4- RESULTS AND DISCUSSION

Results of the effect of putting the soil under

conditions of fish farming will be discussed in rela-

tion to the following soll properties 3

Physical properties as represented by particle size
distribution. |

Soil pH.

Soil salinity.

Seluble ions which include cations of (sodium,potas-
gium, calcium, and magnesium) and anions of (chloride,
sulphate, carbonate, and picarbonate).

Cation exchange capacity.

Exchangeable cations of sodium, potassium, calcium,
and magnesium.

SAR and ESP values,

Available phosphorus.

Soil organic matter, ‘

4-1- The effect on particle sise distribution of the soil:

fhe data obtained fer particle size distribution

are shown in table (3). 4As & result of fish farming
<hich incurred leaching and floeding Frecesses, the fine
fractions of clay and silt were alightly increased. Such
an increase was pnrtioulquy marked in EKl- Serew taru
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where fresh Nile water had been used for flooding the
ponds, therefore, this increase 1is most probably due

to the precipitation of the clay and sili particles
which pay have been suspended in the'wafer used for
£1ooding the ponds of the farms. DBesldes, some of

the coarse particles represented by calcium carbona-

tes may have undergone a reduction in size as a result

of dissolution under water abundance during flooding .
The soil was thus made finer in texture which may have
incurred a reduction in its porosity and infiltration
rate that may encourage more precipitation of fine
particles to be lodged within the soil profile, Con-
tents of clay particles in samples representing virgin
s0il before utilizing the lands as fish farms ranged
between 22.15 % and 38.05 % in Al- Raswa, and between
25.8 % and 39.05 % at El- Wahal, and between 26.79 %

and 47.68 % in El- Serow. As a result of flooding,the
clay contents 1in all farms increased patticularly in

the surface layer., In Al-Raswa, El-lahall. and El-Serow,
clay in the surface Jayer increased from 22.15 % to 34.18%
rrom 25.8 % to 31.18 % and from 26,79 % to 32.22 % respec-
tively. 81;11ar pattern was cbserved regaxrding silt con-
tent. 7 |

On the _othar.lnnl. sand eomtenmt underwent a decrease; it
decrpgnqd in the surface laysr of the l@.ﬂ flr-q:fro-
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64.85 to 50,03 %, from 53.06 % to 47.34 % and from
56.72 to 45.21 %, respectively. These resulis are

in agreement with Fathi et al. (1971) who reported

that the coarse textured sandy sediments were gradua-
lly changed to more finer textured soils, They added
that thie change was accompanied by a relative organic
matter accumulation which increased with the increase
in the time of irrigation and cultivation., Concerning
the deeper layers, the general patiern show also that
fine particles (clay and sili{) increased while coarse
particles (sand) decreased upon the utilization of land

ag fish farm.

The relative increese in fine fractions in the
deep layers was observed in the so0ll dboth before as well
a8 after utilization., The pattern of increase with depth
was particularly apparent after utilisation. Plooding
must have carried fine particles of clay and silt deep
down the soil profile particularly the 80~ 120 cm layer
in the three farms, and the 50-80 cm layer at El- Serow
farm. These results agree with these of Pathi et al.
(1971), who showed that the fime frections migrate down
the profile with increasing land use periocd. However,
the results are in agreemest with those of Beyd (1976),
and Boyd (1977) who found %hat,in fish ponds as clay and
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811t increased with depth,sand and gravel content

decreased in almost equal propertions,

Theretore, it can concluded that, irrespective
of the nature of the flooding water, submerging the
land of the fish farms caused an increase in the
fine fractions of soil particles in both sufrace and
subsurface layers of soils at the expense of the coarse

fractions,

4-2- Effect on soll pH i

The data representing the pH values of the inves-
tigated soll samples are recorded in table (4) and Fig.
(3).

The inorease in pH values were noticed particu-
larly in Al~ Raswa and El- Wahal farws which received
saline water, While in El-Serow an dooriase in pH was
noticed in three of the four soil layers . The initial
pH values at (tl) of the warisus seil layers in El-Wahal
ranged between 6.83 and 6.95, but at the end of the
study, the pH values incremsed in the O- 25 cm, 25- 50
cm, and 80- 120 cm layers frem 6.95 te 7.15, from 6.92
to 7.02, and from 6.83 to 7.17, respectively.

In the third layer (50- 80 cIthisre was a slight
decrease in the pH value, prodably dus te the increase in




organic matter content originally presented in this
layer. The increase in pH values as a result of water
flooding was also reported by Rodrigo and Pollard(1962),
Redman end Patrick (1965), Mukherjee and Basu (1971) ,
Mahapatra (1968) , and Ghosh et al. (1976).

During flooding t4, the soil surface showed &
slightly lower pH than at the end of flooding except in

El- Serow farm where no clear changes could be detected.

Detailed data on Al~ Reswa farm (table 4 A) show
that pH increased because of leaching and flooding. It
increased at each of the 4 layers as follows : from 7.0
%o 7.25, from T.08 to 7.22, from 6.95 to 7.15, and from
6.85 to 7.02 in the four successlive layefa starting from
the surface to the deepest layer respectively. These
results are in agreement with those obtained by Patrick
and Mikkelsen (1971).

The increase in pH values was probably due to

the predominance of sodium and magnesium ions in the soil
as shown from the results of exchangesble cations (tables,
9 and 10). The decresse in pH caused by floeding in most
layers of El- Serow farm could be related to the accumu-
lation of organic matter ss a resuli of fi-h farming ,and
addition of or;snic manures to pends, Or;-nic matter
would thus decompose producing orga.nic ac:l.dl that reduce
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pH value. This conclusion is in agreement with the

data of soluble HCO3 (table 7), which showed a marked
accumulation of bicarbonate iona in the soils of low pH
decreased. These results agree with those obtained by
Mukhopadhyay et al. (1967), Hochmuth (1967), Ponnamperuma
(1972), and Aboulroos et al. (1981).

