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Abstract. In a soil incubation study on twenty-two alkaline calcareous soils, it was
found that the fixation of Zn proceeded rapidly up to 3 days of contact but thereafter it
increased gradually and reached a slow steady state after 7 days. Average recovery of
added Zn with DTPA (dietbylenetriaminepentaacetic acid) after 14 days was about
63 %. This fraction presumably would be available for plant uptake.

DTPA-extractable native Zn showed a significant correlation with clay and organic
matter content of the soils. Native soil Mn extracted with DTPA, and NaHC03-
extractable P correlated negatively (P <0.05 and P<O. 01 respectively) with Zn fixed after
14 days' incubation. .

Introduction

Micronutrient deficiencies in Pakistan have been
widely reported in various cropsl-6, 28. Particularly
Zn deficiency has been increasingly observed in rice
and maize.2,G-g, 28 Experimental methods to
correct Zn deficiency included soil applications of
Zn containing materials.s Soil applications had
given good results in some instances and poor results
in others.10 Hence a better understanding of the
behaviour and fate of soil-applied Zn and the soil
factors affecting its availability is needed.

Detailed reviews of the subject have been given
by a number of researchers.11-l3 Suffice to say
that Nl4, PIS, K16, pH17, organic matter 18, Ca
CaCO) 12, 14 and clay content-s have all been attri-
buted to affect Zn reactions and its availability in
soils. Since little information is available about the
fate of soil-applied Zn and the factors affecting its
availa bility 1I1 Pakistan soils, studies on these lines
were thought quite imperative. The present study
was carried out to get information upon the fixation
of added Zn as a function of contact time by 22
alkaline calcareous soils. An attampt was also made
to correlate various soil properties with Zn avai-
lability in these soils.

Materials and Methods

Twenty two surface soils (0-15 ern) collected from
wheat and maize growing tracts of the Punjab were
utilized in the present study. The soils were air-
dried, crushed in a wooden mortar and passed through
a 2-mm plastic sieve. Some physico-chemical pro-
perties of the soils are given in Table I. Soil texture
was determined by the Bouyoucos hydrometer
method classifying the soils according to the Inter-
national Textural Triangle.P pH of the saturated
soil paste was measured by using glass electrode,

electrical conductivity by conductivity meter and
CaCO) by neutrilization with HCI.3o Organic
matter was determined by dichromate oxidation and
available P by Olsen's methods! and DTPA-
extractable Fe and Mn by the method developed by
Lindsay and Norvell.P Incubation study was
carried out by treating 25 g portions of the soils with
two levels of Zn (0 and 10 ppm Zn as ZnS04.7H20)
to standardize the time of contact that may be
necessary for maximum fixation of Zn. The soils
in plastic vessels treated with aqueous solution of
ZnS04.7H20 were maintained at 75% of their
respective field capacities throughout the course of
the study. The soils were incubated at 30± l~ for
varying periods of time intervals, viz. 1, 2, 3, 7 and
14 days. The treatments were effected in triplicate.
At the end of the fixed incubation period, Zn/Cu of
each soil, extracted with 0.005 M DTPA (soil,
extractant ratio; 1 :2), was determined by atomic
absorption spectrophotornetery.w All the experi-
mental apparatus were washed successively with
0.2 M EDTA (ethylenediaminetetraacetic acid),
deionized water, 10~~ HN03 and again deionized
water.u

In this paper the term fixed Zn denotes that amount
of the adsorbed Zn which could not be released when
extracted with 0.005 M DTPA.

Results and Discussion

Time of incubation versus D'I'Pn-extractable Zn
(native). The amount of DTPA-extractable Zn in
most of the soils decreased (P<O. 01, Table 2) with
an increase in the time of incubation. In a few
soils, however, soil incubation either had no effect
or tended to increase it. The average DTPA-
extracts ble Zn decreased significantly after one-day
incubation and no further change occurred up to
2 days. Extractable Zn again decreased signifi-
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cantly after the 3rd day and then remained unchanged
up to one week's period. The complexing of avai-
lable soil Zn in an unavailable form by its biological
fixation in the tissue of microorganisms probably
accounts for tlie subsequent decreased extractability
of Zn with an increase in the time of incubation.i+
At the end of 14 days' incubation, DTPA-extractable
Zn increased significantly (Table 2) as compared
with that of one-week incubation. The mineraliza-
tion of organic materials present in the soils could
be responsible for this increased availability of Zn.
The results of Stanton-! are parallel to these findings.
He applied maize leaves to the soils, incubated the
soils at 2f>°C for the required decomposition periods
and then planted with Japanese millet. He noted
an initial increase of available Zn resulting from
organic matter application. The highest Zn levels
in the plant material were attained for the two-week
period on all soils.

