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Abstract:

Nile river Delta contains the major agricultural and aquacultural base lands
in Egypt. Fish farming lands are spread in the northern part of the Nile Delta.
Soil/sediments in fish ponds of the Delta are drained and disposed for improving
the conditions of bottoms. Land uses include upland cultivation, and short- and
long-term of catfish production. It was worthy to examine the influence of fish
land use on some soil properties and the availability of some soil micronutrients.
Ten soil profiles were chosen to represent the most popular uses of soils in the
northern Nile part of the Delta including fish farming. A virgin soil was used as a
reference for making comparison among the different practices. The available
content of soil Fe, Mn and Cu and their relation with soil properties were studied.
The results showed that the available Mn, Fe, Cu, and Zn in the catfish pond soils
were higher than north upland cultivated and virgin soils. Available Fe, Mn, Cu
and Zn decreased with increasing the duration use of catfish pond soils and culti-
vated soils, while available Zn increased with increasing duration of cultivated
soil. Available Fe, Mn, Cu and Zn showed significant correlations with soil prop-

erties. The results may be applicable to other river delta areas of the world.
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Introduction:

To increase animal protein
products in Egypt, many fish farms
are being recently built. Fish farming
has become one of the national tar-
gets aimed to reserve amounts of
animal protein to fill the diet gap,
create new work opportunities, invert
soils having bad properties into pro-
jects that serve the food security pro-
gram and finally get better utilization
of drainage water. It is well known
that the gain expected from using
lands in fish farming is higher than
that from their use in the conven-
tional agricultural purposes. So, many
farmers in the north Delta converted
their land activities to fish farming,
resulting in a deterioration in the
highly productive soils. Fisheries can
be established in low quality soils to
maintain the productive soils for the
better generations. On the other hand,
in the case of scarcity of irrigation
water, it is worthy to direct waters
towards the conventional agricultural
purposes. Also, fish can be grown in
the different water canais, lakes and
seas that are wide spread in Egypt.
The solubility and the availability of
most soil micronutrients increase
with decreasing in the soil pH (Lind-
say, 1972). Abou seeda et al. (1989)
showed that the oxidation, generally,
decreased iron and manganese con-
tent and considerably increased cop-
per. However zinc was not affected
by oxidation. Ghoneim (1996) re-
ported that the native soil zinc de-
creased as the time of flooding in-
creased. On the other hand, the avail-
ability of Mn and Fe increased with
increasing the fiooding time. Okon
and Antia (2003) studied the micro-
nutrient dynamics in some wetland
soils of Nigeria and found that the
amounts of Fe and Zn in these soils
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were strongly correlated with the clay
content and with high levels of or-
ganic matter, respectively. The high
levels of some micronutrients in these
soil content clearly reflected their
poor drainage conditions. Yongming
et al. (2003) showed that copper ac-
cumulated mainly in the top layer (10
cm) of the soil profile. Also, they
showed that the reducible Fe and Mn
oxide bound fraction may be more
important for controlling the mobility
and bio availability of Cu, than oxidi-
zable organic matter bound fraction
in paddy soils. The availability of
micronutrients is particularly sensi-
tive to changes in soil environment.
Soil factors such as organic matter,
soil pH, lime content, and redox po-
tential as well as sand, silt, and clay
contents affect the available amounts
of micronutrients in soil. There is also
correlation among the micronutrients
contents and above-mentioned prop-
erties (Chaudhari et a/. 2012). This
study aims to investigate the available
contents of Fe, Mn, Zn and Cu in fish
farming soils and their relation with
soil properties.

Materials and Methods:

To achieve the purpose of the
present study, it was necessary to se-
lect representative sites, similar in na-
ture and fall within an area of about
100 feddans. The studied soils are lo-
cated in the village No. 73, about 10
km to the west of El-Hamoul city,

Kafr El-sheikh governorate, Egypt.

Ten soil profiles were chosen accord-
ing to the variation in land utilization
type and the period of the land use.
Another soil profile (No.l) was se-
lected to represent a virgin soil that
had not been used before.

Profiles No. 2, 3, 4 and 5 repre-
sented the soils that were used in fish
farming for 5, 10, 15 and 20 years re-
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spectively whereas profiles No.6 and
7 were for soils under agricultural
cultivation. Meanwhile, profiles No.
8, and 9 represented soils that were
cultivated after fish farming while,

profiles No.10 and 11 were for soils
that used in fish farming after cultiva-
tion, soluble cations and anions were
determined in soil baste extract (Ta-
ble 1).

Table (1): Land use type, some soil chemical and physical properties of the

used soils.

