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4. RESULTS AND DISCUSSION

The main objective of this study represents a trial to eluci~
date the role played by some reactions involved in the P retention
phenomenon that takes place on addition of sotuble P compounds to

the soil.

The study included eight soil samples from different locations

in the A.R.E. and F.R.G.

The data obtained are presented and discussed under three
main parts namely; retention and release of added P by soils,

32
adsorption reactions of P by soils and diffusion of P in soils.

4.1. Retention and release of added P by soils :

4.1.1. Retention of added P by soils :

The capability of soil to retain the added P was determined

using labelled KH232P04 where the role of the concentration of
added P, temperature and the time of reaction were taken into con-

sideration.

The detailed data obtained for P retention are shown in the
appendix (table 3). These data are summarized on a basis of aver-
age over all values in tables (4 - 7) and illustrated in Figs.

(3 - 5).
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4.1.1.1. Retention of P by soils in relation to the concentration

The results show clearly that the rate and extent of P reten-
tion by soils is very much governed by the concentration of soil
solution P which in turn, is related to the level of P added to

the soil system.

The values of P retained by all soils consistently and grad-
ually increased with increasing concentrations of added P. This
trend was true with all periods of contact with P solution and
at both temperatures of incubation. The average values of re-
tained P increased from 9.84, 8.91, 8.89, 9.35, 7.55, 9.1, 9.55
and 9.86 to 1002.3, 539.7, 426.25, 670.45, 311.09, 399.86, 630.54
and 991.38 ug.P/g. soil with increasing the rate of added P from
10 to 1860 ug. P/g. soil for the eight tested soils, respectively.

It is obvious that the highest capacities to retain P were
obtained with Griiningen, Moshtohor, E1-Nobareia and Wolfsheim soils,
while the lowest capacities were observed with Meet-Kenana, El-

Tahreer, El-Deer and Abou E1-Matamir soils.

Noteworthy to observe that soil of the highest P retention
are characterized with slightly acidic reaction (Wolfsheim), high
clay content (Moshtohor) and relatively high CaCO, content (El-

Nobareia}.
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It is well known that under the slightly acidic pH conditions
prevalent in Wolfsheim, the free oxides of Fe, AL and Mn, beside
the abundant clay minerals could be effective in the P retention
phenomenon. About the highly calcareous soil, of E1-Nobareia, it
seems quite reasonable to attribute such high-P fixing capacity to
the high CaCO3 content of that soil. With respect to Moshtohor
soil, the relatively high content of the clay fraction (67.8 %)
could be the main factor behind its high capacity to retain P.

The dominancy of montmorillonite clay (77,0 %) in such soil may
suggest that P is chiefly retained between the expanded layers of

the crystall lattice structure through physical adsorption processes.

On the other hand, the soils of relatively low P retention
are, in general, characterized with relatively low CaCO3 and

clay cqntents.

Similar results were obtained by Ragland and Seay (1957),
Barrow and Shaw (1974), Ryden and Syers (1977) and Calvert et al.,
(1960) who indicated that clays, cations such as AL, Fe, Ca and Mg

are involved in P retention by soils.

Concerning the fe]ative retention of P by soils, i.e. the
retained P expressed as percentage of the corresponding values of
added P, an expected trend is obvious, table (7} and Fig. (5).

The percentage of retained P consistently decreased with the prog-

ressive increments in the rate of P added to the soil.
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The values of P retention percentage at the Jowest concentra-
tion of added P (10 ug. P/g. soil) were 87.1, 93.51 and 93.21 %,
while the corresponding values at the highest rate of addgd P
(1860 ug. P/g. soil) were 22.24, 36.37 and 41.45 % after one, 30
and 60 days of incubation, respectively. This expected trend
could be attributed to the progressive occupying of the different
sites responsible fof P retention with increasing time of contact
and rate of added P. With a saturation state being reached at a
certain P concentration , beyond this concentration no more or
very slight-reactions seemed to take place. The data are in agree
with those reported by Hibbard (1935), Deen and Rubins {1947 a),
SenGupta and Cornfield (1962}, Syers et al. (1970}, Sibbesen (1981)
and Ibrahim and Pratt (1982).

SenGupta and Cornfield (1962) reported that betwéen 24 and
72 h, the percentage of phosphate fixed decreased as the concentra-
tion of P increased from 100 to 1000 ug P, Og. They attributed
such trend to the saturation of soil sites with phosphate ions at
high concentration of P added and thus decreasing the percentage
of added phosphate retained at these jevels. Syers et al. (1970)
referred that P adsorbed expressed as a percentage of total added

P, was closely and inversely related to the rate of added P.
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4.1.1.2. Retention of P by soils in relation to temperature:

The data obtained for P retained are shown in table (3)

for each soil and summarized on a basis of the average in table

(5) and Fig. (3).

Values of P retained at all P concentrations and the
different periods of incubation increased from 86.53 and 268.27
ug.P/g. soil at ZOOC to 104.82 and 331.08 ug. P/g. soil in
at 37°C.

It is obvious that the increased capacities to retain
P due to the effect of temperature were observed with the s0il
Abou E1-Matamir, El-Tahreer and E1-Nobareia (calcareous soils),
while the lowest capacities were observed with the soils of
Wolfsheim, Gruningen, Meet-Kenana, El-Deer and Moshtohor soils.
This may be due to the effect of high temperature on the solubility
of CaCO3 and hence increasing the capacities of the former group

of soils to retain P.

