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ABSTRACT

Three different fish farms were studied for their soil type according to their organic matter,
nitrogen and phosphorus dynamics from fertilized and unfertilized ponds with two culture systems.
The pond soils were clayey, clay-sandy, and sandy in three different locations in Egypt. The fish ponds
were fertilized with organic fertilizers (compost) and inorganic fertilizers (nitrogen: phosphorus with
ratio of 4:1, 500:14 kg/feddan/week, respectively. Nile tilapia, Oreochromis niloticus, was reared with
mean initial body weight of (5.31g) in monoculture system with density of 22,000 fish/feddan, and
with grey mullet Mugil cephalus, mean initial body weight of 9.88g in polyculture system. Fish were
fed commercial diet (25% crude protein) for 240 days. The results revealed that organic matter (OM),
nitrogen (N) and phosphorus (P) increased gradually for all treatments throughout the experimental
period. However, the OM, N and P were significantly (P<0.05) affected with soil type in the three
studied locations. Also, the values of these parameters for fertilized ponds were significantly higher
than unfertilized ponds for the three soil types of the studied locations. The same pattern was observed
for polyculture system results when compared to monoculture especially in sandy soil. Thus, the
results indicated that fertilization was more effective in sandy soil than clay-sandy or clay soil.
Correspondingly, regardless to location and culture system fertilized ponds were higher in final yield
than unfertilized ponds, and also polyculture system was better than monoculture regardless to location
and fertilization.

Keywords: Organic matter, nitrogen, phosphorus, fertilization, monoculture, polyculture, Nile
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INTRODUCTION

Soil quality is defined as “the capacity of
a soil to function within ecosystem boundaries
to sustain biological productivity, maintain
environmental health, and promote plant and
animal health” (Boyd 1995). The soil condition
is an important environmental factor influencing
water quality and controlling various process
(Avnimelech and Ritvo 2003; Ntengwe and
Edema 2008). However, the major chemical

factors of importance are the pH, nitrogen,
phosphorus, organic carbon, C/N ratio, calcium
and potassium (Hickling 1971). Banerjea (1967)
classified pond productivity into three categories
— low, medium and high based on the
availability of nitrogen, phosphorus and organic
carbon.

Physio-chemical parameters of water
which govern the biological production are to a
large extent a reflection of the bottom soil. To
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some extent, bottom soil of ponds control the
naturally available food chain in the ponds. The
most reactive fraction of soil is comprised of
small particles of clay that offers large surface
for adsorption and ion exchange (Boyd 1995).
The soil with a majority of clayey-sized particles
could bind water and nutrients tightly, and is
often sticky and difficult to till. A sandy soil will
not retain much water and has a small capacity
to adsorb and hold nutrients. A loamy soil is
intermediate between the two extremes. Loam
has a greater capacity to absorb water and
nutrients than a sandy soil, but the water and
nutrients are not held as tight as by clayey soil.
Moreover, pond soil must contain 20-30% clay-
sized particles to prevent seepage, but clayey-
loam soil is generally better for fish production
than heavy clay soil (Boyd 1995). Thunjai
(2002) reported that bottom soil of pond has its
effect on production and plays an important role
in influencing production of fish pond.

The pond bottom plays an important and
dynamic role in the production of fish (Munsiri
et al. 1996). A significant correlation between
production of fish and soil types of ponds was
observed when the effect of pond soil on fish
production was studied in a wide variation of
soil types with respect to their fish productivity
(Bagghi et al. 1990). Some researches confirmed
that, phosphorus are limiting factor of
production in temperate ponds (Boyd 1990).
Others stated that, higher yields can be achieved
with adding nitrogen and phosphorus in
subtropical or tropical ponds (Boyd 1976). Thus,
organic fertilizer has been used to improve pond
productivity for the culture of several species
and stimulate the development of heterotrophs
(bacteria), autotrophs (algae) and other food
organism to increase fish production in ponds
(Schroeder et al. 1990; Wurts 2004).

Chemical fertilizers of fish ponds
stimulate phytoplankton production  which
increases fish yields. They contain inert filler
material mixed with three important minerals,
nitrogen (N), phosphorous (as P.0s) and
potassium (as K»O) which are needed by
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phytoplankton in fish ponds. Although,
fertilizers high in  phosphorous trigger
phytoplankton production in freshwater ponds
(Goldman 1983), but nitrogen is require for
novel freshwater ponds and salt-water ponds
(Boyd 1990).