Land use | Water Soluble cations and anions, m mole L™
Profile | ond use t iod | table level
and use type erio able leve .
No. P Na* | K* |Ca**| Mg |HCOs| ¢ | so
(year) (cm) +CO;”
1 Virgin soil - 80 12477 | 1.17 |17.70| 64.25 | 3.25 | 72.07 |112.27
2 5 80 317.81| 1.90 (34.60| 93.40 | 3.30 [317.40}{126.90
3 Fish 10 82 340.28 | 1.70 (31.90| 52.80 | 4.20 |317.50|104.90
4 farming 15 70 111.80 | 1.40 115.93| 30.10 | 3.20 | 97.90 | 58.20
S 20 80 503.20 | 3.20 {46.65| 126.40 | 5.00 | 580.70 | 93.50
6 . S 85 61.61 1 0.25|14.30| 21.70 | 8.60 | 62.70 | 26.50
Cultivation :
7 15 85 109.30 | 0.79 {13.42| 48.10 | 2.50 | 109.20 | 59.80
8 Cultivation after| 10 after 10 85 489.05!0.38 111.00! 34.50 | 5.10 1475.001 54.80
9 fish farming | 5 after 10 85 463.20 [ 1,00 {11.77| 22.82 | 5.20 |411.00| 82.60
10 Fish farming 5 after 5 82 66.76 | 1.48 [24.14] 83.09 | 3.20 | 23.30 [148.90
11 jafter Cultivation| 5 after 15 85 3570 10.18 1 8.30| 2045 | 6.15 | 42.50 | 15.70

Soil samples were taken from
each profile according to the morpho-
logical differentiation (FAO, 1977).
Soil samples were air dried, ground,
sieved through a 2 -mm sieve and
stored for analysis. Particle-size dis-
tribution and fine clay (<lp) was
separated from the coarse (>1p) one
of soil samples was carried out using
the pipette method (Klute, 1986). Soil
pH was determined in 1:2.5 soil water
suspension, at 250C using a glass
electrode according to Cottenie et al.
(1982). Calcium and Magnesium
were determined by the EDTA
method (page et al., 1982). Sodium
and potassium were determined by
emission flam photometer, (page e?
al., 1982). Soluble Carbonaet and Bi-
carbonates were determined by using
the titration method (page et al.,
1982). Chloride concentration was
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determined using silver nitrate and
potassium chromate as indicator, ac-
cording to (page et al., 1982). Sulfate
ion was calculated by subtracting
concentration of total soluble anions
and cations. Total calcium carbonate
in the soil sample was determined us-
ing Collin's calcimeter and the results
were calculated as CaCO; after cor-
recting the temperature and pressure
according to Nelson (1982). Soil sa-
linity as electrical conductivity (ECe)
was determined in the saturated soil
paste using Beckman Conductivity
bridge, (page et al., 1982). Organic
matter was determined using the
modified Walkly and Black method
(Jackson, 1967). Available Fe, Mn,
Cu and Zn were extracted using eth-
ylene diamine tetra-acitic acid
(EDTA) as mentioned by (Cottenie et
al., 1982) .All tested micronutrients
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were analyzed using atomic absorp-
tion spectrophotometer (AAS).
Results and Discussion:
1 Soil physical and chemical prop-
erties

1.1 Particle size distribution

Table (2) showed that the total
and fine clay tended to increase in the
subsurface soil in paddy soil of fish
ponds. The total and fine clay was
increased in the subsurface layer
compared to both its upper or lower
layer, of profiles No.3, and 5 which
represented of soils that were used as
fish ponds for 10, and 20 years re-
spectively. The increase magnitude
reached 19.23 % of the total clay in
profile No. 5. Similar results were no-
ticed by IRRI, (1987) who reported
that the paddy soil profile forms a
hard pan and subsoil due to accumu-
lative clay or humus and clay. Soils
which had been used as fish ponds for

5 vears, exhibited a little increase in
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the fine clay in the subsurface soil;
this increase did not exceed 1.1%.
However, there was a decrease in the
fine clay of profile No.4, which rep-
resented the soil that was used as a
fish pond for 15 years, with increas-
ing soil depth up to 20 cm. A notice-
able high clay content occurred in the
upper layer of profile No.4, could be
attributed to the manner of establish-
ment of poles of fish farms, due to
excavation of ponds to about 1 m.
Regarding the soils under cultivation,
the total clay also increased in the
subsurface soil of profiles No.7 and
6, but fine clay was higher in the sur-
face and deeper layers, which may be
due to agricultural practices.

On the other hand, the soils pro-
files No.8, and 9 which had been cul-
tivated for 10 years after using as fish
ponds had an increase in the total and
fine clay with soil depth.
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Table (2): Particle-size distribution of the studied soil profiles.