In most cases, the decrease in pH values with
depth may be due to the accumulation of CO, produced by
anaerobic bacteria that found in the rather deep layers

of soil.,

4-3~ Effect on soil salinity:

Leaching and flooding processes had a pronounced
effect in reducing the salinity of the soil, The decrea-
ses in salinity is certainly dependent on the conductivity
of the applied water and the rate at which it moves through
the soil profile. George (1959) reported that when soil
is flooded by rain water, its salinity would be decreased

considexrably.

The initial soil salinity (%,) was very high in
the two farus of Al- Raswg and Bl- Wahal, The EC values
in these farms ranged bdetween 70 to as high as 230 mmhos/
cm. This reflects the highly saline mature of the soil
in these twe arvas. : |
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On the other hand the initial salinity (tl) of
the site of El~Serow farm was far below that of any of
the other two farms, The EC values in this farm ran-

ged between 7.6 and 10,5 mmhos/ cm. (table 4 B).

Following leaching and flooding, the salinity
of the first two farms decreased to levels ranging
from 19.5 %o 64.0 mmhos/ cm. Comparable level in the
third farm ranged between 5.0 and 7.2 mmhos/ cm at 25°C

was observed.

Initially (tl), the rather deep layer 50-80 cm
of the soll profile contalned higher salt contents than
the other layers, There was one exception at Al-Raswa
which showed extremely high contents of salts in the
surface layer, dus to salt accumulation characterizing
such areas, High salts in that pearticular subsurface
50-80 cm layer reflects a_hn@ld-up of salinity at such
depth caused by downward movement of salt by means of
occasional seasonal rain ?all which usually occur there.
Besides, in such North Delta_aroal-noighbouring water
and sea lakes as well water table with high salinity
would be not far from the soil surface. Hence a rise
of saline water from such saline water sources would
contribute to further accu-nlation of sulta in the 50-
80 cm. layer. These two fastors may uph:ln why this
particular lignr contained salte in smeunts exceeding
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at Al- Raswa. The saturation extract of the O- 25 cm
surface soil sample, in this farm, while being flooded
(t ), had an E.C. of 24 mmhos/ cm/ 25°C which 1s nearly
the average E.C. of the flooding water used.

The rise in E.C. following flooding and land
drying (ts) is due to capillary rise of salis dissolved
in soil water beneath the surface. Accumulation of saltse
due to capillary rise was reported by Banerjee et al.,
(1976). At the other two farms, an equilibrium between
the flooded surface and the flooding water must have
occurred during'flooding. However, the salinity of
the submerged surface upon drying mhy indicate little
salt rise by capillarity, The waters used in these two
farma were less saline, the immediate subsurface in
these farms (25- 50 cm) after drying was not much differ
in salinity from the surface while submerged with water.

Considering the detailed pattern of soll salinity
chenges in Al- Raswa (table 4 A) resulis show that, in
nearly all soil layers, salinity dccgeaaed with time as
a results of the action of leaching and flooding.
Following every stage of leaching and flooding, there
was a decline in soll salinity in every layer along the
the 120 cm. depth. The only case where & tewperary slight
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rise in salinity occurred in the surface layer after
leaching and directly before flooding:(tB). This rise
means that when- following leaching- the soil was left
to dry, some salts must have moved up to the surface
from its subsurface by means of capillarity. Leaching
rendered salinity of soil surface to decrease to nearly
one fifth of 1ts original status., The two underlying
subsurface layers, however, showed only a slight decrea-
ge where as the deepest one éxhibitéd an increase. Such
phenomena (t,) are clear demonstrations of the downward
migration of excess salts dissolved from the surface soil
layer under the effect of added water. At (t3) time,l.e.
following termination of the leaching operation and al-
lowing for a spell of time, more of the subsurface and

deep layers contained salts less than the original content.

It seems that the as actual leaching " operation "
was stopped, leaching " actien " continued to take place
within the region beyond the 25 cm depth where soil must

have been B8till saturated with water.

4A-4- Effect on soluble cations and anions of soil

asglution :

As shown by reaulta on the physical properties of
soil texture, s0il chemical properties i.e. pH and salinity
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changed by leaching end fish farming which incurred
flooding these changes envolved the 120 cm depth.

A8 the 3 studied fish farms were established in
saline areas, these soils contained high concentrations
of soiuble cations and anions in thelr saturated paste

extracts.

4-4~1~- Soluble sodium :

Sodium ions were perdominant in the soil extrac-
ts of all farms at either the beginning or at the end of
atudy, except in El- Serow farm at the end of the study

where Mg was present in amounts exceeding those of sodium.

The dﬁta representing soluble sodium are shown
in table (5) and Fig. (5). PFrom these data it is evedent
that, at the end of the study, the concentration of Ea
decreased considerably in all farms. For example, it dec-
reased from 3524 to 244 meq./L. in the surface layer of
Al- Raswa farm thus ending with contents of less than one
tenth of the original.

The other layers alss shewed a decrease in soluble
Na, theugh less pronounced, ending up with content equiva-
lent to between about one-fifth to twe-fifths of the origi-

nal contentsa.
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The amount of soluble Ne in the other two farms
l.e., El- Wahal and El—.Serow showed, in general, the
same behaviour as in Al- Raswa farm. In El- Wahal sol-
uble Na decreased to about 15 % of the orlginal contents
in the surface layer and between about 17- 42 % of the
original content in the underlying layers at the end of
study, while in the deepest layer, 80~ 120 c¢m sodium
concentration increased from 978 to 105) meq/L. Apparen-
tly, there was an accumulation of sodium ions which mov-
ing mainly from the overlying layers by means of perco-

lating water.

In El- Serow farm soluble Na ending up with con-
tent equivalent to 24.5 %, 23.9 %, 25.5 %, and 46,8 % ,
of the originel contents in the 0~25, 25-50, 50-80, and

80-120 cm layers respectively.

