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Three maize figlds difiering in z2gyricultuial systems were

selected for the present study. They uz2r- ter

4

ace land, valley
land and jhum land 3cricultural systems. Fnalyses of various
physico-ehemical charactors of the scils of all the three agricul-
tural fizlas revesl that in generzl the nutrients followed a
trend valley land » terrace land »jhum land. Both quantitative and
gualitative assessment of scil microflora and their various
activities vizey, dahydrogenase and urease enzyme activities and
carbon dioxide evolution measuremenl were carried out at monthly
intervals for two crop cycies of maize (Zea mays L.). Results
demounstrate that the microbial populations and their varinus
activities also followed the trend valley land »-terrace land>
Jhun land. uualitatlvely, the composition of mycoflora was found

to be almost saimiler ain s3ll the threes agriculturesl fields.

-

Penicillium chrysogenum, Trichodermd viride, Aspergillus niger
v——— 9 9

and Mucor hiemalis were found to be of fraquent occurrences 1in

all the study sites. Pytnium sp. was rarely obtained from the
soil of jhum land agriculture whereas, this species was commonly
isolated from the soil of valley land and tarrace land agricul-

tures. Zygorhynchus sp. and Paecilomycegs sp. could be isolated

only from the soil of terrace land zgriculture. Phoma humicgola

and Endomyces sp. wera restricted to valley land soil. Blakeslsa

sps, Cunninghamzlla gchinulata and Gongronella sp. could be




isolated from the jhum land soil only.

Relationships between dehydrogenasc and urcase activities,
carbon dioxide evolution, microbial population and physico-
chemical characters of the soil were worked out. Statistically
no significant correlation wes obtained b:atueen dehydrogenase
activity and microbial populationse. Howavaer, a positive correla-
tiorn wos obtaaned Lotween carbun dioxide cvolution and fungal
populatione. Urczase activity waes positively correlated with
moisture content, bacterial population, organic carbon and total

nitrogen.

Decomposition of maize latters in field eonditiaon was
studied using litter bag method for a period of seven months. It
was found that the rate of decompogsition was largely influenced
by the types of litter. The rate of decomposition of leaf was
more than thet of stem and rouvt. The weight loss of all the
litters followed Olson's (1963) negative exponental model. Both
fungal and bscterial populations were minimum at the early stages
of decomposition coinciding with the slow rate of decomposition
at the time and attained maximum at the later stages of decompo-
sition. Qualitatively, composition of mycoflora was almost similar
in case of all the three types of litters. In derampused litters,

Trichoderma viride, Penicillium chrysogenum, Fusarium mgniliforme,

Absidia glaugca and Mucor hiemalis were the most common fungal

speciess The pattern of change in cellulose, hemicellulose,
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lignin, sugar and awnino acid wds almust similar for all the
litterse Loss in sugar and amino 8cid was mora rapid and the
lignin content of the litters degraded al the slowest retee.
Increment in the total nitrogen was noted in all the litters

which declined towards the end of the axperiment.

Under laboratory condition, the rate of litter decompo-

sition by Trichoderma viride and Absidia glauca was very slow

as compared to that under field cundition. Fastest rate of decom-~
pusition was obscorved in the set amended with mixed culture of

Trichoderma viride and Absidis glauca and slowest rate was

recorded in case aof Absidia glaucs alonc.

The study of the .aycoflora of gut contents and casts of
earthworm did nut show difference in species composition. It was
found that fungal numbers was meximum in fore-gut and exhibited
8 ducreasing trend towards the distal regiun of the gut canal
while the number of bacteria and actinomycetes increased towards

the distal end of the gut canale. Penicillium chrysvgenum,

fusarium moniliforme, Gagtrichum candidum and Asperqillus niger

were found tou be prusent throughout tha gut canal. Casts of the
carthworm contained alweys higher number of microorganisms

(fungi, bacteria and actinomycatas) than the surrounding soil.
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GENERAL INTRODUCTION



North-tastern region of India is unique in many respects
'such as, rich floristic composition, high annual precipitation,
undulated topography and varying typeg of agricultural systems.
This region experiences high rainfall of a monsconic type which
is follouwed by a dry winter and a brief summer. Maize (Zea-mays L4
is an important staple crop of this region. Sowing period of
maize is generally during last week of April to first week of
May. Normally harvesting is done in the month of August. Three
types of agricultural systems are generally practised for the
cultivation of maize. The systems commonly practised are slash
and burn type of shifting agriculture (Jhum), valley land and
terrace land agriculturese Shifting agriculture locally known as

'Jhum' is extensively practised by the tribal people of ncrth-

eastern hill region of India. It is the most primitive type of
agricultural systamse The system consists of felling of the
forests at various stages of development followed by drying and
burning of the slash before cropping. One almost universal
feature is the mixed cropping. There may, however, be a relative-
ly high proportion of one crop in the mixturee. Almost total
reliance is placed entirely an the bush fallow for the mainte-
nance of fartility, no foertilizers or manures are generally
applied. Minerals addad to the surface soil in the ash provide

nutrients to the crops. The amount of the nutrients contributed



by the ash depands on the soil type, the nature and development
of the vegetation and also on the degree of burning. Part of the
ash is lost by erosion due to heavy rainfall and wind (DeBano
and Conrad, 1976). Heavy loss of nutrients takes place during
cropping, particulerly in the absence of crop covar at the time
of souing (Ramakrishnan and Toky, 1981). Burning of plants also
affects the microbial community of the ccosystem and the physico-
chamical characteristics of the soil. Depending upon the degree
of burning, the microbial population is completely or partially
destroyed. In the sterile soil environment thus exposed for the
colonization, the nature of microflora appearing therein will
depend upon the physico-chamical status of the habitat. The soil
being devoid of microbes in the beginning, no resistancue is
offered for the new colonizers. In this process a number of
forms from different sources will try to colounize the substrate
available without competition. The possibility sometimes exists
for the introductiun and establishment of certain pathogenic
forms which may prove hazardous for the plant species growing in
the area. Elimination of curtain, otheruise, usaful saprophytes

may alsoc ba expected.

Valley land agriculture is the type of the system
followed in plains of valleyse. The souil of this system is gene-
rally rich in nutrients which are transported from adjacent hills

through crosione It possessas high water retention capacitye
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Terrace land agricultural system is coumparatively of
recent introduction and therefore, relatively less proportion of
land is under this type of system. The cultivation is done on
terraces of the hill slopess In this system, soil erosion is less

as compared to that of the shifting agricultursgs

_Agricultural activities of man greatly modify the dis-
tribution of suil microbes. Hattori (1973) observed that ploughing
affects the bacterial population merkedly; the number may in-
crease twenty to thirty times the normal level in a few days
after ploughing. Microbial numbers again fall off to a normal
level within a few weeks. Yen and Sheridan (1980) observed that
soll types and vegetation cover are also important in determining
the density and composition of the microflora in agricultural
soilse Among various factors which influence the distribution
and abundance of microorganisms in agricultural soils are organic
matter, soil rsaction, moisture, tamperature, nitrogen, phosphorus
and potassium contents, and also the nature and duration of
cropping (Mishra and Kanaujia, 19?2). Soil depth is another
important factor which influences the microbial population
(Selvaraj and Ramaswami, 1978). Formation of soil aggregates is
promoted by cultivation and the soil becomes more favourable
habitat for various microbes. Microbes require optimum moisture

content and good aeration for maximum population.

For better understanding of the activity of microbes in



agricultural soils, the measurement of respiratory activity in
relation to microbial biomass as well as the environmental
factors ara of great importance (Seto and Tazaki, 19795). Respira-
tory measurement by carbon dioxide evolution method has widely
been used for estimating the general biclogical activity of soils
(Wagnar, 1975). Enzymatic activity is also counsidered to be an
important indicator of the total bioclogical activity and also the
fertility of soil.Thus there appears to be a direct relationship
between scil respiration, the number of microorganisms, and the
enzymatic activity. Dehydrogenase enzymes are considered to play
an important role in the initial stages of oxidation of soil
organic matter by transferring hydrogen or electron from sub-
strates to acceptorse This aspect has been studied by several
workers since its introduction by Lenhard (1956). It is a
sufficiently reliable method of measuring metabolic activity

of the soil microorganismse.

The increase use of uree as a fertilizer has led many
workers to study its fate in soil and its relationship with the
nature of soil. Urea added to soils as fartilizer or as animal
urine is hydrolyzed enzymatically by soil urease and the resulting
release of ammonia coupled with increased pH may lead to several
problems including damage to germinating seedlings (Gasser, 1964;
Hutchinson and Viets, 1969). In order to overcome these problems

such researchas are required to collect sufficient information



concerning the distribution of urease activity in soil profiles

and the feoctors affecting such activity.

Lonsiderable sttention has bean paid to the influences of
crop residues and their decomposition products on crop plants and
their Jiseasase. The rate of Jecomposition and the substances
released may be affected by changing the nature of the soil
environment by agricultural systems. The dead bodies of plants
and animals provide substrate for the growth of the soil micro-
organismse The microcrganisms during decomposition release
minerals which are locked up in the body tissues of the plants
and animals. The minzrals thus releasaed, are again utilised by
living organisms. Inspite of a great deal of work on the decom-
position of plant parts by microorganisms (Hudson and uebster,19585
Webster and Dix, 19603 Wwitkamp, 1966a; Mishra, 1979), the
succession of fungi and bacteria on decaying plant parts in
relation to micro-climate and biological compatition has not

been properly investigated in Indian agriculturce

Earthworms are known to excrt benaficial effect to the
soil and tﬁey help in maintaining ths soil fertility. The piocneer
work of Darwin (1881) establisheud thé importance of earthworms
in the fertility of soil. Earthworms improve aeration, water
retaining capacity and nutrient status. Thay also enhance
decomposition by mechanical breakdown and are chicef agents for
the crumb structure and mull Formétidn in soils (Satchell, 1967;

Y



Eduards and Lofty, 1972). In many ecosystems, such as pastures,
crop fields, the earthuworms constitute a large percantags of
soil faunal biomasss. There exists an interuction betuween earth~
worm and the soil microflora. ELarthworms may affect the soil
microbial community by consuming the latter as their food. Their
tunnel making habit helps to keep soils open and porous thereby
making favourable habitat for microbese They graze over soil
microflora and the grazing activity perhaps enhance the growth
of microflora in spil by preventing senescence (Dash gi.g;5ﬂ979).
Earthworms ingest food material at one place and lay casts at
another place. Casts act as foci from which soil microorganisms

can spread into surrounding soil (Lofty, 1974; Dash gi'gl-)1979)-

For proper management and zconomic exploitstion of
agricultural lands, knowledge on the microbial population and
its various activities is of fundamental requisite. The decompo-
sition study of the crop residues is important for better
understanding aof the organic matter dynamics and this may be
exploited for the rupid decomposition and quick nutrient cyclinge.
The importance of earthworms and their casts in soil fertility,
their influasnce on grouth of microflora in agricultural soils
will give better understanding of their activity. Keeping these
in view, the entire work has been carried out under the follouing
headss
Te Physicc=chemical characters of three maize field soils

differing in agricultural systcems.



2. 50il microflora and their activitiese.

a) CO, evolution from scils.

2
b) Dehydrogenase and urecase activitics measurementse.
3e a) Rate of decomposition of leaf, stem and root litters of
maize under field condition.
b) ODecumposition ability of certain dominant fungi under
laboratory condition.
. c) Estimation of cellulose, hemicellulose, lignin, sugar
and amino acid of the decomposing litters.

4. Study of microflora in gut contents and the casts of

earthworme -~



STUDY AREA AND CLIMATE



Three maizzs fields differing in agricultural systems
were selected for the present study. They were (1) Terrace land
agriculturc at Upper Shillong (altitude 1600 m., Latitude 25034"N
and longitude 91952" E) (11) Valley land agriculture at Polo
(shillong) (altitude 1350 m., latitude 25034ii N and Longitude
91052“ E) and (II1) jhum land agriculture at Burnihat which is
sbout 90 Km north of Shillong (altitude 100 m., latitude 26°N
and longitude 91°50% E). The suil of all the three agricultural

systaems is red laterite under red loam or brouwn loam soil type.

The climate of Shillong is cool with uinter tempersture
going down to 4=5 C in the month of Januéry.The lower tempera-
ture of winter results into frost which can be sean sometime
carly in the morning during December, Janusry and february. The
maximum temperature goes upto 25.6°C in the month of May. The
average maximum tempcerature is 21.03°C and minimum temperature
is 13.45°C. The rainfall is spread ovoer all the month except
Novembaer, December and January when it is either nil or very less
The average annual rainfall is 214.+3 mm. Similarly the average

humidity is very high ranging in betuwecan 61.0 to 89.8 in a

dh;mh3¥ cycle.

The typical summer season is not found at Shillongs
However, based on thz meteorological condition the year can
be divided into the following scasons:

Spring sgason: The period from the middle of February upto

middle of April covers the spring season vhich experiences very



high wind velocity with less humidity and moderate temperature.
Rainy season: The rainy scason extends from the middle of
April to the middle of October. Howevor, the early period of the
rainy scason is a bit warm representing summer, while the later
period of the scason is comparatively coole Due to high rainfall
the humidity is also high during rainy scason.

Winter suascun: Winter season starts at the end of October and

continues upto middle of Februarye. The average lower temperature
during wintaer is 6°C and maximum is 22°C. The rainfall is very

lows

The climate of Burnihat remains hot and humid during
May to Septembers. The average maximum temperature is 33.6°C and
minimum temperature is 11.5°Ce The rainy season extends from May

to September with an average annual rainfall of 132.1 mm.

The climate of the year may be divided into the three
main seasonsi
Summer seasons 1t staerts from April to June with high wind
velocity énd dry and warm weathere.

Rainy scason: It extends from July to September and is

characterized by high temperature and heavy rainfall.

Winter seasons There is a mild winter season during December to

February. The temperature drops to 11.5°C in the month of

January and occcassional showers are recorded during this period.

The data of temperature and rainfall during the study

period (May 1981 to December 1982) has been presented in Fig.I.



Fige 1 Deta of the temperature and rainfall during the period
of 1981-82.
Histogramsé rainfall; Closcd circle: max imum ‘kémpe*md%‘)f”

Open circlet minimum femperatioe .
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CHAPTER 1

PHYSICO—CHEMICAL CHARACTERS OF MAIZE
FIELD SOILS
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INTROOUCTIUN

Soil is the natural medium for the growth of plants and
microorganisms. 1t is formed by the gradual weathering of the
parent rock matzrial. The nature and chemical composition of the
parent rock have a direct bearing on the fertility of the soil.
The physico-chemical characteristics of a soil vary in time and
and space. Topography, type of parent rock, climate and the
living organisms affect the nature and properties of soil. The
fertility of soil depends not only on total nutrient content but
also on the qualitative and quantitative composition of micro-
organisms inhabiting the soil. Temperature to some extent influen-
ces the growth of plants indirectly through its effect on the
microbial population of the soil. It may even change the pH of a
soil which in turn affects the growth of microorganisms respons-
sible for the conversion of organic forms into inorganic ones.
The distribution of soil microbial population is also determinad

by the crop and type of agricultural practices.

Among various physico-chemical properties of a soil
temperature, pH, moisture content, organic carbon, nitrogen,
phosphorus and potassium play important role in regulating the

population and activity of soil microbese.

Present chapter deals with the monthly and depth-uwise

variation of various physico-chemical characteristics of three
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maize field soils differing in agricultural systems.

MATERIALS AND METHODS

Soil samples from each study site uwere collected from
three depths (0~10 cm, 10-20 cm and 20-30 cm) and the followinc
investigations were carried outs

Temperature was recorded at three depthse.

Determination of pH and Moisture Content:

The soil of 10 g was diluted in 50 ml distilled water
and stirred for 15 minutes on a machanical shaker. The pH uwas
read in a electric digital pH meter. For the determination of
moisture content, 10 g of saoil was dried in a hot air oven at
105°C for 24 hours and the weight wos taken. Thelgercentage
moisture content waes calculated as follous:

Loss in weight on drying (g)

% moisture content = X 100
Initial sample weight

Three replicates were maintained for each determination.

Determination of Organic Carbons
Walkley and Black's (1934) rapid titration method was
followed for the determination of organic carbon. To 1 g of
sieved soil (through 0.2 mm sieve) in a 500 ml conical flask

10 ml of K,Cr,0, (1N) and 20 ml of conce H 50, were added and

2
left for 30 minutes. The mixture was then diluted with 200 ml
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distilled water and then 10 ml of phosphoric acid (85%) was
addeds Finally it was titrated with Fe50, (1N) using diphenyla-
mine as an indicator. The percentage organic carbon was calcu-

lated according to the formula given below:

vV, =V
% organic carbon = 2 X 0.003 X 100
W
where, U1 = volume of K2Cr207

"

V2 volume of FebD4
v

i

weight of soil (gj

Determination of Nitrogen:

Kjeldahl's method was followsd for the determination of
nitrogen (Jackson, 1973). To 10 g of sieved soil in a 300 ml
digestion flask, 10 ml distilled water was added tc moisten the

soil. 20 g of Na,850, mixed catalyst (1kg Na S0, + 20 g copper
sulphate + 3 g mercuric oxide + 1 g selenium dioxide) and 35 ml
of conce H2SD4 were added. The digestion was carried out on a
digestion unit. At the end of the digestion when the colour of
the solution turned greenish yellouw, the heating was stopped

and the flasks were allowed to cool. The content was diluted
with distilled water. The solution was then ready for the deter-

mination of ammonium content by distillation.

25 ml of 4% boric asid was taken into a 100 ml conical
flaske. To this, 2 drops of mixed indicator (0.5 g bromo~-cresol

green + 0«1 g methyl red dissolved in 100 ml alcohol) uers
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added. The flask was placed at one end of the condenser fitted
with a receiver tube. The tube was dipped in the boric acid in

the flaske 10 ml of digestion solution was poured into the distil-
lation flask and then 80% of NaOH was poured drop by drop till

the solution became brown in colour. The released ammonia was
absorbed in 4% boric acid and titrated with N/14 HCl. The percen-
tage nitrogen was calculated as follous:?

% nitrogen = (T - B) X N X —i2-

where, T = Sample titration
B = Blank titration
N = Normality of acid
S = weight of sample

1e4 is a constant factaors

Determination of Available Phosphorus:

Molybdenum blue method (Allen, 1974) was s
followed for the determination of available phosphorus. The
available phosphorus was first extracted in Ammonium flouride
extraction solution. The extract was prepared by mixing 15 ml
of ammonium flouride solution (37 g/1000 ml) with 25 ml of HCI
{0.5N) and 460 ml distilled water. 4 g sieved soil was taken
in a 100 ml conical flask to which 14 ml extraction solution
was added and stirred for 15 minutes on a mechanical shaker.
The extract was filtered through Whatman Nu. 44 filter papere.

2 ml of this aliquot was diluted with 5 ml distilled uwater. To
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this, 1 ml of ammonium molybdate and 2 ml of freshly prepared
stannous chloride were added and left for 20 minutes to develop
the colour. The optical density was recorded at 660 nm in @
spactro photo meter. A calibration curve from the standards was
used to determine phosphorus in the aliquet. Tho parcontage avai-
lable phosphorus was calculated as follous:

C {(mg) X Solution Volume (ml)

# phosphorus =
10 X Aliguot (ml) X sample weight (g)

vetermination of Exchangeable Pgtassium:

Potassium was extracted in Ammonium acetate sclution
{pH 7, which uas prepared by mixing 575 ml of glacial acetic acid
with 600 ml of ammaonia solution and diluted to 10 litres with
distilled uwater. The pH was adjusted to 7 i 0.05 vith the help
of acetic acid and ammonia solutions. To 5 g of sieved soil, 125
ml of extraction solution was added. It was allowed for constant
stirring for one hour and then filtered through Wwhatman No. 44
filter papers The exchangeable potassium was read in a flame
photometer (Allen, 1974) and convertad into known unit through
standard graph. The percentage potassium wss calculated according
to the following formulas

C(ppm) X Solutiocn volume (ml)

7% potassium = 7
10" X Sample Weight (g)
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RESULTS

Temperature:

Maximum temperature was recorded in jhum land soil and
the minimum was recorded in the soil of terrace land. In terrace
land soil the maximum temperature could be observed in the month
of August (1981) and July (1982) and minimum was recorded in the
month of May (1981) and september (1982), the range being in
betueen 16-25°C. In case of valley land scil the temperature
gradually increased reaching to its maximum in the month of
September (1981) and August (1982) and minimum was observed in
May (1981) and September (1982). The temperature ranged in between
18~30°C. In case of jhum land it was maximum in the month of
August and minimum was regorded in the month of May during the

study period of 1981 and 1982, the range being in batuween
28-42°C. In all the cases, the temperature decreased along with

soil-depth (Fige. 1.1).

pH3

pH of the soil was mostly acidic at all the study sites.
It was found to be more acidic in case of terrace land soil, the
range being 3.5-6.5, while in case of valley land sgil it was in
between 4.5~7.9. In case of jhum land pH varied between 5.0-7.0.

It did not exhibit marked variation along depth (Fig. 1.2).



Fige 1.1 Monthly variation in temperature (°C) of soil in
three different agricultural systems during the

study periods of 1981 and 1982.
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Fig. 1.2 Monthly variation in pH of soil in three different
agricultural systems during the study periods of

1981 and 1682.
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Moisture Content:

Maximum moisture content was found in the suil of valley
land closely followed by terrace land svil and the minimum was
recorded in the soil of jhum land, the range boing in betuween
2543-38%, 20-36% and 12.5-22.0% respectively. Moisture content
increased with increase in soil depth inm all the three different

agricultural suils (Fig. 1.3).

Organic Carbon:

Maximum organic carbon content was found in the soil of
valley land followed by terrace lend and minimum was found in
jhum land soil. In case of valley land and tarrace land soils it
was fuund tu be maximum in the month of June and thereafter it
decreasad while in case of jhum land soil, the maximum was
recorded in the month of July (1981) and August (1982). The
minimum organic carbon was found in the month of May in all the
three agricultural soilse The trend of variation in organic
carbon along the soil profile followed the usual decreasing
trend in the soil of terrace land and jhum lend while in case of
valley land the organic carbon was slightly luss in surface soil
(0-10 cm) and remained unchanged or slightly increasced at the

deeper dapths (Fig. 1.4).

Total Nitrogen:
Maximum nitrogen content was found in the souil of valley

land and minimum was noted in jhum land socil«. In the soil of va-

lley land it was highest in the month of June during both the years,



Fige 1.3 Monthly variation in moisture content of soil in
three different agricultural systems during the

study periods of 1981 and 1982.
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Cige 144 Monthly variation in organic carbon of soil in
three different agricultural systems during the

study periods of 1981 and 1982.
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while in casz of terrace land the maximum value recorded was in
the month of August. In case of jhum land maximum was found in
Junz (1981) and September (1982). Nitrogen content was aluays
higher in the surface soil of terrace land and jhum land while

in valley land soil it waes slightly less in the upper and increa-

sed along with depth (Fig. 1.5).