. Particle size distribution
Latl;(:):se Land(;:::’;erlod Prlsglle D:‘:h Clay % from the total | Clay | Silt |Sand Soil texture
Coarse >1pu| Fine<ip | (%) | (%) | (%)
0-30 37.58 62.42 50.5 |47.13|2.37| Siltclay
1 30-45 48.67 51.33 | 32.25 | 59.9 | 7.85 |Silt clay loam
Virgin soil 45-80 49.19 50.81 22.77 |61.06/16.17; Silt loam
80-100 44.38 55.62 | 41.43 |56.39(2.18 | Siltclay
W.mean 44.67 36.61 36.29 |55.77( 7.98
0-35 8.68 91.32 76.5 121.93| 1.57 Clay
s 2 35-60 7.58 9242 | 73.43 [25.81|0.75 Clay
60-125 28.68 71.32 | 67.71 |28.3(3.99 Clay
W.mean 18.86 81.14 | 71.31 [26.01(2.66
0-25 23.81 76.19 | 78.65 |17.48|3.87 Clay
3 25-45 14.75 85.25 83.8 |13.89]2.31 Clay
o0 10 45-95 41.48 58.52 | 73.18 (26.35|0.47 Clay
E 95-110 27.26 72.74 | 30.86 |29.42(39.72| Clay loam
,E W.mean 30.67 69.33 | 70.58 (22.49| 7.05
< 0-20 8.49 91.51 67 |(31.49|1.51 Clay
B 15 4 20-45 8.9 91.1 50.34 142.7116.95 | Siit clay
45-70 3.21 96.79 | 65.48 |33.83]/0.64 | Silt clay
W.mean 6.75 9325 | 60.51 (36.33| 8.8
0-40 18.68 81.32 | 56.99 |41.46| 1.55| Siit clay
20 5 40-90 11.57 88.43 | 76.22 |21.42/2.36 Clay
90-110 19.92 80.08 | 67.15 128.43| 4.42 Clay
W.mean 15.67 84.33 | 67.59 |29.98|2.44
0-20 42.39 57.61 39.7 155.36| 449 | Clay loam
6 20-50 54.68 4532 | 7091 [28.24| 0.86 Clay
5 50-95 47.6 524 47.19 |43.11} 9.7 Silt clay
£ 95-130 48.38 51.62 | 51.18 |46.38|2.44| Siltclay
"§ W.mean 49.51 51.38 | 52.58 (42.44| 4.9
= 0-50 40.32 59.68 | 64.68 [26.07]| 9.25 Clay
8 ; 50-8¢ 517 48.3 66.89 130.62; 2.49 Clay
15 80-100 35 65 444 |41.47|14.13| Siltclay
100-120 42.86 57.14 | 23.31 [50.76{25.93| Silt loam
W.mean 427 57.14 | 54.46 (33.89|11.15
_;_" 0-20 15.75 89.25 | 23.63 67.35/9.02| Silt loam
g 3 20-35 15.13 84.87 | 72.66 |23.22|4.12 Clay
i 10 after 10 35-75 72.03 2797 | 25.75 |71.93|2.32 Silty
& 75-110 80.58 19.42 209 [66.04/13.06/ Silt loam
g W.mean 5675 | 4411 | 30.1 [62.58] 7.2
: 0-30 45.17 54.83 27.2 (67.23| 5.57| Siltlcam
'é 5 after 10 9 30-75 8.33 91.67 1 55.52 [40.87| 3.61 Clay
-E 75-110 16.16 83.84 | 60.52 (32.41}7.07 Clay
at W.mean 20.87 79.13 | 49.38 (45.37|5.25
& 0-60 4237 57.63 § 69.52 {29.73]| 0.75 Clay
;E 5 after 5 10 60-80 4429 55.71 66.36 {31.43|2.21 Clay
3 80-105 15.75 84.25 | 70.48 |24.37}5.15 Clay
g W.mean 36.39 63.6 6223 128.78,2.07
:Jé 0-40 44.66 5534 | 21.65 {76.84! 1.51| Silt loam
E 1 40-60 47.58 52.42 | 59.56 |31.81!8.63 Clay
= 5 after i5 60-90 49.86 50.14 1577 | 82.711.53 Silticam
L; 90-110 37.85 62.15 | 51.31 {46.53]2.17] Siitclay
B W.mean 45.37 54.62 | 32.33 {64.74|2.92
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This increase could be attributed
to the migration of fine clay down-
ward their use as fish ponds and be-
fore to be cultivated. However the
soil of profile No.10 which was used
as a fish pond after its cultivation
showed a high content of clay in the
surface layer compared to the arable
land. Generally, migration of fine
clay in the soils under fish forming
conditions may result in close the fine
pores, of the soil leading to reduced
and gleying conditions. This impact
must be taken into consideration if
the soil will be used as a fish pond for
long time.

1.2 Soil pH

The pH values of the investi-
gated soil profiles are recorded in Ta-
ble (3). All the studied soil samples
showed an alkaline soil of pH value.
It is mainly due to the prevailed arid
climatic conditions and the domi-
nance of sodium ions in both soils
and irrigation water. Using soils in
fish farming remarkably decreased
the soil pH which could be attributed
to the addition of organic manure to
feed fish, and its decomposition un-
der anaerobic conditions, and to the
regular addition of superphosphate
during the drying period of fish farm-
ing poles. The soils represented by
profile No.5 which had been sub-
jected to fish farming for about 20
years, showed a marked decrease in
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the soil pH (8.19 as a mean value)
compared to the virgin soil of profile
No.1 (pH 8.93). This may be because
of the highest values of EC that were
recorded in the virgin soils. In addi-
tion, data in Table (3) show a propor-
tional increase of organic matter in
the soils used as fish farms, and in-
versely related to the pH value. The
highest value of organic matter
(2.05% as a mean value) had been
recorded for profile No.5 which ex-
hibited the lowest value of soil pH
(8.19).