The actual requirement of fertilizer dose
in a pond system may vary depending upon the
type of fish farming, environmental condition
and productive history or the residual nutrients
in the bottom sediment of the fish ponds.
Furthermore, fertilizer requirements may vary
between earthen ponds and experimental
concrete tanks due to the more leaching capacity
of bottom soil in the former than the latter
(Bhakta et al. 2004).

Nile tilapia O. niloticus is commonly
grown in fertilized ponds to increase primary
and secondary production. For maximizing
tilapia production in polyculture systems, it is
necessary to fully understand relationships
between fish and the surrounding environment.
Understanding such complicated relationships
will enable fish farmers and farm managers to
select suitable species, sizes, stocking densities,
fertilization regimes, nutritional inputs and other
management practices. The culture of fish
species that have different feeding habits in the
same pond will result in more efficient
utilization of pond resources, and high
production efficiency (Milstein 1997). However,
the production of tilapia with other fish or
crustacean species in a polyculture system is
spreading widely in many parts of the world. It
is believed that this system results in a higher
net yield than monoculture system, due to the
full exploitation of multiple niches. Yet there is
a little evidence to support this argument, except
for the polyculture of fishes that are
characterized by selective feeding habits, such
as Chinese carp and common carp. The culture
of fish species that have different feeding habits
in the same pond will result in more efficient
utilization of pond resources. If different feeding
niches are used in such a way that the wastes of
one species are used as food for another, higher
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production efficiency is expected to be achieved
(Milstein, 1997). The objective of the present
study is to determine correlation between soil
type (clayey, clay-sandy, and sandy) and quality
on total Nile tilapia, Oreochromis niloticus,
yields with (organic and inorganic fertilizers) or
without adding fertilization along with applying
two different culture systems (monoculture and
polyculture) in Egypt.

MATERIALS AND METHODS
Experimental facilities

The study has been applied for 8 months
from the 15" of April 2004 through the 10" of
December 2004 at three private commercial fish
farms different in their OM, nitrogen, and
phosphorus contents. Two of which were at
Behaira governorate (Edko (E), and Kafr
Eldawar (K))the third private fish farm at the
city of Borg EI-Arab (B), Alexandria
governorate. Thus, twelve treatments were
formed for the three locations varied in types of
soil (Table 1), each location has four treatments
(monoculture and polyculture system; fertilized
and unfertilized). Each treatment has its own
replicate forming a total of eight ponds in each
location. Water quality and soil analysis, and

fish measurements were performed monthly at
all locations.

Ponds

Earthen ponds used were with surface
area of one feddan each, and with average depth
of one meter. The initial preparation
maintenance was applied to all ponds
throughout the experimental period. The water
exchange rate of 5%, 10%, 15%, and 20% of
the total water volume for the first two months,
then the second two months, followed by the
third two months, and then for the rest of the
experimental period, respectively.

Experimental fish and diet

Hormonal treated sex-reversed all male
Nile tilapia fingerlings were obtained from a
private farm in Edko, Behaira Governorate. The
stocking density in all monoculture system
ponds was 22,000 O. niloticus fish/ feddan, and
20,000 Nile tilapia along with 2000 grey mullet,
Mugil cephalus for polyculture system. Initial
average body weight (BW) for O. niloticus was
5.31+0.03 g/fish, and that for Mugil cephalus
was 9.66+0.06. A commercial pelleted feed
(25% crude protein) was introduced to satiation
three times a daily six days a week.

Table 1. Sediment logical components and main values of pH, Calcium carbonate (CaCOs) and
salinity surface layer (0-30cm) of the different soils in the studied locations.

Sediment Component

Location ) . .
Sediment type Sand (%) Silt (%) Clay (%) pH CaCOs Salinity
Edco Clayey 36.25 1350  40.00 830 6.85 0.23
Kafr El- Sandy clay
Dawar (Loamy) 58.35 10.00 26.50 8.00 5.70 0.40
Borg El-Arab Sandy 70.69 10.00 12.00 7.69 2.45 0.58
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Organic and chemical fertilization

Compost was used as organic fertilizer
obtained from the Agricultural administration of
Kafr Eldawar, Beheira governorate, was applied
at a rate of 500 kg/feddan/ week. Urea (with N
content of 46.5%) and mono-super phosphate
(with P content of 15.5%) were applied as
chemical fertilizers at a rate of 2.8 grams of (N)
and 0.7 grams of phosphorus (P) /m? to bring
the ratio of 4:1 for N : P (Yiand Lin 2001).