It seems from the above mentioned resuits, that all studied
soils showed a similar pattern with respect to the effect of tem-
perature. .This trend was also reported by Low and Black (1950),
Muljadi et al. (1966), Gardner and Jones (1973) and Barrow and

Shaw (1975 b) who concluded that when the temperature was changed
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during incubation, the rate of P reaction with soils changed to
a value appropriate to the new temperature. While high tempera-
tures accelerated the changes which followed the initial adsorp-
tion and thus favoured a low solution concentration, the effect
of temperature on the equilibrium between adsorbed and solution

phosphate was found to be in the opposite direction.

Another explanation was offered by Sharpley and Ahuja (1982)
who suggested that temperature affects the rate of P sorption by
changing the stability of amorphous Fe, AL complexes and Ca pre-

cipitates.

Concerning the effect of the combined factors onPretention
by soils, the obtained data for the combined effect of P concen-

trations and temperatures are shown in table (4).

Data, in general, show that increasing the temperature of
incubation from 20°C to 37°C increased the magnitude of P reten-

tion by soils part%cu]arly at the higher rates of applied P.

Incubating the soils with P solutions of 10 ppm at 20%C
yielded average values of P retention ranging between 7.39 {Meet
Kenana) and 9.87 ug. P/g. soil (Wolfsheim), but at 37°C, the
values ranged between 9.07 (Abou E1-Matamir) and 9.88 ug. P/g.
soil (E1-Nobareia). Increasing the P concentration to 1860 ug.

P/g. soil is true increased these figures to 236.84 (Abou El-Matamir)
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and 931.24 ng. P/g. soil (Walfsheim) at 20°C and to 360.22 (Meet-

Kenana) and 1449.6 pg. P/g. soil (E1-Nobareia) at 37°C respectively.

4.1.1.3. Retention of P by soils in relation to time of reaction:

Data of tables (5, 6) and Figs. (3, 4) indicate that, as
the time of reaction increases, 50 does the amount of P retained

by soils at both degrees of temperature (20°C and 37°C).

The data obtained in table (5) and Fig. (4) generally, show
that increasing the time of incubating the soils in contact with
P solutions from one to 30 and 60 days, increased the magnitude
of P retention by soi]s, particularly at the high rates of applied P.
Moreover, this stimulating effect was more obvious with the 60
days incubation period as compared to the 30 days when both inter-

vals were compared with the one day period.

Data in table (5) show that increasing the time of reaction
from one to 30 or 60 days affected the rate of P retention in

the following pattern :

At one day the values of retained P varied between 75.16 ug.
P/g. soil (E1-Tahreer soil) and 250.67 ug. P/g. soil (Wolfsheim
soil). These values " raised to 88.57 ug. P/g. soil (Meet-
Kenana) and 290.6 ug. P/g. soil (Wolfsheim) at 30 days, but at
60 days, again the values wefe slightly increased to range from

109.5 and 297.6 ug. P/g. soil for the same previously soils.
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These data agrees with those obtained by Fox and Kamprath
(1970), Ragan and Fox (1972), Ibrahim and Pratt (1982) and
Kothandarman and Krishnamoorthy (1978) who stated that the frac-
tion of P sorbed increased as the time of reaction increased and
that the concentration of P remaining in solution decreased.

They declared that P in solutions react with soil, clays or
oxides, beside being adsorbed on the surface of the soil par-
ticles, and consequently its concentration in solution decreases.

The decrease in concentration continues for a long time.

Concerning the effect of time of reaction on the percentage
of P retention, table (7) and Fig. (5) show an increase in this
percentage with increasing the time of contact, i.e. the percent-
age of P retention, increased from 87.10 and 22.24 (one day
incubation) to 93.21 and 41.45 (60 days incubation) with increasing

the rates of P application from 10 to 1860 pg. P/g. soil, respectively.

These results, in generally, may indicate that the tested
soils showed no definite retentions power which seems to be a
function of the concentration in the soi) solution at equilibrium
and the time of reaction. Moreover, three or four regions of con-
sistent and steady increase could be observed, Fig. (4) which may
suggest the presence of more than one mechanism responsible for

P retention by these soils.
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4.1.2. Release of soil P :

To elucidate the pattern of P release in the investigated
soils, the P-treated samples were subjected twice to saving P by
means of distilled water followed by extraction with sodium bi-

carbonate (0.5 M solution of pH 8.5.).

The values obtained for P recovered from the P treated soils
by water and NaHCO, are shown in table (8) and depicted in Figs.
(6 - 9).

4.1.2.1. Soil P recovery by distilled water :

The results in table (8) and Figs. (6 and7) show that the
values of water-soluble P, recovered were closely correlated with
the amount of added P. The values of correlation coefficient
being 0.975, 0.989, 0.948 and 0.959 for El-Deer, Moshtohor,

Gruningen and Wolfshein soils, respectively.

The obtained data indicate that with increasing the rate
of P.additions, the fractions of soil P recovered by water were
consistently increased. However, when these fractions were ex-
pressed in terms of percentage of added P, a decreasing trend

~ was obvious.

Comparing the values of P recovery expressed as percentage

of the added P show that : The percentage of water P recovered
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decreased from 17.3, 18.2, 14.9 and 12.1 to 9.44, 8.8, 13.17 and
7.71 with increasing the rate of added P from 30 to 180 ug. P/g.
soil for El-Deer, Moshtohor, Griiningen and Wolfsheim soils, res-

pectively.