Fixation of native plus added Zn as a function of
time. Zinc fixation increased considerably with
the passage of the time of incubation (P<O.OI,
Table 3). - Fixation proceeded rapidly up to 3 -days
of contact but thereafter it was slow. Though
maximum fixation took place' within the first 3 days'
of contact, it increased gradually upto 7 days. There
was a little further increase in fixation after 7 days.
Fig. 1 plotted from the data of some random 'soils
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'Fig. 1. Effect of time of contact on the fixation of Zn by
some randon soils. .

gives a general picture of Zn fixation as a function
of time. Therefore, as a practical approach to the
equilibrium, 13-days incubation perio~ was take~ as
the optimum time of contact for maximum fixation.
Tiller and Hodgson.ss while studying the specific
sorption of Zn by layer silicates, observed that
equilibrium is not readily attained but tends to ap-
proach a slow steady state after several days.
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Effect of selected soil properties on Zn availability
in soils. DTPA-extractable native soil Zn varied
considerably depending upon the properties of soils.
It correlated significantly with clay and organic
matter content of the soils (r=0.5l4 and 0.464
respectively). The correlation of the soil Zn content
with clay and organic matter content indicated that
these two soil components may contribute towards
the retention of native Zn in these calcareous soils23

Higher Zn content have been found to be related to
clay content and organic matter distribution in many
soils.17, 19, 23 A correlation coefficient of 0.81 has
been reported between Zn content andorgani:::
matter distribution of different soils.18 Other soils
properties, like CaC03 content, electrical conducti-
vity and NaHC03-extractable P did not reveal any
significant correlation with DTPA-extractable native
Zn of the soils.

Fixation of Zn after 14 days incubation varied
considerably from soil to soil. It correlated nega-
tively with NaHC03- extractable P (r== - 0.599,
P<O.OI) and with DTPA-extractable native soil
Mn only with a smaIl correlation coefficient
(r=<0.399, P-0.05). Brown et al.15 measured
the effect of fertilizer P on ammonium acetate
dithizone-extractable Zn in two alkaline soils. They
observed that rate of P did not greatly affect extract-
able Zn but tended to increase the Zn rather than
decrease it. Shuklas+ has also reported an increase
in Zn availability of many soils with KH2P04 appli-
cation. The sorption of heavy metals by the oxides
of Mn may probably hinder Zn fixation by soils.25
Other soil properties like clay, organic matter and
CaC03 contents did not have any correlation with
Zn fixed after 14 days incubation. Fixation of heavy
metals at pH above 7 seems to be a serious problem
which induces their deficiency under these conditions.
In this study correlation between pH and extractable
Zn was not calculated since the soils had very narrow
pH range i.e., 7.7 to 8.5.26

Effect of time and Zn application on the availability
of native Cu in soils. Like Zn, the availability of
DTPA-extractable native Cu in most of the soils
decreased (P<O.OI, Table 4) after 14 days' incuba-
tion. This decreased Cu availability with the passage
of time could be attributed to its biological fixation
in the tissue of microorganisms. Zinc addition
tended to increase the DTPA-extractable Cu in most
of the soils (P<O.OI) which might be due to the
replacement of adsorbed Cu by added Zn. In black,
red and alluvial soils treated with Zn, Misra et al.27

'noted a rise in HCI-extractable Cu as the amount of
Zn increased.

Conclusions

The present study was primarily of a preliminary
nature to establish which factor could affect Zn
availability in these soils. With the passage of time,
the availability of native Zn/Cu decreas~d. showing
that the fixation of available Zn and Cu IS Increased
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TABLE1. SOILSUSEDANDSOMEOFTHEIRPHYSICO-CHEMICALPROPERTIES
_______ "'- ___ .___________ ~ __ ..........._._--~~'___ _________ '___o._._ __ '__ ___

Soil 0'005 M
-~-~-~-------- Clay Texture pHs ECe CaC03 Organic NaHC03 DTPA-
No. Location X 103 equiv. matter extract- extractable

able P Fe Mn-----;.....-------------------------------------~-----
-%- -%- --- ppm -~-