Available Phusphorus:

Psak in available phosphorus was obtained in the month
of July in 211 the three agricultural soils which decreased
thereafter., The available phosphorus decreased along depth of
the soil (Fige 146)

txchangeable Potassiums

Peak in exchangeablzs potassium was ogbserved in the month
of June, July and August in the soil of valley land, terrace
land and jhum land respectivelye. Potassium content decreased
with incresse in depth in all the three different agricultural
soilse Maximum exchangceable pcotassium was found in the soil of
jhum land followad by wvalley land and minimum was observed in

terrace land (Fige. 1.7).

OISCUSSION

Nutrient concentration was generally higher in the

surface (0-10 cm) soil. In the soil of valley land the high



Fige 1.5 fMlonthly wvariation in total nitrogen of soil in
three different agricultural systems during the

study periods of 1681 and 1982.
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Fige 1.6 Monthly variation in available phosphorus of soil
in three different agricultural systems during

the study periods of 1981 and 1982.
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Fige 147 Monthly variation in exchangeable potassium of
soil in three different agricultural systems

during the study periods of 1581 and 1982.
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organic carbon and nitrogen =t 211 the dapths was probably due

to the continuous deposition of the eroded soil rich in organic
matter brought by the surface run off of water from the ad jacent
hill arcas. Similar reasons may be attributad to the ganerally
high nutrient concentration at valley land soil than the other
two agricultural soils. Topography and Jifferent agricultural
systems play an important role in determining the nutrient status
of the soil. In case of jhum land, high annual rainfall and steep
cultivated slopes cause maximum loss of nutrients through soil
erosione This is more pronounced in the absence of crup cover
particularly at the time of sowing and after the harvest (Toky
and Ramakrishnan, 1981). This may be the reeson for the minimum

nutrient content in the soil of jhum land.

Soil physical factors also contribute to the low nutrient
levels of the soile. Arnason gt al. (1982) reported that the staep
slope creates a favourable condition for the accelerated soil
erosion particularly when the aggregating power of the soil is
reduced considerablye. The coarse texture of jhum land soil might

be expccted to have a lower water and nutrient retention capacity.

Tha low organic carbon and nitrogen observed in jhum
land soil could be attributed to high temperature which accele-
rates the rate of decomposition. A substantial amount of nitrogan
is lost through volatilization during burning of slash in jhum
land soil (DeBell and Ralston, 1970; white 2t al., 1973;

Sanchez, 1976).
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The concantration of aveilable phosphorus was found to

be maximum in the month of July in all the three fields (Fige 1.6)

This may be due to the greater microbial activity (Ahlgren
and Ahlgren, 1965) and realease of soluble phosphate because of
the suitable temparature. The concentration of available phos-
phorus remained more or less constant at the lower depths at all
the sites. The phosphate is relatively immobile (Bieleski, 1973)
and thus its transport along the water flow from the upper layer
is relatively less which may be accounted for nearly uniform

distribution of available phosphorus.

The potassium concentration uaé found to be maximum in
the jhum land soil (Fige. 1.7+ Higher temperature counditions of
this fieald perhaps has to play a significant role in high
potassium accumulation (Woodruff, 1955; Gulden, 1962). Haagsma
and Miller (1963) reported that rate of release of non-
exchangeable potassium to the exchangeable form has been found
to be a temperature dependent phenomenon. A significent positive
correlation was found between temperature and exchangeable pota-
ssium in jhum land soil (r = 0.641).Nye and Greenland (1960)
and Zinke et al.(1978) also reported that the high temperature
releases cations to the surface soil thereby increasing the
potassium concentration of the soil. Significant positive
correlation was found batuween temperature and pH in jhum land
soil (r = 0.893). With increasa in temperature; pH also

increased which was found to be true in jhum land suile Ahlgren
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and Ahlgren (1965) also reported the similar finding.

The higher concentration of nutrients in the surface
layer could be associated with high organic carbon concantration
of the layer.Blakemure (1966))Gupta and Rorison (1975) also
reported the similar findings. The surface layer of the soil
is continuously enrichaed by the organic matter deposition and
other input of nutrients from adjoining areas. The nutrient
status of the below grownd soil largely depends on the minerali-
zatdon process at the top because the nutrients once released

percolate down the prufile along with the water.



CHAPTER 1I

STUDIES ON MICROBIAL POPULATIONS AND
THEIR ACTIVITIES IN MAIZE FIELD SOILS
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INTRODUCTION

The microbial communities constituts one of the most
important component of the soil. The organisms in the soil live
in a habitat of their own - an underworld which remains shut away
from the pronounced biological manifestations with which we are
so familisr around us. Spil is a favourable natural medium for
the growth of microorganisms such as fungi, bacteria, actinomy-
cetes, and soil fauna. These organisms are said to live in o

state of dynamic equilibrium.

The occurrence aof microorganisms in the soil is influenced
by various factors such as type of vegetation, agricultural prac-
tices, quality and gquantity of organic matter, pH, climate etc.
The abundance and physiological activity of the fungal flora of
different habitats very considerably. Both the generic composi-
tion as well as size of the flora vary uwith type of soil and with

its physico-chemical characteristics.

One of the features common to most soil microbiological
studies is the counting of cells or the measurement of hyphal
lengths present in a soil sample. Such counts and measures are
intended te provide evidence on the relative importance of
organisms in the soil, but they are of limited value in this
respect, and must be converted to weights of living material

(biomass) to allou true comparison. Soil microbial bigmass in a
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given weight of soil and the size of the soil component are
influenced by many environmental factors. Length of time after
sampling is one of the important factors for biomass estimation.
S50il agar film method of Junes and Mollison (1948) as modified
by Thomas gt ale (1965) . emerged as the most

accurate assessment of hyphal-length in soil samples.

In the past few years several investigators have devoted
cons iderable attention to the development of enzymatic tests for
determining the microbial activity in soil. Most of the enzyme
techniques involve the addition of known substrates to soil
samples and then the activity is estimated by determining the
end products formed. Several parameters have been used to
measure the biological activities of soil microbes. Amang them
the important ones are: total microbial counts, rates of
nitrification, ammonification, cellulose decomposition, C02
evolution and individual enzyme activities such as dehydrogenase,
urease etc. A number of controversies has crisen out of such
studies. Some authors have found a relationship between specific
enzyme activity in soil and knouwn indices of microbial activity.
However, in most instances no relationship could be found betuween
the enzyme tests and total number of microorganisms, carbon
dioxide production, nitrification and ammonification in soils

(Drobnik and Seifert, 1955).

Drobnik (1955) has pointed out that although enzyme tests

arec suitable for qualitative studies of various soil processes,
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they are not applicable for the guantitative estimation of total
activity. The failure of such tests to serve as rcliable criteria
of total microbial activity from the fact that most of the
substrate used resulted in an adaptive response by thzs specific
organisms or groups of organisms involved. The drawbacks led the
workers to turn to the methods like carbon dioxidec evolution,
oxygen uptake and dehydrogenase activity. Studies on different
enzyme activities in soil are important as they indicate the
potantiality of soil to carry out the biochemical processes which

are important to maintain the soil fertility.

Lavels of dehydrogenase activity of soils are considered
to give an estimate of the microbiological activity of soil.
Dehydrogenase enzymes are considered to play an essential role
in the initisl stages of oxidation of soil organic matter.
Dehydrogenase activity appears to bz more dependent upon the
metabolic state of the microbial population of soil than the

activity of free enzyme available in tho soil.

Another important enzyme in soil is urceasce. The increase
use of uree as fertilizer has led many workers to study its fate
in so0il and also the reclationship with other soil factors. Proper
evaluation of the urea hydrolyzing pouer of any soil is essential
to improve the efficiency of fertilizer use cespecially in the

soils with low organic carbon and high pHe.

Many ccologicael studies also involve cestimation of
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biological activity through measurements of oxygen uptake or
carbon dioxide evolution (Seto & Tazaki, 1975). Respiratory
measurements are widely uscd for estimatirg the general bioclo-
gical activity of soil (Wayner, 1975). They are of great signifi-
cance in ecological studies because they provide some indication
of the rate at which soil organic matter may be broken douwn.

Most of the organic matter added to the soil in the form of
litter and dead roots is processed through microbial activity
resulting to the production of carbon dioxide and reslease of

nutrients. A major part of the CO, evolved from the soil comes

2
from the microbial respiration, which in certain cases may

account for as high as 90% of the total CO, evolved. Thus,

2
studies on soil respiration in 2 given ecosystem may lecad te an
assessment of microbial activity, organic matter input into the
system, tha flow of =nergy through microbial compartment and the

rate of mineralization.

The present work was undertaken with a vieu to understand
~the distribution pattern of soil microflora (Fungi and bacteria)

and their biological activities in maize Ficld soils.

REVIEW OF LITERATURE

Soil Microfloras
The microorganisms in tha soil have bean subjected to
intensive studizs during the recent yearse Studies on soil fungi

have reccived much attention since the problem of soil mycolegi-
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cal investigation was probed in by Adametz (1886)« A vast litcra-
ture has accumulated on nature and activities of soil microflora.
The impetus has comc throuch the realization of the importance

of microorganisms in the ficla of antibiotics, soil fertility

and geed and root pathology (Waksman, 15523 Parkinson and Waid,
196U; Garrett, 1963)e According to Waksman (1952) the abundance

of microorganisms in soil is influcanced by various factors such

as aorganic mattor, soil reaction, moisture, temperature, acration
and naturc of crop groun. The distribution of microorganisme in
the soil is, therefore, controlled by numerous ecological factors,

comprising climatic, edaphic, and biotic.

Saksena (1955) and Warcup (1957) found a marked decrease
in viable propagules of soil in summer. He further observed that
moisture, as a rule, was fevourable for the grouth of fungi as

long as there was no water logging.

Orput and Curtis (1957) reported that soil moisture uas

an important factor in controlling the distribution of fungi.

Roy and Dwivedi (1962) studied ths fungal flora of
different grass species situated in the same field and found
variation in the population of fungal flora which they thought

was due to variation in the vegetation.

Though several workers have reported that there is a
decrease 1in microbial population with the increase in depth of

the soil, Apinis (1963) observed a relatively uniform distribu-
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tion in microfungal population throughout the soil horizunse Soil
texture has been shown to affect oxygen and C02 relationships
as well as moisture cuntent and nutrient aveilability, all of
which have been suggested to influence the composition of micro-

fungal community (Griffin,1963).

Ishizawa and Toyoda (1964) studied the microflora of two
groups of cultivated soils in Japan, usual field and submerged
paddy field soil. They observed that the former soil is rich in
fungi and actinomycetes, whereas bactsria are more abundant in
the latter type of soil particularly anaerobic bacteria such as

sulfate reducing ones.

Mishra (1966a) studied the seasonal variation in fungal
flora of grasslands of Varanasi (India) and recorded a seasonal
effect on the prevalence of different fungal species. A positive
correlation between the fungal population and temperature and

moisture content of soils was observed (Mishra, 1967)

Mishra and Kanaujia (1972)studiad the distribution of soil
fungi in relation to cover vegetation and physicochemical
characters of the soil collected from different places of North
India and observed that fungal population was generally higher
in cultivated fields, and nature and duration of cropping
affects the population. It is suggested that moisture content,
organic matter content and pH of the soil affected fungal

flora.
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Hattori (1967) found in a garden soil of Sendai, a rather
high correlation in fungal flora at various points in November
and February, although the flors at the same study site varied
widely in Ngovember and June. He concluded that fungal flora at
various study sites in a field are not uniform and always vary

widely.

Soil types of some mountain ranges in the Caucasus and
Middle Asia were studied by Mishustin and Mirzoyeva (1968). They
found that the effect of altitudinal zonality on the composition
of soil microflora is the same as that of latitudinal zonality.
At higher mountains, where the average annual soil temperature
is low, both the number of bacteris and actinomycetes decreascse
Some spil types have characteristic profiles and thay possess
specific pattepnin distribution of organic matter. These

differences affect the microbiological profile of different soilse

S0il moisture content, scasonal weather fluctuations
(Prakash and Khan, 1971) and depth (Tyagi, 1973) have been shown
to be important factors governing the frequency and population

of soil microflorae.

Holding 2t al. (1974) noted that the viable counts of
bactaria decreased with depth and was correlated with the
decrease in moisture content, organic matter and inorganic
nutrients. They further stated that the decreasc in numbers

with the increase in depth was less marked for the anaerobes
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than thz sarobes.

Wong (1975) studied the distribution of soil fungi as
influenced by some edaphic factors and reported that the total
number of species was related with the soil moisture and pH.
Singh and Charaya (1975) studied the distribution of soil micro=~
flora of a sugarcane field. They reported that fungal population

decreased with increase in depth.

Jones and Richards (1977) reported that the vegetation type has
no effect on the total number of bacterial and actinomycetes

populationse.

Martinez and Ramirez (1979) studied the microfungal
community of an apdosol, under an acid beech forest and found
that there was a marked decrease of fungal propagules and

mycelial biomass with soil depthe.

Soil Fungal Biomass:

Very few studies have been made on the live and active
part of the soil fungal biomasse. Biomass provided an indication
of the overall variation in microbial population, uhereas dehy-
drogenase activity reflected the respiratory rate of the
microbial community (Casida, 1977; Skujins, 1976), Flanagan and
Vancleve, (1977) stained the soil mycelium with a cytoplasmic and
nuclear stain, and by measuring the nucleated hyphae they were

able to estimate the live fungal biomasse.
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Soderstrom (1979) assessed the metabolically active fungal
biomass in three horizons of a podzolized pine-forest soil. He
found that biomass increased during winter with spil temperature
below 0°C. Recurrent definite biomass peaks were observed in
autumn and during early springe. Only a2 small fraction (2e4=4.3%)
of the total fungal biomass was found to be active. The amount

of FDA active biomess was correlated with soil moisture content.

Baath (1980) observed that there was a decrease in fungal
biomass after felling of the forests trezs throughout the soil
profile. FDA-active hyphae decreasced more in the mincral soil

than in the organic soile.

Tatz and Terry (1980) found that microbial biomass,
dehydrogenase activity and aerobic bacterial population . were

correlated with moisture laevel of the soile.

Dzhydrogenase Activity Yn Soil:

Level of dehydrogenase activity in soil is considered to
provide some guide to the microbiological activity of soile This
aspect has been investigated intensively since the introduction
by Lenhard (1956) of a method for estimation of the activity.
Lenhard (1956) introduced the concept of determining the
metabolic activity of micro-orgenisms in soil and other habitats
by measuring dehydrogenase activity using 2, 3, 5 - triphenyl

tetrazolium chloride (TTC) reductione The method is based on
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the assumption that in the absence of oxygen, TTC acts quantite-
tively as the terminal H - acceptor for dehydrogenasc system
with the formation of red triphenyl-tetrazolium formazan (TPF):

TTC + 2H" + 2& = TPF + HCL.

Stevenson (1959) found e close correlation batween the
oxygen uptake and dehydrogenase activity in the soil sampless
According to him there is a closce relationship between dehydro-

genase activity and bacterial number.

Stevenson (1959) and Casida et al. (1964) used 2, 3, 5 -
TTC in an attempt to equate the dehydrogenase activity with the

biological activities of soil.

Dehydrogenase activities appear to be greater in the less
acid samples and are strongly favoured by moisture. Gilot and
Dommergues (1967) found that dehydrogenase activities ﬁj soil
organic C in some sub-alpine forest soils were greater in

horizons of highest pH valuese.

Skujins and Mclaren (1968) studied the dehydrogenase
ectivity in some air dried socils that had been stored for a feu

yearse. Harris (1968) found high dehydrogenase activity in light

sand, as well as in recently uwetted soile

Ross and Roberts {1970) investigated the enzyme activitiess

and oxygen uptake of pasture soil in relation to temperature

and rainfall. They observaed that dehydrogenase activities
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were highest in winter samples and were significantly related

with both soil moistures content and pH.

Ross (1971) studied some factors influencing the estimation
of dehydrogenase activity of pasture soils in New Zealand. He
observed that dehydrogsnase activities of samples of the same
suil collected at different times differe. He suggested that
enzyme dehydrogenase is considered to play an important role in
the initial stages of the oxidation of soil organic matter by

transferring hydrogen or electrons from substrate to acceptorse

Ross and McNeilly (1972) while studying the effects of
storage on oxygen uptake and dehydrogenase activities of beech
forest litter and soil observed that dehydrogenase activities
of some samples maintained at 4°C increased but those of all
samples held at -20°C decressed. According to them fresh samples
gave better dehydrogenase activity and if necessary storage at
4°¢C may be preferrable for retaining dehydrogenase activities.
According to Skujins (1973) the dehydrogznase activity did not
correlate with microbial numbersy and an assay of dehydrogenase

activity was used to predict the proteclytic, nitrifying and
respiratory activities in soils.
Vishwanath gt al.(1975) studied the behaviour of bacteria

surviving in chloroform and toluene treated soils with regard to

their dehydrogenase activitye.
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Tu (1982) while studying th= effact of physical treatments
on the numbars of microorganisms and soil enzyme activities
indicated that none of the treatments inhibited dehydrogenase

activitye

Urease Activity in Soil:

The increased use of urca as a fertilizer has led many
workers to study its fate in suil and also its relationship with
soil factorse Stojanovic (1959) found marked scasonal variation
in urease activity in Mississippi soils. Seasonal variations in
the enzymatic activities of soil reported in a number of studies
are biologically imporiant because they change the guantity and
quali%y of substrates upon which they act and are also respon=-
sible for altering the rate of variocus soil processes influenced
by seasonal changes (Freytag, 1965; Galstyan, 1965; Ramirez=-

Martinez and MclLaran, 1966).

R feow studies regarding rceclationships betueen urease
activity and other soil properties have indicated that urcase
activity tends to increasc with organic matter content and that

sandy or calcarcous soils tend to have a lower urcease activity

than heavy textured or non-calcareous suils (McGarity and Myers,

19673 Skujins,1967; Myers and McGarity, 1968; Skujins and MclLaren

1969). McGarity and Myers (1967) found that urease activity in

Australian surface soils waes highly rclated with pHy but they
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could not detect a significant relationship betuwcen pH and
urecase activity in a subscegquent study of five profilc samples

(Myers and McGarity, 1968).

Gould 2t al., (1973) observed a significant relationship
botween urcasce activity and organic carbon in pruafile samples of
an Alberta souil, but Pancholy and Rice (1973) found no such
ralationship in nine Oklahama soil. They concluded that the

level of urease activity in these sulls was determined by the

type of vegetation.

Dalal (1975) observed a highly significant correlation
betwean urease activity and organic carbon or cation-exchange

capacity.

Zantua and Bremner (1976) concluded that addition of a
small amount of urea to a Orummer silty clay loam induced ureasec
activity i.e. promoted production of urease by soil microorga-
nismse Thay further observed that production of urease activity
on addition of glucose and other orgenic materials promote
microbial activity. They concluded that suil constituents
protect urease zgainst microbial dagradation and othar processas
lecading to inactivation of anzymes and that every suil heas a
stable level of urease activity determined by the ability of

its constituants to provide this protzction.

et Qi"(1977) studied surface samples of 21 diverse

Zantua
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Icwa soils representing & varied pH, texture, and organic matter
content to determine the relationships betueen soil urease
activity and other soil properties. They reported that the
activity was correlated very significantly with organic carbon,
total N and cation-exchange capacity, however, it was not signi-

ficantly correlated uith pH, silt or CaCO3 equivalent.

Speir (1977) found that enzyme activities were correlated
significantly with several soil chemical properties related to

the amount of organic mattar.

Verstraete and Voets (1976) reported that urease activities
and soil respiration increased with increasing soil organic

matter, clay and CaC03 content.

Tabatabai (1977) reported that cropping history, soil
amendments and environmental factors have greater influence on
the activity of urease and other enzymes in soils. According to
Speir and Ross (1981) soil air drying generally increases urease

activity in soil.

Dash et 21. (1981) observed that total N and organic
carbon were positively correlated with urease activity. Further
they reported that high temperature also affects the activity

in tropical soils.

Nor (1982) studied the urease activity in several

Malaysian soil and indicated that the soils have varying capacity
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to hydrolyze urea. Soil pH and urease activity correlated well,
but neither organic carbon content nor cation-exchange capacity

had any significant relationship.

Carbon Dioxide Evolution {n S50il:

The estimation of soil respiration either as oxygen
uptake or as carbon dioxide evolution is the most widely used
measure to correlate with the biological activities of the soils.
Katznelson and Stavenson (1956) studied the evolution of carben
dioxide from the forest floor and showed that a number of environ-
mental factors has been found to affect the evolution of carbon
dioxide from the soil such as temperature, moisture, pH and the

substrates.

Stotzky (1960) established a corrzlation between carbon

dioxide evolution and microbial biomasse

Dobson and Wwilson (1963, studied the soil activities
from @ strip-mine spoil areas in Wwest Virginia and observed a
decreased rate of respiration along with the low bacterial

numbers.

witkamp (1966b) studied the evolution of carbon dioxide
from forest floor of Pine and Maple stands and found a correla-
tion between the bacterial numbers and carbon dioxide evolution.
He further stated that the temperature, moisture level and

substrates have bsen shouwn to affect the level of carbon dioxide
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evolution from soile. Witkamp (1971) further reported that mois-
ture had the greatest limiting effect on carbon dioxide evolu-
tion from the floor of an Oak-hicory fora.i in Missouri and

that temperature was the most limiting factor in the spring and

wintere.

Wildung gt al. (1975) suggested that temperature and

moisturs content were interdependent in their effects on scil

respiration.

Ross et al. (1975) studied respiratory activities and
their relationship with temperature, moisture and soil proper-
ties in tussock grasslands in New Zealand. They found signifi-
cant correlation with contents of soil moisture, organic carbon,

and total nitrogen.

Tesarova and Glosar (1976) studied total carbon dioxide
output from alluvial soils with two types of grassland communi-
ties and found that soil moisture content was one of the most
important parameter controlling carbon dioxide evolution from

soile.

The importance of temperature and soil respiration has
been well documented for various types of soils (Bunnell gt al.
19775 Singh and Gupta, 1977). Temperature and moisturs are
positively correlated with the soil respiration (Singh and

Gupta, 1977).
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Ross and Cairns (1978) studied the influence of tempera-
ture on biochemical processes in some soils from tussock grass-
lands. They found that the patterns of carbon dioxide evolution
at different temperatures and incubation periods varied with
the different soils and that carbon dioxide evolution increased
with increase in temperature. The soil activities have been
found to depend upon a number of other factors. Kowalenko gt al.
(1978) stated that below the optimum water content for microbial
activity, increasing moisture results in increasing carbon

dioxide evolution .

Cleve gt al, (1979) reported that the estimation of
carbon dioxide evclution provides an insights into the rate

of organic matter breakdown and mineralization.