It is clear that while the values of P fraction of soil,
recovered from the soils incubated in KH2P04 solution having a
concentration of 30 ug. P/g. soil did not exceed 5.46 ug. P/g
soil, being 5.19, 5.46, 4.48 and 3.64 for the soils of E1 Deer,
Moshtohor, Griiningen and Wolfsheim, respectovely. Increasing
the rate of P application up to 180 ug. P/g. soil, progressively
raised the level of soil P recovered in water to 16.99, 15.59

23.7 and 13.87 for these four soils, respectively.

4.1.2.2. Soil P recovery by NaHCO3 solution :

The data obtained in table (8) and illustrated in Figs.
(8 and 9) show that the values of P recovered by sodium bicarbonate
from the P treated soils were positively correlated with the
amounf of P added to these soils. This correlation was highly sig-
nificant in all the soils except Wolfsheim. The values of corre-
lation coefficient were, 0.964, 0.870, 0.979 and 0.491 for El-

Deer, Moshtohor, Griiningen and Wolfsheim soils, respectively.
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Increasing the rate of added P, as, it did with distilled
water, resulted in an increase in the quantities of NaHCO3 -
recovered P but decréased the percentage of P recovered as
related to the rate of P addition. The quantities of NaHCO3 re-
covered P increased from 9.87, 19.71, 23.2) and 19.18 to 20.49,
27.29, 43.57 and 38.3 pg. P/g. soil for the soils of Ei-Deer,
Mostohor,-Grﬁningen and Wolfsheim by increasing the rate of

added P from 30 to 180 ug P/g. soil.

Expressing the fraction of added P recovered as percentage,
show that increasing the rate of applied P from 30 to 180 ug. P/g.
soil decreased thesepercentages from, 32.9, 65.7, 61.2 and 63.9 %
to 11.38, 15.16, 24.21 and 21.28 % for the studied soils, res-

pectively,

These results may lead to a general conclusion, that NaHCO3
solution is of higher capability than distilled water as an extrae-

tant for P from P-treated soils.

Similar results were recorded by Olufemi and Akinola (1981),
Fuller and McGeorge (1950), who found that the amount of P extracted
with water increased by increasing the rate of added P from 0 to
250 pounds of P205 per acre, and concluded that only a small portion

was securely fixed against extraction with water.

-
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Hibbard (1935) showed that the gradual decrease of water
soluble PO4 may be partly because of the formation of a loose
compleX rather than a definite compound and partly because

imperfect contact of the added PO4 with the soil particles.

While Olsen et al. (1954) pointed out that the increase
in available P as determined by NaHCO3 extracting over that by
water, is probably due to the increased solubility of Ca -
phosphates as a result of lowering Ca++ activity in solution.
They also reported that extraction with NaHCO, removes about 1/2
of the P on the surface of soil particles that readily exchanges
with 32P in the soil solution beside minimizing secondary pre-

cipitation and adsorption reaction.

4.2. Adsorption of P by soils :

Phosphorus adsorption by soils takes place as a result of
physical and chemical attracting forces. Both types of adsorp-
tion can be satisfactorly described by Langmuir adsorption iso-
therm or Freundlich equation. Because the adosrption reactions
require only short time periods, it was meant in this study to
select the values of P retained by the soils under consideration

after incubating them with P solutions for 24 hours.
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The data were, at first, treated according to the classical
form of Langmuir adsorption isotherm developed by 0lsen and Watanabe
(1957); then after according to the modified forms of Muljadi et
al. (1966) and Gunary (1970).

The fitness of the data to Freundlich equation was also

investigated.

The values and parameters required for these investigations

2

namely, Pi , ¢, c/x/m, log ¢ x 10° and log x/m, are tabulated

in the appendix {table 9).

For sake of simplicity, the results are discussed seperately
with respect to Langmuir and related forms of adsorption isotherms
and Freundlich equation as well. Plotting the data of P adsorption
according to Langmuir equation and the other derived forms of
Muljadi et al. (1966) and Gunary (1970) is indicated in tables
(10 - 13) and Figs. (10 - 13).

4.2.1. Adsorption of P as represented by Langmuir :

The linear form of the Langmuir equation reads :

c/x/m = 1 + <
KPmax Pmax
where ¢ = equilibrium P concentration, ug. P/ml
x/m = P adsorbed, ug. P/g. soil
Ppax = P adsorption maximum ug. P/g. soil
"k = affinity constant related to the bonding energy(ug.P/mi)” L.

The data genera]ly showed close fitness to Langmuir adsorp-

tion isotherm. The values of correlation coefficient expressing
this relationship were always highly significant.
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In more details, treating the data according to the adsorp-
tion isotherm of Langmuir in the linear form showed the follow-

ing relations :

This used form of Langmuir isotherm was able to represent
with significant ’fitness the data of P retention with all the
soils and at 20 as well as at the 37°c. The values of correla-
tion coefficient ranged between 0,936 and 0.991 at 20°C and
0.935 and 0,986 at 37%C. It is obvious that changing the tem-
perature from 20 to 370C did not affect the fitness of the data

to Langmuir adsorption isotherm,

Plotting the ¢/x/m values versus ¢, Fig. (10) show at least
two regfons of P adsorption suggesting a possible existence of
more than one s{te or mode of P adsorption through the tested
range of P concentrations. Fig. (10) also showed a slight convex
to the"x“akis, particularly with the high P concentration. The
curvelinear relationship between c/x/m and ¢ was observed by
Adamson (1960), Larsen (1967), Clark (1970) and Bache and Williams
(1971) who attributed such trend to migration of the sorbed phos-
phate into subsurface layers, or to variations in heat of adsorp-

tion caused by surface heterogenity and increasing interactions
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between adsorbate molecules on the surface and in the solution

with increasing surface coverage, Adamson (1967).

