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GENERAL INTRODUCTION



The s0il is a complex system wherein chemical, phvsi-
cal and biochemical factors are held in a dynamic equilibrium.
The physico-chemical properties of soil determine the capaci-
ty of the soil to provide plant nutrients in proper amount
for the growth of crops. In addition they also regulate the
nopulation and activity of microorganisms. The characteris-
tics of soil constantly change organisms population. In
agricultural soils, ploughing, tillage apvwlication of ferti-
lizer and biocides and type »f cultivation affect the micro-
nrganisms of soil. The analysis of factors regulating the
tamooral dynamics »f microbial ponulati-»n and their activi-
tizs in soils provide an insight t» ths structure and func-
tion of the soil ecosystem. In scil, fungi and bacteria are
rasponsible for breakdown of organic matter and release of
nutrients.Fuagi and bacteria ars also known to be responsible
for nutrient transformations, particularly in the case of
nitrogenous and phosphatic minerals. Soil microflora thus
exert considerable influsnce con the soil fertility and plant
growth. Therefore, for better management of agricultural
lands knowledge on microbial population and its activity is
a fundamental requisite.The measuremants of population and
biolegical activities of microorganisﬁg?gﬁgindex >f wvarious
metab~lic process of the s»il.During recent years more em-
phasis is l1laid »n the functional attributes >f the micro-
organisms in the ecosystems. Thase are generally determined

by the estimation of the rates »f various bicchemical pr~--



cesses involving microbial enzymas viz., dehydrogenass,
urease 1nd phosphatasse and C02 avolutinon. To ~btain bstter
insight into the eccl~agy of soil microorganisms and for
bettar understanding of the role of microbial communities in
the soil ecosystem, quantitative and qualitative studies
must be perf-ormed on the distributinon »f microcrganisms 2and

their biochemical activities in different type of :cultiva-

tion.

Generally, enzymes accumulated in soil have a bin-
logical significance as they participate in the cycling of
elements and thus play a very important role in the initial
phase of the decomposition of organic residue (Kiss et al.
1975), Dehydrogesnase activity in soil is frequently studied
because ~f its relation t» the total range of oxidative ac-
tivity of the so2il micro-fl-ra (Ladd, 1978). Dshydrogenase
activity app=zars t» be more depsndent upon the metabolic
rate of microbial population of the soil than up>n the ac-
tivity of specific free enzyme. Thus, the estimation of de-
hydrogsnase activity in soil provides correlative informa-
tion on the binlegical activity and microbial population,
Urea is unique am-ong commonly used synthetic nitrogzn fer-
tilizers as its efficiency is greatly affected by the s»2il
enzyme-ureasa. Mashtakov (1954) reported that urease 1s 2an
indicat»r »f total bioslegical activity and fertility ~f
s»il. Generally, urease activity correlates with organic

matter content due to its existence as a complex with



organic constituents. Phosphatase activity is directly rela-
ted to the level of organic phosphorus in soil. As phospha-
tase mediates the r=lease of inorganic phosphates from its
inorganic and organically bound states. The relzase of phos-
nhorus is fundamental to the maintenance of vhosphorus cy-
cle, Phosphatase activity has b=z=esn found to be related to
s21l physico~chzmical characters and microbial population.
Snil respiration is als» cne of the factors which provide

an index of microbial activity in scoils. ZTnzymes assays, in
conjunction with so0il microbial respiration, can provide a
clear picture of the microbial community metabolism (Nanni-

Deri et al. 1978).

The use of fungicides and herbicides is becoming a
common practice for the contrnl >f pathogens and weeds in
modern agriculture. Applicaticn of fungicides and herbicides
alter the nﬁmber and activity of micrn-organisms and thus
influence the snil fertility and ecosystem function. On
phyllosphere, microorganisms are held in dynamic equilibrium,
There are evidences in support of the hypothessis that sapro-
phytes play an important part in controlling the incidence
of plant disease (Crosse, 1959, Tiwari and Mishra, 1976).
Tha spray »of these chemicals affects the non—target micro-
organisms 2f the phyilosphere and disturbs the microbial
populatinn and species compositinn. These chemicals direds
ly or indirectly reach to the soil throcugh run off from

treated aerial system or from drifting spray. The rhizos-



phere is kn»wn for the intense binlogical activity »f micro-
organisms. Generally, these chemicals affect adversely the
micrnobial prpulation of rhizosphzre and soil. Apvplicatinn of
varinus binscides also cause unfavourables alterati-n in bio-
chemicai process cf scil., The bioscides ars generally inhibi-
tory to most microbial proacesses, however, certain biccides
are known to stimulate the microbial activity (Baruah and
Mishra, 1986). Althcugh, during recent times use of fungi-
cides and herbicidesbhas increased manyfolds; the effect of
these binscides on the rhizosphere microflora has not re-

ceived ample attention.

Alternaria alternata causes disease in leaf and tu-

“ber of pntato. In field conditi~n it affects thz above
gr~und parts of plant which causes loss in yizld. During
storage in g»downs it causes blackpit disease in tubers.
Generally, chemicals aonzar t» b2 the plausible methed for
the control ~f A. alternata on prtato.Very few studies are
available »n the effects of fungicides and herbicides »n

. alternata (Mathur and Sarbhoy, 1983). Thes informati-ns

1>

on the effa2ct of these chemicals »n the colony gr~wth,
spore germination and germ tube elongation would help in
working »ut of the strategies for the control of the pa-
thogen.

In potato cultivation, after harvesting >f tubers,

stem, root and leaf litters are left in the field which are

incorporated in the soil before sowing of the next croap.



Thus, crop plant residue and its decompositinn products ba-
come important component of the s»il, which play an impor-
tant role in maintaining the snil fertility through affec-
ting both the physical structure and nutrient status -f
snil. The decomposition of litter is carriad -ut by micro-
srganisms in s»il. Decompnsitisn rates of litter are fre-
quantly considered to be regulated by the interacticn be-
tween s72il organisms environmental conditicn and litter
auality. Though a number o~f studizss are available ~»n the de-
compcsitinn ~f orop residues ‘tn.agricultural snils (Chris-
tensen, 1985; Baruah and Mishra, 1986: We-ssen and Berqg,1986).
thz2 decomponsiticn 2f potato litter has not been studied. It
Was therefaré; thought desirable t» study the process of
dacompositioson of the pastato crop litter in order t» better
understand the role of the litt=r in nutrient gsnsraticn in

soil and als> the role of microorganisms in the process.

The present study has been divided into fcllowing

headings :

1. PhysicH-chemical characters, so2il microflcra and their
their activities.
(a) Physic--~chemical characters of soil
(b) Is»lati-n of fungi and bacteria.
(c) Dehydrngenase, urease, phnsphatiase and o,
evolution
2. Influence of fungicides and herbicides ~n dhyll~s-

phere microflora of potatn.



Influence of fungicides and herbicides »n rhizosphere
microflora of potatn,.
Influence of fungicides and herbicides on cnlony

growth, spore germinati~n and germ tube of Alt=rnaria

alternata.

Study ~f micrnflora, weight loss and nutrient loss in

decomposing litter ~f potat».



CLIMATE AND SEASONS OF THE STUDY AREA



CLIMATE AND_SEASONS OF STUDY AREA

The three potato fields were situated at Upper
Shillong (altitude 1540 m, latitude 25°34"N, longitude
91°56"E). Tha ambi@nt temperature rainfall and relative
humidity data of £ields are giveniin fig.l. Study sites
exparience heavy annual rainfall. The rainfall varied from
279.0 mm to 4.0 mm. Most of ths rainfall occurs during the
months of April to September. Months of Octnber to March
are dry although a few occasional showers of rain may occur
during this period as well. High annual rainfall, cloud
cnver of the sky and thick vagetation of the regionn keen
the atmosph=re humid during most period of the year. The
maximum temperature goes uonto 23°C and minimum 0.5°C. Simi-
larly, the humidity is very high ranging in betwzen 92% and

44%-

The typical summer s=ason is not found at Shilleng.
Howzver, based on the meteoroligal condition the year can

be divided into the following seasons .

Spring season : The period from the middle of February upt»
middle of April covers the spring season which exp=ariences
very high wind velocity with less humidity and moderate tem-

parature.

Rainy season : The rainy s=ason extends from the middre of
April to the middle of October. How=2ver, the early period

of the rainy season is a bit warm representing summer,while



Fig.l. Rainfall, ambient temperature
and relative humidity Ef the
study area (September 1985 -
November 1986). Histegrams :
rainfall, closed circles :
Maximum temperature, open cir-
cles : Minimum teﬁperature, open
'triangles : Merning h. humidity,
clesed triangles : evening h.

humidity.
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later peri~d of the season is comparatively cnol.

Winter seasnn : Winter s=23ason starts at thz end of October
and continuas upto middle of February. In this season rain-

£3ll is very low.



CHAPTER - |

PHYSICO CHEMICAL CHARACTERS SOIL MICRO-
FLORA AND THER ACTIVIES IN POTATO
FIELD SOILS



INTRODUCTION

Soil, a nonranzwable resource, is daspleting with a
fairly rapid rate due ton its over exploitatinn and poor
management resulting ultimately into accelerated rate of
arosicn.The prnblam is more serious in hill agro-ecosystems
sarticularly in areas where shifting cultivation &s prac-
tised.Development of ap»ropriate strateqy f£or managemsnt
and Cﬁnéérvation »f so0il is posing 2 great challenge to
the snil conservationists during recent years.Any attempt
tn restore this vital rasource and alsos for its cptimum
utilis=tion knowledge on structure and function of soil

ecnsystem is a prerequisite.

Snils are impregnated with 2a variety of heterotrn-
phir microarganisms which largzly derive their nutrition
from organic substances reaching to the s»2il in the form
of dead plant and animal rem2ins and thelr excrstory pro-
ducts. The microorganisms perform a vital rols in the snil
as they are respnnsible for the decomponsition of the orga-
nic matter and they play an important role in transforma-~
tion of various nutrients from nonavailablza to availables
forms. Thus microorganisms hnld a key position in the nu-
trient cycle and functinning of soil ecnsystem. That micro-
organisms »lay an important rols in soil was recognised
long back (Adamatz, 1886; Jensen, 1931) and since then a

larg= numbar of workers have contributed towards our
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knowledge on the subject (Warcup, 1951; England and Rice,
1957; Mishra, 196€) Widden, 1979; Clarke and Christensen,
1981; Abouheilah, 1985; Acea and Carballas, 1986:; Thomas,
1987), For a long time microbial populatinsns estimated by
dilution plate method or by soil plate method were used as
an index of microbial activity in soil. Much emphasis was
1aid on the microflora of soil. Most studies on ecclogy of
snil microbes emphasised »n the effects of ecological fac-
tor and seasonal and spatial variations in the microflora
(Moubash=r and Dohleb, 1970; Maltby, 1984: Klein et al.,
1986). What really thase microbes do was generally tested
in laberatory cultures (Skujins et al. 1970; Ingham and
Klein, 1984). Of late various techniques have been ewolvad
that give to a fairly reliable degree of precision an in-
dex of microbial activity in soils (Oedes and Jenkinson,
1979; West gt al. 1986). Among these techniques estimations
of activities of various enzymes provide a measure »f mi-~
crobial activity (Ross et al. 1982; Frankenberger and Dick,
1983; Nannipieri et gl.,1983; Kanzawa and Filip, 1986;

West et g;.;1986). Dehydrogenase, urease and phosphatases
estimations provide an index of microbial activity and
they alsn» give a measure of nxidative-reductive reactions,
rate of urea degradation and of phosphate regenerations in
soil (Skujin, 1976: Tyler, 1976; Mulvaney and Bremner,1978:
Frankenberger; 1983; Trevors, 1984). Estimations of ths

activities of above enzymes giver an indication of poten-
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tial capacity of soil t2 carry out biochemical pnrocesses.

Soil respiration is another index of microbial
activity (Chaney et §l2,1978), as most of the CO2 avolved
from soil com=s from microbial respiration (Smith and
Brown, 1932). It also gives an indication »f th= rate at
which scil organic matter is brokan down. Measurements nf
enzym=s activity in conjunction with soil respiration and
microbial number providss the most roliable index of mi-
crobial activity in soils (Casida, 1977: Strno and Jencks,
1982; Ross and Cairns, 1982; Frankanberger and Dick, 1983;

Nohrstadt, 1985: West et giﬂ,l986).

A perusal »f literature reveals that our knowledge
on the ecology of soil microorganisms is largely based »n
research ~in forest and grassland s»ils (Roy and Dwivadi,
1962; Saksena et gl. 1965; Mishra, 1966; Christensen, 1969;
Lewis et al. 1971; Redman, 1975; Widden, 1979). Microbio-
logical studies of agricultural soils have received less
attention bzcause gnil microbes could not be maninulated
so orofitably t~ improve cron-yi=ld as wers tha s»il nu-
trient, soil moisturzs and cron variety and therefore, this
area did not raceive propér attenti-n of agricultural
scientists, Studies available on the subject are mainly
concerned with the effects of various agricultural prac-
tices namely, tillage, and compoaction, manuring, fertili-

zer application and types of crops on the soil microbes
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(FJensen, 1931; singh, 1937; Khan, 1970; Nair, 1973; Ver-
straete and Voets, 1977: Martyniuk and Wanger, 1978; So-
derstrom et al. 1983: Bolten et al. 1985; Weker et al.,

1985) .

The potats crops grown ~n high altitudes of Megha-
lay= provide an unique feature because of the fact that the
crop is grown under three different types »f soil system.
These systems represent age old practice of shifting cul-
tivation »n hill slopes: permanent type of modern cultiva-
tion found in valleys and cultivation on bench terraces
recently introduced by the departments of agriculture. All
the three systems are found within a very small area thus
climatnlogical and soil type variations are non-existent.
The three cultivation types are described in the head site

chatacteristics.

The present wo>rk was carried out with twin objec-
tives : (1) To see how varicus methods of microbial activi-
ty estimation correlate with each other and with physico-
chemical characteristics »f pctato field soil. (ii) To com-
pare the potato field s»ils under three systems with res-
pect to the microbial community structure, their activities
and their physicon-chemical characteristics. For this pur-
vose, temporal and depth-wis=z distribution of fungi and
bacteria, engymes activities (dzhvdrogenase, urease, phos-

phatase), C02 evolution and various physicn-chemical
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characteristics of s»nil have been measursd in the thr=ze

soil systems for two crop cycles of potato.

REVIEW OF LITERATURE

Microbial population and physico-chemical characters :

Adametz (1886) was the pioneer to isclate fungi
from the soil. Since then considerable attention was paid
by a number of workers. Waksman (1916) reviewed the litera-
ture on soil fungi. He concluded that fungal flora changed
with soil habitat and distribution is influenced by abun-
dance and nature of organic matter in soil. Jensen (1931)

reported that Penicillium and Trichoderma species were com-

mon in acidilic soil while Mycogcne niger and Cercospora

agricola were common in alkaline soil. According to Warcup
(1951) edaphic factors such as acidity and temperature play
a vital role in the distributin»n of fungal species. Saksena
(1955) did pione=sr work in India on the ecological factors
governing the distribution of fungi. He found a positive
correlation betw=2en fungal population and nitrate content of
soil. England and Rice (1957) determine qualitative and quan-
titative difference in fungal population between grassland
and abandoned soil. Roy and Dwivedi (1962) made comparative
study of soil fungel flora of three grassland soils and re-
ported that change in vegetation site is accompanied by si-

milar change in fungal populatinn bnth qualitatively and
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and quantitatively. Griffin(1963) nointed ~ut that moisture

content, soil texture andﬂgt;gqture, which affect SOll as-

ratlon have a Jrﬁfound 2ffact on fungal act1v1ty and 1t is

Dostulated that aoratlon is the effectlve 3gent Ha notlced

P

that excess of carbon diox1de and 1neutf1c1ency of f oxygen

are imnllcated as 1nh1b1t”rs.me1ved1 (1965) observed that

Dhy51co—chem1cal characters like moisture contzant, water
holding canacity, organic matter, nitrate, nhosnhata, ex-
changeable calcium magnesium ware 9ositivaly corrzlated with
fungal population, while so2il pH do mot have an? effect.)
Mishra (1966 a,b) in his study on fungal flora of grassland
soils of Varanasi noticed that the most common species

throughout the year were Thiepaviaturicola, Chaetomuim glo-

bosum, Asp=2rgillus terrsus and Paecilomyces fusispDorus. He

examined that fluctuation in fungal populaticn is due to
minor change in root habitat and Physico-chemical characters
- of soil, Mukerji (1966) cld not find relationship betwe=n
fungal population, bacterial ponulation and scil pH in usar
soil. He also reported that surface profilz harboured more
nopulation as comnared to‘low profile. Gujrati (1968) ob-
served that »H, organic matter, calcium, magnesium, »vhos-
phate and nitrate did not have any correlation with fungal
Dovpulation, but moisture content was directly'responsiple
for the variation in microbial population. Moubashir

and El-Dohleb (1970) found Asnergillus, Penicillium

and Fusarium throughout the study period



and dominant in cotton field and clover field soils. Singh
and Kamal (1977) found highest bacteria, fungi and actenomy-
cetes population in surface soil and along depth microbial
population decreased. Prakash and Khan (1971) noticed that
moisture of the soil was an important factor governing po-
pulation of soil fungi which are profoundly influenced by
seasonal fluctuatiosn. They also noted a number of dominant

fungi which were Aspergillus niger, Asvergillus flavus,

Aspergillus terreus and Fusarium chlamydosporum. Mishra and

Kanaujia (1972,1973) made a comparative study on fungal flo-
ra of forest, grassland, usar and cultivated soils, and
found that highest fungal population was in cuitivated soil,
they pointed out that soil depth and physico-chemical cha-
racters of soil affected the distributicn and population of
fungi. According to Hattori (1973) agricultural activities
of man greatly modify the distribution of bacteria, and
fungi in soil. Allison (1973) reported that cultivation has
marked influence on bacterial population and in cultivated
soil bacterial population was 20-30 time higher than the un-
cultivated soil. Morrall (1974) reported that fungal popu-~.
lation was affected by phvsico-chemical characters of soil
and ground vegetation. Dedalauri (1975) indicated that the
distribution of fungi is determined by the combined effect
of moisture, temperature and organic carbon. Wong (1975)
reviewed the literature on soil fungi and suggested that

distribution of soil fungi is mainly governed by various
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soil factors. According to him moisture and pH were the
most important factors. Widden (1979) reported that the
effect of different of th= snils which change the number of
fungi and species composition. Clark and Christensen (1781)
estimated fungal flora of grassland scoil and found that

Asvergillus spp., Penicillium sp. and Fusarium spp. domiaa-

ted the fungal community. Orchard and Cook (1983) cbservad
that the microbial population and respiration rate is posi-
tively correlated with moisture content, the microbial ac-
tivity decrsases with decrease in water potential. Dzka and

Mishra (198%1) reported dominant fungl Trichoderma viride,

Penicillium chrvsogenum, Aspergillus niger, Cladosporium

herbarum, Cephalosporium coreninides, Fusarium solani

and Pythium sp. in soils under shifting cultivation. They
also found that fungal, bacterial and actenomycetes pocpula-
tion were highest in surface s->il than the deeper soils.
Lynch (1984) suggested that microbial activity should b-e
considerad in soil management and it may be possible to ma-
nipulate the s2il population balance towards beneficial
organisms. Back (1984) reported significant correlatior be-
tween the microbiological index and the total organic carbon
of z2leven different agricultural soils. Theodorou (1984)
racorded that bacterial population was maximum under pine
planted soil and fungal propagules were maximum in Bucalyp-
tus planted sofl. 8huji and Takao (1985) found that the

number »f Bacteria in 0-2 com soil layer was high and in
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desper layers it was small and constant. Behera and Mukerji
(1985) isonlated the highast microbial population »n surface
soil and sp=cies numbers gradually declined with depth in-
crease and they concluded that ths surface vegetation and
edapﬁic and environmental factor have a profound influencs
on the ~ccurrence and distributinon of fungi at various depth
of soil. Abouheilah (1985) reported 103 fungal species from
forest soil, out of which 10 belong to phycomycetes, 4 to
ascomycetes, 1 to basidiomycetes and 88 to deuteromycetes.

The most prevalent genera were Penicillium, Aspergillus,

Fusarium, Trichoderma, Dreschslera, Ulocladium, Torula, Hu-

micola, Alternaria and Helminthosporium. Valikanov et al.

(1985) observed that deeper the soil horizon more signifi-
cant difference between individual horigzon with respect to
species composition and the number of microorganisms. They
also noticed that abundance of s2il1 mycoflora decreased as
the absclute altitude above sea level increased. Schnurer
et al. (1986) pointed out that moisture changes the baéte=
rial, fungal, protozoa and nematode population and oxygen
consumntion. In cohparative study on rainfall and irr:ga-
tion, they observed that the rainfall, doubled bacterial
number within three days and which declined during the fol-
lowing period of drought while in irrigated plot bacterial

population increased by 50% and remained constant.

So0il enzymes :

Dehydrogenase :
Levels of dehydrogenase activity of soils are con-
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sidered to give some guide to the microbiological activity
of the soils and have been investigated increasingly since
the introduction.dof a method for the estimation of this ac-
tivity (Lenhard,1956). Stevenson (1956) modified Lenhard's
technique and presented =vidences for the reliability of

the dehydrogenase as a mesans of estimating total microbial
activity in soils. Howzver, he did not find relationship
between dehydrogenase activity and bacterial numbers, unless
organic amendments were adZ?ed to the soil. Casida et al.
(1964) detected relativelv constant dehydrogenase activity
regardless of small fluctuations in microbial numbers., On
addition of nutrients, it paralleled with the rapid multi-
plication, gram-positive bacteria and decreased markedly when
the metabolic activity of these bacteria slackened. Skujins
and McLaren (1968) compared the dehydrogenase activity of
geolegically preserved soils with freshly collected desert
and cultivated soils and concluded that the activity did not
‘reflect the microbial numbers but was thought tc.reflect the
rate of dverall mebabolism. Ross (1970,1971) reported that
formazan production was significantly greater in systems
incubated anaerobically than in systems incubated without
complete anaerobioses. He studied facters limiting levels

of dehydrogenase activity. The addition of glucose and NAD
together did not prevent decline in rates of formazan for-
mation on prolonged incubation. Pancholy and Rice (1972)

found that there were no significant decrease in the
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activities of urease and invertase after 30 days storage at
4°c, Skujins (1973) reported that dehydrogenase activity did
not correlated with microbial numbers and also did not cor-
related with phosphatase activity showed scattered activity
values through-out the profiles. Casida (1977) modified the
dehydrogenase activity estimation technique for measuring
the metabholic activity of microgprganisms in soil and he oro-
pos=2d & h incubatinn at 37°C with an electron donating sub-
strate. He found that in the modified technigque the rate of
formazan production remained constént during that time and
cellular multiplication apparently did not occur. Schinner
and Gurschler (1978) reported that higher values for enzyme
activity, so2il organic matter and moisture were found in
the top layers of soil. These parameters decreased with in-
creasing depth. Smith and Pugh (1979) demonstrated that the
dehydrogenase assay can provide a valid indicator of soil
microbial activity. Chendrayan et al. (1980) reported that
dehydrngenase activity increased upon flooding while inver-
tase activity decreased considerably under the same situa-
tion. Frankenberger and Dick (1983) found positive conrrela-
tion »f dehvdrogenase activity with soil respiration. Dkhar
and Mishra (1983) in their.z-mparative study of dehydroges
"nase attivity, micrnbial populati:n and physico-chemical
characters in maize field sbils under different agricultu-
ral management. shewed that enzyme activity microbial popu-

lation as well as physico-chemical characters followed a
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trend piain valley land) terrace land? slash and burn tvpe
of shifting agrmieulrure. Trevora {1984} -veported that there
was a high positive cnrrelation between dehydrogenase acti-
vity and substrate concentrationrincubation, temperature
and so2il pH. A highly negative correlation between dehydro-

genase and N, content was noted. Rao and Ghai (1985) repor-

2
ted that alkali soil have low amount of organic carbon,
nitrogen and low level of dehydrogenase activity and found
that enzyme activity was positively correlated with organic
carbon and nitrogen. Shuji and Takao (1986) found that de-
hydrngenase activity was positively correlated with soil

PH and bacterial population. Tiwari et al. (1987) reported
higher dehydrogenase activity from surface soils and also

noticed positive correlation of dehydrogenase activity with

bacterial pnpulation in pineapple field soil.

Urease :

Sumner (1926) first isolated and purified the enzyme
urease in crystalline form from jack bean meals. Availability
of urease in soil and enzymatic nature of urea decomposition
in soil was first reported by Rotini (1935). Conrad (1940,
1944) reviewed the literature on presence of urease and its
enzymatic characteristics in soils. Kuprevich (1951) consi-
dered urease enzyme as an indicator of total binlogical ac-
tivity and fertility of the soil. Drobnik (1955) reported

that although enzyme tests are suitable for qualitative
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studies of various so2il processes, they are not applicable
for tﬁe quantitative estimation of microbial activity.
Stajanovic (1959) reported that urease enzyme :activity is
not a stable indicator of the biological activity »f the
soil. Effect of snil properties on urease activity have been
studied in upland soil by McGarity and Myers (1967) and
Dalal (1975). Bremner and Douglas (1971) tested 100 com-
pounds to evaluate the inhibitors of urease activity in
soils they found that the dihydric phenol and thinones were
the most effective organic inhibitors and Silver and murcu-
ry salts were the most effective inorganic inhibitors.
Pancholy and Rice (1972) did not find any significant effect
on urease and invertase activity after storage at 4°c for

30 days while significant loss in dehydrogenase activity
was noted after 30 days. Zantua and Bremner (1976) reported
that addition of urea to Iowa s0ils did not induce urease
activity, however, increased urease activity was observed

on addition Qf gluéose that promotes microbial activity.
Zantua and Bremner (1977) further reported that no loss of
urease activity could be detected when field moist soil were
air dried and stored at 105°C for 24 hours or autoclaved
(120°C) for 2 hours. However, in moist soils in activatinn
was detected at temperature above 60°C. Mishra gzlgi.(1979)
studied amylase, cellulose, invertase, protease and urease
activities in eleven pasture s»2ils of Orissa (India) and

noted significant positive correlatinn between urease and
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cellulcse activity. Sahrawat (1980) estimated the urease
activity and physico-chemical characters viz., pH, organic
carb~n and nitrogen of soils, He pointed out that in alka-
line soil the rate of urea hydrnlysis is more rapid and
this increased N loss through NH3 vclatization., Speir

et al. (1980) found more urease activity in planted snils
as compared to> fallow soil and suggested that temperature
dependent denaturatinn could have caused the décrzase in
ureasa activity in fallow soil. Moller (1981) f»und posi=-
tive corrzlation »f urease activity with C/N rati»n and s»il
pH values, They regarded urease activity as an indicator

of binlngical activity of the s»nil. Das et al. (1981) c»uld
establish a p~sitive c~rrelati-n batw~2n urease activity
and organic carbon and t~tal nitrogen. Thev further sug-
gested that organic carbon was chief nositive factor deter-
mining urszase activity. Nor (1982) reonrted that inhibiti-n
of urease activity was effesctively achiasves using silver
ion. Urease inhibitorrs have poatential anplicatinon in redu-
cing volatilizati»>n losses »f amm-nia derived fr-m ur=a
applied to s»ils. Str~~> and Jencks (1982) ravort=d a sig-
nificant corralation am»>ng s»il respiration, enzymatic
activities and organic matter. Sahrawat (1963) reported
that urease activity significantly correlated withvtdtal

N and organic C but was not c>rrelated with clay content,
pH, active Fe or active Mn content. Singh and Nye (1984)

found that on rewetting, air dry soil urease activity

-
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increased rapidly within a 24 h. and after 4 days it de-
clines. Dormaar et al. (1984) reported highest urease acti-
vity in uncrazed field s»il compared to grazed field s~il.
Carceld> and Marcos (1281%1) found a correlatiﬁn of urease
activity with organic matter and ureolytic micr-organisms

in s~il. Kaszubiak (1986) reported significant positive
correlati~n between urease activity and bacterial population,
howaver, c¢-rrelation had disappeared after amendments ~f

s21l1 by »rganic matter.

Phosphatase
Phosphatase activity in soils has b=en studi=sd by

many workers sinc= its detecti-zn by R>gers (1942).

Golebiewska [1956) found that highest phosphatase
activity wis in surface layer s»il and the activity de«
creased in low préfile soil. Keilleng et al. (1960) and
Hoffman and Elias-Azar (1965) reportad the cnrrelati:n of
phosphatase activity with osrganic carbnon, moisture content
and ﬁotal nitrogen. Khazi=sr and Burangulova (1965) found
positive correlatiosn betw=zn phosphatase activity and s»oil
srganic vhnsphorus content. Dixon and Webb (1966) found
positive relaticn of phosphatase activity with magnesium
and sugg=sted that it is dus t3> magnesium ions being natu-
ral activatnrs of the majority of enzymes activity ~n
phospherylatad substrates. Parkinson et al. (1968) stated

that »ohosphatase activity decreased along depth due to
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fiecreasing in the ccncentraticn of microbial populatinn
along depth. Dudchenko et al. (1974) reported that type of
plants grown »n s»il were found to have an effect on s»il
phesphatase activity. Ladd and Butler (1975) suggested that
the positive relationship with organic carbon content is
Drnbably associatad with the fact that phosphatase like
other enzymes become bound in humo-protein complex which
possibly protects the enzyme from degradati-n. Tyler (1976)
observad that industrial copper and zinc pollution reduces
the phnosphatase activity and P mineralization rate in the
soil of conifer forest surrounding a brass mill, Verstraete
and Voets (1977) reported that yield of winter wheat was
positively related to soil phosdhatase activity while sugar
beet yield were negatively relatad t» s2il ureasz activity.
Respiration and phosphatase activity were found t> bs crr-
related in reclaimed stripmine scils by #erksman and Temple
(1979). Spiars and McGill (1979) reported that increasing
in nitrogen supply increased the microbial synthesis of
phosphatase. Ross (1982) rzported that in maize field, car-
bon dixide producticn, net préduction of mineral N, micro-
bial biomass and phosphatase activity and some other enzymes
(urease, sulphatase, amylase and invertass) had all de-
clined appreciably mnre with cropping. He suggested that
these characters would provide more sensitive indicator
than organic mattear te change in 8nil with management.

Kulinska et al. (1982) could not find correlation betwzen



microbial population and phnsphatase activity. They als» did
not find correlati-n bestwsen soil water hnlding capacity and
enzyma activities. Stro- and Jencks (1982) reported &ignifi-
cant positive eorrelati-n »f phosphatase activity with s»il
respirati-n. Frankanberger and Dick (1983) found signifi-
cant positive correlation »f alkaline phosphatase with res-
piration but in case of acid phosphatase he did not find
correlation with microbial respiration. Dormaar et 3&.(1984)
found highast phosphatase activity in grazed field as com-
pared to ungrazed field of grassland soil. Nohrstadt (1985)
reported that the conecentratinn »f organic carbon was the
strongest predictor of phosphatase activity. Trasar and
Stores (1987) found that maximum phosphatase activity was at
the pH of 5-6 and also sugg=stad that phosphatase activity
was appeared to dependent on the concentration »f organic

matter content in soil.

Carbon dioxide evolution :-

Smith and Brown (1932) studied the Co, evolution and
stated that 90 percent »f s2il respiration could be attri-
buted t» the activity of snil microorganisms. Katzn=lson
and Steavens~on (1956) studied the ev-lution of carbon dio-
xide from forest floor and shnwed that a number of environ-
mental factHor viz., tempesrature, moisture, pH,and the sub-

strates have been found t» affect the =2vwolution of carbon

dioxide from the s»>il. Stotzky (1960) established a corre-
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lation between carbob-dinxide evnlutinn and microbial bio-
mass. Dobson and Wilson (1963) studied the soil activities
from a stripmins spoil areas in west Virginia and »bserved
a dscreased rate of respiratisn along with low bacterial

nutbars. Velk (1972) measured C02 evoluti~n, from soil c»-
lurn undar varying water tables. He observed that C32 2vo-
luti-n was provnortinnal to the idepth of the water table.

Ross et al. (1975) studied respiration activity and their
relationship with temperature, moisture soil propertizss in

tussock grassland in New Z=2aland. They found significant

correlation of CQ2

evclution with soil moisture, crganic
carbon and total nitrogen. Nannipieri et al. (1978) noted
that C02 evolution and urease activity were related to bac-
terial and fungal biomass. Ross and Cairns (1978) studied
the influence »f temperature on :biochemical processes in
some of grassland s»ils. They found that the pattern cf Co2
evolution at different tempzrature and incubation periods
varied with the different s72ils and that C02 evolutinn in-
creased with increase in temperature. Kowlenko et al.(1978)
stated that below the optimum water content for microbial
activity increasing moisture results in increasing carbon
dioxide evnlution. Cleve et al. (1979) reported that the

estimation of Co, evoluti~n provides an insight into the

T2

rate of growth organic matter breakd-wn and mineralization.