1. Govern. Agr. Farm, Jhang 14.8 Loam 8.15 2.22 7.1 0.62 5.06 2.6 7.5

2. Chimranwali, Jhang 9.6 Sandy loam 8.25 1.55 6.3 0.52 5.20 1.9 5.5

3. Thikriwala, Faisalabad 13.8 Sandy loam 8.20 2.20 4.1 0.67 6.51 3.2 9.5

4. Gojra Seed Farm, Gojra 17.6 Sandy clay 8.25 3.60 6.1 0.66 9.22 3.8 10.0
loam

5. Alhar Pind, T. T. Singh 17.8 Sandy clay 8.05 1.67 5.7 0.84 4.17 3.8 7.5
loam

6. Saraba, T. T. Singh 15.6 Sandy clay 8.02 5.00 6.5 1.09 8.85 3.8 16.7
loam

7. Chak 285jJB, Rejana 8.8 Sandy loam 8.70 1.55 6.5 0.46 6.34 1.9 7.1

8. Mauza Chaddar, Kamalia 26.6 Loamy clay 8.15 2.62 4.6 1.31 6.56 9.0 7.5
.9. Chak 17j11-L, Chichawatni 8.8 Sandy loam 8.40 1.75 6.5 0.47 8.23 2.6 11.2

11. Chab Chauki, Kacha Khuh 9.6 Loamy sand 8.00 3.35 4.6 0.24 4.84 3.2 6.0
12. Burewala Textile Mills 18.8 Clay loam 8.20 2.50 9.8 0.76 8.79 5.1 7.5
13. Mohammad Nagar Farm, 10.6 Sandy loam 8.10 1.85 8.2 0.94 6.79 2.6 5.5

Arifwala
15. Qadirpur Rawan, Multan 15.6 Clay loam 7.80 4.60 3.4 0.93 14.02 5.8 8.2
16. Chak 133/16-L, Mian 9.6 Sandy loam 8.05 3.40 7.5 0.62 3.11 1.9 11.0

Channu

17. Chak 187/9-L, Harrapa 10.8 Sandy loam 8.20 3.20 5.9 0.54 4.45 2.6 8.2
18. Chak 118/9-L, Arifwala 14.8 Loam 8.30 1.93 2.4 1.08 4.78 5.1 6.0
19. Maize Farm, Yousafwala 20.8 Clay loam 8.05 2.85 4.8 1.13 12.52 7.7 19.5
20. Iqbal Nagar, Mian Channu 16.8 Sandy clay 8.20 1.42 5.4 1.04 9.01 3.8 8.0

loam
21. Chah Din Mohd Wala, 22.8 Clay loam 7.80 6.25 4.8 0.84 5.34 3.8 8.2

Kabirwala
22. Chak 84/10-R, Khanewal 12.3 Sandy loam 8.25 2.12 6.2 0.94 5.12 3.2 8.1
23. Nawab Iftikhar Farm, 9.6 Sandy loam 8.20 1.46 7.1 0.83 9.40 3.8 6.0

Jhang City
24. NIBA, Faisalabad 5. 6 Loamy Sand 7.70 1.34 0.31 10.70 5.5 7.3--...---~~----------......--------- .........___.....___ ~-------- ___ O__Jo__----fo___



THE FATEOFSOIL-ApPLIEDZINC 67

TABLE2. AVAILABILYOFNATIVESOILZn ASINFLUENCEDBYTIMEOFINCUBATION-------------~.~,--_.
0.005 MDTPA-extractable Zn in soils**

Period of incubation ~~-------------------~-------------' -
1 2 3 4 5 6 7 8 9 11 12----~----+-~. -~--+---

--.-days~--- ----~---~~--ppm
o 0.70 0.28 0.-46 0.46 0.42 0.50
1 0.57 0.35 0.29 0.37 0.38 0.43
2 0.56 0.37 0.32 0.36 0.39 0.43
3 0.59 0.28 0.25 0.28 0.35 0.34
7 0.53 0.35 0.23 0.24 0.29 0.33

14 0.56 0.30 0.29 0.33 0.34 0.41

0.32 0.62 0.42 0.36 0.38
0.24 0.36 0.39 0.31 0.45
0.27 0.34 0.42 0.30 0.48
0.17 0.30 0.35 0.22 0.38
0.20 0.34 0.32 0.22 0.34
0.19 0.36 0.34 0.24 0.40

0.005 MDTPA-extractable Zn in soils**

.Period of incubation --~-----~----------:------------~-----
13 15 16 17 18 19 20 21 22 23 24 ~eans*

--- days --- ppm -~
0 0.38 0.56 0.36 0.42 0.46 0.46 0.52 0.50 0.62 1.66 0.46 0.5182a
1 0.37 0.43 0.43 0.69 0.39 0.52 0.43 0.39 0.39 1.23 0.39 0.4455b
2 0.42 0.45 0.42 0.55 0.37 0.49 0.42 0.38 0.40 1.30 0.39 0.4468b
3 0.27 0.43 0.38 0.54 0.35 0.49 0.42 0.30 0.32 1.18 0.34 0.3877d
7 0.3'1 0.39 0.37 0.47 0.32 0.47 0.38 0.33 0.34 1.17 0.33 0.3759d

14 0.34 0.39 0.39 0.45 0.40 0.52 0.40 0.35 0.38 1. 50 0.34 0.4191c---
*~eans followed by the same letter do not differ significantly at the 5 % level of probability.