A lower influence of cultivation
in decreasing the soil pH values was
found in profiles No.6 and No.7,
compared to that under fish farming
conditions. The soils which had been
subjected to the cultivation after fish
farming, recorded lower pH values
compared to those cultivated without
fishering. Turning the cultivated soils
into fish farming as in profiles No. 10
and No.ll, caused a noticeable de-
crease in soil pH. Five year fishering
after cultivation for 5 years as in pro-
file No.10, recorded the a lower soil
pH value of 8.33 while this fishering
time soils, after 15 years of cultiva-
tion as in profile No.11, recorded pH
value of 8.82. Generally, there were
lower the soil pH values in the soils
which have been used as fish ponds
compared to those of the cultivated
soils. :
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Table (3): Some chemical properties of the soil profiles under study.

Land use Soil property
Latn d :se period Profile No ]z:::)h oM ECe o
P (year) pH (%) @ miy | ©2C0s

0-30 8.93 0.88 44.8 150

. 30-45 8.97 0.51 8.81 0.46

Virgin soil 4580 9.12 0.34 9.20 1.34
§0-100 8.61 0.51 12.45 0.88

W.mean 8.93 0.56 2047 1.6

0-35 8.41 0.76 28.21 1.14

s 2 35-60 8.30 0.85 44.40 1.01

60-125 8.46 0.68 53.00 Ti4

W.mean 8.41 0.74 4433 L1l

0-25 8.30 0.51 40.20 0.88

25-45 8.42 1.19 55.90 2.20

. 10 3 45-95 8.36 0.93 45.50 0.35
E 95-110 8.72 0.51 17.50 2.20
= W.mean 841 0.82 4236 1.06
= 0-20 8.35 2.72 26.65 231
& s 4 20-45 8.86 0.93 931 3.81
4570 9.16 2.29 1231 7.04

W.mean 8.82 1.93 15.33 4.54

0-40 8.20 146 3221 2.64

" 5 40-90 8.18 2.38 76.39 4.44

90-110 8.18 2.38 110.7 3.78

W.mean 8.19 2.05 66.56 3.66

0-20 8.74 1.19 5.90 2.95

6 20-50 8.96 0.85 5.72 145

s 50-95 9.10 0.68 7.00 2.33

g 95-130 9.10 0.59 19.81 3.83
s W.mcan 9.01 0.77 9.98 2.62
2 0-50 g.16 1.76 20.20 0.92
& ., 50-80 8.0 1.02 17.50 0.44
15 ' 80-100 9.41 0.68 723 2.02

100-120 9.28 0.76 9.27 1.32

W.mean 854 1.2 15.54 1.05

. 0-20 845 1.53 8.54 742
& 8 20-35 8.26 2.12 6330 1.36
" 10 after 10 3575 8.55 2.29 58.18 1.76
B 75-110 3.89 0.08 67.34 0.53
g E W.mean 8.60 1.42 52.76 1.43
g3 0-30 8.51 0.98 69.14 251
z 9 30-75 8.71 131 39.42 3.17
£ 5 after 10 75-110 867 1.36 26,64 334
© W.mean 8.64 1.24 49.82 3.04
I 0-60 8.40 0.91 18.40 1.23
! s afier § 10 60-80 8.11 1.19 19.94 2.20
5 80-105 8.36 1.02 12.50 0.70
Fe W.mean 8.33 0.99 17.28 129
R~ 0-40 8.91 12 3.00 2.42
£ " 40-60 9.01 1.76 764 198
& 5 after 1S 60-90 891 0.85 7.00 1.14
= 90-110 8.32 0.91 11.15 2.64
& W.mean 8.82 .15 6.42 2.03

These results are in an agree-
ment with those obtained by Aboul-
rous ef al. {1981} who reported that
the soil pH decreased upon flooding
until reaching slightly acidic values.
It could be concluded that using the
soils in the north delta as fish farms
may decrease the pH of the soil,
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which may improve the solubility of
some nutrients such phosphorus and
some micronutrients.

1.3 Soil salinity

The virgin soil showed high ac-
cumulation of salts on the surface
layer, where as its ECe reached 44.80
dS/m (Table 3 profile No.1). It could
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be attributed to the upward movement
of saline ground water by the capil-
lary rise, which represents an ascend-
ing salt profile. So, it is worthy to
mention that using soils under any
type of land use may protect them
from deterioration.

Moreover, the soils which had
been subjected to fish ponds, resulted
in redistribution of salts along the
depth of soil profile. There was a
marked decrease in the ECe values in
the upper layer of profiles No. 2, 3,
and 5 (Table 3). The continuous
flooding with water caused the salts
to remove from the upper layer down
ward the soil profiles resulting in in-
crease in the soil salinity in the bot-
tom of the soil profiles. Cultivating
the soils caused a sharp decrease in
soil salinity as it is shown in profile
No.6. The traditional management
and the irrigation system that are used
in the cultivated soils may lead to a
type of intermittent leaching which
accelerates removing the salts and
improving the soil salinity, particu-
larly with the prevailed rice cultiva-
tion in this area. Also, cultivating the
soils even after fish farming exhibited
lower decrease in the ECe values as it
is shown in profiles No.8, and 9
where the mean ECe values reached
49.82 dS/m (profile No.9).Moreover,
the soils which were turned from cul-
tivation to fish farming still had lower
ECe values as it is found in profiles
No. 10 and 11 where the ECe values
varied from 3.00 to 18.40 dS/m