Upadhyaya et al. (1981) reported that soil temperature

and moisture were linearly related with carbon evolution.

MATERIALS AND METHODS

The investigation of the soil microflora and their
various activities was carried out on monthly interval for two
crop cycles of maize (Zea mays L.) starting from May 1981

to September 1981 and May 1982 to September 1982.
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Soil Sampling Procedure:

S50il samples were collected randomly from five places
at each study site from three depths (C-10 cm, 10-20 cm and
20-30 cmj. Following the removal of the surface vegetation, a
pit was dug down the profile and the soil samples uwere collected
from each range of depths by inserting a clear sterile trowel
verticslly into the soil. Lare was taken to avoid contamination
by other horizons and the trowel wass cleaned with alcohol between
each samplinge. tach set of five samples was thoroughly mixed in
a sterile polythene bag to make a composite soil sample which
was then securedwith a rubber band. The samples uwere taken to
the laboratory immediately. All aseptic precautions uere taken
to avoid contaminations. Samples were kept in the freeze at 4°¢
until they were processed. Christensen (1969) reported that
freezing had no significant effect on the prevalence of micro-
fungi in mineralized soil samples. Additional bulk of the samples
collected from each site provided material for pH and moisture
determination. The same procedure of soil sampling was followed
for the investigation of soil microflora throughout the sampling
periods. With the samples collected the following studies were

made

Isolation Of Soil Fungis
The soil plate method (Warcup, 1950, using Rose-bengal
agar medium (Martin, 1950) was followed for isolation of fungi.

A small amount (U.015g) of soil was taken from the composite
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sample with the help of & sterile nichrome . spptula having a
flattened tipe. The soil aggregates were crushed and dispersed

in a few drops of sterile distilled water in the bottom of the
sterile Petri dishes. Approximately, 10-15 ml of melted and
cooled (belouw 4506) Martin's Rose-Bengal Agar medium supplee
mented with streptomycin sulphate, was poured and the soil parti-
cles werc dispersed throughout the medium by gentle shaking and
rotating the dishes. Three replicates were maintained for each
sample. The plates were then incubated upside down at a tempera-
ture of 25 + 1°C for 5-6 days in BOD incubator. The number of
fungal colonies was counted and the total number of fungi per
gram dry so0il was calculated by taking into consideration of the
moisture content. The isolation of fungi was carried out in a
"Lamipar fFlou Chamber®. The pure culture of fungi was meintained
in culture tubes containing agar slants of Czapex-Dox Agar medium
and preservad in the freeze at 4OC. The identification of fungi
was done with the help of the books of Gilman (1966), Subramanian

(1971), Barnett and Hunter (1972).

Estimation Of Fungal Biomass:

Jones and Mollison's (1948) agar film technique as
modified by Thomas. gt, ale. (19685) - ivos Slowsd -
for the determination of fungal biomass which in turn was
standardized during the preliminary investigation. The details

of the method are as follouss
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Soil sample (3.5 g) was grinded with mortar and pestle
for 2 minutes in 20 ml of sterile distilled water. Supernatent
was poured into a beaker and the process was repeated for the
second time. A final grinding for 2 minutes in 10 ml of sterile
distilled water was done and the supernatent was decanted off
to the beaker. To the resulting 50 ml of the supernatent in the
beaker, 50 ml of molten 2.5% water agar suspension was added to
make the volume 100 ml. This 100 ml soil-water-agar suspension

wads mixed by rotating it by hand and was maintained at 45%c.50°¢C.

Prior to the preparation of agar film, the soil-water-
agar suspension was agitated by hand and then allowed to settle
for 5~10 secondse. A small amount of the suspension was pipetted
from approximately 4 cm belouw the surface of the suspension and
was placed on the O«1 mm deep platform on a haemocytometer slide.
The platform was then covered with a coverslip and a 5.0g uweight
was put on the coverslip to ensure the correct thickness of the
film. The film was allowed to solidify. After this the slide wuas
immersed in distilled water and the coverslip uas femoved. The
surplus agar on the slide was cut away with a sharpened razor
blade and the agar film was floated off into a clean microscopic
slide. The preparation was allowed to dry at room temperature
and was stained with phenoclic aniline blue stain for 1 hour,
washed in 98% alcohol (3 to 4 changyes) and mounted in the

glycerinee.
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For each soil sample, ten films were prepared and ten
observations were made from each film, using low power objective

(X 10) of the microscope.

Calculations af Fungal Biomass fFrom Hyphal Length:
Assuming that mycelium is a perfect cylinder, its volume
can be calculated aerzL wvhere
r = radius of mycelium.
L = length of myceliume
Average density of mycelium = 1.1 (for the density of
microbial protoplasm).
Therefore, Biomass (Wet weight) = Volume X Density

=ﬂr2L X 1.1,

Assuming 80% of the microbial protoplasm as water

(Clark and Paul, 1970), biomass (dry weight) was calculated.

lsolation Qf Bacteria:

Dilution plate method (Waksman, 1922) was followed for
the isolation of bacteria from the soil samples using Nutrient
agar medium (Johnson and Curl, 1972) throughout the sampling

periocde

10 g of soil from each sample was taken in a 250 ml
conical flask containing 100 ml of sterilized distilled water
to make 13100 dilutione. The soil suspension was shaken thoroughly

for about 10-15 minutes for homozenizing the suspensions 10ml
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of this mixture was transferred aseptically by means of a steri=-
lized 10 ml pipette to another 250 ml sterilized conical flask
containing 90 ml of sterilized distilled water to get a suspen-
sion of 1:1000 dilution. The process was repeated once again to
get a suspension of 1:10,000 dilution which was considered to be
sultable for isolation of bacteriae. Throughout the investigation,
the same dilution was used for various samples.0.5 ml of soil
suspension from 1:10,000 dilution was transferred aseptically
into each of several sterilized Petri dishes containing approxi-
mately 10~15 ml of cooled, solidified Nutrient agar medium for
isolation of bacteria. The Petri dishes were rotated gently in

a swirling motion so that the inoculum was dispersed uniformly
over the surface of the agar medium. Three replicates uwere
maintained for each sample. In esach case, separate sterilized
pilpette was used for transferring the soil suspensione. The
isolation was carried out in @ sterilized "Laminar Flow Chamber"
throughout the investigation. Inoculated Petri dishes uwere
incubated upside down at a temperature of SDOC for 24 hourse.
Population of bacteria per gram dry soil was calculated by taking
into consideration of the moisture content and dilution factor.
In this study, only the bacterial population was considered

and attempt was not made for their identifgcation.



Composition Of Media Used for The Isolation Of Fungi

Bacterias

For Fungis

(a, Peptone-dextrose-Rose Bengal Agar (Martin, 1950)

(b)

kH,pO

Agar

4

Mgs0,7H,0

Peptone

Dextrose

Rose Bangal (%)
Distilled water

Streptomycin

Czapek-Dox Agar (Raper and Thom, 1949)

Agar
NaND3

KZHPU4
950, 7H,0
KCl
F98047H20

Sucrose

Distilled

for Bacterias

20.0
1.0
0.5
S.0

10.0
363

1000.0

30.0

15.0
3.0
1.0
065
0.5

10.0

30.0

1000.0

(c) Nutrient Agar (Johnson and Curl, 1972)

ARgar

Qe
Goe
Qe
ge

Qe

15-0 Qe

And
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Beef extract 3.0 g«
Peptone 5.0 go
NaCl 6.0 go
Distilled water 1000.0 ml.

Determination of Percentage Relative Abundances

The determination of percentage relative abundance of a
particular spacies of fungi was done by means of the following
formulas

Total number of individual species of fungus

Total number of individuals of all species %00
Determination Of Dehydrogenase And Urease Activities And Carbon
Dioxide Evolution From Soil:

Dehydrogenase activity:

Dehydrogenase activity of soil was determined by 2, 3,
5 triphenyl tetrazolium chloride (TTC) reduction technique
modified by Casida et al.(1964)« To 10 grams aof soil taken in
three sterile stoppered tast tubes,; 0«1 gram of CaCD3 and 1.0 ml
of 1.5% (w/v) 2, 3, 5-TTC were added. To each of these tubes,
3 ml of distilled water ware added. The quantity of liquid was
found to be enough to saturate the soil and to form a liquid
layer on the soil sample. This ensures adequate anaerobiosis
for TTC reductione. The content of each tube was mixed thoroughly

and then incubated at 37°C for 24 hours. The extraction of

triphenyl tetrazolium formazan produced was carried ocut with
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methanol. The soil from tube was quantitatively transferred to
Whatman No.1 filter paper by shaking with methanol and washed
down into a 50 ml volumetric flask.The sovil was washed with
methanol wuntil no more colour could be extracted. The volume of
the filtrate was made upto the mark with methanol. Three replica-
tes were maintained for each sample. The optical density due to
pink colour of the filtrate was determined at 485 wm in a spectro-
photometer using methanol extract (vithout s0il) from the control
as the blank. Concentrations of the formazan in the extract are
calculated by comparison with a standard curve of triphenyl-
formazan (TPF) in methanol and expressed as formazan mg per gram

dry soil.

Urease activity:

Urease activity was measured by the modified MclGarity
and Myers (1967) method.To 10 grams of soil, 1ml of toluens uas
added and left for about 15 minutes for penetration of toluene
into the soil sample. 10 ml of buffer solution (pH 7.0) and 5 ml
of urea (10%) were added and incubated at 3700 for three hours.
Then the volume was made upto 50 ml with distilled water, shaken
and filtered through Whatman No.1 filter paper. The filtrate
varied from colourless to broun depending on amount of organic

matter in the soil.

Ammonia released as a result of urease activity was

determined by indophenol blue method: 1 ml of filtrate was
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placed in a 50 ml volumetric flask and made upto 10 ml with
distilled water. 5 ml freshly preparad phenolate solution and

3 ml sodium hypochlorite sulution were addade. This mixture was
thoroughly mixed and after 20 minutes made upto 50 ml by adding
distilled water. Optical density was read at 630 nm in a spectro=-
photometere Three replicates were maintained for sach sample. The
amount of ammonia-=N formed are calculated by reference to a

calibration curve and expressed as mg NHZ -N per g dry soil.

Preparation Of Phenolate Solution:
20 ml of phenol sclution + 20 ml of caustic soda solution

diluted to 100 ml with distilled water.

Phenol Solution:
6245 g of phenol was dissolvad in minimum volume of
mathanol denatured alcohol, 18.5 ml of acetone wes added and

this mixture wecs made upto 100 ml with ethyl alcohole.

Caustic soda Soclutiong

27 g of sudium hydroxide was dissuolved in 100 ml of

distilled water.
Both the sulutions were kept in a freeze.

LCarbon Dioxide Evolutions

The amount of 002 evolved from the soil was measured in

th: laboratory by the following proczdures
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1 kg of soil from each sample wes taken in a rectangular
jar (125 cm x 10.3 cm x 20.8 cm) and cune 100 ml glass beaker
containing 20 ml of 0«1 N KUH sulution was placed inside the jar.
Then the jar was covered with a2 glass lid sealing nicely with
grease and thus making air tight to prevent 02 exchange with the
atmosphere. Control set contained sterilized sand instead of
soil. After 24 hours of exposure the amount of CD2 fixed by the
KOH solution was measured by back titration with 0.1 N HU
sclution using phenolphthaldin as an indicator. In each case
three replicates were maintained. Evolution of CO2 was calculated

on mg per Kg dry soil per day basis.

RESULTS

Quantitative Estimation of Soil Fungal Population, Biomass and
Bacterial Population:
The fungal population exhibited almost a similar trend

of monthly variation in the soils of three different agricultural
systems during the study period of 1981 and 1982. Maximum popula-
tion was recorded in the month of July and thereafter a fall in
the population was noted (Fige 2.1). In the month of September,

there was a slight increase in the population of the surface

soil (0-10cm) .

Fungal biomass of the soil followed a similar trend as

that of the fungal population in all the three study sites. The



Fige 2.1 Monthly variation of fungal population of soil in
three different agricultural systems during the

study periods of 1981 and 1982.
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biomass was maximum in the month of July and thereafter it showed

a decreasing trend (Fig. 2.2).

Bacterial population alsoc exhibited almost a similar
trend of monthly variation in all the three agricultural systems.
The population was maximum in the month of June and thereafter
it decreased. A slight increase in the population of the surface

soil (0-10cm) was noted in the month of september (Fige 2¢3).

Both fungal and bacterial populations and the fungal
biomass decreased with increase in depthe. From the figures 2.1-
2.3, it is clear that the soil of valley land agriculture aluays
harboured maximum fungal and bacterial populations and fungal
biomass followed by terrace land and minimum was observed in the

soil of jhum land agriculture.

Oistribution of Fungal Species and their Percentage Relative
Abundance:

Altogsther 33 fungal species were isolated from the soil
of all the three agricultural systems studied during the period
of 1981 and 1982. Of which 12 belonged to the class Phycomycetes,
18 to Fungi imperfecti and 3 were Mycelia sterilia,s Most of the
species were distributed to all the depths (Tables 1+1-1.18)

Qualitatively the composition of fungal species was
almast similar in all the three agricultural fields. Majority of

the species isolated were common to all the soils. The class
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Tige 242 Monthly variation of fungal biomass of soil in three
different agricultural systemsduring the study periods

of 1981 and 1682.
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Fige 2.3 Monthly variation of bacterial population of soil in
three different agricultural systems during the study

periods of 1981 and 1582.
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.Table

Monthly variation of fungal population (per gram dry

soil) in tha soil of terrace land agriculture at
0-10 cm depth during the sampling period of 1981.
Values in the parentheses arz nercentage relative
abundance.

Months (1981)

Fungi May June July Aug. Sapt.
Mucor hiemalis 0.042  0.418 04187 0,019  0.071
(10.00) (26.40) (35.40) (4.76) (15.93)
M. plumbaus - - 0.020 0.096 -
— (3.80) (14.29)
M. racomosus 0.006 - 0.040 - 0.058
(3.30) (7.60) (14.49)
Pythium sp. - 0.069 0.020 0.099 0.019
(4.40)  (3.80) (19.05) (4.34)
Rhizopus nigricans 0.022 - - - 0.065
- (5.20) (15.94)
Aspergillus niger 0.025 0.013 - - -
(5+55) (0.80)
Fusarium moniliforme - 0.069 - - -
(4.40)
Geotrichum candidum 0.006 - - 0.019 -
(3.130) (4.76)
Penicillium 0.100 0.095 0.073 0.135 0.195
chrysogenum (27.40) (6.00)  (12.93) (33.30) (42.47)
P. humicopla 0.075 - 0.153 - -
(14.90) (29.10)
Penicillium spe 0.045 0.443 - - -
(8.33) (28.00)
Trichoderma viride  0.055 0.360 0.033 0.100 0.033
- (10.50) (22.80) (6.33) (23.81) (7.25)
Trichoderma spe 0.030 0.095 - - -
(6.30) (6.00)
Verticillium spe 0.023 - - - -
' (5.22)
Yellow sterile - 0.019 - - -

mycelia

{1.20)




Table 142 Monthly variation of fungal population (per gram dry
snil) in the soil of terrace land agriculture at
0-10 cm depth during the sampling period of 1982.
Values in the parentheses arc narcentage relative
abundances
. months (1982)
Fungi May June July Aug. Sept,
MUCO,'L:’ hiemalis 0.007 G.047 00142 0.032 00085
(1.17) (2.96)  (29.8) (6.70) (15.70)
M. plunbeus - .008 0.009 0.055 0.069
(0.59) (0.59) (9.70) (12.86)
M. racemosus - - 0.072 - 0.054
(6.90) (9.99)
Pythium spe. 0.007 - 0.052 - 0.023
(1.17) (4.80) (4.29)
Rhizopus nigricans - 0.016 0.045 0.023 -
(1.19)  (2.40) (4.70)
Aspergillus niger 0.063 - - - -
(10.59)
Fusarium moniliforme =~ - - 0.009 -
(2.30)
Geotrichum candidum - 0.039 0.022 0.003 -
(2.52) (1.20) (0.50)
Penicillium 0.345 1.08 0245 0.220 0.162
chrysogenum (57.66) (B2.84) (46.70) (33.80) (3C.00)
P. humicola 0134 0.054 0,040 0.095 -
- (22.35) (4.14) (2.30) (19.90)
Trichgderma viride 0.042 0.062 0.065 0.100 0.085
(7.06) (4.74) (5.31) (20.90) (15.70)
Verticillium spe. - - - G.006 0.054
(1.50) (9.99)




Table 1.3

Monthly variation of funcal population (per gram dry

s0il) in the soil of terrace land agriculture at

10-20 cm depth during the sampling period of 1981.
Values in the p-rentheses are percentage relative
abundance.

A —

Fungi

— — ——

Mortierella sp.

Mucor hiemelis

M. plumbeus
Bythium sp.

Rhizopus nigricans

A A—— o —

Aspergillus niger

Cladosporium
herbarum

Months (1981)

fusarium moniliforme 0.055

Penicillium

chrysogenum

P. humicgla

Trichoderm@ viride

Verticillium sp.

White sterile
mycelia

May June July Aug. Sept.
- 0.047 - - 0.039
(5.42) (9.38)
0.005 0.392 0.068 0.049 0.019
(1.20) (29.45) (12.82) (18.61) (4.69)
- - - 00106 -
(39.54)
- 0.061 0.020 0.038 -
(6.97)  (3.85) (13.96)
it - - - 00007
(1.57)
0.005 0.027 0.007 - -
(1.20) (4.30) (1.28)
00072 hd - - -
(16.20)
(10.20)
0.070 0.143 0.108 0.056 0.342
(15.30) (14.72) (20.50) (20.94) (76.26)
0.099 0.283 0.034 - -
(20.5) (23.25) (6.41)
0.110 0.167 0.291 - 0.033
(22.40) (17.82) (55.10) (7.81)
0.065 - - - -
(12.60)
- - - 0.019 -

(5.98)




Table 1.4

Monthly veriation of fungal population (per gram dry

sail) in the soil of terrace land agriculture at

10-20 cm depth during the sampling period of 1982.
Values in the perentheses are parcentege relative
abundance.

Months (1982)

Fungi ’ May June July Aug. Septe.
Mucor hiemalis 0.007 0.009 0.023 0.065 0.032
(2+11) (2.70) (2.68) (4.00) (5.79)
M. plumbaus - - - - 0.087
(15.96)
Pythium sp. - 0.065 0.008 0.072 0.060
(6.40) (D.88) 5.70) (10.05)
Rhizogpus nigricans - - - 0.006 0.008
(0.50) (144)
Aspergillus niger 0.007 0.003 0.015 - 0.008
(2.11) (0.90) (1.79) (1.44)
Cladosporium 0.007 - - - -
herbarum (2.11)
Cephalosporium spe - 0.085 - 0.090 -
(7.50) (10.20)
Fusarium moniliformg - 0.095 - 0.123 -
(8.10) (15.00)
peniCl;llUm 00109 01185 00508 00206 00167
chrysogenum (31.93) (39.30) (59.83) (30.80) (30.45)
P. humicola 0.022 0.024 D.030 0.099 -
- (6.3) (4.90) (3.56) (11.00)
Trichoderma viride 06123 0.100 0.227 D.200 0.119
- - (36.21) (30.20) (26.72) (20.50) (21.75)
Verticillium spe 0.036 - L.030 0.026 0.071
- (1U.66) (3.56) (2.30) (13.05)
Yellow sterile 0.029 - 0.008 - -
mycelia (8.46) (C.88)




Table 1.5 Monthly variation of fungal population (per gram dry
=~il) in the soil of terrece land agriculture at
20-30 cm depth during the sampling periocd of 1981.
Values in the parentheses are paercentage relative
abundancce.
. Months (1981)
Fungi May June July - Aug. Sept.
Mucor hiemalis 0.005 0.205 0.063 0.035 -
(0.70) (20.14) (11.50) (14.64)
M. plumbeus - 6.099 0.014 0.094 -
(9.70)  (2.56) (39.04)
Pythium sp. - - - 0.006 G.056
(2.24) (36.88)
Rhizopus nigricans - - - 0.010 0,021
(4+88) (13.83)
LZygorhynchus sps L.L6S - - - G.00L7
(2.90) (4.61)
Aspergillus niger - G.258 - - G.Cu7
(25.37) (4.61)
Cladosporium £.123 - - - C.007
he rbarum (12.5C) (4.61)
Fusarium moniliforme C.100 0.676 - - -
(12.37) (7.46)
Pagcilomyces spe - - - - 0.021
(13.83)
Penicillium 0.060 0219 0.438 C.065 0.028
chrysogenum (2.60) (21.64) (80.8U) (26.84) (20.44)
Eo humiCOla 00150 03083 - - -
o (15.80) (B.20)
Trichogderma viride 0.123 C.C76 C.028 0.019 -
(12.50) (7.46) (5.10) (7.32)
Verticillium spe. L.29C - - - -
(30.10)
white sterile LG99 - - LeG10 -
mycelia (8.33) (4.88)




Table 1.6
soil)

Monthly variation of fungal population (per gram dry
in the soil of terrace land agriculture at

20~30 cm depth during the sampling period of 1982.
Values in the perenthescs are paercentage relative
abundanca.

