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Effcet of Gamma Radiation on certain Microbial and
Chemical Propertics of Two Soil Types
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ABSTRACT

Studies on the chenges in the microbiclogical and ehemica) propariles of rad und:hlanl_{
toils dus 1o varying dosoes of gamma.irradiation indicutod that complete eradication of micro-
organisms was possible at 1500 kr ond 2000 kr for red and black soils, respectively: fungi

wera eliminated at

25Gkr to 1000 kr, ectinomycates 31 1500kr end bacterlz 2t 1000 to 2000ks

indicating differantial rodio-sensitivity of the microbes present In the twa soils,

A maorked decrense in orgenic carben contant, an Increase in available N, marginal inct-

eaze in available P

and a decrease in available K of both the seils dus 1o gammesradiation

were recotded, The soll pH was lowered slightly in the red soil wherees no such chenge was
observed in the black soil by the gamma-radiation. Autoclaving resulted in more slgn'ﬁr.:am
changos in the above charscteristics of hoth the soils than due 10 gamms radistion.

The conventional methods of steam
or heat sterilization of soil cause major
changes in chemical and physical pro-
perties of soil (Malowany and Newton
1944; WMartin and Aldrich 1252 Eno
and Popenoe 166G4). For investigations
dealing with soil plant root-microbe
inter-relationship @ method of soil steri-
lization which will not alter the soil in
it rphysico-chemical propertie is needed.

The changes in soil properties dus
to autoclaving have been reviswed by
Warcup (1957) and Enc and Popenoe
(1964). The possibility of employing
ionizing radiation sucn as X-rays, gamma
rays etc., for effective soil sterilizaticn
was discussed by MclLaren (1969). In
the present study changes in the cer-
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tain chemical and microbial properties
of red and black soils collected from
the Tamil Nadu Agricultural University
Experimental Farm. by gamma-radiation
anhd stem sterilization are compared.

MATERIAL AND METHODS

Surface soil samples (0-25 cm)
were collected from the University Ex-
perimental Farm. = air-dried. passed
through 2 mm sieve and were used in
the present investigation. The soil Sam-
ples were exposed to gamma-radiation
in Gamma Chamber-900. Steam sterili-
zation was done by autoclaving the
soil at 121°C for 3 hour. The soil pH
was estimated electrometrically in a
supernatent liquid of 1:2:5 soil-water
suspension, after -allowing it tostand
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TABLE 1, Eifect of gamma radistion on microblal population of red and blachk soils.

Population per gram soll

Treatment Bacteria Actinomycetes Fungi
' {X10%) (X10%) (X10%)
Red soll S
Control 3.80 0,36 B.59
1Kr 2.82 0.51 1.62
& Kr 1.66 0.24 .64
50 Kr 1.46 0.96 3.66
100 Kr 0.9} 0,20 1.88
250 Kt 0.61 0.17 —
600 kr 0.64 017 —
1000 Kr - .20 —
1500 Kr — - —
2000 Kr - — —
Steam steri.
lizatino, e — .
Black soil
Contrel 444 0.82 4.70
1 Kr 3.1 .78 3.03
E:Kf 282 .32 4.20
50 Kr 3.33 (.68 1.27
[O0 Kr 1.82 (LE1 0.73
250 Kr LE1 0.28 (.30
500 Kr 0.70 .18 =
1000 Kr 0.20 .11 -
1600 Kr 0.10 —_ -
2000 Kr - e —_—

Staam stori-
lization.

0. 2.939 0.233 2.923
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TABLE 2, Effect ol gamma radistion on certain chemical properties of soil