1.4 Total calcium carbonate
(CaCOy)

Table (3) shows that the distri-
bution of toial calcium carbonate var-
ied widely among the investigated
soil profiles. The amounts of total
calcium carbonate in the soils that
were used as fish ponds (profiles No.
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2, 3, 4, and 5) were higher than in the
virgin soil (profile No.l). The total
CaCOs; in the fish farming soils in-
creased with increasing the land use
period from 5 to 15 years, where as
the total CaCOs; values varied from
1.11 to 4.54%. The magnitude in-
crease of CaCO; was relatively lower
after 20 years of fishering (3.66%),
compared to after 15 years of fish
farming. Flooding the soil with water
as in fish farming may cause differen-
tial mobility of the mono and divalent
cations in those soils. It means that
the rate of removing Na’ is higher
than Ca?" and Mg?", therefore, CaCOs
may precipitate under these condi-
tions. These results agree with those
reported by Abo Waly, et al. (1994),
who pointed out that using the soil as
fish farming may cause Na' to re-
move more than Ca', wherever,
CaCO; may precipitate. The total
CaCO; under fish farming land use
was increased with increasing the soil
depth. It could be attributed to the
mobility of Ca(HCOs), during the
process of decarbonation due to
flooding, and its downwards the soil
profile and then, its precipitation as
CaCOs due to the carbonation proc-
ess.

On the other hand, the total
CaCOj; in the arable soil was lower
than total CaCQO; in soils under culti-
vation. The total CaCO; in soils un-
der cultivation decreased from 2.62 to
1.05 % with increasing land use pe-
riod from 5 to 15 years (Table3). The
total CaCO; of the soils under culti-
vation was higher in deeper layers
than in surface ones. The soils which
had been cultivated for 5 years after
10 year use as fish ponds showed an
increase in total CaCO;, as it is
shown in profile No.9, where as the
total CaCOj; value reached 3.04%.
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The total CaCOs of the soil repre-
sented by profile No.8 which had
been subjected to cultivation for 10
years after 10 year use as fish ponds
was little higher than that of the soils
represented by profile No.9. The re-
sults also, showed that the total
CaCO; in profile No. 11 representing
the soil were used as fish ponds for 5
years after 15 years of cultivation was
higher than that of profile No.10 that
had been subjected to fish farming for
5 years after 5 years of cultivation.

Generally, cultivating the soil
before its use in fish farming in-
creases the total CaCO; in the soil
comparison with when the soil is
used in fish farming only. Whereas
the total CaCOs; of profiles No.10 and
11 was higher than that of profile
No.2.

1.5 Soil organic matter (OM)

The soil organic matter (OM)
content varied among the different
studied soil profiles (Table 3). The
virgin soil had the lowest values of
OM (0.34-0.88%) with substantial
decrease with depth. The soils under
fish forming contained relatively
higher contents of OM, compared
with those under other land use types
or the virgin soil. These results are in
an agreement with Nashy (1995) who
recorded a noticeable increase in the
organic matter content of the soil fish
farming, whereas it increased from
1.22 % at the begging of the study to
1.44% after the second season of fish
growth, and reached the maximum
(2.2%) in the third season.

The results also indicated that
the soil organic matter increased with
increasing the land use period of the
fish farming, resulting an increase in
the organic matter values from 0.73
to 2.05 % with increasing land use
period from 5 (profile No.2) to 20
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years (profile No.5). This increase
could be attributed to the regular ad-
dition of organic matter to feed fish
and to the prevailed anaerobic condi-
tions that could delete OM decompo-
sition. The highest value of organic
matter was obtained in the surface
soil layer, which had been used in
fish farming for 15 years, (profile
No.4). A remarkable increase of or-
ganic matter was recorded in the
deeper layers of some profiles that
may be due to the presence of de-
composed burred organic matter. In
addition, the high content of organic
matter in deepest layers is probably,
because of dissolving the humus as
sodium humate and its movement
down ward the soil profile.

2 Available micro nutrients:

The available micronutrients
which had been extracted by EDTA
as affected by and land use type and
time period are presented in Table
(4). The distribution of the available
investigated micronutrients in the
studied profiles were in the decreas-
ing order of Mn > Fe> Cu > Zn.

2.1 Available iron (Fe)

Table (4) indicated that the
available Fe in the soils under fish
farming (flooding conditions) was
higher than in the virgin soil. There
was an exception in profile No.4
which represented the soils that were
used in of fish farming for 15 years,
where available Fe was lower than in
the virgin soil (profile No.1). More-
over, the available Fe in the soil that
was used in fish farming increased
with increasing the duration of flood-
ing where of the available Fe in-
creased from 137.% 10 319.90 mg/kg
when the duraticns of fish farming
increased from 5 to 20 years.