Statistical analysis

Statistical analyses were conducted using
methods from SYSTAT: the system for
statistics as described by Wilkinson (1990).
The analysis of variance (ANOVA) and least
significant differences test were conducted
according to Snedecor and Cochran (1981).

RESULTS
Soil quality

The results showed (Table 2) that organic
carbon (OC) increased gradually in all
treatments of the three studied locations
throughout the experimental period. However,
the OC was clearly affected by the studied
location as the presence of OC in soil was
significantly different (P<0.05) among all
treatments. (E) recorded the highest in OC,
followed by (K), and then by (B) with mean
values of (2.08+0.77), (1.58+0.45), and
(0.61+0.36), respectively. Moreover,
fertilization significantly (P<0.05) increased the
OC from (1.26x£0.92) with (U) ponds to
(1.95+0.92) in (F) ponds. In addition, the type of
culture system significantly increased (P<0.05)
the availability of OC in pond soils from
(1.03+0.45) for (P) to (1.82+0.72) for (M). That
might be because of the presence of grey mullets
in polyculture system, which consumes OC
found in pond soils. Statistical analysis showed
that there were no significant difference between
(EUM), (KFM), and (KUM). However,
significant differences were found between
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(EUP), (KFP), (KUP), and (BFM), also between
(BFP) and (BUP).

Total and available nitrogen (N)

The total nitrogen increased gradually in
all treatments as a general trend. However,
location showed a remarkable effect on total
nitrogen, where (E) and (K) were significantly
higher (P<0.05) than (B) in total N available in
soil with values of 147.41+15.55, 143.10+£24.56,
and 61.34+9.11mg/100g, respectively.
Consequently, fertilization showed that it had an
obvious effect on the total (N) of soil. As a
results, total nitrogen increased significantly
(P<0.05) from 105.20+8.96 to 128.69+13.40
mg/100g in fertilized ponds when compared to
unfertilized ponds, respectively. Similarly,
culture system greatly affected the total (N) of
soils, where monoculture system showed
significantly (P<0.05) higher total nitrogen more
than polyculture system with mean values of
135.54+10.12 and 99.02+10.02 mg/100g,
respectively. A significant (P<0.05) interaction
was encountered between location, fertilization,
and culture system on total N in soil. The
highest total N in soil was observed in (EFM)
(178.88+12.23 mg/100g) followed by (KFM)
(158.50+9.95 mg/100g), (EFP and KFP)
(149.13+15.55 and 148.13+14.14 mg/100g)
respectively, (KUM) (144.50+11.66 mg/100g),
(BFM) (139.50+ 655 mg/100g), (EUM),
(138.75+11.34 mg/100g), (BFP), (123.13+13.88
mg/100g), (EUP), (119.88 +13.12 mg/100g),
while, the lowest observed in the (BUM and
BUP), (55.13+6.56 and 50.75+14.03 mg/100g),
respectively. However, no significant
differences was observed between (EFP), (KFP)
and (KUM); and also, between (BFM) and
(EUM), between (BFP), (EUP), (KUP) and
between (BUM) and (BUP).

The available nitrogen was significant
higher for (E) and (K) than (B) with mean
values of 13.81+1.06, 11.20+1.19 and 5.76+0.04
mg/100g, respectively. In addition, the results
showed that fertilization, affected greatly the
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Table 2. Organic carbon (OC), total nitrogen (mg/100gm), available nitrogen (mg/100g), and carbon to
nitrogen ratios (in weight), total phosphorus and available phosphorus of soil samples from the
three studied locations (E, K and B) of the study.

g

% F S 0C(C% (mJl%Og) (mé?l’E)IOg) C/N Ratio (mgIlIEJOg) (mg'?leg)
M  3.10+£0.008 178.88+12.23% 17.71+1.03% 17.33£1.43%  43.24+3.022 1.69+0.07 2

' P 1.52+0.01°¢ 149.13+1555¢ 15.33#2.122 10.19+0.95*  35.07+4.50° 1.40+0.05°

g M  2.24+0.01° 138.75+11.34¢ 12.03+0.88* 16.19+0.552 27.58+3.11¢ 1.14+0.00°¢
- P 1.45+0.00¢ 119.88+13.12° 10.16+1.40% 11.80+1.70° 23.9746.13° 1.30+£0.01°
M  2.10£0.01° 158.50+9.95°  13.52+1.06° 13.25+1.35°  38.92+3.55° 1.27+0.02 b

