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Abstract

Laboratory incubation experiments were conducted using alluvial
and calcareous soils to evaluate the effect of applying three levels of
phosphorus (0, 50 and 100 ppm) and zinc (0, 5 and 10 ppm) in all pos-
sible combinations, on the changes of both the available phosphorus and
the EDTA-extractable zinc, iron, copper and manganese content in soil.
The results showed that applying phosphorus significantly decreased the
content of EDTA-extractable Zn, Fe, Cu and Mn in soils. However, the
rate of decrease declined with the length of the incubation period. The
depressive effect of P on extractable Zn content was found to be more
obvious with respect to soil native Zn than that of the applied one.
Application of Zn also depressed the content of extractable Fe, Cu and P
but significantly increased that of extractable Mn.

INTRODUCTION

The interaction between P and Zn has been studied by many investigators.
Usually, the interaction is designated as a P-induced Zn deficiency. The reduction in
the availability of Zn in soil due to the application of P has been reported by Ellis et
al. (1964), Kalyansundaram and Mehta (1970), Badanur and Venkata Rao (1973) and
Haldar and Mandal (1979). On the other hand, Marinbo and Lgue (1972) showed the
application of P increased the amount of EDTA-extractable Zn and DTPA-extractable
Fe and Mn in soil. However, application of Zn has been reported to cause a decrease
in the availability of the Fe (Premi 1971, Venkata Subrahamanyam and Mehta 1975)
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and an increase in the availability of Mn in soil (Brar and Sekhon 1976, Venkata Sub-
rahamanyam and Mehta 1975). Hulagur et al. (1975) and Mandal and Haldar (1980)
reported that application of Zn or P lowered the availability of Fe and Cu.

Under the conditions of Egypt, El-Sherif (1973) studied the relationship be-
tween P-fertilization and Zn-application in highly calcareous soils of the North West-
ern Coastal plain. He found that the interaction between P and Zn was not affected by
the calcium carbonate content. Sarour (1981) found that the available Zn was only
reduced through heavy application of P up to the 50 ppm level in the clay loam soil.
He also added that available P showed tendencies to decrease with increasing rate of
Zn application up to 5 ppm Zn or more. Dahdoh (1981) found that the high levels of P
addition resulted in decreasing the amount of water 'soluble Zn and EDTA-extractable
Zn.‘ El-Mashadi (1981) found that P-application did not affect Zn availability in both
alluvial and calcareous soils.

This work was carried out to investigate the effect of phosphorus and zinc ap-
plication on the availability of phosphorus, zinc, copper, iron and manganese in both
alluvial and calcareous soils.

MATERIALS AND METHODS

Surface soil samples were collected from El-Kalubia Governorate and El-
Tahrir District representing the alluvial and calcareous soils, respectively.

The particle size distribution was carried out by the Pipette method, Piper
(1950). Organic matter content was determined according to Walkley and Black
method, Jackson (1967). PH was determined in 1 : 2.5 soils : water suspention us-
ing Beckman pH-meter, Jackson (1967). Calcium carbonate was estimated volumet-
rically using the Collin's calcimeter according to Richards (1954). The electrical
conductivity and soluble cations and anions were determined in soil paste according
to the standard method, Jackson (1967). The main physical and chemical character-
istics of the studied soil samples were presented in Table 1.

The soil samples were air-dried, ground and sieved to pass through a 2 mm
sieve (1 kg) packsin polyethylene pots (2.5 L capacity). The treatments consisted-
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Table 1. Some physical and chemical properties of the studied soil samples.

Soils
Soil characters El-Kalubia Governorate El-Tahrir District
3 S S,

Practicle size:
Coarse sand % 0.71 14.75
Fine sand % 15.14 63.34
Slit % . 36.65 12.98
Clay % 47.50 9.95
Texture Clay Sandy loam
Field capacity 35.00 21.00
CaCOg 2.56 24.78
E.C. mmhos/cm 1.55 3.09
pH 7.70 7.70

lonic content of the soil paste

in meqg/L.
Calcium 4.40 -9.77
Magnesium 6.25 8.66
Sodium 4.85 11.58
Potassium 0.25 0.82
Carbonate — —
Bicarbonate 2.50 4.00
Chloride 4.50 10.50
Sulphate 8.75 16.33
Available phosphorus as ppm 13.50 4.20
Available zinc as ppm 470 5.40
Available iron as ppm 8.90 8.10
Available copper as ppm " 1.33 1.13
Available manganese as ppm 5.67 5.27
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of combinations of three levels of P (0, 50 and 100 ppm as KH2P04) and three lev-
els of Zn (0, 4 and 10 ppm as ZnSO,) in three replicates. The soil samples were in-
cubated in the laboratory at room temperature. Soil samples were drawn from each
pot after 1, 7, 14, 28, 56 and 84 days. Available Zn, Fe, Cu and Mn were deter-
mined by an atomic absorption spectophotometer according to Lindsay and Norvell
(1969). Available phosphorus was determined using Olsen's method (Jackson 1967).