The sodium concentration was decreased to its
minimua value during flooding (t4) when the soil was
submerged (table 5). Pollowing flooding and after drying
ponds (ts) there was an imcrease apparently due to the
rise of soluble Ba along with water by the cation of capi-

llary property during drying.




considering the detailed pattern of soluble Ka
changes in Al- Raswa (Fig. 5-A), 1%t can be noticed that
this pattern was similar to that of salinity (Fig. 4-A),
A progressive decrease occurred along all the four samp-
ling dates at all depths with one exception when there
was a temporary increase in the deepest layer at Al-Raswa
farm. As occurred in the surface layer, Na in the sub-
surface layers decreased from 1100 %o 1087 then to 761
meq/L. by leaching and 291 meq/L. after flooding, drai-
nage the ponds and drying the farm as ghown in the 25-50
cm layar. In the 50-80 cm layer Na decreased from 2929
to 1739 then to 978 by leaching and to 516 meq/L, after
drying the farm. In the deepest layer 80- 120 cm Na
first increased from 1850 to 2065 meq/L. upon leaching.
This increase was due to migration of soluble Na from the
upper layers, Thenafter, sodium decreased progressively
to 1630 after a while (t3), then to 788 meq/L. after floo-
- ding, drainage the ponds, and drying the farm at the end

of growih season,

4-4-2~ Soluble potassium :

Soluhie potassium followed a pattern similar to
that of the sodium. Contents of potassium were far less
of those of Na. The decrease in solubleiK upon leaching
and flooding the farm is &ue to the remoial of considera-

ble amounts of soluble saltis.
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Data shown in table (5 A,B) and Fig. (6) show that con-
tents of soluble K at the initial stage (tl) in all
layers of the three farms ranged hetween 1.9 to 38.9
meq/L. At the end of fish farming season (ts)(following
leaching and flooding) K contents decreased to low levels

ranging beiween 1.5 and 10.2 meq /L.

Comparing the three stages, initial (tl), floo-
ding (t4) and final (ts) atages, (table 5 A, B), contents
of soluble K in so0ll surface of all farms were low when
the solls were under flooding (t4). This is in agreement
with the similar pattern occurred with salinity as well
as with soluble Na., After drying the farms (ts) K' con-
centration in soil surface increased by 10~ 31 % compared

with that under flooding.

These resulis are in disagreement with those of
Islam and Islam (1973) who reported that potassium con-
centration in soil solution at submerged soils ( In
Bangladesh) increased rapidly with time of submergence,
and reached its maximum after 9 weeks of submergence fol-
lowed by a gradual decresse. While the decrease in K con-
cent:ationslin this study followed by a slightly increase
may be due to that, the soils at initial stage (%) con-
tained high ‘level of K. Besides, Islam and Islam (1973)
carried out their stu:uei in a greenhouse experiment.
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Detailed pattern of soluble K changes along the
4 stages ¥y, tyy g, and t5 at Al- Raswa (table 5 A)
show a pattern which 1s rather similar to that of Na
except that there was no temperary increase in all
layers at any stage with one exception. Along all
the entire 4 sampling stages, soluble K decreased pro-
gresaively with one exception when a temporary increase
occurred in the deepest 80~ 120 ¢m layer upon leachbing.
The reason behind the different behaviours of Ne and K
mey be due to the smaller water hull that surrounds K
ions thus rendering them less affected by upward movement

of water during drying.

The increase of K concentration in the 80~ 120
cm layer which occurred upon leaching (tz) ia due to the
translocation of K to the deep layer,

The decrease in seluble K at the end of the grow-
ing fish seasen, are in agreement with both, Pratt (1978)
who found that the higher the volume of leachate, the
greater was the amount of leached K, and Abd el-Aal
(1981) who reported that the rate of loss of potassium
by leaching increased upon increasing water head.
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4-4-3- Soluble calcium :

Initially, the investigated area contained high
levels of soluble calcium. After leaching and flooding
a large decrease in soluble Ca occurred, and the concen-
tration of soluble Ca at the end of atudy was between
one to nine tenth of the original levels. The effect of
flooding was very much evident in the surface layer and

less pronounced with depth.

In the surface layer 0-25 cm conients of Ca at
the end of the study were equivalent to 11 %- 39 % of
the original levels at the first stage of study and com-
paratively less decrease occurred with depth. For exam-
ple, in the 50- 80 cm layer soluble Ca in the soil at
end of experiments ranged between 31 to 58 % of its ori-
ginal initial levels. In the deepest layer éontenta of
aoluble Ca in the soil ranged between about one half +to
nine tenths of the original initial contents. These Te-
sults agree with Assia (1976) who noticed that most leach-

ed soluble salts accumulated in the deep layers.

Comparing the three farms, resulis show that the
effect of flooding on ssluble Ca was more pronounced 1n

Al- Raswa farm. Results of the surface layer of the three
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farms (table 6 A, B) show that, when the soil was under
flooding (t4), soluble Ca was decreased to 6.8 meq/L.

(at t4) as a result of leaching and flooding. (t4) cer-
tainly higher than after drying and following flooding
{(at ts). While under water submergence soil contained
more soluble Ca probably due to dissolution of calcareous

materisls.

Detailed results carried out in Al- Raswa during
the four sampling stages along the period of investigat-
ion (table 6 A) show that leaching operation lowered the
contents of soluble Ca in some depths of the soll profile
as contents at t, sampling show, After termination of
leaching operation and allowing the so0il same time (t3).
it seems that during this time and within the subsurface
25- 120 cm s0il, the action of downward movement of solu-
ble Ca persisted to occur thus giving yet lower values of

Ca at t3 sampling as compared with tz stage.

In the surface layer 0-25 cm however, Ca was
accumulated due to the upward movement of soil moisture
by means of capillary and meisture evaporation from soil
surface, Pollowing flooding (ts) and at all depths of
profile results showed a markedly less content of soluble
Ca. These results are in agreement with those of Assia

(1976) who reported that most soluble salts leached from
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the surface layer tended to accumulate in the deep

layers. But the results disagree with_the finding of
Rahmatulah et al. (1976) who observed an increase in
the concentration of soluble Ca after the flooding of

calcareous solls for different incubation periocds.

4~4-4- Soluble magnesium :

Results of soluble magnesium followed, in gene-
ral, a pattern similar to that of soluble Ca., The con-
tent of soluble Mg as compared with those of soluble Ca
was much higher particularly in Al- Raswa and El- Wahal
farms because the soils of both farms are more saline

comparing with El- Serow farm.