The availabie Fe in fish farming
soils also increased with soil depth, It
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may be attributed to the higher con-
tent of fine clay in deeper layers (Ta-
ble4). However the available Fe in
profile No.4 which represented the
soil that was used in fish forming for

15 years was higher in the surface
layer which it was probably to its
high content of organic matter
(2.72%) in the surface layer (Table
4).

Table (4): Effect of cultivation and fish farming land use and its time period
on the available Fe, Mn, Cu and Zn.

Land use Land use pe- Micronutrent (ppm)

type riod Profile No | Depth (cm) Fe Mn Cu Zn
(year)

= 0-30 137.00 226.16 5.50 2.30
2 ] 30-45 325.00 397.28 6.00 0.52
= 45-80 140.50 184.40 3.95 0.58
£ 80-100 42.50 316.96 6.30 0.47
W.mean 147.35 255.40 5.14 1.06
0-35 62.50 652.00 6.00 1.39
P 2 35-60 233.00 470.56 9.15 1.69
60-125 215.00 452,90 8.70 1.71
W.mean 157.90 512.18 8.03 1.62
0-25 318.00 859.60 7.05 2.38
3 25-45 320.50 480.08 15.90 0.77
2 10 45-95 333.50 881.76 9.10 2.03
g 95-110 76.00 166.48 10.40 0.69
8 W.mean 292.50 706.15 10.04 1.69
5 0-20 212.50 355.44 6.05 0.72
= s 4 20-45 129.50 370.72 4.60 0.53
45-70 87.00 248,48 4.90 0.30
W.mean 138.04 322.70 5.12 0.50
0-40 202.00 343.68 11.80 1.72
20 5 40-90. 397.00 352.20 11.10 1.56
90-110 363.00 353.20 10.90 2.13
W.mean 319.90 349.30 11,32 1.72
0-20 220.00 425.20 11.00 0.48
6 20-50 253.00 512.08 10.00 1.08
5 50-95 92.00 552.56 7.20 0.93
£ 95-130 117.00 508.24 7.20 0.53
g W.mean 155.58 511.69 8.43 0.78
£ 0-50 4450 513.84 9.00 0.96
O . 50-80 154.00 280.40 6.00 1.38
15 80-100 73.00 296.96 5.60 0.81
100-120 49.00 510.96 3.00 0.59
W.mean 77.37 418.85 6.70 0.98
0-20 14.50 20.64 8.00 0.05
@ g 20-35 262.50 467.12 4.70 2.15
= 10 after 10 35-75 148.00 333.92 7.40 0.60
G ¥ 75-110 174.50 573.52 540 0.71
£ § W.mean 147.80 371.40 6.50 0.74
g & 0-30 78.50 389.44 8.40 0.66
2 5 after 10 9 30-75 218.50 435.92 6.10 1.21
3 75-110 188.50 449.60 4.90 0.68
W.mean 170.77 427.60 6.35 0.89
2 0-60 38.00 377.92 6.80 0.68
g S after S 10 60-80 252.50 376.56 16.00 0.97
& 80-105 270.50 387.20 8.90 0.83
% g W.mean 134.21 379.87 9.05 0.77
205 0-40 68.50 379.20 7.70 0.54
E > 1" 40-60 234.00 504.88 16.10 0.85
& 5 after 15 60-90 75.00 466.08 5.00 0.70
5 90-110 80.00 410.64 3.60 0.80
& W.mean 102.45 431.46 7.75 0.69
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These results are in coincide
with those of Okon and Antia (2003)
who found that the amounts of soil Fe
were strongly correlated to the clay
and OM contents in some wetland
soils. Available Fe in the soils which
had been cultivated for 5, and 15
years decreased with increasing the
duration of cultivation (Table 4). The
available Fe in the soils which had
been cultivated for 15 years (profile
No.7) was lower than in the virgin
soil (profile No.1). It could be due to
the uptake of available Fe by the
growen crops.

The soils which had been culti-
vated for 10 years after 10 years of
fish farming contained almost the
same level of available Fe as the vir-
gin soil as it is shown in profile No.8,
where the available Fe reached 147.8
mg/kg (Table 4). The available Fe
values profile No.9 which represented
the soil that had been subjected to
cultivation for Syears after 10 years
of fish farming were slightly higher
than in profile No.8.

Regarding the soils which were
used in fish farming for 5 years after
5 years of cultivation profile No.10,
there was an increase in the available
Fe compared to the virgin soil. The
variations in available Fe in these
soils were higher compared to those
of available Fe in the soils that were
used in fish forming for 5 years after

15 years of cultivation profile No.11,
where the available Fe in those soils
reached 102.45 mg/kg.

The available Fe showed nega-
tively significant correlations with
soil pH (r = - 0.352), sand (r = -
0.318) and silt (r = - 0.351) content
and positively significant correlations
with the ECe (r = 0.561) and clay
content (r = 0.435) (Table 5).

This result agree with these ob-
tained by Chaudhari et al. (2012) who
found that the available Fe showed a
highly positive correlation with the
electrical conductivity of soil (EC) (r
= 0.969278). Their results also
showed negatively significant corre-
lation (r = -0.5752) between the
available Fe with pH was found.
However, nonsignificantly positive
correlation was found between the
available Fe and the organic carbon
in the soil.

