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Abstract

Estimation of soil microbial biomass using fumigation technique revealed a decrease in its con-
tent with increase in soil salinity and the microbial biomass was found to be directly proportional to
the C02 evolution from soil. Biomass was estimated to be 4-5% of the residual organic carbon. ~ "C
component derived from labelled plant material ranged from 31-63% of the total biomass; maximum
being in normal soil and minimum in saline-sodic soil. The results of organic matter fractionation
revealed a higher 14C activity in fulvic and humic acid extracted from fumigated than that extracted
from untreated soil. This difference has been taken as an evidence of direct contribution of microbial
biomass to humic compounds.

Introduction

Microbial activity in saline soils plays an important role in the amelioration of salt
affected soils (Malik, 1978).- Sandhu & Malik (1975) proposed a plant succession scheme
on such soils with the object of raising the biological activity by growing salt tolerant
plants and then ploughing them under as a source of organic matter. Decomposition of
plant residues allows release of CO, which helps in the solubilization of CaCO, already
present in these soils. During this process, the stable organic matter fraction which is
so vital for soil fertility is increased resulting in the improvement of soil chemical pro-
perties.

The involvement of soil microorganisms in the decomposition and humification
of organic residues and their transformation to stable organic matter fractions in soil is
well known (Kononova, 1966). Some of these microogranisms are also known to syn-
thesize certain phenols which polymerize to form large polymers of humic compounds

*This paper is dedicated to the 70th birthday of Dr. Sultan'Ahmad, Professor Emeritus, Botany
Department, Punjab University, Lahore.
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potential nutrient supplying capacity of the soil.

The objective of the studies reported here Wwas, therefore, to estimate the micro-
bial biomass originating from the decomposition of uniformly Mo labelled Kallar grass
(Diplachne fusca Linn. (Beauv.) a salt tolerant grass used as primary colonizer of sajt
affected scils) and to determine the transformation and distribution of 14¢ activity in

Materials and Methods

The soil samples were collected from top 15 cm of three different fields around
NIAB. All these soils were loamy in texture (Table 1). Classification of salinity as propos-
ed in the USDA Handbook 60 (1960) has been followed. Soil samples were passed
through a 2 mm sjeve before use.

Uniformly e labelled Kallar grass was obtained by growing it in air tight pers-
pex field canopy securely sealed on to a 10 cm high stainless steel frame which was driven

into the soil to a depth of 7 cms. The 14CO2 generated by adding a solution of Na, 14CO3
to lactic acid, was circulated by a double diaphragm pump through a closed system
which included the 14CC’2 generating flask, the canopy and a counting chamber where
the radioactivity is constantly monitored and kept at a certain level by adding more
labelled carbonate to the acid. The stainless steel frame was internally lined with copper
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Table 1. Chemical properties of soils.
Soil Electrical pH Na K CatMg  Sodium Exchangeable %
conductivity adsorption sodium Organic C
" (Sm'l) ratio  percentage
——meq/]l —
Normal 0.40 1.9 18.0 1.3 318 4.5 P 37 1.055
Saline 0.99 84 287 0.6 34.3 6.9 517 0.538

Saline-sodic 0.86 8.6 61.3 3.8 26.2 16.9 19.16 0.511

tubing through which chilled water was circulated and the inside temperature thremosta-
tically controlled. Plants were grown for 4 weeks after which these were harvested, dried,
powdered and a sample fractionated for confirming the uniformity of the label.

The sieved and air dried soil in 150 g portions was takenin 250 ml Erlenmeyer flasks
and mixed thoroughly with 1.0% !*C-labelled powdered Kallar grass plant material (sp.
activity 10.10 uCi/gC; C, 42%). The soil was brought to 60% WHC and the flasks attached
to an aeration system providing CO,-free and humidified air. Three replicates were kept
for each soil. Incubation was carried out for 60 days at a temperature of 27-30°C. CO2
evolved was absorbed in 10% NaOH soiution which was regularly replaced by fresh
volume. This was analysed for total CO, by titrating the excess alkali against HCI and
'4c0, by taking 1 ml of alkali in scintillation vial and adding 2 ml of H,0 and 7 ml of
Dimilume scintillator (Packard, Frankfurt). Radioactivity was measured in a liquid
scintillation counter (Packard Tri-Carb 3320).