Satn> (1981) reported +that the rate of 002 evolution corre-

lated with numbzsr of gram-negative bacteria, while it did
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not correlate with the number of cellulose decomposing
microorganisms. He believed that main locus where this re-
actiosn takes place may be the surface area of soil crumbs.
Upadhyay et al. (1981) reported that soil temperature and -
moisture were linearly related with carbon dioxide evnolu-
tion. Gupta and Singh (1981) reported maximum rate »f Cn,
evolution in the rainy summer month and lowest during win-
ter months. Strno and Jencks (1982) reported clnse rela-
tionship of soil respiration with phosphatase amd amylase
activity and tn oxidizable carb»on and niérogen. Franken-
berger and Dick (1983) found correlation of Co, evolution
with alkaline phosphatase activity but ths same was not
found with acid phosphatase and urease activity. Baruah

and Mishra (1983) nonticed correlatinn of Co., ev-olution,

2
with organic carbon, nitrogen and phosphoarus and microbial
povulation. Nohrstedt (1985) reported that the organic C was
strongest predictor »f soil respiration. He did not find
any correlation between soil respiration and dehydrogenase
activity. West et al. (1986) reported that in the summer
season's soil samples, resviration doubled within one day
»2f incubation but then graduallv declined, however, in
winter season's scil samples, respirati-n declined signi-
ficantlv after incubation. Dkhar and Mishra (1987) f-und

a significant pnsitive c-rrelation »f Co, evolution with

2

fungal biomass, microbial populatiosn, organic carbon and

total nitrogen.
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MATERIALS AND METHODS

Sgudy Area

The study was carried ~ut at Uover Shillong (2lii-
tude 1706-1730m latitudes 25°34'N and l~ngitude 917561 &,
Three different cultivation methods are prevalent which
ares adapted by the farmers depending on the topraravhy and

availability of land.

In one type, farmers adapt slash and burn type of
shifting cultiva+ion. This is more in practice ~on the hilm
locks. Under this type th= vegetation is cut and after it
is dried the layer boles and remnved while other plant
parts are burnt after putting it in rows parallel t» the
hill slopes. Afterwards the ash is covered with adjoining
soil and a band is made which maybe 1.0 to 1.5 m wide 10
to 15 m in length and 0,20 t~» 0.25 m high. On these bands
the potat> tubers are shown randomly,}however, piant to
plant distance is maintained between 0.15 to 0,20 m. Dis-
tance between tw» adjacent bands is generally 30 to 40 cm.
Farmars do not use any manure or fertilizers. As th= culti-
vation is done on hill slopss they prone to severe erosinn
and run off. As a result th= soil moisture is generally

low and the fertility of soil diminishes with time.

During recent yvears due to non-availability of
lands for shifting cultivation permanent tyoe of cultiva-

tion on hill slopes has started. This is done on bench
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terraces. The terraces check soil erosion and run off, thus
fertility is maintained and soil moisturs is retained. The

.
width and length of terrace devends on the degree of :slopes.,
In this cultivation the maasurement of bands are length
approx. 3 m; width 0.3 m and height 0.15 to 0.20amn and a
distance of approx. 0.30 m is left between two adjacent
rows. This type of cultivation has been introduced by

Central Potato Research Station and in this tyvne of culti-

vation hapure -fertiilizer and pesticides etc. are used.

Between the hillocks some vlain land are found and
on theseblands permanent type of cultivation is done and
farmers grow potato on bands similar to the shifting cul-
tivation lands however, in these fields the width of band
are lesser in width (0.75 m) and the height (0.50 m) are
generally more. The height of band prevents water logging.
In this type of cultivation farmers use fertilizers and
manures. Being in valleys these are low lying areas and

thus soil moisture remains high throughout the year.

For convenience, the three cultivation types have
been named as slope cultivation, terrace cultivation and
valley cultivation. Potato crop sown under the three cul-
tivation tyves were situated within a radius of one kilo-

meter.

Spil samples were collected from three votato

fields namely, Jhum 1lands on hill slopes, bench terraces
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mada on hill sloves and plain lands situated in valleys.
Sampling was done ét 10 days ihterval for two crop cycles
fronm 10th September, 1935 to 20th November, 1985 and 10th
September, 1986 t» 20th November, 1986. Soil samples were
collected from thrze dedths (0-10 cm, 10-20 cm and 20-30
cm). The samples were collected from five random sites

from =2ch field., These =m0l were thoroughly mixed in a

W
0

sterile volythena bag to form a composite samplza. This was
done with an aim to minimize local variation in the micro-
bial population. The samples were brought to tha laboratory
and were stored in fridgs at a temperature of 46C. All the
estimations concerned with microbial pooulation and activi-
ty were carried out within 241 hours of collection. Soil
temperature was noted using soil thermom=ter at the time

of collection.

Moisture content :

Moisture content of soil was assessed by oven dry
welght method. 10 g of freshly collected soil was dried at
105°C in a hot air oven to constant dry weight and from
the resulting weight loss the percentage moisture content

was calculated.
PH
20 g of soil was saturated with 100 ml of distilled

water and was subjected to constant stirring for 20 mi-

nutes with the help of a magnetic stirrer. The susvensinn
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thus prepared was used for recording the pH using an =lec-

trical pH meter.

Organic carbon

Walkley and Black's (1934) rapid titration method
was followed for thz determination of organic carbon of
the soil. 0.5 g of soil was taken after passing through
0.2 mm mesh and placed in a 500 ml conical flask. 10 ml of
1N K2Cr207 solution was then pipetted onto the soil and
mixed by swirling the flask. 20 ml of conc. H2504 was sub-
sequently added and mixad by gentle rotation to ensure com-
plete contact of the r=agent with the soil. The mixture was
allowad to stand for 30 minutes. A contrnl blank (without
soil) was run in the same way. fhe solution was diluted to
200 ml with distilled water and 10 ml of 85% phosphoric
acid and 3 drops of divhenyl amine indicator were added.
The solution was titrated with 1IN ferrous sulphate. The

percentage organic carbon present in the soil was thzan cal-

culated as follows :-

Since 1 ml of 1N potassium dichromate corresponds

3 mg of carbon

. « % C (organic) = B-5Sx 3'003 x 100
where B = ml FeSO4 in blank titration,
S = ml FeSO4 in sample, W = weight of the soil

sample in grams.



Total Nitrogen

Nitrogen was estimated by semi-micro Xjeldahl me-
thod as described by Allen (1974). 0.5 g of sieved ( € 0.2
mm) soil was taken in a Kjeldahl flask and 2 g K,50, - HQO

mixture and 3 ml. conc. H,S0, containing 5% salicylic acid

4
were added and the mixture was digestad on digestion rack
till the solution became pale green in :odlour. 50 ml dis-
tilled water was added to the cooled solution and mixed
carefully. The solution was filtered through Whatman No.l
filter paper and left to settle for 12”hours. 1 ml of the
filtrate was taken in a 57 ml volumetric flask and 8 ml
alkaline rochelle reagent (60 g sodium potassium tartrate
Adissolved in distilled water and diluted to 600 ml with dis-
tilled water) 1 ml 0.16% W/V sodium nitropruside, 2 ml fresh
sodium phenate reagent (597 g phenol dissolved in 250 ml

40% NaoH and diluted to 100 ml with distilled water) and

1 ml sodium hypochlorite reagent containing 5% active chlo-
rine were added and the volume was made upto 50 ml. Flasks
were kept in a water bathak 10°C for 20 minutes. One blank
sample was also run with it, after cooling, the 0.D. (Opti-
cal density) was mesasured at 625 nm. Percentage nitrogen

was calculated as follows :-

C (mg) x Solution volume (ml)

N% = 10 x aliquot (ml) x sample weight(g)

where C = NHZ in mg obtain=d from the standard

cfiirve,



Available phosphorus :

Sulphomolybdic acid method was followed for the
estimation of phosphorus (Jackson, 1973). 4 g of sisved
( < 0.2mm) soil was taken in a 250 ml conical flask. 50
ml of Brays extraction solution (1.11 g of ammonium fluo-
rid=s dissolvzd in 1 litre of 0.1N HCl) was added and
stirred for 15 minutes with the helo of a magnatic stire
rer., The solution was filter=sd through a3 Whatman No.41 fil-
ter paper. One ml of the filtrate was takan in a test tube
and to it 5 ml sulphomolybdate seolution (25 g of ammonium

mol bdate in 250 ml distill=d water, 275 ml conc. H,SO, in

2774
650 ml water mix=d with the ammonium molybdate solution
when cooled, 100 ml aquous solution of 5% antimony potas-
sium tartrate was added and solution was made to 2 litre)
and 5 ml 1.5% ascorbic acid solution was added and the

volume was made to 50 ml. After 30 minutes 0.D. was deter-

mined at 660 nm using blank (without soil).

C(mg) x Solution volume {ml)
10 x aliquot (ml) x sample weight (qg)

P% =

where C = mg P obtained from thes standard curve,

Exchang=akls Potassium :

Exchang=able potassium was determined by flame
photometer mathod using ammonium acetate as extraction
solution (Jackson, 1973). 5 g of sieved ( < 0.2mm) soil

was taken in 500 ml conical flask and 125 ml of ammonium
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acetate extraction solution (pH 7) was added and stirrad for
1 h. on a mechanical shaker. The solution was filtered
through a Whatman No. 14 filter paper. 2 ml of filtrate was
diluted with 10 ml distilled water and r=ad in flame pho-
tomater.,

C(mg/L) x Solution volume (ml)

Ke =I5 x Sample weight (qg)

where C = Mg/L of X obtained from standard curve.

Fungi :

Warcup's (1950) soil plate method was follow=d for
isolation of fungi from the soil. A small amnount (approx.
0.015 g) of soil was taken from the sampls by m=2ans of a
sterile nichroms spatula having a flattered tip. The soil
was then dispersed in a few drops of sterile water at the
bottom of sterile Petriplates. 15 ml of molted and cooled
Martin's (1950) rose bengal agar medium suppnlemented with
streptomycin sulphate was poured and the soil particles
were dispersad throughout the medium by shaking and rota-
ting the Petriplates. Three replicates were maintained for
each sample. All isolation procedures were carried out in
a sterilized laminar flow chamber. The »lates were incuba-
ted at 2SiloC for 5 days in a BOD incubator. The colonies
were counted after 5 days and number of fungal propagules
per g dry soil was calculated. For identification of th=
fungi the books consulted were those of Gilman (1951),

Barnett and Hunter (1972), Subramanian (1971) and Domsch



t al., (1980).

Bacteria :

Dilution »late method (Waksman, 1921) was followed
for the enum=aration of bacteria. 1 g soil was taken and
transferred to 250 ml conical flask which contained 100 ml
of sterilized distilled water. The solution was thoroughly
hand~-shaken for about 15 minutes.Subsequent dilutions were
prepared by transferring 10 ml of this solution to 90 ml of
sterile distilled water. 0.5 ml aliquot o the 1:10000 dilu-
tion soil water suspension was transferred onto nutrient
agar medium. The petriplates were shaken gently to disperse
the inoculum uniformly over the surface of the 8gar medium.
All isolation procedurzas were carried out in a sterilized
laminar flow chamber. Three replicates were maintained in
each case., The pstriplat=zs were incubated at BOiloC in a
BOD incubator for 24 hours. Number of bacterial colonies
was counted and thair »onulation ver gram dry soil was cal-
culated by taking into considzration the moistures content
of the snil. In this study only the bacterial pownulation
was considered and no attempt was made to identify th=

spacies.

Composition of the media used for isolation of fungi ana
bacteria
Medium for fungi

Peptone-dextrose-rose hengal agar (Martin, 1950).



- Agar - 20.0 g
KH, PO, - 1.0 g
MgSO47H20 - 0.5 g
Peptone - 5.0 g
Dextrose - 10.0 g
Rose bengal (1%) - 3.3 ml
Distilled water- 1000.0 ml
Streptomycin - 30.0 mg

sulphate

Medium for bacteria

Nutrizsnt agar medium (Johnson and Curl, 1972).

Agar - 15.0 g
Beef =xtract - 3.0 g
Peptone - 5.0 g
NaCl | - 8.0 g
Distilled water- 1000,0 ml

Dehydrogenase activity

Dehydrogenase activity of so0il was determin=d by
2,3,5 trivhenyl tetrazolium chloride (T.T.C.) reduction
technique as suggestad by Casida (1977). Freshly collected
soil samples were taken but when storage was necessary,
the soils were stored at 4°C. The stability of enzyme is
good at 4°C (Lloyd :and Sheafee, 1973). 1.0 g of soil sam=
ple taken in a dry test tube, was treated with 0.1 g CaCO3

and 1 ml of 1% T.T.C. The content of each tube was mixed
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well, plugged with a rubber stooper and incubated at 379°¢
for 2% hours. As a rasult of dszhydrogenase activity the
T.T.C. was Mduced to triphenyl formazan which was =xtractad
with mz2thancl. The soil from each tubs was quantitatively
transferrel to a Whatman No.l filter papz2r with the nelp of
mathanol and washad down into 50 ml volumetric flask, with
a small.portion of methanol till the volume of filtrate was
made unto the 50 ml mark. Three replicatzs were maintained
in each case. The 0.D. of the »nink coloured filtrate was
determined at 485 nm by spectrnnhotomzter using methanol
extract from the contrnsl (without soil) as the blank. The
dehydrogenase activity psr gram dry soil was calculated
from the standard curve prepared by using different con-

centratinns of triphenyl formazan.

Urease activity :

Urease activity was d=termined by the method of
McGrarity and Mayers (1967). 1.9 g of soil was placed in
100 ml volumetric flask and to this was added 1 ml of to-
luens. The mixture was allowed to stand for 15 minutes to
permit the complete penetration into the soil. 10 ml‘of buf~
fer (pH 7) and 5 ml of 10% urea solution were subsequently

added. The flask was shaken and incubated for 3 hours at

37°c. Controls where urea solution was replaced by 5 ml
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distilled water were run for each soil sample., After incu-
bation tha gontent of ths flask was made upto 100 ml with
distilled wéter. The flask was thoroughly shaken and their
content filtered through a Whatman No.5 filter paper. Ammo-
nia released as a result of urease activity was assessad by
indophenol blue method. 0.5 ml of filtrate was placed in a
25 ml volumstric flask and to this was added 4.5 ml dis-
tilled water 2.5 ml of phenolate solution (20 ml phenol
solution mads by dissolving 62.5 g phenol in 20 ml of m=-
thanol:; 28,5 ml ac=tone and 20 ml of 27%. NaOH were 2added
and the mixture was made upto 100 ml with ethyl alcoho>l)and
1.5 ml of sodium hypochlorite solution containing 0.9% ac-
tive chlorine. The whole mixture was thoroughly mix=d and
‘after 20 minutes the volume was made upto 25 ml bv adding
distilled water. The 0.D. of blue coloured solution was
measurad spectophotometrically at 630 nm. The amount of
ammonia-N formed was calculated by reference to a standard

curve. Three replicatas were maintained in each case,.

Phosphatase activity :

Phosphatase activity was measured by the method of
Tabatabat . and Bremner, 1969). 1.0 g sieved ( < 2 mm) soil
was taken in a 50 ml conical flask and to this 4 ml of mo-
difi=d universal buffer (pH-6.5) 0.25 ml toluene and 1 ml
0.115M disodium P-nitroph=nyl phosphate hexahydrate were

added. The flasks ware stoppered and incubated at 37°¢
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for 1 hour. After incubation 1 ml of 0.5M CaCl, and 4 ml of
0.5M sodium hydroxide were added to each flask and mixed
well. The soil susvpension was filter=d through a Whatman
No.l filter paper and 0.D. of the filtrate was measured in
a spectovhotometer at 420 nm.Controls (without soil) were
also run for each soil. Ths amount of P-nitrophenol r=-
l=as=d as a ressult of phosphatase activity was calculated

using a standard curve.

Carbon dioxide evolutioh :

The @02 evolution was measured by absorption and
titration method (Macfadyen, 1970). Roots were hand-picked
from the soil. 1 kg of the soil was placed in a glass jar.
A glass beaker of 100 ml capacity cohtaining 50 ml of N.1N
KOH solution was placed inside thz jar. The glass jars were
then sealed and made air tight. A suitable control jars
with equal volume of sterilized sand was also used for ths

substraction of the atmespheric CO After 24 hours incuba-

0
tion at room temperatur=s, the amount of CO2 fixed by KOH
solution was measuraed by titrimetric method using 0.1N HCl
as titrant and phenolphthelin as an indicator. Three re-
plicates ware used for each soil. Carbon dioxide evolution

was expressed in mg CO2 avolvad per Kg dry soil, by taking

into consid=sration the moisture content of the soil.
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RESULTS N
Soil temperature
Gz2nerally, soil temperature was lower in valley
land cultivation than that of the hill slope and terrace
cultivations. With increasing depth the soil temperature
decreased in all thza fields as well as on_all the sampling
dates. During winter the soil temperature dronped conside-
rably and a lowest temparature was recorded at 30 cm depth
of valley land soil. Almost similar trend of variation was

noted during both the years (Fig.1.1).

Soil moisture :

Meoisture content of soil was higher in valley lands
than the fields on hillocks. Maximum moisture content
(50.50%) was recorded in valley land field at the depth of
20-30 cm and the minimum (10.10%) was in hill slope culti-
vation soil at 0-10 cm depth. In all the three agricultural
systems higher moisture content was recorded in deeper la-

yers of the soil (Fig.1.2).

pPH :

In valley land soil pH ranged b=twesn 4.0 to 5.22,
while in terrace land it ranged batween 4.0 and 5.28 and in
slope land between 3.64 and 5.64. No marked temporal varia-

tion in oH was observed (Fig.1.3).

Organic carbon :

Organic carbon content was maximum in valley land
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soil followed by terrace land and slope land soil, Surface
(0-10 cm) soiis contained higher organic carbon which de-
creased with increasing soil dspth. In all the three prac-
tices organic carbon was higher at the sewing and harves-

ting periods (Fig.l.4).

Total nitrogen :

Maximum nitrogen content was found in valley land
soll followed by terrace land soil and the minimum in slope
land soil. Upper layer of soil always contained higher per-
centage of nitrogen. The percentage of nitrogen decreas=d
along soil depth. Peak was observed in the month of Octe-

ber during both the year (Fig.15).

Available phosphorus :

General trend of variation of available phosphorus
in soil was similar to that of the nitrogen. Higher values
were obtained during the month of October and a declin=
was observed during following months. In valley land soil
phosphorus was higher as compared to the terrace land and
slope land soil. In sleonz land soil phosphorus content was
nearly half of the valley land soil. Generally, with in-
creasing devpth, the phosphorus content decrzased in all the

three fields (Fig.1.6).

Exchangeable potassium :

Maximum potassium was found in terrace land soil
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followed by slope land soil while minimum was obtained in
valley land socil. There were no marked variation in potas-
sium among the three depths (0-10 cm, 10-20 cm and 20-30 cm)
in all the three agricultural systems. The growth of crop
and season did not have any effect on the exchangeable po-~
tassium content of soil except in the terrace land soils

where a drop was noted during the month of October (Fig.1l.7).

Fungl :

Temporal and depth-wise variation in fungal ponula-
tion of soils of the three fields is depicted in fig.1l.8.
The number of fungl per gram dry soil was maximum in valley
land soil and minimum in hill slope land soil. In depth-
wise studies the population was always highest in surface
soil and it decreased along depth. In valley land a3 maxi-
mum of 3672 propagules/qg dry soil was recorded in the sur-
face soil and a minimum of 1252 propagules/g dry soil was
recorded in the 20-30 cm deep sonil. In terrace land soil
surface layer (0-10 cm) contained maximum 760 propagules/g
dry soil was recorded in 20-30 cm deep scil. In hill slope
land the fungal population ranged betwesen 3093 and 930 pro-
pagules/g dry soil. In 211 the three agricultural systems
highest fungal population was found in the month of October,
which was followed by a sharp decline. In valley land fung-
al populatinsn is signifiéantly correlated with soil tempe-

rature, nitrogen, phosphorus, bacterial population, dehy-



drogenase activity, urease activity, phosphatase activity
and CO2 evolution. In terrace land it is correlated with
soill temperaturs, organic carbon, nitrogen, phosphorus, po-
tassium, dehydrogenase activity, urease activiﬁy, phosnrha-

‘tase activity and CO, evnlution. In hill slop= land soil it

2
is correlated with moisture contzant, soil pH, organic car-
bon, nitrogen, phosphorus, dehydrogenase activity, urease

activity, phosphatase activity and CO. evolution.

2
The fungal species isolated from different depths

of the so0il in different systems are given in table 1.1 -~

1.18. A total number cf 26 species were isolated from valley

land soil., In valley land soil Apsidia glauca, Rhizopus

oryzae and Emmonsiella capsulata were isolated only from the

surface layasr (0-10 cm) of soil, while Alternaria alternata

and Phoma sp. were isolated only from the middle layer (10-

20 cm)., Monilia sp., Penicillium funiculata and Trichodzrma

harzianum were recorded only from 20-30 cm depth soil.

Mucor racemosus, Penicillium brevicompactum and sterile

forms were dominant in middle layer (10-20 cm) soil while

Mucor racemosus, Penicillium chrysogenum and Trichoderma

viride were dominant fungi in 20-30 cm depth snil. Fusarium

SP., Mucor hiemalis, M. racemosus, Penicillium brevicompac-

tum, P. chrysogenum and Trichodzsrma viride were common in

all the three depths of valley land soil. Absidia glauca,

Emmonsiella capsulata, Aspergillus niger, Fusarium solani,

Fusarium poae, Alternaria alternata, Mucor mucadn, Mucor
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circenelloides, Aspergillus flavus, Monilia sp., Penicillium

funiculatarand Trichoderma harzianum appeared only for a

short time during the study period.

A total number of 21 species were isolated’ from ter-

race land soil Alternaria alternata, Humicola fuscoatra and

Penicillium fellutanum were isolated only from surface

(0-10 cm) sonil. Penicillium canescens and Pythium sp. were

isolated only from 20-30 cm depth soil. Mucor plumbeus,

Penicillium chrysogenum and Trichoderma virids were dominant

in surface scil while Trichoderma viride was dominant in the

middle layer soil. Penicillium brevicompactum was the d-mi-

nant fungi in 20-30 cm depth soil. Aspergillus: flavus, Fusa-

rium poae, Mucor hiemalis, M. plumbeus, M. racemosus, Peni-

cillium chrysogenum, P. brevicompactum and Trichodasrma

viride were common fungi in all the three depths of terrace

land soil. Alternatvia alternata, Aspergillus niger, Humicola

fuscoatra, Monilia sp., Muccr circinelloides, M. hiemalis,

Mortierella minutissima, Absidia corymbifera and Trichoder-

ma harzianum appeared twiee or thrice during the stud

period.

A total number of 27 species were isolated from hill

slope land soil. Arthorobotrys arthrobotryoides, 0Oidioden-

dron echinuatum, Penicillium canescens, P. citrinum and

Phoma sp. were isolated only from middle layer (10-20 cm)

of soil, while Rhizo»us oryzae, Trichoderma koningii and




Verticillium chlamydcsporum were isolated only from (20-30

cm) of soil Petéhederma viride and Mucor racemosus were do-

minant fungi in surface soil, whibe Mucor racemosus was do-

minant in middle layer s»>il. Mucor racemosus and Trichoderma

viride were dominant fungi in 20 - 30 em depth soil. Asver-

gillus flavus, Mucor-hiemalis, M. plumbeus, M. racemosus,

Fusarium oxysporum, Penicillium chrysogenum, P. brevicom-

pactum and Trichoderma viride were common.in all the three

depths. Absidia. corymbifera, Aspergillus niger, Mucor plum-

beus, Monilia SD.., 0idiodendron echinulatum, Penicillium

canescens, Trichoderma hamatatum,. T. harzianum, T. Xkoningii

and Verticillium chlamydosvorium were isolated sporadically.

Mycoflora of the three fields did not differ sig-

nificantly. Fusarium oxysporum, Mucor plumbeus, M. racemosus,

Penicillium brevicompactum, P. chrvsogenum and Trichoderma

)

viride were the common: fungi in- all the fields.

Bacteria :

Temporalland dzpth-wise variation.in the population
of bacteria of three field soils is given in fig.1.9. The
number of bacteria per gram of dry soil was maximum in ter-
race land soil which was followed by the valley 1l2and and
hill slope land soil. In terrace land the maximum popula-
tion was in surface soil (8.16x105/g dry soil) and minimum
(8;45x105/g dry soil) in the 20-30 cm depth socil. In val-

ley land soil surface layer harboured maximum (17.75x105/g
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dry soil) population and the minimum (7.76x105/g dry s2il)
was noted in the 20430 cm depth soil. In hill slope land

the bacterial population ranged between 1’7.1Ox105 and
5.69x105/g dry snil. In all the three systemsthighest popu->
lation was recorded in the month of October and the lowest
was recorded in November. Bacterial population decreased
with increasing depth in all the three systems, however, the
decrease in population was most prominent in hill slope land
soil. The trend of seasonal variation was similar in all the
three field soil. In valley land soil bacterial number is
significantly correlated with soil temperature, nitrogen,
phosphorus, fungal population, dehydrogenase activity,
urease activity, phosphatase activity and CO2 evolution. In
terrace land s»il it is correlated with phosphatase activity.
In hill slope land s»2il it is correlated with soil tempera-
ture, nitrogen, phosphorus, urease activity, phosphatase

activity and C02 evolution.

Dehydrogenase a¢tivity

Dehydrngenase activity of soil is expressed as ug
Triphenyl formazan/g dry s»il 24 h. (fig.1.10). Maximum
dehydrogenase activity was assayed in valley land soil
which was followed by terrace land and hill slope land soil.
In all the theee agricultural systems maximum activity was
found in the surface layer (0-10 cm) and as depth incresased

the activity decreased. In terrace land soil activity
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ranged from 16.6 to 70.0 ug TPF/q dry soil per 24 h, while
in valley land soil it ranged between 10,0 and 83.8 ug/TPF/
g dry soil per 24 h and in hill slope land soil it ranged
between 17.6 and 52.6 ug TPF/g dry soil per 24 h. During
the first year (1985) of study, in terrace land soil the
highest activity was estimated in the month of Navember,
while during second year the highest activity was recorded
in the month of October., In valley land and in hill slope
land soil general trend of variation during the study pe-
rind was similar in both the years and the maximum activity
was noted in the month of October. In valley land soil the
activity was significantly correlated with organic merbon,
nitrogen, phosphorus, potassium, fungal popula*tion, bacte-
rial populatinn, urease activity and phosphatase activity.
In terrace land soil it was correlated with organic carbnn,
nitrogen, phosphorus, potassium, fungal population, urease

activity, phosphatase activity and CO, evolution. In hill

2
slope land the activity was correlated with fungal popula-

tion and phosphatase activity.

Urease activity :

The urease activity of the potato fieldssoils under
three different agricultural systems expressed as ug NHZ/g
dry soil per 3 h. is depicted in fig.1.11. Valley land soil
harboured maximum activity followed by terrace land and hill

slope land scil. Maximum activity was recorded from surface
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soil and with increasing dapth the activity decreased. In
valley land soil the activity ranged from 26.9 to 137.8 ng
NHZ/g dry soil per 3 h; in terrace land s»nil it ranged be-
tween 22.8 and 109.8 g NHz/g dry soil per 3 h., and in
hill slope land soil between 20.8 and 94.9 ug NH,/g dry
soil per 3 h. In both the years highest activity in all the
three agricultural systems was found in the month of Octo-
ber, which was followed by a decline, but in valley land
soil in 1986 activity was maximum in the first week of No-
vember. In valley land soil the activity was significantly
correlated with organic carbon, nitrogen, potassium, fungal
population, bacterial populatiosn, dehydrogenase activity
and phosphatase activity. In terrace land soil the activity
was correlated with nitrogen, phosohorus, potassium, fungal
population and CO2 evolution. In hill slope land soil it
correlated with nitrogen, »hosphorus, fungal vopulation,

bacterial populatio~n, phosphatass activity and CO2 evolutinn.,

Phosphatase activity

Phosphatase activity expressed as ug p-nitrophencl/
g dry s5il per h is depicted in fig.1.12. The phosphaiatase
activity followed a trand of variation similar to the
urease activity. Maximum activity was found in valley land
soil followed by terrace land and hill slope land soil. In
valley land soil the activity ranged fro-m 263.3 to 295.0

Mg p-nitrophennl/g dry soil per h and in hill slope land
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soil varied from 244.6 to 291.0 ug p-nitrophenol/g dry
soil per h. Surface snil showed highest activity and as
soil depth increased the activity decreased, however, in
hill slope land soil in the yesar 1985 at the depth of 10-20
cm the activity was greater than the surface soil. In all
the agricultural systems the highest activity was recorded
in the last weak of September or first week of Octnober. In
valley land soil the activity was significantly correlated
with soil temperature, moisture content, organic carbon,
nitrogen, phosphorus, fungal populatinn, bacterial popula-
tion, dehydrongenase activity and urease activity. In ter-
race land soil it was correlated with soil temperature,
orcganic carbon, nitrogen,nhosohorus, potassium, funqal po-
pulation, @ehydrogenase activity and 002 evolution. In hill
slope land s7il the activity was correlated with soil tem-
perature, molsture content, soil pH, organic carbon, nitro-
gen, phosphorus, fungal population, bacterial populaticon,

dehydrogenase activity, urease activity and C.2 evolution,

CO2 evolution :

The CO, evolution expressed as mg C02/g dry soil/

24h is given in fig.l.13. Maximum output of CO2 was from

valley land soil followed by terrace land and hill slope

land s»oil. In valley land soll CO, output ranged from 34 t»

2
104 g COz/g dry s»il per 24 h. While in terrace land soil

it ranged between 31 and 97 mg C02/g dry soil per 24 h and



Fig. 1.1. Temporal variation in temperature (°c)

of wvalley land, terrace land and slope
land agricultural fi=ld soils from

10 September 1985 to 20 November 1985
and 13 September 1986 to 20 November
1986.
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Fig. 1.2. Temporal variation in moisture content
(%) of valley land, terrace land and

slope land agricultural field soils
from 10 September 1985 to 20 November
1985 and 10 September 1986 to 20 Novem-

ber 1986.
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Fig. 1.3. Témporal variation in pH of wvalley
land, terrace land and slope land
agricultural field soils from 10
September 1985 to 20 November 1985
and 10 September 1986 to 20 Novem-
ber 1986.
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Fig. 1.4, Temporal variation in organic carbon

(%) of valley land, terrace land and
slope land agricultural field soils
from 10 September 1985 to 20 Novem-
ber 1985 and 17 September 1986 to

20 November 1986.
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Fig. 1.5. Temporal variation in total nitrogen
(%) of valley Land,terrace land and
slope land agricultural field soils
from 10 September 1985 to 20 Novem-
ber 1985 and 10 September 1986 to

20 November 1986.
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Fig. 1.6. Temporal variation in available
phosphorus (%) of valley land,
terrace land and slope land agri-
cultural field soils from 10 Sep-
tember 1985 to 20 Novemrber 1985
and 10 September 1986 to 20 Novem-
ber 1986,
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Fig. 1.7. Temporal variation in exchangeable

potassium (%) of valley land,
terrace land and slope land agri-
cultural field soils from 10 Sep-
tember 1985 to 20 November 1985
and 10 September 1986 to 20 Novem-
ber 1986,
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Fig. 1.8. Temporal variation in fungal
population of wvalley land, terrace

land and slope land agricultural
field soils from 10 September 1985
to 20 November 1985 and 10 Septem-
ber 1986 tc 20 November 1986.



FUNGAL POPULATION/g DRY SOIL X 102

40 SLOPE FLAND 0=10cm

a—a 10-20cm

—® 20-30¢m

(@

TERRACE LAND

0

LG—-J——-I-—-]l——-L-—L——A-—J
20 309 91020 3(%OI?I|20/II

] L. } 1 1
10, 20, 30, 10, 20, 30 o
79 " fo " /s o ?lo Ao /n /n
1985 1986

SAMPLING DATES



Fig.

1.9.

Temrporal variation in kacterial population
of valley land, terrace land and slope
land agricultural field soils from 10
September 13985 to 20 November and 10
September 1986 to 20 November 1986,
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Fig. 1.10. Temporal variation in dehydrogenase

activity of valley land, terrace land
and slope land agricultural field
soils from 10 September 1985 to 20
November 1985 and 10 September 1986
to 20 November 1986,
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Fig.

1.11.

Temporal variation in urease activity

of valley land, terrace land and
slope land égricultural field soils
from 10 September 1985 to 29 November
1985 and 10 Septe-ber 1986 to 29 |
November 1986.
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Fig. 1J12. Temporal variation in Phosphatase

activity of valley land, terrace
land and slope land agricultural
field soils from 10 September 1985
to 20 November 1985 &nd 10 Septem-
ber 1986 to 20 November 1986.
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Fig.