’ P 1.29+0.019 148.13+14.44° 11.03+1.32¢ 8.71£0.95°  35.88+7.02° 1.12+0.02°¢

“ M  1.74+0.01° 144.50+11.66° 11.24+0.78° 12.04+1.10° 27.15+4.56° 0.78+0.00 ¢
- P  1.20+0.00¢  123.25+8.95¢ 9.01+0.97¢ 9.74£1.34¢  24.06x4.11° 0.63+0.01 ¢

M 1.15+0.019 139.50+6.55¢  11.33+0.06°  8.24+1.70°  32.25+2.11° 0.84+0.03 ¢

TP 039:0.01F 12313+13.88° 10.88£0.71° 3.170.5 26.4849.11° 0.69+0.02 ¢

° M  0.60+0.01¢ 55.13+6.56" 0.45+0.04°  10.88+1.10*° 9.19+2.1249 0.42+0.01¢
- P 0.32+0.01f 50.75+14.03"  0.40+1.03¢ 6.31+0.50°  7.88+3.11¢ 0.41+0.02¢

Pooled Means

E 2.08+0.77"  147.41+1555' 13.81+1.06' 13.88+3.43' 32.47+4.15' 1.38+0.02'
K 1.58+0.45™ 143.10+14.56' 11.20+1.19' 10.93+1.88™  31.50+5.33' 0.9+0.01 ™
B 0.61+0.36"  61.34+9.11™ 5.76£0.04™  7.15++1.98" 18.95+3.56™ 0.59+0.04 "
+ 1.95+0.92°5 128.69+13.40° 13.3+1.01° 10.15+4.815 35.31+3.65° 1.17+0.03

- 1.26+£0.70'  105.20+8.90t 7.19+0.63t 11.16+£3.90% 19.97+3.44! 0.78+0.02!

M  1.82+0.72% 135.54+12.66* 11.55+1.33* 12.99+3.84* 29.72+6.07* 1.02+0.04 *

P 1.03+0.45Y  99.02+10.12Y 9.47+1.04y  8.32£3.11 ¥  25.5645.12% 0.92+0.01 %

Means having different letters within column in a main effect are significantly different (P<0.05).
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available nitrogen in soil. The (F) ponds were
significantly higher (P<0.05) than (U) pond in
available nitrogen with mean values of
13.30+1.01 and 7.19+0.04 mg/100g,
respectively. The results revealed that available
N decreased significantly from 11.55+1.33
mg/100g in (M) to 9.47+0.69 mg/100g in (P)
indicating that there was a significant interaction
between types of soil (location), fertilization,
and culture system on available N in soil. The
highest values of available N were recorded in
(EFM) and (EFP) (17.71+ 1.03 and 15.33+ 2.12
mg/100g) respectively with no significant
differences, the same trend was observed
between (KFM and EUM), (BFM), (KUM),
(KFP), (BFP), (EUP), and (KUP). Also, no
significant differences observed between (EUP)
and (KUP) with values of (10.16 +1.40 and
9.01+ 0.97 mg/100g), (0.45+£0.04 and 0.40+0.03
mg/100g), respectively.