After 60 days of incubation, soil from three replicate flasks was mixed together
and used for microbial biomass estimation (Jenkinson & Powlson, 1976). Soil in 100 ¢
quantities from each treatnient, in duplicate, were fumigated with chloroform. The flasks
were attached to the aeration system as explained above. Similarly unfumigated soil was
also aerated and at the end of the incubation period nf 10 days, CO2 and 14CO2 was
estimated. The microbial biomass was estimated by the formula B=F/K where B=soil
biomass carbon mg/100 g soil; F=CO2 evolved by fumigated soil minus that evolved from
unfumigated soil incubated for the same time under the samc conditions; K=the fraction
of the biomass-C mineralized to CO, during the incubation following fumigation. Value
of K has been determined experimentally by Jenkinson (1976) equal to 0.5 (i.e. 50%
mineralization during the first 10 days following fu'migation). For calculating biomass, an
assumption was made that ‘K’ is same in different soils, provided the conditions are not
adverse to aerobic microbial activity in the period after fumigation,
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After the termination of incubation period. portions of soils from both fumigated
and unfumigated treatment were fractionated into humic acid, fulvic acid and humins
(Kononova, 1966). Radioactivity in all these fractions was estimated by using wet
combustion method (IAEA. 1976).

Results

The results of the rate of mineralization of 140 Jabelled Kallar grass plant material
in saline-sodic (S3), saline (S2) and normal soil (S1) are summarized in Fig. 1. The rate
of total CO, evolved (including 14C02) is also presented (Fig. 1). In normal soil, about
40% 14C was lost as 14CO2 after 60 days of incubation. In case of saline soil (S2) and
saline-sodic soil (S3) 30% and 20% of 14 was lost as 14C02 after an incubation period
of 60 days. However, total CO, was always more than 14CO2 in all the treatments.

After the termination of incubation period, estimation of microbial biomass was
made. The results of the estimation based on 14CO2 evolution are summarized in Table 2
whereas that based on total CO, evolution are presented in Table 3.

Maximum biomass 140 amounting to 25.22 mg/100 g soil was estimated in case
of normal soil whereas in case of saline and saline-sodic soil it was 12.88 mg and 9.08
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Fig. 1. Decomposition of 14¢ labelled Kallar grass during incubation in soi. S1 = Normal soil;
2 = Saline soil; S3 = Saline sodic soil; TC = Total carbon.




121

SOIL SALINITY AND MICROBIAL BIOMASS

‘wdp yTHIT = Jpy fur g
:gouspeAInba a1} pue 670 JO 10708] Y © Juisn ysn[j wioiy PARNITED 4

‘pourad aures 2} Guunp [I0s pIjeaniun £Q POAJOA? 1B} SS9 pouad sAep 1-0 Ut 108 pajediung Aq PIAJOAD NOU b1
*

69°1¢ L¥'T 806 101 8E61 LEBI OTPOS-AUTES
SE0v S9Ov 88'Cl 124! GSSl e Hie ) aurfes
S1'e9 LTl st €8'C 8191 Seel [eUHON
=701 X wdp—

i i/ @ )
ssewiolq [e}0)  ssewroiq ul fios (v-g=1) sAep 01-0 - skep 01-0
JO 95 ‘ssewiolq Op1 mom._. 8 001 /8w Luonsoduoosp [1os Tos
POTIRI® Dy ¢ [enpisay #2041 ssewoty Jo ysnid pajesiun,g pajeeniun) o T

105 3001/peAIOA? 04y

M—UEU P Gomwﬂwmsa h& pasned uonnjoAs NOU vl ur Iseaxoul aY) wol}y p2ienoed S[Ios 411 ul ssewolq —v@ﬂ&&ﬂmnnv ﬁﬂ ‘T 21981



'§°0 Jo 10308 Y e ursn ysnpy wouy PRAIRINOTRD) 4 4
"Ponad dures ay) dunnp pos pareanun AQ paAjoAa 18 507 porrad sAep 0T-0 Ut [ros pajednung £q paajoaa U.NOU*

K.A. MALIK AND F., AZAM

00°S09 YLy 89°8C 125841 12 X4 % 0T'8C oIpos-autreg
00'v6S LES (4 £ 96°ST 809¢% crog ulTes
00928 8y 86'6¢ 66'61 06'8¢ 168¢ [BULION
_ (V-4=9)

“Tros 8001 B C1/) Tios () (V)

uopeSuny o f1os 3 001/0-%00 sKep 01-0 sAep 010

a10Joq SSBWIOIQ UT ) 3 001/D3w dur ,uonisodwooasp [fos Jlos

1u21u0d ) oruedio iog % SSBWIOIG Jo ysnjg parednun,g pajeanun LN

11os 8 001 /paators 3-C0H

.mn_umu WM uoneSiumy £q pasnes uonnjoas Lo UL 3SEAIUL 31} woly paje[noe spios 311y Jo Jusu0d SSewiolq ‘¢ ajqe].

122



SOIL SALINITY AND MICROBIAL BIOMASS 123

mg/100 g soil respectively. The pattern was thus similar to that of 14C02 evolution. The
values when calculated on the basis of residual 14C present in thg soils, showed a maxi-
mum of 12.71% “*C in biomass in case of normal soil and 4.65% and 2.47% in case of
saline and saline-sodic soils respectively.