Months (1982)

Fungi May June July Aug. Sapte
Mucor hiemalis - - - G+0603  (.C32
(2.30)  (9.C5)
M. plumbeus - C.067 CeG12 - -
(2.75) (2.80)
Pythium sp. G.008 - - U.025 L.040
(3.30) (10.30) (11.36)
Rhizopus nigricans g.008 Le15 el 30 - LeC32
(3.30) (5.58) (5.60) (9.05)
Zygorhynchus spe - LeLG2 - - -
(1.23) ,
Acremonium - - - - belLi24
acremgnalla (6.80)
ksperqgillus flavus - C.007 D.012 - -
(2.75) (2.80)
A. niger - - - 0.029 -
(11.81)
Cephalosporium spe - 0.015 0.030 0.C10 C.024
(5.58) (5.60) (5.16)  (6.80)
Cladosporium C.C38 - - C.0C6 -
he rbarum (16.70) (4.20)
Fusarium moniliforme =~ - G.LY0 G.l4c -
(16.54) (20L.54)
Penicillium C.129 0.179 Ce145 C.C75 C.1C5
. chrysogenum (56.7C) (66467) (37.46) (35.CC) (29.46)
P. humicola 0.023 8.019 8.075 0.015 -
- (10.00) (6.70) (12.50) (5.30)
Trichoderma viride 0.015 0.037 C.080 0.006 0.081
(6.70)  (13.92) (13%90) (4.20) (22.65)
Verticillium spe 0.008 - - - 0.008
(3.30) (2.25)
bhite sterile - 0e007 - - -
mycelia (2.7G)
Yellow sterile - - 0.012 - 0D.008
mycelia (2.80) (2.25)




Table 1.7 Monthly variation of fungal population (per gram dry
s0il) in the soil of valley land agriculture at
0-10 cm depth during the sampling period of 1981.
Values in the parenthasses are percentage relative
abundance. ( 5
. Months (1981
Fungi May. June July Aug. Septe
Absidia sp. 0.015 - - - 0.022
. (8.40) (2.63)
Mortierella sp. C.052 0.053 - 0.021 -
(15.50) (2G.00) (6.45)
fMucor hiemalis 0.035 0.088 0134 0.043 0087
(10.00) (26.C0) (21.70) (12.77) (10.53)
ﬂ]. Hlumbeus - - 0.082 0.057 00065
: (13.25) (17.05) (7.89)
_M. racemosus - - 0.017 - -
(1.19)
Pythium spe C.010 0.010 0.017 0.U57 0.043
(4+00)  (9.00)  (1.19)  (17+05) (5.26)
Rhizopus nigricans C.039 - - 0.007 0.109
(16.20) (2.11)  (13.16)
syncephalastrum spe - - - 0.029 -
(8.49)
Aspergillus niger - - - 0.007 -
(2.11)
Cephalosporium spe - 0.009 - - -
(5.8)
Endomyces spe - - - - 0.043
(5.26)
Fusarium 0.006 - - - 0.087
moniliforme (2.00) (10453)
Geotrichum - - 0.099 - -
cancidum (14.47)
Monilia SP e b - 0.022 - -
(1.21)
Penicillium 0.035 0.038 D.142 0.071 0.043
chrysogenum (10.00) (12.00) (22.89) (21.26) (5.26)
P. humicola 0.006 - - - 0.087
- (2.00) (10.53)
Penicillium Spe 0.049 - - - -
- (10.50)
Trichgderma viride 0.075 0.065 0.040 - 0.239
) o (25.60) (22.20) (12.04) (28.95)
Trichaoderma spe - - - 0.043 -
(12.77)
White sterile - - 0.017 - -
mycelia (1+19)
Yellow sterile - 0.007 - - -
mycelia (4.00)




Table 1.8 Mohthly variation of fungal population (per gram dry
soil) in the soil of valley land agriculture at
0-10 cm depth during the sampling period of 1982.
Values in the parentheses are percentage relative
abundance.
. Months (1982)
Fungi May June July Auge Septe
Mucor hiemalis - 0.075 = 0.096 - 0.099
(15.10) (17.48) (20.69)
M. plumbeus - 0.010 0.015 0.033 -
(3.00) (3.00) (9.45)
Pythium spe 0.021 - - 0«100 -
(5.66) (28.30)
Rhizopus nigricans 0.048 - - 0.013 -
{13.15) (3.79)
Syncephalastrum spe - 0.075 - - 0.027
(15.10) (6.42)
Aspergillus niger 0.027 0.005 0.015 - -
Cephalosporium sp. - 0.033 - - 0.012
(7.50) (3.85)
Endomyces spe - 0.040 - - -
(8.50)
Fusarium 0.014 - - - 0.032
moniliforme (3.79) (8.96)
Geogtrichum - 0.033 0.037 - -
candidum (7.50) (7.48)
Penicillium 0.095 0.100 0.287 - 0.157
chrysogenum (20.77) (22.00) (58.19) (26.92)
Trichoderma viride 0e«178 0.099 D.007 0.207 0.150
(49.07) (20.00) (1.48) (5B.46) (24.62)
Verticillium sp. - - - - 0.029
- (7.69)
White sterile - - 0.007 - -
mycelia (1.48)
Yellow sterile - - 0.037 - -
mycelia (7.48)




Table 1.9
soil)

Monthly variation of fungal population (per gram dry
in the soil of valley land agriculture at

10-20 cm depth during the sampling period of 1981.
Values in the parentheses are percentage relative

(15.50)

abundance.
\ Months (1981)
Fungi May June July Aug. Septe
Absidia spe - 0.015 0.033 - -
(4044)  (6.19)
Mucor hiemalis 0.052 0.075 0.033 J0.067 0.015
(10.50) (22.22) (6+.19) (18.00) (5.43)
M. plumbeus - - 0.040 0.007 0.015
(7.49)  (1.98) (5.43)
Pythium spe 0.055 - - 0.015 0.010
(13.30) (4.02) (4.20)
Rhizopus nigricans 0.003 - - - 0.015
(1.20) (5.43)
Syncephalastrum sp. - - 0.007 - -
(1.22)
Aspergillus - - - - 0.015
candidus (5.43)
A. niger - 0.029 - - 0.022
(8.88) (8.10)
Cephalosporium spe 0.035 ~ - - -
(7.50)
Fusarium 0.055 0.045 0.040 0.082 0.044
"moniliforme (13.30) (13.33) (7.49) (22.02) (16.19)
Geotrichum candidum 0.0C7 - 0.027 0.015 0.015
(2.20) (4.93) (4.02) (5.43)
Penicillium 0.001 0.015 132 0.075 0.059
chrysogenum (1.00) (4.44) (51+26) (19.98) (21.62)
Penicillium spe. 0.040 - - - -
(8.60)
Phoma humicola - - 0.033 - -
(6.19)
Trichoderma viride 0«115 0.104  0.047 0112 0.074
(27.10)  (31.11) (B8e63)  (29.99) (26.96)
Trichoderma spe - 0.052 - - -
- (15.55)
Verticillium sp. g.088 - - - -




Table 1.10 Monthly variation of fungal population (per gram dry
soil) in the soil of valley land agriculture at
10-20 cp depth during the sampling period of 1982.
Values in the parentheses are percentage relative
abundance.

Fungi Months (1982)

May June July Rug. Sept.
Mucor hiemalis - 0.065 0.022 0.007 0.008
(12.08) (6.25) {2.61)  (1.45)

Pythium spe - 0.012 0.007 - -

(4.02) (2.06)

Rhizopus nigricans L.033 0.035 - - -
(11465) (7.10)
Acremaonium - - - - G.047
acremonella (8.81)
Agpergillus niger U.03C - - - Ue148
’ (11.65) (27.99)
Cephalosporium spe - - - 0.007 U.039
(2.61) (7+36)
fFusarium moniliforme 0.027 0.070 0.015 - D.094
(9.27) (12.80) (4.19) (17.62)
Gepotrichum candidum - - 0.015 - -
(4.19)
Penicillium 0.020 0.025 0.072  0.081 0.055
T chrysogenum (6.97) (5.00) (20.81) (31.60) (10.26)
P. humicola - 0.060 - - -
(10.50)

Trichoderma viride 0«140 0.950 = 0.196 0.162 0.101
(48.81) (33.80) (56.25) (63.10) (19.08)

Verticillium sp. 0.033 0.030 - - 0.039
(11.65) (5.50) (7.36)
white sterile - 0.045 D.022 - -

mycelia (9.10) (6.+25)




Table 1.11 Monthly variation of fungal population (per gram dry
s0il) in the soil of valley land agriculture at
20-30 cm depth during the sampling period of 1981.
Values in the parentheses are percentage relative
abundance.

Months (1981)

Fungl May June July ARug.e Septe
Mucor hiemalis 0,009 0.015 D.015 0.023 D.036
- o (8.70)  (6.25) (3.19) (17.70) (12.22)
M. plumbeus - - 0+015 D.008 0.020
(3.19) (5.84) (7.32)
M. racemosus - - - 0.008 0.007
(5+84)  (2.41)
Pythium spe - 0.023 - - 0.007
(9.48) (2.41)
Rhizopus nigricans - - - %5008) -
«84
Aspergillus niger 0,003 - - - -
(2.00)
Cephalosporium spe U.055 - - - -
(10.50)

Fusarium monilifogrme 0055 0.084 C.130 0.008 0.036
(10.50) (21.88) (27.69) (5.84) (12.22)

Geotrichum candidum 0.001 - - - -
(1.75)
Penicillium 0.168 0.010 0.065 C.008 0071
chrysogenum (24.70) (5.83) (13.84) (5.84) (24436)
_E- humicola 00055 - 0.138 - 0.049
(10.50) (29.21) (17.04)

Trichoderma virjde CC62 0.154 0.036 0¢111 C.057
(15.5C) (56.50) (7.25) (47.26) (19.53)

Trichoderma spe. - - U.072 - -
: (15437)
Verticillium spe L.060 - - - -
(12.80) ’
White sterile L.UG4 - - - -

mycelia (3.U5)




mycelia

(5.58)

Table 1412 Monthly variation of fungal population (per gram dry
soil) in the soil of valley land agriculture at
20-30 cm depth during the sampling period of 1982,
Values in the parenthesés are percentage relative
abundancees
) ) Months (1982)
Funga May June July Aug. Sept.
Mucor hiemalis UeL07 Ua006 0.022 - 0.008
(3.67) (2.80) (5.C8) (1.68)
_EY_‘ED_J;HLQ SPe L.CL4 - (JO[J(J?‘ (JCU14 -
(2.25) (1.68) (5.58)
Rhizopus nigricans - G.007 - - LeUTT1
(3.20) (15.23)
Aspergillus niger - LelL7 - - U.0L24
(3.20) (5.u8)
Cephalosporium spe - - - - Gel32
(675)
Fusarium mogniliforme C.028 C.076 G.029 - -
(14.79) (23.20) (6.76)
Geotrichum candidum - C.C52 -~ - 0.103
(11.07) (21.98)
Penicillium L0007 L.DDY LelDY Le125 0.095
chrysogenum (3.67) (5.20) (13.57) (50.00) (20.30)
Penicillium spe. - 0.066 - - -
(15.58)
Trichodarma viride D«113 0.105 0284 D100 0.048
(53.30) (35.70) (64+41) (38.80) (10.15)
Verticillium sp 0.042 - 0.037 - 0.087
- (22.25) (8.49) (18.63)
White sterile - - - 0.014 -




Table 1.13 Monthly variation of fungal population (per gram dry

s0il) in the soil of jhum land agriculture at
0-10 cm depth during the sampling period of 1981.
Values in the parenthesés are percentage relativs
abundance.

Months (1981)

Fungi May June July Aug. Septs
Blakeslea sp. 0.022 0.004 - 0.012 -
(1.64)  (1.71) (2.11)
Cunninghameila -~ 0.008 0.002 0.018 -
echinulata (4.08) (1.22) (2.22)
Mucor hiemalis 0.043 0.006 0.009 0.035  0+116
(4.13) (3.20) (5.00) (4+90) (32.75)
Pythium sps 0.024 - - - 0,006
(1.67) (1.73)
Rhizopus nigricans 0.029 - 0.004 0.001 0s012
(1.80) (3.90)  (1.00) (3.45)
Aspergillus candidus 0.150  0.240 = 0.220 0.199 0.058
— (21.35) (38.59) (30.00) (26.80) (12.50)
-ﬁ. flavus - - 0.020 0.059 -
(8.60) (7.08)
A. niger 0055 - 0.100 0.070 0.104
(6.37) (16+75) (12.50) (29.32)
Fusarium - G.012 0.015 0.002 -
moniliforme (5.69) (7.40) (1.90)
Geotrichum candidum 0.099 0.008 - - 0.006
(8.60) (4.08) (1.73)
Penicillium 0.175 G.100 0.055 0.095 0.061
T chrysogenum (36.10) (20.90) (11.50) (20.09) (17.24)
Trichoderma viride 0.110 0110 0.095 0.085 -
-~ (17.80) (21.50) (15.55) (18.50)




Table 1.14

Monthly variation of fungal populaticn (per gram dry

soil) in the soil of jhum land agriculture at
0-10 cm depth during the sampling period of 1982.
Values in the parentheses are percentage relative

abundance.

Fungi

Months (1982)

May Jdung _ July Auge Septe
Cunninghamella 0.034 - 0.006 - -
echinulata (9.50) (1.25)
Mucor hiemalis - 0.006 - D.032 Ce015
(1.80) (3.25) (2.20)
Rhizopus nigricans - 0.012 - - -
(3.70)
Asperqgillus flavus - - - 06032 -
(3.25)
A. niger 0.091 0.006 0.829 0.468 1425
(25.40) (1.80) (70.91) (41.39) (82.88)
Fusarium moniliforme - - - 0.019 -
(195)
Geotrichum candidum 0.034 - - - 0.028
(9.50) (3.90)
Penicillium 0.085 0+199 0.006 0.148 0.020
chrysogenum (23.80 (61.81) (1.25) (14.90) (2.80)
Penicillium spe. - - 0.024 - -
(5.04)
Trichoderma viridse 0.091 C.100 0.053 0.199 C.072
(25.40) (30.80) (11.39) (20.10) (7.70)
Verticillium spe. 0.012 - 0.041 0.122 -
(5.40) (8.85) (12.30)




Table 1.15

Monthly variation of fungal population (per gram dry

spil) in the soil of jhum land agriculturs at

10-2U cm depth during the sampling period of 1981.
Values in the parentheses are percentage relative
abundance.

Fungi

Months (1981)

May June July Auge _Septs
Mucor hiemalis - 0.004 0.015 0.095 0.008
(0.70) (3.00) (2.70) (4.50)
Rhizopus nigricans 0.095 0072 G082 0+120 -
(8.00) (6.90) (9.10) (6.20)
Aspergillus candidus - - - C«250 D.006
l (12.20) (3.00)
_A-o niger 0e352 Ge220 0e163 0.485 0.096
(20.00) (26.90) (17.20) (30.20) (45.45)
Cephalasparium spe C.C82 - U.012 Ge200 -
(6.60U) (2.10)  (11.50)
Cladosporium - C.019 - - 0.019
herbarum (1.50) (9.09)
Fusarium Ce11C Ue100 C.159 C.C85 -
moniliforme (15.20) (10.80) (17.00) (2.7C)
Geatrichum candidum - UeL55 G.L25 - -
(3.20) (4450)
NDnilia Sp. - C'OC‘BC - - -
(2.20)
Penicillium C.625 Ce2473 0.205 Ce39C C.C39
chrysogenym (40.00) (29.00) (24.8C) (21.40) (18.18)
Trichoderma yiride L.085 0123 0.199 0190 0.039
(16.20) (15.30) (20.50) (11.10) (18.18)




Table 1.16 Monthly variation of fungal population (per gram dry
s0il) in the soil of jhum land agriculture at
10-20 cm depth during the sampling period of 1982,
Values in the parentheses are percantage relative
abundancee.
. Months (1982)
Fungl May June July ARug. Sept.
Mucor hiemalis - - - C.C68 -
(9.90)
Rhizopus nigricans L.025 G019 G.019 - £.021
(13.80) (7.70)  (4.10) (6.38)
Asperqillus flavus G.031 - Le.0UB - -
(17.27) (1.35)
A. niger L.U19 Lelb12 0.025 L«148 Ue363
(1L.30)  (5.20) (5.50) (21.6U) (45.80)
Cladosporium - Ue.lULB - - L.L15
herbarum ‘2.60) (403“)
Fusarjum moniliforme (G.025 C.019 - L.068 U006
' — (13.8U) (7.70) (9.90) (1.05)
Geotrichum candidum - C.L25 - L.C68 Ce.(56
(1L .2C) (9.90) (9.60)
Monilia SPe - bd bl 0.019 -
(2.80)
Penicillium CeL49 0.110 De134 Le1L5 0eC6L
chrysoganum (27.6L) (46420) (32.93) (15.30) (1C.0L)
Trichoderma viride (e(12 (.(43 0e191 L«148 DeL99
(6.90) (17.9C) (42.5C) (21.60) (22.3C)
Vert.i_LCil;ium SPe LeC12 L.CLB (.049 LeL0B -
(6.9C)  (2.40) (1C.97) (Ce9C)
White sterile La0L6 - - - -

mycelia

(3.40)




Table 1.17 Monthly variation of fungal population (per gram dry
soil) in the soil of jhum land agriculture at
20-3L cm depth during the sampling period of 1981.

Values in the parenthescs arc percentage relative

abundancz.
) Months (1981)
Fungi May. June July Auge Septe
Gongronzella spe. L.C1C€ - C.CUB L.C85 -
(9.20) (6.CL) (9.3C)
Mucor hismalis ( +0L5 CeLLB - (100 L+C26
(2.1C)  (5.80) (1C.70) (21.01)
Rhizopus nigricans - LeL19 - - C.0LC6
(12.70) (5+21)
Acremonium - - L.ULB Ls0L2 LeL13
acremonella (4.20) (1+20)  (10.60)
Aspergillus niger L.LBS Leli4B LL75  L.15UL LeU13
(BLe3L) (32.6L) (32.70) (14.50) (1C.6L)
Fusarium moniliforme L.L11 LebLUJ - L+169 LeLLB
(10.20) (3.47) (18.30) (5.21)
Penicillium L.L38 LelLY Lal22 L«28L LelL13
chrysogenum (19620) (9.10)  (2L.8L) (24.4L) (10C.60)
Trichoderma yiride Le22 L0032 D.(52 (el 75 C.C99
(15.9L) (19.9C) (28.1C) (9.10) (30.50)
Verticillium SPe 0.009 0.007 00010 0.095 -
(7.70)  (7.00) (8.20) (9.90)
Black sterile 0.005 - - - 0.006
mycelia (2.10) (5.21)
White sterile 0.006 0.006 - - -
mycelia (2.30) (5.80)




Table 1.18

Monthly variation of fungal population (par gram dry
so0il) in the scil of jhum land agriculture at

20-30 cm depth during the sampling period of 1982.
Values in the parenthases are percentage relative
abundance.

Months (1982)

Fungl May Jung ____ July Aug. Sept.
Mucor hicmalis - - 0.013 D.037 De012
(2.20) (6.60) (1.20)
Rhizopus nigricans 0.030 D.032 - 0.013 0.012
(15.20) (15.70) (2.20)  (1.20)
Aspargillus flavus - 0.013 - - 0.012
(6.30) (1.20)
_&o niger 00054 00026 00013 00088 0.220
(27+30) (12.50) (2.20) (15.20) (21.40)
Cladosporium - - - - 0.167
herbarum (19.00)
fusarium moniliforme =~ 0.032 0.220 0.062 0.029
(15.70) (20.10) (10.90) (3.60)
Penicillium 0.042 0.039 0.301 0.212. 04120
chrysogenum (21.10) (18.70) (35.94) (36.S0@) (17.86)
Penicillium spe - - 0.013 - 0.095
, (2.20) (14.30)
Trichoderma viride 0.054 0.064 0«135 0.062 0.095
(27.30) (31.20) (24.99) (10.96) (14.30)
Verticillium spe - - 0.058 0.075 0.045
(10.70) (13.10) (5.90)
White sterile 0.018 - 0.006 0.025 -
mycelia (9.00) (1.20)  (4.10)
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Phycomycetes was represented by 11 genera and 12 species. MuQOX
sppe and Rhizopys njgricans were common to all the three fields.
Bythium sps was rarely obtained from the soil of jhum land

agriculture uwhereas thie: species was commonly isolated from the

soils of wvalley land and terrace land agriculturese

The class fungi imperfecti was represented by 13 genera
and 18 species Irichoderms viride and Penicillium chrysogenum
were isolated frequently from all the three fields. Besides,

Aspergillus niger was found to be more abundant in jhum land soil.

Fusarium moniliforme, Geotrichyp spe., Cephalosporium spe. and

Verticillium spe could be isolated occassionally from all the

three fields. Fusarium moniliforme was mostly isolated from the

deeper layer of the soil. Zygorhynchug spe and Paecilomyces sps
could be isolated only from the soil of terrace land agriculture.
Phoma humicola, Endomyces spe and Syncephalastrum spe. uwere

restricted to valley land soil. Blaksslea sp., Lunninghamglla
gchinulata and Gongronella sp. were restricted to e Jhum land

s0il (Tables 1.1-1+18).
Dehydrogenase and Urease Activities and Carbon Dioxide Evolution
of the Soil of three Agricultural 8ystemss

Dehydrogenase and urease activities followed almost a
similar trend of monthly variationse. The activities of both the
enzymes were maximum in the month of June and thereafter it
decrecased (Figse. 2.4, 2.5)« Both the activities decreased with

increasd in depthe.



Fige 2.4 Monthly variation of dehydrogenase enzyme activity of
soil in three different agricultural systems during

the study periods of 1581 and 1682.
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Fige 2.5 Monthly variation of urease enzyme activity of soil
in three different agricultural systems during the

study periocds of 1981 and 1982.
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When correlation co-afficients between the enzyme activi-
ties, fungal and bacterial populations and soil physico-chemical
charactaers were calculated, it was observed that there was no
significant correlation between dehydrogenase activity and fungal
and bacterial populationse. A positive correlation was found
between dehydrogenase activity and soil moisture content in all
the threc agricultural soilse A positive significant correlation
was found between urease activity and bacterial population,
organic carbon, total nitrogen and moisture content in the soil
of valley land and terrace land agriculture, whereas it was not

significant in jhum land soil (Tables 1.20~1.22).

Carbon dioxide evolution wuwas méximum in the month of
July and minimum was observed in the ‘month of September in all
the three agricultural soils (Fige 2.6). Carbon dioxide evolu=~
tion decreased with increase in soil depths. A significant posi-
tive correlation between carbon dioxide evolution, microbial
population and fungal biomess was found in all the three agricul~
tural soils (Tables 1.20-1.22). Moisture content was found to
be positively related with carbon dioxide evolution in the valley

land soil (r=0.866).
DISCUSSION

Quantitative Distribution of Soil Fungal and Bacterial
Populations:

Maximum fungal population was observed in the month of
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Fig. 2.6 Monthly variation of carbon dioxide evolution of soil

in three different agricultural systems during the
study periods of 1981 and 198Z.
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July when the crop exhibited maximum growthe The climatic condi-
tions and availability of substrates at this period seem to
influence favourably the growth and devalopment of the soil
microbes (Wright and Bollen, 1961; Christensen, 1969)e The dis-
tribution of soil microbial population is not determined by a
single environmental factor but by a set of factors like moisture,
temperature, pH and organic carbon (Eiker, 1970a,b; Nazarov, 19703
Dadalauri, 1975; Singh and Charaya, 1975)e Widden and Abitbol
(1980) in their studies concluded that inspite of ths tremendous
spatial variation, significant seasonal variations occurred and
they attributed this due to the changes in temperature. Parkinson
and Balasoorya (1969) in their study of ssasonal and spatial
variation in the fungal population concluded that fungal popula-
tion is more related to the soil moisture content than any other
environmental factors. Saksena (1955), Duwivedi (1966a), Mishra

and Kanaujia (1972) also observed a positive correlation betuwsen
moisture content of soil and fungal population. Ghose and Dutta
(1960, could not find such correlation between moisture content
and fungal population. Jones and Richards (1977) explained the
seasonal variation in bacterial population in terms of tempera-

ture and soil water regime.

However, during the present investigation statistically
no significant correlation was observed between the soil moisture
and soil microbial population and fungal biomass. Increased

availability of substrates due to senescence and death of crop
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plants may be responsible for the post harvest increase in the

microbial population (Alexander, 1978).