Total and available phosphorus

With respect to total phosphorus in soil
mg/100g (Table 3), statistical analysis did not
reveal any significant differences between E and
K total P in soil but value of B was significantly
low with values of 32.47+4.15, 31.50+5.33 and
18.95+3.36 mg/100g, respectively. Also, total P
in soil was directly proportion to fertilizers, it
increased  significantly  (P<0.05)  from
19.97+3.44 for U to 35.31+3.65 mg/100g for F
ponds. However, for culture system the results
revealed that total P decreased insignificantly
from 29.72+6.07 in MS to 25.56+5.12 mg/100g
in PS. Results for total P showed that there was
a significant difference (P<0.05) between
treatments, the highest value was recorded in
EFM (43.244+3.02 mg/100g) followed by KFM
(38.92 3.55), KFP and EFP (35.88+7.02 and
35.07+4.50 mg/100g), BFM (32.25%2.11
mg/100g), EUM and KUM (27.58+3.11) and
(27.15+ 4.56), BFM (26.48+9.11), KUP and
EUP (24.06%4.11 and 23.97+ 6.13), and BUM,
BUP (9.19+2.12 and 7.88+3.11 mg/100g),
respectively. The statistical analysis for total P
for (KFM and KFP, EFP and BFM, also
between EUM, KUP and BUM, BUP) did not
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reveal any significant differences. However,
results of available P showed that there were
significant  differences  (P<0.05) between
locations as it decreased significantly from
1.38+0.02 in E to 0.90+0.01 in K and the lowest
value was observed in B 0.59+0.04. Also, a
positive correlation between fertilizer and
available P in soil was observed between
treatments, it increased significantly (P<0.05)
from 1.17+0.03 to 0.78+0.02 for U and F ponds,
respectively, and decreased with no significant
difference from 1.02+0.04 for M to 0.92+0.01
for P. Moreover, the results of available P
showed that there were significant differences
(P<0.05) between treatments, the highest value
was recorded for EFM (1.69+ 0.07) followed by
EFP, EUP (1.40+0.05 and 1.30+0.01 mg/100g),
KFM, EUM (1.27+£0.02 and KUP (0.69+0.02
and 0.63+0.01 mg/100g), and the lowest values
were for BUM, BUP (0.42+ 0.01 and 0.41+0.02
mg/100g) respectively. However, statistical
analysis revealed that there were no significant
differences between EFP, EUP and KFM, also
between KFM, KFP and EUM, EUP and EUM,
BFM, BFP and KUM, KUP and between BUM
and BUP.

Carbon to nitrogen ratio (C: N)

C:N ratio significantly decreased from
13.88+3.43 for (E) to 10.93+1.88 for (K) and the
lowest value was found in (B) with value of
7.15+£1.98. On the other hand, there were no
significant differences of C: N ratio with adding
fertilizes, where C:N ratio increased from
10.15+4.81 with using (F) to 11.16+3.90 with
(U) ponds. On the contrary, culture system
results showed that C: N ratio decreased
significantly (P<0.05) from 12.99+3.84 in (M)
to 8.32+3.11 in (P).

The  relation between location,
fertilization, and culture system on C: N showed
a significant (P<0.05) effect. The highest
average value of C:N ratio was recorded for
(EFM and EUM), it was 17.33+1.43 and
16.19+0.55 followed by KFM (13.25+1.35) and
KUM (12.04 £1.10), EUP (11.80 £1.7), (BUM
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Table 3. Mean values of initial biomass, total yield, net yield and survival % for Nile tilapia and Grey mullet
reared at three different locations fertilized and unfertilized ponds cultured with mono and
polyculture system in the first experiment.

Initial biomass Total yield Net yield (Kg/feddan) Survival%
Location F  C.S I\I(iklgleddl\zilnu)llet Ni(ll;g/fe?\(/jlzrlll)et Sp Nile tilapia Mullet Sp Nile tilapia Mullet Sp
tilapia Sp tilapia

M 116.82 00.00 4905552 00.00 4788.73@ 0000.00 82.45¢ 00.00

' P 106.20 19.76 4545.17?2 1396.312 4438.97a 1376.55a 83.44%2 90.552

- M 116.82 00.00 4800.12% 00.00 4683.94a 0000.00 80.11° 00.00
- P 106.20 19.76 4549.742 1045.67° 444354a 102591b 83.00°@ 89.131

M 116.82 00.00 4546.092 00.00 4429.27a 0000.00 84.95¢ 00.00

' P 106.20 19.76 4345622 1416.182% 4239.42a 1396.42a 80.12° 91.202

“ M 116.82 00.00 3360.75° 00.00 3243.93b 0000.00 77.23% 00.00
- P 10620 19.76 3603.59° 750.06¢ 3496.39b 730.3c¢ 80.122 87554

M 116,82 00.00 314156° 00.00 2479.74c 0000.00  76.89 ° 00.00

' P 106.20 19.76 3041.23° 1422.37 a 2945.03bc 1402.61a 78.12° 88.12¢

° M  116.82 00.00 2311.07¢ 00.00 1400.25d 0000.00 65.11°¢ 00.00
P 106.20 19.76 1804.91°¢ 592.03d 1385.71d 572.27d 61.32°¢ 76.55°