Data showing the ultimate effect of leaching ,
flooding, and using the soil as fish farms (table 6 A,B)
indicate a remarkable decrease of magnesium at the end
of experiment particularly in the two moét saline lands
of Al- Raswa and El- Wahal, especially in the upper
three layers in Al- Raswa. In the deepest layer it
seems that the downward movement of magnesium rendered
no decrease in Mg at such depth. In El- Serow farm the
decrease in Mg content in the upper layers, was less
pronounced at the end of study, and the deepest layer
gained more magnesium amounting to 25 % of what ias




| «Swap 92uy} 40 5194 ®B)
jios u sabeys  SNOLIBA }e }oPJIXd }I0S k_oﬁ.:UmEuEn_mmcmmE 3|gnjos ul sabuey)( * Y614
. . - mc;.._ﬁ %2 mc_ﬁoof— J3jje 3wl n._

*fuipooly bulinp swi) - ¥y wigzL —08 dap p -=-----
~buipoo}y ?J0j3q duwil: § w3igg. — 0% u?aw mm e
-buryres) . vayje dwii Y Wl — Gz yyqdep p — —
“Buiydea] 3J043q 3wl Y wigz— 0 yjdap p ———
MmoJ3S13 : BRLLLIUNE | EMSEYIY
Sy, ™M b 51 n b Sy 0y & 4 Y
— v — 0 v v 0 ey r — 0
"7
8
|
L Al
1
9L




_'75...

originally found in the soil . This is an evident
{ndication of downward movement of soluble Mg under

the effect of the percolating water.

Results of Mg contents in soil surface while
under water submergence show a markedly low content of
Mg when the soll was flooded with water (t4) as compa-
red with initial Mg-content (tl) (table 6). At end of
study i.e., after flooding and drying both EL- Wahal
and El- Serow farms showed an increase of Mg content
in upper layers. This finding may be due to soil dry-
ing and subsequent Mg accumulation due to upward move-
ment. At Al- Raswa however, Mg content in the surface
layer at end of experiment was smaller than that found
under flooding the surface. 1t seens that at the time
of sampling the soil surface contained a considerable

Mg contents which not yet leached down.

Results obtained from Al- Raswa farm (table 6 A)

show that leaching and flooding processes caused a consi-

derable decrease in soil contents of soluble Mg in nearly

every layers of the profile. At the surface layer, and

between the end of leaching and the beginning of flooding

it seems that some Mg woved down to cause an increase in

Mg content at t3 a8 compayed with tz.
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Before utilization the lands as fish farms, high
Mg content was found in the soil solution near the soll
surface, while the reverse occurred after utilization
{.e. there was high Mg content in the deeper layers.
This pattern is in agreement with those noticed in the
cases of salinity, soluble Na, and soluble K, but not
1ike that of soluble Ca which maintained one pattern

before and after utilization i.e. increase with depth.

The pattern of the relative concentration of lig
in various layers before utilization reflects the con-
t&inded build-up of thies cation due to evaporation. Magne-
gium concentration in the layers of 25- 50 cm, 50~ 80 cm,
and 80~ 120 cm decreased after flooding. These results
disagree with Pathi et al. (1976) who showed- that soluble
Mg increased by land use for some periods then maintained
a constant level, and soluble Ca content behaved 1in en

opposite way.

Mg contents in the other two farms showed the same

behaviour as Al- Raswa farm, where Mg decreased with time.
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' galt was accumulated in the deep layer, This
particuﬁar pattern was particularly observed with the
easily soluble and preponderant cations of Na, Mg,

and K. |

phus the decrease in Cl~ concentration in the
cases where i1t occurred is due to leaching. The increa-
se in the cases where it occurred is due 1o accumulation
from uﬁper layers. This reflects the very easy and high
solubility and diffusion of c1 .

At (t5) i,e8., after flooding and drying processes
all profiles showed an increase of €1~ with depth thus
showing the leaching action of water. The decrease in
Cl contdnts agree with the observations and results of
Habib (1962), Hassanein and Rushdi (1975) and Pratt
(1978) who found that the leached chloride increased with
increase in the volume of leachate., They also agree with
those obtained by Reite-eier(1946) who explained the dec-
rease in amounts of Cl™ oﬁ dilution as a result of the
existente of anion gradiest within the 561l colloid sus-

pension,

When the soil was under flooding t4 (table 7, A,B)
the surface layers of the soil showed the lowest Cl con-
centration at any time durinmg steges of utilisation of the
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land as a fish farm. This finding indicates the easy
mobilization of the chloride fons within the soil profile

under the effect of water downward movement.

Detailed study on Al- Raswa farm (table 7 A)
ghow thet leaching the soil led to a considerable dec-
rease of Cl1~ in the upper layers, and high accumulation
of this anion in the subsurfece layers. Following the
actual ieaching operation, and as the s0il was left for
some time (up to flooding time) data of soil C1~ content
at this stage (t3) indicated the upward as well as the
downward movement of ¢l-. The upward.movement is ref-
lected in temporary rise in Cl1” content in the surface
layer, due to drying of surface., The downward movement
is reflected in the fall in C1~ contents in the deeper
layers at this stage as compared with the percedent
stage (tz).

Thus the apparent action of leaching was well
demonstrated even after a while after the actual opera-
tion was carried out. Flooding was the greatest effect
in reducing the contents of Cl* in all layers since it
led to & substantial reduction of Cl concentration as

shown by data of (ts) stage.




On the other hand, Cl™ concentratlon at ( tg )
stage iancreased gradually with depth in all farms, where
it increased from 220 to 805 meq/L., from 150 to 1090
meq/L. and from 38 to 73 meq/L. in Al- Raswa, El-Wahal

and El- Serow farms respectively.

4-4-6- Soluble sulphaie :

Data presented in table (7 A, B) and Fig, (10)
show that; in all farms and in all soil layers, SO, was
decreased upon utilization of the land as fish ponds.

The effects of soil leaching and soil flooding on remo-
ving a substantial proportion of soluble 30: are apparent
in all sites and all soil depths.

Initially sulphate showed 1ts highest contents in
the deep layers within the layer of 50 to 120 cm depih.