**The values are the average of three replicates.

TABLE3. EFFECTOFTIMEOFCONTACTONTHEFIXATIONOFZn (NATIVEPLUSADDED)BYSOILSTREATED
WITH 10 PPMZn ASZnSO •. 7H20

Period of incubation ---~---
Zn fixed in the soils *

1 3 124 5 6 82 7 9 11-~---------
--- days---

I
2
3
7

14

--~----------' - ppm ~--------~------
1.58 1.25 1.77 1.77 1.69 1.38 1.54 1.99 1.81 1.79 1.62
2.10 1.46 2.10 2.02 2.28 2.15 2.13 2.33 1.90 2.05 2.03
3.00 2.61 3.07 3.04 3.01 2.67 2.66 2.98 2.66 3.02 2.71
3.74 3.28 3.32 3.51 3.52 3.38 3.52 3.55 3.38 3.40 3.27
4.03 3.50 3.66 3.85 3.94 3.82 4.02 4.15 3.72 4.03 3.78

Zn fixed in the soils *
Period of incubation -,----------.

13 15 16 18 20 2421 22 2317 19
-------------+---+---------~-.
--- days ---

I
2
3
7

14

-----=-----~----ppm ----------------
1.65 1.40 1.33 1.52 1.39 1.43 1.49 1.82 1.63 1.64
1.99 1.66 1.46 1.90 1.78 1.82 1.75 1.82 1.76 1.64
2.84 2.17 2.43 2.66 2.90 2.37 2.59 2.85 2.64 2.86
3.35 2.82 3.28 3.42 3.33 2.97 3.06 3.33 3.28 3.28
3.82 3.21 4.00 3.94 3.85 3.27 3.65 4.15 3.91 4.16

*The values are the average of three replicates.
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TADLE 4. AVAILADILITYOF NATJVE Cu AS INFLUENCEDDY 10 PPM Zn ApPLICATIONASZnS04. 7H20

0.005 M DTPA-extractable Cu in soils**
Incubation time Treatment -------~--~-~----~---;-~---:--. ----~~----

1 2 3 4 5 6 7 8 9 11
--------------~-----~----~-----~--------:--------------

-- days -- -·-------------------ppm -------:-~----------
o Control 1.74 0.68 1.08 1.70 1.40 1.84 0.64 2.86 0.74 0.54

14 Control 1.320.490.670.990.89 1.020.42 1.960.41 0.38
14 10 ppmZn as 1.310.490.681.090.981.110.481.800.450.43

ZnS04·7H20

Incubation time
0.005 M DTPA-extractable Cu in soils**

Treatment ---------~---~----.-_.,....-----_:_-_:_-
12 13 IS 16 17 18 19 20 21 22 23 24 Means------------------------~------~--------------------

'-"':'" days'--
o Control

. 14 Control . ,
. 14 10 ppm Zn as

ZnS04·7H20

---=..---=..,...:...-=..~--.....:...~-.-- ppm --~.:......:.....•......"'-'--~----~--
1.36 1.12 1.940.68 1.082.082.18 1.36 1.84 0.92 - 0.54 1.35a
0.91'0:68 1.23 0:45 0.85'1.50 1.340.81 J .05 0.55' --' 0;33 0.87c
1.010.78 1.290.490.861.58 1.40'0.87 1.11 0.59 -- 0,.33 0.9lb·

*Means followed by the .same letter do not differ significantly at the 5 % level of probability.
**The values are the average of three replicates. .

when proper soil moisture and temperature conditions
prevail. .Applied' Zn 'also suffered "in a' similar way'
by the fixation processes. These studies revealed
that 63 % of the added Zn remained extractable with
0.005 M DTPA after 14 days' incubation. This
fraction of the .added Zn appears quite sufficient and
presumably would beavailable for plant uptake.

In the present study, Zn content were found to have
..a. positive. correlation with. clay .and the organic
matter content of the soils. Zinc fixed after 14 days

.. had a negative correlation with NaHC03-extractaQle
P and DTPA-extractable Mn determined in the
.original soil. samples. Correlative studies of this.
kind while indicative of the contribution of some soil
properties and not the others, may not necessarily

. give an accurate picture of the part they play in con-

. trolling Zn availability in soils. However, such
positions must await further comprehensive experi-
mentation. Certainly such a programme would aid
in recommending the judicious Zn fertilization of

.. tbesc.soils., .
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