The obtained results were statistically analysed according to Ceapoiu (1968).

RESULTS AND DISCUSSION

Available phosphorus:

Data in Table 2 reveal that the application of phosphorus significantly in-
creased the available phosphorus amounts in soils. Only from 12-16% of the applied
phosphorus remained in the available from after 24 hours of its application in cal-
careous soil, whereas in alluvial soil from 14-27% and from 11-21% of the applied
phosphorus remained in the available from after 1 and 7 days of its application, re-
spectively; the rest of the amounts have been transformed to some forms not ex-
tractable in Olsen's solution.

Concerning the effect of Zn application on the values of available P, data in
Table 2 showed that the application of Zn significantly decreased the values of avail-
able phosphorus in soils. The decrease ranged from 14-34% within 7 days of incuba-
tion when Zn was applied at the rate of 10 ppm. A similar observation was made by
Hulagur et al. (1975) and Mandal and Haldar (1980).

Regarding the effect of soil types on the available phosphorus content, data in
Table 2 reveal that the avaijlable phosphorus content was significantly affected by
soil types, the highest values were found in the alluvial soil whereas the lowest val-
ues were found in the calcareous ones (Fathi 1978, Megalah 1978, El-Mashadi
1981).

Data in Table 2 also show that the available phosphorus values were signifi-
cantly increased with time of incubation, however, they began to decrease after 12
weeks. These re: are in agreement with those obtained by Mandal and Haldar
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Table 2. Effect of phosphorus and zinc application on the changes in available phor-
. phorus content (ppm) of soils.

Days of incubation
1 7 14
Soils | P-levels
Zno ZnS an Mean Zno Zn5 an Mean Zno Zns an Mean
Po 135 110 98 114 135 1.8 100 11.8| 160 140 120 140
S |Pso 257 229 201 229) 218 194 183 198 279 246 222 249
P100 401 371 350 340) 340 320 311 320| 430 388 367 395
Mean 264 237 216 231 211 198 289 258 23.6
Po 42 35 12 30| 73 42 25 47| 81 51 42 58
S, |Pgo 114 106 94 105] 135 114 98 11.6] 166 135 121 141
P100 175 158 145 159 225 190 162 172 245 223 190 219
Mean 110 100 84 144 15 95 164 136 118
28 56 84
Py 175 150 130 152 190 173 140 168| 140 115 100 118
$; |Pso 312 275 252 280| 325 2901 27.2 296 263 228 173 222
P100 461 411 387 420 272 430 400 434 309 284 280 29.1
Mean 316 279 256 329 298 211 237 209 104
Po 89 71 55 72| 101 86 67 84) 60 43 35 41
O 181 145 133 153 201 170 153 175] 130 120 83 111
P100 281 248 223 251) 293 265 238 266 233 186 153 19.1
Mean 184 155 137 198 17.4 149 141 116 90
L.S.D. at5% at1% LSD. at5% at1% LSD. at5% at1%
Soils (S) 057 283 SxZn 033 077 SxPxZn 037 0.62
Phosphorus (P)  0.23 0.54 Sxl 028 044 SxPxl 042 0.60
Zinc (Zn) 023 0.54 PxZn 026 043 SxZnxl 042  0.60
Intervals (1) 020 031 Pxi 030 042 PxZnxl 0.48  0.66
SxP 033 077 Znxl 030 042 SxPxZnxl 0.68 093
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(1980).

Concerning the effect of the interactions among different treatments, statisti-
cal analysis in Table 2 revealed that the trend of these interactions is quite similar
to that found in the case of individual factors.

Extractable zinc:

The results in Table 3 clearly show that phosphorus application significantly

decreased the values of extractable Zn (Takkar et al. 1976, Mandal and Haldar.

1980; Sarour 1981; Dahdoh 1981). The level of decrease, however, was found to
decline gradually with the progress of incubation (Mandal and Haldar 1980; Sarour
1981).

Concerning the effect of Zn application on the extractable Zn values, data in
Table 3 show that the application of Zn significantly increased the extractable Zn
values in the two soil types. An increase to the extent of 50% was recorded in the
alluvial soil as compared with 43% increase in the calcareous one due to the applica-
tion of Zn at the rate of 10 ppm within 56 days of incubation. This indicate that in
calcareous soil a considerable amount of the added Zn changed into some form not
extractable by DTPA solution.