The biomass results based on total CO, evolution (Table 3) showed a similar trend
but the biomass C values were much higher. The values of percentage organic carbon as
biomass did not show much difference as the original organic carbon in three soils was
not the same. However, the component of biomass derived from !*C-labelled plant
material was as high as 63.15% of the total biomass in normal soil and it decreased to
40.35% and 31.69% in case of saline soil and saline-sodic soil respectively.

The percentage distribution of I activity in humic and fulvic acid fractions
after incubation of fumigated and unfumigated soils is presented in Table 4. Relatively
high e activity was observed in humic and fulvic acid fraction of normal soil and was
then followed by saline and saline-sodic soil. However, the 14 activity in these fractions
was always more in fumigated treatment than in unfumigated soil. This difference in per-
centage Mo activity was more in case of fulvic acid fraction. Again, maximum difference
was observed in the normal soil.

Discussion R

Present investigations show that soil salinity has a depressing effect on the minera-
lization of labelled plant materials also previously observed (Malik ez al., 1979; Laura,
1974). In the present investigtion the effect of salinity and sodicity on the microbial
biomass as estimated by fumigation method (Jenkinson & Powlson, 1976) has been
observed. The soil biomass in the Rothamstead soils as estimated by Jenkinson & Powlson
(1976) ranged from 1.7-3.7% of soil organic carbon. Similarly Ayanaba et al. (1976) also
reported soil biomass in Nigerian soils, formally under tropical foresi, to be around 2%
of the total soil carbon. Lynch & Panting (1980) reported 1.6-2.7% soil biomass in
cultivated soils in England. Oades & Jenkinson (1979) working in Australia, established
a direct correlation between soil ATP and microbial biomass. In these studies as well the
microbial biomass was around 2% of the soil organic carbon.

All these estimations of soil microbial biomass have been done on soils which have
attained equilibrium regarding the organic matter dynamics. However, there are quanti-
tative variations in soil biomass as a result of cultivation, plant growth and other ecologi-
cal factors. Soderstrom (1977) used floursecein diacetate (FDA) staining technique to
estimate active fungal biomass in pure forest soil in Sweden over a period of 27 monihs.
The FDA-active biomass ranged from 0.5 and 2.4 ¢ d.w.m?. Recently Zafar (1980) esti-
mated microbial biomass from different agricultural and forest soils which ranged from
1-5% of the organic C present in those soils.
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In the present studies, microbial biomass was found to be 4-5% of the soil residual
organic carbon. Such relatively high values are due to the addition of plant material to
the soil and then incubation for 60 days. However, the transformation of added plant
material to the microbial biomass as determined by i4¢ activity is much higher as it
ranges from 9-25% of the 14 C-labelled plant material added to the soil.

Soil salinity has adversely affected the transformation of 14C labelled plant mate-
rial to microbial biomass. This correlates well with the rate of 1‘E‘CO evolution from the
three soils amended with labelled plant material (Fig. 1). In the total biomass, e
labelled component ranged from 31% to 63%; minimum being in case of saline-sodic soil
and maximum in normal soil. Hence, it is evident that greater the CO2 evolution, greater
will be the microbial biomass.

The results relating to the organic matter fractionation of the fumigated and un-
fumigated soils after incubation of 10 days (Table 4) have indicated a direct contribution
of microbial biomass to be humic and fulvic acid fractions. In our studies (Malik &
Haider, 1980) with 14 C.Jabelled melanins of some dematiaceous fungi, the contribution
to humic acid was in the range of 2-3%. In the persent report, ] activity in the humic
and fulvic acid fraction was always higher in fumigated than in unfumigated treatments.
This consistent difference can only be attributed to the transformation of killed microbes
(due to fumigation) to humic and fulvic acid fractions during incubation period. Such
transformation is not possible in case of unfumigated soils as microbial activity is normal
in these soils and no new substrate (in the form of microbial debris) has been introduced.

- The role of microbes in humification processes is quite well known. The partici-
pation of microbial melanins in the formation of humic compounds has also been repor-
ted (Haider & Martin, 1967, 1979; Visser, 1968; Martin & Haider, 1969) but there is not
much information available on the fate of microbial debris in the soil and its capability
to release nutrients. Recently Ladd ez al (1977) have studied the release of nitrogen from
soil biomass using fumigation technique. Ayanaba et al, (1976) also demonstrated that
fumigation and mcubatmn of a range of Nigerian soils released mmera]-N in amounts
directly related to soil biomass-C in the ratio*1-8.

Based on some of the results presented here it can be expected to find a reasonab-
ly positive correlation between the humus content, the microbial biomass and decomposi-
tion rates in various types of soils. Further studies in this regard would help in estimating
potential nutrients locked up (immobilized) in microbial bodies which can be made
available (mineralizable) to the plants.
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