1.13.

Temporal variation in soil respiration

of valley land, terrace land and slope
land agricultural field soils from

10 September 1985 to 20 November and
10 September 1986 to 20 November 1986,
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Table 1.1. Temporal variation. in the population of fungal species per gram dry soil x 10
in slope land field soils at 0-10cm depth for the period of 10 September,1985
to 20 November,1985, Values in parentheses are percentage relative dominance.

2

September October November
Fungal species 10 20 30 10 20 30 10 20
Aspergillus niger - - - - 62.9 -~ - -
(16.8)
Fusarium oxysporum 23.5 21.0 24.9 28.1 -~ -~ - -
(3.9) (3.9) (5.6) (8.7)
Fusarium solani - - - - - 21.0 36.8 -
(3.8) (6.6)
Mucor hieralis - - - - i8.5 15,7  21.0 38.0
(4.9) (2.8) (3.8) (7.8)
Mucor plumbeus - 36.8 16.6 21.8 ~ - - -
(6.9) (3.7) (6.8) |
Mucor racemosus 17.6 42,1 24.9 25.0 - 15.7 31.5 38.0
(1.9) (7.9) (5.6) (7.8) (2.8) (5.7) (7.8)
Penicilli.m brevicompactum - - - - 18,5 47.3 - -
(4.9) (8.5)
Penicillium chrysogenum 35,2 - - - - - - -
(3.9)
Trichodermaiwviriie 25.5 - ‘33,3 - - - 10.5 -
(3.9) (7.4) (1.9)
Sterile - - - 25.0 - - - 23.8
(7.8) (4.8)




Table : 1.2. Temporal variation in the population of fungal species per graz dry soil x 10

2

in slope land field scoils at 0-10cm depth for the period of 12 Zepterber,1S8E

to 20 November,

1986. Values in parentheses are percentage relative domnin=2-ce.

September Cctober love—ber
Fungal species 10 20 30 10 20 30 10 20
Absidia corymbifera - 10.5 13,0 - 5.0 1.5 - -
(1.8) (2.6) (1.7) (2.4)
Aspergillus flavus - - - - 4.5 10.5 - -
(0.8) (1.€)
Fusarium oxyspcoum 25.0 31.5 - - - - - -
(3.2) (5.5)
Monilia sp. - - - - 13.5 1.5 11.0 22.72
(2.5) (2.4) (1.5%) 2.%)
4ortierella minutissima - - - - 18,0 10.5 - -
(3.4) (1.6)
Mucor plumbeus - - - - - 21,0 27.5 2.0
(3.2° (3.8) (=.7)
Muceor racemosus - - - 20,0 13.5 - - -
(5.6) (2.5)
Penicillium chrysogenum 18.5 15.5 13.0 10.0 13.5 16.0 33,0 1€6.5
(2.7) (2.7) (2.6) (2.8) (2.5) (2.5) (2.€) (2.2)
Trichoderma harziapum 12.5 - 21.5 20.0 - - - -
(1.8) (5.4) (5.6)
Trichoderma wviride . 25.0 31.5 26,0 26,5 27.0 11,0 11,0 22.0
(3.2) (5.5) (5.3) (7.4) (5.1) (2.7) (1.5) (2.%)
Verticillium sp. - - 13.5 13.5 - - - -
(2.6) (3.7)
Sterile 19.0 10.5 13.86 10.0 - - 16.5 11.0
(2.8) (1.8) (2.6) (2.8) (2.3) (1.4)




Table : 1.3. Temnporal variation in the population of fungal species per
In slope land field soils at 10-20cm depth for the period cf

b

—~
-
=

£

-
*n
-

€s0il x 10

2

ZepteTz=2N, 1985

to 20 November, 1985. Values in parentheses are percentage —elative do—inance.

FTungal species

September

October

20

30

il TN -

Aspergillus niger

‘Fusarium oxysporum

Fusarium solani

Monilia sp.

Mucor hiemalis

Mucor plumbeus

MugCcor racemosus

Penicillium chrysogenum

Trichoderma viride

Sterile

o
an ad —~2

\O >

L2 J

>
W WO

wo D o
* @

WO vV o
L N )

LI

17.6
(3.0)

~N
()
. o
[@]V))
~—r

~N AN
U0 uno
L I

On On
g

-

. &
O\

~W
et

MW W AW NY
o0
S

r\H l\"‘

[} s »

VW VW VW
Nt

S

-
~1
)

Mnm
¢ 8

N®

N

~t
[] VN

P N
)4

LI
0o
~—r




Tacle : 1.4, Temporal laticn of fungal species per graw drv soil » 10
in slops 13né ficid soils at 10=22 om dept:h for the poriod of 10 Sentemhar 193¢
to 20 Novemher 1¢8%£, Values in pzrenthasses are percentzze relative dorinance.

Sentembar October November

Fungal species 10 20 30 10 20 30 10 20

Arsidia corvmcifera - 13,0 10,0 1¢,0 - - 12,0 23,0

(1.8) (1.8) (z.4) (1.7 (2.2)
Arthrobotgys arthrobotryoides - - - - 15.5 20,0 - -
(2.6) (21.1)
hspergillus flavus - - 25,0 - 15.5 - - -
(4.5) (2.6)
hepergillius niger - 6.5 - - 15,5 13.C - -
(0.9) (2.6) (1.6)
Fusarium oxysporum 20.0 13,0 - 16,0 - - - -
(2.9)  (1.8) (3.4)
Monilia sp. - - - - - 13,0 13,0 -
1,6) (1.7
Mortierella minuticssima 13,5 - - - 15,5 - - -
(1.9) (2.6)
Mucor hiemalis - - - 12.0 - - - -
(2.6)
Mucor plumbeus - - - - - 20,0 13,0 -
(21.1) (1.7}
Mucor racemosus - - - 8,0 - - - -
(1.7)
Oidiodendron echinulatum - 16,5 - - - - - -
(0.9)
Penjcillium brevicompnactum - 13,0 20.0 - - - 13.0 23,0
’ (1.8) (3.6) (1.7)  (2.2)
Penicillium canesscens 13,5 - - - - - - -
(1.9)
Penicillium chrygsogenum - - - - - - 20,0 15,5
(255) (1.5)
Penizillium citrinum 20,0 20,0 20,0 - - - - -
(2.9) (2.8) (3.6)
Penicilliur fellutanum - - - - 22,0 14,0 - -
(3.5) (1.6)
Phoma sp. - - - 12.0 15,5 20,0 - -
: (2.6) (2.6) (21.1)
Trichoderma hamatum 6.5 13.0 10,0 - - - - -
(.9 (1.8) (1.8}
Trichoderm2 harzianum - - - 16,0 - - 20.0 15,5
(3.4) (2.5} (8.5)
Trichoderma viride 2C,0 20,0 10,0 20,0 - - 7.0 7.5
(2.9 (2.8} 1.8) (2.6} (2.5) (2.5)
Sterile 3.5 - - - - - - -

(1.9)




Table 1.5. Temporal variation .in the population of fungal species per gram dry soil x 10

2

in slope land field soils at 20-30 cm depth for the period of September, 1985

to November,

1985, Values in parentheses are percentage -elative dominance.

(3.1)

September . October . November
Fungal species 10 20 30 10 20 30 10 20
Fusarium oxysporum 10.5 40,9 - - - - - -
(1.8) (9.3)
-usarium poae - - - 41.1 D - 16.6 - -
(7.5) (1.9)
(3,7) (2.0)
Mucor hiemalis - - - 17.6 33,3 24.8 33,3 33.3
(3.2) (5.2) (2.9) (3.9) (6.3)
Mucor plumbeus - - 36,0 - - - - -
. (8.8)
-Mucor racemosus 5,2 36.3 - 29.4 26.6 8.3, 48,9 49,9
(0.9) (8.3) (5.3) (4.1) (0.9) (5.8) (9.4)
_Penicillium chrysogenum 31,5 13,6 32,0 11.7 - - - -
(5.6) (3.1) (7.9) (2.1)
Penicillium fellutanum - - - - 19,9 33.3 16,6 16,6
| (3.1)  (3.9) (1.9) (3.1)
Trichoderma viride 31.5 - 32,0 - - 8,3 - -
(5.6) (7.9) (0.9)
+Sterile - - - ~ 19,9 8.3 - -
(0.9)




able : 1,6. Tenporal variation in the population of fungal species per gram dry soil x 102
in slope land field soils at 20-30 cm depth for the period of September 1986
to November 1986, Values in parentheses are percentage relative dominance.

September October November
Fungal soecies 10 20 30 10 20 30 10 20
Absidia corymbifera - 23,0 - - - - 14.0 16,5
(2.8) (1.5 (1.5)
Aspergillus flavus - 7.5 - 11,0 11.5 13,5 - -
pe=d ((0.8) (1.7) (.70 (1,.7)
Fusarium oxysporum 16,5 7.5 - - 23,5 - - -
(1.9) (0.9) (3.5)
Monilia sp. - - 13.5 - - - - -
Mortierella minutissima - - 20.0 5.5 13,5 20,0 - -
_ (2.7) (0.8) (3.5) (2.5)
Mucor hieralis - - 16.5 11,0 6,0 13,5 }4.0 -
- (1.9) (1.7 (0.6) (1.7) 1.%)
Muccr plu-beus - - - 11,0 - - 1.5 -
St pou_bens (1.7) %2.3)
Penicillium brevicompactum 16.5 Te5 - - - - %4.0 %5.0
(1.9) (0,9) 1.5) 2.2)
Penicillium chrysogenum 25.0 Te 20,0 - - - 21.5 33,5
(2,9 (0.9) (2.7 (2.3) (3.0)
Penicillium fellutanum - - - 11,0 11.5 6.5 - -
(1.7) (1.7) (0,8)
Rhizopus oryzae - - - - 16,5 11,5 0.0 - -
(2.5) (1.7 %2.5)
Trichoderma hamatatum 16,5 - - - - - - 8
(1.9) (0.7)
Trichoderma harzianum - Te5 13,5 6.5 6,0 6 - -
0 () 02D @ 6
Trichoderma koningii - - - 11,0 - - - -
(1.7)
Trichoder: irid 16,5 - 13.5 11,0 6.0 20,0 4,0 6.5
LSE02CETTa Yirice (1.5) 1.8  a:m (818 215 8 113
Verticillium chlanydosporum - %g.g) - - - - - -
Sterile 16,5 75 13,0 - - - - -
0.9) (1.7)




.Table 1.7. Temporal variation in the population of fungal species per gram dry soil x 10

in terrace land field soils at 0-10 cm depth for the period of 10 Septexmber,
1985 to 20 November, 1985. Values in parentheses are percentage relative

2

dominance.
September October Noverber
Fungal species 10 20 30 10 20 30 10 20
(4.9) (5.8) (8.9)
Fu arium oxysporum 17.3 20.0  15.3 22,2 - - - -
(4.3) (5.0) (3.9) (7.8)
P~ _arium poae - - - - 24.9 16,6 17.3 24.9
(8.7) (4.6) (3,68) (6.3)
(6.8)
Mucor circenelloides - -~ - - - 9.9 - -
| | (2.7)
Mucor hiemalis - - - - 16,6 - - -
(5.8)
Mucor plumbeus - 4.0 15.3 24,9 -  26.6 17.3 -
(1.0) (3.9) (8.8) (7.4) (3.€)
“MUucor racemosus 39.1 . 8.0 19.2 - - - 21.7 -
(9.7) (2.0) (4.9) (4.6)
Penicillium chrysogenum 30.4 32,0 15,3 - - - - -
(7.5) (8.0) (3,9)
“sPenicillium fellutanum - - - - 33,3 39,9 13.0 32.1
(11.7) (11.1) (2.7) (8.0)
(3.2) (9.1) (8,9) (6.8) (3.6) (2.9)
i Sterile - - - - 8.3 6.6  13.0
(2.9) (1.8) (2.7)




Table : 1.8. Temporal variation in the population of fungal species per gram dary soil x 1&
in terrace land field soils at 0-10 cm depth for the period of 10 September

1986 to 20 November 1986, Values in parentheses are percentage relative dominance

September October November
Fungal species 10 20 30 10 20 30 10 20
Alternaria alternata - - 13,5 - - - - -
(1.0)
Absidia corymbifera - - - 9,0 11,5 5.0 - -
(3.1)  (2,9) (1.9)
Aspergillus flavus - - - 9,0 22,0 13.5 - -
(3.1)  (5.9) (2.9)
Aspergillus niger - - - - - - 17.5 26,0
(3.9) (4.6)
Fusarium oxysporum 25,0 - - - - - - 16,0
(5.4) (2.7
fusarium poae - 21,0 17.0 12,0 - -~ -~ -
(5.3) (5.2) {4.1)
Humicola fuscoatra - 12.5 = - - - - 16.0
(3.2) (2.7)
Monilia sp. - - - - - 18,0 17.% 21,0
- (3.9} (3.9 (3.7)
Mucor hiemalis 20,0 - 10,0 9,0 - - - -
(4.3) (3.1) (3.1)
Mucor mucedo 10,0 - - - - - - -
(2.1)
Mucor plumbeus 10,0 1645 7.0 12,0 7.5 9.0 13,0 -
(2.1) (4,2) (2.0) (4.1) (1.9) (1.9) (2,9)
Mucor racemosus - 4,5 10.0 6,0 15.0 - - -
(1.0) (3.,1) (2.0) {3.9)
Penicillium brevicompactum - - 20,5 18,0 22,0 13,5 22,0 -
(6.2) (6.2) (5.9) (2.9) (4.9)
Penicillium chrysogenum - 21,0 10,0 15,0 22,0 19,0 22,0 21,0
(5.3) (3.1) (5.2) (5.9) (3.9) (4.9) (3.7)
Pznicillium fellutanum 25,0 - - - - 18,0 - -
(5.4) (3.7)
Trichoderma viride 10.0 8.0 21,0 12.0 - ~ 7.0 -
(2.1) (2.1) (6.2) (4.1) {1,8)
Sterile - 16.5 - - - - - -

(4.2)




Table : 1,9.

Temporal variation in the population of fungal species per gram x io
in terrace land field soils at 10-20c~ depth for the period of 10 September,
1985 to 20 November,

2

1985, Values in parentheses are percentage relative

dominance.

, September October November
Fungal species 10 20 30 10 20 30 10 20
Aspergillus niger - - - - ;

: i3:3 tole t:%
Fusarium oxysporum 9.4 - 1.7 6. - - - -
8 t:9) 2:9
Fusarium poae - - - - o, o -
14:5 18:9  3:9
%3.’1) 13:9) H:d d:0
Mucor circenelloides - - - - - - - 2.7
%2:4)
Mucor hiemalis - - - - (3.3) - - -
Mucor plumnbeus - 10,0 4.3 4, - 3.8 6.6 -
2:0) &:3 U 3:6) 1%
Mucor racemosus 23, 15.0 8.6 - - - - -
(4.2) (3.2) (1.9)
Penicillium brevicompactum - - - - 8.0 3.3 1.8
<f?:Z> $B:9 1 1:9
Penicillium chrysogenum 17.6 30.0 30.4 13.0 - - - -
(3.1) (6.1) (6.9) (2.8)
(1.9)
Trichoderma viride 11.7 45.0 21.7 8.6 - 4,7 - -
Sterile - - - - - 9.5 19.9 9,0
(1.8) (2.7) (1.9)




Table : 1,10, Te ., »>ral variation in the population of fungal species per gram dry soil x 102

in terrace land field soils at 19-20cm depth for the periocd of 10 Septe-ber,
1986 to 20 Wovember, 1986, Values in parentheses are percentage relative

dominance.
September October Noverber
Fungal species 10 20 30 10 20 30 10 20
Absidia corymbifera - 20,0 8.5 16,0 14.0 20,0 - -
(3.2) (4.1) (z.2) (2.9)
Aspergillus flavus - - - 8,0 - - - -
: (2.1)
Fusarium poae 20,0 14,0 14.0 12.0 20.0 13,0 - -
(3.2) (3.1) (3.1) (4.0) (1.9)
Monilia sp. - - - - - 20.0 12,5 22,0
(2.9) (2.0 (2.8
Mortierella minutissima - 20.0 - - - - - 13,0
“(3,2) (1.2)
Mucor hiemalis 20.0 13.0 - - - - - -
(3.2) (2.1)
Mucor plumbeus - - - - - 20,0 19,0 2%.5
(2.9) (3.0) (3.3)
Mucor racemosus - 13,0 14.0 - - - €.0 13.0
(2.1) (3.1) (1.2
Penicillium brevicompactum 13.0 - - - - 13.0 13.0 13.0
(2.1) (1.9) (1.0) (1.9)
Penicillium canescens - 6.5 28,5 20,0 3.8 - - -
(1,0) (6.3) (5.2) (8.5)
Penicillium chrysogenum - 6.5 9.5 - 24.0 6.5 19.0 -
Trichoderma harzianum 13.0 - - - - - - -
Trichoderma wviride 20,0 13.0 14,0 24.0 - - - -
(3.2) (2.1) (3.1) (6.3) _ ‘
Sterile 13,0 7.0 9.5 20,0 4,0 6.5 12.5 14.0

(2.1) (1.3) (2.1) (5.2) (1.1) (0.9) (2.0) (2.0)




Table : 1.11.

Temporal variation in the population of fungal species per gram dry soil x 102

in terrace land field soils at 20-30 cm depth for the period of 10 September,

1985 to 20 November,

1985. Values in parentheses are percentage relative dominance.

September October Noverber T
Fungal species 10 20 30 10 20 30 10 20
Aspergillus flavus ~ - 5.0 - - - - -
(1.0)
Aspergillus niger - - - - 33.3 - - 27.7
(10,0) (4.7)
Fusarium poae - - - - 18.5 33,3 18.7 11,1
(5.5) (6.7) (2.7) (1.9)
Fusarium solani 28.5 - 25.0 25,0 - - - -
(4.3) (5.0) (4.9)
(1.0) (3.0) (2.9) (1.1)
Mucor hiemalis - - - - 7.4 - - -
(2.2)
_Mucor plumbeus - 6.2 10.0 25,0 " 3.7 14.2 25,0 11.1
Mucor racemosus 35.7 12.5 15.0 30,0 - - - -
(5.4) (3.2) (2.0) (5.0)
Penicillium brevicompactum - - - - 33.3 42.8 21.2 27.7
(10,0) (8.6) (3.0) (4.7)
Penicillium chrysogenum 21.4 31,2 2.0 - - - - -
(3.2) (4.6) (5.0)
Phoma sp. - - - - - - - 11.1
(1.9)
Trichoderma viride 7.1 50.0 15.0 - - - 18,7 5.5
(1.0) (9.0) (3.0) (2.7) (0.9)
Sterile - - - - - 9.5 6.25 5.5
(1,9) (0,9) (0.9)




Table : 1.12. Te—poral variation in the population of fungal species per gram dry soil x 102
in terrace land field soils at 20-30 cm depth for the period of 10 September,
1986 to 20 Nn~vember,1986. Values in parentheses are percentage relative dominance.

Septembe} October . November
Fungal species 10 20 30 10 20 30 10 20
Absidia corymbifera - 16.5 20.0 - - - - -
(2.2) (3.2)
Aspergillus flavus - - - 22.0 - - 14,0 15.0
(4.2) (2.,0) (1,9)
Aspergillus niger L - - - - 20,0 25.0 - -
(2.0) (2.9)
Fusarium oxXysporum . 28.5 16.5 - - - - - -
(4.3) (2.2)
Monilia sp. - - 6.5 - 10.0 16.5 21.5 23.0
(1.0) (1.9) (1.3) (3.0) (2,9)
Mortierella mindtissima - - 20.0 20,0 - - - -
(3.2) (4.0)
Mucor hiemalis - - 13,0 - - - - -
(2.0)
Mucor mucedo 14.0 25.0 20.0 11,0 20,0 16,5 - -
(2.1) (3.3) (3.2) (2.1) (2.0) (1.9)
Mucor plumbeus - - - - - - 14,0 15,0
(2,00 (1,9)
Mucor racemosus - - - 11.0 - - - -
| (2.1) |
Penicillium brevicompactum - 16.5 20.0 11.0 20,0 25.0 - -
Penicillium chrysogenum 28,5 - - - - - 14,0 23.0
Penicilliium fellutanum - - - - - - %1.5) -
3.0
Trichoderma harzianum - 8.5 - - - - - -
(1.1)
Trichoderma viride 28.5 17.0 - - - - - -
(4.3) (2.2)
Verticillium sp. - - - - 30.0 16.5 . 14.0 24,0
7(3.0) (1.9) (2.0) @G.0
Sterile , - - - - 25,0 - _ _ -

(4.7)




Table : 1.13. Temporal variation in the population of fungal species per gram dry soil x 102
in valley land field soils at 0-10cm depth for the period of 10 September,b1985
to 20 November, 1985. Values in parentheses are percentage relative abundance.

September October November
Fungal species ‘ 10 20 30 10 20 30 10 20
Aspergillus niger - - - - 8.6 - - -
(2.4)
Fusarium oxysporum 19.0 22.0 17.@ - - - - -
(4.5) (6.5) (5.4)
Fugsarium poae - - - - 30.4 22.2 - -
. (8.5) (4.0) '
Fusarium solani - - - ~ - - 15.3 -
_ (2.0)
Mucor circenelloides - - - - - - - 26.3
(5.4)
Mucor hiemalis - - - - 39.1 - - -
(10.9)
Mucor plumbeus - 15.5 13.7 29.00 - - 23.0 -
(4.5) (4.3) (10.0) (3.1)
Mucor racemosus 33.3 18.5 24.1 35.4 - 22.2 30.7 -
(7.8) (5.4) (7.6) (12.2) (4.0) (4.1)
Penicillium brevicompactum - - - - 8.6 38.8 23.0 15.7
(2.4) (7.0) (3.1) (3.2)
Penicillium chrysogenum 42.8 33.3 20.7 - - - - -
* (10.1) (9.7) (0.5) ‘
Rhizopus oryzae - - 10.3 - - - - -
(3.2) ’
Trichoderma viride 4.7 - 13.7 22,5 - - - -
(1.1) (4.3) (7.8)
Sterile white - 11.1 - 12,9 13.0 11,1 7.6 31.5
(3.2) (4.4) (3.6) (2.0) (1.0) (6.5)

(1.0) (5.4)




Table 1.14., Temporal variation in the population of fungal species per gram 4ry soil x 102 1n'valley'land field
soils at '0-10 cm depth for the period of 10 September,1986 to 20 Hovekber 1986. Valuas in parentheses

are percentage relative abundance. .
~7

September , October i November
Fungal species 10 20 30 10 20 30 - .30 . 20
Absidia glauca 10,0 13.5 - - - - - 13.5
(2.2) (3.1) . (2.9)°
Emmonsiella capsulata 25.5 - - - }- - - -
. (5.5) .
Fusarium oxysporum 10.0 23.0 - < : - - -
(2.2) (5.2)
Mortierella mipnutissima - - 20,0 21.0 - ~
{(6.5) ' (7.7) )
Mucor hiemalis ' 15.0 - 13.0 21.0 - - - .-
(3.3) (4.3) (7.7)
Mueor plumbeus 15,0 - - - 16,5 15.0 24.0 18.0
(3.3) (5,3) (3.9) (6.2) (3.9)
Mucor racemosus _ 15,0 27.0 20,0 27.0 . 30,0 11,0 20,0 13.5
(3.3) (6.3) (6.5) (10,0) (10,1) (2.9) (5,2) (2.9)
Penicillium brevicompactum - - 10,0 - 23.5 18,5 16,0 . 13,5
Penicillium chrysogenum - 18.0 17.0 - - 13,0 22,0 - -
Trichoderma viride - - 20,0 18,0 - - 28,0 23,0
oo (6.5) (6.6) (7.3) (4.9)

Sterile 10.0 18,0 - 13,0 17,0 7.5 - 12,0 16,5
: : (2.2)  (4.2) : (4.5) (5,6) (1,9) o (3.1) (4,0)




Tanle : 1.15. Temporal variation intthe population of fungal species per gram dry soil x 102

in valley land field soil at 10-20cm depth for the period of 10 Septe~ber,198S5
to 20 November, 1985. Values in parentheses are percentage relative dominance.

Septamrber October ‘iovenber
Fungal species 10 20 30 10 20 30 10 20
Aspergillus niger - - - - 36.8 - - -
(8.7)
Fusarium poae 23.5 17.3 15.3 - - - - -
(4.4) (4.9) (4.5)
Fusarium solani - - - - 21,0 29,4 - -
(5.0) (5.5)
Mucor hiemalis - - - - 15.7 - - -
(3.7)
Mucor plurbeus - 21,7 15,3 25.9 - - 1€.6 -
(6.2) (4.5) (8.1) (2.1)
Mucor racer.osus 23.5 i17.3 19,2 33.3 - 17.6 33.3 33.3
(4.4) (4.9) (4.6) (10.4) (3.3) (4.2) (7.0)
Penicillium brevicompactum - - - - 26,3 23.5 24.9 -
(6.2) (4.4) (3.2)
~Penicillium chrysogenum 41.7 21.7 15.3 - - - - -
(7.8) (6.2) (4.5)
“Penicillium fellutanum - - - - - - - 22.2
(4.¢€)
Trichoderma viride 11,7 - 3¢4.6 14,8 - - - -
| (2.2) (10,1) (4.6) |
Sterile white - 21.7 - 14.8 - 29.4 24.9 44.4
‘ (6.2) ‘ (4.6) (5.5) (3.2) (2.3)
Sterile yellow - T - - 11.1 - - - -

(3.4)




Table 1.,16. Temporal variation in the population of fungal species per gram dry soil x 102

in valley land field soil at 10-20 cm depth for the period of 10 September, 13986

to 20 Novenber,1986. Values in parentheses are percentage relative dominance,

September October November
Fungal species 10 20 30 10 20 30 10 20
Alternaria alternata - - - 7.5 - - - -
(2.1)
Aspergillus flavus - 14.0 8.0 11.0 - - - -
(3.1)  (2.1) (3.2)
Aspergillus niger - 5.0 - - - 13.0 - -
(1,0) (3.0)
Pusarium oxysporum ‘ - 19,0 - - - - - 18,5
(4.3) (3.0)
Mortierella minutissima - 1.5 18.5 18,5 16.5 21,5 11,0 12.5
(4.3) (8.4) (8.4) (5.0) (2.2) (2,0)
Mucor hiemalis 15,5 - - - - 17.5 11,0 25,0
(3.6) (4.0)  (2.2) (4.0)
Mucor mucedo 10,5 - - - - - - -
(2.4)
Mucor racemosus - 28.5 8.5 33,5 25,0 - - -
(6.3) (2.2) (9.8) (6.6)
Penicillium brevicompactum - - - : - - 21,5 22,0 12,5
(5.0) (4.4) (2.0)
Penicillium chrvsogenum 15.5 14,0 8.5 14,5 25.0 17.5 22.0 18,5
(3.6) (3.1) (2.2) (4,3) (6.6) (4,0) (4.4) (3,0)
Penicillium fellutanum 26,5 19,0 8.5 - - - - -
(6.1) (4.3) (2.2)
Phoma sp. - - 12,5 15,0 16,5 - - -
(3.2) (4.5) (4.4)
Trichoderma viride 16,0 - 25,0 - - - 22,0 13,0
(3.8) (6.5) (4.4) (2.3)
Sterile 16.5 - 12.5 - 17.0 9.0 12,0 -

(3.8 (3.2) (4.6) (2.2) (2.3)




Table : 1.17. Termporal variation in the popuiation of fungal species per gram dry soil x 102

in valley land field soils at 20-30 cm depth for the period of 10 Septewnter,
1985 to Z0 'lovember, 1985, Values in parentheses are percentage relative

dominance.
‘ September October Noverber
Fungal species 10 20 30 10 20 30 10 20
Aspergillus flavus - - 10,5 - - - - -
(2.5)
Aspergillus niger - - - - - - - -
Fusarium poae 23.5 19.9 5.2 - 47.3 - - -
. (3.5) (4.0) (1.2) (11.4)
Fusarium solani - - 5.2 - - - - -
(1.2)
Monilia sp. - - 5,2 - - - - -
- (1.2)
Mueor circenelloides - - - - - - - 29.4
(6.1)
Mucor hiemalis : - - - - 26,3 - - -
(6.3) ,
"Mucor plumbeus ‘ - 19,9 15,7 18,1 = .= - 27.2 -
Mucor racemosus 23,0 26.6 26,3 22,7 - 21,4 27.2 -
- ) ' (3.5) (5.3) (6.2) (6.0) (3.5) (3.4)
. Penicillium chrysogenum  38.4 19.9 15,7  18.1 26,3  28.5 27.2 -
B (5.8) (4.0) (3.7) (4.8) (6.3) (4.6) (3.4)
Trichoderma viride 15,3 - 10,86 22,7 - - 18,1 -
\ (2.3) (2.5) (6.0) (2.2)
Sterile - 13,3 . 5,2 9,0 - 49,9 9,0 47.0

(2.6) (1.2) (5.4) (8.1) (1.1) (9.8}




Table : 1,18, Temporal variation in the population of fungal species per gram dry soil x 10

in valley land field soils at 20-30 cm depth for the period of 10 Septe~ber=,

1986 to 20 November,
dominance.

1986. Values in parentheses are percentage relative

2

September October November
Fungal species 10 20 30 10 20 30 10 20
Aspergillus alutaceus 7.5 - - - - - - -
(1.2)
Aspe;gillus flavus - 5.5 10,0 5.0 17.5 12.5 - -
(1.0) (2.2) (1.0) (3.2) (2.1)
zAspergillus niger - - - 5 0 - - - -
(1.0)
Fusarium oxysporum 15.5 16,5 - - - - - -
(2.5) (3.2)
Mortierella minutissima - - - - 17.5 12,5 - -
(3.2) (2.1)
Mucor hiemalis o - - - - - 18,5 12.53
4eor hism 1575 (3.3) (2.9)
Mpcor mucedo 15.5 - - - - - - 6'9‘
(2.5) (1.0
Mucor racemosus - 27.5 20,0 45,0 17.5 18,5 6.0 12.5
(5.3) (8.4) (9.8) (3.2) (3.2) (1.1) (2.C)
Penieillium chrysogenum - - 15.0 10,0 17,5 25,0 12.5 -
~ (3.3) (2:1) (3.2) (3.3) (2.2)
Penicillium fellutanum 15.5 6.5 20,0 - - - - -
(2.5) (3.2) (4.4)
Penieillium funiculata - (5.3) - - - - - -
1,
Phoma sp. - - 10,0 - - - - -
(2.2) 18.5 25.0
ma 15.5 - - - - - 18. d
Trichoderma harzianum 5o (3.3) (2.1)
. 16. 5.0 .5 * . -
Zrichoderma viride 3:9 &3 B }3 9 13 ¥ D o
- 11.0 10,0 .0 12.5 19,0 18,5 €.%
 Sterile (2.1) (2.2) 2 G Gly (i3 alo



Table 1.19. Simple correlation coefficient (r) values among
various soil characteristic parameters of valley

land potato field.

F 3 D U Pe Co2
T 0,54*«* 0,47%%* N.S. N.S. 0.30* 0,70***
Mc N.S. N.S. N.S. N.S. 0.28* 0.31*
PH N.S. - N.S. N.S. N.S. N.S. N.S.
Cc N.S. N.S. 0.,573** 0.49% =% 0,52**% N.S.
N 0,79* %« 0,72% «* 0,51*** 0.34* 0.44% 0.65%%*
Ph 0,75* x* 0,74%%« 0.29* N.S. 0.62*** (0,68**%
K N.S. N.S. 0,52*x* 0.34~* N.S. N.S,
F x 0.69* x4 0.33* 0.29* 0,57*«* 0Q,77**%
B x x 0.34~* 0,37%* 0.46*%** (O, 58x%x
D x X x 0,66*** 0,36% NaSe..
U x X x x 0,35%* N.S.
Pe x b 4 x x x N.S.

*  kx

[

» *** Significant at 0.05, 0.01 and 0,001 P respectively.

T = Temperature, Mc = moisture content, C = organic carboh,

N = nitrogen, Ph = phosphorus, K = potassium, F = fungal population,

B = bacterial population, D = dehydrogenase, U = Urease, Pe = Phos-

phatase, Co2 = carbon dioxide, N.S. = not significant.



Table 1,20.2imple correlation co-efficient (r vzluice amonc
vz=ri~us soil characteristics parameters of Terrace

land soil.