Sulphate are, thus, not as easily wmobile as
chloride which desplayed highest content in the soil

surface in all cases.

At the end of season, the pattern of SO4 distir-
bution within the soil profile show the increase in its
concentration with depth., In this respect, downward mo-
veument and effect of leaching are well demonstrated as
occurred in the case of fotal salis, Ca, Mg, Ka, K, and c1-.
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When the soil surface was flooded with water
(t4) soluble SOX in the surface was far below as compared
with their initial contents (table 7 A, B). Only in one
farm (El- Wahal) that after drying (t5) there was more
sulphate than while flooding, due to the upward movement

of water.

The detailed data of Al- Raswa farm (table 7 A)
show that in no time during the course of the study dig
any subsurface layer show any temperary build up of sul-
phate, This 1s unlike the pattern of distribution in the
deep layers due to a build- up of salts under downward
movement to deep layers under the effect of leaching and

flooding water.

With 304, however, it seems that such temporary
accunulation did not occurr due to a substantial reduct- .
ion of SO4 by means of chemical reduction to meet the
demand of organisms in the waterlogged or flooding con-
ditions, Therefore, beside loss by leaching, there were

losses by reduction occurring to the soluble sulphates.

The decreases in SO4 during the course of this
study disagree with Eaton and Sokoloff (1935) who found
that 80: tended to increase wifh dilution, and they
added that this increase is due %o the dissolution of
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CaS0, upon dilution. But these resulis agree with those

A
of Hassanein and Rushdi (1975) who found a sharp drop in

SO concentration in the upper layer of the profile, and

0

S0~ were accumulated at first in the lower half of the

profile, after which it was leached ocut gradually.

4-4-T- Soluble carbonate and bicarbonate :

It was found that, there was no measurable con-
tents of soluble 003 in the soil solution, in all soils

under atudy.

Bicarbonate contents at the start of experiment
ranged bhetweeén 1.5 to 4.0 meq/L. With El- Wahal site
being the lowest, there was no particular pattérn of
distribution within the profile, (table 7 A, B). Gene-
rally, at the end of study (ts) the contents of bicarbo-
nates ware increased between one tenth to one fold, ap-
parently due to the flooding and waterlogging and acti-

vity of micro-organisms.

Under flooding conditions (t4) the soil surfacé
contained less bicarbonates than in the case of drying
folluwed flooding (table 7 A, B). The higher bicarbona-
tes in noil surface after flooding is a demonstration of
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a greater bilological activity in the soil 1n presence
of ampli: moisture. Apparently, the increase in organic
mattef jue to organic residues and its decomposition
led to the formation of much CO, and consequently more

gsoluble HCO3 .

The detailed results of Al- Raswa farm (table
7 A) indicate in general that, welting of the soil cau-
sed a decrease in bicarbonates as shown by comparing
values of HCO4 at (t,) with those at (tl).
Such was the case when (t4) is compared with (tl)
(table 7 A, B)., However, drying the soil after welting
caused an increase in bicarbonate contents as shown by
comparing the values of HCO3 at t3, with that at t2.
Such wes the case when t5 is compared with t4 (table 7).

?he reduction in sulphate contents due to water-
logging, (while flooding) would produce carbonate and bi-
carbonste. But biological oxidation of organic compounds
under 1he activity of microorganisms would render HCOS
to decrease indicating the precipitation of Ca.CO3 and
MgCO; (Yossef 1974), these results are in disagreement
with those obtained by Baton and Sekeloff (1935) who
attributed the increase in HCO; with dilutien tv the

dissolntion of carbonate, of Ca and Mg. But the increase
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in HCO3 content at t3 agree with those of Hassanein and
Rushdi (1975) and Reitemeler (1946).

4-5- Catlon exchange capacity (CEC) and soil organic

matter :

4-5--1- Cation exchangeable capacity :

The cation exchange capacity of the farm soils
generally increased as a result of putting the land un-
der conditions of fish farming. Such type of land use
certainly implies an increase in organic matter and
consequently colloidal organic matter. These materials
are the product of water living organisms and organic
residues. Increase in colloidal contents incur increase
in CEC. Increasesa which ranged from about one tenth +to
nearly 52 % of the original initial CEC are clear by com-
paring t5 with tl (table 8 A, B), Beside the increase of
colloidal organic matter by fish farming, colloidal wine-
ral matter was also increased., The s0il being submerged
with water would allow for depesition into the soil of
particles as clay fractien. As shown in table (3), clay
content was increased by putting the soll under fish far-
wing conditions.
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For example, the initial CEC, in the surface
layer of Al- Raswa, was 32.6 meq/ 100 g and it increa-
sed to 41.6 meq/100 g at tg Also CEC of the underly-
ing layers increased froum 36.1 to 46.0 meq/100 g %P the
25- 50 cm layer. Similar trend is found in the ofher

layers.

In El- Wehal, the surface layer, in particular,
desplayed this trend. In El- Serow, all layers showed
this increase in CEC. The seil while being under water
submergence (t4), still exhibited & rise in CEC as com-
pared with its initial state (table 8 A, B). After dry-
ing the ponds, the CEC of the soil still desplayed, yet
a further increase in CEC indicating the possitive effect
of fleoding time on raising CEC. High organic matter con-
tent was also originated from adding fertilizers to the
farm beside the fish residues, and the decomposition of

the tissues of soil and water microorganisms.

Concerning Al- Raswa farm, the detailed data on
CEC along the various siages of fish farming (table 8 A),
show a general trend of increase of CEC with tiwme.

Proa these results it can be conclude that, in

general, waterlogging the soil increased its cation
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exchange capacity due to the deposition of clay parti- -
cles from the flooding water as wéll ag the increase in
organic matter content originating from the addition of
fertilizers and accumulation of organic residues. These
results agree with those ocbtained by Kobayashi, (1957),
Kobayashi and Shinagawa, (1957), Lunin et al. (1964),
and Patrick, (1964).

4-5-2- Organic matter :

Prom the data shown in table (8) end Fig. (13),
it is clear that there was & considerable increase 1in
the quantity of organic matter in nearly all cases espe-
cially in El- Wahal and El- Serow farms as & result of
utilizing the soil as fish farus.