Vertical Distribution of 5uil Fungal and bacterial Populations:
Depth=wise decrease in the fungal and bacterial popula-
tions observed in the present study may be attributed to the
various soil factors such as variations in nutrient status at
different depths and also the nature of the crop grown (Balasub-
ramaniam et ale., 1972). Selvaraj and Ramaswami (1978) opined
that moisture regime and soil depth are important factors affec-
ting microbial population and their activity. Similar pattern of
vertical distribution of soil microbes has also been reported
by several workers (Warcup, 1951; Saksena, 1955; Dwivedi, 19663
Nicholas and Parkinson, 1967; Mishra and Kanaujia, 1972; Tyagi,

1973; Deka, 1981).

Fungal Species Distribution in Oifferent Agricultural Systems:
Throughout the study period, mostly similar spectrum of
fungal species were isolated and only a fuw species wers restric-
ted to each of the study sites. The similar type of fungal spe-
cies composition may be due to the similar type of crop grouwne
Several workers have also observed that the composition of
microfungal communities was correlated with the species composi-
tion in the above ground vegetation (Christensen st al.,1962;

Christensen and Whittingham, 1965; Moral and Vanterpool, 1968;
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Christensen, 1969). Slight variations in the fungal flora of the
three agricultural systems at some of the samplings could be
ascribed to the corresponding variations in the soil témperature,

moisture and pH (Mishra and Kanaujia, 1972).

Only a few spacies were found to be dominant and could
be isulated with high percentage relative abundance from cach
of the study sites. This finding is in conformity with the
observation of Bissett and Parkinson (1979) who pointed out that
for a given community only a feow spaciss were quite dominant’
which may strongly affect the environmental conditions for

other spacies.

Martinesz and Ramirez (1979), Deka (1981) observed that
no species ware in any instance confined to a particular horizon.
They stated that the profile grouping were partly the result of
the activity of soil fauna bringing about homogenization of the
species compositiun along the whole profilee In the present study
too, all the species were found to be distributed to all the
depths and no definite pattern in distribution of fungal spuciacs

was observede

Among the fungi, members of Basidiomycetes and Ascomy-
cetes could not be isolated at all. This may be attributed due

to the fast growing nature of the forms like Trichoderma viride,

Pznicillium spp. and lMucor spps which may probably inhibited

the growth of such fungi. Another reason may be that the selec-
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~-tion of media and the method used ware probably not conductive

for their isolation.

Trichoderma viride wes reported by warcup (1951) to be
common in acidic soils which is in agreement with the present
studies. Mishra (1965) alsu isolated this genus repeatedly from
waterlogged acidic soils. Baruah gt al. (1980) also reported the
similar finding. Several workers (Chesters, 1949; Warcup, 1951)
have recorded that Pythium spe show a seasonal distribution,being
more regularly isolated whegn the soil moisture is rclatively highe
fhe similar observation was also made in the present study. The
low moisture content ma} be accounted for the rare isolation of
Pythium spe from the jhum land soil. Trichoderma viride and
Penicillium chrysogenum were repeatedly isolated for the soils
of all the three agricultural systems with high percentage
relative abundancee. The dominance of these species in all the
three agricultural scils may be due to their wide tolerance to
the different extremes of environmental conditionse. Aspergillus,
Penicillium and Jrichoderma are known to thermotolerant species
and these species are reported to dominate fungal flora of the
burnt soils (Tiwari and Rai, 1977; Jalaluddin, 1969; Herman and
Kucera, 1979). Jensen (1931) and Garrett (1956) reported that
Aspergillii. are more abundant in warm regions of the world which
is in conformities with the present study. The low number of
fungal species and their population in jhum land soil may be due

to direct effect of heat killing most of the propagules and
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allowing only thermotolerant species to survive therein and also

due to reduced nutrient status and moisture condition.

Dehydrogenase and Urease Activities and Carbon Dioxide Evolutions
Soil rich in microbial population harboured maximum
enzyme activities which clearly depicts the relatienship betucen
the two. However, the monthly veriation in the microbial popula-
tion due to season, crop age and changes in the physico~chemical
characters of the soil arse not simultansously reflected in the
changed enzymatic activities. There may be a lag between the
physico -chemical changes and their corresponding changes in
microbial populationgcand their activities. Statistically no
correlation betuween dehydrogenase activity and total microbial
population of the soil was observed. 1t could be suggaested that'
two para:meters are governad by different environmental factorse
Several workers (Stevenson, 1959,1962; Hirte, 1963; Gilot and
Dommerguss, 1967; Ross, 1973; Das, 1980; Dcka, 1981) also could
not corrulate dehydrogenese activity and bacterial numberse. As
dehydrogenase activity depends partly upon the metabolic activity
of the soil microorganisms (Stevenson, 1962; Paterson, 1967),
it is not surprising that its value in different soils does not
always reflect the total numbers of viable organisms isolated on
a particular mediume. On the other hand a significent positive
correlation was obscrved between dehydrogenase activity and

moisture content. Ross and Robarts (1970) also found significant
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positive correlation between dshyJrogenase activity and soil
moisture content. It seems that the increascd moisture stimulated
directly the microbial activity.

Both dehydrogenase and urease enzyme activities in the
soils were higher during the growing period of the cr;p plants
(Figse 2.4, 2.5)s This may be attributed to the continual addi-
tion of enzyme released from the plant roots (Skujins, 1967) and

also due to associated microorganisms (Paulson and Kurtz, 1969;

Speir and Ross, 1978).

With increasce in org2nic carbon content enzyme activities
increased,Speir (1977), Beri et al.. (1978) and Ojeniyi (1980)
reported that soil urease activity was largely controlled by the
organic carbon status of the various soilse Dkhar and Mishra
(1983) found positive correlation between urease activity and
organic carbon and suggested that the organic carbon content may
be accounted for most of the variations in soil urease activitye.
Dolal (1975, and Tabatabai (1977) also showed that urease activity

was significantly correlated with organic carbon.

The microbial activities of the soil decreased with
increase in depth - - = Tate (1979). The decrease in enzyme
activities suggested that microbial activity was inhibited by
unfavourable environmental conditions prevailing in the deeper

region of the soil (Duxbury and Tate, 1981). Low microbial
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population in the deeper soils may also be responsible for lesser

microbial activities in deeper layer.

AR significant positive correlation between carbon dioxide
evolution, microbial population and fungal biomass was found in
the suils of all the agricultural systems (Tables 1.20-1.22). It
appears that the microorganisms are the most important contri-
butor towards the C02 evolution..CD2 evolution was maximum in
valley land souil (Fige 2.6), the higher rate reflects the favour-
able effect of soil moisture and modetate temperature on micro-
bial activity (Gupta and Singh, 1981). Tesarova and Gloser (1976)
have shown that soil moisture content was of paramount importance

in controlling the CO, evolution from soil. Witkamp (196&) and

2
and Andarson (1973) have indicated that temperature exerts a
decisive influence on CO2 metabolism of the scil. Similar result

was observed in the soil of jhum land while same was not true

in the other two agricultural landse

Results of the prssent study demonstrate that enzyme
activity is nutrient and moisture dependente. Socil moisture and
temperature are important factors in governing the respiratory
activity of maize field soils. The valley land agricultural
system always harboured higher rates of 002 evolution, microbisal
population and fungal biomass, most possibly due to higher
concentration of nutrients and sufficient availability of soil

moisture. Considering enzyme activitizs, CO2 evolution and
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heterotrophic microbial population estimates as & nutrient
release ond decomposcer activity function, it appears that the
valley land agriculture is more stable and sclf sustainable. On
the other hand, the terrace land and the jhum land agricultural

systams seem to be fragilee.



CHAPTER III

MICROBIAL DECOMPOSITION OF MAIZE LEAF,
STEM AND ROOT LITTERS UNDER FIELD AND
LABORATORY CONDITIONS
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INTRODUCTION

In most teprestrial ecosystems, the amount of organic
matter in thé s0il remains at a relatively constant level fyom
one year to another. This results frem the counterbalance of tuwo
converse actions: one is annual litter fall and annual death of
roots, and the other is microbial decomposition of these litters.
Satchell (1971) defined decomposition as the enzymatic oxidation
of chemically complex woody plant materials by microorganisms,
to more simple compounds and nutrients that become part of the
soil. During decomposition many complex interactions, transforma-
tions and syntheses occur. Thus, at any one time the soil environ-
ment could contain .. a vast variety of chemical compounds, many
of which could affect plants in many different uwayse. Plant
residues and their decomposition. products are involved in
virtually all biochemical processas taking place in the soil,

and most of these affact plant gither directly or indirectly.

The role of microorganisms in the decomposition of plant
material is of immens: importance. As the plant materials fall
on the ground, they are immediately attacked by various groups
of soil microorganisms and soon after, the process of decomposi-
tion is initiated. The microbes are primarily responsible for
the release of various nutrients locked up in the plant tissucs

which in turn ars utilised by other organisms. Fungi, being
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haterotrophic in their mode of nutrition, @long with becterio ar:z
r2sponsible for the decay processes and thereby releasing locked
up nutrients from the dead bodies of plants «nd enimals. In tha
process of decomposition, fungi by the peculiarities of their
physical organizations sre specislly effactive in attacking hard

and woody partse.

In any zcosystem, the microfungal population associasted
with the decomposiéion procass is controlled hy the environmental
factors in which the plant is grouing and also by the nature of
plant parts involvad (Garrett, 1563; Witkamp, 1963; Bakshi and
Fokkema, 1976,1877; Alexander, 1978; MaclLean and Wain, 1978;
Edmonds, 1979). It has been suggested that the residues of the
young materials decompose more readily due to their high carbo-
hydrate and low lignin content, housver, the residuss formed
from the old-growth timber are relatively resistant to decay.
During the process of decomposition various compounds are
released and become involved in biological interactions. These
compounds may either have toxic or stimulating effects on

microotvganisms or thera could also be no apparent effect at all.

Litter is also attacked by mites, other microfauna and
by various microflora at first and readily utilizable materisls
are decomposed into carbon dioxide, water and minerals. Interme-
diate organic compound metabolites (sugar, amino acids etc.) are
partly assimilated by microbes. The ‘role of microorganisms in

the conversion of cellulose into simpls carbohydrates has
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received'sufficient attention. Thare is,however,a growing
concern over the residues which result from agricultural wastes.
The microbiological decomposition of cellulose and feormation

of humus is also one of the major procasses maintaining the

spil fertility. The rate of decomposition and the substances
released may be affected by change in the nature of the soil
environment by agricultural practices. A point which generally
strikes to the biologist is whether the process of decaying may
be accelerated. As microorganisms play an important role in
decomposition of agricultural wastes, the selection and use of
proper organisms after experimentation, is being taken up. In a
consideration of the decomposition of crop resudues, however,
the underground parts of the plant should not be forgotten since
they provide energy and nutrients to support the growth of
organisms such as earthworms, fungi and bacteria, that can
themselves improve sgil structure or strengthen and thus preserve

desirable soil aggregates.

The increased interest in the role of microorganisms in
nutrient and energy flow relationships in natural as uwell as
manmanipulated environments has emphasized the need of the
studies related to litter decomposition. In the process of
decomposition microbial attack is the most important and the
process becomes further complicated since large variety of micro-
organisms are inveolved in the process. To understand this
complex phenomenon it is logically important to evaluate the role

of the most important groups of organisms, their succession and
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natural influence.

fields in the
Addition of organic materials to the agricultural/?orm

of crop residues contributes significantly towards maintenance
Jf the soil fertility. Maize is one of the most important
agricultural crop of North-Eastern India. A large amount of
maize litter is left in the ficlds after harvest. Detailed
study on the rate of decomposition, microbial populations and
chemistry changes during decomposition of meize litter in field
and laboratory condition is lacking. Keeping this in view, the
present investigation was undertaken to better understand the

subjecte.

Present chapter deals with the studies on rate of
decomposition, chemistry change and microorganisms associated
with decomposing maize litters under fiecld condition. Role of
certain dominant fungal species in the process of maize litter

decomposition has been studied under laboratory coundition-.
REVIEW ub LITERATURE

Studies of decomposition of plant leaf litter on the
forest floor and crop debris in the agricultural fields are
important for an understanding of soil fertility affecting both
the physical structure of the soil and its nutrient status. In
addition, the study of crop residues @and their decomposition has

been vigorously pursued with a8 view to the biological control
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of plant pathogenic organisms found on the crop debris and in the
soil. Last (1955, put forth his view that perhaps the litter is
an admixture of propagules persisting from the phylloplane flora
when the lsaves were functional units and these species weare

capable of colonizing and decomposing the litter.

There has been a number of studies concerned with the
decomposition of above-ground parts of various plant species.
However, the underground parts of the plant should not be ignored
since they influence the composition and activity of the soil
microflora and fauna and thus affect the rate of decomposition.
Waid (1957) while studying the distribution of rye gress roots,
pointed out that the most active population originated from the
surface of intact roots and the primary colonisers wzre fungi
with 2 low degree of competitive saprophytic ability whereas
secondary colonisers possessed @ high degree of competitive

saprophytic ability.

The rate of litter decomposition is regulated by different
environmental factors. Pugh (1958) studied the leaf litter decom-
position of Carex paniculata L. and recorded the changes in the
fungal flora as decomposition proceeded. He suggested that fhe
temperature and moisture content of leaf litter were the main
factors that influence the seasonal activities of microbes
during the decomposition process. Douglas and Tedrow (1959)
investigated the decomposition of organic matter in the field in

the arctic soils using an evolved CD2 technique. They found that
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temperature, moisture potential and soil type influenced the
rate of decomposition. Mikolea (1960) noted thet tempercture uss
the most important factor regulating the litter decomposition

rate, since reinfall was evenly distributed throughout the year.

Garrett (1963) stated that succession of fungi is
regulated mainly by the nature of carbon substrate available to
the microorganisms during the decay. He further putforth his
view that the amount of nitrogen content is probably the most

important factor limiting decomposition.

Caldwell (1963) has provided an account of the fungal
flora associatad with decomposing beach leaf litter in soil. He
observed some of the commonest fungi from the earliest to the
latest stages of decomposition with a little change in their

frequency.

Das (1963) while studying the successional pattern of
fungl on roots of Oryza sativa distinguished thrve groups of
fungi colonizing one after the other depending on the‘different
grouth stagese In the early stages of growth,specics of

Aspergillus and Penicillium are common isolates but specialized

root inhabitamts like Thielavia azpgulata and Humicola sp. occur

dominantly on mature roots. Trichoderma virids and Cephalosporium

spe. become prominent only on dead and decomposing roots left in

the field after harvesting.

Witkamp (1963) observed that fungal and bacterial popyla=-
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tions are positively correlated with the rate of litter breakdown.
He also noted that temperature, moisture and stage of litter
decay effectively controlled the microbial population and rate

of litter breakdoun.

Little is known about the distribution of bacteria on
decomposi::ng roots. Stenina (1964) sampled the bacterial popula-
tions that developed on a mixture of Phleum and Trifolium roots
enclosed within thin glass bags buried in soil. He observed
that the bacterial population increased in number to reach a
maximum between the 30th and 60th day of burial and declined
thereafter. He reported that there is a correlation betuween

number of bacteria present and the rate at which the rcots were

decomposed.

Sokolov and Karpova (1965) studied decomposition, humifi-
cation and mineralization in a mixed pine forest podsole. They
found thmat the first substances to be decomposed were the water-
soluble alcohol and benzene extractives such as starch, hemi-
celluloses and amin@ acids in organic residues and lignin uwas

the last to be decomposed.

Macauley and Thrower (1966) while studying the guccession

of fungi on the leaf litter of Eucalyptus reqnans recognized five

groups of fungi. They observed that species of. coleomycetes and
some moniliales were the important initial colonizers nn the

litter whereas the species of Penicillium and Mucorales appeared
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at later stages of decomposition. They further indicated that
the fungi capable of utilizing cellulose or pectin are the

important early colonizers.

Smith (1966) while studying the decomposition of three

plants, maize (Zea mays L.), wheat (Triticum aestivum L.) and

soyabean (Glycing max L Merr.) observed that root decomposed

more slouwly than leaf ¢r stalk tissus. His results indicated

the relatively greater resistance of roots to decomposition even
when they have been ground to very small fragments. He showed
that this resistance was not due to a lack of nitrogen in the
root tissue. Perhaps the relative distribution and proportion of
resistant carbonaceons materials in roots confered upon them

this resistance to biological breakdown.

Heal et al. (1967) studied the litter decomposition in
antarectic soil and reported that the slou decomposition rate is

due to low temperatures and a restricted growing season.

Rai (1973) studied the mycofloral succession on decaying

leaves of Saccharum munja and recognised three groups on the
basis of sporing periods of funyi. He. reported considerable
variation in the quality and guantity of fungi situated at
various nodes of the plants. Further, he concluded that the
succession of fungi on decaying leaves seems to be governed by
their competitive saprophytic as well as cellulolytic ability,

moisture content of the substrate, temperature and relative
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humidity of the atmosphere, inter-competition between fungi and

nutritional variation in substrates.

The removal of above ground vegetation and soil fauna
also sgems to have some affect on the leaf litter decomposition.
Study of Likens gt al. (1970) has shown that the removal of
forest vegetation increased the decomposition which in turn
enhanced the nutrient availability to the soil mycoflora. Edwards
et al. (1970) shouwed ample evidence of the role of soil fauna

and their involvement in litter decomposition in terrestial

habitatse.

Ivarson (1973) observed that the rate of decomposition
increased with the increase in temperaturs. Malone and Reichle
(1973) showed that shoot litter decompossd more rapidly than
the roots suggesting that the latter are tougher than shoots. He
found that fragmentation by soil animals accelerates the decompo-

sition by microorganismse

Recently much attention has been paid to the techniques
devised for studying the rate of decomposition of different
types of plant litter in varying climetic conditions (Howard and
Howard, 1974; Jensen, 1974). Williamcand Gray (1974) reported
that litter decomposition may be regqulated by a combination of
factors including the physico-chemical properties of the

substrate and the extermal environmante.

Heal and French (1974) suggestced that high decomposition
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rates in the first year after litter accumulation arec mainly due

to leaching effects and not due to biological activity.

Temperature, moisture, soil reaction and the amount and
availability of nutritional components affict the biological
activity and consequently, the rate and direction of transforma-
tion of the organic substances in the soil (Hoflich, 1975).
Parnas (1975) concluded that the rate of dacomposition of any

substrate is proportional to the growth-rate of its decomposers.

Martyniuk and Myskow (1976) found the highaest number of
bacteria and actinomycetes in the first month of decomposition of
plant material and fungi developed more intensively in the later

period.

Brinson (1977) hes suggested that both temperature and
moisture were important factors controlling the decomposition
rata. Laurey (1977) stated that an important fzctor which may
influsnce early stages of dccomposition in cthe bare area is the
degree of exposure. He obsgrved that a2n exposed soil surface
affords less favourable conditions for colonization and growth
of microorganisms than shaded. He further stated that a bare
soil surface alsoc supplies less energy for the support of

microbial populationse

Alexander (1978) stated that as the decompasition
proceeds, hemicellulose and cellulose disappear whereas lignin

like materials remain. He observed that during decomposition
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hemicellulose disappeared a8t @ more rapid rate than the cellulose.
He further stated that as the plant materisls are decomposed by
fungi, a variety of organic constituents @re released which
provide substrate for the succession of ecological groups of
fungi, each organism or group of organisms altering the organic
const{}uents until complete decomposition occurs. Subsequently,
he suggested that such organic constituents serve as the basis
for categorising the fungi into different ecological groupss

He further reported that decomposition of plant materials is

influenced by soil pHe.

Mishra (1979) reported that the distribution pattern
of the fungal species on and within the decomposing roots,
besides a number of other factors, is regulated by the enzymatic

activities of the fungi.

Kanazawa and Yoneyama (1980) investigated the decay of
rice residues under both flooded and upland soil conditions. They
reported that carbon loss from the soils amended with rice
res idues and decrease in the ueight of total plant debris
proceeded at a rapid speed in the early periods and then at a
slow speed in the subsequent periods under both flooded and

upland soil conditionse.

Antheunisse (1981) studied the influence of pH, tempera-
ture and organic matter on the degradation of the lignin-

cellulose complex of coconut fibres. He found that the quick and
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total decay of the coir wrapper around drain pipes seems to be
caused by Basidiomycetes only, however, many fungi belonging to
Deuteromycetes and Ascomyceies and bacteric were isoclated from

partly descayed coir.

Harper and Lynch (1981) while studying the chemical
components and decomposition of wheat straw pbserved that
internodes have more cellulose and less water soluble fractions
than the leaves and the nodes. Lignin and hemicellulose contents
are almost similar. The leaves and nodes of wheat strau lose
wveight more rapidly than the internodes during the early stages

of 2ercobic decompositione.

Moustafa and Sharkas (1982) investigated the fungi
associated with celluloée decompos ition in the tidal mud-flats
of Kuwait. They found no coincidence betwean the frequency of
occurrence and cellulytic ability of fungal species. They
suggested that the high frequency of any fungus do not imply
that the fungus is an active cellulose decomposer in the soil
and similarly low frequency fungi are not necessarily ueak

decomposers.

Knapp gt al. (1983) while studying the microbial
respiration and grouwth during the decomposition of wheat straw
observed that increasing rates of nitrogen did not apprecisbly
increase the overall decomposition rates of crop residues and

the stimulatory effect of nitrogen on the mineralization of
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straw residues is shown to be nonuniform over time. Finally,

they postulated that the turnover of substrate and of wicrobislly
associated organic nitrogen results in significant decomposition
of crop residues even under presumably nitrogen deficient

condition.

MATERIALS AND METHODS

The study regarding decomposition of litters (leaf, stem,
and root) of maize (Zoa mays L.) plants was carried out under

field and laboratory conditions.

In the field decomposition study, the following parameters

were taken into accounte.

1. Rate of litter decomposition,

2. Population dynamics of litter microflora (Fungi and bacteria),
pH and moisture contents of the litters,

3« Changes in cellulose, hemicellulese, lignin, sugar and amino

acid contents of the litters.

1. Rate of Litter Decompositions

Litter bag technique (Bocock et al., 1960) was applied
to study the rate of litter decomposition of maize in the field.
Different parts i.ec. leaf, stem, and root of maize plant were
collected from the field and clesned and oven-dried at 60°C till
the constant uecight was recorded. Plastic bags were prepared

into 20 cm size having 2 mesh size of 1.0 mme. Each bag was filled
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with 10.0 grams of oven-driecd litter and was closed by folding
over the open end and stitched. The bags, containing lsaf and
stem litters separately were placad randomly in the fizld while
thosz containing root litter were buriad under the soil (5.0 cm
deep) in the same field on November 15, 1981. The litter in the
bags wss then sllowed to decomposce. The samplings wer:s done at
monthly interval for 2 period of saven months. On each sampling
date fivz replicate bags of each type of litter wera collacted
aseptically in sterilized polythene bags and were brought to the
laboratory to measurce the loss in dry weight and for the analysis
of microbial population of the littere. Of the five litter bags,
one was used for microbial analysis and one for the pH and mois-
ture content of decomposing litter. The remaining three littar
bags were made open and from cach bay, litter was carefully
separated, cleaned from any adhering soil particles and was
allowed to dry in a hot air oven at a temperature of 60°C until
@ constant dry weight was cbtainsde. The percentage weight loss
of litter was calculatad on the basis of oven dry weight of the

samplae.