'
W
J
ot
o
1)
Q
Q

2
T 0,35* N.". N.S. N, 7, N,o6*** 0,55**%
Mc N. S, N.S. N, S. N.S. N0.43** N, ¢9%
DH N.S. N.S. N.S. N.S. N.S. N.S.
c 0.,41%% N.S. 0,53 %% N.S. D,52%%* D,a4%*
N ND.83 %% N.S. D.30~* 0.,40%= N.,48-%x 0,8N«**
PR D,78=xx* N.S. D0,62x*x* D, 66+*%% (O, ,H2*x* D, Te*xx
K 0.44%*x N.S. N,59%x*x*x  ( 47***x 0O 35% 0,28~
F X N.S. 0.40** 0.52*% 0.28% 0,81%*=x
B X X N.S. N.S. 0429~ N.S.
D X X X 0.56=*% (Q_,58*** 0.36%*
U X X X X N.S. 0.34*
Ps= X X X X X 0.38**

~, **,  ~%% Signiticant at 0.05, 0.01 and 0,001 P respectively
T = Temperature, Mc = moisture content, C = organic c=rbon,
N = nitrogen, Ph = pvhosphorus, K = potassium, F = fungal pooulation,

B = Bacterial population, D = del.ydrogenase, U = Urease,

Pe=- prosphatase, Co2 = carbon dioxide, N.S. = no. signiricant,.



Table 1,21.

cimple correlation co-efficient (r) values amonjy
various chara-teri-tic p-ra—eters of slope land
potato field.

F D D u Pe Coy
T N.S. 0./5*~* N.S. N.". 0.28* 0.404+**
*c 0.49+** nN.S, N,S. N.Z. 0.50*«% (Q,45%++*
PH 0.30* N.S. N.S. N.. 0.33* N.S.
C 0,28+ NS HeS. N.S. 0.31~* N.S.
N 0,55*** 0,85*=* N,¢, 0.,57+*% (0, 51*~* 0, 63**%
Ph 0.56*** 0,82*** N,Z, 0,78*** (,59-** 0,58*~*
K N.S. N.S. 1.5, NeSe N.S. N.S.
F X N.S. 0.,32%  0.41%% 0,71%** 0,86%**
B X X N.S. 0.64*~+ 0.63;** 0,724+**
D X X X N.S. 0.28* N.S.
14] X X X X D,42** 0.36~*
Pe X X X X X 0,77 *x*
x, ¥*, ¥** 2ijc-nificant at 0,05, 0,01 and 0,001 P respectively
T = Tempera‘ure, Mc = moisture content, 7 = organic carbon,
N = ni*trocen, Pu = pro-phorus, X . potassium, F = fungal
popula-ion, B = bacterial popﬁlation, D = dehydrog=nase,

U = Urease,

Pe =

N.S. = not significant.

phosphatase, Coz = carbon dioxide,



Table : 1.22. Comparison of soil fungi using model of Sorenson
for similarity index at different depths and in
different field soils.

Valley land Terrace land Slope land
Depth1 X Depth2 = 68% Depth1 x Depth2 = 77% Depty1 x Depth2
Debth1 X Depth3 = 64% Depth1 X Depth3 = 78% Depth1 x Depth3
Depth2 X Dept';h3 = 78% Depth2 p 4 Depth3 = 78% Depth2 x Depth3

Depth1 Depth2 Depth3
VL x TL = 68% VL x TL = 55% VL x TL
TL x SL = 70% TL x SL = 70% TL x SL
VL x SL = 66% VL x SL = 65% VL x SL
VL x TL = 93% Potato field vs. Rice fieldls 61%
TL x SL = 71% Potato field vs. Maize fioldzsss%

VL x SL = 7%

=84%

=91%

=68%

=75%

=71%

=61%

Depth1 = 0-10 cm, Depth2 = 10-20cm, Depth3 = 20~-30cm
VL = valley land, TL = terrace land, SL = slope land.

1 2

Baruah(1983), “Dkhar(1983), Sorenson(1948).



and in hill slope land s-il it ranged from 36,3 to 91 mg
C02/g dry s»il per 24 h. The peak of o, evnlutio-n was
noted in the month of October in all the three agricultural
systems. In 17985, on 20th November, the CO2 evolutinn sud-
denly increased while the same was not ~bserved in the year
1986. Surface soil (0-10 cm) showed higher CO, evnolutinn as
compared to the deeper layers of the soils. In general, the
trend of temporal variation was similar in all the three

field soils. In valley land soil the CO, evcolution was sig-

2
nificantly correlated with s»nil temperature, moisture cHn-
tent, nitrogen, phosphcrus, fungal population and bacterial
vopulation. In terrace land soil it correlated with soil
temperature, moisture content, organic carbon, hitrogen,
phosphorus, potassium, fungal population, dehydrngenase ac-
tivity, urease activity and phosphatase activity. In hill
slope land s2i1l it correlated with soit temperature, mois-—

ture content, nitrogen, phosphorus, fungal population, bac-

terial populaticn, urease activity and phosphatase activity.

BISCUSSION

Th2 three tywes of notato fields differ markedly
with respect t» so0il moisture status (Fig.1.2). The slove
land soil generally contains less moaisture mainly bacause
of heavy run off losses allowing }ittle percHlation of
water; next cames the terrace land whzare some mnisture is

retained due to» the terracing and bands: the valley land
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contains maximum moisture due to constant seepage from the
adjoining hillocks andbless evapotranspiration lnsses. Thus,
moisture is one of the mast important single factonr that is
responsible for the differences in soil characterjistics of
the three systems. As a result of run ~ff losses and nu-
trient input from the adioining hillocks, the valley land
fields, generally, contain higher level of c¢rganic C,N,P,K,
Ca and Mg. Another important feature »f the valley land
field is that it receives minimum amount of solar rddiations,
as part of it is intercented by the adj~ining hill~cks and
therefore, the soil temperature of valley landifields is
generally lower by 2-3°C.FPig.1.1 shows that maximum funaal
and bacterial population was reconrded in surface layer s~il
in all the three agricultural systems. The fungal and bac-
terial population of so0il decreased with increase in depth.
The decrease in microbial population along depth can be
attributed t~ the less amount of nutrients, low oxygen c¢on-

centration and increase in concentration of CO, in d=zevar

2
soils. The drop in fungal population in lower depth c-uld
also be attributed t~» the high moisture content »f the dee-
par s»ils resulting int» raduced aerati-n ~f snil (Dastane
et al. 1965). Waid (1960) found that there is great raduc-
tion in the active growth »f fungi when the moisture con-
tent is sufficiently high which reduces aeratinon. Griffin

(1963) is of the opini~n that actual volume of water,

takan as a factor in itself, has n» mark=d effect ~-n fun-
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gal ecology and the growth of fungi is dependent uvon mois-
ture content, presumably, acting through an aeration effect
Surface soill is usually provided with high organic matter
content which in presence of adenquate moisture supnly is
acted unon by a team of microorganisms to decompose the
complex drganic residue into simpler forms, hence the micro-
organisms are higher on upper laver ~f the soil (Dwivedi,
1966 Eicker, 1970; Mishra and Kanaujia, 1972: Acea and
Carballas, 1986). Generally, total microbial population was
highest in the month »f October at the middle age of plants
and lowest in Nowember. In October, high population may be
du: to favonrable factors (N,P,K) and also due to possible
increase in the roe+ exudation (Rovira, 1956). The root
exudates contain sugars and amlho acids which may 'be used
by the microbes as a food &r energy souree. Lowest popula-
tion in the month of November might be due to lew tempera-
ture and lew moisture content of the seils (Fig.1.2). In
general, highest population was in valley land soil fe&l-
lowed by terrace land and hill slona land scil. Bacterial
porulation was ﬂaximtﬁ in terrace land sof) followed by .
valley "dand mfd hdll alope souil. Maximum concentration of
nitrogen, organic carbkon, phosnhorus and potassium was in
valley land followed by terrace land and hill slope land
soils. The maximum fungal population in valley land might
be due to high concentration of these elements. Higher

bacterial population in terrace land might be due to bet-
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ter aeration. Hill slope land soil was poor in nutrients
and had less moisture content probably that may be reason
why it harboured less fungal and bacterial population. Ac=-
cording to Upadnyay and Rai (1979) hiocher fertility and ae-
ration of soil favoured a broad sp=ctrun of fungal genera
and species. Certain funéi are characteristics of a parti-

cular type of soil. Species of Mucor, Penicillium and Tri-

choderma seem to be tolerant to a wider range of environmen-
tal conditions as they were recorded from all the ktheree

different agricultural soils. Dwivedi (1966) reported Mucor,

Penicillium and Trichoderma as the mnst dominant fungi from
grassland snil. Gujrati (1®66) and Moubasher and Dohlib

(1970) found that Aspergillus, Penicillium, Fusarium and

Curvularia were the dominant fungi in cultivated soil.

Mishra and YXanaujia (1973) isolated more diverse micreoflora
from cultivated soil as compared to grassland and forest

soil and they found that Mucor hiemalis, Aspergillus flavus,

A, niger, Pznicillium chrysogenum and Cladosporium herbarum

were most dominant fungi. Penicillium, Fusarium and Tricho-

derma were also dominant fungi in maize field soils of this
region (Dkhar, 1983)., While Pythium, Mucor, Geotrichum, Pe-

nicillium and Trichoderma were dominant fungi in rice field

soils of Shillong (Baruah, 1983). The species of Mucor were
prevalent in the soil of 2all the three fields; this result
is similar to the work &f Herman and XKue=ra (1979). Simi-

larly, index of the fungal communities of different fields
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at different depths is given in table 1.22., In valley land
fungal species composition of depth 1 (0-10 cm) was similar
to depth 2 (10-20 cm) and depth 2 was similar to depth 3
(20~30 cm) while depth 1 was less similar to depth 3. In
terrace land there was no marked difference in fungal spe-
cles composition of the three denth soils. In hill slope
land soil depth 1 was more similar to dspth 3 as compared
to depth 2. When the fungal community of depth 1 of the
three agricultural system was compared using Sorenson's In-
dex of Similarity (Sorenson, 1948) it was found that at-%he
depth 1 similarity index among three fields varied between
66 and 70, while at dspth 2 it varied between 50 and 70,
and in depth 3 it varied from 61 to 75. When the three
fields were ccmpared using data of all the three depths,it
was noted that sw»acies commosition of the wvalley land was
more similar to terrace land differed markedly from hill
slope land soils. Fungal species composition of potato
fields was more similar to the rice field soils (61%) of
the same locality (Baruah 17°83) as commared to the maize
field soils of the same locality (Dkhar, 1983). Taking si-
milarity index of the fungal community as an index of ho-
mogeneity of habitat (Clark and Christensen, 1981), it may
be suggestad that soil upto a depth of 30 cm was almost
homogenous. However, the same does not hold good when we
look at the population cof fungi and bacteria (Fig.1.8,1.9)

and other soil characteristics (C,N,P,K). It appoears that
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during ploughing or digging thz soil is mixed thus the fun-
gal species are distributed almost uniformly upto the depth
studied. Also, it may be inferred that most species were

capable of colonising the soil upto 30 cm depth.

Cehydrogenase has been used as a general indicator
of microbial activity (Stevenson, 1959; Skujin, 1967, 1976;
Casida, 1977:; Ladd, 1978). Dehydrogenase activity in soil
reflects the wetabolic rate rather than the microbial num-
bers (Casida et al., 1964). Generally, dehydrogenase fol-
lowed a pattern valley land 3> terrace land > slope land
which was in accordance with the more or less similar pat-
tern in the organic carbon and bacteria and fungi popula-
tion. This suggests that possibly these faictors individual-
ly or in combination requlate the dehydrogenase activity.
Correlation coefficient values betwesn dehydrogenase and
these factors were significant in certain cases (In valleyv
land with organic C,N,P, fungal population, bacterial popu-
lation urease and pvhosphatase activity; in terrace land with
erganic C,N,P,K, fungal population, urease activity, phos-
phatase activity.‘an’d"co2 evolution; In hill slope land with
fungal population and phosphatase activity) while in others
it was nobt significant. The depth wise variation in the de-
hydrogenase activity was also, probably, governed by the
same set of factors, as the activity followed the pattern
0-10 cm depth > 10-20 cm depth » 20-30 cm denth which was

similar in the cases of organic carbon, bacteria and fungal



population. Thus it is inferred that the dehydrogenase ac-
ttvity is a organic carbon and microbial population depen-
dent parameter (Kuorevich 2nd Shenerbakova, 1971). In soil,
dehydrogenase actilvity has been reported to decresase with
depth, thereby being related to the concentration of orga-
nic matter (Ross, 1973). In the presant study the dehydro-
genase activity 1s correlated positively with fungal popu-
lation in all the three agricultural systems while bacteria
is correlated with dehydrogenase only in the valley land
soil (Table 1.19). It suggests that probably fungi are more
important contributor to the dehydrogenase activity in
these soils. B?cteria receive prominence in high moisture
soils (valley land) where the fungi probably becomes less
important as reduction in aeration due to high moisture
content may result into a drop in respiratory activity of
the fungi which are predominantly aesrobic, On the other
hand bacteria being cavable of facultative anaeroﬁic and
anaerobic respiration, can thrive even in reduced aeration,
It is inferred that relationship may be modified by other
physico-chemical characters of the soil (Table 1.19,1.20,
1.21). Possibly this is the reason why a number of contra-
dictory reports are available on the relationshin of dehy-
drogenase with microbial numbers (Frankenberger and Dick,

1983; Ross, 1971).

Urease is an agriculturally important enzyme which



might limit the nitrogen availability to plants frém ferti-
lizers or natural sources. The data revealed that valley
iand and terrace land soil had higher urease ﬁcti?tty whare-
as it was less in the case of slope land soil. In planted
soll continued addition of enzymes could be expeeted from
plant roots (Skujin, 1967; Hall and Davie, 1971) and from
associated microorganisms (Paulson and Kurtz, 1969; Speir,
1976; Ross, 1977; Speir and Ross, 1976, 1978). It is likely
that supplementation from these sources accounted for tha
increase in urease activity during the middle age of the
plants i.e. in the month of October, Speir (°977) and Baruah
and Mishra (1984) also found higher urease activity during
the veriods of vlant growth. Nitrogen and fungal population
correlated with the urease activity in all the three agri-
cultural systems while organic carbon, potassium, phospho-
rus, bacterial population and soil respiration correlated

in one or two fields only. Studies on the relationship be-
tween ureases activity and other soil properties have indica-
ted that the urease activity tend to increase with organic
carbon content. Gould et al. (1973) cbserved a significant
positive correlation between urease activity and organic
carbon in profile samples of an Alberta soil. Beri et 3al.
(1978) found that soil urease activity is largely con-
trolled by the organic carbon status of soils. Zantua et al.
(1977) and Tobatakai (1977) also show=d that urease acti—

vity was significantly correlated with organic carbon. Das
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et al (1981) ceculd establsh a positive correlation between
urease activity orgjanic C, N and P. Pancholy and Rice (1972)
however reported that vrease activity in surface soils was
not significantly correlated with organic carben and con-
cluded that the level of urease in the soils was determined
by the type of vegetation. Frankenberger and Dick (1983,
found that urease activity highly correlated with various
scil properties viz., organic C and total N. The relation-
ship between urease activity and soil properties supports
McLaren's (1975) provnosal that urease can exist as an ex-
tracellular enzyme in a "three dimensional network or or-
gande=mineral complexes". In the present study, urease
showed a positive correlation with microbial population C02
evolution (Table 1.19,1.20,1.21)7 while Alexander (1977)
noted that urease activity compared voorly with respiration
rate. Other factors affecting the urease activity in soils
are temperature (Pettit et al. 1976; Vontolsky and Klunker,
1967), pH (Delaune and Patrick, 1570; Kistaikowski and Shaw,
1953) and scil moisture (Sankhayan and Shukla, 1976). How-
ever, in the present study temperature, pH and soil moisture
did not show statistically significant correlation with the

urease activity.

Roots and microorganisms are major sources of phos-
phatase in soil (Glolebiewska, 1956; Esterman and McLaren,

1961; Greawes and Webley, 1969). Dick et al. (1983) men-



tioned the degradation of the enzyme by the action free
protease produced by the soil microflnra which may inhibit
the phosphatase activiiy. Thus, microorganisms are involved
in the production of phesphatases as well as iu the distri-
bution of it and the net activity is a function of the twe
contrary precesses. Phosphatase activity in all the three
agricultural systems decreased with increasing depth. The
interaction with depth in soil profile may be explained by
the differential distribution of root in soil which is a
major source of phosphatase (Esterman and McLaren, 1961:
Greaves and Webley, 1969). The concentration of microbial
population was much higher in 0-10 cm horizon and microbial
population and activities decreased with depth in soil »ro-
file(Parkinson et al. 1968: Acea and Carballas, 1985) which
might be responsible for the similar variation in phospha-
tase activity. Maximum activity in all the three fields was
recorded in the month of October. It might be due to the
high fungal andibacterial populAation recorded at the same
period. In general, rhosphatase was highest in valley iand
seil followed by terrace land and hill slope land soil. The
higher mineral contents in valley land soil prebably stimu-
lated the fungél and bacterial populaticr. which in turn may
be responsible frr the higher phosphatase activity. - BRhospha-
tase activity in all the three agricultural systems did not

correlate twith different soil characteristics in similar
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fashimen. In valley land soil it significantly correlated
with secil temperature, moisture content, organic carbon,
nitrogen, phosphorus, fungal population, bacterial vopula-
tion, dehydrogenase activity and urease activity. In ter-
race land it correlated with soil temperature organic car-
bon, nitrogen, phosvhorus, potassium, fungal population,
dehydrogenase activity and CO2 evolution. In hill slope
land soil it correlated with soil temperature, moisture
content, soil pH, organic carbon, nitrogen,phosvhorug,
fungal ponulation, bacterial population, deh?droqenase ac-
tivity, urease activity and C02 evhlution. In comparison,
to dehydrogenase and urease activity, the ohosphatase ac-
tivity was found more correlated with the physico-chemical
characteristics of soil, microbial number and its activity
(Table 1.19,1.20,1.21). Khan (1970) reported that addition
of organic matter stimulated phosphatase activity and it is
reported that phosphatase correlates significantly with or-
ganic carbon content of soil (Speir, 1977; Nohrstedt, 1985).
The correlation of phosphatase activity with organic carbon,
nitrogen, phosnhorus and pH was renorted by Schlesinger .
(1977). The positive relationship with organic matter con-
tent is probably associated with the fact that phosphatase,
like other enzymes become bound in humo-protein complexes
(Ladd and Butler, 1975: McLaren, 1975) which possiblv pro-
tects the enzymes from decomposition. Organic matter is

also a source or nutrients for microorganisms and as the
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organic matter content in soil increases so does the poten-
tial nutrient may be that mineralizable nitrogen and total
nitrogen content of soil are often inter-correlated and in-
creasing nitrogen suonly increase microbial synthesis of
phosphatase (Speir and McGill, 1979), Ramnirez-Martirez and
McLaren (1966) could not get any relationship of »hospha-
tase with the reswiration rate. However, in the present
study the so0il respiration was found to be positively rzla-
ted with the nhosohatase activity in two agricwltural

systems,

Respiration rate is the most widely used indax of
seil microbial activity (Chaney et al. 1978). It is often
preferred over microbial numbers. Raspiration activity is
influenced by micrcobial count, organic carbon and inorganic
nutrient contents (Stroo and Jencks, 1982; Jorgensen and
Wells, 1973). Maximum respiration activity was recorded in
upper soil and as denth increased the respiration activity
decreased which was similar to the microbial population and
urease, dshydrogenase and phosphatasz activitiss. It apnears
that CO2 evolution was also governad by the same or similar
set of physico-chemical and biological factors. This was
contrary to the observation of Ross (197%) who not=d that
each biochemical activity has its own characteristic dis-
tribution in soil. Minimum CO, evolution was found from the

2

hill slove land soil as compared to valley land and terrace
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land soil, which was again similar to the microbial vopula-
tion and other activity =estimate parameters. The data
showed that CO2 evolution from soil is more related to the
fungal populatinon than bacterial population (Tablz 1.19,
1.20,1.21). Some other workers have also r=vort=d similar
observation of positive relation hetw=en fungal biomass

and soil respiration (Stotzky, 1960: Tesavora and Glesorn,
1976;: Baruah and Mishra, 1981). Respiration was relat=d to
the other so0il biochemical activities (dehydrogenase,
urease, phosphatasa) which may be bscause of common origin
of the enzymes concernad or similar r=sponse to environ-
mantal and soil factors. Frankenbesrg=zr and Dick (1983) ¥
found strong correlation bestween Coz avolution and anzym=,
phosphatase, amidase, glucosidase and dshydrog=nas=. Ross
et al. (1982) revortzd that all =nzyme-activities (uresase,
phosphatase, xylanase, invertase and amvlase) ware corre-

lated with CO, evolution. Tha organic-C was found to b=

2
the strong=st predictor of CO2 a2volution from soil by Ross
et al. (1982) and Stroo and Jancks (1982). Howevar, in the
present study the total nitrogen cont=2nt of snil was mores

important factor determining the soil respiration rate

than the organic carbon content (Tabl=s 1.19,1.20,1.21).

A perusal of results shows that the microbial po-
pulation and activity follow=zd a gen=ral trend : valley
land » terrac: land '> slope land and in depth-wise

distribution the pattern was 0-10 cm > 10-20 c¢m > 20-30 cm
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Suggesting that organic C, incrganic nutrients and soil
moisture wers th2 most important factors regulating the mi-
crobial population as well as their activities measured in
terms of dehydrogenass, urease, phosphatase activities and

soil respiration.



'CHAPTER-|

INFLUENCE OF FUNGICIDES AND HERBICIDES
" ON PHYLLOSPHERE MICROFLORA OF POTATO
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INTRODUCTION

The occurrence and role of epiphytes in the phyllos-
phere of living plants have been the subject of several re-
views (Sinha, 1965: Last and Deighton, 1965; Leben, 1965).
The microflora of leaf surface has received ample attention
and a number of generalization pertaining to the communitv
structure of leaf surface microorganisms, their role as de-
composer and in biological control of plant pathogens have
emerged (Blakeman and Fokkema, 1981; Mishra and Dickinson,
1981,84; Preece and Dickinson, 1971; Dickinson and Preece,
1976; Baker and Ceok, 1974; Mishra and Tiwari, 1976). Leaf
surface microflora of potatc has been investigated by Hol-
loman (1967), Sinha (1971) and Kumar and Gupta (1976). The
effects of fungicides on leaf surface microflofa has also
been studied by Bainbridge and Dickinson (1972). Studies on
the effect of herbicides on plant diseases reported that
depending on thelchemical compesition and time of applica-
tion, tﬂe hrrbicides may be stimulatory or inhibitory to
the pathogens (Altman and Campbell, 1977; Hodges, 1981,82).
Application 'of fungicides affects the quantity and type of
leaf exudates (Mulinge and Griffiths, 1974; Warren, 1974:
Dickinson and Wallace, 1976). In addition, funéicides dis-
turb the natural equilibrium of microbial community by par-
tial destruction of microflora (Hislop and Cox, 1969: Dic-

kinson, 1973; Jhooty and Munshi, 1976; Kuthubutheen and



Pugh, 1978, Mishra and Tiwari, 1979).

The climate and scil of high altitude region of
Meghalayva are very favourable for the cultivation oflpota-'
to and Large area of the region is under this crop. Late
blight and earlv blight diseases take heavy toll of the
crcp productivity. Farmers have started using fungicides
during recent years. A general survey has revealed that in
most cases single spray of fungicides is applied to the
crops and fungicide treated plants also get infected by
the pathcgen resulting in death of the plants before matu-
rity of the crop. However, in such cases the infection is
delayed to some extent and therefore, yield is higher than

-non-fungicides treated crops.

Our knowledge on the effect of fungicides appli-
cation on phyllosphere microflara of potato is based on
the studies conducted in Burope and elsewhere (Bainbridge
and Dickinson, 1972) which may not hold good in cool, humid
climate of higher altitudes of Meghalaya (India). No attempt
has so far been made to study the effect of herbicide on the
leaf surface microflora in general and potato in particular.
In this context it was was thought desirable to study the
effect of fungicides and herbicides on the leaf surface

microflora of potato.
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REVIEW OF LITERATURE

The terms phylloplane and phyllosphere have been
used imprecisely with different meaning or as synonyms to
designate the leaf as a particular habitat (Last, 1955;
Ruinen, 1956). The living leaf may be colonized by parasites
and saprophytes. Examination of living leaves for the colo-
nizers of early stage of microflora succession has been
carried out by Xendrick and Burges (1962) and Hogg and Hud-
son (1966). Hislop and Cox (1969) found that fungicides
reduced the total number of fungi’, bacteria and yeast on
leaf surface of apole, however, when spraying was stopped
the number and type of microorganisms returned to near nor-
mal within a few months. Wilkinson and Lucas (1°69) repor-
ted that herbicide reduced the fungal population on leaf
surfaces. They found that paraguat and MCPA inhibited the

activity of Trichoderma viride, Rhizopus stolonifer and

Penicillium notatum. Bainbridge and Dickinson (1972) repor-

ted that saprophytic fungl were more susceptible to fungi-
cide captafol than to maneb+fantin acetate, howewer, bacte-
rial numbers were apparently unaltered by the spray treat-
ment. Norse (1972) found that fungicides inhibited the

fungal vepulation on tebacco leaves and most dominant fungi

which accounted f~r 50-90% of the population were Alternaria

sp., A. longipes, Cladosporium oxysporum, Epicoccum perpuras-

cens and Phoma eupyrena. Warren (1974) evaluated the effect
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of fungicides on phyllosphere fungi. He found that all
fungicides reduced the microbial population, among which
benomyl was most effective. Dickinson and Wallace (1976)
examined the =2ffect of late application of fungicides on
winter wheat flag leaves. Repeated spray of tridemorph had
only minor effect on the phylloplane population but beno-
myl and more particularly zineb inhibited the development
of many yeast and fungi. Jhooty and Munshi (19765 found
that fungicides resulted into decline in the microbial po-
pulation from leaf surface, Kumar and Gupta (1926) isola-
ted 60 microorganisms : 52 speciss of fungi, 20 actenomy-
cetes and 6 bacteria from leaf surface of potato. They’
reported that older leaves were more densely populated as
compared to younger ones. Dickinson and Donnel (1977) stu-

died the growth behaviour of Cladosporium cladosporioidss,

Alternaria alternata and Sporobolomyces roseus on Phaseo-

lus vulgaris leawes. They found best germination and growth

under condition nf very high humidity. Mcbride and Hayes
(1977) observed bacteria, yeast and flamentous fungi inha-
biting the phylloplans of Europsan larch. On young leaves
filamentous fungi were present only as spores, buf hyphal
develovment started abruptly and increased rapidly on old

leaves. Cladosporium herbarum, Fusarium oxysporum, Acremo-

nium sp., Epicoccum purpurascens, Penicillium sp. and

Botrys cinera werz frequently isolated from the leaf sur-

face. Mishra and Tiwari (1979) studied the effect of two
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fungicides captan and ziram and two antibiotics streptomy-
cin and penicillin on microbial population of phyllosphere
of wheat and barley. Bacterial population was less effec-

ted by fungicides while fungal population dropped by seve-
ral degrees. Decresase in bacterial population was more

pronounced in cases of antibiotics. Cladosporium spp. and

Alternaria spp. were dominant on both wheat and barley in

all the treated sets. Fitzell (1981) found that benomyl

significantly reduced the population of Colletotrichum

glocosporioides but did not eradicate the fungus from lesaf

surface. Mishra and Dickinson (1981,1984) studied the phyl-

loplane and litter fungi of Ilex aquifolium. They reported

that grzen leaves remain physiologically activa for several
years but there was no evidence for a progressive build up
of phylloplane mycoflora. There were markad seasonal fluc-
tuation in population on green leaves and the older leaves
supported larger and more varied assemblage than newly
formed leaves. Sharma and Tiwari (1981) recorded maximum
species of fungl on diseased leaves whareas maximum yeast

and bacteria were found on healthy leaves of Solanum kha-

sianum, Cladosporium cladosporioides, Sporobolomyces

roseus and Aureobasidium pullulans were the dominant fungi.

Garg and Sharma (1983) studied phylloplane fungi of tri-
ticale and guar onadaxial and abaxial surface. Total fungal

population was. invariably higher on adaxial surfaces and
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the dominant fungi was Alternaria alternata. Sharma et al.

(1984) report=d that micro-climatic factors viz., tempera-
ture and relative humidity affect the phyllosphers micro-
flora. Thz population of microbes decreased with a simul-
taneous fall in temperature and an increase in relative
humidity but later on a rewverse trend was observed. Cabral
(1985) ovined that l=2af surface fungal population is direc-
tly correlatad with humidity and inversely with témpera—
ture. The microorganisms colonising the interior of the
leaf exhibit more depandence on age and/or physiological
condition of the leaf. Thomas and Shattock (1986) reported

Cladosporium, Drechslera, Phoma epicoccum, Alternaria and

Leptosphaeria as dominant fungli on phyllosphere of Lolium

Eerenne .

MATERIALS AND METHODS

Dissase frese tubers of potato (variety - K.Jyoti)
were procured from the Cantral Potato Reszarch Station
(CPRS), Shillong. Tha crop was sown in the last week of
March, 30 M2 plot was taken for each treatment and the con-~
trol. The‘plots were randomiz=2d.The fungicides and herbi-
cides racommended for potato and commonly used by growers

of this region were used. The technical detail about fungi-

cides and herbicidess is given in Table 2.1.
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Table 2.1. Fungicides and herbicides, their chemical names,

recommended doses and manufacturers.

Commercial name Recommended

(common name) Chemical dose/hectare Manufacturer
name
1. Dithane M.45 Zinc ethy- 20 Kg Indofil
(Mancozeb) lene bisdi- Chemicals
thiocarba-
mate
2. Blitox-50 Copper oxy- 7.4 KG Rallis Agro-
chloride 50% chemical
Research
Station,
Bangalore.
3. Benlate Mythyl 1-Butyl  0.37KG E.I.DU PONT
(Benomyl) chlorabenzyl) NE MOURS &
-2-benzimida- Co.INC.,USA.
zole carba-
mate
4. Benthiocarb S~ (4~chlora- 3 1it Pesticides
(Saturn) benzyl) -N, India,
N diethyl- Udaipur.
thiol carba- Bangalore.
matea
5. 2, 4-D 2,4~Dichloro- 1.21it Agromore
(Weedon) phenoxy acetic Limited,
acid
6. Fluctloralin N-Prooyl-(2! 1.71i¢t B.A.S.F.
(Basalin) Chloroethyl) India
-2,6 dinitro- limited,
n-trifluorome- Bombay

thyl aniline
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-

Initial sampling for microbiological analysis was
done 20 days after emergence of the plants and on the same
day manufacturers' recomhended doses of the fungicides and
herbicides were spraysd. Subsequent samples were collected
at 15 days interwal. For each tr=atment five plants were
collected from the field and five lsaves of same vigour and
age from each plant were used. To determinzs population of
viable fungi and bacteria, lszaf pleces were cut by a sharp
sterilized cork borer of 5 mm diameter. 50 viecss were sha-
ken in 250 ml conical flask containing 100 ml sterili;ed
distilled water and serial dilutions were prepared. For
enumeration of fungal propagules, 0.5 ml of appropriate di-
lution was inoculated on sterilized petriplates containing
20 ml of rose bengal agar medium (Martin, 1950). For bac-
terial population nutrient agar medium (Johnson and Curl,
1972) was used. Petriplates for fungi were incubated at
25°C for seven days and for bacteria at 30°C for 24 hours.

The microbial population was calculated on the basis of per

square cm. area of the leaf.

RESULTS

Fungicide :
It is8 evident from the fig.2.1 and 2.2 that foliar
application of various fungicides affected the microflora

of leaf surface at varying dagrees. Mancozeb resulted into
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instantansous decrease in fungal population, benomyl did not
affect ths population initially and an increas= in fungal
population was noted during initial 15 days; a drop in fungal
population was, howsver, recnord=d after 30 days. In case of
copper oxychlorids the population of fungi did not dron at
any point of study. H~waver, the rate of increment was slo-
war than control and in this case least vopulation was re-
corded at the end of expveriment. Tabl=a 2.2.1lists fungi
isolat=d from l=2af surfaces »f fungicide treated and con-
trol plants. A comparison of tha fungal flora of leaf sur-
faces of fungicides trzatsd plants with that of control ones
revedled that no marked change in the species composition

was noticed. Mucor racemosus was isolated only from the

phyllosphere of control plants while Acremoniella was found

restricted to the fungicide sprayed leaves only. Penicil-

lium chrysogenum and two sterile forms were common to all

the treatments as well as control.

Herbicide :

An initial drop in fungal population was observad
in most herbicide treated leaves, however, recovery was
noted 15 days after the spray and thereafter the population
increased with tims (Fig.2.3 and 2.4). Herbicides treated
l=aves harboured lower population as compared to ths con-
tr»>l ones. The three herbicides marginally differed in
their net effect on the vopulation. In the case of benthio-

carb the pooulation did not decrease initially but the



Fig. 2.1. Bacterial population on phyllosphere
of potato sprayed with fungicides.
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Fig. 2.2. Fungal population onpphyllosphere
of potato sprayed with fungicides.
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Fig. 2.3. Bacterial population on phyllosphere

of potato sprayed with herbicidss.