Data in Table (10) shows the values of the two constants
of Langmuir equation namely, the "K" constant that relates to
the bonding energy or the affinity by which the adsorbate is
attached to the adsorbent, and the Pmax which express the maximum
P adsorption by soil system. The data reveal that the values of
"K" ranged from 0.0297 to 0.154 and from 0.0258 to 0.175 (ug. P/

m])'] at 20 and 37°C, respectively.

It is obvious that the values of "K" were relatively low
in the light-textured alkaline soils as compared with those of
heavy texture or with the slightly acidic soil of Wolfsheim which
may reflect the relatively high bonding energy of P in such soils,
This energy could be arise from the abundance of CaCO3, clay and
free or active oxides of Fe and AL. etc. These results are in
close agreement with those obtained by Calvert et al., (1960) and

Ryden and Syers (1977)}.

The values of P adsorption maximum (P__ )} at 20°C varied

max
between 204.1 to 833.30 ug. P/g. soil with an average of 416.9 ug,

P/g. soil. Increasing the temperature of reaction to 37°C,
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generally, increased the values of “Pmax",being in the range from 242.72
to 909.1 pg. P/q. s0il with an average of 489.0 ug P/g. soil.
These values are in accordance with those obtained by Olsen and
Watanabe (1957), Gunary (1970}, El-Rashidi (1972) and Kuo and
Lotse (1972) who stated that phosphate adsorption increased with

increasing the temperature.

The constant (Pmax) was found to be closely and positively
correlated with the clay abundance in soils (Fig.11). The correlation
coefficient was 0.856 . Such trend was obvious only at
the low temperature, (ZOOC). This relation is very well estab-
lished by many investigators, Olsen and Watanabe (1957}, Rennie
and McKercher (1959), Weir and Soper (1962), E1-Rashidi (1972),

Sadik and Abd E1 Aal (1978) and Abd E1 Aal et al. (1981) who
reported that the maximum P adsorption values were significantly

related to the clay content of the soils.

It is noteworthy to mention that the values of both "K"
and Pmax constants, depend chiefly on the P concentration in
the medium at which the adsorption process takes place as well

as the amount initially bonded to the adsorbent.

4.2.2. Adsorption of P by soils as represented by the modified

forms of Langmuir adsorption isotherm :

The Langmuir adsorption equation is applicable to soil
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systems provided that particular P concentrations are used. With
higher P concentrations, deviation from the equation and thus a

curvelinear relation is obvious, Larsen (1967), Bache and Williams

(1971).

To eliminate such curvature,many trials were done. These
trials,in general , are concentrated in two main directions. The
first is the use of Langmuir - derived equations containing more
than one constant, each related to a discrete surface of adsorp-
tion, Muljadi et al. (1966), Holford and Mattingly (1975a-1975b},
Rajan and Perrott (1975) and Garrison (1982). The second is in-
troducing another term into the Langmuir equation (c/x/m =
A+ Bc+ D V) as proposed by Junary (1970). HBoth directions,
represented by Muljadi two-layer equation and Junary equation in
the form recommended by Abd E1-Aal (1985) were used to test
whether they fulfil better fitness with the data gbtained in

this study.

4.2.2.1._Adsorption of P by soils as represented by Muljadi equation:

Representing the available data on P adsorption by the equa-
tion of the two-layer adsorption (Muljadi et al. 1966) instead of
the form of Langmuir equation derived by Olsen and Watanabe (1957)
for monolayer adsorption, Tables (11, 12) and Fig. (12), reveal

the following results :
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Data in table (12) and Fig. (12) show good lines for all eight
soils at (1-a)> 0.628. At (l-a)<Z0.876 the line is no longer
linear because all the sites in region 1) are not occupied. The
same relationship between fraction (l-a) and (1-a)c has been found

by Muljadi et al. (1966) and Yousef (1976}.

Representing the data with Muljadi et al. (1966), slightly
increased the value of the correlation coefficient in many cases

but it failed to behave so with some cases.

Values of the "K", the affinity constant, were higher for
the first site than the second one, ranging between 0.491 to 0.024

and between 0.504 to 0.023 at 20 and 3706, respectively.

This finding is in agreement with that reported by Muljadi
et al. (1966), Youssef (1976) and Hingston et al. (1972) who stated
that adsorption of phosphate increases the negative charge on the
surface of the soil and hence reduces the affinity of the surface

to adsorb P.

Values of maximum P retention (Pmax) for the first site of
reaction were lower than ﬁhose of the second one. These values
amounted from 11.35 % to 28.56 % at 20°C and from 11.61 to 27.07 %
of the maximum amount of P adsorption at 37%, showing no signifi-

cant variations.
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Concerning the effect of temperature on the maximum P adsorp-

tion. The values of P P and P averaged over all

max 1° max 2
the eight soils, 144.94, 665.82 and 810.76 at 20°C and increased
to 155.58, 758.57 and 914.15 ug. P/g. soil respectively as the

reaction temperature increased to 37%.

It seems from the above mentioned results that the values
of Pmax increased as the temperature increased and these values
for the second reaction site, were clearly higher than those

obtained for the first one.