Under flooding, and comparing the content of
organic matter at unitial (tl) and during flooding (t4)
it is clear that organic matter increased by flooding ,
this may be due to addation of some organic material as
well as decomposition of some fish, and at the end of
study there was more organic matter in the surface layer

of the three studied farms.

However, considering the follow-up of organic

satter content during the course of time and as a result
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of the various stages in Al- Rﬁswa farm organic matter
decreased by leaching operastion. This is certainly due
to the leoss of soil organic matter incurred by leaching.
Allowing the ponds to contain fish (i.e. flooding) the-
refore, receiving considerable additions of organic mat-
ter (fish food, fish residues, organic fertilization .
water organisms) +that increase the organic matter in

the soil,

However, from the detailed data of table (8 A)
it is ¢lear that organic matter increased with depth
only at samplings stages followed leaching i.e. t2 and
t3 - Thie means that leaching displaced organic matter
and carried it from the surface to the deeper layers.

Organic matter percentage in El- Serow fish farm
was ranged between 4.26 to 5.17 % which is substantially
higher than their percenteges in the other two farms (bet-
ween 1,08 to 2.66 %). This may be due to that El- Serow
farm received fresh water which enhanced the growth of
pond vegetation, also due to the accumulation of the
death mﬁcroorganisna and fish residues and their decompo-

aition.
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A-6- Effect on soil exchangeable cations :

A-6-1~ Exchangeable Na® :

Initially (t;), both Al- Raswa and El- Wahal
gites contained high exchangeable Na and each contained
nearly twice as much as Fl- Serow site. This rellected
the higher salinity and goluble sodium in the soils of
both sites (see tables 4 and 5). Water used in Al-Raswa
was high saline and water used in El- Wahal was saline.
Both waters were more saline, and contalined more Na in

comparigon with water used in El- Serow.

When exchangeable Na at end of study (ts) is com-
pared with the initial content (tl) (table 9 A, B) it is
shown that at Al- Raswa an increase occurred this increa-
se is due to the extremely high salinity and high sodium
content of used water. In El- Wahal and El- Serow the
increase occurred only in the deepest layer, while in the
other layers, there was a slight to moderate decrease in

exchangeable Na,

Under flooding (t4), surface soil layers in all
farms, contained the least amount of exchangeable Na as
compared with either the initial state (tl) or the final
stage (ts) after drying ef ponds (table 9).
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The change of exchangeable Na at Al- Raswa during
the various stages of fish farming (table 9 A) shows that
it decreaged in all upper layers but 1t increased in the
deepest layer (80- 120 cm) upon leaching. This is a mani-
festation of Na leaching, as well as replacement of exchan-
geable Na by Ca and Mg as well as by K which is clearly
demonstrated by the resulis of the other exchangeable cat-

ions,.

This shows that the build-up of Na which was
washed down the soil profile and accumulated in the deép-
est layers thus leading to a marked adsorption of Na in
the place of Ca and Mg. This is clearly shown by the
concurent decrease in Ca and Mg on the exchange complex
of this deep layer soil (see table 10 A). These results
agree with those obtained by Ravikovich and Muravsky
(1958), Lunin et al. (1964) and Abed (1975).

When the soil was left after leaching (t3), only
its surface layer exhibited yet farther decrease in exchan-
geable HNa. App&rently more exchangeable Ca and Mg displa-
ced ¥a on the soil adserption sites of the top soll as
seem in table (10 A)., The top soil seemed to receive more
soluble Ca from the subsurface layers through upward amove-
ment of moisture during drying following termination of
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leaching operation thus making further displacement of
adsorbed Na. In the subsurface and deep layers exchan-
geable Na increased, this is a manifestation of Na,
accumulation through translocation £rom the soil surface
upon dissolation by water. Following the duration per-
jod of soil flooding with water, all parts of the soil
profile underwent a substantial increase in their con-
tent of exchangeable Na. contents of adsorbed Na showed
increases of betweeh about one third 1o two thirds of

what they were immediately before f1poding. However, in
view of the concurrent decrease in exchangeable Ca, but
not Mg or K, the rise in exchangeable Na ig not totally
due to its replacing of ca, The rise in exchangeable Na
is more than the decreasSeé in exchangeable Ca (table 10 A
This is certalnly due to the advent of more exchangeable
gites during the creation of the pond. These exira
exchangeable sites are represented by mineral colloids
represented by clay as well as organic ones represented
by organic matter, both of which were increased upon uti-
1ization of the land as fish ponds. These results agree
with Youssef (1974) who found that exchangeable Fa increa-

gsed with time under the logging conditlons.
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4-6-2- Exchangeable potassium :

The pattern of change in exchangeable K in the
three sites upon their utilization as fish farms was
rather similar to that of the exchangeable Na. From
results shown in table (9 A, B) and illusirated in Fig.
(15) it clear that there are an rise in exchangeable K
in Al-Raswa farm in particular. At El- Wahal there
was a slight decrease, and at El- Serow there was an inc-
rease as compared the exchangeable K at initial (tl)with
its contents at final stage t5. The increase in exchan-
geable K is attributed %o the increase in salinity of
the water used for leaching and flooding, and also with
the increase in exchange surface of the soll colloids,
that formed from the increase in the amount of clay par-

ticles,

In the two sites where sgch an increase occurred,
it is worth noting that a highly saline water was used in
one site (Al- Raswa, see table 1) and a marked rise in or-
ganic matter, hence organic colloids, occurred conspicuou-

sly in the other site (El- Serow- see table 8).

Except at Al- Raswa where the flooded surface

showed no decrease in its exchangeable K, the other two
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farms exhibited a decrease in exchangeable K in thier

gurface while submerged with water (tq) (table 9 A,B).