Fig.2-3

1000 »—X Control

O—O Benthicarb
OH—N 2,4-D
O—O Fluchloralin

° L.SD:91-5

S P.0-05

G

4

- -

o 100]

\

c

o

©

S

o R

o

Q.

°

s 50T

©

o

o

1 i | i |
o] 15 30 45

Days after herbicide spray



Fig. 2.4. Fungal population on phyllosphere
of potato sprayed with herbicides.
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Table 2.2. Percentage abundance and nupber of propagules of fungi at 0,15,30 and 45 days

after treatment with fungicides. Upper values are percentage abundance and

values in brackets are number of propagules per unit area of leaf.

(80 ) (87 )(172)(152) (204) (713)

Control Benomyl Copper oxychloride Mancozeb
Name of fungl O 15 30 45 15 30 45 15~ 30 45 15 30 48
Acremoniella sp. - 10 24 38 29 - - 44 - - 36 -
(305) (204) (407) (¢07)
Alternaria alternata - 10 24 14 - - 12 - - - 16 9 -
(102) (408) (306) (204) (101) (10)
Arthrobotrys arthrobotrvoides - - - 28 - - 29 - - 31 - ~ -
(494) (509) (407)
Cladosporium cladosporioides 34 20 15 23 - - - 13 - - - 9 23
(255) (204) (262) (494) (102) (101) (305)
Fusarium oxysporum - 10 - - - - -~ 13 - - 33 - -
(102) (102) (204)
Mucor hiemalg 13 10 - - -~ - - - - - 33 - -
(204)
4. racemosus 10 10 = - - - - - - - - - -
(76 ) (102)
Penicillium brevicompactum - 10 5 - - - - 25 - 23 - - 30
(102) (97 ) (204) (305) (408)
P. chrysogenum - 20 10 14 13 14 18 - - - - - -
(204) (175) (306) (101) (101) (305)
Rhizopus oryzae 10 - - - 13 - - - - - - - -
(76 ) (101)
Trichod:rma sp. - - - - - - - 13 - - - - -
_ (102) ‘
Sterile green 22 10 41 18 19 29 38 22 - - 16 45 46
(165) (102) (713) (387) (152) (204) (305) (203) (101) (s509) (611)
Sterile white 11 - 5 8 19 29 41 - 33 46 - - -
{ (306) (611)

*Percentage abundance =

No. of colontes of the fungt x 100
Total no. of colonies of a ung



Table 2.3,

Percentage abundance* and number of propagules of fungi at 0, 15, 30 and 45 days

after treatment with herbicides. Upper values are percentage abundance and values

in brackets are number of propagules per unit area of leaf.

Name of fungi Control Benthiocarb 2,4-D Fluchloralin
0 15 35 45 15 30 45 15 30 45 15 30 45
Alternaria alternata - 10 24 14 - - - - - 7 - - [
(102) (408) (306) (102) (102)
Arthrobotrys - - - 23 - - 31 - 6 - - - 24
arthrobotryoides (494) (1529) (100) (408)
Cladosporium 34 20 15 23 - - - 23 - 35 - 25 -
cladosporioides (255) (204) (262) (494) (204) (500) (204)
Fusarium oxysporum - 10 - - - - - - - - - - -
(102)
MUCQ_E hiemalis 13 10 - - - - - -~ - - 60 13
(98 ) (102) (306) (102)
Mucor racemosus 10 10 - - 50 - - - - - - - -
(76 ) (102) (408) _
echinulatum (102) (207) (102)
brevicompactum (102) (97 )
Penicillium chrysogenum - 20 10 14 - 13 - 33 - 29 - - 24
(204) (175) (306) (102) (204) (408) (408)
Rhizopus oryzae 10 - - - - - - - - - ~ - -
(76 )
Rhizopus stolonifer 7 - - - - - -~ - - - - - -
(54 )
Sterile qreen 22 10 41 18 25 25 31 - 43 28 4N 30 12
(165) (102) (713) (387) (204) (204) (1528) (712) (406) (204) (245) (175)
Sterile white 4 - 8 28 295 a8 3s 34 38 1 - 19 34
(30 ) (87 ) (172) (204) (408) (1630) (207) (611)(14.5) (155) (589)
No. of colonies of the fungi x 100

*Percentage abundance =

Total No. of colonies of all fungi
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increase was averted and population remained almost at the
same level upto a perind of 30 days after the spray. It
appears the effect of benthioccarb was vparsistent for a

longer periocd.

Table 2.3 lists the fungal snacies isolated from

leaf surfacz of herbicide treated and contrel plants.

§

Penicillium breyicompactum and Fusarium oxvsporum were iso-

lated only from untreated plants and 0idiodendron =2chinula-

tum was restricted to the herbicides treated planf. Arthro-

botrys orthrobotryoidaes, Cladosporium cladosporioides,

Mucor hi=malis, Mucor racemosus, Penicillium chrysogenum

and sterile forms were common to all the treated as well as

untreated plants.

In the case of bacteria also the population de-
creased initially which was $ollowed by a rapid increase in
all the herbicide treated plants while in case of untreated
ones the population increased steadily. Throughout ths stu-
dy period treated leaves harboured less population as com-

-pared to the control (Fig.2.3 and 2.4).

DISCUSSION

Some times degradation products of certain fungi-
cides are more toxic than the fungicides themselves and in
such cases a lag perind is notic=d between the application

and the actual drop in ths fungal population. Benomyl
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belongs to this category of fungicides. Its degradation pro-
duct, Methyl benzimidazole-2-Carbamate is highly fungicidal
and this may be the reason why in this case the drop in the
fungal population was observed after 30 days. It seems other

two fungicides are effective just after their applicatinon.

Throughout the study period tha fungal as well as
bacterial ponulation on fungicide and herbicide treated
leaves remained lower than the control, however, the effect
dacreased slowly and recovery was observed during later pe-
riods. Activities of microorganisms on leaf surfaces are
modified by apnlication of extraneous chemicals (Hislop,1976;
Dickinson, 1973). These chamicals ars generally detrimental
for the growth of most microorganisms which result into a
decrease in the microbial population of leaf surfaces (His-
lop and Cox, 1969; Mishra and Tiwari, 1979; Dickinson and
Wallace, 1976). After spray these chemicals are slowly lost
from the leaf surfacss due to biodegradation, svaporation
and removal through rain waterand dew. Thus, their influence
on microflora dacreases with time. It has also been recog-
nised that older leaves exude increased amount of carbohy-
drates and mmino acids which may be responsible for the con-
tinued increase in l=af surface microbial population of
treated as well as control plants. Kerling (1964) and Cabral
(1985) also noted increase in microbial population with the
age of the leaf. Gradual increase in microflora may also be

due to deposition of ths air spora and/or multiplication of



microbes in the vphyllosphere of old leaves (Dickinson et al.

1975).

The apprlication of biocides alters the microenviron-
ments of leaf surfaces to a grzat extent as they modify the
guality and guantity of leaf exudates, kill a large number
of microba2s and adversely affect the activity of many others
(Hislop and Cox, 1969; Mishra and Tiwari, 1979). Thus, the
habitat of leaf surface microorganisms bzcomes favourable
for few while datrimental to others. This is evident from
the change in species composition of fungal flora (Tablas

2.2,2.3).

In gen=ral the biocides did not affect significantly
the species compositinn of phyllosphere and the: species iso-
lated were similar to that of Rainbridge and Dickinson (1972),
Holloman (1967) and Sinha (1971). Two starile forms were
resistant to fungicides as well as herbicides and they were
consistantly isolated in higher numbers. Probably these
fungl develop certain resting structures on the leaf sur-
faces which are not affected by the biocides. The apnea-
rance of 0. echinulatum on 30 day and its disappearance
again at 45 day was an interesting observation (Table23).
May be, this fungus found the habitat more conducive when
the population of most other fungi diminish=d due to the
effect of herbicides and again when the recolonization
started it disappearad. It shows 1its resistance to the

herbicides and .that it is probably a weak competitor on leaf



surface.

It was'obsarved that both control as well as fungi-
cide tr=ated crop was attacked by late blight. In case of
fungicide treatesd plants although the infection was delayed,
the rate of spread of disease was faster than the control
and it was observed that all thas plants died before maturi-
ty. It appears that after thes spray antagonistic saprotrophs
as well as propagules of the nathogen were killed. So later
when fresh propagules of the pathongens arrived or the ones
which could surviwve, found the ha&bitat more conducive for
their growth due to part or full removal of their antago-
nists. This resulted into fast multivrliciion of the patho-
gen resulting into premature death of the plants. The gro-
wers thus derive only marginal benefit from single spray
of fungici .es. Vear after v~=a: singl= snray of fungicidss
may induc= the pathogen to develop resistant races. The
growers should therefore, be discouragasd for single spray

of fungicides.

Population and specizss composition of leaf surface
microbial communitizs are governed by the physico-chemical
characteristics of the leaf surfaces (Dickinson et al.1975;
Cabral, 1985). Under normal conditions microbial population
on leaf surfaces are hald in a dynamic balanee by interaction
between the host plant and saprotrophic microflora. Appli-
cation of extraneous chemical modifies the leaf surface

microenvironment. Initial drop in the microbial population
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may be ascribed to this disturbanczs. It appears the effect
of herbicides persists only for a short period and it dimi-
nishes slowly after 15 days and after about 45 days the mi-
crobial population of leaf surface of herbicide treated
plants bzcomes almost similar to that of the control on=s.
Steep reduction in the population »f sanrotrophs from the
leaf surfaces for a period of fifteen davs may make the
plant more susceptible to the attack »f vathogens due to
removal of thz saprovhytic antagonistics. Thus, hgrbicides
spray may stimulate disease incidence, however, no study

on this aspect is available.



CHAPTER- I

INFLUENCE OF FUNGICIDES AND HERBICIDES
ON RHIZOSPHERE MICROFLORA OF POTATO
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INTRODUCTION

Fungicides and herbicides are used extensively in
modern agriculture for the control of fungal pathogens and
weeds. These chemicals are applied directly to the séil or
they enter the soil through run-off from treated aerial sSys-
tem or from drifting spray.These chemicals after the number
and activity of microorganisms and thus affect the bio-
chemical processes and fertility of soil. The volume of
s0oil in immediate vicinity of the roots, where chemical
exudates of roots can be detected by microorganisms called
rhizosphere, is the most important site of microbial acti-
vitity. The sprayed chemicals affect the rhizosphere acti-
vity through dir=zct contact of the chemicals reaching the
soil, or throuah alteration”of plant excretions. Most stu-
dies on effect of fungicides (Wainwright, 1978: Kuthubutheen,
1979; Torstenson and Wessen, 1984) and herbicides (Chen
et al. 1981;: Lewis et al. 1978) concern with soils and a
good number of thesestudies are conducted in laboratory
conditions. Very few studies are available on the effect of
fungicides (Sunar and Chohan, 1971; Gupta, 1974; Srivastava
and Dayal, 1981; Bagyaraj and Rangaswami, 1982} and herbi-
cides (Smirnoba, 1983; Catska and Vrany, 1976; Olson et al.
1984; Sandmann and Loses, 1984) on the rhizosphere micro-
organiems. Further, although a huge quantity of fungicides
and herbicides are applied in potato production, no infor-

mation is available on the effect of thsse chemicals on the
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rhizosph=2re microflora of potato. Keeping this in view the -
presant study .as undertaken to invéstigate the effect of
foliar application of these chemicals on the rhizosphere

microflora of potato.

REVIEW OF LITERATURE

Effect of herbicides on various groups of micro-
organisms was first studied by Smith et .al. (1945). Inhibi-
tory as well as stimulztory effects of herbicid=s on the
microbial pooulation were reported by Warren et al. (1951).

Naito and Kohima (1957) found that Gleosporium sp. Produced

antibiotic substances when grown on media containing either
2-chloronhennxy acetic acid or 2-mathyl nhenoxy acetic acid.
Richardson (1957,1959) observed that some herbicides sti-
mulate including PCP, isoprophyl N~-Phenyl carbonate and
2-chloro-N-N dially acetamide have been found to inhibit

the growth of Sclerotium rolfsii, S. bataticola and Rhizoc-

tonia sp. (Bain, 1961). Kaufman (1964) demonstrat=ad the in-
hibitory effect of S~triazine on Fusarjum spp. and Rhizoc-~

tonia solani in soll. He futther observ=d that S-triazine

and Phenyl urea herbicides stimulated some genera of fungi
in scil. Corden and Young (1965) found that the application
of fungicide matasonl resulted in the rapid reductinn in the
fungal population. According to Hartley and West (1969) her-
bicides had little effect on soil microorganisme which he

attributed tn the quick changes brought about either in
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enzyme system of microorganisms or their ability to mutate
into a ressistant strain. Srivastava et al. (1970) reported
that foliar application of fungicides and antibiotics de-
creased the fungal population of rhizosphere of wheat. Bala-
subramanian et al. (1970) examined that insecticides and
fungicides drastically raduced the microbial Qopulation and

enzyme activities in the ‘rhizosphere of Eleusine coracana.

Vanschreven et al., (1970) notic=d that 10 and 100times re-
commendad concantration of dichlorovrop and micopron signi-

ficantly reduced CO, output from soil during th= first we=k.

2
Clark and Wright (1970) suqggest=2d that the degradation of
herbicides 1s predominantly carriad out by the microb=s in
the soil and little or no degradation occurs in sterilized
soil. Inhibition of C02 evolution at higher concentration

of the herbicides was reported by Simon (1971) and Messer-
émithg@lgl.(l97l). Mahmoud et al. (1972) found adverse ef-
fect of fungicides and insecticides on the bacterial popu-
latioﬁ of rhizosphere of cotton plants. Choudhury et al.
(1972) reported that the application of DPA at higher doses
inhibits the growth of fungi for some time. Pesazples (1974)
observad that fungal and bacterial populatinn in benomyl
treated plants was reduced to less than half of the control
plot soil. According to Wainwright and Pugh (1975) fungicides
cantan, dichloran, milceland and thiasimol reduced the fungal
numbars, however, after.$5 days it returned to the level of

control. They~found Trichoderma koningii and "Penicillium

nigricans as dominant fungi in treated soil. Sahrawat (1976)
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reported that most of the herbicides fungicides and insecti-
cides applied at recommended doses have little, if any,
effect on the availability of plant nutrients. Helling (1976)
examined that dinitroaniline herbicides degrade more rapidly
in anaecrobic than aerobic soils. Davies and Marsh (1977)
reported that dalapan pyrazone and trifluralin at 100 ppm had
no adverse effect on carbon dioxide evolution but metabugin
and glypnhosate at 107 nom reduced the CO2 evolution from the
soil. Lewis et 3&,(1978) tested 25 herbicides and their com-
bination on microbial activity in two soil types in laborato-
ry condition. Tﬁey found that herbicides did not affect soil
respiration and dehydrogenase activity. The United States
Environmental Protection Agency (EPA, 1978) has introduced
the efiect of herbicides on enzyme activities as a guideline'
to assess their effect on the microflora and data on the
enzyme activities must be supplied as part of the registra-
tion package for the herbicides. Kader et al. (1978) exa-
mined that fungicides reduced the rhizosphere and soil fun-
gal flora of cotton. After 10 days their toxicity was almost
aleviated in the soil but persisted in the rhizosvhere.
mopaiah and Rai (1979) studied the effect of four common
herbicides wviz., larso, nitrofen, propinol andssimazine on
microorganisms in red sandy soil. They observed that propi-
nol and nitrofen decreased the bacterial population. Kuthu-
butheen and Pugh (1979) found that fungicides reduced fungal

population upto 50% in treated s0il as compared to the con-



87

trol. They found Cladosporium cladospnorioides, Mortierella

mingt;ssima, Trichocladium asperum, Trichoderma hamatum and

Zygorlynztus moulleri were genesrally tolerant to fungicides.

Studies on soil treated with simazine incubated under asro-
bic or anaerobic conditions indicated that the herbicide
retarded nitrification and denitrification upto 12 months
(Weeararatna, 1979). Verstralte =2t al.(1979) studied the
effect of different herbicide viz,, mestamitron, chloridazone,
ethofumerate and nhenmedipham on soil microbial biomass,
respiration, nitrification, ATP concentration and p-nitro-
phynyl phosphatase activity. They found that all the her-
bicides affected adversely the soil microbiota and micro-
bial activities also decreased. Quilt et Ei.(§1979,1980)
reported that baraban and carbyne decreased the fungal
population and increased the bacterial population in treated
soils. Taleta and Stolminova (1980) studied the effect of
various herbicides combination on the soil biological and
bio-chemical processes of rhizosphere. They found that her-
bicides combination had no harmful effect on soil biologi-
cal processes in the rhizosvhere zone. Roslycky (1980,1081)
renorted that fundicides vortex and linuron exerted little
initial effect on bacteria and actinomycetes population
whereas vortex caused drastic reddction in the fungal popu-
lation. Lethbridge et al. (1981) noted that 2,4-D ap»lica-
tion increased gluconase activity initially which was

followed by decline. They bbsearved that urease activity
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remained unaffected at low doses but high doses were inhi-
bitory. Chen et al. (1981) reported that butachlore atall
doses inhibited the rate of ammonification and stimulated

the rate of nitrification, whils pooulation of fungi, bac-

evaluatad the effect of herbicide dalapone on the soil mi-
croflora, dehydrogenass activity and soil respiration. Ac-
cording to them at normal concentrations dalapon had little
effect on soil microflora or soil fertility but at very high
concentrations marked effect was noticed on the microflora
and their activities. Tu (1981) deterﬁined the effect of

32 herbicides and fungicides on microorganisms and enzyme
activities. He found that none of pesticides inhibited en-
zyme activities while decrease iw bacterial numbers occurred.
Bakalivanov and Kastov (1981) observed that 2,4-D, MCPA,
CDAA, alachlor, propachlor, diphenyl amide, trifularin, da-
lapon, bromacil and linacil inhibited the soil fungal, bac-
terial and actinomycetes population. Smith (1982) reviewed
the literature on the effect of herbicide on soil. According
to him, the chemical and bio-ch=mical processes of soil de-
grade the herbicidas and the degradation is dzspendent upon

" chemical structure of the organic molecule, Roslycky (1982)
examined that the low concantration of glyphosate had little
effect on microorganisms while high conc~ntration stimulated
actinomycetes bacterial and fungal population. Bollen et al.
£3983) found that bsnomyl fungicide reduced the fungal popu-

lation of rhizosphere region of rye. They reported that
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Alternaria soo. and Fusarium culmorum were dominant and

tolerant fungi. Doneche et al. (1983) reported that funoi-
cides inhibited the fungal and bacterial population in soil.
They also found degradation of mancozeb in soil and sugges-
ted that possibly it may b= due to chemical and biochemical
factors. Olson (1984) reported that trifluralin had no
effect on fungal, bacterial and actinomycetes population
either in gen=ral soil or in rhizosphere. Abyad and Amitra
(1985) report=d that effect of herbicidzss on microflora de-
nands upon the type and concantrations of herbicide and
nature of thes soil. He =xamined the alteration in speci=s
composition by disappearance or appearance of certain spe-
cins under a specific concentration. According to Radka st
al. (1985) alteration of microorganis~is populagion by appli-
cation "6f ‘herbicides depends udon chemical nature of her-
bicides, rate of application and the moisture contant of
soil. Baruah and Mishra (1986) concluded that herbicides
2,4=D, but:chlor and oxvfluorfasn stimulated the dehydroge-
nase activity and C02 evolution whar=zas ur=ase activity
ramaina=d unchanged. Yentume and Joynson (1986) found that
insecticides, fungicides and herbicides significantly lo-
wzrad the microbial population in soil. Jain et al. (1987)
found that foliar application of antibiotics and fungicides
inhibit=d the microbial population and changed the species

composition of rhizospharse microflora of Ocimum basilicum.

Makwatanakasn and Sivasithamparam (1987) evaluated the



effect of herbicides glyphosate, diguats, paraquate and tri-
fluralin on the saprophytic survivality and pathogenicity

of Gaesmannomyces granus. Thay found that herbicides inhibi-

ted the infection and population of the pathogen.

MATERIALS AND METHODS

Disease frze tubers were procur=ad from the C.P.R.S.
Shillong. The crop was sown in the last week of March, 1986,
Five 30 M2 prlots were taken for sach treatment and the con-
trol. The plots werz randomized. The fungicides and herbi-
cides racommended for potato and commonly used by the gro-
wers of this region ware used. The technical details about
fungicides and herbicides are given in Table 2.1. Initial
sampling for microbiological analysis was done 29 days after
emergence of the plants and on the same day manufacturers
recommended dos=s of the fungicides and herbicides were
sprayed.The samplzs were collect=d at 15, 30, 45 and 60 days

after application of the fungicides and herbicides.

For the study of rhizosphere microflora(fungi and
bacteria), the complate root.gystem was taken out carefully
with a sterilized spatula in a steriliz=d polxthenz bag.
Th= root systam was tanpved gently to remove the extra
attachzd soil. Tha roots weré transfernred to a 500 ml coni-

cal flask containing 199 ml o sterilized distilled water
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and serial dilutions wesre preapvnred. For the enumeration of
fungal propagules 0.5 ml of appropriate dilution was inocu-
lated on sterilized petriplates containing 20 ml of rose
b=ngal agar m=dium (Martin, 1950). For bacterial population
nutrient agar medium (Johnson,and Curl, 1972) was used. The
rhizosohere guspension laft out after inoculation was sva-
vorat=2d semarately at 105°C in hot air oven for 24 hrs,
cooled to room temperature and finally weighed to d=termine
th2 drv weight of th=2 soil. Rhizosphere microbial popula-
tion was calculated on the basis of per gram dry weiqht of

soil.

Corresponding non-rhizospherz soil samples, were
also collected at each sampling time from the depth in the
snil corresponding to ths root zone. From 10 g of the scoil
the suspension of 1:100, 1:1000 and 1:10000 dilutions were
preparaed in sterilized distilled water. The 1:1000 suspen-
sion was used for ths assessment of the fungal population
and 1:10000 suspansion was us=d for the assessmant of bac-
terial povpulation. Rose bengal agar was used for fungi and
nutrient agar medium was used for bacteria. Fungi and bac-
teria per gram dry s»nil was calculated by multiplying the
average colony number per vlate by dilution factor taking
the moisture content into consideratinon. Petriplates for
fungli were incubated at 25°C for sevan days and fonr bacte-
ria at 32°C for 24 hours. Three replicates were maintain~d

for =zach sampl=.
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RESULTS

The effsct of foliar application of fungicides,
benomyl, copper oxychlorids and mancozeb on fungal and bac-
terial population of rhizosnhere and non-rhizosphere snils
is depicted in Figs. 3.1 and 3.3. Excapt pthizosvhare bac-
terial population in the case of benomyl treat=d plants,
fungicides svray resulted into a drop in the micrdbial VO=-"
pulaticn. Throughout the study, rhizosphere and non-
rhizosoh=re soils of fungicides treatad plants harboured
less population than the control., Fig.3.2,3.4 shows that in
most cases after the initial drop in population a recovery
was observaed. Tha recovery was sps2dy and maximum in the
case of non-rhizosphsre bacteria (75%-85%). Recovary was
slow and minimum in the case of rhizospharic fungi (35%-
40%) . R/S ratio for fungi varied between 9 and 43 while in
the case of bacteria it rang=d betwesn 11 and 88 (Table 3.1).
Table 3.3 to 3.8 lists fungal specizs isolated from rhi-
zosphere and non-rhizosphera soils of treated and control

plants. Acremonium rutilum, Aspergillus flavus, Mucor

circenelloides and N=ctaria ventricosa were isolated only

from the fungicides treat=d plants. Acremonium rutilum and

Necteria ventricosa weres isolated only from rhizospheric

soils while Arthrobotrys conoides, A. oligosoora, 0idio-

dendron schinulatum werza isolatad from non-rhizospharic

soils only. Cladosporium cladosporioides, Fusarium oxys-

porum, F. poae, F. solani, Monilia sp., Mortierella
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ninutissima, Mucor hiemalis, M. plumbeus, M. racemosus, 0i~

diodzndron echinulatum, Penicillium brevicompactum, P.

chrysogenum, Rhizopus oryzae, Trichoderma harzianum and

T. viride showed sporadic anpearance and did not show any
trzatm=nt or habitat (rhizosvhere, non~-rhizosphere) prefe-

rence.

Herbicides :

The =ffect of f»oliar apnlicatiorn of herbicidss,
benthincarb, 2,4~D and fluchloralin on fungal and bacterial
population of rhizosph=2rz and non-rhizosvhzre soils are
given in fig.3.5 and 3.7, Herbicides affectad the fungal
and bacterial populatioh of both rhizospheric and non-
rhizospheric soils. The soils from treatad plants showed
an initial drop in fungal population followsd by an in-
creasz upto 45 days after which population declined in case
of contrnl as well as treated plots, The benthiocarb trea-
ted plots harboured less fungal population than the other
treatmant and control. Bacterial population was also inhi-
bit=d but later on it r=covered and followad a trend of
variation similar to that of the control, although values
ramainad lower .than tha control. Fig.3.6 and 3.8 shows the
fungal and bacterial pooulation in rhizosphere and nnn-
rhizosnhare soil of treated plots in terms of parcentage
of control, Th= maximum recovery was in the case of non-
rhizospharic fungi (37%-U14%), while slow and minimum in

case of non-rhizospheric bacteria (11%-82%). R/S values



Fig. 3.1. Fungal population in rhizosphere
and non-rhizcsphere so0ils of

potato sprayed with fungicides.
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Fig. 3.2. Effect of fungicides on fungal
population of rhizosphere and
non-rhizosphere soils expressed
as percentage of the control.
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Fig. 3.3. Zacterial population in rhizosphere
and non-rhizosphere soils of potato

sprayed with fungicides.
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Fig, 3.4. Effect of fungicides on bacterial
population of rhizosphere and non-
rhizosphere'soils expréssed as

percentage ef the control,
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Fig. 3.5. Fungal population in rhizosohere and
non-rhizosphere soils of potato

sprayaed with herbicides.
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Fig, 3.6. Effect of herbicides on fungal
population of rhizosphere and
non-rhizosphere soils expressed

as percentage of the control.
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Fig. 3.7. Bacterial population in rhizosphere
and non-rhizosphere soils of potato
sprayed with berbicides.
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Fig. 3.8. Effect of herbicides on bacterial
population of rhizosphere and non-
rhizosphere soils expressed as

percentage of the control.
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Table 3,.,1. Influence of fungicides on Rhizosphere effect
* (R/S) of Fungal and bacterial population.
Upper values are R/S of fungi and lower values

are. R/S of bacteria.

Sampling Copper

period Control Benomy; oxychloride Manoozeb
15 21.40 9.00 15,90 13.50
20.20 11.50 25,70 - 18.30
30 . 29.80 8.80 12.20 11.50
50,00 87.70 36.40 69.40
45 34,30 43.20 15.70 14,00
27.90 28,40 . 25.60 35.90
60, 22,00 14,20 10.40 12.50

19.20 30.50 19.90 29.30

*R/S = Microbial population in rhizosphere region
Microbial population in soil



Table 3.2.Influence of herbicides on rhizosphere effect

(R/S) of fungal and bacterial population.

Upper values are R/S of fungi and lower values

are R/S of bacteria.

Sampling period Control Benthiocarb 2,4-D Fluchloralin

15 21.40 19,00 5.60 9.10

20.20 15.70 76.6 52.10

30 29.8 34.30 21.40 28.60

50,50 75.00 72.20 50.50

45 - 34,30 23.20 31.10 28.80

) 27.90 26,60 21.5 29.10

60 22.00 19.40 20,70 20.40

19,20 20.40 23,7 25.70




Table : 3,3. Percentage abundance and number of propagules of fungi (per gram dry soil)

at 0 days after treatment with fungicides in Rhizosphere (R) x 104
Non-rhizosphere (N) x 103

brackets are number of propagules,

and

of potato. Upper values are abundance and in

Isolates Control Benomyl Copperoxychloride Mancozeb
R N R N R N R N
Cladosporium cladosporioides 26,3 21,0 26,3 21.0 26,3 21.0 26,3 21,0
' (14.7) (1,17) (14.7) (1.17) (14.7) - (1.17) (14.7) (1L.17)
Fusarium oxysporum - 11,7 - 11,7 - 11,7 - 11,7
(0.5 ( 0.5) (D ( 0.5) ( 0.5) ( 0.5)
Monilia sp. - 5.0 - 5.0 - 5.0 - 5.0
( 0.2)( ( 0.2) ( 0.,2) ( 0.2)
Mucor circenelloides 23,5 - 23,5 - 23,5 - 23,5 -
(11.7) (11.7) (11,7) (11.7)
Mucor hiemalis 26,0 5.2 26,0 562 26,0 5,2 26,0 542
(14.7) ( 0.2)(14.7) ( 0,2) (14,7) - ( 0,2) (14,7) ( 0,2)
Penicillium chrysogenum 10,5 15,7 10.5 15,7 10,5 15,7 10,5 15,7
( 508) ( 008)( 508) ( 008) ( 508) o ( 008) ( 508) ( 0-8)
Rhizopus coroci - 11.1 - 11,1 - 11.1 - 11,1
( 0.5) ( 0.5) (0.5) ( 0.5)
Rhizopus orizae 15,7 26.3 15,7 26,3 15.7 26,3 15.7 26,3
( 8.81) (1,4)( 8.81)(1.4 ) (8.81) ( 1,4) (8.81) ( 1.,4)
Trichoderma harzianum - 15.7 - 15,7 - 15,7 - 15.7
( 0,8) ( 0.8) (0.8) (0.8)
Sterile 21.1 16,6 21,1 16,6 21.1 16.6 21,1 16.6
(11.7) ( 0.9)(11.7) ( 0.,9) (11,7) ( 0.9)(11,7) (0,9)




Table 3.4.Percentage abundance and number of propagules of fungi (per gram dry soil) at
15 days after treatment with fungicides in Rhizosphere (R) x 104 and Non-

rhizosphere (N) x 103
kets are number of propagules.

soils of potato. Upper values are abundance and in brac-

Control Benomyl Copper oxychloride Mancozeb
Isolates R N R N R N R N
Aspergillus flavus - - -~ - - - 25 15.40
(1.2) (5.8)
Cladosporium cladosporioides 33,00 20,00 10,00 - - - - -
(4.10) (11.7) (0.33)
Fusarium solani 12.80 15.00 20,00 - 46.6 18.2 6.25 -
(1.5) (8.8) (0+65) (2.22) (5.8) (0.32)
Monilia sp. - - - 30.7 - - - 46.20
(11.8) (17.6)
Mucor hiemalis 15 - 30 - - 9.0 18.75 -
(1.9) (0.86) (2.9) (0.96)
Mucor plumbeus 20,5 15, - - 19,9 18.2 12,5 -
(2,53) (8.7) (0.99) (5.8) (0.64)
Mucor ‘racemosus - - 30 - - 18.2 - -
(0.86) (5.8)
Oidiodendron echinulatum - 25 - - - - - -
(14.6)
Penicillium chrysogenum 17.9 - - 23.0 - 27.3 18.75 -
Rhizopus oryzae - - - 23.0 - - - -
(8.8) :
Tricholderma harzianum - 20 10 23 - 27.3 - 23.00
(11.7) (0.32) (8.8) (8.7) (8.8)
White sterile - 5.0 - - 33.0 - - -
(2.9) (1.62)




Table 3.8 P=rcentage abundance and number of propagules of fungi

(per gram dry soil)

at 30 days after treatment with fungicides in Rhizosphere (R) x 10% ana

Non-rhizosphere (N) x 103

solls of »otato. Upper values are abundance and

in brackets are number of propagules.