2. Population Dynamics of Litter Decomposition:

The aim of this study was to svaluate the succession
of microflora during the litter decompositions The assessment
of litter microflora was dona mostly on the same day of collgc-

tion. Occasionally, the bags waere stored overnight in the freeze
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at 4°C when the processing could not be complated on the same

day {(Ruscoe, 1971).

Isolation of Microfloras
Dilution plate method (Waksman, 1922) was followed for

the ostimation of fungal and bacterial populations assocciated
with the decomposing litterse. 0One gram of litter was cut into

1.0 cm wide strips using sterilized scissors and introducad into
a 250 ml sterilized conical flask containing 100 ml of sterilized
distilled watere Littoer suspension of 1:100 dilution was prepared.
The flask was thoroughly shaken for fifteen minutes for homoge-
nizing the suspension. 10 ml of the suspension was then tran-

sferred aseptically by means of a sterilized 10 ml pipette to
anuvther 250 ml sterilized conical flask containing 90 ml of
sterilized distilled water to get a suspension of 1:1000 dilu-
tione The procuss was repeated once mure to get a suspension of
110000 dilutione. 121000 and 1:10000 dilutions were found suita-
ble for isolation of fungi and bacteria respectively. Isolation
of fungi and bacteria was done using Ros:e Bengal Agar (Martin,
1950) and Nutrient Agar media (Johnson and Curl,1972)

respectivelye.

Litter suspension of 0.5 ml was transferred assptically
from 131000 and 1:10000 dilutions into sach of sterilised Petri
dishes containing 10-15 ml of cooled solidifiesd Rose Bzangal

Agar and Nutriant Agar media for the isoclation of fungi and
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bacteria ruspectively. The Petri dishes were rotated gently with
hand so that the inoculum was dispersed uniformly over the
surface of the agar media. Threa replicetes were maintained for
each sample. In cach case separate stoerile pipettes ware used
for trersferring the litter suspensione The isvlation was carried
out in a "Laminar flow Chember". Inoculated Petri dishes of fungi
and bacteria were incubated upside down at temperatures of 25°¢
for five days in BOOD incubator and 30°C for 24 hours in a
bacteriolcgical incubator respectivelye. The total numbers of
fungi and bacteria per gram dry litter were calculated by taking
into consideration of muisture content and dilution of the
litter. Idantification of microfungi wes done by following the
and Hunter
manuals of Gilman (1556,, Subramanian (1971) and Barnett L1672
Only the guantitative estimation was done in case of bacteria
and no attempt was made to identify them. Cumposition of diffe-
rent media used for the isclation of litter microflora is given

in Chapter 1I.

pH and Moisture Content of Litter:

pH of the decomposing litters was determined with the
help of a digital pH meter and moisture content was estimatad

by drying the litters in oven at 60°C for 24 hours.

3. Quantitative Estimaticn of Cellulose, Hemicezllulose and
Lignin:

Cellulosae, hemicellulosc and lignin contents of the
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decomposed litters were estimated by the method described by

Peach and Tracey (1955).

A litter pouwder of 0.3 g from each harvest uas separately
treated with 20 ml of 25k agueous potassium hydroxide (KOH)
solution (U/V) and kept for twelve hours at room temparature.
In each case, the samples were centrifuged at 3000 rpm for ten
minutes. The decant obtained from each sample was used for
detection of hemicellulose. The residue left at the end of the
digestion was washed saveral times in distilled water till the
last trace of KOH was removed. It was thaen dried in a hot air
oven at 60°C for 24 hours, cooled to room temperature over anhy-
drous calcium chloride in a desiccator and was weighed. The

amount so obtained was designated as total cellulose.

The decant of cach sample was collected and neutralized
with equal amount of glacial acetic acid and 2thanol. The preci-
pitate developed was filtered, washed, dricd and weighed. The

amount so obtained was accounted for total hemicellulosece.
7

For the estimation of lignin, 0.3 g of dried powdered
litter wes taken in a tist tube and treated with 22% sulphuric.
acid (AR) (HZSDa)’ and kept in a deep fraeeze for 24 hours, this
mixture was centrifuged and decanted out. The clear solution
obtained was discarded, whereas, the residue was washed many

times to remove the traces of H 804 present. It was then dried

2
and weighed. The amount sc obtained was accounted as lignin
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component of the litter.

Guantitative Estimation of Total Sugar and Amino Acid:

Methods described by Mahadevan and Sridhar (1982) ware
followed for the estimation of sugar and amino acid. 0.3 g of
dried powdered litter was weighad out into atest tube and treated
with 15 ml of 80% ethyl alcohol.0gcasionally, when any colour
developed, it was treated with activated charcoal and centri-
fuged at 6000 rpm. The solution was then filteresd through a
Whatman No. 1 filter papere. The clear filtrate was boiled on a
hot water bath to remove the last trace of alcohol and then
distilled water was added to the test&uba to make the volume
upto 5 ml. To 3 ml of this solution, 6 ml of anthrone reagent

(C-4% in H,S0,) uas added gently to the teséﬁube from the side

2
while the test&ube was kept in a icecold water. The tes%tubes
wer: gently shaken and warmad on a hot water bath for feu
minutes till the green colour devceclopede. The optical density of
the filtrate was read in a Spactro photo meter at 610 nm.Stan-~
dard curve was prepared from transmittance of varying concaentra-
tion of glucose solution treated with anthrone reagent as
described for the samplas. From the standard curve the values

of the total suger of the samples uwere calculated and sxpressad

in mg/g dry uweight of the samples.

To the rest of the 2 ml solution, 2.5 ml of ninhydrin

citrate buffer solution was added. The mixture was then placed
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on 8 hot water bath for half an houre AR light purple colour
developaed and coptical density of the solution was read at 540 nm
-~ in a spectro photo meter. Standard curve was prepared from

the transmittance of the varying concentration of laucine solu=-

tion treated with ninhydrin citrate buffer solutione From the

standard curve the values of the total amino%cid of the samplas
were calculatzd and expressed in mg/g dry wsight of the sample.

The 2stimation in cach casc was dong in triplicates.

Decomposition Under Laboratory Condition:
This experiment was carried out by selecting a few known
fungi to assass their roules in litter decomposition under labora-

tory condition.

Two grams of oven dried maize litter of leaf, stem and
root were introduced into 500 ml of conical flasks which were
plugged properly with cottone. The litter was moistensed with 20
ml of distilled water and sterilized by autoclaving at 15 1lb

pressure for 15 minutase

Pure cultures of few selected, dominant litter fungi
were maintained on Czapck Dox Agar medium (Raper and Thom, 1949).
The composition of the madium was as belouw:

Agar ®© 0 0090 0000eNReEsEGEODOCEOCOESIES TS 1500 g

NaNDZ 06 #0000 e e 0DENGEGEGSEGIESEGEOOTSEES 300 g

K2Hp04 0O © 6 9 000 P Ce 8o 80Pt se e 1009
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Mgso 7H0 00e ce s esse tacsacse oo 0.59

4 2
KCI 9 00008 5006009 80000000 0059
F6804 ® 9 0 060868008 &0 00080 0 00 e 10.0 mg
SUCIDSB ® 08 ® &0 060 64 09 ° 00 0G0 oO0e SN 30009

Distilled water ecessscacconseess 10000 ml

Trichoderma viride and Absidia glauca were selected as

test fungi for determining their efficiency for the decomposi-
tione 20 blocks of 5 mm diameter waere cut out with the help of

a strilized cork=borer from the periphery of 7 days old cultures
of the fungi which were transferred to the flasks containing
sterilized littere In case of mixoed inoculum, 10 blucks of each
fungi were introduced into the flaskss In the control sets only
the aga; blocks were put (without fungij. The flasks were shakan
nicely to mix the agar blocks with the 1litter. All assptic
measures were taken during inoculation. The flasks were then
incubated in a BOD incubator at 25110C. Three replicates were
maintained for each set of fungi and the harvesting was done at
monthly intarval for the first two munths and subsequently at
bimonthly intervals. Whenever necessary, required amount of
sterilized distilled water was poured to maintain the moisture
level. After harvesting, the litters were dried in a hot air
oven at a temperature of 60°C untill a constant weight was recor-
ded. The percentage wgight loss of litter was calculated on the

basis of oven dry weight of the samplese.
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The decomposed litters were kept for the analyses of

cellulose, hemicellulose, lignin, sugar and amino acid.

RESULTS

Decomposition Under Field Condition

Rate of Decomposition of Maize Residues:

Thé rote of breakdown of leaf, stem and root litters was
slow during the early stages of decomposition (during winter)
and increasced slowly thereafter. Maximum rate was observed in
leaf followed by stem and rcot (Figs 3.12). During the present
study when the exponential decay model (Olsom, 1963) was applied
it was .found that while in leaf the 95k life was 1578.9 days,
in stem if was 1764.7 days and in root it may prolong upto

2000.0 days (Table 2.15)

Quantitative Estimetion of Fungi and Bacteria in Decomposing
Maize Roesiduess

The fungal population asspciated with the decomposing
leaf, stem and root litters wes minimum on first sampling datc.
It attained the maximum peak in the month of April in casc of
leaf and root and exhibited a decreassing trend thereafter,
whereas in cese of stem the maximum fungal population was
observed in the month of May after which ;t daclined to a lowu

lavel (Fig. 3.2a).



Figs 3.1 (a) Pcrcentage weight remaining of maize leaf, stem
and root after variocus periods of decomposition

under field condition.

(b) Percentage weight remaining of meize leaf after

various periods of decomposition by Irichoderma

viride, Absidia glaucz and mixed culture of

JT. viride and A. glayca under laboratory condition.

(c) Percentage weight remaining of meize stem after

various periods of decomposition by Irichoderma

viride, Absidia glauyca and mixed culture of

J. viride and A. glauca under laboratory condition.

(d) Percentage weight remeining of maize root after

various periocds of decomposition by Irichoderma

viride, Abgidia glayca and mixed culture of

J. yiride end A. glauca under leboratory condition.
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Fige 3.2 (@) Fungal population of decomposing maize leaf, stem

and root under field conditione.

(b) Bacterizl population of decomposing maize leaf,

stem and root under field condition.
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bacterial population of the decoumposing litters also
gxhibjited more or less similar pattern a8 that of fungal pupula-
tiones It was minimum during the carly stages of decomposition.
The population reached to its maximum in thz month of April in
all the litters and thereaftor dropped to quite a3 low level in
case of leaf, wherzes in case of stem and root & slight increase

was obscrved at the last sampling pariod (Fig. 3.2b)e

Qualitative Estimation of Fungi:

Qualitatively there was not much difference in the
fungal- species isolated from leaf, stem and root litters. A
total of 17 fungal species was isolated from leaf, stem and root
litters of which 6 belonged to the class Phycomycetes, 9 to
Fungd imperfecti and 2 belonged to tiycslia sterilia. Higher
number of fungal species was isulated from the lsaf litter as
compared to the stem and ruot. Among Phycomycetous fungi, fucor

sppey Rhizopus nigricans and Absidia glauca were common to all
the three litters (Tablas 2+1=2.3)

In case of leaf, Penicillium chrysogenum, Agpergillus

niger, Cladosporium herbarum, and Trichodggma yiride were found
to be present on most of the sampling periods (Table 2.1).

Other species, however, occurred sporadically. In cese of stem,

Alternaria altegrnata, Penicillium chrysogenum and Jrichoderma

viride were isolatad - I~ < more frequently (Table 2.2).
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In case of root, Penicillium chrysogenum, Trichoderma viride and

Fusarium moniliforme were dominant fungi (Teble 2.3). From the
tables 2.1=2+3 it is evident thet Jdifferent members of Fungi
imperfecti were found to be dominant at various stages of decom-

position.

Changes in pH and Moisture Content of the Decomposing Maize
Residues:

pH of the decomposing leaf, stem and root litters was
higher at early stages of decomposition. As the decomposition
proceeded pH of all the three typesof litters decreased (Table
2:4).

Moisture content of the decomposing leaf, stem and root
varied with time. At the esrly stages of decomposition (in
winter) the moisture content was very low in all the litters
studied and the values increased and reached to their maximum

at the end of the experiment (Teble 2.4).

Changes in Cellulose, Hemicellulose and Lignin Contents of the
Decomposing Maize Residuess

The amount of cellulose, hemicellulose and lignin
contents was maximum on the first observation date and minimum
at the end of the experiment in all the cases. As the decompo=-
sition praceeded the amount of these components decreasede. The

loss was less at the early stages of docomposition. In case of
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cellulose and hemicellulose, after a slight increment, the value
decreased gradually (Table 2.5). Meximum amount of lignin was
detected in root followed by stem and minimum was found in case
of leaf (Table 2.5). The rate of disappuearance of this component
was much slower than that of cellulose and hemicellulose. After
a slight increment in lignin content at the early stages of
decomposition, the value decreased gradually (Table 2+5). The
amount of all the three components declined at a faster rate

at the later stages of decomposition.

Changes in Amount of Total Sugar and Amino--Acid of Qecomposing
Maize Ruesidues:

The amount of sugar and amino acid was maximum on the
first observation date and minimum at the end of the experimant
in case of leaf, stem and root litters. A slight increment in
sugar and amino-~acid was observed as the decomposition proceedad
and thereafter decreased gradually upto tha end of the

experimant (Table 2.6).

Changes in Total Nitrogen of the Decomposing Maizz Residues:
The nitrogen content (%) of leaf, stem and root varied
with time. Maximum values were recorded after 130 days of
procassing in casc of 1lzaf and stem and minimum was recorded
at the end of the experiment, whereas, in the case of root the

maximum was found after 100 days of processing and minimum
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was at tha and of the experiment (Tablez 2.7). The amount of
nitrogen (%) initially was found to be maximum in lcaf followad

by stem and minimum in case of root (Table 2.7).

Decomposition Under Laboratory Condition

Rate of Decomposition of Maize Residues:

The growth rate of both the tust fungi on tho decomposing
leaf, stem and root was vigorous during the sarly stages of
decomposition and was very feable at the later stages of dscom-
position. The rate of decomposition of leaf, stem and root
coincided with the growth rats of test fungi. It was faster
during the first phase of decomposition and thereafter the rate
of decomposition became slower (Figs. 3.1b,c, d)e« However, when
the 0Olson's (1963) exponential decay model was applied it was
observed that in lgaf the 95k life value ranged from 2500.0 days

for mixed culture of Trichoderme viride and Absidia glauca to

4285.7 days for Re glauca. In ccse of stem the value rangedfrom
5000.0 days for mixed culture of T. viride and A. glauga to
7500.0 days for A. glauca, and in case of root, the values
ranged from 6000.0 days in mixed culture of J. viride and A.

glauca to 15000.0 days for A. glauca (Table 2.16).

Changes in Cellulose, Hemicellulose and Lignin Content of the
Decomposing Maizec Raesidues:

The amount of cellulose, hemicellulose and lignin of
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decomposing leaf, stem and root amended with pure and the mixed
cultures varied in a regular fashion. In all the cases, the
amount of these components was maximum on first sampling date
and minimum at the ond of the exporiment (Tablos2.8-2.10)« In
case of leaf, stem and root, there was a slight increment in
celluluse,hemicellulose and lignin contants at the early stages
of decumposition after which it Jdecreescd gradually. Howawver,
in 211 the cascs, the disappearance of these three components
wds rapid in the set amended with mixed culture of J. yiride

and KA. glauca and minimum in A. glauca.

Changes in Total sugar and Amino Acid of Decumposing Maize
Rusiduas:

The disappearance of thc amount of sugar and amino acid
was faster at the early stages of decomposition and slowed
down at the later stages in all the three typesof litters (Tables
281-2.13)« The maximum loss in sugar was observed in the sets
amended with pave. culture of .~ . A. glauyca and
minimum loss was observed in IT. viride set in cese of leaf,
stem and root (Tables 2aM-2.13). The maximum loss in amino acid
was observed in the sets amended with mixed culture of J. viride

and A. glauca and minimum loss was observed in the set of A.

glauca in leaf | stem and root (Tables 2.11=2.13).
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Changes in Total Nitrogen of Decomposing Maize Residuess

The total nitrogen content of the litters varied signi-
ficantly in all the sets amended with diffarent fungi. In all
the three typesaf litters the total nitrogan content increased
at the early stages of decomposition and decreased at the and

of the exparimant (Table 2.14).
DISCUSSION

The slower rate of decomposition at the zarly stages of
daecomposition (in winter) coincided with the low microbial
population, low moisture content of the litters and low tempera-
ture (Fig. 3.2a,b, Table 2.4,Fig I1). It appears thaﬁ tha environ-
mental factors and season played considerable role on the rate of
decomposition and the growth of microbes. Williams and Gray,
(1974) and Witkamp (19669 also observed similar resultse Basides,
the accumulation of refractory materials like lignin and the
subsequent slower breakdown of the same als® slows the rate of
decompositione The higher ratc of decomposition at the later
stages coinecided with the increase in the populations of fungi
and bacteria (Figs.3.2a2,b). This clearly depicts the relation=-
ship between the twoe. The rate of decomposition was fastest in
leaf which may ba,.at least in part, due to rapid losses of
polysaccharides from the leaf. On the other hand, the higher

amount of lignin in root and stem may contribute to their slow



gven AALS £g6°n 9Z°0 8Z°0 62°N 9z°0 8Z°" Ny n.LE
£G6°0 6E°N 65°N LS*0 8Z*n ce*0 62°0 vg N 9% 9 olg
AL 6£°0 650 6G6°0 LE*N 9¢°0 ceen cve9 £9°0 NSz
£Z°n vZ°*0 68°0 £5°n §5g°0 Zven £9°0 670 LL*n 061l
9¢°0 GL°0 Lt 6940 Z2°0 cveD 158 Ak s15ads 6G°0 ozl
€5°0 95°0 950 7S*0 999 gve0 999 2Z°0 65°0 09
€een 9940 2L 9Z°0 9Z°0 %9°0 6£°0 62°0 £Le0 0%
6Z°0 £€*0 7¥7°0 6Z2°0 UM yv*0 620 15 3 v%°0 TeT3vul
300y M welg M Jeon ﬂipoom M‘Eva m Jeen m 300y m wagsg m Jee m R
3 i ‘ : ‘ 1 i . 1 : (shep)
WAeTs -§ + BT o1 M T5netb STPTSqy w SPYTTA SUTBPOUSTIL m potied

—————

*UOT3ITPUOD AZ0qeIcqel Iepun ToNEID *¥ pue

BPTIIA *1 JO 2In3TNO POXTW PuUc BINEID Brpisqy ¢BPTITh clIBpoOUoTY]

Aq sI933TT 3001 pue wels $jyesr Burscdwosep ur (%) usboIzTu Tejzo) y1L*Z 21g9el



0°000Z 0°Z9% 5L00°0 300y
L*v9LL 9*L0v L100°0 wayg
6°8LSL L*v9g 6100°0 Jed7
(shep) M (sAep) m kep 18d) !

) ] [ ]
BJTT 9456 ! 8dTT 4TeH | N m adAq 183177

]
[} 4 J
] ] $

1)
.

*UOT3TPUOD pPT8T4 Iapun uoTyrsodwoasp

SI833TT 3001 pue wels ‘yed7 8zTew Ioy ssnien
(sAep ut suwr3y 'sn Bututewsx 3ybram abejusoazad)
84TT %56 pue ‘84TT J4TeH (M) juersuocd Aeaadq

GlL*Z 8T1qel



Table 2.16 Decay constant (K), Half life and 95% life
(percentage weight remaining vs time in days)
values for maize leaf, stem and root
decomposition by certain selected fungal
species under laboratory condition.

Litter K Half life 95k life

type Fungal specias (per day) (days) (days)

Leaf Trichoderma viride 0.0010 683.0 30u08.0

Abs idia glauca 0.0007 990.0 4285.7
J. viride + A. glauca 0.0012 577.5 2500.0
Stem Trichoderma viride 0.0005 1386.0 6000.0
Absidia glauca 0.0004 1732.5 7500.0
Je viride + A. glauca 0.0006 1155.0 5000.0
Root Trichoderma virids 0.0003 2310.0 10000.0
Absidia glauca 0.0002 3465.0 15000.0
1. vigide + A. glauca 0.0005 1386.0 6000.0
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rate of decomposition indicating their relatively greater
resistance to decomposition than the leaf (Sinha, 1972), Satchell
(1974} also reported that the high lignin content acts as a
barrier to microorganisms thereby affecting the rate of decompo-
sitione. The faster rate of leaf litter breakdown may be attributed

to the low lignin content (Tablzs 2.5).

Low fungsl and bacterial populations observed during
early stages of decomposition in leaf, stem and root may be,
because of the resistant nature of the maize litters towards the
microbial attack and also duc to unfavourable moisture and
temperature condition prevailing at that time. Further, low
muisture content at the time parhaps did neot favour leaching of
soluble nutrients to support the microbial gruwth. Both the
populations increased after an initial lag phase reaching to
their maximum levels in the month of April when the moisture
content was fairly high thereby helping in the rapid growth of
the microbese. Another reason may be the aveilability of more
soluble sugars and amino acid as thesc two components were lost
at a faster rate at that stage of decompositione. It seems that
release of soluble nutrients from the litter coupled with favour-
able moisture and temperature conditions played an important
role in the growth of microflora during the process of decompo=-

sition.

From the Figse 3¢2a,b it is evident that both fungal and
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bacterial populations after reaching their maximum, declincd
sharply to a quite low level. This may bae accounted to thae exhau-
stion of scluble nutrieﬁts in the furm of soluble sugars and
amino acids and alsu to very high moisture observed during that
period which probably led to a decreese in microbial population
of the decompusing litterse £xcuss moisture results in reduced
aeration which affects the microbial activity adversely (Mikola,
19543 Witkamp, 1966a;Das, 1980). Higher fungal population
associated with the leaf litter may also be ascribed +to the

higher surface area available for the microbial colonization.

Very little differernce in the species composition of
fungi associated with leaf, stem and root suggests that most of
the fungil are non-selective and they can utilise a wide variety

variation
of substrates. Considerable monthly/in the fungal population
noticed throughout the decomposition process may be attributed
to the changes in weather conditions (Holm and Jensen, 1972).
The gradual increase in the microflora obsarved may be due to
the favourable moisture condition and temperature and intensive
activity of fauna which exposed the litter surface for microbial
colonization (Das, 1980). The higher rate of available nitrogen
source might have favoured the faster multiplication of the
microflora during that time. Myskow (1961, 1975) also reported

the similar findings.

pH of the decomposing litters invariably affected the
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growth of fungli during decompusition. Acidic nature uof litters
perhaps favoured the growth of more and more fungi on decomposing

litters at the later stages of deccmposition {(Vas, 1980).