2.2 Available manganese (Mn)

The available Mn showed the
highest level of the investigated
micronutrients in the studied soils
(Table 4). The available Mn in pro-
files No. 2, 3,4,and 5, which represent
the soils that were used in fish farm-
ing for 5,10,15 and 20 years ranged
between 322.7 and 706.15 mg/kg as
mean values. Generally, the available
Mn in fish forming soils was higher
than in the virgin soils (255.4 mg/kg).

Table S: Correlation coefficients ( r ) of the available Fe, Mn, Cu and Zn and
some properties of the studied soils.

Prope
pH oM EC CaCO3 Sand Silt Clay
Micronutrient
Fe -0.352* 0.263 0.516** -0.006 -3.318%* -0.351 0.435%*
Mn -0.100 1 -0.213 G.176 -G.316t -¢.253 6290 (.356%
]
Cu . -0.353* 0.223 0.165 0.051 -0,175 6126 | Gi78
Zn E -0.444%* 0.099 $.562%* -4.222 -0.272 -0,482%* | 0.536%*

** Correlation is significant at the 9.01 level

*, Correlation is sigrificant at the 0.05 level
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Fish farming conditions proba-
bly may increase the solubility Mn
compounds in the soil resulting in
toxic level of Mn. Using the soil in
fish farming for 10 years caused the
available Mn to increase in the sur-
face layer to a level of 859.6 mg/kg
(profile No.3). These results are in an
agreement with those of Abo Waly et
al. (1995) who reported that the sub-
mergence conditions were largely fa-
vored and induced Mn and Fe solu-
bility to levels that became toxic to
the plants under the submergence re-
gime of impeded drainage as in grow-
ing rice.

The available Mn in the soils
under fish forming increased with in-
creasing the land use period, whereas
the available Mn increased from
512.18 to 706.15 mg/kg with increas-
ing the land use period from 5 to 10
years (Table 4). However, increasing
the land use period to 15 and 20 years
exhibited a noticeable decrease in the
available Mn to 322.7 and 349.3
mg/kg, respectively, as in profile No.
4, and 5 respectively. The available
Mn in the soils under fish forming of
profile No. 2 and 4 was relatively
high that may be attributed to the
high clay content in these soil (Table
2).

Increasing the duration period
of cultivation from 5 to 15 years
caused a decrease in the available Mn
(Table 4). The values decreased from
511.69 mg/kg in profile No. 6 to
418.85 mg/kg in profile No.7 as mean
values. This decrease could be related
to the agricultural practices and the
aerobic conditions induced manage-
ment of soils.

A high increase of the available
Mn was recorded in the upper layer
(0 — 50 cm) of profile No.7, where as
its level it reached 513.84 mg/kg. The
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relatively high content of organic
matter in this layer (1.76%), organic
manuring as well as fertilization
could be related to this increase.

Distribution of available Mn
with depth was relatively homogene-
ous in the subsurface layers in profile
No.6, which it reflects the young age
of this profile that had been cultivated
for only 5 years. The soils which had
been cultivated for 10 years after 10
years of fish farming showed a de-
crease in the available Mn compared
to the virgin soil, whereas the avail-
able Mn value reached 371.4 mg/kg
as it shown in profile No.8. Regard-
ing of soils which had been used as
fish forming for 5 years after 5 years
of cultivation profile No.10 there was
an increase in the available Mn com-
pared to the virgin soil. The available
Mn in these soils reached 379.87
mg/kg and increased with soil depth.
The variation in the available Mn of
these soils was little higher compared
to that of these soils which had been
used as fish farming for 5 years after
15 years of cultivation profile No.11.

The available Mn in these soil
showed significantly negative corre-
lation with CaCOj; (r = 0.316) and a
significantly positive correlation with
clay content (= 0.356). However, it
had there a negative but not signifi-
cant correlation with soil pH (= -
0.100), as well as organic matter (r =
-0.213), sand (r= -0.253) and silt (r=-
0.290) contents (Table 5).

2.3 Available copper (Cu)

The soils under fish farming
(paddy soil conditions) revealed an
increase in the available Cu compared
to the virgin soil (Table 4). The high-
est value of available Cu in the stud-
ied soil was recorded for the soils un-
der fish farming. Copper one may be
bound to soil organic matter, and Mn
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oxides and clay minerals of these
soils in an available form. Yongming
et al. (2003) showed that the reduci-
ble Fe and Mn oxide bound fraction
may be more important for control-
ling the mobility and bioavailability
of Cu than the oxidizable organic
matter bound fraction in paddy soils.
The available Cu in the soils of fish
forming increased with the time of
land use period (Table 4). The avail-
able Cu in the soils under fish form-
ing was increased from 8.03 mg/kg to
10.04 and 11.32 mg/kg with increas-
ing the land use period of fish form-
ing from 5 to 10 and 20 years, respec-
tively.