Isolates Control Benomyl Copper oxychloride Mancozeb
R N R N R N R N
Cladosporium cladosperioides - 13 - 17.00 33,30 - 40 22.00
(8.2) (5.5) (0.,94) (1.2) (5.7)
Monilia Sp. - 8.6 - -~ - - - 12.00
(4.9) _ (2.8)
Mucor hiemalis 31.5 26 62.5 - 55.5 - 40 -
(5.8) (16.4) (1.5) (1.57) (1.2)
Mucor plumbeus 33.30 - - - - 25 - 22,00
(6.12) (5.5) (5.7)
Mucor racemosus 20,8 - 37.5 - 11.00 12,5 20 -
(5.4) (0.91) (0.31) (2.7) (0.63)
Penicillium brevicompactum - - - 49,00 - 37.5 - -
(16.7) . (8.3)
Penicillium chrysogenum 22.8 39 - - - - - 22,00
(4.5) (24,7) (5.7)
Sterile 13 - 33,00 - 25 - 22,00
(8.2) (11.1) (5.5) (5.7)




Table 3.6.Percentage abundance and number of propagules of tungi (per gram dry soil)
at 45 days after treatment with fungicides in Rhizosphere (R) x 10% ana

Non-rhizosphere (N) x 10

3

in brackets are number of propagules.,

soils of potato, Upper values are abundance and

Control Benomyl cOpper oxychloride Mancozeb
Isolates R N R N R N R N
Cladosporium cladosporiocides 24.60 10.7 - 14.2 - - - -
(7.0) (0.8) (0,29)
Fusarium poae . - - - ~ - - 33,3 -
Fusarium solani - 21.4 - 42.8 - 15,3 - -
. (r.7) (0,.8) (0,59)
Monilia sp. - - - - - 15,3 - 12.20
- (0.59) (0,58)
Mucor hiemallis 29,8 7.1 44 - 38,3 15.3 38,8 12,20
(8.5) (0.2) (3.7) (2.4) (0.59) (2.56) (0.58)
Mucor plumbeus - - - 14,2 - - - -
(0.2) (0,2)
Mucor racemosus - - 56 - - - - -
(4.7)
Penicillium chrysogenum 27,2 14,2 - - 38,8 30,7 - 31,2
(7.7) (1.1) (2.4) (1.1) (1.4)
Penicillium brevicompactum - - - 28.5 - - 27,7 -
(0.59) (1.8)
(5.1)  (3.8) (1.3) (0.8) (2,0)




Table 3.7. ©percentage abundance and number of propagules of fungi (per gram dry soil)
at 60 days after treatment with fungicides in Rhizosphere (R) x 10 ana
Non-rhizosphere (11) x 103 soils of potato. Upper values are abundance and
in brackets are number of propagules.
1d b
Isolates Control Benomyl Copper oxychloride Mancoze
R N R N R N R N
Arthrobotyys conoides - 8.4 3.84 4.7 - - - -
(0.62) (0,13) (0.3)
Arthrobotrys oligospora - 8.61 - 4.7 - - 19,3 -
(0,62) (0.3) (1.2)
Cladosporium cladosporioides 16.2 4.3 19,2 14.2 18.5 - 35.4 -
(2.4) (0.2) (1.3) (0.92) (2.0) (2.2)
Fusarium oxysporum - - 30,7 - - - - -
(2.0)
Fusarium poae 18.9 - - - - 10,5 - -
(2.8) (0.6)
Fusarium solani 8.10 13,6 - -~ - 10.5 - 11.7
(6.10) (0.95) (0.6) (0.62)
Monilia sp. 5.4 13.8 - 14.2 - 10,7 - 11.6
(1.6) (0.6) (0.9) (0.6) (0.6)
Mortierella minutissima - 8.61 - 9.5 11.00 15.7 - -
(0.62) (0.6) (0.75) (0.9)
Mucor hiemalis 8.10 13.8 7.6 9.5 7.4 10.5 - -
(1.2) (0.5) (0.52) (0.6 (0.5) (0.6)
Mucor plumbeus 2.70 - - 9.5 - - 6.45 17.6
(0.40) (0.6) (0.41) (0,9)
Necteria ventricosa - - - - 22,2 - - -
Oidiodendron echhulatum - - - - 22.2 - 6.45 -
Penicillium brevicompactum 14.00 - - 14.2 11.00 15.7 - 23,5
(2.2) {0.92) (0.75) 10,9) (1.2)
Penicillium chrysogenum - 8.6 19.2 - 7.4 - - -
(0.6) (1.3) (0.5)
Penicilli £ - 3 o
um trequentus (16535 (g.gz) - 11,00 10.5 3.2 23,5
. . (0.75) (0.6) (0.2) (1,2)
Trichoderma Warzianum - 8,61 - 9.5% -
— (0 6) (D. - 6.45 -
. -6) (0.41)
Trichoderma viride 10.8 8,6 - - - -
(1.6) (0.6) -
Sterile white 8.10 8.61 11,5 9.5 10,5
¢ ¢ ° b - . 2205 11.7
(1.2) {(0.6) (0.70) (0.s) (0.6) (1.4) (1.6)




Table 3.8, Effect of fungicides on the fungal population (per gram dry soil) of rhizospheric
' (R) x 10% and non-rhizospheric (N) x 103 soils of potato. Values are means of four

determinations.
Isolates RCont‘rolN RBenomle Cgpper oxychéoride RMencozeg
Acremonium rutilum - - 0.3 - - - - -
Aspergillus flavus - - - - - - 3.2 1.4
Arthrobotrys conoides - 1.5 - 0.7 - - - -
Arthrobotrys oligospora - 1.5 - 0.7 - - - -
Cladosporium cladosporioides 34.0 3.1 4.0 2.8 7.3 - 7.1 1.4
Fusarium oxysporum 3.9 . . . . 2.9 12.0 4,4
Fusarium poae 7.1 - - . - 1.5 - -
Fusarium solani 3,0 2.3 - - 1.5 - 1.
Monilia sp. 2.0 2.9 - - - 3.8 - .
Mortierella minutissima - 1.5 - 1.5 1.8 2.3 - -
Mucor circinelloides - 1.5 - - 0.7 - - -
Mucor hiemalis 43,6 2.3 16,5 1,5 11,2 3.6 1.30 3.8
Mucor plumbeus 22.6 6.8 - 2.2 2.4 2,8 2.6 1.4
Mucor racemosus 15.3 0.7 16.3 = = 0.7 0.6 3.2 -
Necteria ventricosa | - - - - 3.7 - . -
Oidiodendron echinulatum - - - - - - - 3.1
Penicillium brevicompactum 24,8 4.5 - 2,3 3.7 2.3 0.8 -
Penicillium chrysogenum 19,4 6.1 3.2 4.1 - 7¢2 7.6 9.6
Rhizopus oryzae - - - ‘ 2.2 - - - -
Trichoderma harzianum | - 1.5 1.3 2.2 - 3.7 - 2.2
Trichoderma viride 2,5 2.9 0.3 0.7 1.8 - 1.0 -
Sterile white - 4,0 2,0 - - 1.2 - - -

Sterile orange : - 12.8 1.9 4,3 13.5 5.2 7.9 8.1




Table : 3.9. Percentage abundance and number of propagules of fungi (per gram dry soil)
at 0 days after treatment with herbicides in Rhizosphere (R) x 10% ana
Non-rhizosphere (N) x 103 soils of potato. Upper values are abundance and

in brackets are number of propagules.

Isolates Control Benthiocarb 2,4~D Fluchloralin
R N R N R N R N
Cladosporium cladosporioides 26.3 21.0 26,3 21,0 26.3 21.0 2€.3 21,0
(14.7)Y(1.17) (14.7) (1.17) (14.7) (1.17) (14.7) (1.17)
Fusarium oxysporum - 11.7 - 11.7 - 11.7 - 11,7
( 0.5) - (0.5 ) ( 0.5) ( 0.5)
T ( 0.2) ( 0.2) ( 0.2) ( 0.2)
Mucor circenelloides 23.5 - 23.5 - 23.5 - 23.5 -
(11.7) (11.7) (11,7 (11.7)
Mucor hiemalis 26.0 5.2 26.0 5.2 26,0 542 26,0 5.2
- (14.7) (0.,2) (14.7) (0.2 ) (14.7) (0.2 ) (14.7) ( 0.2)
‘Penicillium chrgsggenum 10.5 15,7 10.5 15.7 10.5 15.7 10.5 15.7
( 5.8) (0.8) (5.8) (0,8 (5.8 (0.8) ( 5.8) ( 0.8)
Rhizopus coroci - 11,1 - 11.1 - 11.1 - 11.1
(0.5) ( 0.5) (0.5) ( 0.5)
Rhizopus orizae 15,7 26.3 15.7 26.3 15.7 26.3 15.7 26.3
' (8.81) ( 1.4) (8.81) ( 1.4) (8.81) (1.4) (8.81) ( 1.4)
. Trichoderma harzianum - 15,7 - 15.7 - 15,7 - 15.7
( 0.8) ( 0.8) (0.8) ( 0.8)
“Sterile = 21,1 16,6 21.1 16,6 21,1 16.6 21.1 16,6

(11.7)( 0.,9)(11,7) ( 0.,9) (11.7) ( 0.9) (11.7) ( 0.9)




Table 3.10. Percentage abundance and number of propagules of fungi (per gram dry soil)
4
at 15 days after treatment with herbicides in rhizosphere (R) x 10 and Non-
rhizosphere (N) x 103 soils of pdtato. Upper values are abundance and in

brackets are number of propagules.

Control Benthiocarb 2, 4-D Fluchloralin
Isolates R N R N R N R N
Cladosporium cladosporioides 33,3 20 - 14,2 36.30 - 33.3 15,3
- (4.1) (1.7) (0.2) (11.7) (11.4) (0.5)
Fusarium moniliforme , 12.8 15 15.3 - - -~ - 15.3
(1.5) (0.8) (5,8) (0.5)
Mucor hiemalis 15.3 15 38.4 - 27.2 - 22,2 -
(1,9) (0.8) (14.7) (8.8) (7.6)
Mucor plumbeus 20.5 - 23 - - - - 15.3
(2.5) (8.8) (N.5S)
Oidiodendron echinulatum - 25 - - - ~ - -
. (1.4) _
Penicillium chrgsogenum 17.9 = - - 27,2 30 - -
(2.2) (8.8) (0.8)
Periconia macrospinosa - - - - - - - 23,0
(n.8)
Trichoderma viride - 20 23 42.8 15,1 40 22,2 15.3
(1.1) (8.8) (0.8) (5.8) (1.1) (7.6) (0.5)

(0.2) (0.8) (0.8) (7.6) (0,5)




Table 3.11.

at 30 days after treatment with herbicides in Rhlzosphere (R) x 104

Non-rhizosphere (N) x 103

in brackets are number of propagules.

Percentage abundance and number of propagules of fungi (per gram dry soil)

and

soils of potato. Upper values are abundance and

Control Benthiocarb 2, 4-D Fluchloralin
Isolates R N R N R N R N
Cladosporium cladosporioides = 13,0 42,8 23,0 33,3 23.0 33.3 23.0
(0,8) (12,0) (0.8) (12.5) (0.8) (11.5) (0.8)
Monilia sp. - 8.6 - - - - - -
(0,5)
Mucor hiemalis 31,5 - 42.8 - 41.6 - 44.4 23.0
(5.8) (12.0) (15.6) (15.3) (0.8)
Mucor plumbeus 33,3 26.0 14.2 - - - 22.2 -
(6.1) (1.6) (4.0) (7.6)
Mucor racemosus 20,8 - - - 24.9 - - -
(5.4) (9.3)
Penicillium chrysogenum 22,8 39.1 - 30.7 - 23,0 - 23,0
(5.8) (2.4) (1.1) (0.8) (0.8)
Sterile - 13.0 ~ 46,1 - 53.8 - 7.6
(0.8) (1.6) (1,9) (0.2)




Table 3,12,

Percentage abundance and ndmber of propagules of fungi (per gram dry soil)
at 45 days after treatment with herbicides in Rhizosphere (R) x 10

4 and

Non-rhizosphere (N} x 103 soils of potato. Upper values are abundance and

in brackets are number of propagules.

Control Behthioéarb 2, 4-D Fluchlaralin

Isoclates R N R N R N R N
Cladosporium cladosporioides 24.6 10,7 7.6 25. 52.9 28,5 24.9 15.3
(7.0) (0,8) (3.9) (1.1) (31.3) (1.1) (11.7) (0.5)

Fusarium oxysporum | - 21.4 - - - - ~ -

(1.7)

Mucor hiemalis 29.8 7.1 30.7 - 47.0 - 16.6 23.0
(8.?) (0.7 (15.6) (27.8) (7.8) (0.8)

Mucor racemosus - - 23.0 - - - 16,6 -

(11.7) N (7.8)

Penicillium chrysogenum 27.2 14,2 23,0 27.5 - 28.5 24.9 30,7
(7.7) (1.1) (11.7) ((1.7) (1.1) (11.7) (1.1)
Sterile 18.1 46.4 15,3 37.5 - 42.8 16.6 30.7
(5.9%) (3.8) (7.8) (1.7) (1.7) (7.8) (1.1)




fable 3.13. Percentage abundance and number of propagules of fungi (per gram dry soil) at

60 days after treatment with herbicides in Rhizosphere (R) x 10‘ and non-rhizosphers

() x"103 soils of potato. Upper values are abundance and in brackets are number of
pxopagules.
Control Senthiocarb 2, 4-D Fluchloraiin
Isclates R N R N R N R N
Arthrobotrys conoides - 0.6 - - - - - -
(0.6)
Arthrobotrys oligospora - 8.6 - - - - - -
(0.6)
Arthrobotrys arthrobotryoides - - - - - 9.0 - -
{(0.6)
Cladosportum cladosporioides 16.2 4.3 16.1 - - 13.6 18.9 1.9
(2.4) (0.2) (15.1) (0.9) (22.0) (1.2)
Fusariurf moniliforme - - 25«8 - 21.7 - 15.5 -
- (24.2) (24.2) (27.9)
Fusarium oxysporum - - 25.8 - - 21.4 - -
(24.2) (27.9)
Pusarium poae 18.9 - - - - - - -
N (2.9)
Pusarium solani 8.1 13,0 - - - - - -
(1.2) (0.9
Gonytrichum machrocladum . - - - - - - - 24.1 -
. (28.0)
Humicola fuscoatra - - - 15.7 - - - -
’ (0.8)
Monilia sp. 5.4 13.0 - - - - - -
(0.8). (0.9)
Mortierilla minutissima - 8.6 - - - 13.6 - -
(n.5) (0.9)
Mucor hiemalis 8.1 13.0 12.9 20.0 14.2 - 6.9 10
(1.2) (0.9 (12.1) (1.1) (18.8) (8.0 (0.9)
Mucor plumbaeus 2.7 - 3.2 - - 9.0 - -
(0.4) (3.0) (0.6)
Mectaria ventricosa - - - - - 13.6 - -
(009
0idiodendron echinulatum - - 12.9 - - - - -
(12.1)
Penicillium brevicompactum 14.0 - - 15.7 - - - -
(2.2) (0.8)
LR TR T -
Penicillium chrysoganum - 8.2 - - 35.7 22.7 - 8.2
’ (0.6) (:6.5) (1.9) (0.6)
Panicillium f£raquentus - - 19.3 - - 15.5
{18.1) (18.0)
frichoderma harzianum - - 9.6 - - 9.0 6.0 -
(9.0) (0.6) ( 8.0)
Trichodar~a viride 6.7 8.6 - 15.7 28.5 - - 6.0
{1.0) (0.68) 10.8) (37.2) (1.2}
Sterile white 10.8 a.6 - 10.5% - - 12.0 6.0
(1.6) (0,6) (0.5) (14.0) (1.5)
Sterile orange 8.1 8.6 10.5% - 9.0 - 8.1 -
(1.2) (0.6) (0.5) (0.6) (1.2)




Table 3.14.Effect of herbieides on the fungal population (per gram

dry soil) of rhizospheric (R)xlO4

and non-rhizospheric

(_N)xlo3 s0ils of potato. Values are mean of four deter-

minations.
Isolated_ Control Bgnthiocarb 2, 4-D iigizlo-

R N R N R N R N

Arthrobotrys conoides - 1.5 - - - - - -
Arthrobotyys oligospora - 1.5 - - - - - -
Arthrobotyrs arthrobotyyoides- - - 1.5 - 1.5 - -
Cladosporium
cladosporioides 34.0 3.1 18.0 15.6 43.8 27.2 44.1 28,0
Fusarium oxysporum 3.9 .6 8.0 5.5 7.0 4.0 4.5 1.5
Fusarium poae ‘ 7.1 - - - - - - -
Fusarium solani 3.0 2.3 - - - - 4,5 1.5
Fusarium moniliforme - - 7.5 - - - - -
Gonytrichum machrocladum - - - - - - 5.0 =
Humicola.fuscoatra - - -, 2.2 - - - -
Monilia sp. . 2.0 2.9 - - - - - -
Mortierella minutissima - 1.5 - - - 2.2 - -
Mucor hiemalis 43.6 2.3 13,5 4.0 18.0 - 10.0 6.5
Mucor plumbeus 22.6 6.8 &§,0 - 2,0 1.5 1.9 1.5
Mucor racemosus 15.3 3.0 3.0 3.0 2.3 - 1.9 -
Nectria ventricosa - - - - - 2.2 - -
O0idiocdendron echinulatum = . =C =~ 30 U - -l - >
Penicillium brevicompactum24,8 5 2.2 - 4.2 5.0
Penicillium zhrysogenum 19.4 .1 3.0 7.0 13.8 6.9 3. 1.5
P=nicillium frequ-=ntans - - 0.6 - - - 4. -
Periconia macrospinosa - - - - - - - 2.2
Trichoderma harzianum - 1.5 2.2 2,2 - 4.3 3.9 .
Trichoderma viride 2.5 2.9 2.2 2.2 10.7 - - -
Sterile white 4.0 2,0 2.0 5.5 8.0 8.1 5. 5.9
Sterile orange - 12.8 - 5.8 - .8 2.2 5,9
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are given in table 3.2. R/S ratio for fungi varied betwesan

9 and 34. In case of bacteria it ranged batween 19 and 76,

Fungi isnlated from the rhizosphere and non-rhizos-
phere soil of herbicide treated and control plot are given

in Tabls 3.9 to 3.14. Arthrobotrys orthrobotzyoides, Fusa-

rium moniliforme, Gonytrichum machrocladium, Humicola fus-

coatra, Necteria ventricosa and Periconia macrospinosa

were isolatad only from herbicides trzated plants. Fusarium

poae, F. moniliforme, Gonytrichum Macrocladium,0idiodendron

echinulatum and Penicillium frequentans were isclated only

from rhizospheric soils, while Arthrobotrys conoides, A.

oligospora, A. orthrobotryoides, Humicola fuscoatra, Mortie-

rella minutissima and Necteria ventricosa were restricted

to non-rhizospheric soils only. Cladosvorium cladosperioides,

Fusarium oxysporum, F. solani, Mucor hiemalis, M. plumbeus,

M. racemosus, Penicillium brevicompactum, P. chrysogenun,

Trichoderma harzianum, T. viride and sterile forms were com-
mon to rhizosphere as well as non-rhizosphere soils irres-

pective of the treatments.

DISCUSSION

Funaicides tr=zated plants harboured less wvooulatinn
in comparison to contr»nl throughout study period. Similar
results have been reported by several other workers (Sri-
vastava et al. 1970; Kuthubutheen, 1979: Abdelfattah et al.

1982; Doneche et al. 1983). Fast and rapid recovery »f
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bacteria may be attributzd to5 their tolerance to the action
of fungicides (Peeples, 1974; Chaube, 1985) and the capacity
of quick growth rate (Wainwright and Pugh, 1975). The sec-
tion of population susceptible t» fungicides might have been
eliminatad, however, the resistant forms would have multi-
pli=d faster to nccuny the niche vacated by the death of
susceptible bacteria, Possibly this could be one of the
rzason for fast recovery in total bacterial vpopulation. It
could be inferred that the adverse affect of funaicides was
sevare and prolongad in ths case of rhizospheric funaqgi (Fig.
3.1).It is establishad that foliar spray of chemicals af-~
fect the chemical composition and quantity of root exudates
(Vrany et al. 1962; Balasubramanian and Rangaswami, 1967).
In many plants, the chswicals sprayed on the plant surfaces
are absorb:d and are translocated through the plant body
and are excreted through the root (Linder and Mitchrell,
1963). The r=sults of prasent study demonstrate the possi-
bility of =axudation of fungicidal substanczss in ths rhi-
zosphare r=gion &s is evident from the significant drop in
the fungal population in the rhizosphz2ra region of the
fungicide tr=ated plants (Fig.3.1). Excedt the initial

drop, the temmoral variation in bacterial population was
almost similar in treated as w=2ll as in contr»sl soils. In
th= cas= »f funai, however, fungicidal effect being more
pronounced, the g=neral vattern of variation did not fol-

low similar pattern. Continued increase in the microbial
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population of untreatad soils could be attributzd to ths
mora favourabls temperature and moisture conditions during
later part of thz study (Fig.1l). This is in general confor-
mity with the earlier studies of Mishra and 3rivastava (1969)
and Srivastava and Mishra (1971). The higher microbial popu-
lation in rhizosphere could be attributed to rhizosnhear=
affact. R/S valu=z record=d in the present study ware gens-
rally in the same range as reported by Zukovskaya (1941) and
Rangaswami and Vasantharajan (1961).Generally R’/S valu=s of
fungi was low=r in fungicide treated plants indicating that
fungi of rhizosphare region were more savarely influenc=d as
compared to the soil fungli which further strengﬂens our in-
fluance »n possibility of excretion of fungicides‘throuqh
the rocots. R/S of bacteria was also affected by thz fungi-
cide treatients. Bx@ept at the first sampling the R/S of
pacteria was higher in benomyl and mancozeb treatments,
while in copper oxychloride treated plots it was lower than
the control. This indicates a possibility that probably be-
nomyl and mancozeb affected less advers=ly the :rhizosphere
bacteria as compared to the non-rhiznsphere bacteria while

the reverse was true in the case of copper oxychloride.

Spacies comvosition of fungi isolated from rhizos-
phere and non-rhizos»ohesre scil during the study was Similar
to that of Sudha (1979) and Chandra et al. (1982), Srivasta-
va and Dayal (1981) also reportad change in the structure of

fungal community following fungicidal application. It was
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found that the populatisn of dominant rhizosphzre fungi like

€. cladosporioides, F. poae, M. hismalis, M. plumbeus, M,

racemosus, 2. brevicompactum and P. chrysogenum was drasti-

cally reduced in the fungicide treated sets. On the other
hand, fungi with lower population were least affected. This
also suggasts that the fungicides treatment adversely al-

tered the rhizosphere environment for ths fungal community.

Rasults of the study provides indirect avidences on
the possibility of exudation of funnicidal substances from
the rnots of fungicide treat=d votato plants. Tha fungal
and bacterial population »f rhizosphere of fungicide tréa-
ted plants is drastically reduced and significantly altered

in species componsition.

Chen gt al. (1981) suggested that in herbicide
treatment the usual pattern is 231 decrease in total numbers
in the initial stage, followed by a return to normal or
even an increase in numbers. Initial drop in microbial popu-
lation may be attributzd to the toxicity of herbicides, re-
covery was probably due to dilution, leaching and physico-
chemical or biological break down of herbicides in the
soils. Stimulation of fungal population in 2,4-D and fluch-
loralin tresated plots suggssts the possibility ~f utiliza-
tion of these herbicides by funqgi (Chen et al. 1981). This

may also be partially attributed to the production »f dead

nrganic matter due t» killing of weeds as a result of
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herbicide =applicati~n. Contrary to our rasults Olson et al.
(1984) reported that trifluoralin had n> effect on micro-
bial population in either ganeral soil »r in tha rhizosphare.
Zelles et al. (1985) noted that most herbicides at low

dnses stimulats the microbial activity, however, at highar

dcses they are generally inhibitory.

Dominant fungi like C. cladosporioides, F. 0OXxyspo-

rum, Mucor spo.,Penicillium sp».and Trichoderma spp. were

found throughout the study period. suggaesting that these
fungi are more resistant to herbicides, Cullimore (1971)

alsn raported that Fusarium oxysporumn, Trichoderma lignorum,

and Penicillium s». were resistant for herbicides. Penicil-

lium and Trichoderma are also capable of herbicide dagrada-

tion (Kaufman, 1966).

Th= r=sults of this study demonstratz that the mi-
crnbial population af_soil and rhizosphere is stgnificantly
altered after apvlication of harbicides, however, they re-
cover steadily. As avident fr-m the results, till the time
of harvast the microbial population of soils trzated with
herbicides remained lower than control. It appears that
the spray of bincides chang=as fungal community structure
and thus adversely affects various fungi mediated proces-
ses of scil and rhizosphare. This may harmfully affect the
process of nutriesnt release and aggravats the soil patho-
gens due to indiscriminate killing of antagonistic sapro-

trophs of the root region. The effect of herbicides and
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fungicides on the soil microbes devnaends on the type of for-
mulation dose and number of application, physico-chemical
characteristics of the soil and species composition of the
so0il microbial community. A survey of literature on the sub-
ject r=veals that the samz or similar formulation of pes-
ticides may be inhibitory in one set of condition while

they may be stimulatory in other condition (Wainwright,
1978; Kuthubuthesn andPugh, 1979; Tu, 1981; Zelles et il__:_
1981). It is suggested that besfore recommending any herbi-
cide or fungicide a compreh=nsive study on ‘the effect of

the chemicals on soil microbes be ascertained.



CHAPTER IV

INFLUENCE OF FUNGICIDES AND HERBICIDES ON

COLONY GROWTH SPORE GERMINATION AND
GERM TUBE ELONGATION OF Alternaria alternata




INTRODUCTION

Alternaria alternata (Fr.) Kreisslar causes brown

leaf spot disease of potato. It grnerally affects the above
ground parts causing serious leoss in the yield. Rzcantly
the fungus was reported to cause black pit disszase of pota-
to tuber also (Droby et al. 1984 a,b). A. alternata has
been reported as a leaf pathogen on a number of other hosts,
which include crops and tr=as of immznse economic value

(Sarbhoy et al. 1975:1980: Appendix 1).

Use of chemicals appear t» be the only practical
method to contrcl the pathogen at the present mom~nt and
thereby to realize the full yvield potential of the crop.
During past a number of chemicals has been us=ad against
the pathogen with varying results (Vvas and Singh, 1986;
Altman and Campbell, 1977). A survey of the literature per-
taining to the studies on influencs of fungicides and her-
bicides on fungi reveals that very few studies arz availa-
ble on the subject and for the better understanding of the
behaviour and growth of fungi in response to these chemi-
cals more studies are nzedad. Some wonrkers have studied the
effect of fungicides on plant pathogens. Russell (1965) stu-

died toxicity of fungicides against Alternaria sp. infecting

sugarbeet and Chemawat and Prasad (1969) investigated the
efficacy of fungicides against Alternaria blight of Cuminum
cyminin. In laboratory studies Mathur and Sarbhoy {(1982)

forund aureofungin to> bes most effective fungicide against
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A. alternata. Duncan (1985) reportad that matalaxyl, capta-
fol and dichlnfluanid retarted the germ tube production and

germination of ans»nore of Phytoohthora fragariae on agar

medium,.

Affact of herbicides on fungil has also bsen studi=d
by some workers; Hsia and Christensen (1951) reported both

stimulatory and inhibitory effect of 2,4-D bn Helminthospox

rium sativum, which was related to thz formulation and con-
czntration of 2,4-D., Wilkinson and Lucas (1969) found that
gramaxone inhibited the spore germination and mvcelial
growth »f Rhizopus stolonifer. Katan and ZTshel (1973) found
increase in the incidence of Fusarium wilt in tomatoes by
the application of 2,4-D. Karr et al. (1979) report=d that

with few exceptions herbicides inhibit the radial growth

of Drechslara cynodontes, Pythium anhanider.ratum, Rhizocto-

nia solani and Sclerotinia homosocarpa an agar medium and

also deslay the sporulation. Hodges (1981) resported that some
herbicides inhibit while others have n» =2ffect on conidial
germination, germ tubzs growth, mycelial growth and conidial

production of Drechslara sorokiniana,

The work presented here was aimed to determine ths
influ=sncz of fungicides and herbicides on the biology of
A. alternata; specific observation include the effact of
the fungicides and herbicides on spore qefmination, germ

tube growth and linear extention of colony on agar m=2dium.
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REVIEW OF LITERATURE

¢

Richards (1948) found that 2,4-D inhibited th=z co-
lony growth at high concentration and stimulated at low
concentration., Bever and Slife (1948) also reported irhibi-
tory and stimulatory effect of 2, 4-D herbicide on cul+ure
m>dium. Hsia and Christensen (1951) add=ad ammonium salt of
2,1-D in PDA medium and found that at higher concentrations

the growth of Helminthosporium sativum was inhibited in pro-

nortion to tha concentration of herbicide in medium, at low
concentration however, the cnlony growth was stimulatad.
Wilkinson and Lucas (1969) studied thzs efffect of some com-
mercial herbicides on the growth of fungi. They found that
herbicides affect the growth of fungi which include sup-
pression of spore germination inhibition of linear exten-
sion of mycelia, production of abnormalitizs in growth
habit and in pattern of spore production. They further ob-
servad that linuron and paraquat were more inhibitory than
NCPA and simazine. Muling and Griffiths (1974) found that
fungicides reduced disease incidence by inhibiting ths vo-

population of Colletotrichum on coffee. Hndges (1977, 1981,

1982) studi=d the effect of herbicides on conidal c=zlls. At
low concentration the germination of conidia was not affec-
ted whereas stimulation in germ tube growth and branching of
germ tube occurred. Abdalla and Manci (1979) revorted that
low concentrations of herbicide stomp were more =ffective in

liquid and solid cultures in suppressing Pythium sp». The
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fun&ilg% 1000 pom stomp in solid media. A raduction of 91,44%
occurred at 3000 ppm concentration of stomp., The devalommant
of oogonia and sbYnrangia was greatly stimulated in 100 pom

stomp incorporatad with snlid media. Karr et al. (1979) stu-

died thz effect of herbicides on the growth of Rhizoctonia

go2lani, Sclzrotonia homo@ocarpa and Pythium apvhanidermatum

at different temperatures. At low conc=ntration all the her-
bicides stimulated the fungal growth and the degree of in-
hibition increasad in orovortion to the conceantration of
herbicides. Wilding and Brobyn (1980) found that fungicidess
viz., benomyl, ethirimal, tridemorph, captafol;;captan,
fentin acetate, maneb, mancozeb, thiram and zinz=b inhibitéd

the germination of conidia of Entomonhthora anhides at the

recommended dosas.Fitzell (1981) reported that regular
application of benomyl significantly reduced the popula-

tion of Colletotrichum glocosporioides on mango leaves.

Mathur and Sarbhoy (1983) evaluated nine fungicides for

their comparative efficacy against Alternaria alternata

using spore germination and poisoned food technique. Aureo-
funoin, fentin acetate and fa2ntin chloride showed inhibi-
tory =2ffz2ct, TE 3and Wond (1983) evaluated eight fungicides

against Phytoohthora nalmivora., At 100 »pm cuprous oxide,

cyclotoximide and mancozeb were highly toxic at most sta-
g2s of develoodment of the fungus. Kadar gt al. (1983) stu-
died the effesct of bavistin, catoran and curacron incoron-

rated with agar medium on fungal growth. They found that
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the herbicides inhibited the growth of fungi. Duncan (1985)

extracted QOospores of Phytoohthora sp. from untreatsd rocts

of infected »nlant and placed‘them on agar incormorating the
fungicides. He found that fungicides raduc=4 germ tube pro-
duction in water but not in buffered agar. Singh and Bhow-
mik (1985) found that fungicides rzduced the germination of

swore of Alternaria sp. and A. brassicae. They renorted that

difolatan was the most effective against the pnathogans.
Sharma and Verma (1985) report=d that PCNB and bavistin re-~

duc=ad the colony growth nf Sclerotium sp. on agar medium.

The inhibiticn was dose dapendent. Hoshimoto et al. (1986)
found that fungicides inhibited the spore germinatinn of
savaral fungi even at low concantration (100 p»m). They
also noticed abnormality in branching of germ tube. Casale
and Hart (1986) found that metribuzin and diuron inhibited

the colony growth of Sclerotinia sclerotiorum on agar medium

at 50 ug/ml while simazine and atrazine wsre less affective.
Hickisch and Nguyen (1987) found that herbicides ware more
inhibitory in liquid medium sven when added in vary low

amount compared to snlid medium on growing fungi.

MATERIALS AND METHODS

A. alternata was isolat=d on Potato Dexbose Agar
(P.D,A:) medium from an infact=d Hotato plant and »ure cul-
ture was maintained on PDA (Potato 200.00 g, ds=xtrose 20.0q,

2gar 20.0g and distilled water 1 litre).
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Fungal growth measured as lincar extension on agar :

The details about chemical formulation and manufac-
turers »f  fulgicides an? herbicides ars givan in table 2.1.
A sari=s of fungicides and h-=rbicidas concentration (0, 10,
100, 500, 1070 and 5000 »»m) was n»nrepared by incormorating
them in PDA. 20 ml of each contrnl and treat=d PDA was’dis—
nersad into D2trinlates (90 mm diam=ter). 5 renlicates were
maintained for esach concantration and control. About 3 h
after the plates were »oured, 3 mycelial disk of 5 mm dia-
m2ter taken from the w»erifery of a 5 days old‘culture of
A, alternata, growing »n PDA was transferred to the centre
of each plate. The plates were incubated at 257¢ and fungal
growth rate was determined by m=asuring the diameter of
colony at 24 h intervals. Two measurements at right angle
to one another were made each time. Measuremeni wers con-

tinued until the fungus had calculated upn»to the perifery

of the nlate or for a maximum of seven days.