The content of Zn in the two soils significantly decreased with increasing the
time of incubation, but the value always remained higher in the zn-treated soil than
in the control. This decrease in the extractable Zn content in the soils with the
progress of the period of incubation may be attributed to coprecipitation of both
ZnCO3 and Zn (OH), (Sinha et al. 1975), or to competition of Fe resulting from che-
lating ligands (Giordano and Mortvedt 1972). According to Norvell (1972), Fe can
compete more strongly than Zn for complex formation with DTPA. The results in
Table 4 show that the extractable Fe content in the two soils increased with in-
creasing incubation, the rate of increase is comparatively higher in calcareous soil
than in alluvial one. The decrease in extractable Zn content in soils with the in-
creased period of incubation may also be partially attributed to the increased con-
centration of extractable Fe. These findings are in agreement with those of Mandal
and Haldar (1980).

Concerning the effect of different interactions between the studied factors,
significant differences for all combinations can be observed except the triple inter-
action including Zn application or days of incubation and the tetra interaction which
show significant effect on extractable Zn content (Table 3).
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Extractable iron:

Data in Table 4 reveal that the extractable Fe values ranged between 6.0-15.6
ppm and from 5.5-18.7 ppm in the alluvial and calcareous soils, respectively (Dubey
et al. 1970, El-Galah and Hendawy 1972, El-Sikhry 1976; Abdallah 1977). The re-
sults in Table 4 also show that application of both Zn and P has significantly lowered
the extractable Fe contént in the two soils under investigation. The amounts always
are lower in the Zn- and P-treated soil than that in the untreated ones (Pathak et al.
1975; Mandal and Haldar 1980). Venkata Subrahamanyam and Mehta (1975) postu-
lated that colloidal Zn sulphate and Zn hydroxide form a‘coating on the absorbed Fe
and thus make it less extractable. The decrease may also be due to the ionic compe-
tition between Zn and Fe for chelating ligands (Norvel 1972). The decrease due to P
application may be attributed to the interaction of Fe and P resulting in the formation
of iron phosphate. The concentration of extractable Fe was found to be lowest when
both P and Zn were applied together.

Concerning the effect of incubation on the extractable Fevvalues, data in Table
4 reveal that the extractable Fe values were significantly increased with incubation,
the highest values were obtained after 28 days and then declined. The increase was.
due to the reduction of soluble ferric compounds to more soluble ferrous form. This
finding is in agreement with that of Mandal and Haldar (1980).

Regarding the effect of soils on the extractable Fe, it is obvious that the stud-
ied soils have no significant effect on extractable Fe values (Dubey et al. 1980;
Abdallah 1977).

Concerning the effect of different interactions between the studied factors,
significant differences can be observed except the double interaction including soil
and phosphorus application and all triple interaction whereas the tetra interaction
shows a highly significant effect on the extractable Fe content.

Extractable copper:

Data in Table 5 show that the application of Zn at.the rate of 10 ppm signifi-
cantly decreased the extractable Cu content to the extent of 12.9 only after 7 days
of incubation, followed by a gradual decrease as the period of incubation was le-
ngthened in the two soil samples. Data in the same Table show that the application of
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phosphorus was also found to cause a considerable decrease in the content of ex-
tractable Cu in the two soil samples. Bingham (1963) attributed this depressive ef-
fect to the immobilization of Cu within the soil system.

Concerning the effect of different factors on the extractable Cu values, it can
be noticed that the individual effect of these factors significantly affected the ex-
tractable Cu values, whereas both of the double and triple interactions including
days of incubation and soils, significantly affected the extractable Cu values. No sig-
nificant differences for the other combinations can be observed (Table 5).

Extractable manganese:

Data in Table 6 show that application of Zn significantly increased the extract-
able Mn content in soils. This favorable effect of Zn application on extractable Mn
content in the soil continued more or less uniformly throughout the period of incuba-
tion. The higher oxidation potential of Mn, Mn** (+1.08) as compared with that of
Zn, Zntt '(+0.76) favour the oxidation of Mn to Mn*2 in the soil due to the following
reaction:

Soil-Mn + Zn++ ------> Soil-Zn + Mn++

which may explain the decrease in Mn availability resulting from Zn application. This
finding is in agreement with that of Mandal and Haldar (1980).

On, the other hand, the application of P significantly decreased the extractable
Mn-values, which may be due to its precipitation as manganese phosphate.

Concerning the effect of incubation period on the extractable Mn values, data
in Table 6 also show that, the extractable Mn values like that of Fe, significantly in-
creased with the incubation period. A maximum value existed after 56 days and,
thereafter declined. The increase was due to the reduction of higher oxides of Mn,
e€.g. MnO,, Mn,03 and Mn30,.

Regarding the effect of soil on the extractable Mn, data in Table 6 reveal that
the highest values were found in alluvial soil and the lowest were found in the cal-
careous one.

Concerning the effect of different interactions between the studied factors, no
significant differences between all combinations can be observed except the double
interaction including the days of incubation.
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