There was an exception in pro-
file No.4 that represented the soils
that were used in fish forming for 15
years, where the available Cu was
lower than in profile No.3 which rep-
resented the soils that were used in
fish forming for 10 years. It could be
due to the relatively lower content of
clay in profile No.4. The available Cu
was high in the upper layer of profiles
No. 4 and 5 it may be related to the
presence of high content of organic
matter in the surface layer of profile
No. 4 Table (2) whereas in profile
No. 5, the copper is probably associ-
ated with oxides of Fe and Mn. In-
creasing the available Cu with depth
may be related to the distribution of
clay.

Regarding the available Cu in
profiles No. 6 and 7 which repre-
sented the soils that were cultivated
for 5 and 15 years respectively was
higher than that of the virgin soil
(profile Nol). The available Cu was
alsc higher in the cultivated soils
(profiles No. 6 and7) than that pro-
files No.2 and 4 which represented
the soils used as fish farming for 5,
and 15 years respectively.
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The available Cu in cultivated
soils decreased with soil depth,
whereas the highest available Cu val-
ues were recorded in the surface
layer. Similar results were noticed by
Yongming et al. (2003) who reported
that copper accumulated mainly in
the top layer (10cm) of soil profile.
Although the cultivation use period of
was increased form profile No. 6, to
profile No.7, the available Cu did not
exhibit a corresponding increase. It
may be due to its uptake by the grow-
ing plants.

The soils which had been culti-
vated for 10 years after 10 years of
fish farming showed an increase in
the available Cu compared to the vir-
gin soil. Whereas in the available Cu
reached 6.50 mg/kg in profile No.8.
The variation of available Cu values
in these soils was higher than these of
the soils subjected to cultivation for 5
years after 10 years of fish farming
profile No.9. The available Cu in pro-
file No.9 reached 6.35 mg/kg. The
available Cu in both profiles No. 8,
and 9 decreased with soil depth.

The soiis which were used in
fish farming for 5 years after 5 years
of cultivation had also an increase in
the available Cu compared to either
the virgin soil or the soil which had
been used in fish farming for 5 years
only (profile No.2). The available Cu
increased in these soils also with soil
depth. Similar results were found in
the soils which had been used in fish
farming for 5 years after for 15 years
of cultivation, whereas the available
Cu reached 7.75 mg/kg.

There was a significant negative
correlation between the available Cu
and soil pH scil (r = - 0.353) (Table
5). This result coincided well with
those obtained by Chaudhari et al.
(2012). They found that the available
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Cu was negatively correlated to soil
pH (r = -0.306) and positively but not
significantly correlated to each of or-
ganic matter (r = -0.223), silt (r = -
0.126) ,sand (r =-0.175) and clay (r =
-0.178) content.

2.4 Available zinc (Zn).

Table (4) revealed that the soils
under fish farming contained highest
amounts of available Zn in the stud-
ied soils. The high values were found
in the deeper layers of profiles No. 2
and 5 which represented the soils that
were used in fish farming for 5 and
20 years respectively, while, the
highest values were found in the sur-
face layer of profiles No.3, and 4
which represented the soils that were
used in fish farming for 10 and 15
years respectively, it could be as-
cribed to the distribution manner of
organic matter and/or clay content.

The available Zn in profiles No.

6 and 7 which represented the soils

that were cultivated for 5 and 15
years were lower than that of both
virgin and fish farming soils (Table
4). The available Zn in the soils that
were under cultivation increased with
increasing the of land use time period
whereas, the available Zn increased
from 0.78 to 0.98 mg/kg as mean val-
ues in the soil represented by profiles
No. 6 and 7 respectively. There was a
remarkable relationship between the
available Zn and the soil pH under
the condition of cultivation. Decreas-
ing the soil pH from 9.01 in profile
No. 6 to 8.59 in profile No 7(Table 3)
caused an increase in the available Zn
from 0.78 mg/kg in profile No. 6 to
0.98 mg/kg in profile No.7 (Table 4).
These results are in an agreement
with Anderson and Christensen
(1988) who reported that the solubil-
ity of Zn in the soil decreased as the
soil pH increase and the total concen-
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tration of Zn in the soil solution de-

creased about 100 fold as the soil pH

increased from 4.4 to 7.5 mg/kg.

The soils which had been culti-
vated for 10 years after for 10 years
of fish farming caused a decrease in
the available Zn compared to the vir-
gin soil. As it is shown in profile No.
8, where the available Zn reached
0.74 mg/kg. The variation of avail-
able Zn was little higher than that of
profile No. 9, which had been sub-
jected to cultivation for 5 years after
10 years of fish farming.

. The soils which had been
changed from cultivation to fish
farming as in profiles No.10 and 11
showed a little decrease in the avail-
able Zn compared to either virgin
soils or fish farming only. Cultivating
the soil may consume the native soil
Zn whereas Zn fertilization is not fa-
miliar under these types of cultivation

The available Zn was signifi-
cantly negative correlated with the
soil pH soil (r = - 0.444) and with silt
content (r = - 0.482) and showed
positive correlation with EC of the
soil (r= 0.562) and with the clay con-
tent (= 0.536). These results were
well agreed with those obtained by
Chaudhari et al. (2012). They stated
that there was negative correlation (r
-0.306) between the available Zn
and the pH of soil, but a high correla-
tion (r = 0.9856) was reported be-
tween the available Zn and electrical
conductivity of soil.
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