Detailed follow up of exchangeable K in the soil
profile as affected by leaching, drying, and flooding 1s
presented in Al- Raswa farm, soluble potassium cations
in the water used for leaching replaced part of the ad-
sorbed scdium by the soil colloids., Therefore, all
layera of goil at tz exhibited more exchangeable K as
compared with the initial pre-leaching status (tl).
Leaving the soll for a while, after the leaching opera-
tion caused replacement of some of that exchangeable K
by Ca, Mg, and Na cations especially within the surface
layer (0- 25 cm). In this layer exchangeable K was low
at t3 in comparison with t, due to the upward moving mois-
ture during that time may have contributed in building up
the soil surface with soluble cations of Ca, Mg, and Na.
At t3. the soil surface underwent a cpnaistent increase
in its soluble Ca, Mg, and ¥a in comparison with %, (see
tables 5 A and 6 A). In the deep and very deep layers

the exchangeable K continued to rise.

At the end of study (tS)' pearly all layers showed

‘an increase in the exchamgeadble K, The accumulation of

organic matter as a result of fish farming provided the
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801l with some colloidal particles i,e. more exchangea-
ble surface. These results are in full-agreement with
those of Lunin et al. (1964), and Russel (1973), who
stated that waterlogging the soil increase the amounts

of exchangeable K in the soil,

The increase in exchangeable K, may have been
associuted with the increase in the fine fractiona as
well as with a possible hydrolysis of some minerals

that contain potassium element.

On the other hand, El- Wahal farm showed an
opposite patterm, i.e., exchangeable K decreased in all

layers at the end of study (t5).

This decrease may be due to that exchangeable K
replaced by calcium and magnesium of ihe flooding water.
The water used for flooding this particular site was taken
from & drain canal and had high soluble Ca and Mg since it

was drained from an arable region (see table 1).

4-6-3- Exchangeable calcium :

Utilization of the soil as fish farms led to an
eventual decrease in exchangeable Ca in Al-Raswa farm
and in the two deep layers of El- Serow site. Water of

Al- Raswa contained ample contents of soluble magnesium
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(about 34 meq/L.) as well as sodium which must may be
the cause of the decrease in exchangeable Ca. This
agree with Lunin et al. (1964) who reported that exchan-
geable Ca decreased by flooding the goil with saline

water.

The accumulation of soluble cations such as Na
and Mg contributed to the decrease in exchangeable Ca

in the deep soil layers of El- Serow site.

But the increase of exchangeable Ca 1in El-Wahal
go0il is & menifestation to the dissolving of calcium salt
by added water and oringing ca*t into solution which in
turn displace other cations on the exchange surface 88
compared the exch, Ca at ¥, with its amount at (ts) in

the three farms.

Under flooding (t4) surface layers showed a grea-
ter contents of exchangeable Ca than initially (tl), and
the contents were even more 80 at the end of the season
(tS) except in Al- Raswa where there was & decrease 1in

exchangeable Ca.

Detailed data on Al- Raswa ( table 10 A) show that
leaching increased Ca only in the exchange complex of the

soil surface and subsurface layexs (0- 50 cm). While
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exchangeable Ca decreased in the deepest layers (50- 120
cm). The increase of exch. Ca in the surface layers is

an indication of the substitutibn.of other exchangeable

cations by Ca cation. The deeper layers where salts were
accunulated gave away Some of its exchangeable Ce due %o
replacement by other cations such as Na and Mg. Allowing
the soil to dry after leaching (t3) caused more Ca on the

exchange complex of the leached socll layers.

Generally, an increase reaching to about one
third of contents of exchangeeble Ce in the layere was
observed especially in the agurface layers along with the
2 deepest layers was noticed from comparison exch. Ca

at t, with its emount at (t3) stages.

Flooding the soil for the duration of the seascn
(t4) caused the decrease of exchangeable Ca in the sur-
face layer which apparently compersated by an increase in
exchangeable Mg, this is due to that the used water 1s a
saline sea water which high in Mg. These results are in
agreement with Lunin et al. (1964).

4-6-4- Exchangeable megnesium (table 9 and Pig, 17):

Prom data presented in table (10) and 1illustrated
in Pig. (17) it is clear that exchangeable Mg increased in

nearly all farms, where the leAcﬁing and flooding were done
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either by saline weler or fresh water.

At Al~- Raswa farm exchangeable Mg increased from
6.5 to 13.0 meq/100 g in the surface layer (0-25 cm).
In the other layers the values of exch. Mg ranged bet-
ween T.5 to 11.2 meq/ 100 g at the beginning of the
gtudy (tl) and increased to about 10 and 15.2 meq/100g
at the end of study (tS)' Similar trends were found in
the other two farms, where exch. Mg increased between
about 75 % to one fold in the surface layer gt the end.
of study. However, the other layers gshowed similar

trend of the increase in exch, Mge.

When the soll was flooded with water (t4), sur-
face layers showéd a greater content of exch. Mg than
initially (%,) end at the end of study (t5) in Al-Raawa
and El- Wahal, but was less than its content in El-Serow

at end of the study.

Detailed data in Al- Raswa farm show that at all
gtages exchangeable lg continued to increase in most
soil layers particularly'ihen a comparison 1is carried
between exch. Mg at (tl) with its smount at end of the

StUdy( ts) .
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The increase in exchangeable Mg may be due to
that the high salinity and certainly the high Mg content
of the flooding water as well as the dissolution of wag-
nesium salts in the go0il caused adsorptlon of some mag-

nesium on the exchange gites of the soil colloids.

These results are in agreement with those of
Rusgel (1973) who found that, waterlogging of the soil

increased its exchangeable Mg.

4-7- Effect on SAR of the soil gaolution and ESP on the

exchange complex :

4-71-1- SAR of the soil solution :

pata in table (11) show that the SAR values of
s0il solution in all sites were drastically decreased Dby
utilization the soil as fish faru. Values of SAR in
the most saline sites, 1l.e., Al- Raswa, were initially
very high and ranged from about 103 to 250 and reduced
tp the range between about 51 and 77. In El- Wahal farm
the initial SAR values were ranged between abhout 92 to
102 and reached to about 32 to 55 in the three upper
layers at the end of study,concerning the third site
j.e., El1- Serow it was relatively less than the other
to sites and its initial values were about 10- 17 and

ended up with low values of about 3-7.
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The final SAR values obtained for the three
gites are in line witn the quallty of used water. The
greater the salinity of the used.water, the greater
was the SAR of the soil solution that was equilibrated
with flooding water. The increase in the SAR thatl
noticed in the deepest layer (80- 120 cm) in El- Wahal
may be due %o the translocation of soluble lla salts from
the upper layers at the expense of soluble Ca and Mg

galta.