Similar findings were also obtained by Muljadi et al. (1966),
Ballaux and Peasliee {1975) and Youssef (1376).

4.2.2.2. Adsorption of P by soils as represented by Junary equation:

Treating the data of P adsorption by soils, according to the
modified form of Langmuir equation proposed by Gunary (1970) showed

the following results, table (13) :

Inspite of the very well fitness of the data to Langmuir
adsorption isotherm, the modified form of this equation proposed
by Gunary (c/x/m = A + Bc + D \J€) succeeded to improve the fitt-

ness of the data in all cases.
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Similar improvement in P adsorption relations was also
obtained by Abd E1-Aal {1985), with respect to kaolinite and

montmorillonite clays.

The effect of temperature on the degree of fitness of Gunary
equation was also not influenced obvious, as in the former results

of Langmuir equation proposed by Olsen and Watanabe (1957).

The P adsorption maximum values obtained with Gunary equa-
tion were clearly higher than those obtained with the original
form of the Langmuir equation, particularly with the soils of
Abou E1-Matamir, El1-Tahreer and Meet Kenana at both temperatures
(20 and 37°C). With the soils of Moshtohor, E1-Deer and Wolfs-
heim however, the increase in the values of Pmax was noticed

only at the high temperature (37°C).

Similar increased in the values of P.maximum were also reported

by Abd Ei-Aal (1985), with the application of Gunary modification.

These results may suggest that P retention by soils could
be either a monolayer adsorption and thus obeys the Langmuir
equation much better, or more than one layer adsorption that could
be efficiently represented by the modified forms of Langmuir

equation.
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4.2.3. Adsorption of P by soils as represented by Freundlich equation:

The data of P adsorption was also treated accord-
ing to Freundlich equation, by plotting the logarithms of equi-
1ibrium P concentration {(Log c¢) against the logarithm of adsorbed

P {Log x), table (9) and Fig. (13).

The data showed, in general, a close agreement with Freundlich
equation giving high significant values of corrélation coefficient
ranging between 0.982 to 0.999 and 0.962 to 0.999 at 20 and 37°C,
respectively. These values of correlation coefficient were slightly

higher in comparison with those obtained with Langmuir isotherm.

. {
Similar results were also reported by Russell and Dow (1954),
Gunary {(1970), Bache and Williams {1971), Barrow and Show (1975) and
Abd El1-Aal (1985).

The better fitness of the data'to Freundlich equation may be
because of the gradual decrease in affinity of P to be adsorbed,
Hayward and Trapnell (1964). Agreement to this purely emperical
equation implies that the energy of P adsorption decreases ex-
ponentially with increasing saturation of the surface of solid
materials, as reported by Bache and Williams (1971). However,
using this equation does not enable neither to calculate the
adsorption P maximum "P__ ", nor the enérgy by which P is bonded

max *
to the solid surface "K".
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4.3, Diffusion of 32P in soil systems :

Phosphate ions are fixed by several mechanisms in the soil
and thus they hardly move towards plant roots through the processes
of P diffusion resulting from a concentration gradient, water
movement created due to moisture gradient and via the movement by

different types of soil organisms. However, diffusion is, generally

considered the most important of these processes, Barber (1962).

In an attempt to evaluate the role of P diffusion in soil,
the self diffusion coefficient of P was determined in five soil
samples differing widely in their general properties. The self
diffusion coefficient was determined as a function of soil mois-

ture content, rate of applied P and the clay content of these soilss

4.3,1, Diffusion of 32? as a function of soil moisture content "8

Values of self diffusion coefficient "D" measured at 0.4,
0.6, and 0.8 of the water holding capacity "8" and the regression
equations derived for "D" and "8" are presented in tables (14, 15)

and Figs. (14 - 17).

The results show that the values of self diffusion coeffi-
cient “D" determined according to the transient state at 0.4, 0.6

8 cmzlsec.

and 0.8 9, varied between 2.57 x 1078 and 22.98 x 10”
These values are comparable to those obtained by Olsen and Watanabe

(1963), Olsen et al. (1965) and Mahtab et al. {1971).
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It is easy to detect for instance that the high "D" values
were corresponding to high moisture content and also to relatively
high content of clay fraction. Regarding the influence of soil

moisture, the most important findings can be presented as follows:

Increasing the soil moisture content sharply, and in many
cases abrubt]y, increased the values of"D¥.This trend was obvious
with all the soil samples and under the different levels of applied
P. The average overall values of "D" yielded with the three

levels of soil moisture 8", respectively were ;

4,90, 8.00 and 17.40 x 1078 cm2/sec for E1-Nobareia soil;
4,50, 9.17 and 12.50 x 10'8 cmzlsec for Abou El-Matamir soil,

8

5.40, 11.03 and 21,13 x 107 cmzlsec for Moshtohor soil,

8

3.40, 7.74 and 11.38 x 100 cm2 /sec for Meet Kenana soil and

4.56, 9.06 and 17.2 x 10~ en® /sec for El-Deer soil.

The corresponding increases in the "D" values due to
increasing the soil moisture content "6" from 0.4 to 0.6 and 0.8,

respectively were :

67.3 % and 261.5 % in El-Nobareia, 109.5 % and 178.5 % in
Abou El-Matamir, 105.8 % and 296.4 % in Moshtohor, 128.3 % and
238.4 % in Meet-Kenana, 101.2 % and 281.0 % in El-Deer soil.