Sohore germination and germ tube elongation :

Fungicides and herbicides solutions were preparad
in distilled water at the concantrations of 10, 100, 500,
1000 and 50092 »pom. The sv»ores taken from a 5 Jdays old cul-
ture were susmanded in the above solutions. From each of
the suspension 3 hanging drop was made on 3 cavity slide.
The cavities were sealad with vaseline. Five slides ware
oranarad for each treatment. Slides were .tncubated at 250C

in dark., Observations ware taken at the interval of 21, 48



PLATE.1 COLONY GROWTH

SRR BENOMYL 10 ppm BENOMYL 100 ppm

BENOM BENOMYL 5 pom
1 ' s

CONTROL COPPER OXYCHLORIDE (0 ppm COPPER OXYCHLORIDE 100 ppm

COPPER OXYCHLORIDE 500 ppm  COPPER OXYCHLORIDE 1000 ppm COPPER OXYCMLORIDE 5000 ppm



PLATE.2 COLONY GROWTH

witn MANCOZEB 10 ppm MANCOZEB 100 ppm

/

CONTROL BENTHIOCARB 10 ppm

BENTHIOCARE 500 ppm BENTHIOCARB 1000 ppm BENTHIOCARB 5000 ppm

BENTHIOCARB 100 ppm



PLATE.3 COLONY GROWTH

FLUCHLORALIN 10 ppm .
CONTROL FLUCHLORALIN O ppm

FLUCHLORALIN 500 ppm FLUCHLORALIN 1000 ppm FLUCHLORALIN
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and 72 h. Germination and germ tube growth was observad in
ten randomlv chocsen »nlatforms from each of the slides at a

microsconic »nroj=ction of 10 x 10.
RESUL TS

Linsar =xtansion on agar :

Rate of fungal growth on PDA medium containing fungi-
cides is depicted in Table 4.1, 4.2, 4.3 and figs. 4.1 and
1.3 . All the fungicides inhibited the growth of the fungi
and ths dagree of inhibition increased in provortion t~ con=-
centration of the fungicides. Towards the end 5f the experi-
ment on the benomyl and mancozeb containing medium at the
concentration »f 10 »pm, conlony diameter was 75.0 and 81.5
mm, on the »ther hand at the c¢onncentration »f 5000 »om colo-
ny growth was totally inhibited in both the treatmsnts. On
coover oxycrloride incorvorated ma2dium colony develop=d at
th=2 cnncentration »f 10 and 109 »pm, while at 500, 1000 and

5000 »om colony growth 4id not occur,

All the herbicides showzd inhibitory effect which
was dnse dependaent except in the case of 2,4-D whieh was
found slightly stimulatory at lowest concentration (10 »om).

At 109, 500 and 1000 ppm all the herbicides showed similar



Plate. 4 Change in spore structure
and size of A. alternata
after incorporating the
fungicides and herbicides in
media. '

A. Control

B. Benomyl

C. Copper oxychloride
D« ‘Mancozeb

£+ Benthiocarb

FO 2.4—D

G. Fluchloralin
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effect on the growth of colony which was slower than the
control. At the 5000 ppm the growth was totally checked in
case of 2,4-D, however, on the fluchloralin and benthiocarb

treated plates some growth was recorded.

In addition to affecting the rate of cclony growth
fungicides and herbicides also promoted abnormalities in co-
lony structure, sporulation and spore structure as shown in
plate 4. At lower concentrations there were no abnormali-
ties in the spore structure. Therefore, for .observation of
spore abnormalities the highest concentration of treatments
in which fungal colony grew was selectad. Spores of A. al-
alternata growing on untreated PDA had mean length 27.5 um-
width 9.5 am; number of horizontal septa 5.0 and vertical
septa were 3.0 and 2.0 respectively. In covper nxychloride
treatment mean length, mean width, mean number of horizon-
tal septa and mean number of verticel septa in spores were
26.25 yum, 10.75 3m, 4.0 and 2.0 respectively. While in man-
cozeb treatad culture the corrcsponding values were 14.15 am,
10.28 am, 1.0 and 0.0, The spore wall in copper oxychloride
treated culture became dark black and thicker than the

control.

At 5000 popm concentration in 2,4-D treated medium
sporuiation was prohibited and colour of colony became
white. Herbicides also changed the spore structure. In 2,4-D
treated cultures mean length of spore decreased by 3.27 um

and mean width increased by 1.80 um. Number of horizontal
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senta also decresased but number of vartica. septa was not
affected. In case of benthincarb, spore length de¢rsasa
considerably whil=z no marked change in width was found. In
flucrloralin the mean length of spore was 17.12 um and mean
width 12,65 um, In banthiocarb and fluchloralin treatad cul-
tur=s the mean number of horiéontal sapta waere 1.0 and no

72rtical gepta were observed.
Germination of spore :

Figs. 4.1 and 4.2 and tabl=s 4.1 and 4.8 shows the
effect of fungicidss and herbicides on the germination of
spore. Under contrnl sets i.e. in the absence of fungicides
and herbicides 100% spore germination was recorded aftar 24
h. All the three flingiatdea inhibitad the spore germination
and the vpercentage inhibition increased with increasing con-
centratio: of the .fungicides. After 72 h at 5000 ppm 18,30%
spore germination was recorded in benomyl while at the same
concentration in copper oxychloride and mancozeb trzatm=nts
germinaticn did not occur. After 72 h at 10, 100, SOO‘ahd
1000 ppm concentration of benomyl the germination of spore
was 92, 89, 82,and 65 percent respectively. In copder oxy-
chloride treated spores after 72 h at 10, 100, 570 and 1000
»om eoncentrations the spore germination was 93.7, 91.2,

85 and 62 per cent respectively. While in ¢ase of mancozeb
treatment at interval of 72 h the vner cent germination in
different concentrations (i.e. 10, 100, 500 and 10092 »H»m)

was 93, 87, 872 and 60 per cent. Periodic observatinn of
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spore germination at the intervals »f 24 h showed that a
large proportion of spores germinated within 24 h and only

a small proportion germinated during next 48 h.

Herbicides also inhibited the spore germination and
nercentage inbibition dncreassd with increasing crncentra-
ticn of the herbicides in s»>lution., In the case of 2,4-D
at the conc=ntration 10, 100, 500 and 1000 pom. the germina-
ti~rn at 24 h was 96, 92, 86 and 54 ver cent and at 72 h it
bacame 99, 96, 89 and 61 per cent, but at 5070 »Hm s»ores
did not germinate, Renthiocarb did not have any marked inhi-
tory effect on snore germination; in the different concen-
trations i.e. 10, 100, 500, 1000 and 5090 ppm after 24 h
92, 92, 90, 89 and 81 per cent spore germinated and after
72 h it cames 100, 100, 100, 97 and 90 per cent. In the so-
lution containing 10, 100, 500 1009 &and, 5008 pom concen-
tration of fluchloralin after 72 h the germination was 99,
98, 95, 93 and 78 per cent raspectively. In the case of
bherbicides also most of the germinable spores in treated
sets germinated within 24 h and a very small proportion ger-

minated afterwards.
Growth of germ tube :

Mean length of germ tube and their elcngation rate
are given in Fig.4.1 and 4.2 and table 4.9 and 4.10. Elonga-
tion rate of germ tub= was generally inhibited by fungicides
and herbicides with exception of 2,4-D and benthincarb

which were stimulatory at lower concentrations. All the
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concentrations of th= three fungicides, were significantly
inhibitory to the growth of germ tube. The degree of inhibi-
tion increas=sd with increasing conczntration of the fungici-
des. At 10, 100, 500, 1000 and 5000 »pm concentration of be-
nomyl the elongation rate of tube was 11, 8, 3 and 1,5 pm/h
and mean length of germ tube after 72 h was 801, 570, 372,
201 and 113 um respectively. At 10, 120, 500 and 1000 v»om
concentration of covper oxychloride at the end.cf 72 h the
mean length of germ tube was 763, 469, 332 and 227 ym and
the germ tube elongation rates were 11, 7, 5 and 3 um/h res-
pectively, while corrssponding valuzs in the mancoz=b treat-
m=2nts at the same concentratisons were 822, 405, 248 and 163
um for the mean length of germ tubes and 11, 6, 3 and 2 um/h
for the germ tube elongation rate. At 5000 ppm concentration

of copper cvychloride and mancozébh germ tubes did not appear.

Herbicides had both stimulatory and inhibitory effect
on the germ tube growth. Benthiocarb and 2,4-D_stimulated the
germ tube growth atthe concentration of 10 ppm. However, both
the herbicides were inhibitory at higher concentrations.
Fluchloralin inhibited germ tube growth at all concentrations.
At 5000 »pm concentrations of 2,4-D the spores did not ger-
minate, however, at 10, 100, 500 and 1000 ppm the elonga-~
tion rate of germ tube was 22, 16, 12 and 7 um/h respective-
ly. In case of benthiocarb at the concentrations of 10, 100,
507, 1900 and 5000 pom the rate of germ tube elongation was
30, 26, 21, 15 and 9 um/h resvectively.In fluchloralin trea-

ted sets the elongation rate of germ tube in differ=nt con-



Fig.

4.1.

Effect of fungicides on colony growth,
spore germination and germ tube growth
of A. alternata expressed an index
obtained by dividing the values of
treated sets by the corresponding
control.
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Figo 4.2'

Effect of herbicides on colony growth

spore germination and germ tube growth
of A. alternata expressed an index ob-
tained by dividing the values of trea-

ted sets by the corresponding control.
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Figqg.

4.3.

Effect of different concentration
of fungicides on colony growth

(after 7 days) spore germination
(after 72 h.)

and germ tube growth
(after 72 h.).



COLONY DIAMETER (mm)

P

O

% SPORE GERMINATION(%)

z g S a4
E :
3 %0
% ::
Py o
2 23
w o
3 3
Z GERM TUBEGROWTH{UmM) &

o
o
o

40002

10
100
50

COLONY DIAMETER{mm)

n
(=]

<4001

0
'o i3 o o,
100
500 :
1000
5000
SPORE GERMINATION(*4) _
un Qo
? o
rooolTHITITITTHTTE
5000
GERM TUBE GROWTHUM)
3 S
o o
o (=]

10
100
500
10
5000

AAROTHIAXO d3Idd0O?D
(mdd) NOILVYLNIINOD

COLONY DIAMETER{mmM)

o

40

€y-9o1d

Q0

GERM TUBE GROWTH(UM)

Jdoooz

93ZONVIN



Fig. 4.4, Effect of different concentration
of herbicides on colony growth
(after 7 days) spore germination

(after 72 h) and germ tube growth
(after 72 h).
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Table 4.1. Colony diameter (mm) of A, alternata in various

concentration of Benomyl.

Incubation Concentrations (ppm)

period

(days) 0 10 100 500 1000 5000
1 22.9 22.7 15.6 14.2 11,2 0.0
2 35.6 30.3 22.3 18.8 15.9 0.0
3 45,6 38.0 30.8 26.6 20.4 0.0
4 55.8 51.5 40.3 32.3 26.4 0.0
5 64.8 63.5 52.4 40.2 32.7 0.0
6 76.7 72.4 61.8 48.0 39.8 0.0
7 83.0 75.0 69.7 59.5 42.2 0.0




Table 4.2. Colony diameter (mm) of A. alternata in various

concentrations of Copper oxychloride,

éggyggtion Concentrations (ppm)

(days) 0 10 100 500 1000 5000
1 22,9 21,3 13.5 0.0 0.0 0.0
2 35.6  31.0 20,7 0.0 0.0 0.0
3 45,6 37.4 26.9 0.0 0.0 0.0
4 55.8 43.9 33,7 0.0 0.0 0.0
5. 64.8 55.5 41,1 0.0 0.0 0.0
6 76,7 88,3 50,2 0.0 0.0 0.0
7 83,0 74.9 69.6 0.0 0.0 0.0




Table 4.3. Colony diameter (mMm) of A, alternata in
' various concentration of Mancozeb.

Incubation Concentrations (ppm)

period

(days) 0 10 1000 500 1000 5000
1 22,9  21.1 17.0 13,0 6.5 0.0
2 35,6 31.3 24,3 17.2 11,1 0.0
3 45,6  41.3 33.4 23.4 17.7 0.0
4 55.8 52,5 43.5 29.7 22.1 0.0
5 64.8 62,7 52.9 37.7 27.3 0.0
6 76.7 73.3 61.6 46.8  32.1 0.0
7 83.0 81,5 71.8 54,1 35.8 0.0




Table 4.4. Colony diameter (mm) of A. alternata in

various concentrations of Benthiocarb.

Incubation Concentrations {(ppm)

period

(days) 0 10 100 500 1000 5000
1 22.9 15.1 14.4 11.8 10.4 8.8
2 35.6 22.5 19.9 17.8 14,9 13.3
3 45.6 - 29.7 27.2 23.4 19.8 17.9
4 55.8 37.6 32.9 27.1 23.5 21.9
5 64.8  44.4 39.3  31.6 28.7  25.3
6 76.7 51.3 47.5 36,0 32.7 31.6
7 83.0 57.5 50.1 40,0 36.7 33.2




Table 4.5. Colony diameter (mm) of A, alternata in

‘various concentrations of 2,4-D.

Incubation Concentrations (ppm)

period

(days) 0 10 100 500 1000 5000
1 22.9 22,7 18.2 8,0- 0.0 0.0
2 35.6 37.2 29.2 14,6 8.0 0.0
3 45,6 42.2 40,8 20.5 11.3 0.0
4 55.8 56,0 46.5 25.8 16.1 0.0
5 64.8 68.3 55.1 33.3 21.1 0.0
6 76.7 77.0 70.8 40,4 23.9 0.0
7 83.0 89,2 76.8 48,2 25.2 0.0




Table 4.6. Colony diameter (mm) of A. alternata in
various concentrations of Fluchloralin.

Incubation Concentrations (ppm)

period

(days) 0 10 100 500 1000 5000
1 22,9 18,4 17.0 14,8 10,7 0.0
2 35.6 31.9 26.5 22.7 18,7 0.0
3 45,6 38.7 32,2 28.6 22,0 c.0
4 55.8 46,8 39.5 35,2 27,1 0,0
5 64.8 57.2 46.6 41.5 33.3 7.0
6 76.7 68,5 55.2 51.1 3is.8 10,0
7 83.0 65.8 59.8 55.3 37.8 19,1




Table 4.7. Effect of fungicides on Percentage germination
of spore of A. alternata

Fungicides Incubation Concentrations (ppm)
period(h) 0 10 100 500 1000 5000
Benomyl 24 99.4 88.0 83.2 76.0 56.0 15.2
72 100.0 391.8 89,7 82.5 65.4 18,3
Copper oxychloride T
24 99.4 90.0 86.2 79.0 57.6 0,0
48 100.0 92.0 88.4 82.5 58.5 0.0
T2 100,0 93,7 91.4 88.5 61.8 0.0
Mancozeb
24 99.4 87.7 81,3 71.1 56.5 0.0
48 100.0 90,3 86,0 76.7 59.7 0.0

72 100,0 92.7 87.4 79.6 80,4 0.0




Table 4,8, Effect of herbicides on Percentage germination

of spore of A. alternata

Herbicides Lncubation Zoncentration (ppm)
period(h) 0 10 100 %00 1000 5000
Benthiocarb 24 99,4 91.6 90.6 90.0 88.% 80.6
48 100,00 100.0 99.4 98,8 92.0 80.7
1" 100.0 100,0 100,0 100.0 97.3 90,0
2, 4-D 24 99,4  45.8 91.8 8%.9 54.2 0.0
48 i00,0 98,2 - 94,1 88,8 56.4 0.0
72 100.0 99.0 95.6 88.9 61.4 0,0
Fluchloralin 24 99.4 95.8 93,7 85.4 76.0  70.)
48 100.0 97.0 46.1 91,2 90,5 75,9

72 100.0 98,7 97.6 94.8 93.2  77.9




Table 4,9, Effects of fungicides on growth of germ tube
(length in um) of A. alternata.

Fungicides Incubation Concentrations (ppm)
period (h) 0 10 100 500 1000 5000
Benomyl 24 436,.1 182,1 129.4 108.3 70.0 23.5
48 831.5 519.5 374.6 253,0 151,.6 66,1
72 1675.0 801,2 569.6 371,17 200,8 112.5
Copper ocychluride
24 436.,1 399,0 271.4 185,0 94,4 0,0
48 831.5 688.6 353,9 242.0 165.8 0.0
72 1675,.0 763.4 169,2 332.7 227.1 0.0
Mancozeb » .
24 436.,1 207.3 124.8 42,3 15.4 |, 0.0
48 831.5 452,3 215,0 90,8 45,2 0.0
72 1675.0 821.58 405.4 247,7 163.0 0,0




Téble 4,.10,Ef fect of herbicides
(length in um) of A,

alternata.

on growth of germ tube

Herbicides  Incubation Concentrations (ppm)
period(h)
0 10 100 500 1000 5000
Benthiocarb 24 436.0 615.2 419.4 319.1 173.8 82.6
48 831.5 780.5 725.0 720.3 448.8 208.1
72 1675.0 2182.3 1878.6 1529.2 1114.1 628.3
2, ¢-D 24 136.0 485.0 348.3 251.3 233.9 0.0
ag 831.5 1310,7 1071.4 587.5 444.4 0.0
72 1675.0 1695.8 1151.3 851.8 529.7 0.0
Fluchloralin  ,, 436.0 273.8 204.6 208.5 147.9 40,3
48 831.5 448.4 358.3 272.7 244.8 65.8
72 1675.0 578.8 379.4 370.6 285.3 100.5
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centrations i.=. 10, 100, 500, 1000 and 5000 OL»>»m was 8, 5, 5,

4 and 1 um/h respectively.

DISCUSSION

It is well documented that fungicides are toxic
against fungi, however, toxicity of fungicides varies depzn-
ding nn the chemical formulation of fungicides, species of
fungi and also the climatic and edaphic factors at the a»n»nli-
cation site. General tendency of dose dependent dacrease in
colony growth (Fig.4.1) shows that the inhibition was direct-
ly relatzd with aquantity of the fungicides. Similar results

have been reported in cases of A. alternata, Sclerotium

— e S

rolfsii and Phytophthora palmivora using differsnt fungi-

cides (Mathur and Sarbhoy, 1983; Sharma and Verma, 1985;

and Tey and Wood, 1983). The t‘ree fungicdides differed in
their effect on the growth of the fungi which was more pro-
nounced atthe higher concentrations. In géneral, copner
fungicide vas more toxic than the other twn fungicides (Fig.
4.1). Mulinge and GE¥iffith (1977) also observed that copper
fungicide was more effective against the Coffee rust than
benomyi and captafol. A number of other workers has also
reported that different fungicides differ i{n their effect
on the growth of fungi (Wilding and Brobyn, 1980: Singh and

Bhowmnik, 1985; Ramchandran and Sarma, 1985).

Results devnicted in fig. 4.1 indicate that the

effect of  the fungicides on different stages of growth of
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the fungus varisd. In case of all the fungicides, the germ
tube growth was most adversely affected followed by colony
growth and spore germination. Mycelial growth was totally
stopped at 5000 ppm .of the fungicides, however, in case

of benomyl, 18.3% of spores cnuld germinate at this concen-~
tration (Fig.4.1). This shows that the actively growing my-
celia of A. alt=arnata are more savarely affected than that
of the comvaratively thick walled soores. Similar findings
have also been renmorted by Mathur and Sarbhoy (1983) in
case of fentin acetate and fentin chleoride fungicide, how-
evér, they did not elaborate their findings. From this re-
sult it could be inferred that the fungal propagules found
in the form of mycelia are likzly to be more severely affec-
ted by the fungicides thahn that of the spores. Tey and Wood
(1983) while studying the effect of fungicide on Phytoph-

thora Qalmivora'also observed that actively growing mycelia

and thin walled structures like zoospores are more severely

affected by the fungicides.

Herbicides, benthiocarb and fluchlnralin inhibited
the fungal growth which was dose denendent. However, 2,4-D
was stimulatory at low concentrations and inhibitory at
_ higher concentration., That different herbicides differ in
their fungal toxicity has been reported by a number of
other workers (Bain, 1961; Chaonpel and Miller, 1956+ Davis
' and Dimend, 1953; Shannanand Fletcher, 1965 and Smith and

Fletcher, 1964). Wilkinson and Lucas (1969) revorted that
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herbicides inhibit the linear extension of fungi and form
abnormalities in the spore structure. Abidalla and Manci
(1979) found that stomp herbicids retartead the growth of
Pythium sp. »n agar medium which was dose dependent. Xarr
et al. (1979) also noted that herbicides inhibit the growth

of Rhizoctonia solani, Sclerntinia homoeocarpa and Drechs-

lera gynodontis on avar medium. The mechanisms for the in-

hibitory effect of harbicides on fungi may be similar to
those overativzs in higher »Dlants. Both inhibitory and sti-
mulatory effect of 2,4~D on the growth of fungi hava b=en
reported by seaveral workers (Bever and Slife, 1948: Richards,
1948: Arrilaga, 1949). Similar t» the r=sult »f present
study Hsia and Christensen (1951) f~und that when 2,4-D was

added to PDA th= growth rate of Helminthosporium sativum

was inhibited in proportion to concentration of herbicide
in the medium but at low concentration it was stimulatory.
Hodges (1977) alsn found stimulation of mycelium growth by
2,4-D which was greatest at low concentrations. The stimula-
tion in colony growth in 2,4-D trzated medium may be due to
utilization of hesrbicide as energy source by fungi (Chen
et al. 1981). A lag phase of % days was observed in case of
fluchloralin at 5000 opm concentration. It seems the fungus
was capable of degrading the herbicides, thus reducing the
leval of toxicity. The delayed growth phase may also be due
to the recovery of the vattogen from deletericus effect
implicated by the herbicide. The development of some resis-

tance to the toxic effect of harbicides may also bz nossible
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{(Fletcher et al. 1970,  Absidia and Manci, 1979) .

The germination +f s»ores and g=rm tube growth are
important factnrs regulating the infecti»n.In case of cer-
tain disesases it has be=n conclusively shown that hzrbicide
treatment influences the disease development (Hsia and
Christensen, 1951; Oka and Pimentel, 1976 and Richardson,
1957). In all the herbicide treatments percantaga spore
germination was inhibited which incresased with increasing
concentrations. Hodges (1977) found that at low concentra-

-12

tion (10 - 10’4M) of herbicides conidial germination of

Drechslera sn»rakiniana was not £fected, but at higher con-

centration (10:3M) germinatinon was prohibited and plasmoly-
sis of conidial cells was observad. In 2,4-D and benthio-
carb treatments at the concentration of 10 popm stimulatioh
in germ tubs growth was record=d which is similar to the
nrevious obsarvation »f Hsia and Christsnsen (1951) and
Hodges (1977). 2,4-D is a plant harmons an?d bznthiocarb a
growth regulator, thus both the chemicals have growth bromn-
ting action at low concentration. Possibly th= stimulation
in germ tube géowth of A, alternata is razlated to thase »ro-

perties of two herbicides (Fletcher, 1956).

Calculation of concentration of pesticides »Hresent
in the soil after applications at prescribed dosz shows that
the concentration is lessthan 10 Dom in the top 6 inches
(Bollen, 1961; Fletcher, 1956; Newman and Downing, 1958).

Keeping above in view thsz -concentrations used in the prasent
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study are quite high and does not corressnond tn the concen-
trations in enil, Howavar, abova calculation assumes uniform
soread of fhe chemi¢als througkout the snecified layer,
which is not found in oractics. Cantréry to the abovs,
'svockets' of high=r concentraticn »f th2s» chemicals may
always ocueur in soil. This is »articularly imoortant in
case of herbicidss and syst=2mic fungicides which tend to
accumulate in plants. The plant bdomass at times may con-
tain more than 1000 »n of these chemicals (Calderbank and
Tomlinson, 1968). Absorption of pasticides may also result
in formation of localised 'pocket! (Mustafa and Gamar, 1971;
Rushdi and Jeffers, 1956; Geissbuhler et al. 1975). The re-
sults of thess laboratory studi=s, therefore, denict, at
ieast to a limited extent, what may happen in soil »or in
plant4lit’ars. Stimulation »f fungi by 2,71 D at low levels
as nontic=ad in the vresent study and also renorted by a num-
ber of other workers (Hodges, 1977: Bever and S1lif=z, 1948:
Hsia and Christensen, 1951) p»rompts to pronose that if si-
milar stimulation occurs in the soil wh=re genarally the
harbicide level are found below 19 opa (Bollen, 1961) the
community structure of soil fungi may t=nd to shift in fa-

vour of fungl stimulated by the herbicide (Fig.4.2).



CHAPTER-V

STUDY OF MICROFLORA WEIGHT LOSS AND

NUTRENT LOSS IN DECOMPOSING LITTER OF
POTATO
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INTRODUCTION

Decomposition of litter is a natural process respon-
sible for the breakdown of complex organic compounds. During
the process, inorganic minerals locked up in organic residue
are released making them available to the growing plants.
Litter and humus are chemical carriers of nutrients and
therefore, rate of their decomposition determines the rate
of nutrient cycling in the system. The phenomenon assumes
added significance in agro-ecosystems where crop litter is
usually a principal amendment applied to the soil and plays
an important role in maintaining soil fertility affecting
both the physical structure of the soil and its nutrient

status.

Most chemical degradation of litter is carried out
by hatrotrophic microorganisms viz., bacteria and fungi.The
number and species of microorganisms colonising organic mat-
ter is determined by the physical structure and chemical com-
position of the 'substrate and climate of the site. The po=-
puiation and activity of litter decomposing organisms is
regulated by a number of ecological factors; temperature
and moisture being the most important ones. Seasonal and
spatial variation in these factors determine the rate of
decomposition of litter(Swift EE‘él'/1979’ Nagy and Ma-
cauley, 1982; Moore, 1986). The activity of microorganisms
and other physico-chemical agencies bring about change in

the structure and chemical composition of organic matter.
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and that determines the »ooulation and species commositinn
i
of late crlonizers. Microbial successinn continues until all

2f the organic substances are mineralised,

The chamical commonent of the litﬁer is an immortant
factor regulating the rate of dacompositinn (Whitford, 1982:
Berg and Staaf, 1980; Sorenson, 1983; Parker et al. 198%;
Schwintzer, 1984). Nitrogen, tanin and lignin contents and
the nature of chemical bond which attach the el=ments t» the
organic matter effect the rate of decomposition of plant
litters (Melin, 1928; Harrison, 1971; Meentmeyer, 1978;

Berg and Staaf, 1980; Staaf and Berg, 1982).

Some studies are agailable on the decomposition of
crop litter in field and labcratory conditions. Chang (1967)
studied the decomvosition of whes&t straw and re»nnrted that
fungal community assnciatzed with the decomposing straw va-
ries with variations in the temdDerature. Ladd (1981) found
that the rate of wheat straw and root decompnsition was near-

ly equal but in case of Medicago littnalis the root dzcom-

pnosed ﬁore slowly than the stem and leaves. Jawson and
Elliott (1986) found that total carbon was higher in straw
than.that of the root, while lignin content was higher in
the root. The weight loss and succession of fungi and bac-
teria on decomposing rice and maize straw have been studied
by Baruah et al. (1986) and Dkhar (1983). A significant part

of stem l=zaf and root litter of »notato is amended to the
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agricultural snils. As moét plant parts remain green and
live at the time »f harvest nf tubers, the pdtato litter are
generally green at the time »f amendment and therefore at
the time of amendment in soil the potato litter differs to

a great extent from the wheat, barley, maize and other crop
litters. & persual of literature shows that there is no stu-

dy available on the deacomposition of potato litters.

The present study deals with the decomposition rate,
changes in chemical conmposition and microbial populations

associated with decrompesing litter of potato.

REVIEW OF LITERATURE

Studies Gn‘deCOﬂDOSitiﬁn ~f plant litter were ini-
tiated by Waksman and his co-worksrs (Waksman and Tenny,
1927; Waksman et al, 1928),Positive correlati-sns betw=zen
rate of decompcsition and percentage 2f nitrogen in litter
was reported by Melin (1928),He suggested that decomposi-
tion s affected by thHe intrinsi¢ fact-rs of the litter
among which tennin content of litter has significant in-
fluence on the weight loss rate. Norman (1930) stated that
decomposition of organic matter is essentially a microbion-
logical process. According to him organic residue leads to
the formation of humus which affects growth and development
of plants and microorganisms. Waksman and Starkey (1931)
studied the pattern of disappearance of chemical comvonents

of agricultural litter and noted that water soluble =~
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componants wzre dagraded first, followed by hemicellulose,
cellulose and lignin. Acharya (1935) reported that fungi and
bacteria decompose hemicelluloss which break down faster
than ¢elluleose. According to Linderbarg (1946), the rate of
decomposition in litter is inversely proportional to its
lignin content., Lignin which occurs in thes czll wall and in
the middls lamella retards decay rate by acting as a physi-.
cal barrier to th=2 wmicrobial enzymes. Marshall and Alexan-
der (1960) reported that nitrogen in soil acts as the prin-
cipal factor limiting the rate of decompnsition of crop
rasidue. Nykvist (1963) noticed that a significant amount »f
plant nutrients are released from the littesr by mechanical
leaching and the process »f lezaching is h%ghly dependent »n
the litter tyve, Hering (1965) examined the successinon of
fungi on l=2aves of ash, birch,; hazel and oat. He found that
upto one year after leaf fall, all the litter types had a
characteristic flora of pyrenomycetes and imparfect fungi.
After one year decay they ware replaced by a common flora

dominated by Penicillium and Trichoderma., Macauley and

Thrower (1966) reported that species of coelomycetes and
some moniliales were the important initial elemants of the

microflora dn the litter, but some species of Penicillium

and Mucnrales succeeded them in advanced stags of decom-
position. Williams and Gray (1974) emphasized that litter

of different plantsdoes not dzcommose at the sama rate even



under similar environmenfal conditions. This was undoubtedly
due to diff=2rencss in the structure and chemical e¢omvosition
of litter type. Pal and Br-~adbent (1975) reported that for
rice straw decomposition, moisture was one »f the princional
environmental factor that daterminad the rate »>f dacomposi-
tinn by microorganisms. Kalekar st 1. (1976) found that
wheat straw decomposed more rapidly followed by rice husk,
ground nut husgsk and saw dust. THey suggested that the addie
ticn of fungal innculum to the sterile straw enhanced the
rate of decompositicn. Herlitzius and Herlitzius (1977) stu-
di=2d the decommnosition of different qualities of leaves in
acid s~il and in lime s0il under various conditions, They
found faster d=c-uwpositicn rate in lim=2 soil than in acid
snily An=2j3 and Meshrotra (1979) stu'izd biodegradatiosn of

above ground parts of Dasmo>stachya bipinnata buried in s~il

for a peri~d of 13 m~onths. They found that microbial p»pula-
tion showed a gradual £all from initial to final stage of de-
composition, Whithead et al. (1979) studiesd d:¢omposition and
changs in chemical c-mposition of roots of rys grass and red
clover, Ha reported that red clecver root contained more lig-
nin, pasctin and cellulcss than rye grass. Mehrotré and

Aneja (1979) reported that at the initial stage of tha de-
compesition deuteromycetes were predominant while at the
final stage in addition to deuteromycates, a number of as-
comycates were als» recorded. The most dominant taxa wsre

Myrothecium rosidum, Aspergillus, Curvularia sp, Penicillium
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and Fusarium. Mishra (1979) studied the distribution pattarn
of fungal species on and within the Jdecomposing rnzts. He
notad that besides a numbar »>f other factors the rats nf de-
cmpositi-n ~f root is regulated by the znzymetic activity
»f microcrganisms auch as saccharase pactinase, cellulasa
-and lignase. Howard and Howard (1980) reported that micro-
bial break-down of litter depends on the litter type, Other
facto;s such as s5il1 »n which the plant grow and local cli-
mate apnear to be less important in the process of decompo-
siti-n. Harpar and Lynch (1981) studied the losses -f total
weight and of individual componsnts of oat straw during de-
composition in fi=ld condition. They found that decomposi-
tion rates of c=llulose and hamicesllulose were closely simi-
lar and these vi'lysaccharides accounted for most of the
losses. Rice st al. (1981) reported that phenoslic compounds
producad by decomposing rice straw and found that sterile
extracts of dzcomposing straw ware inhibitory to thes growth
of Rhizobium. Barg et al. (1932) rsporteld significant drop
in sugar, ethyl easter and triglycerides contents of litter
during the first year of dscomposition. They reported that
cellulose decomposed faster than hamicellulosse while lionin
decomposition was the slowest. Rai aad Srivastava (1982) re-
ported that in decomposing litter C02 avolution positively
correlated with microbial number. The bacterial population
of litter showe:l a steady increase with the progress of

litter d=cay. During the course »of study on decomposition of
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teak lesaf litter Sinha and Dayal (1983) isolated scme weak
parasitic and ohycomycetous fungl in the initial stage which
were later on raplaced by cellulose and lignin decomposing
ascomycetas and deuteromycetas.Christansen (1985,1986) found
faster decomposition rate in fallow than in planted plots »f
barley straw. Initial straw N content differed but over all
N dynamics, was less influenced by straw type than by the
soil type. Wessen and Berg (1986) fcund that in the long
t=rm decomposition weight loss was faster during the first
v=ar than ths sacond year. Concentration of total soluble mi-
narals decreased initially t» a low but fairly constant le-
vel which was maintainad for thz tw» years, Lower CO2 evolu-
tion recorded fro-m root was attributed to the smaller micro-
bial biomass associated with dacomposing root. Adedeji (1986)
reported that treatment ~f fertilizers (W,P,K and urea) in-
creased the rate of dacomposition as well as microbial popu-
lation o»n decomposing litter. Jawson and Elliott (1986) no-
ticed that wheat straw decompos=d faster than root and lower
co, evolution from fhe roots was r=lated to smaller microbial
nopulation which developad Jduring the decomposition. Gsof-~
freya(1986) found that change in chemical compositinn of
litter affect the species composition of fungi. Baruah et al.
(1986) studied decomposition of paddy straw and ront litter
under laboratory conditions using two dominant litter fungi

Mucor racemosus and Fusarium moniliforme. They found that

the rate of weight loss of paddy straw and root litter was
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higher in the set inoculated with mixed cultures than the
ones inoculated with vure cultures and in general decom-
position of root was slower as comdpared to the straw.