While under flooding water (t4), the surface
soils was having a comparatively lower SAR as compared
with its initial values and at the end of the atudy when
it was subject to drying and the upward movement of sol-

uble Na salts.

The detalled results obtained for Al- Raswa show
that, leaching reduced SAR particularly in the surface
layef. And the high SAR which noticed in the subsurface
layer in particular was due to downward movement of salts
including sodium salts. Even after leaving the soil for
a while following leaching operation, (t3) the "SAR, gene-
rally continued to decrease. The action of downward move-

ment persisted even after termination of leaching opera-
tion. At the end of study (t ) and because of the pro -
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—found effect of flooding water, SAR values decreased
to the minimum ﬁalues after drainage ponds of the farm

at the end of season fish growth.

4-7-2- ESP on the exchanpgeable compleX :

Concerning the ESP, the lobtained pattern of
ESP was rather similar, in most cases, to that of SAR.
The ESP values of both saline soils Al- Rasws and El-
Wahal were rather comparable, particularly at the start
and before initiation of the farms. Concerning the
third site of El- Serow goil, its initial ESP values were
nearly half those of either of the other two sites. At
the end of study, most soll layers showed a decrease in
the ESP values, particularly with the surface and sub-
surface layers but in the deepest layer (80- 120 cm) and
as a result of the increase in soluble Na in this layer
and consquently the increase in exchangeable Na was more
than the increase in the other exchangeable cations and

consquently an increase in ESP values were noticed.

Phe ESP velues in the surface layer decreased to
their lowest level when the soil was under flooding (t4),
due to that the decrease in exchﬁngeahle Na was more than
the decreagse in the other cations, but at the end of the

study and due to the high amount of exchangeable Na at
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the expance of the other cations the ESP values were
increaged to about one fifth as compared with its values

under effect of flooding.

At Al- Raswa, dgetailed follow- up data (table
11 A) show first a decrease in ESP upon leaching, due
to removal of considerable amounts of Na at (tz). Then-
after, an increase in ESP occurred upon leaving the soil
to dry after leaching (t3). espécially in the subsurface
and deep layers as @ result of the upward movement of
sodium salts that raiged the ESP after drying. Thus at

the end of study (t5) the ESP was even higheT.

Date in table (11) show a positive relation
between SAR and ESP in El- Wahal and El- Serow, where
the ESP values were decreased with the decrease of SAR
in all soil layers, except the deepest ones. These re-
sults are in agreewment with Jackson (1967) who reported
that there is a good relation between SAR and ESP of the
spil, where the ESP increased with the increasing SAR

and concentration of salts 1in asolution,

4-8- Effect of flooding and fertilizing on phosphorus

avallability :

Since the soil of the ponds contained from 18.1
to 50.7 ppm available P at the start of fish farming and
contalned from 38.0 to 84.1 ppm after drying of ponds
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Table 12: Available Phosphorus (ppm) as affected by
fish farming.
(12-A): Changes in different depths at
various stages at Al-Raswa farm.

——— s RS 8 L — ——— S b M S o S - o e i S S Py A W AN S e e L e T e e

Depth =  -=--—mmem—mmm e e e e
______________ B te o ta et
0-25 26.4 46.1 52.4 65.1 75.1
25-50 24.4 32.6 20.4 - 75.1
50-80 21.7 21.7 29.1 - 43.4
80-120 24,7 38,0 27.1 - 62.4
X
(12-B): Changes in different depths at
initial, under flooding and at final
stage at El-Wahal and El-Serow farms
Available P (ppm)
Location Depth ————vermer—- gommmmmmmmemes
ty t, tg
0-25 18.1 24.4 38.0
El- Wahal 25-50 24.4 - 67.8
Kafr El- Sheikh 50-80 50.7 - 70.6
80~120 24.4 - 46.1
0-25 21,7 65.1 84.1
El- Serow 25-50 35.3 - 70.5
Dekahlia 50-80 43.4 - 54.3

- — — - 4 S D S Y T S G S NP R W S R S S A U G S G T — . " ———

See foot note table (4) :
xx Samples of t, and t3 were not taken at El- Wahal
and El- Serow farms.
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{table 12 A), it is clear that using the soil as fish
farm led to substantlal rise in available P. Applica-
tion of inorganic fertilizers including P- fertilizers,
was practiced to increase available P and fish product-
ion, The amount of available P extracted was higher
during flooding as compared with start of fish farming,
this may be due to : (1) an increase in solubility of
phosphates as a result of a decrease in pH caused by
accumulation of CO2 in El- Serow farm, (2),an increase
in solubility of phosphates as a result of hydrolysis
of iron and aluminium phosphate due to an increase in
pH in Al- Raswa and El- Wahal farm, (3) a release of

phosphorus from organic matter added as a fertilizers,

Available phosphorus increased after leaching
in all the studied farms . An even higher increase was
noticed during flooding (t4) and the highest available P
was shown after drying the farms (ts). The increase in
the available P was more evident in the upper layers than
in the deepest one, for example, in Al- Raswa fish farm
available P at the end of season increased from 26.4 to
about 75 ppm in the surface layer. In the underlying
layers increases were rather similar, through with rela-

tively smaller rates.
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Detailed flow - up of Al- Raswa show that the
available P continued to increase at all stages of fish
farming. According to some workers (Boreshart et al.,
1965, Mshapatra and Patrick 1971, Islam and Islam 1973,
Pattrick and Reddy 1976, Ghosh et al. 1976, Davide 1960,
Bacher, 1955, and Willett, 1982) flooding the so0il inc-
reases available P, however, the farm fertilizers (inc-

Jude P) will increase available P also.

The presence of an ample 8supply of organic
matter encourages the development of strongly reducing
conditions in flooded soils. This state of soil would
solubilize materials such as ferric oxyhydroxide and
similar coatins, This would lead to increasing phospho-
rus availability (Shapiro 1958, and Mandal and Kan 1977).




