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Abstract

In order to evaluate the effect of gamma ray irradiation to the soils added with several
organic matters on release and fixation of ®*Zn, a soil incubation test was carried out by
use of an acidic and a calcareous soil. The results obtained were summarized as follows:

DTPA extractable ®Zn decreased gradually with elapsed time of incubation owing to fixa-
tion of %Zn by the soils but after four weeks DTPA extractable 55Zn was reached an equ-
ilibrium state. The most parts of #Zn activity in the equilibrium state was found in the
solid phase. The extent of zinc fixation in acidic Keumgok and calcareous Jecheon soils
represented as activity basis was 89 and 93.7 per cent of applied %Zn respectively.
Increased tendency of DTPA extractable zinc was shown by irradiating gamma ray to both
soils because of ®Zn fixation could be decreased by irradiation. The extractability of fixed
85Zn by DTPA solution was 38.9 per cent in acidic Keumgok soil and only 9.5 per cent in
calcareous Jecheon soil. Release of fixed Zn by irradiation of gamma ray is closely related
to pH of both soils. Much more %Zn could be released under low pH condition. Effect of
gamma ray irradiation to organic matter sources on release of ®*Zn could not be differen-
tiated. But in the case of nonirradiated soils, however, glucose treated soils couldrelease

much more the extractable zinc as compared to those of the straw or cellulose treatment.
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I. Introduction

Effect of ionizing radiation on the avail-
ability of nutrients and on soil fertility were
studied by many workers:%%4%, For the
macronutrients, irradiation increases the
availability of nitrogen and phosphorus in
s0il®. The release of nitrogen and phosphorus
was closely related to soil type and more
particularly to its organic matter content. In
each case the soil containing larger amount
of organic matter showed larger increase in
extractable nitrogen and phosphorus after
irradiation®. As for the exchangeable cations
such as calcium, magnesium, and potassium,
there: were no measurable changes in the
availability of these elements by irradiation®.
But smaller increases in the amounts of
potassium, magnesium, copper, and manga-
nese in the soil solution was reported by

other worker®?, Furthermore, substantial
increases in the amount of carbon, phosphorus,
ammonia, and organic nitrogen in the soil
solution were found by irradiation®, In respect
to zinc, on the other hand, it seems that the
effect of radiation irradiation on the availa-
bility of zinc is not yet fully understood.
The purpose of present study was to evaluate
release and fixation of *Zn applied to organic
matter added soils as affected by gamma ray
irradiation.

. Materials and Methods

1. Seils
Two surface soils were collected and used
for this experiment. Keumgok soil which is
the same soil as used for the efficiency
studies on zinc fertilizers®>'®, Another one is
high pH calcareous soil which has lower
concentration of available zinc (Table 1).

Table 1. Chemical and physical properties of the soils

105°C oven dried basis

R - Exchangeable cations 0. IN-
Soil T Organic C Total N | Olsen P m.e./100g DEP A | HCl
name exture | matter N . n 7n
% % % pPpm Ca ' Mg ] K ppm
. ppm
Keumgok SiCL 4.2 2.4 0.18 35.5 5.83 1.20  0.24 10.87  21.87
Jecheon SL 2.9 1.7 0.13 46.1 19.93 5.61 0.42 1.01 0.04

2.. Laboratory incubation test
Soil incubation test was carried out by
applying *Zn on the acidic and the calcareous

soils. Overall design was consisted of three
kinds of organic matters such as glucose,

rice straw, and cellulose applied to both soils
with three replications. Two soils were
exposed or not exposed to *°Co gamma rays
to compare with the radiation effect on the
zinc availability.
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2-1. Procedure

The soils were air dried and passed through
a 2mm-sieve. Glucose and cellulose used were
reagent grades and the rice straw was used
as a powdered form. 20g of the soils were
weighed and placed into 100 ml capacity tall
polyethylene beaker to incubate the soils.
The samples were received 40 mg of each
organic matter and mixed thoroughly with
the soils. 20 ml of **Zn solution (as ZnSO,-
7H.0, 8. 38 x 107%¢Ci/ml; 13.87xCi/g Zn) and
15 ml of sterilized distilled water were added
to the soils so as to maintain submerged
condition. After that the samples were
exposed to gamma rays emitted from 5, 839
Ci of %Co irradiator for 45 hours at mean
dose rate of 2.45%x10° rads per hour. The
total dosages received by the soils were 11
Megarads. The samples were incubated for
1,2, 4 and 6 weeks in an oven at temperature
of 30+1°C. After incubation period as requ-
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ired elapsed,the samples were taken out from
the oven and subjected to extract soluble
zinc using 39 ml of 0.005 M DTPA (diethyle-
netriaminepentaacetic acid) solution. Acti-
vity of DTPA extractable ¢*Zn was measured
by use of 402 channels pulse height analyzer
equipped with 5 inches well type scintillation
detector. In this study, the term “fixed %Zn”
denotes that **Zn which could not be removed
by the DTPA extractant.

