https://doi.org/10.29321/MAJ.10.A03231

Madras agric. JS. 64 (8) : 549—553, Aug., 1977

Identification of Factors Influencing Microbial Population
in Red and ‘Black Soils by Path Analysis

I{ K. MATH_AN'. P. P. RAMASWAMIY, C, SUYAMBULINGAM? and W, JEBARAN|!

Muoisture, pH, depth and carbondioxide evolution were obsaived 10 be some of the

major contributing factors influencing the microbial population in red and black soils. Path
‘analysis revealed that the net contribution of pH and depth was negative and moisture and
carbondioxide evolution positive. The effect of pH was mostly indirect via depth in black

soil and direct in red soil.  The contribution of moisture was direct in both the seils. The

direct effect of COz was low and nguqﬂvu in both scils, Depth had a direct negative

influence on population in both seils,

Moisture, pH and depth funtions
are considered to be some of the im-
portant factors that influence the micro-
bial population in any soil.  The evo-
lution of carbon dioxide is a measure
of the activity of the population which
correlated well with the microbial popu-
lation (Ramaswami and Raj, 1973), Soil
microflora vary considerably both in
quality and quantity depending upon
the soil type and the physico-chemical
properties of soil (Waksman, 1952).
Subsequently variation in the microbial
population in different soils was report-
ed by Ramaswami(1966). Rangaswami
and Venkatesan (1963) found the highest
number of microbial population in the
surface layers and a gradual decline
in the deeper layers. They also observ-
ed seasonal variation in the population.

Several reporis are available to
showr the influence_of the various fac-
tors like moisture, pH, depth and CO,

singly on the microbial population. In
the field this does not happen. An
interplay of the above mentioned fac-
tors occur, Repnevskaya (1967) report-
ed that moisture was a limiting factor
for the production of CO, during sum-
mer. Soil moisture was found to
change the soil pH in calcareous soils
(Huberty and Hass, 1940). Beyond
0.4 foot, a progressive increase in pH
with depth was recorded even though
the increase in depth was small (Kelley,
1923). To get a clear picture of the
relative importance of direct and in-
direct influence of each of the com-
ponent factors which infuences the
microbial population, the path analysis
advocated by Wright (1923) was em-
ployed in the present study

METHODS AND MATERIALS

Red and black soil profiles wers
dug up to a depth of 180 cm. Soil
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samples were drawn from different
layers of the profiles on the first of
every month for a period of three
months during December, January and
February,  Total bacterial population
was estimated in the 1 : 10,000 dilu-
tion by the plate count method in
Thornton's agar medium (Thornton,
1922). Actinomycetes were estimated
in the 1:1000 dilution by the plate
count method in asparagin glucose agar
medium (Fred and Waksman, 1828).
Fungi were estimated in the 1 : 1000
dilution by the plate count methodin
rose-bengal agar medium (Smith and
Dawson, 1944), pH and moisture con-
tent of the soils were estimated by the
standard methods. Carbon dioxide
evolution of the soil was estimated by
the method described by Chesters
et af. (1957). Employing the path
analysis a standardised partial regres-
sion equation was developed to parti-
tion the correlation co-eificients of the
various factors.

RESULTS AND DISCUSSION

Correlations were worked out for
all possible combinations of factors.
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Microbial population was -consigerea
as a resultant variable and others as
casual varisbles. The zero . order
correlation matrix for the variables
taken for the study is présented in table |
for red soils. pH and depth were
negatively correlated with the microbial
population, the respective ‘r* values be-
ing -0,6289** and -0.5965%*. Moisture
and CO, evolution carrelated positively,
of which CO, .alone gave a significant
correlation. A perusal of the table
further revealed that there was a signi-
ficant negative correlation (-0.8131%%)
between pH and CO. evolution and
significant positive correlation between
pH and depth (r= 07517%%). There
was also a significant negative corre-
lation between CO, evolution and depth
(r=-0.7436%%),

Table |l shows the zero order
correlation matrix for the variables for
for black soils, The table revealed
that significant negative correlations
existed between pH and microbial
population (r= -0:4979¥) and bet-
ween pH and depth (-0.556%%), Here
again the correlation co-efficients for
pH vs CO, evolution (e=-0.5734%*);

TABLE-|. Coefficients of correlations between characters in Red Sail

Correlatad Moiswre COg Microbial

characiers h. evolution Depth population
Xs X Y

pH Xi —0.0196 —0,8131%* D.7517%* —.6260%*

Moisture Xa —0.0166 0.0277 —0.1765'

Co; avolution  Xg —0.7436% 0.4822*

Depth Ky —0.5965**
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TABLE . Coefficients of correlations between characters in Black soil
I:Iurialnted- Maoisture COs Micrabiol
tharacters, Ko evolution Depth population

Ky Xi Y

pH X 0.0024 —0.56734%4 0.8935% —0.4979%
Muoisture K 0.0370 —0.0315 —0.0523
CO: avalution X —0,77a0%* 0.3748
Dapth o —0.55%%

* Significant at 59 laval
** Significant at 19, lovel

pH vs depth (r=-0.8836**); and CO,
vs depth (r=-0.775%%) were all signi-
ficant.

