurred in two 
replications of monoculture treatment due to the low level of dissolved oxygen in the 
ninth week of the experiment. 



Introduction 

The high cost of fish feeding is a major constraint to small-scale and re

source-poor farmers in developing countries. While commercial fish farmers can 

apply formulated or conventional feeds without regard to cost, fish in ponds 

belonging to small farmers are often left unfed. Exploration of easily cultivable 

non-conventional plant feedstuff is a prime consideration in solving problems of 

small-scale fish farmers (De Silva 1993). Varieties of vegetation are used as 

feed/fertilizer in ponds with commonly cultured herbivorous fish species (Sen et

al. 1978; Tripathi and Mishra 1986; Santos 1993; Verma 1994; Chikafumbwa 

1996). However, selection criteria of the vegetation should also consider its 

year-round availability, minimum management practice and high productivity. 
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Napier (Pennisetum purpureum), a perennial tropical fodder grass 
(Humprey 1978), can be planted in pond dikes and slopes as a source of feed 
and fertilizer (Huazhu and Baotong 1989). Grass carp (Ctenopharyngodon 

idella) is a well-known herbivorous fish which feeds on aquatic weeds, both 
soft and hard, as well as leaves of plants and grasses supplied in water. Be
tween 25 and 30°C, the fish can eat a quantity of plants equal to 25-50% of 
its body weight within a day (Woynarovich 1975). The digestive process of 
grass carp is rapid at high temperatures and the feces, along with scarcely 
digested food, is emptied in· the water, serving as efficient "green fertilizer" 
(Woynarovich 1975). Due to very fast and incomplete digestion, the major por
tion of the plants consumed by this herbivorous fish returns to the pond water 
as organic manure, stimulating bacterial and plankton production for raising 
other planktivorous fish in polyculture ponds. It is estimated that excreta from 
1 kg of this fish is sufficient to fertilize pond waters to produce 0.2-0.5 kg of 
plankton feeder fish (Huazhu and Baotong 1989). The objective of this study 
was to determine the efficiency of napier grass as food source for grass carp in 
monospecies and polyculture systems. 

Materials and Methods 

An experiment was conducted in outdoor concrete tanks (5 m x 4.8 m x 
1.5 m) at the Institute of Agriculture and Animal Science (IAAS), Rampur, 
Chitwan, Nepal. The tanks were filled with tap water to about 1 m and new 
water was adde!1 weekly to compensate for evaporative losses. 

The experimental design included three treatments with three replications 
each: (1) monoculture of grass carp (1 fish m·2); (2) polyculture of grass carp (1
fish m·2) with silver carp, Hypophthalmichthys molitrix (0.25 fish• m·2) and
bighead carp, Aristichthys nobilis (0.25 fish· m·2); and (3) polyculture of grass
carp (1 fish· m·2) with silver carp, Hypophthalmichthys molitrix (0.25 fish· m·
2), bighead carp, Aristichthys nobilis (0.25 fish· m·2) and common carp,
Cyprinus carpio (0.25 fish·m·2) (Table 1). Grass carp (9-11 g size) was stocked
on 30 July 1995. Silver carp (19-21 g), bighead carp (13-16 g) and common 
carp (5-7 g) were stocked one week later. The total growing period was 97 and 
90 days for grass carp and the other species, respectively. Chopped fresh 
napier (cultivated in the campus farm) leaf was the sole pond input and was 
provided every day ad libitum. The daily grass consumption was calculated by 
subtracting the leftover feed from the initial weight of grass provided in a span 
of 24 hours. 

Analytical Methods 

Proximate analysis of fresh napier grass 

Two batches of fresh napier grass, with three replications in each batch, 
were analyzed for moisture, crude protein (CP), ether extract (EE), crude fiber 
(CF), nitrogen free extract (NFE) and ash following the procedure of Cockerell 
et al. (1975). 
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Table 2. Weekly water quality measurements during the experimental period. 

Variable 

Temperature range (OC) 
pH range 
DO range (mg·L·1) at 0600h
NPP range* (mg 02·L·L12h·1)
GPP range* (mg 02,L·l. 12h·1)

Monocult.ure 

23.5-34.1 
8.0-9.7 
0.9-7.6 
0.7-5.8 

1.7-11.6 

*Biweekly measurement using diel change in DO.

Polyculture-1 

23.3-34.5 
8.0..9. 7 

0.8-10.6 
3.5-6.6 

6.7-12.8 

Polyculture-2 

23.3-34.3 
8.0-9.5 
0.5-8.4 
2.7-6.3 

5.9-12.3 

carp occurred (22 out of 24) in two replications of monoculture during the end 
of the ninth week of the experiment. 

The mean net fish yield (NFY) calculated in g•m·2 ·day· 1 in the different 
species and treatments are shown in Table 1. The NFY of grass carp was not 
significantly different between monoculture and polyculture; however, it de
creased significantly in polyculture including common carp. The total NFY was 
significantly higher in polyculture than that in monoculture, performing best 
in polyculture with three species (grass + silver + bighead carps) (Table 1). 
Extrapolation of total NFY in three treatments were 12.2, 16.2±0.4 and 
14.4±0.1 kg•ha·1•day·1, or 4.5, 5.9±0.2 and 5.2±0.0 t·ha·1·year·1 in monocul
ture of grass carp, polyculture of grass carp with silver and bighead carps, 
and polyculture of grass carp with silver, bighead and common carps, respec
tively. 

Food Conversion Ratio 

Conversion of napier grass to grass carp in Treatment 1 (monoculture) and 
Treatment 2 (polyculture with silver + bighead carps) were significantly lower 
compared to Treatment 3 (polyculture with silver + bighead + common carps) 
(Table 1). However, FCR for total fish production in both polyculture treat
ments was significantly lower than that in monoculture. This was particularly 
true in three-species polyculture (grass + silver + bighead carps). 

Water quality 

The weekly and biweekly measurements of water temperature, pH, DO, 
NPP and GPP during the experimental period are presented in Table 2. DO 
concentrations and NPP and GPP in grass carp monoculture ponds were con
sistently low from Week 9 and 11 and in Wee'k 11, respectively (Figs. 1 and 2). 
The constantly low DO and low NPP and GPP coincided with the mass mor
tality of grass carps in two replications of the monoculture treatment. 

Discussion 

Pond fertilization and supplemental feeding are commonly practiced in the 
semi-intensive fish culture of herbivorous species. However, fertilizers and/or 
feeds are often either too expensive or unavailable for resource-poor farmers, 
making fish culture a question of economic viability. Although chopped napier 