I. Results and Discussion

Activities of DTPA extractable *Zn in
both control soils decreased rapidly from
beginning of incubation period but with the
time elapsed nearly constant activities were
reached after four weeks (Fig.1). But in case
of irradiated Keumgok soil decrease of extr-
actable ¢Zn showed a slower decrease pattern
as compared to that of %Zn in Jecheon irra-
diated soil (Fig.1).
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Fig.1. Effect of gamma ray irradiation on release of zinc-5 during incubation period

After the eguilibrium state was attained,
the percentage of %Zn released (DTPA ext-

ractable %Zn activity to %Zn activity applied)

from the nonirradiated control soils showed
6.9 per cent in Jecheon soil and 11.5 per
cent in Keumgok soil respectively, As fio
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the irradiated soils, on the other hand, rem-
arkable increasing tendency of the extractable
#Zn was found in Keumgok soil, while
Jecheon soil showed slight increase (Fig.1).
As shown in Fig. 2 the most parts of ¢Zn
applied to the soils would become difficultly
extractable by the DTPA solution. The
percentage of ®*Zn fixation by nonirradiated
Keumgok and Jecheon soils was 88.7 and
92. 8 per cent respectively. The fixation may
be attributed to be due to addition of organic
matters to both soils. During incubation
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period, pH values of both soils were not
changed much (Table 4).
reported that ionizing radiation irradiation

Bowen et al.

has not appreciable effects on soil pH or
their available contents of zinc, potassium,
iron etc.”. Ten et al. reported that organic
matter in soil accounts for the accumulation
of zinc, possibly by formation of complex
compound®. It is also known that the fixation
of zinc occurs markedly in calcareous soil
than that in acid soil”.
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Fig. 2. Effect of gamma ray irradiation on fixation of Zinc-65 during incubation period

Effect of the gamma ray irradiation of
soils on ®Zn fixation showed that the fixed
#Zn activity decreased significantly in acidic
Keumgok soil, while smaller decrease showed
in calcareous Jecheon soil (Fig.2 and Table
2). Accordingly, extent of ¢Zn release
showed different patterns by different soil
types (Table 3). Nearly 39 per cent of the
fixed *°Zn was extracted .in Keumgok soil,
while Jecheon soil released only 10 per cent
of the fixed ®*Zn. These results suggest that

extent of ®*Zn release by the gamma ray
irradiation depend upon pH value of soil. That
is, the acid soil could release much more

Table 2. DTPA extractable and nonextractable

$Zn activities in equilibrium state

DTPA extractable | Fixed %Zn, xCi/g
87Zn, pCi/ml soil

Control

Soil
name

Irradiated| .Control | Irradiated

Keumgok 1.85X 1074 7.65X 107 7.46 X 1072
Jecheon 1.05x107* 2.55x107*7.86x 1073

4.56X 107
7.11x10°*
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Table 3. Effect of gamma ray irradiation on

fixation of zinc and extractable zinc

. . . DTPA
Fixed ®Zn, pCi/g soil ] extra;lc‘:table
Soil name $Zn after
Control {11 Megarads| irradiation
pCi/g soil
Keumgok 7455 4555 2900
Jecheon 7855 7105 750

Table 4. Change of soil pH during soil incubation
period as affected by irradiation of gamma ray

Incubation period,
: Gamma week
Soil name ray tre-
atmentl\2t314
Keumgok - 5.37 5.49 5.45 5.39
" . + 5.54 5.34 5.06 5.52
/# organic matter __
added 5.81 6.04 5.86 5.89
" 4 + 5.68 5.28 5.47 5.49
Jecheon - 7.337.437.34 7.20
” + 7.407.227.23 7.25
/#  organic matter __
added 6.99 7.09 7.07 7.06
" " + 7.127.257.20 7.30

Table 5. DTPA extractable ®*Zn activity in
equilibrium state as affected by sources
of organic matter

Soil Gamma| Organic 87Zn, pCi/ml

hame Q%gle;rf i Is?)?ltrtcf ‘ 6 |mean
- weeksweeks

Keumgok —~  Glucose 186 219 203
- Rice straw 192 183 188
—  Cellulose 151 178 165
Jecheon — Glucose 83 137 110
— Rice straw 109 111 110
—  Cellulose 80 98 89
Keumgok +  Glucose 742 726 734
+ Rice straw 742 747 745
+ Cellulose 873 739 806
Jecheon + Glucose 252 207 230
+ Rice straw 279 251 265
+ Cellulose 269 260 265

zinc than the calcareous soil. It is well kn-
own that normally soils abundant in organic
matter and high pH show zinc deficiency in

the plants growing on them. However, soils
with low pH and high organic matter content
may not produce zinc deficient plants®.

Among the organic matter sources applied
to soils, the glucose treatment seems to
liberate much more Zn from the nonirrad-
iated control soils than release of that from
cellulose treated soils (Table 5).The rice straw
treatment showed also lower release of %Zn
than the glucose treated soils. But when the
soils were to be irradiated no clear differences
on releasing ®Zn could be found among the
sources (Table 5). It can be concluded that
increase of DTPA extractable %Zn by gamma
ray irradiation might be caused decomposition
of the organic matters in the soils.
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