The data show clearly that the increase in the water content

of the clay textured soils has more effect on diffusion coefficient
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than in the lighter-textured soils. This may be because the clay
soil generally holds so much more water that raise these np"
values. Moreover, the clay soils oftenly contains water enough

to maintain a considerable rate of P diffusion.

Similar trend was also reported by many investigators, where
the "D" values of P in soils increased from 0.4 x 1077 to

7 10

15.5 x 10~ 10 cmz/

el /sec and from 10.25 x 1070 to 27.76 x 10
sec., respectiveiy with increasing the volumetric moisture content
from 0.22 to 0.55 (Olsen et al., 1965) and from 35 to 100 % of

the available moisture (Mahtab et al., 1971). Olsen et al. (1965)
indicated that "8" affects (Dp) in both physical and chemical ways.
They reported‘that as O decreases in a given soil, the cross-
sectional area available for diffusion becomes smaller, the path
length increases, and the viscosity and negative adsorption become

more important as the water fiims decrease in thickness.

For the water contents below that held at 15 bars, the “D"
value is almost O but increases rapidly as the water in excess

of that held at 15 bar increases (Harreil, 1980).

4.3.2. P diffusion as a function of the rate of P application :

Phosphorus self-diffusion coefficient measured as a function
of added P in five different soils and the linear regression

equations of "D" and P concentrations are shown in table (14)

and Fig. (16).
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Results show that the diffusion coefficient "D" represents
a linear function of added P for all samples. The correlation

coefficientsare all above 0.93 suggesting a very close relationship.

The "D" values obtained under the different rates of applied
P "c" averaged over all soil moisture contents {B) increases with
increasing the rate of applied P. In this regard, increasing the
rate of applied P from 66 to 200 p.p.m., increased the “D" values

8

of P in soils from 8.37 to 12.46 x 10°% cm’/sec, from 7.44 to 9.58,

from 10.98 to 13.85, from 5.77 to 8.67 and from 9.67 to 10.92 x 10'8
cmz/sec for £E1-Nobareia, Abou E1-Matamir, Meshtohor, Meet Kenana

and E1-Deer soils,respectively.

Accordingly, it may be concluded that the relationship bet-
ween the rate of applied P and the values of self-diffusion coef-
ficient could be illustrated in a linear form and represented by
the equations D = a + bc , table (14) and Fig. (16). These find-
ings are in agreement with those reported by Lewis and Quirk
(1962 - 1967), Phillips et al. (1968), Mahtab et al. (1971),
Harrel and Saeed (1977).

4.3.3. P diffusion as a function of soil clay content :

Fig. (17) shows a linear relationship between self-diffusion
coefficient and soil content of clay, represented by the regression

equation :
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D= 7.28 + 8.17 clay fraction. This relation exhibited

high significancy with corresponding "r" values of 0.949.

1t is obvious that the clay content % of these soils was
13.16 %, 17.43 %, 27.03 %, 31.15 % and 67.8 % for Meet-Kenana,
pbou E1-Matamir, El-Deer, El-Nobareia and Moshtohor soil, res-
pectively. The values of "D"increased in a trend parallel to
that of the clay fraction content of these soils namely; 7.51,

8

8.73, 10.27, 10.11 and 12.53 x 10°° cn/sec, respectively.

This results are also in agreement with many other studies,
Olsen and Watanabe (1963), Olsen et al. (1965) and Mahtab et al.
(1971).

Olsen et al. (1965) attributed.the increase in "D" values
with increasing clay content to a tortuosity factor, which also
increased with increasing clay content. Another effect of clay
is its effect on the moisture content of the s0il which in turn,
increase the cross sectional area available for diffusion and
also increases the volumetric moisture content, hence causing

higher rates of diffusion P coefficient values.



The purpose of this investigation is to study some reactions
involved in the release and retention of phosphorus in soils and

hence may affect the P supply to growing plants.

The study included eight surface soil samples six of them were
collected from various locations of A.R.E. and the other two samples
were obtained from F.R.G. The soils of Egypt were represented by
the locations of El-Nobareia, Abou El-Matamir, E1-Tahreer, Moshtohor,
Meet-Kenana and E1-Deer soils, representing both calcareous and
alluvial soils whereas those of F.R.G. were collected from Griiningen

and Wolfsheim which are of slightly acid reaction.

The soil samples were identified through mechanical, physical,

chemical and mineralogical analysis.

The work included two main experiments using labelled 32P.

The first experiment deals with the retention and release of P and
adsorption reactions responsible for P retention in soils. The effect
of a wide range of P concentrations (10 - 1860 ug. P/g. soil),
temperature (20 and 37°C) and time of reaction (one, 30 and 60 days)

on the amount of P retained were taken into consideration.




To elucidate the pattern of P release in soil, four soil
samples previously incubated for 30 days in solution having P con-
centration of 30, 60, 90, 120, 150 or 180 pg. P/g. soil at 20°C
were subjected twice to saving P by means of distilled water fol-

Towed by extraction with NaHCO3 of pH 8.5.

Concerning ‘the adsorption of P by soils, the data obtained
for P retention after 24 hours was treated according to Langmuir
jsotherm, thenafter according to the modified forms of Muljadi

et al. (1966) and Gunary (1970) and alsothe Freundlich equation.