The occurrence of a good number of Phycomycetous fungi
at the =sarly stages of decomposition may be accounted to their
greater affinity towards the simple carbohydrates (Miller, 1974).
Decrease in the Phycomycetous fungi at the later stages could
be attributed to the changed chemistry of the substrate. The
discontinuous occurrence of litter fungi in varying frequencies
may be attributed to certain antagonistic factors, nutrient
status of the decomposing litters and the release of different
substances (Garrett, 1963; Lockwood, 1964). The chemical composi-
tion and the environmental condition of the microhabitats
exercise a broad selective affect upon the kind of microorganisms

that - . oo ... ...colonize the litters.

A major part of the mycoflora was represented by the
members of Fungi imperfecti which played an important role in
the maize litters decomposition (Tables2.1-2.3). The dominance
of this group of fungi is believed to be due to their better
capacity to decompose cellulose (Singh and Charaya,1975).

Trichoderma viride, Aspergillus spp. and Penicillium spp.

appeared abundantly during the process of decomposition. Such
observation may be explained on the basis of faster growth of

these fungi in addition to their better intrinsic capacity to
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utilise the litter (Garrett, 1950). Other fungal species exhibited
lower puercentage of occurrences Rlmost similar set of fungal
species were found to be assuciated with all the litter types
which may be due to similar environmantal conditions and very
little difference in the chemistry of the litterse. Also, it

appuars that most of the fungi were not substrate specific.

The lignin content increased during the course of study.
This-cleerly indicates the slow rate of decay of the component.
Similar increase in lignin content has been reported by Waksman
and Tenney (1927),King and Heath (1967). The accumulation and
slow rate of lignin decomposition has baaen accounted to the
complex chamistry of this component (Tiwari and Mishra, 1983).
It is generally sssumed that decomposition of lignin under
natural condition is carried out exclusively by Basidiomycates
(Lindeberg, 1947; Mikola, 1958; Garrett, 1963; Hering, 1967).

Basidiomycetes are rather slow gruwing organisms and they donot
develop in the loose litter layer. This may be one of the reasons

for slow loss in lignin contente.

Increase in the amount of toutal sugar and aminc acid
during the decomposition study suggests the possibility of the
incorporation of fungal mycelia and small amimals with litter

due to the increased activity of the microbes during the period.

The increase in the nitrogen content during the 1later

stages of decomposition is in accordance with the findings of
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Gilbert and Bocock (1960), Saito (1957), Suberkropp 2t al. (1976)
and Das (1980). This has becn attributed to the immobilization

of nitrogen to the microbial biomass (Iversun, 1973). The lou
nitrogen content at the initial stage in all the litters (Table

2.7) may be due to rapid breakdown of nitrogenous compounds

thereby releasing nitrcgen from the littar (Burgaes, 1967).

Difference in the rate of litter breakdown by the fungal
specius under laboratory condition indicates that the different
fungal species have varying decomposing ability avan under the
identical environmental situations (Figs,3¢1 b,c,dje The differen-
ces in the loss of various plant components by different fungal
species indicate thet the rate of decomposition of an organic
material is closzly linked with the growth rate of the associated
decomposerse The ratec of decomposition of any substrate is gene-
rally proportional to the growth rate of its decomposers

(Parnas, 1975).

The rate of dzcomposition under laboratory condition was
reclatively slouer then that under ficld condition (Figs.3.1a,b,c,
d). This may be primarily due to the total exclusion of decompo-
sar fauna from the litter due to sterilization, limited number
of fungal species and changud physical counditions. The importance
of micro-fauna in Jdacomposing litter has been well documented

by Heath and King (1964) and Anderson (1975).

As regards the loss of various plant compon:nts, different
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fungal species exhibited varied ebility to decompose thesc compo-
nentse The maximum loss of sugar in the s2t amended with A
glauca may b: accounted for its ability of utilising the readily
availabl. sugars, pentasans ctc. by thé fungus (Burges, 1939).

In the present study, the active degradation of cellulose and
hemicellulose by the test fungi probably led to the production

of toxins uwhich perhaps advarsely affected the further grouwth of
the fungi at the later stages of decomposition (Patrick gt al.,

1964; Patrick, 1971).

With the progress of decumposition, more toxic cumpounds
ware perhaps produced due to which the growth of the inoculated
fungi was inhibited. This mzy be attributed for the slow rate
of decomposition at later stages o§ decomposition under

laboratory condition (Figs. 3.1b,c,d).



CHAPTER 1V

STUDIES ON MICROBIAL POPULATIONS AND
THEIR ACTIVITIES OF GUT CONTENTS AND
THE CASTS OF EARTHWORM
IN MAIZE FIELD
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INTRODUCTION

Earthworms exert a beneficial influence on the soil.
They improve aeration, water- retaining capacity, and nutrient
status and =2nhance decomposition by mechanical breakdouwn and
stimulation of microbial activity. They are the chief agents
responsible for the crumb structure and mull formation, typical
of fertile soils. (Satchell, 1967; Edwards and Lofty, 1972).
Knowledge of the food réquirements and digestive capability of
members of soil fauna is essential to understand the decomposi-
tion process of the terrestial ecosystem. In many ecosystems,
such as pastures, cropfields and mull forest soils, the earth-

worms constitute a large percentage of soil faunal biomasse.

The role of carthworms in the suil has been studied for
at least a hundred years, and the physical and chemical trans-
formations brought about by esarthworms has been thoroughly
understood. There are also several references in the literature
stating or assuming a belief that the sarthuworms influence the
soil microflorae Usually, these refereances have reported only

observations on the microflora of soils in which earthworms

were present or absent, without establishing any causal relationship,

On agricultural land, earthuorms are often the most conspicuous

group of soil animals and they constitute from half to three-
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gquarters of the total weight of the fauna. The sarthuworms incor-
porate and help to decompose plant litter and dung wnd their
tunnel making habit helps tu keep soils ogpen and porous. Fungal
mycelium and other microbial tissue in the decaying material
ingested, may be an important constituent of the diet for

garthuormss

Thz rich chemical composition of casts as uwell as the
burrowing and ploughing action of worms are well knouwn, but there
are very feu studies on the microflora in the intestinal tract
of earthworms. The castings of earthworms, which consist largely
of digested soil and particles of organic matter, is more chemi-
cally neutral than the surruvunding soil. So by consuming soil,
processing it, and excreting the remainder as castings, the
garthworms help to keep a field closer to the neutral pH range.
Chemical analyses of earthworm castings show that they can
contain up to two times as much available megnesium, five times
as much available nitrogen, seven times as much available phos-
phorus, and cleven times as much available potassium as the
surrcunding soile. The passage of soil through the earthworm's
gullet also greatly promotes bacterial growthe. In particular,
actinomycetes and bacteriz that create humus, thrive in the
presence of earthworms. The content of actinomycetes in castings

is six to seven times greater than in the original soil.

The present work wes undertaken with a view to study
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the interaction between soil microflcera and carthworm in & maize

field.

REVIEw OF LITERATURE

The influence of carthworms on suil formation and in
changing the structure of agricultural soil has received conside-
rablc cttention, but little hes been published un the effects of
worms on the soil microflora. The pioheer work of Daruiﬁ (1881)
established the importance of earthworms as a major influence

on the fertility of the soile

Bassalik (1913) isolated more than 50 species of bacteria

from the alimentary canal of the earthworm, Lumbricus terrestris.

He found no difference between the type of bacteria isolated
from the gizzard, intestine and casts and those present in the

suil from which they were collected.

Aichberger (1914) observed that no diatoms, blue-green
algee, desmids, yeasts or rhizopods ware fuund alive in the
alimentary canal of the wormgTaylor (1917) and Rathbun (1918)
considered earthworms as disseminating agents for spores of soil

fungi.

Heymons (1923) described the intestine of the worm as
a breeding place for bacteria. Duggeli (1927) reported that
garthworms play a part in spreading bacteria in deeper levels

of the soil. According to Delaunay (1927), bacteria are respon-
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sible for the degradation of urea in the intestinal treoct of

carthwormss

Stockli (1928) found o larger number of microorganisms
presznt in worm casts than in suil. The flure of the canal and
of the surrounding suil was qualitetively similar, but that
there was a great increase in the tutael number of organisms
present in the canal and an increase in the relative proportions

of pectin-splitting fungi.

Thomson (1934) thought that bacteria in the soil are
brought up to the surface in casts and visualisced the pussibility

of the spread of the totenus bacillus through this agancye.

Gianferrari and Cantoni (1936) found a microorganism
resembling the mucous capsulated bacteria and the semi-colour

group, to be regulerly present in Lumbricus terrastris.

Dawson (1947) stated that the number of btacteria uas
reduced by passage throwgh the ¢anal while the number of fungi

remained unaffscted.

Information on the mieroorganisms assaciated with the
Indian earthworm is rare. Kelkar (1949) seems to have been the
only person who did some work in this eonnection at that time.
He observed that the number of bacteria, as seen on nutrient
agar plates was generally less in casts but that the nitrifying

powar of the casts was higher than that of the corresponding
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soils. Suuby (1949) stated that the intestinal bacteria of earth-
worms produce gums which cement the casts into waterstable

aggregates.

Day (1950) found that while the total number of bacteria,
actinomycetes, and fungi was not consistently greater or lesser
in fresh cests of Lumbricus terrestris than in the surrounding
soil, there was a difference in the proportions of species

presente

Russell (1950) pointed out that the microflora present
in the earthworm gut may bring about the breakdoun of organic
matter and thus make the casts richer in plant nutrients. He
further stated that the earthuorm intestine may be the site for
lignin oxidation and humus formativn. He observed that,whilst
passing thruugh the earthworm intestine, nitrifying bacteria
did not undergo any considerable increasc or decrease in numbers,
bacillus cereus var. mycoides, however, underwent slight reduc-

tion in number, while Serrata marcescens was completely killed.

Tracey (1951) reported the existence of cellulase and
chitinase in British earthworms and suggested the possibility of
these enzymes being produced by microorganisms living in their

intestiness.

Ruschmann (1953) and later Schultz and Felber (1956)

were the first to observe the now ganerally known phenomenon



97

that actinomycetes are capable of repid growth in th:e digestive
canal of earthworm, forming theresby an important co-dominant
fracticn in the gut micreobiota of thiss .nimalse. Further, as
implied already by Ruschmann (1953), the largz actinomycstes
population dznsity in the garthuworm's digestive canal may also
considerably influence the specizs compusition of the total gut
bacterial community, above all through the antibiotic activities

of certuin ptreptumyces and Nocardia specices capable of coloni-

zing many micro-habitats of the gut milieu.

The work of Hutchinson and Kamel (1956) has shouwn that
at lecast some fungal spores may survive during their passage
through the alimentary cenal, and that there may be scme diffe-
rential killing of the species of tha original population. It
is also probable that the certhuworms bear o surface contamina-
tion of spores and mycelial fragments, and that such combined
charzacters may make an important factor in fungal dispersal.
They studied the living fungal flora of somz2 typical alimentary
canal of carthworms and the eoffect of the presaence of latter on
the rate of spread of some selected fungi through a sterilized
soil. Their results showed that a substantial number of viable
fungal spores may be isulated from the intestine, including
spacies of both thick-walled and thinewalled spore types. They
further obscrved that rate of spread of fungi through a sterile
soil was much higher when earthworms were present. There is also

report that the comminution of soil aggregates in the gut may
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expose frash surfaces to microbial attack (Rovira and Greacen,

1957)

Parle (1963 a,b, found mure organisms in the gut or

casts of Europeazn sarthuworms than in ths surrounding soilse

The enrichment of carthworm casts in essential plant
nutrients such as N,P,K Ca, and Mg has been demonstrated by
several workers (Lunt and Jacobscon, 1944; Parle, 1963 b; Graff,
1970). Studies hsve also indicated that the amount of available
P in earthworm casts is greater than that in underlying soil
(Barley, 1961; Gupta and Sakal 1967; Graff, 1970; Vimmsrstedt

and Finney, 1973).

Dash and Cragg (1972) working on Enchytragidae, Mitchell
ard Parkinson (1976) and McMillan (1976) working on micro
arthropods have shoun that they graze over soil microfungi and
show prefaerence for some spacies of fungi as their food. Earth-
worms are also utilized as decomposers for some industrial wastes

in Japan (watanabe and Tsukamoto, 1976).

In @ racent study, Dash and Patra (1977, have shoun that
garthworms utilise abuut 14% of thae total energy input into the
decompuser system of & truopical grassland and this further
emphasises the importances of earthwurms in the ecosystem
functions. Dash (1978) recommended the use of earthworms along

with organic manures as a subgtitute for costly inorganic
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fertilizers. Grazing of the zarthworms over the soil microflora
enhances tha growth of microflera in soil (Dash et al.,1979).
Informations on the fungi causing discas: and decomposition of
earthworm tissues are lacking and the role of parasite fungi on
the regulatiun of earthworm populatiun is not understoode. Dash
et al. (1979) studied the fungal feeding by a tropical earthworm.
They reported that carthwurms are unable to utilise antibiotic
producing microorganisms or having spores with thick layered

spore coats.

Sharplay et al. (1979) reported that the total loss of
P and N was substantially increased when the production of earth-
worm casts was eliminated. They also indicatad the importance
of carthworms in improving the drainage characteristics of

surface soilse.

Abbott and Parker (1981) studied the effoct of food
quantity and quality on the biomass of earthworms, and the
influence of earthworms on plant growth and infiltration of
water into suvile. They observed that certhworms with more food
gainad weight faster than those with little or no supplementary

food.

Edwards and Lofty (1982, while studying the offeect of
nitrogenuus fertilizers on earthworm population in agricultural
suils fuund positive correlation betueen amounts of inorganic

nitrogen applied and populetion of carthworms. Mackay gt al,
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(1985) suggested that burrowing and casting of the earthworms
increase the availability of phosphorus te the plants.
MATERIALS AND MITHODS

The presant study was carried out in a maize field. The

common earthwcrm found in the field was Amynthas diffringens

(Baira; belunging to Family rlegascolecidae. Collection uf earth-
worms was done from the first week of May when ths maize seed-

lings were coming out and continued upto the post harvest period
i.2. upto the month of Saptember. oamplings were donhe at 10 days

intarvalss

Estimation @f Fungi, Bacteria and Actinomycetes Populations of
Earthworm Gut Contents and the Casts:

Five large worms (12.Dem approximately) were brought to
the laboratory, cleaned thoroughly with sterilized distilled
water and each worm was cu. into three pa.ts- anterior (upto
1.0-4.0cm), middle (from 4.0-8 .0cm) and posterior (from 8 .0-
12.0cm) using sterilized scissore The qut contents of different
ragions were 1lnoculated in sterilized Patri dishes by so0il plate
method (warcup, 1950) using Martin's Rouse Bengal Agar medium
(Martin, 1950) for isolation of fungi. For isoclation of bacteria
and actinomycetes, dilution plate method ( Weksman, 1922 )

was followed using Nutrient Agar medium (Johnson and Curl,

1972, and Starcqhasein Agar medium (Kuster and williams, 1964/



respectively. The details of
tion of media (Martin's Rase

media) followed are given in

Composition Of Starch=Lasein

For Actinomycetes:

101

the methods and chemical composi=-
Bengal Agar and Nutrient Agar

chapter 2.

Agar (Kuster and Williems, 1964):

Rgar tessesa 18.00 g
StarCh s ee s 0 e 1DoUD g
Lasein (vitaminfree) e« G.30 g
KN03 * 9 0 0000 2!00 g
NaCl sec oo 2.00 g
KZHPU4 eceeeoe 2.00 g
M98047H20 esecss s o DQSD g
CaCGz esese e 0.20 g
F95047H20 EEEERE) 0'10 g
Distilled water eceeees 100C.00 ml
Nystatin AR RN mg/ml

The casts and the surrounding svuil were collected using

a sterilized spatula and forcep from the same study site where

earthuorms were coullected. Soil samples were collected from the

area close to the casts. For isolation of fungi, bacteria and

actinomycetes, the methods mentioned above were followed.

Ogtermination B8f Physico-~Chemical Characters of Earthworm Casts

and the Sogil:

For determination of

pH, moisture content, orgenic
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carbon, total nitrogoen and available phosphurus of casts and
the surrounding s»il, mcthods described in chapter 1 were

followed.

Determination of Ochydrogenesz and Ureasz Enzyme Activities in

Earthworm Casts and the Soils

Methods followed fur the determination of dehydrogenase
and ureasg activities in easts and the soil are discribed in

chapter 2.

RESULTS

Quantitative Assessmaent of Microflora of Gut Contents and Casts
of Earthworms

The populations of bacteria and actinomycetes were found
to be maximum in the hindgut whereas, the population of fungi was
found to be maximum in the foregut and axhibited a decreasing
trend down the gut canal of the earthuorm (Figs. 4.7a,b,c)e In
the casts, microbiesl population(Fungi, bacteria and actinomycetes)
was found to be higher than the soil (Figss 4.2 a,b,c). Much
fluctuation in tho microbial population was observed in gut

contents and in the casts throughout the sampling period.



Fige 4.1 (a) Fungel populetion in the gut contents of

garthuorme.

(b) Bacterial population in the gut contents of

garthuorme

(c) Actinumycetes population in the gut contents of

carthuorme
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Fige 4.2 (a) Fungal population of the sarthuorm casts and the

soil.

(b) bacturial poupuletiun of the earthworm casts and the
soil.

(c) Actinomycetes populetion of the earthworm casts and

the spile.
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Percantage Ralative Abundance of Fungal Species Isuluatod from
Gut contantcand Casts of Earthwurms

The list of fungi isolated from the surrounding soil, gut
cuntents and the casts of the carthuworm is given in table 3.1.
Quelitatively there was no difference in the microflors of soil,
gut contents and the casts. Most of the fungal specices which were
cbtained frum the casts wz2re also isclated from all the regions
of zarthuorm gut and the soil (Teble 3e¢1)e From the table, it
is evident that soil and casts contained higher number of fungal
species than the gut of the earthworm. The genus Qidiodendron
spe and Alternaria alternata were restricted to cests and the

soil respectively. Mucor hiemalis, Penicillium chrysogenum,

Trichoderma viridz and Geotrichum spe were of frequent occurrence

in the soil and the casts (Tables 3.2, 3.6). On the other hand

Aspargillus niger, Fusarium moniliformp, Geotrichum spe, tucur

hiem<lis and Penicillium chrysugenum wera found tu be present

throughout the gut cuntents of the wvarthworm (Tables 3¢3-3.5).

Physico-Chemical Characters of Earthworm Casts and the 50ils
pHs

pH of the earthworm casts and the soil varied within a
narrow rangee There was no significant differeance betuween the
pH of casts and that of the surrounding soil. The range being

6e24=~7.52 and 6.05-7.35 raspectively (Table 3.7).



Table 3.1 List of fungi isolated from soil, gut contents and
the casts of earthworm Amynthas diffringens (Baird).

-

. 5 ' '
unat %??%l'ForeE;tteﬁ%zigti'Hind-guE%?aStf
-t L -
PHYCOMYCETES
Absidia sp. + - - - -
Mucor hiemalis + + + + +
M. plumbeus + + + + +
M. racemosus + + + - +
Pythiopsis spe - - - - +
Pythium spe. + - - +
Rhizopus nigricans + + + - +
FUNGI IMPERFECTI
Alternaria alternata + - - - +
Aspergillus candidus - + + + -
A. flavus + + + + +
A. niger + + + + +
Cephalosporium sp. + + + - +
Cladosporium cladosporioides + + + + +
fFusarium moniliforme + - + + +
Gegtrichum candidum + + + + +
Qidiodendron spe. - - - - +
Penicillium chrysogenum + + + + +
P. humicola + + + + +
Penicillium sp. + + + - -
Trichoderma viride + + + - +
Trichoderma sp. + + - - +
Verticillium spe. + + - - +
MYCELIA STERILIA
black sterile mycelia + - - - -
White sterile mycelia + + - +
Yellow sterile mycelia + + + -

+ = Present, - = Absent.
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Moisture Content:

The moisture content was highar in the casts than the
surrounding svile The muisture cuntent remeined relatively
higher at must of the samplinyg periods and dJdecrcaesaed at the end

(Teble 3e7).

Organic Carbon, Totel Nitrogen and Available Phosphorus:

It was found that the casts were richer in nutrients
than the surrcunding soil. At the beginning, organic carbon,
totel nitrogen and available phosphorus exhibited an increasing
trend upto the 5th sampling periocds and gradually decreascd
thercafter (Table 3.7).

Dehydrogenase and Ursase Enzyme Activities in Casts and the Soils
Enzyme activitiess were fuund to be more in the casts than
the soil (Fige 4.3)+ A positive corrclation was obscrvad betwean
urcase activity and total nitrugan and bactaerial population
(r=0.624, 0.721 respectively). Dehydrogenase activity uas
positively correlated with moisture content and tacterial

population (r=0.616, 0.677 ruspectively).

DISCUSSION

Bacteria and actinomycetes in the gut flora increased
greatly in numbtere Conditions were less suitable for fungi

which usually did not increase in the gut. Thesz results suggest



Fige 4.3 Dehydrogenase and ursase enzyme activities of the

zarthworm casts and the soil.
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that increases were by bacterial growth and nut by the worm
selectipg fuod material with e high bactoriol count. Similar
findinygs have also buen rupurted by Parle (1963a)e Ruschmann
(1953) znd Schultz and Felber (1956, reported that actinomycctes
are tapablc uf rapid growth in the digestive canal of carthuorm
forming thereby an important co-dominant fraction in the gut
microflora of the animals. Howaver, these regsults are contrary
to Dawson (1947) who observad that the number of bactaria wes
reduced by passage through the ecanal while the numbar of fungi
was unaffected. The limited number of fungal species isolated
from the gut contents may be on account of sclective effect of the
passage through the canal on the viability of differpnt spores
ingesteds, The small size of the sample and salective cffect of
the culture medium may alsc be responsible for lessor fungél

species in the yut contents

Many of the fungyal species waere common to all the thraee
reglions of the gut of carthworm (Tables 3.3-3.5)« This indicates
that thers was no cumplete killing of sueh species as they pass
down the canal, howevery this does not give any infofmation
reyarding the pussibility of quantitative selective killing

which mey have occurred.

Most of the gut fungi were alsc found in the soil from
where the worms werae collected. Parle (1963a), Satchell (1967)

and Lofty (1974) also raported the similar findings and thay
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concludad that the carthwurms are unlikely to possess an indige-

nous microfloral pupulatiun in their guts.