Pooled Means

E 11151 19.76 4707.57' 1221.04 4596.06 L 1201.28L 82.25L 89.84 -
K 11151 19.76 3964.51™ 1083.12 3853.00m 1063.36'™ 79.86 L 89.38L
B 11151 19.76 2161.69" 1007.20 2050.18n 987.44m 70.86 m 82.34 ¢
+ 11151 19.76 4000.87° 1411.62a 3889.36s 1391.86s 65.33s 89.96 ¢

- 11151 19.76 3221.64' 795.95b 3110.13t 776.19t 61.32s 84.415

M 11151 00.00 3619.63* 00.00 3508.12x 0000.00  60.29 x 00.00

P 11151 19.76 3600.88Y 1103.79 3489.37x 1084.03  66.19 x 87.18
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10.88+1.10),
9.74+1.34 and

(EFP
KFP

10.19+0.95),
8.71+0.95), (BFM
8.24+1.70), and (BUP 6.31+0.50) then
(BFP3.17+0.50). However, there were no
significant differences between (EFM and
EUM), and also between (EFP and EUP), (KFM
and BUM), and (EFP and KFP), (BFM and
BUM), and (KUP).

(KUP

Total yield
Total vyield (TY) wunder different
treatments for Nile tilapia, regardless of

fertilization and culture system decreased
significantly (P<0.05) from 5,811 tons/feddan
in (E) to 4,894 tons/feddan in (K) then to 2,668
tons/feddan in (B). As for the grey mullet there
were no significant differences among location
on TY. It was 1,191, 1,083 and 1,007
tons/feddan for (E), (K) and (B) respectively.
For both of Nile tilapia and Grey mullet
regardless of location and culture system, mean
of TY increased significantly (P<0.05) with (F)
treatments, with values of 4,939 and 1,411 tons/
feddan compared with 3,976 and 7,95
tons/feddan in (U) treatments for Nile tilapia and
Grey mullet respectively. Also, TY was
insignificantly affected by culture systems, and
found to be 4,471 and 4,444 tons/feddan for (M)
and (P) respectively.

For Nile tilapia results indicated that, TY
were affected significantly (P>0.05) by
interaction among location, fertilization, and
culture system. In general (EFP, EUP) showed
the greatest value of TY, while (BUM) had the
lowest value. Statistical analysis didn't record
any significant differences by culture systems. It
was found to be 4,471 and 4,444 tons/feddan for
(M) and (P), respectively.

DISCUSSION

The results of the present study revealed
that there were significant differences among
treatments for soil parameters (OC, TN, AN, TP
and AP). The low recorded values were
significantly  affected by location  with
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unfertilized ponds in B with polyculture system
and the highest were recorded with fertilized
ponds in E with monoculture system. These
results could be attributed to elevated clay levels
in soil from 12.00% in B to 26.50% in K
followed by 40.00% in E. These result agrees
with the results of Boyd et al. (2001), they
reported that with increasing clay levels in soil
the organic matter increases. Also they stated
that 0-2 cm layer contained 0.92 ppm water-
extractable phosphorus. This is a high
concentration, which probably resulted from
recent applications of phosphate fertilizer to
ponds.

Boyd and Munsiri (1996) demonstrated
that phosphorus fertilizers recently adsorbed by
pond soil is more readily released than other
forms of soil phosphorus. However, ponds in B
were considered the most recent ponds in this
study compared with K and E (the primal type
of soil). On the same perception, Munsiri et al
(1995) reported that new pond have lower
concentration of soil organic matter than old
ponds. Boyd et al (1997) when studied ponds
that were 12 years old and three ponds that were
three years old, their results showed that soil
parameters increased in old than young ponds,
and OC increased from 1.8+ 0.24% to
2.28+0.05%, TN from 0.12+0.02 to 0.17 +0.17,
and TP from 0.01+0.01 to 0.09+0.01 for young
and old ponds, respectively. Also, Seo and Boyd
(2001) reported that pond bottom soils are
recipients of large amounts of nitrogen,
phosphorus, and organic matter. These
substances tend to accumulate in bottom soils as
ponds age. Correspondingly, Boyd (1995)
reported that most aquaculture ponds are
constructed in mineral soil of low OM content,
but as pond age, organic matter accumulates.

On the other hand, Thunjai and Boyd
(2001) collected samples from 35 ponds in
Thailand with age range from 3 to 39 years old,
which had been continuously used for tilapia
production. They observed that the correlation
between pond age and both total carbon and
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organic carbon concentration were weak and
nitrogen in bottom soil did not differ with pond
age.