32

The second experiment deals with ““P diffusion in the

soils of E1 Nobareia, Abou E1-Matamir, Moshtohor, Meet Kenana and
E1-Deer, Values of self-diffusion coefficient "D" were measured
according to the transient state method under different levels

of soil moisture content (40, 60 and 80 % of the W.H.C.}, as a
function of P concentrations ranging from 66 to 200 p.p.m.? and
also as a function of clay fraction content. The linear regressions

equationsof "D" and both the P concentrations and soil moisture

fraction "8" were calculated.
The main results obtained can be summarized as follows :

1 - Values of P retained, in general, increased steadily with
increasing the concentration of added P , temperature and also

with the time of reaction.




The average values of retained P increased from 7.55 and
9.86 ug. P/g. soil to 311.09 and 1002.3 ug. P/g. soil with increas-

ing the rate of added P from 10 to 1860 pg. P/g. soil.

The highest capacities to retain P were obtained with
Wolfsheim followed by E1-Nobareia and Moshtohor soils, while the
lowest cépacities were observed with the soil of Meet-Kenana and
E1-Tahreer. The'soils of high P retention are characterized with
slightly acidic reaction (Wolfsheim), high clay content {Moshtohor)

and relatively high CaCO3 content (E1-Nobareia). According to these

results , it can be concluded that the acidic pH conditions pre-
vated in Wolfsheim that leads to relatively higher concentrations
of free oxides, such as Fe, AL and Mn beside the abundances of clay
minerals and the soil content of calcium carbonate could be main

factors seriously affecting the soil capacity to retain P.

2 - The values of retained P expressed as percentage of the cor-
responding values of added P consistently decreased with the prog-
ressive increments in the rate of added P to the soil. Wwhen P
was applied at a rate of 10 ug. P/g. soil,these values  were
87.1, 93.51 and 93.21 % but decreased to 22.24, 36.37 and 41.45 %
with the rate of 1860 ug. P/g. soil after one, 30 and 60 days of
incubation, respectively. This trend was attributed to the prog-
ressive occupying of the different sites responsibie for P retention

with increasing the time of contact and rate of added P.




3 - Results, in general, show that increasing the temperature of
incubation from 20°C to 37°C increased the P retention by soils
particularly at the higher rates of applied P. lncubating the

soils at 20°C with P solutions of 10 p.p.m.Pconcentration yielded
average values of P retention ranging from 7.39 (Meet-Kenana) to

9.87 ug. P/g. soil (Wolfsheim) and from 9.07 (Abou El-Matamir) to

9.88 ug. P/g. soil (E1.Nobareia) at 37°C. Increasing the P con-
centration to 1860 ug. P/g. soil raised these figures to 236.84

(Abou El-Matamir) and 931.24 ug. P/g. soil (Wolfsheim) at 20°¢C

and to 360,22 (Meet-Kenana) and 1449.6 ug. P/g. soil1(E1-Nobareia)at 37°.

The calcareous soils of Abou Ei-Matamir, E1-Tahreer and El-
Nobareia showed increasing capacities to retain P with increasing
temperature from 20%C to 37°C, that may be due to increasing the

solubility of CaCO3 and hence P retention capacity of the soil.

4 - Increasing the time of contact increased the percentage of
retained P from 87.10 and 22.24%after one day incubation t0-93.21
and 41.45 % at 60 days with increasing the rates of P application
from 10 to 1860 ug. P/g. soil.

These results, in general may indicate that the tested soils
showed no definite powers of P retention which seems to be a func-
tion of the equilibrium P concentration in the soil solution and

the time of reaction. Moreover, three or four regions of consistent




and steady increase in P retention could be observed, which may sug-
gest the presence of more than one mechanism responsibie for P re-
tention by soils.

5 - The water soluble P fractions, released or recovered from P-
treated soils were closely correlated with the amount of added P

with values of correlation coefficient being 0.975, 0.989, 0.948 and
0.959 for El1-Deer, Moshtohor, Gruningen and Wolfsheim soils,respectively.

Increasing the rate of P application of these soils from 30 to
180 ug. P/g. soil progressively raised the level of soil P recovered
in water from 5.19, 5.46, 4.48 and 3.64 to 16.99, 15.59, 23.7 and
13.87 ug. P/g. soil for the tested oil samples, respectively. How-
ever, when these fractions were expressed in terms of percentage of
added P, a decreasing trend was obvious. The percentage of water P
recovered decreased from 17.3, 18.2, 14.9 and 12.1 to 9.44, 8.86,
13.17 and 7.71 with increasing the rate of added P from 30 to 180 ug.
P/g. soil for the above mentioned soils, respectively.

6 - The values of P recovered by NaHCO3 from the P-treated soils
were positively correlated with the amount of P added to these soils
except with Wolfsheim soil where this relation was not significant.
The values of correlation coefficient were 0.964, 0.870, 0.979 and
0.461 for the tested soils, respectively. The guantities of NaHCO3 :
recovered P ranged from 9.87 and 23.21 ug. P/g. soil to 20.49 and
43.57 ug. P/g. soil with increasing the rate of added P from 30

to 180 ug. P/g. soil. Expressing the fraction of added P recovered
as percentage of added P, yielded an opposite trend as this per-
centage decreased from 32.9, 65.7, 61.2 and 63.9% to 11,83, 15.16,
24.2) and 21.28% for the tested soils,respectively.



7 = The results of all soils showed close fitness to Langmuir
adsorption isotherm at both temperatures (20 and 37°C). The values
of correlation coefficient ranged between 0.936 and 0.991 at 20°¢C

and 0.935 and 0.986 at 37°C.