The foregoing observations reveal-
ed the influence of the variables pH,
moisture, CO, and depth on the resul-
iant variable, microbial population and
at the same time the inter-dependent
of the casual variables themselves,
Using the above tables, therefore, the
following equations, in the matrix form
for the path analysis were constructed.

Inverting the square matrix on the
left hand side and premultiplying with
the column vector on the right hand side

RED
+1.0000 —0.0196 -0,8131
; —0.0186 +1.0000 -0.0166
1 -0.8131 —0.0166 +1.0000
A +0.7517 +0.0277 —0.7436
BLACK
{ +1.0000 +0.0024 —0.5734
{ +0.0024 +1.0000  +0.0370
1 =05734  4+0.0370 +1.0000
{ +0.8936 —0.0315 -0.7750

in the case of red soils P,Y = -0.52313,
P,Y=40,17286, P,Y= -0.21247 and
P,Y= -0.36607, P,Y =0.064449, P,Y =
0.13746, P,Y= -0,144376 and P,Y=
-0.696131 in the case of black soils.
The data showed that in the case of
red and black soils, moisture content
promoted the microbjal population.
The pH did not influence the microbial
population in black soil wheraas it had
an adverse eflect in red soils.

Microbial population was observed
to decrease with depth. Further in
both the soils, the zero order correla-
tion coefficient values were positive
for pH and depth and negative for CO.

SOIL
+0.7517 P,Y) = [—0.6289
+0.0277 P,Y +0.1765
~0.7436 P.Y +0.4822
+1.0000 P,Y ~0.5965
SOILS
+0.8936 P,Y) = (-0.4979 }
—-0.0315 P.Y -0.0523
-07750 P.Y +0.3748 |
+1.0000 P.Y ~0.5500 |
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TABLE IIl, Path coclficient anulysis of cowclation of foctors with microbial.popu!aliq'n'-red 50if
Corroloted Direct and Indirect effocts Vid - Correlation with
charactyrs pH Moisturo “CO-: __Q,D?P,‘.I_'-d A,M_T“__g‘_’.l_’:‘l_!gﬁ_%rl .
oH ~0.5231  —0.0034  +0.1728 -0,2762 -‘-_o,élz'_es
Moisture 40,0103 40.1720  -0.0166 +0.0101 +0.1765
co, +0.4253 00029  —0.2125 +0.2722 | -blaé?g'
Depth -0.3932  -+0.0048  +4-0.1580 =0.3661 ~0.5965
(Figures underlined denote the direct efiects)
TABLE IV. Path coefficient analysis of correlation of factors with microbial populat‘vifon - glgci s0il
Correlaied Dirgct and indirect effects Via Correlation with
characters ‘ pH Moisture CO. Depth population
pH 4-0,0645 +0.0003  +0.0828 -0.6220 —0.4973
Moisture 40,0002  40.1375  —0.0053 +0.0é1§ +40.1543
CC, -0.0370 4-0.0051 —0.1444 40.5395 -}Q.S?da
Daopth +0.0676 ~0.0043 +0.1119 :9:_6_9_3]- ~0.5500

(Figures underlined denote the direct effects)

evolution and depth. Similar obser-
vations were reported by Rangaswami
and Venkatesan (1963).

Results of direct and indirect effect
path co-efficients are presented in
Table Ill for red soils and in Table IV
for black soils. The conjoint effect of
all the characters studied is seen
from the tables.

Population and pH: The net
effect of pH on microbial population is
negative in red and black soils, The
direct effect of pH on population was
high in red soil ( -0.5231) and very low
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in blak soil (0.06445). in both the
soils the indirect effect of pH, via depth
was the major contributing factor, fol-
lowed by carbon dioxide and moisture.

Population and moisture: The
contribution of moisture towards popu-
lation was mostly direct and positive.
The indirect influence through other
factors was very low. The trend was
similar in both the soil types.

Population and CO, evolution:
The population and CO, evolution were
positively related in both the soils. The
direct influence was low and negative.
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The indirect effect was higher and posi-
‘tive via pH followed by depth in red
‘soil, but in black soil the indirect effect
was higher through depth.

Population and depth: In both
the soils the population and depth were
negatively correlated, and the effect
was direct. It was pronounced more
negatively in black soil (-0.6961) and
less in red soil ( -0. 3661). In red soil
pH and CO, evolution were equally
important negatively correlated indirect
factors, while in biack soil indirect
effect through CO, evolution was fairly
low and positive,
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