Troatment pH Orgenic carbon % Avsllable N.ppm  Avasllsble P ppm -.: Availahlui{ ppm
Red soil
Control 7.40 0.33 84 13,4 330°
1Kr 7.30 0.33 84 13.1 330
5 Kr 7.50 0-30 86 13.1 _'a__zi:_
50 Kr 745 0.26 28 1341 200
100 Kr 7.45 0-24 102 13:1 320
250 Kr 7.40 0.24 104 13.2 260
500 Kr 7.40 0.24 122 13.2 276
1000 Kr 7.20 0.24 140 13.8 260
1500 Kr 7.20 0.12 146 13.8 ahﬂ
2000 Kr 7.25 0.12 145 13.8 200
Steam stari-
lization. 6.80 0.12 140 14.9 260
Black soil
Control 8.70 0.39 140 12.8 500
1Kr 8.65 0.39 140 12.8 500
5 Kr 8.85 0.39 142 12.8 500
B0 Kr 8,65 0.36 148 12.8 480
100 Kr 8.65 0.36 152 12,9 490
250 Kr 8.65 0.36 156 13.6 480
500 Kr 8.65 0.36 156 13.6 460
1000 Kr 8.65 0.36 162 13.6 480
1500 Kr 8,70 0.33 168 12.8 480
2000 Kr 8.70 0,30 TE.E 14.0 480
Stoam steri~
lization. 8.60 0.33 166 14,2 440
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for 30 minutes. Organic carbon was
‘estimated following the method of
Walkley and Black (1934). available
Ni P and K were estimated by alkaline
permanganate, Subbaiah and Asija's
(1956), Olsen’'s (1954) and Hanway
and Heidal's (1952) methods respec-
tively.

RESULTS AND DISCUSSION

The data on the effect of gamma
radiation on micyobial population are
presented in Table 1. Fungal population
Wwas more sensitive to gamma radiation
in both red and black soils followed by
actinomycetes and bacteria. The fungal
population gradually decreased with the
increasing dose of radiation and was
completely eliminated at 250 to 500 kr
dosages, which results are similar 1o
the ones of Davis ef al. (1956), Stotzky
and Mortensen (1959). Newbould and
Lucas (1859) and McLaren cral. (1962),
A dose of 1000 to 2000 kr was neces-
sary to kill all the bacteria in the two
soils. For complete eradication of the
actinomycetes 15C0 kr dose was requi-
red. Popenoe and Eno (1962) recorded
that the bacteriel population survived
even after 1000 kr treatment.

The results on the changes in chemi-
cal properlies of soils due 1o gamma-
radition and autoclaving &re compaied
in Table 2. The changes in the pH in red
soll was rot consistent with the doses of
gamma-radiation whereas sieam sterili-
zalion showed a drastic reduction. In the
biack soil the pH decreased only shghtly
upto 1000 kr treatment as also due to
steam ctenfization, Etolzky znd Mor-
tenten (1659), treating the poat soif
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upto 250 kr found that soil pH was not
influenced by gamma-radiation. Decom-
position of organic matter was reported
to lower the soil pH (Sen and Bains,
1885) and in the present study a similar
reduction in organic carbon content was
recorded with an increase in the dose of
gamma-radiation, in turn lowering the soil
pH. The organic catbon content in red
soil decreased with increasing doses of
gamma-radiation. Steam sterilization
also caused a decrease of organic carbon
which was equal to that of 2000 kr
dose. In black soil there was a gradual
decrease in the organic carbon content
due to alpha-radiation as well as steam
sterilization. In the case of gamma radi-
ation perhaps the initial increasing doses
oxidised some of the easily oxidisable
organic matter, whereas the resistant
organic matter was not affected even at
higher doses in both the soils. The
organic metter in soil is mostly bound
to clay fractions than silt and other
cozrse fractions (McKeague, 1971) and
perhaps this accounts for higher resis-
tance to gamma radiation in black soil
than in red soil.

Availeble N increased in both the soils
due to different deses of gamma radi-
ation and autoclaving. lrradiation incre-
gsed the amoumt of N riineralised and
N extractable in soil (Stanovick ¢f ol
1861, Eno and Popenoce, 1963). The
inclease of N might be due to release of
Rittogenous substances by the dead
microorganisms. tnoether with the effect
of radiation on soil organic matter as
suppnsted by Stanovick f al  {1961)
and Eno and Popenae (1963)
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Available P also increased due to
gamma-radiation and autoclaving, the
effect of the later being more than the
former. Eno and Popenoe (1963) and
Bowen and Cawse (1964) observed that
the increased available P due to radia-
tion might have arisen from the dead
microbes or from the effect of radiation
on soil organic matter. Available K de-
creased with doses of gamma-radiation
and also by sutoclaving. The decrease
might be due to fixation of potassium by
clay complex. Heating of soil has been
reported to cause potassium fixation
(Bray and de Turk, 1938).

In general, gamma-radiation resulted
in less significant changes in the chemi-
cal properties of soil only below 100 kr
dosages, which dosage is not sufficient
for effecient soil sterilization. At the
higher doses of gamma-radiation, all the
chemical properties (excepting pH in
black soil) were altered.
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