Plotting the ¢/x/m values versus "c* suggested a possible
existence of more than 6ne site or mode of P adsorption through
the tested range of P concentrations. This relation showed a
slight convex to the x axis particularly with the high P con-

centration.

The values of "K" constant that relates to the bonding energy
or the affinity by which the adsorbate is attatched to the adsorbent
ranged from 0.0297 to 0.154 and from 0.0258 to 0.175 at 20 and 37°,
respectively. These values were relatively low in the light-textured
alkaline soils as compared with those of heavy texture or with the
slightly acidic soil of Wolfsheim which may reflect the relatively
high bonding energy of P in such soils. This energy could be arise
from the abundance of CaCO3, clay and free or active oxides of Fe,

AL and Mn.

The values of the maximum P adsorption constnat (Pmax) varied
from 204.1 and 833.30 with an average of 416.9 ug. P/ml at 20°C.
Increasing the temperature of reaction to 37°c clearly , increased

these values, from 242.72 to 909.1 with an average of 489.0 ug. P/g. soil.



These values were positively correlated with the clay abundance in
soils, with a correlation coefficient of 0.856. Such trend was

obvious on]y at the Jow temperature (20 C).

It is noteworthy to mention that the values of both "K" and
"Pmax“ constants, depend chiefly on the P concentration in the
medium at which the adsorption process takes place as well as the P

amount initially bonded to the adsorbent.

8 - Plotting the data according to the Langmuir equation contain-
ing two surfaces sites derived by Muljadi et al. (1966) yielded,
better fitness, high "K" values for the first site of adsorption
and lower values for the second site but decreased the "Pmax" at
the first site and increased at the second one. The values of Pmax
increased as the temperature increased from 20°C to 37°C and these

values for the second reaction site, were clearly higher than those

obtained for the first one.

| The values of Pmax 1 Pmax 2 and Pmax average over all the
eight soils increased from 144.94, 665.82 and 810.76 at 20°C to
155.58, 758.57 and 914.15 ug. P/g. soil, respectively at 37°C.

It seems that such forms of equation include "1ow concentra-
tion reaction" being responsible for relatively small "Pmax" having

much higher affinity for the active site than the larger quantities



of "Pmax“ taken up by the second reaction "high concentration reac-

tion" and having low affinity for the second site.

g - The second’tria1 to eliminate the curvature of Langmuir was

by introducing a square-root term into the Langmuir equation,

¢/x/m = A + Bc + D VT as proposed by Gunary (1970). AppTication
of this form slightly improved the fitness of the data in all cases
and tended to increase the values of Pmax in some cases at both
temperatures,ZOOC and 37°C. The results also showed highest sig-
nificant and positive correlations when the data was tested by the
Freundlich isotherm, x = acb. The values of correlation coefficient
ranged between 0.982 to 0.999 and 0.962 to 0.999 at 20°C and 37°C,

respectively.

10 - The values of self-diffusion coefficient "D" determined varied
between 2.57 x 10'8 and 22.98 x 108 cm2/sec under the conditions of
this experiment. The low values of "D" were corresponding to re-

latively low moisture content and 1ight texture.

11 - Increasing the soil moisture content sharply, and in many
cases ubruptly, increased the "D values. This trend was obvious
with all the soil samples and under the different levels of soil

moisture and applied P as well.

The corresponding increases in the "D" values due to increasing

the soil moisture content "0" from 0.4 to 0.6 and 0.8, respectively




were 67.3 % and 261.5 % for El-Nobareia, 109.5 % and 178.5 % for
Abou E1-Matamir, 105.8 % and 296.4 % for Moshtohor, 128.3 % and
238.4 % for Meet-Kenana and 101.2 % and 281 % for El1-Deer soil.

The data show clearly that the reduction in water content
of the clay textured soils has less effect on diffusion coefficient
than in the 1lighter textured soils. This may be because the clay
soil generally holds so much more water that raise the "D" values,
moreover, the clay soils oftenly contains water enough to maintain

a considerable rate of P diffusion..

32 - The results showed 2 very close relationship between the "D"
values and the added P, showing values of correlation coefficient

more than 0,93.

The "D" values obtained under the different rates of applied P
average over all the moisture content "g" increased with increasing
the rate of applied P from 66 to 200 p.p.m. Accordingly, it was
concluded that the relationship between the rate of app]ied‘P and
the values of "D" could be iilustrated in a linear form repre-

sented by the equation, D = a + bc where a and b are constants.

A linear relationship between self-diffusion coefficient "D"
and soil content of clay was also obtained and represented by the
regression equation D = 7.28 + 8.17 clay fraction which exhibited

a high significancy with a corresponding "r" value of 0.949.




The values of "D" over all three rates of added P and three levels of
moisture content (8) averaged 7.51 x 1078 cm2/sec in Meet Kenana

(13.16 % clay), 8.73 x 10_8 cmZ/sec in Abou El-Matamir (17.43 %

clay), 10.27 x 10”8 cn®/sec in El-Deer (27.03 % clay), 10.11 x 1078
cmzlsec in El-Nobareia (31.15 % clay), the "D" values increased

8

to 12.53 x 10~ cmz/sec in Moshtohor soil (67.8 % clay).

The study reported here may suggest that the extra water of
the clay soil increase the cross sectional area available for dif-
fusion and also increases the volumetric moisture content, hence

causing higher rates of diffusion P coefficient values.



