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Introduction

Various crops suffer from Zn deficiency on many
alkaline calcareous soils of Pakistan.l-t These soils
receive liberal applications of P fertilizers. There are
several reports demonstrating that P fertilization
may intensify Zn deficiency in many plant species.t-'?
Whatever the specific cause of the abnormal growth
where P accentuates Zn deficiency, it is readily cor-
rected by Zn applications either to the soil or foliage.

Because of the low solubility of Zn,,(P04)2, it was
first supposed that Zn deficiency resulted when the
applied phosphates reacted with Zn to reduce the level
of soluble Zn in the soil.ll More recently it has
been shown that P application did not greatly affect
extractable Zn, but tended to increase the Zn rather
than decrease it.IZ Some authors+ 11, 13 have
claimed that P affects the absorption of Zn by roots
in soil in some other way than by precipitation of an
insoluble Zn3(P04)2' The reports are contradictory
and there still appears to be no clear conception of
the P·Zn relationship in soil and plant media. These
observations emphasize the need for a critical study of
the P·Zn relationship in soil and plant. The present
paper reports the effect of P applications on Zn
solubility in two upland alkaline calcareous soils.

Materials and Methods

The experiment was carried out in the laboratory
on two alkaline calcareous soils of different textures
collected from Thikriwala and Kamalia towns of
the District Faisalabad. The surface samples up to
IS em depth were drawn, air dried and crushed to a
fineness of 1 mm. Physico-chemical properties of the
soils used have been reported elsewhere.l- Twenty
five g portions of each soil were taken ill flat-bottomed
plastic vessels. Treatments in triplicate consisted of
0,2.5, 5.0 and 10.0 ppm Zn as ZnS04.7HzO and
0, ]6,32 and 64 ppm P as KH2P04. The difference
in K level of the soils by the application of different
amounts of KHzP04 was compensated by KCI
application. P and Zn sources and KCI were
applied as their aqueous solutions by adjusting the
moisture level in the soil of each vessel to 75 % of its
field capacity. Soils maintained at this moisture
level were incubated at 30 ± 10 for 13 days, a period
found sufficient for the maximum fixation of Zn

(data not shown). Atthe end of the incubation period,
the soils were extracted with 0.005M DTPA (diethy-
lenetriami nepentaacetic acid) and Zn concentration
in the soil extracts was determined by atomic absorp-
tion spectrophotometery.'!

Data were subjected to analysis of variance and
the difference between different means was evaluated
by the least significant difference test.

Results and Discussion

Irrespective of the P levels, D'I'Pa-extractable Zn
of both soils progressively increased with an
increase in Zn rate (P<O.OI, Table 1). On the light
textured Thikriwala soil, extractable Zn was affected
quite appreciably by P application (P<O.Ol). Ex-
tractable Zn in this soil increased progressively with
increasing rate of P application. On the heavy
textured Karnalia soil, however, P application had
little effect on extractable Zn even at the highest
rate of P application. Stukenholtz et al.I6 from
their incubation studies reported that the P applica-
tion even at the rate of 1000 ppm P had no effect
on 0.1 N HCI-extractable Zn in calcareous soils.

TABLE 1. 0.005 M DTPA·EXTRACTABLE Zn ASIN-
FLUENCEDBY VARYINOLEVELS OF PHOSPHORUSAND
ZINC IN Two SOILS INCUBATEDFOR 13 DAYS AT

30 + 10 AND 75 % FJELD CAPACITY.

0.005 M DTPA- extractable Zn
Applied ------------------

Zn P Thikriwala soil Kamalia soil

------------- ppmo 0 0.39
16 0.38
32 0.37
64 0.39

0.70
0.63
0.64
0.66

2.5 0 2.12 2.32
16 2.10 2.21
32 2.06 2.19
64 2.06 2.04

5.0 0 3.61 3.82
16 3.65 3.78
32 3.95 3.78
64 3.86 3.74

10.0 0 6.76 6.90
16 7.18 7.03
32 7.18 6.99
64 7.48 7.07----......-----~----------------

LSD (0.05)
(P means) 0.09 NS

LSD (0.05)
(Zn means) 0.09 0.11

LSD (0.05)
(P x Zn means) 0.25 NS
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The data of the present investigation show that
probably P as such did not have any adverse effect
on the availability of Zn in these soils. A possible
reason for increased Zn availability in the Thikriwala
soil might be the soil pH depression which was prob-
ably the result of acidic nature of KH2P04 (5 % solu-
tion, pH 4.3 at 25°). Such a decrease in pH would
help in the solubilization of more Zn/or in decreasing
Zn fixation. Shuklat? studied the effect of different
P sources including KH2P04 on Zn solubility in
soils. He observed that, in general, P source which
decreased soil pH increased Zn solubility, whereas
those with the exception of dipotassium phosphate,
which had increased the pH, decreased Zn solubility.
The absence of any effect of acidic KH2P04 on
the extractable Zn of the heavy textured Kamalia
soil might be due to high buffering capacity of the
soil against pH changes.u

The observations on the effect of KH2P04 on Zn
availability were similar to the findings of Binghum
and Garber.u Keefer and Singh's observed that
when soil P levels were increased, acid extractable
Zn from soils either showed no change or increase.
Several workers's- 20,21 who found that P applica-
tion reduces Zn availability, have not taken into
consideration the soil in question, its type and the
amount of P fertilizer compounds. In general,
only the plant analysis was the criterion for evalua-
tion and not soil analysis.

The results of the present study also indicated that
precipitation of Zn as Zn3(P04'2, as was thought
previously.t! was not possible in these soils. In
another study,22 as a source of Zn for sorghum in
greenhouse pots, Zn3(P04h was equal to ZnO,
ZnC03 and ZnS04' 7H20 on Ritzville fine sandy
loam, (pH 7.2). This evidence indicates strongly that
the precipitation of Zn3(P04)2 is not involved in P-
induced Zn deficiency in plants. Other re-
searchers23,26 also concluded that Zn deficiency
does not result from P rendering Zn insoluble or
unavailable in the soil.

It is obvious from the above discussion that P
application to these calcareous soils may not adver-
sely affect Zn solubility in these soils. Thus the
decrease in Zn concentration of plants from P appli-
cation in the absence of Zn confirms the antagonistic
relationship of P and Zn during absorption and
translocation in the plant as reported by earlier
research ers.16,20, 21
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