Earthuorms are not capable of digesting all the fungal
spe;ies they ingest (Nielson, 1962). There is evidence that some
of the microorgenisms which are taken with the soil by the earth-
worm are digeste<d during their passage through the earthworm gut

(Dash gt ale., 1979). From the tables 3.3~-3.5, it is observed

that Pythium sp. and Verticillium sp. were found to be present in

the fore-gut and did not occur in the mid-gut and hind-gut of the
earthwomn, thereby indicating that these species are digested in

the mid-gut of the earthworm. Rhizopus nigricans, Irichoderma spp.

and Cephalosporium spe. could be isolated from fore-gut and mid-

gut which indicates that they might be digested in the hind-gut

of the earthuworm. Fusarium mgniliforme, Geotrichum candidum,

Lladosporium cladgsporioides, xspergillus spp. and Pepicillium

sppe were found tu be present throughuut the gut canal suggesting
that these spacies were not digested by the the earthuworme.

barthworm Amynthas diffringens is not capable of digesting thagse

fungi having thich-walled spores or antibiotic producing proper=~

tiese

Koylovskaya and Zhdannikova (1961) reported that the
casts contained proportionately more fungi, actinomycates and
bacteria than the surrounding soil. Similar findings also cbserved

in the present study. Ponomareva (1962) found 13 times more
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bacteria in carthworm casts than in the surrounding soile.
Ghilarov (1963) and Went (1963) have also reported larger micro-
floral pupulation in casts than in surruunding suvil. The worm
may ingest soil at one place and lay casts at another place. The
casts are therefore foci from which soil microorganisms can
spread into surrounding soil (Lofty, 1974; Dash st al., 1979).
Oifferences in microbial population in carthworm casts and
surrounding soil are either due to environmental changes within
the earthworm gut or due to the food .material ingested which
provides a rich substrate, thereby increasing microbial activity.
The type and quality of ingested matcerial helps to determine the
size of microfloral populations in castss. Parle (19638) shoued
that number of bacteria and actinomycetes in ingested material
increasaed by a factor of 1000 while passing through the earth-
worm's intestine and microbial activity in the casts was still

much greater than in the surrounding suil.

The genus Oidiodendron which occurs in associatiun with

decaying wood litter (Dennis and Wwakefield, 19463 Smith, 1846
Tribe, 1957) but is not common in soil was isclated from the
casts only. This suggests that no particular group of fungi is
restricted to the casts. The composition of fungi possibly
depends on the flora of the plant material recently eceten by the
worme further, the occurrence of same fungal species in the casts
as well as in the gut of the earthuorm indicates that majority

of them are not digested in the gut.



108

The higher urbas;ffgﬁghe casts may be due to higher
nutrient contents of the casts and prasumably the microbial
activity (vcGarity and Myers, 1967,¢ Dehyurogenase activity .
increased with increase in moisture content of the casts. It
seems that increased moisturs stimulated directly the microbial
activity (Ross and Roberts, 1970)« The higher values of organic
carbon and total nitrogen in the casts than the surrounding soil
may be dus to higher comsumption or slouer decomposition rate
of organic materials during the period of maximum earthuorm
activity or both (Table 3.7). There are also reports by saveral
workers that earthworm casts contain more nitrogen than the soil
(Lunt and Jacobson, 1944; Shrikhande and Pathak, 1951; Wittich,
1953; Parle, 1963b; Syers st al., 1979)s Patra (1975) observed
that casts containod some 0+47x of nitrogen compared to 0435k
in the surrounding soils Several studies have shown that carth-
worm casts are rich in available phosphorus than the soil
(Barley, 1961; Ponomarsva, 1962; Gupta and Spkal, 1967; Graff,
1970; Vimmersted and Finney, 1973; Sharpley and Syers, 1976).
The increase in pH of earthworm casts might be responsible for
the highaer phosphorus content in casts (Barley, 1961). .’

From the present study it has bean observed that there
exists an intaraction batuw:en earthuworm and the soil micro-
organisms which form a8 source of food for the sarthuworm.
Earthworm may affaect the soil microbial ecommunity by consuming

the latter as their food at one place and laying casts at
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anothar place. The activity of earthworm may have a very signifie-
cant effect on the distribution of the soil fungie Further,
earthworm casts are much richer in number of microflora than the
soil. Casts also provide a8 good substratz: for the growth of
microorganismse. No evidence was obtained that the worms had a
specialized gut flora, gqualitatively different from that of the

soil they fead onhe.
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The study of physico-chemical characteristics of the
soil reveals that the soil of valley land agriculture contained
maximum organic carbon,; nitrogen, phosphorus and moisture content
followea by terrace land agyriculture and minimum was observed in
the soi1l of jhum land (Figs 1.3-1.6). Topography and physical
characteristics of soil play important role in determining the
nutrient status of the soil. The maximum nutrient level in the
soil of valley land agriculture was probably due to the deposi-
tion of eroded top soil rich in organic matter and other nutrients
from the adjacent hill areas brought by runoff water. In case of
Jjhum land agriculture, steep cultivated slopes causes maximum
loss of nutrients through soil erosion. This is more pronounced
in absence of crop cover particularly at the time of sowing and
after the harveste. In case of terrace land agriculture, the
nutrient losses are not seva2re as compared to that of jhum land
agriculture because of the terracing. Arnason gt al. (1982)
reported that erosion is the most important single factor which
determines the fertility of soil. The high annual rainfall alsg
creates a favourable condition for accelerated soil erosion
particularly when the aggregating power of the soil is reduced

(Sanchez, 1976; Toky and Ramakrishnan, 1981).

Depth=wise distribution of nutrients exhibited a decrea-~

sing trend along with increase in soil depth in all the three
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agricultural systems (Figs. 1.4-1.7)« The higher concentration

of nutrients in the surface layer could be associated with higher
organic carbon concentration of the layer. Blakemore (1966), and
Gupta and Rorison (1975) also reported the similar results. The
surface layer of the soil is continuously enriched by the organic
matter deposition and other input of nutrients from adjoining
arcase The nutrient status of the below ground soil largely
depends on the mineralization process at the top because the
nutrients once releasaed percolate douwn the profile along with the

watere.

From the results of the population dynamics of fungi and
bacteria (Figs. 2.1, 2.3), it could be noted that the valley land
agricultural soil harboured highest population of fungi and
bacteric followed by terrace land and lowsst was noted in the
soil of jhum land agriculturee. Almost 2 similar trend of distri-
bution of fungal population was observed in "the soils of all the
three study sites. In genercl, the fungal population peaked in
the month of July (Fige. 2+1)+ The favourable climatic condition
and other factors like soil moisture and nutrient status, at this
period, seem to influence favourably the grouwth and development
of the microbese The fall in the population thereafter may be
ascribed to the decrease in nutrient content (Figs. 71+4-1.7) and
non-availability of substrates (Christensen, 1969). Similarly,
population of bacteria also exhibited a2 similar trend of distri-

bution in all the three different agricultural scile. The paak
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was generally noted in the month of Junme (Fig. 2.3). The popula=-
tion reached its peak not corresponding with the fungal population.
This may probably be due to the higher counts of bacterial popu-
lation, uwhich mighf have inhibited the groutﬁ of fungie. Wright

and Bollen (1961) also reported ﬁhe similar finding. The distri-
bution of soil microbial population may or may not be governed

by a single environmental factor. It has been suggested that e
number of soil factors such as pH, moisture, temperature and
organic carbon regulate the distribution of microorganisms
(Dadalauri, 1975; Jones and Richards, 1977). Widden and Abitbol
(1980) in their studies concluded that inspite of the tremendous
spatial variation, significant seasonal effects occurred and they
attributed this to be due to the changes in temperature. It was
noted that the microbial population decreas:d with increase in
soil depths and the maximum population was isolated from the
surface soils (Figs. 2.1=2<3). This may be attributed to the
corresponding changes in nutrient status and rhizosphere effecte.
The nature of the crop a2lso determines the depth-wise distribution
of microbial population in the soil (Balasubremaniam gt al.,1972),
Selvaraj and Ramaswami (1978) opined that moisture regime and

soil depth are the most important factors affecting microbial
population and their activity. The maximum population of microbes
in the surface layer of the soil wes also reported by Warcup ( 1951
Saksena (1955), Duwivedi (1966), Nicholas and Parkinson (1967),

Mishra and Kanaujia (1972), Tyagi (1973) and Deka (1981).
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Depth-wise distribution of microbes and their population
are also influenced by soil pH and moisture content. In the
present study, pH and moisture content increased with increase
in depth (Figs, 142y 1+3)s Generally the upper horizon had sligh-
tly lower pH value than the lower one. The data obtained during
the present study depicts that slight depth-uwise variation in
suil pH does not oxert any remarkable influence un the microbial
population. Jensen (1931), warcup (1951), Saksena (1955),
Dwivedi (196e) and Mishra (196&) have also reported similar
findings. Hall (1933) and Howker (1950) reported that most of
the fungi have optimum growth at ncutral or slightly acidic
side. Similar observations were alsc made in the present study.
Menon and Williams (1957) also reported that the soil pH uas

apparently not a factor contributing to mycofloral changes.

Throughout tha study period, almost @ similar sat of
fungal species was isolated, and only a fow specices were res-
tricted to a particular study site,Pythium sp. could be isclated
more frequently in the suil of valley land and terrace land
agricultures wherecs this species was rarcly obtained from the
suil of jhum land agriculture (Tables 1.1=-1.18). Several workers
(Chesters, 1949; Warcup, 1951) have reported that Pythium sp.
shows a seasunal distribution being more regularly isolated when
the soil moisture is relatively high. No distinct vasriation in

the species composition was noticed from month to month

(Tables 1.1-1.18). Christenscn gt 21. (1962) and Morral and

(=35
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Vanterpool (1968) also found that the compositiun of microfungal
species does not change appreciably with time and the compusition
of microfungal communities wss correlated with the specics compo-

sition of the above ground vegetation.

Only a few species were fouund to be dominant and could
be isolated with high percentage relative abundance. The above
finding is in conformity with the observation of Bissett and
Parkinson (1979), who puinted out that for a given community only
a feu species were quite dominant which may strongly affect the

occurrence of other species.

The less fungal flora in jhum land soil may be due to
direct effect of heat which might have allouwed only thermotole-
rant species to survive therein (Tivari and Rai, 1977). Suboptimal
moisture and burning of organic materials during fire may be
other causes for minimum population and species number in the

soil of jhum land agriculture.

Soil rich in microbial population and nutrients exhibited
maximum enzyme activities uwhich clearly depicts the positive
relationship between the two. It is apparent that the nutrient
level and moisture play importent role towards the enzyme activi-
ties in the soil. The enzyme activities were highaer during the
grouing period of the plants (Figs. 2.4, 2+5). This could be
attributed to the continual addition of enzyme released from the

plant roots (Skujins, 1967) and also due to associated micro-
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organisms (Paulson and Kurtz, 1969; Speir and Ross, 1978}.

With jncrease in organic carbon content, urease activity
increased. Speir (1977), Beri gt ale (1978) and Ojeniyi (1980)
reported that the enzyme activity is a direct function of organic
carbun content of the soil. Tabatabai (1977;, Zantua gt al. (1977)
and Dash gt al. (1981} also reported significant positive correla--
tion vetusen urease activity and scil organic carbone. Dkhar and
Mishra (1983) suggested that the organic carbon content may be
accounted for most of the variations in soil urcase activitys
Dehydrogenase activity was positively corrslated with the soil
moisture (Tables {«20-1.22)« Ross and Rebarts (1970) and Tate and
Terry (1980) also reported the similar findings. The high moisture
content results in the increased anacerobic and facultative
bacteria which might be rosponsible for the increased enzymatic

activity.

A positive correlation betwsen carton dioxide evolution,
microbial population and fungal biomass was observed in the soil
of all ths three agricultural systams (Tables 1.20~1.22). It
appears that the microoryanisms wers the most important contribu-~
tors towards the carbon dioxide evolution. The carbon dioxide
evolution was maximum in the valley land soil (Figs 2.6), the
higher rate reflects the favourable affect of soil moisture and
modarate temperature on microbial activity (Gupta and Singh, 1981).

Witkamp (1966a) and Anderson (1973) have indicated that temperatum
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also exerts a decisive influence on carbun dioxide metabolism aof
the soils Similar result was observed in the soil of [jhum land
agriculture, while same was not true in the terrace land and
valley land agricultural soils. 1t may be concluded that soil
moisture and temperature are impourtant facturs in governing the

respiratory activity of the maize field souil.

Depth-wise decline in the microbial pupulations and their
activities (Figs. 2.1-2.6) suggests that microbial activities
were inhibited by unfavourable environmental conditions prevailing
in the deeper region of the soil (Duxbury and Tate, 1981). Low
microbial population in the deeper socil may also be responsible

for lesser microbial activities.

In the decomposition study of maize leaf, stem and root
littars, it has been noted that during early stages of decomposi-
tion (during winter) the rate of decomposition was slow and the
same increasaed thersafter (Fig. 3.1a). It may be accounted to
the low temperature in wintar which did not favour the gruwth
uf decomposer microorganisms (Waid, 1960; Witkamp, 19663 . The
low nitrogen cuntent at the initial stagses may also be responsi-
ble fur the slow rate of decomposition (Mishra, 1979). Low
nitrogen content at the initial stages may be dua to rapid
breakdown of nitrogehous compounds thereby releasing nitrogen
from the litter (Burges, 1967). The rate of decompasition was

maximum in leaf than stem and roote. This may be, in part, as a
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consequence of motae tapid losses of polysaccharides from the leaf.
the higher lighin content ih gstem ahd root (Table 2e4) may con-

tribute to their slou rate of decofiposition (Sinha, 1972).

The increase in microbial population at the later stages
of decomposition (Figse3.28,b) could be attributed to the favour-
able moisture condition, tempercture and releasa of nutrients
from the litter (Das, 1980). Microbial population was more in
leaf fhan stam and rooct which may be ascribed to the higher.
surface area available for the microbial colonization on the

broad surfaces of the leaf,

The mydzpflora of the decomposing leaf, stem and root
exhibited almost a similar spectrum of fungal species (Tables 2.1-
2.3)s This indicates that the fungli are non-selective and may

utilise 2 wide variety of substrates.

Me jority of the fungal species was represented by the
members of Fungi imperfecti. The frequent cccurrence of this
group is believed to be due to their better capacity tu decompose
celluluse (Singh and Charaya, 1975). Trichoderma viride, Penicil=~
lium chrysogsnumy Aspergillus niggr, Cladosporium hsrbarum,
Fusarium moniliforms and Abgidis glasuca werse the must common
fungal species isolsted from the decomposad leaf, stem and root
litters (Tables 2.1«2.3)« The pressncz of these fungi .n decom-
posing litters suggests their importance in decompusition of

litterse.
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The rate of decomposition undar laboretory condition was
much slower than that under ficld conditione This may be attri-
buted to the tutal cxclusion of the decomposar fauna from the
litter studied in labouratory coupled with other unnatural condi-
tionse. However, the maximum loss in weight was noted in the set
where it wes amended with mixed inocculum of Trichoderma viride

and kbsidiz glauce and minimum was observed in the sct of A.

glauca (Figs. 3.1b,c,d)s It is believed that during the degrada-
tion of cellulose and hemicellulose by the test fungi, toxic
substances might be released (Miller, 1955; Miller gt al.,1958;
Patrick and Toussoun, 1965). These toxic compounds probably
inhibited further growth of fungi in litters. Therefore, a
slower rate of decomposition was noted at the later stages of

decomposition under laboratory condition.

It may be suggestad that the process of decomposition
is largely governed by the chemical composition of the substrata.
The breakdown of various chemical components is affected as a
saquence of specific reactions with enzyme systems of the orga-
nismse. The variation in the loss of different components
(Tablaes 2.5=2.14) suggested that the rate of decomposition is
closely linked with the activity of the decomposer organismse
Paznas (1975) stated that the raete of decomposition of any
substrate is generally proportional to the growth rate of its

decomposcrse
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In the study of microflora of gut contents and casts of
earthworm, it is cvident from the Table 3.1 that the spcecies
composition of the gut and the casts was almost similar to that
of the soil from where the carthuorms have been collected. It
has bcen suggested that the carthworms are unlikely to possess
an indigenous microbial population in their guts and the casts
(Parle, 1963a,b; Satchell, 1967, The limited number of fungal
specices isulated from the gut contents of carthworm (Tables 3.3-
3.5) may bz on account of the salective effect of the passage
through the canal and on the viability of different spores
ingestede The small size of the sample and salective effect of
the method of isoclation may élso be responsible for lesser number
of fungal species in the gut conmtentsof the varthworme Fungal
population exhibited a dacrecasing trend towards the hid-gut and
hind=-gut (Fig. 4e1a3)s This indicates that most of the fungal
propagules were digested in the mid-gut and hind-gut of the carth-
worme The gradual increase in the populations of bacteria and
actinomycetss along the gut canal (Figs. 4.1b,c) may be accounted
for the favourable condition for thedir rapad grouwthe. Ruschmann: °
(1953) and Schultz and Felbar (1956) also reported similar
findings, whercas Dawson (1947) observed that the number of
bacteria was reduced by passage through the canal while the number

of fungi was unaffectede.

From the Figse. 4.2a,b,c it is noted that the casts

contained higher microbial population than the soile. Similar
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observations were also made by Parle (19$kﬂ, Ponomareva (1962)
.and Lofty (1974). Differences in fungal population in earthworm
casts and the soil are either due to environmental changes within
the earthworm gut or due to the food materisl ingested which
provides rich substrate thersby increasing microbial activity in
the casts. The type and guality of ingested material help to
determine the size of microbial population in casts. The micro-
flora present in the sarthworm gut may bring about the breakdown
of organic matter and thus make the casts richer in microbial
population and its activity than the soil (Russell, 1950). The
genus QOidiodendron which occurs in wood litter (Dennis and Wake-
field, 1964; Smith, 19465 Tribe, 1957), but is not common in soil
was isolated from the casts only (Taeble 3.1). This indicates

that the composition of fungi possibly depends on the flora of
the plant material eaten by the zarthworme The occurrence of
similar types of fungal spccies in the casts and the gut of
earthworm may be accounted for the incapability of the earth-

vorms to digest the same in thair guts.

Many of the fungal species were found to ba present
throughout the entire gut canal with variastion in their percen-
tage relative abundance (Tables 3.3-3.5). This indicataes that
there was no complete killing of such species as they pass doun
the canal, however, this does not give any information regarding
the possibility of quantitative scelective killing which may

have occurrcde
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The higher organic carbon and total nitrogen content
found in the casts than the soil (Table 3.7) during the present
study may be due to higher consumption and/or slower decomposi-
tion rate of organic materisls durinc the period of maximum
earthuorm activity (Syers gt als., 1979). The highar nutrient
contents and microbial activity could be attributed to the higher
enzyme activities in the casts than the soil (vcGarity and
Myers, 1967). No evidence was obtained whether the worms had a
specialized gut florea gqualitatively different from that of the

soil they feed on.

A comparisun of the three agricultural systems reveals
that the soil -of valley land agricultural system always harboured
maximum microbial populations and their activities followed by
terrace land agriculture and minimum in the soil of ghum tand
agriculture. Considering enzyme activities and heterotrophic
microbial population gstimatos as a nutrient release and decom=-
poscr activity funetion, it appears that the valley land agricule
ture is the most stable and self sustainable. On the other hand,
the terrace land and the jhum lahnd agricultural systems seem to
be fragile.Jhum"lang agriculture can be regarded as the most

degraded system.
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Three meize faields differing in 2gricultural systems uwere
selected for the present study. They wsr- terrace land, valley
land and jhum land agraicultural systems. Analyses of various
physico-ehemical charactars of the scils of all the three agricul-
tural fielas reveasl that in gensrzl the nutrients followed a
trend valley land » terrace land » jhum land. Both guantitative and
gualitative assessment of scil microflora and their various
activities viz., dehydrogenase and urease enzyme activities and
carbon dioxide evolution measurement were carried out at monthly
intervals for two crop cycles of maize (Zea mays L.). Results
demunstrate that the microbial populations amd their various
activities also followed the trend valley land ) terrace land>
jhum land. Yualitatively, tne composition of mycoflora was found
to be almost similer in all the three agricultural fields.

Penicillium chrysogenum, Trichoderma viride, Asperqillus niger

and Mucor hiemalis were found to be of frequent occurrences in

all the study sites. Pytnium sp. was rarely obteained from the
soil of jhum land agriculture whereas, this species was commonly
isolatad from the soil of valley land and terrace land agricul-

tures. Zygorhynchus sp. and Paecilomyces sp. could be isolaeted

only from the soil of terrace land agriculture. Phoma humicgla

and Endomyces spe. were restricted to valley land soil. Blakeslea

spe; Lunninghamella gchinulata and Ggngranella sp. could be
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isolated from the jhum land soil only.

Relationships bestweon déhydrogenasc and urease activities,
carbon dioxide evolution, microbial population and physico-
chemical characters of the soil werz workod out. Statistically
no significant correlation was obtained bz2tween dehydrogenase
activity and microbial populationse However, a positive correla-
tion was obtained batuecen carbonh dioxide evolution and fungal
populatione. Urzase activity was positively correlated with
moisture content, bacterial population, organic carbon and total

nitrogen.

Decomposition of maize litters in field condition wes
studied wusing litter bag method for a period of seven months. It
was found that the rate of decomposition was largely influenced
by the types of litter. The rate of decomposition of leaf was
more than that of stem and root. The weight loss of all the
litters followed Olson's (1963) negative exponental model. Both
fungal and bacterial populations were minimum at the early stages
of decomposition coinciding with the slou rate of decomposition
at the time and attained maximum at the later stages of decompo-
sition. Qualitatively, composition of mycoflora was almost similar
in case of all the three types of litters. In decomposed litters,

Irichoderma viride, Penicillium chrysogenum, fusarium moniliforma,

Absidia glauca and Mucor hiemalis were the most common fungal

species. The pattern of change in cellulose, hemicellulose,
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lignin, sugar and awmino acid was almust similar for all the
litterss Luss in sugar and amino acid was more rapid and the
lignin content of the littews degyrodad af the slowest ratee.
Increment in the total nitrogen was noted in all the litters

which declined towards the end of the experiments

Under laboratory condition, the rate of litter decompo-

siticn by Trichoderma viride and Absidia glauca was very slow

as compared to that under field conditions Fastest rate of decom-
position was observed in the set amended with mixed culture of

Trichoderma viride and Absidia glauca and slowest rate was

recorded in cas of Absidia glauca alonce

The study of the mycoflora of gut contents and casts of
earthuworm did not show difference in species composition. It was
found that fungal numbers was meximum in fore-gut and exhibited
a decraasing trend towards the distal regiun of the gdt canal
while the number of bacteria and actinomycetes increased towards

the distal end of the gut canale. Penicillium chrysogenum,

fusarium moniliforme, Geotrichum candidum and Aspergillus niger

were found to be present throughout the gut canal. Casts of the
egarthuworm contained always higher number of microorganisms

(fungi, bacteria and actinomycetaes) than the surrounding soil.
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