Nonetheless, the soil parameters of the
present study reported a significant decrease with
polyculture system than in monoculture. These
results come to an agreement with those of
Schroeder (1987). He reported that organic matter
accumulation rates of 0.87g m-1 d-1 for intensive
polyculture ponds, while in intensive tilapia ponds
the rate ranged from 100-1500 g m-1 d-1.
However, Green and Boyd (1995) reported that in
tilapia monoculture system the corresponding
values were 18-21% and 79-82% respectively.
While, Schroeder et al (1990) found that in
polyculture ponds common carp, Cyprinus carpio,
silver carp, Hypophthalmichihys molitrix, Nile
tilapia, Oreochromis niloticus, and grass carp,
Ctenopharyngodon idella, about 11-16% of the
applied N was recovered in fish at harvest and the
remaining N (84-89%) was released to pond
environment.

Basically, the influence of aquaculture on
sediment and the benthic environment is due to the
deposit of organic wastes (Cornel and Whoriskey,
1993; Sunlu et al, 1999; Schendel et al, 2004; and,
Alpaslan and Pulatsii, 2008).

The C/N ratio of the present study differed
significantly by location and type of culture. C/N
ratio decreased significantly from in E, to K
followed by B. This might be attributed to the
variations among soil contents in OC and TN. Also
its significant decrease with polyculture system
more than in monoculture system might be due to
the presence of grey mullets which could
effectively remove 4.2g OC, 0.70g N and 7.2mg
P/kg mullet/m/day from the organically enriched
sediment (Lupatsch et al 2003). On the other hand,
treatments with applied fertilizers did not affect the
C/N ratio. These results agree with Munsiri et al
(1995) that conducted a study at Auburn
University, found that there were no significant
differences of C/N ratio in fertilized ponds.

The present study showed that the highest
value of total yield (TY) found in fertilized pond

with polyculture system at E was higher than that
of B. Although, soil type affected significantly
(P<0.05) the (TY) and (NY) as ponds at E were
higher than that of K and B. These could be
attributed to the variation of soils at different
locations. In the same manner, Thunjai (2002)
reported that, generally soils differ from location to
another with respect to properties such as soil
depth, distribution of particle size, type of clay,
concentration of organic matter, and thickness of
individual horizons within the soil profile. Also,
Jana and Webster (2003) reported that water and
soil conditions have a great influence on the
efficiency of shrimp production.

Jiwyam (1996) studied the effect of soil on
fish production (O. niloticus). He found that fish
pond mud tanks gave the highest production.
Bagghe et al. (1990) studied the relationship
between fish pond soil and fish production in West
Bengal and found a significant correlation between
soil type and fish production with sandy loam soils
giving the highest productivity.

Furthermore, Mendez et al. (2004) found
that texture of sediment influence shrimp vyield,
with lower values for sandy sediment relative to
silty sediments. They also established significant
differences in final weight, survival rates, and
shrimp yield among treatments.

Besides, TY and NT decreased significantly
with unfertilized treatments more than with
fertilized ponds. These results corresponds with
that of Brunson et al (2001) whom reported that
fish harvest of a fertilized pond can be triple that of
on unfertilized pond. Also, McNabb et al (1990)
indicated that fertilization of a fish pond increase
the amount of harvestable fish.

On the other hand, TY and NY decreased
significantly with monoculture system more than with
polycultue. The findings herein agrees with those of
Tian et al (2001) whom reported that polyculture
system allowed increased production with the same
amount of feed. Also, El-Sayed, (2006) reported that
tilapia can produce high yields in monoculture
systems because they can fill several feeding niches,
compared to selective feeders such as carp.
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Furthermore, Edirisinghe (1990) found that
stocking of common carp, big-head carp and
Nile tilapia in fertilized ponds at various
densities at a ratio of 2:1 or 1:2 big-head carp:
tilapia and 2:3:4 big-head carp: common carp:
tilapia, forl54 days significantly increased the
growth rate of big-head carp and tilapia,
indicating that the incorporation of a bottom
feeder was beneficial.

Therefore, the present study
acknowledged that fertilization was more
effective in sandy soil than clay-sandy or clay
soil. Consistently, despite of location and culture
system, fertilized ponds were higher in final
yield than unfertilized ponds. In addition,
polyculture system was better than monoculture
regardless to location and fertilization.
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