Enright and Ogden(1987) found faster weight loss of meso=-

phyllous spec¢ies i.e. Malicytus remiflorus and slow in

gymnosper#s.They noticed that Na and K mineral content lost
rapidly from litter. Connell (1987) reported 40-54% wéight
loss after 82 waeks of Eucalptus litter. He also noticed

the order'in which nutrient were released from decomposing

litter was Na) cl) k) mg) s Ca) N ) P,

MATERIALS AND METHGDS

Rate of litter decomposition @

Littar bag technique (Bncock et al., 1960) wds used
to study the rate of decomposition. Plastie nets of 1 mm
size were gtitched into 20x20 cm2 size. Laaf, stem and root
of potato vlant was collescted at the time of harvest and
air drisd for thrze weeks and an oven dry (60°C for 48
hours) weight cotrrection facdtor was determined. 10 g of air
dried litter was placed in each bag.The bags containing
leaf and sStem litter ware placed randomly in the field,
while those containing root litter were buried under the
soil (5.0 cm) in the same field. Collection of lit&er bags
were done at monthly interval., 5 replicate bags of each
litter type were collected aseptically in sterilized poly-

thene bags and were brought to the laboratory. Bags were
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then washed on a 200um mesh si:ve to remove all the sdharing
snil particle and allowed to dry in a hot alr oven at ‘a tem-
parature of 60°C until a constant walight was rscardad, The

percantage weight logs of litter was calcéulated on the basis

of oven dry weight of thz sample,
Fungl and bacteria agmogiated with decetivosing litters

The litter wag washed gently in stepiliszed water to
ramove surfagae coptaminante, Tha litter was qut ints small
places of 10 mm with the help 8f sterile soissors in a stepi-
lized petriplates &nd addad ints a 250 ml éonieal flask, qon-
taining 100 ml of sterilized distilled watar, Dilutian plate
nathod was fillowed £46¢ the isoclation of litter miéroflora
(fungi, baetaria), A minimum of 10,000 dilutieh wag used for
bacteria and 1000 for the fuagi. 0,5 ml litter suspgﬁaién was
inogulated from suitable dilutioch ints aach 4 the Sterilized
petriplates containing 20 ml 5f c¢ooled 8alidified pods Handgal
agar (Martin; 1950) and autrient agar (JohAksf and Curl, 1972)
media for the isolaticn of fungl and Bacteria fwspectively,
Thrée replidates wérd taintained for each damplas.Tha assedds
merit of littar micesflora was done prefsrably on the day of
cnllaction; Océassionally, tHe bidgs wWere atored aver fnight
in a fridge at 4°C when the Brocessing dould abt be cofible~
tad on the same day (Ruscoe; 1971),The initial microbial
population associated with the litters was astimatzd before

putting the bags in the field.
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Chemical Analysis

Samples @ware ground in laboratory and analysed for

C,N,P,K, Ca 2nd Mg.
Carbon

Organic carbon was =stimated by rapnid titration as
described by Allen(1974). 50 my of powdared samplz was taken
ir 287 ml conical flask. 20 ml ~f chromic acid (19.86 g.
K2Cr20,7 and 200 ml H3PO4 was mixed with 407 ml Conc. H,80,
for 1 h, After cooling th= solution was diluated with 100 »l
distilled water and mixed 5 ml indicator solution (5 4. BaCl,
2H,0 and 0.3 g.barium diphenyl amine sulphonate were dis-
snlved in 100 ml distilled water), Further; added 2.5 ml
chromic acid and ti¥trated with 0.4 M ferrous amnonium sul-
phate soluti-n (156.86 g (NHy), S0,. 2H,0 was mixed with 20
mi Conc HyS0, and diluted to 1 litre with distilled water).

Carbon was calculated as follows :

(27.5=T) ml x 0.12
" Sample weight (g)

C% =-
whare T = ml 0.4 M ferrnus ammonjum sulphate used
in titration,
Nitrogen :

Nitrogén was estimated by semi micre Kjeldahl me-
th~d as describad by Allen (1974). 100 mg ~f powedered
litter was taken in a Kjeldahl flask and 2 gram K, 80, ~HqO
mixture and 3 ml conc H,SO, containing salycy-lic acid

were a3dded and the mixture was digested on digestion rack
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till tha soluti~n b=2came pale green in colour. 50 ml dis-
till=d water was 3dded to tha cnoled s~luti-n and mixed
carzfully. Th2 snluti~n was filtered through Whatman N»o.1
filter »ajer and lgft t> settle f2r 12 h,1 ml of the fil-
“ra2te was taken in a 50 ml volumztric flask and 8 ml alka-
lin:z rrchzllz reagent (60 g sodium potassium tartratz dis-
svlvad in distilled water anAd dilutea to 600 ml with dis-~
tilled water) 1 ml 0.16% w/V sodium nitro-prusids, 2 ml
fresh so>3dium: phenate reagent (59 g phenol diss~lv=d in

250 ml 40% NaOH and diluted t> 40 ml with distilled water)
and 1 ml sodium hypochlorite reagent containing 5% active
chlorinas warz added and the volume was made upto 50 ml.
Flasks were kept in a water bath at 40°C for 20 minutes. One
blank samply was also run with it, after cooling the solu-

tion, the 0.D. was measurel at 625 nm. Percentage nitrogen

was calculated as follows :-
i
- _ C(mg) x Solution volume (ml)
87710 x aliquot (ml) x sample weight (g)

where C = NHZ in mg obtained fr-m the

standard curve.

T» determinz ohes»horus, »otassium, calcium and
magnesium the wet oxidation of plant material was carried
out. 100 mg »f milled water was taken in a flask and 5 ml
HNO 5 » 0.5 ml HZSO4 and 2 ml HClO4 were adde? and it was

heated 18°C till all the acid evaporatad.
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Phosphorus

Sulvhomolybdic method was followel for the estima-
tien of nhosphorus (Jackson, 1973). The digested material
was diluted with 50 ml »f Bray's. s2lution (1.11 g of Amn~H-
nium flouride dissolved in 1 litre of 0.1 N HCl) and shaked
well. The solution was filtered through a Whatman No. 14
filter paper. 1 ml of filtrate was taken in a test tube and
to it 5 ml sulphomolybdate solution (25 g of ammonium mo-
iyblate in 250 ml distilled water; 275 ml conc. H,S0, in
650 ml water mixed with the ammonium molybdate solution
when conled, 100 ml aguaous solution of 5% an*imonf_potas—
sium tartrate was added and solution was made to 2 litr=)and
5 m1 1.5% ascorbic acid solution was idded and ths volume
was made to 50 ml.After 30 minutes 0.D. was determined at

660 nm using blank (without s~il).

P%

_C(mg) x Solution volume (ml)____
T0x " aliquat (ml) x samvpls welght (g)
where C = mg » obtainsd from the standard

curve.

Potassium :

Potassium was determinaed by flame photometre pro-
cedure as outlined by Peech and Tracy (1956). The digested
material was taken in a flask and diluted with 50 ml 1%
HCl and filtered through Whatman No.44 filter paper. Fil-

trate was taken and read in flame photomsater.
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C(ppm) x solution volume (ml)

K% )
107 x sample weight (g)

where C = ppm of K obtained from the

solutions.

Calecium

Calcium was estimated by EDTA titration method
(3llen, 1974). The volume of digested material was made
50 ml by distilled water. 5 ml of samnle solution was taken
into another titration flask then 100 ml distilled water
5 ml 1M NaOH and 0.1 g murixide (indicator) were added. The
pink coloured solution was titrated with EDTA solution
(0.931 g) of Qdisndium ethylene diamine tetra acetate was
dissolved in 1 1lit. of water) until the colour matches that
of the reference end point. To obtain a reference and point
5 ml 1M NaOH was mixed with the indicator murixide and di-

luted to 100 ml with distilled water,

T(ml) x solution volume (ml)
104 x aliquot(ml)xsample weight(g)

ca% =

where T = ml EDTA solution required for

the titratinn.

Magnesium :

Magnesium was estimated by EDTA titratinn method
(Allen, 1974). The volume of digested material was made
50 ml by distilled water. 5 ml of sample solution was taken

in a beaker then 50 ml distilled water, 10 ml sodium tung-
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state snlutinn (20 g Na,Wo,2H,., was dissolved in 1970 ml dis-

27747720
tilled water and 15 ml buffer s»lution (67.5 g NH,Cl was dis~
solvad in distill »d water added 57.0 ml 0,88 NH, diluted to

3

1 litre with distilled water) were added. The snlution was
warmad and filtesred through Whatmzan No.l1 filter papervwith

th2 hel»n of 40 ml distilled water containing 2 ml buffer so-
lutinn. Filtrate was takzn in titration flask than 10 dr»op

of erichrom black T indicator and 2 ml of triethanplamine were
added, The s»lution was titrated with EDTA soluti~n until the

clear blue conlour developad.

Mg (%) = T(ml) x solution volume (ml)

10° x aligunt (ml) x sample weight(a)

where T = ml EDTA solutisn required for

the titration.

RESULTS

Rate of decompositin-n :

The percentage weight remaining of the litter given
in fig.5.1. Loss in weight of leaf litter during the first
month was 58.60 per cent; afterwards the rate of loss was
slow but uniform, however, bztween the months »2f April and
May (after 150 days) weight loss increased considerably, In
case of stem litter weight loss during furst month was
39.21 per cent and afterwards monthly differences in weight

loss was less pronounced, In casa of root 29.15% w=zight loss



was recorded during first month. In case of all the three
litter types the rate of weight loss increased during raiﬁy
seas>n and the rate of weight loss was rapid during first
month which slowed down during subsequent periods.In genéral,
the lewgves decomposed -faster than the stem and ront. The

nercentagée dry weight remaining at the end of study perind

varied from 0.30 - 1,40% depending upon the litter type.

The k value (Table 5.2) was calculated by using the
mndel proposed by Olson (1963). WT=wo~*% where wo is the
initial weight, wt is the weight at time t and k is the
rate constant or rate co-a2fficient (per day). Values of k
ara calculated by equation k=(Log e 100<Log e %R)/t where
R is the weight remaining after time t. Using above equation
we can calculate the time required for 50 % or binlogical
half life (0.693/k) and the time requirad for the loss of
95% (3/k) and the time requir=d for 99% weight loss (4.6/%).
Tha values obtained by the enmuation for the daily dacompe-
siticn constant of lzaf stem and root was 0.2752, 0.0195 and
0.0179 respectively. The estimated half life of leaf ste&
and root litter was 23,21, 32.68 and 38.64 days respactively.
Likewise the time required for 95% weight loss of leaf,
stem and root litter was 108,97%, 153.45 and 167.30 days,
whereas for 99% weight loss it was 167.09, 235.30 and 256.53

days respectively (Table 8.2).
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Microbial »opulation of decommosing litter :

Microbial counts in'litter at different stages »f
daecomposition are given in f£ig.5.2. As figure showed, ini-
tially the number of fungi and bacteria was lass but after
the spr2ading »>f bags in field a rapid increase in popula-
tion was noted. Maximum fungal and bacterial population on
leaf litter was recordad at the interval of 180 days. Gzane-
rally; stem litter harboured less: fungal and bacterial po-
pulation than the root and leaf lit:er.Maximum fungal and
bacterial population in case »f stem and rhot was f-ound on
210 days which daclined later. Always maximum fungil and
bacterial population was reconrded from the leaf litter. A
rapid multinlication of micronrganisms was notixd on the leaf

litter follow=d by the stem and root.

The compesition of fungal species colonising the

litters chang=d with time. From l=2af litter Mucor hiemalis,

Rhizopus emyzae and Pznicillium chrysogenum were isnlatzd

initially. The number <f fungal spescies increas=d continous-
ly upto 90 days:; the total number being 6., For next 30 days
i.e. upto 120 days the species composition did not changes.
At this time the litter was cnlonised by 4 Phycomycetes

namely, Mucor hiemalis, M. circinelloides, Rhizopus oryzae

and R. stolonifer and 2 deuteromycetes viz., Fusarium moni-

liforme and P. chrysogenum. Rhizopus stolonifer, R. oryzae

and M. circenelloides were not isolated after 120 days.

Cladosporium sp., M. racemosus, M. mucedo, Nanizzia

incurvata and Penicillium sp. appeared after 120 days.




Among late c~lonizer Cladospsrium appeired consistently from
127 t~ 210 Adavs while ~th=2rs werz isnlated s»oradically. In
sten litter Mucor olumbeus and 2. chrysasgenum were isnlated
initially. Out »f thas tw> P2, chrrsngenua was consistently

isolated till th= end »f th= study while M. plumbeus did nnt

appsar after 90 days. M. circensglloid=as was another early

cnl-nizer which remained associated with the litter till 210

days. Among late colonizers, Fursarium moniliforme and Cla-

dosnorium epiphyvllum were the dominants ones. A number of

other species viz., P. monialatum, R. oryzae, R. stolonifer,

Trichoderma viride, Alternaria sp., Arthroderma currey,

Chastomium cochloides, Penicillium sp. and white sterile

forms were isolated sporadically. In case of root litters

P._chryshgenum and M. hiamalis were associated with the lit-

ter initially. Out of the two initial cnlonizers M. hiemalis
remained associated with the litter for most perind while Z.

chryscgenum “isappeared after 90 days., Another early coloni-

zer was M. plumbzus which remained associated with the lit-

ter for about 3 months. F. moniliforme cnlonized the litter

after 60 days and almost till the end of study it was isol=a-

ted in gond numb=r. F. culmoras, Arthrobotrys superta, War-

domyces simplex, T. sporiella and Torulla herbarum ware iso-

lated »~nly at the time of last sampling,

Chemical analysis :
The pattern of plant nutrient change during litter
decomposition differed markadly with the dement and litter

type. The percentage carbon content in leaf litter was
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188% and after decomposition at the end of studv only 33%
carbon was 2stimated. In case of stem and root, initial con-
centration of carbon was 92% and 85% gnd at the end of study
it was 38% andiso%. Maximum amount of carbon was eétimated

‘from the leaf litter and minimum from stem litter.

Iniﬁially, the nitrogen content in leaf litter was
0.83% and remaining percentage content after decomposition
was 0.43%. In stem and root initial concentration “f nitro-
gen was 0.65 and 0.70% and after the dscomposition at the
interval of 240 days it was 0.39 and 0.41%. As the figure
5.4 shows absolute value for nitrogsn content was maximum
in lezaf litter and minimum in stem litter but after decom~
position of litter remaining 3mount of nitrogen content was

maximum in root and minimum in leaf litter.

C/M ratio of litter is given in table 5.6,5.7,8.8.At
the initial stage ratio b=twsen C and N in case of leaf,
stem and root litter was 106,07, 141.53 and 121.4°7 but at
the end of study period it was 76.74, 120.50 and 1°5.99. It
was noticed that C/N rati» decreased with the period of de-

composing litter,

The percaentage P content is given in fig.5.5.Ini-
tially P content in leaf, stem and root litter was 1.94,
1.40 and % ,30%. The maximum P content was recorded in leaf
1i and minimum in root litter. The pattern of phospho-
rus degradation was similar in all the three litters. After

210 days P content in leaf was 0.55%, whareas in stem and



root at the interval of 210 days it was 0,47%. The absolute
values ware given in fig.5.5. At the end of study, however,
more amount of P was eatimated in root and less in leaf. The

root litter showd slow release of »hosphorus.

Initially, the k content in leaf litter was 6.1% and
after decomposition at the interval of 210 days remaining
amount was 0.93%. In stem and root the concentration of
k was 3.9 and 3.6% and after degradation at the interval of
240 days the remainind amount of k was 1.0 and 0.6%. Maxi-
mum concentration of k was in leaf littar and minirum in
root littar and after degradation at the end of study maxi-
mum K content was recorded in stem and minimum in root

litter.

In case of leaf litter initially Ca content was
2.33%. At the interval of 30 days and 90 days little accu-
mulation of Ca was noticed. The percant calcium in stem and
root litter was 2,33 and 1.53%. The maximum amount of C=a
was found in leaf litter and minimum in root litter. The
absolute values (fig.5.7) of calcium at the end of study

was maximum in root litter and minimum in leaf litter.

Initially, the percentage of magnesium in leaf lit-
ter was 0.65% and at the end of study the remaining amount
was 0.35%. In stem and root litter initial concentration of
Mg was 0.55 and 0.51% and after decomposition at the end of

240 days the amount of Mg dronped to 0.35 and 0.26%. Maximum



Fig. 5.1. Percentage weight of potato litter
remaining after different periods

of decomposition.
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Fig. 5.2. Population of fungi and bacteria
associated with potato litter at
different periods of decomposition.
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Fig.

5.3.

(a)

(B)

Percentage carbon concentration
of potato litter at different
periods of decomposition.

Total amount of carbon (mg)
remaining in the potato litter
at different periods of decom-
position.
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Fig.

5.4.

(a)

(B)

Dercentage nitrogen concentration
of potato litter at different

periods of decomposition.

Total amount of nitrogen (mg)
remaining in the potato litter
at different periods of decompo-
sition.
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Fig. 5.5. (A) Percentage phosphorus concentra-
tion of potato litter at diffe-

rent periods of decomposition.

(B) Total amount of phosphorus (mg)
remaining in the potato litter
at different periods of decompo-
sition.
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Fig.

5.6.

(a)

(B)

Percentage potassium concen-
tration of potato litter at
different periods of decompo-
sition.

Total amount of potassium (mg)
remaining in the potato litter
at different periods of decom-

position.
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Fig.

5.7

(a)

(B)

Percentage calcium concentra-
tion of potato litter at
different periods of decompo-

sition.

Total amount of calcium (mg)
remaining in the potato litter
at different periods of decom-

position.
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Fig.

5.8,

(A)

(B)

Percentage magnesium concen-
tration of potato litter at
different periods of decom~

position.

Total amount of magmesium (mg)
remaining in the potato litter
at different periods of decom-
position.
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Table 5.1.

Percentage weight loss of potato leaf,

stem and root litters
ffter different periods of decomposition.

Dec. Jan. Feb. March April May June July Aug.
Litter type 0 30 60 . 90 120 150 180 210 240
Leaf 0.0 58.6 63.9 71.9 75.8 94.0 99.6  99.6 -
Stem 0.0 39.2 57.6 68.2 72.7 87.7 98.2 98.9 99.0
Root 0.0 29,1 45.4 65.7 70.4 84.7 98.3 98.5 98.7




Table 5.2. Decay constant(K), half life, 95% life and 99% life of percentage
weight remaining Vs time in days of Potato leaf, stem and root

decompesition.

Litter type

K/day Half life (days) 95%1life (days) 99% life (days)

Leaf

Stem

Root

0.275 23,21 108.97 167.09

.019 32,08 153.45 235,30

.017 38.64 167.30 256,53




Table 5.3. Population of fungal species (per gram dry litter x 103) associated with
decomposing leaf litter of Potato. Values in parentheses are peraentage

relative dominance,

Fungi Months Dec Jan Feb Mareh April May June July Aug
Days 0 30 60 90 - 120 150 180 210 240
Mucor hiemalis 40.0 39.99 13.60 23.50 10.80 16.20 10,00 - -
(7.0 ) (16,9) (9.0 ) (28.0) (15.6) (37.3) (76.9)
Fusarium moniliforme - 13.30 - 11.70 16.20 18.60 30,00 - -
, (5.6 ) ":. (18,8) €R3,8) (83587 (230.7)
Rhizopus oryzae 40.0 26,60 18.10 14.70 10.80 - - - -
. (7.0 ) (11.2) (12.0) (17.%) (15.6)
Rhizopus stolonifer - 19.90 22.70 14.70 32.40 ° - - - -
(8.4 ) (15.0) (17.5) (47.0)
Mucor_circinelloides - - 18.10 17.60 10,80 - - - -
(12.0) (21.0) (15.6)
Penicillium chrysogenum 20,0 - 27.20 17.60 18.90 9.30 24.00 25.0 -
. (3.5 ) (18.0) (21.0) (27.4) (21.3) (184.6) (96.0)
Cladosporium sp. - - - - - 34.80 26,00 12.50 -
» (79.9) (199.9) (48.0)

Mucor racemosus - - - - - 20.90 - - -

(47.9)

Mucor mucedo - - - - - - - 12.50 -
(48.0)

Nannizzia ineurvata - - - - - - - 8,30 -
_ (32.0)

Penicillium sp. - - - - - - - 20,80 -
— . (80,0)

Sterile white - - - - - - 10,00 20,80 -

(76.9) (80.0)



Table 5.4. Pomwlation of fungal species (per gram dry litter x 103) associated with

decomposing stem litter of Potato. Values in parentheses are percentage

relative dominance.

Months Dec Jan Feb March April May June Jul Aug
Fungi Days 0 30 60 90 120 150 180 210 240
Mucor plumbeus 60,0 40,0 27.27 26,66 - - - - -
(9.1) (5.2) (9.3) (13.1)
Mucor circinelloides - 40,00 36.36 26,66 11.76 11,11 3,12 2.85 -
(5.2) (12,4) (13,1) (6.9) (9.5) (12.5) (14.3)
Mucor racemosus - - - - - 16,66 - - -
(14.2)
Penicillium chrysogenum 40,00 20,00 18.18 26,66 23,52 16,66 37.5 20,00 10,00
(4.5) (2.6) (6.2) (13.1) (13.9) (14.2) (150.0) (100.7) (3.3)
Penicillium moniolatum - - 18.18 19,99 - - - 8,57 -
(6.2) (9.8) (4.3)
Rhizopus oryzae - - - - 17.64 - - - -
(10.4)
R. stolonifer - - - - 11,76 - - - -
(6.9)
Fusarium moniliforme - - - - 23,52 33.33 21.87 17.14 -
(13.9) (28.5) (87.5) (86.3)
Trichoderma viride - - - - 11.76 - - R -
(6.9)
Cladosporium epiphyllum - - - - - 22,22 25,00 22.85% -
(19.0) (100.0) (115.1)
Alternaria sp. - - - - - - - 2.85 -
(14.3)
Arthroderma curreyi - - - - - - - 11,42 -
Chaetomium cochliodes - - - - - - - (52'5) 52.0
(173.0

Penicillium sp.

white sterile

12.5
(50.0)
504 3

8.57 10,0
(4.3) (3.3)

5.71 28,0



Table 5.5. Population of fungal species (per gram dry litter x 10”) associated with
decomposing root litter of Potato. Values in parentheses are percentage
relative dominance. '
Funai ‘Months Dec Jan Feb March April May June Jul Aug
ng Days 0 30 60 90 120 150 180 210 240
Mucor hiemalis 66.0 46.15 47.00 33,33 36.36 12.49 - - 4.76
(6.8) (15,0) (22.5) (23,5) (29.3) (15.1) (9.0)
Mucor plumbeus - 30.76 35.29 38,00 10,0 - - - -
(10.0) (16.9) (26.8)
Penicillium chrysogenum 34.0 23.07 11.76 14.28. - » - - - -
(3.4) (7.5) (5.6) (10,0) ,
Fusarium moniliforme - - 5.88 14,28 9.09 45,83 26.47 26,47 -
(2.8) (10.0) (7.3) (55.6) (119.9) (144.0
Rhizopus oryzae - - ~ - 31.81 24.99 - - -
(25.6) (30.3) ,
Penicillium lilaenum - - - - 22.72 - 26,47 5,88 -
(18.3) (119. (119.9) (32.0)
Fusarium culmorue - - - - - - - - 42.85
(s81.8)
Fusarium morismoides - - - - - - 8,82 - -
(39.9)
Arthrobotrys superta - - - - - - - - 9,52
(18.1)
Wardomyces simplex - - - - - - - - 23.80
(45.4)
Trichoderma sporiella - - - - - - - - 9,52
Torula herbarum - - - - - - - - 4,76
(9.0)
Cladosporium sp. - - - - - 16464 17.64 - -
(20.2) (79.9)
Sterile white - - - - - - 20,58 67.64 4,76

(93.3) (368.0 (9.0)




Table : 5.6. Carbon:element ratios in the decomposing leaf
litter of potato at different periods.

Days ' C/N c/p C/k c/Ca C/Mg
0,D 106 45 14 36 135
30,J 88 38 12 24 121
60,F 92 41 13 29 124
90,M 90 50 16 25 124
120,A 90 56 27 26 11§
150,M - ' 87 56 36 25 111
180,J0 77 46 31 20 89

210,J 76 60 35 23 94




Table : 5.7. Carbon:element ratios in the decomposing

stem litter of potato at different periods.

DAYS : C/N c/pP Cc/k c/Ca C/Mg

o,D 141 65 ' 23 40 167
30,0 134 63 22 42 160
60,F 136 71 27 48 167
90,M : 138 73 29 64 164
120,A 124 68 44 66 146
150,M 127 70 43 63 148
180,J 123 68 40 63 139
210,J 122 85 44 70 136

240,A 120 98 47 78 134




Table : 5.,8. Carbon:element ratios in the decomposing root
litter of potato at different periods.

DAYS . C/N c/p C/k c/Ca C/Mg
0,D 121 65 24 56 164
30,30 134 73 25 69 180
60,F 132 78 35 61 186
S0,M ' 124 77 55 51 175
120,A 138 92 69 62 193
150,M 141 96 79 68 213
180,J 146 101 100 78 237
210,J 129 103 88 109 213

240,A 115 107 85 95 196
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concentration of magnesium was recorded in leaf litter

followad by stem and root,.

DISCUSSION

The rate of decomposition was rapid and in the
cases of all the litter typss more than 90% of the litter
decomposed within 8 months. Mangenot (1966) found (85-90%

weight loss of Melandrium litter in 130 days. He attributed

the major weight loss to the activities of saprophytes. The
welght loss of leaf wes faster than stem and root. It might
ba due to high number of fungi and bacteria on leaf litter
as comnared to stem and root litter. In the month of May
an increase in weight loss was found which may be due to
increase in the number of bacteria and fungi dmring the

sama period.

The concentration of mineral nutrients in the litter
also plays an important role in decomposition. The fast
weight loss in lzaf litter compared to stem and root could
be attributed to the higher conc:=firation of minerals (C,N,
P,K,Ca,Mg) in leaf than in stem and root. It is reported
that higher the concentration of minerals faster the rate
of weight loss (Berg and Staaf, 1980). Christensen (1986)
found that high nitrogen concentration (0.92%) w-s respon-
sible for the greater loss in weight (44%) during first

month nf barley litter. Schwintzer (1984) reported that
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although Myricagale litter contained high amount of_nitrogen,

the decomposition was slow due to high percentages (40%) of
lignin, The result suggests that litter decomposition is
govarned by the concentration of C,N,?,K,Ca and Mg.During
the process of decomposition carbon is used as an enerqgy
source by decomposers while nitrogen is assimilated in c=211
protein and other compounds. Thus, high nitrogen content in
the original material promotes decomposition at least in
eérly stages. That litter contains higher amount of nitro-
gen initially which decliness during decomposition is renor-
ted by Christensen (1985). Initially, the concentratiosn of
nitrogen was more in root as compared to stem, however, the
weight loss was higher in stem. Jnhnson and Elliott (1986)
reported high concentration of nitrogen in. root than in
straw while the carbon concentration was high in straw. They
found faster weight loss in straw than in root.ué/N ratio
also plays an important role in the weight loss and general-
ly tha rate of weight loss is faster in materials with high
C/N ratios (Berg and Staaf, 1980). As weight loss increased
the C/N ratins dascresased (Table 5.6,5.7,5.8). Floate (1970)
als» found decrease in C/N ratio with increase in weight
lnss. Schlesinger‘and “asey (1981) renorted that during the
Aacomposition of Caenothus lzaf litter, the C/N ratio de~
clined from 80 to 10. The decrease in C/N ratin with decom-
nosition was alsc revorted by many other werkers (Aber and
Melillo, 1989:; Alexander, 1977; Edmonds, 1980). After

spreading the litter bag in field during first month sudden
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loss in weight may be due to leaching of water soluble comn-~
nounds. The initial loss was more »ronounced in the case of
leaf litter as cnmpared to the stem and r-nt which mav also
be due to highsr perc=ntage of parencivmatous tissue in the

case of leaf litters (H=aring, 1965).

"hysical factors also play a vital role in the
weight loss of litter. The average monthly air temperature
rainfall and humidity is given in Fig.l. The temp?rature va-
ried batween 1.2 and 22.90C, rainfall between 109 mm, 27%mm,
the relative humidity between 44 and 90. The result sugiests
that temperatures rainfall and'humidity als» hal a definite
effect on the rate of weight loss as ‘Juring the perind »f
high temperature, moisture ani relative humidity conlitions

the rate of weight loss was also hidher.

. Initially, the fungal and bacterial nuaber on(de—
composing litter was lass which increased with time. The
improvement of moisture level moderation of temperature and
higher relative humidity favoured the build up of the mi-
crnbial population. The increase in microbial population in
initial stage of the litter decoﬁposition is also reported
by Jensen (1971%). The maximum fungal and bacterial pnpula-~
tion in l=af litter was isolated in the month of Mav-June
while in case of stem and roct in the month »f June-Julv.
The incr=zase in microbial onooulatien at this perioed corres-
nond with the f-rster rate of litter disapmearance. The

sudden increase in microhial populatinon in the month of
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May~June may partly be attributed to the increase moisture
level of litter and soil. The maximum fungal and bacterial
wopulation was found in leaf litter followed b stem and
root. It mav be due to the higher concentration of nutrient
in le~nf litter as compared tn stem and roont litter. The rate
of nutrient loss was alss related to the microbial popula-
tinn as during period of higher microbial,pobulation the
nutrient loss was maximum. It has been established that the
fungal mycelium when breaking the litter substances, simul-
taneously utilise i1f for their »wn growth thereby retaining
some amount of mineral in their body. These elements are
then released slowly after the death of fungal body usually

in ionic forms (Witkarmn, 1971).

The fungal species compvosition is rsgulated bv cli-
matic factors and nutrient concentrations in the substrates

(Ardedeji, 1986). Initially, Mucor hiemalis, M. plumbeus, M.

circenelloides, Penicillium chrysogenum and Fusarium moni-

liforme were isolated. Sadasivan (%939) found that Fusarium
sp. and Mucor sp. ware more abundant at the initial stage
of debomposition of wheat straw but later the funqgal popu-

lation was dominated by Penicillium s»p. Sinha and Dayal

(1983) isnlated some weak parasites and members »f phvcomy-
cetes during initial stage which were later rewlaced bv
cellulose and lignin decomposing ascomyc=tes and deutero-
mycetes. At the middle stage of study period P. chrysoge-

num, Mucor s»p., Rhizopus nrvyzae, R. stolonifer and EF.




134

F, moniliforme were dominant. Towards the end of study,

Cladosporium epiphyllum, Fusarium spp. and white sterile

fungi were dominant. Witcamp (1960) reported that Mucor,

Trichoderma, Penicillium and Alternaria were dominant cn the

decomposing leaf of Quarcus ruber. Deka and Mishra (1982)

found Penicillium, Trichoderma, .spergillus, Cladosporium

and Alterna as dominant fungi on decomposing bamboo lit-

ter cellulose dzcomposing wapability of Penicillium is well

known (Martina al. 1942). Possibly the sterile forms iso-
lated during later stage of decompnosition belong to the
class basidiomycetes which do not produce fruiting bodies

on the agar media (Mishra and Tiwari, 1981). Garrett (1963)
repvorted that fungl which are responsible for tre decomposi-
tion of lismin apnear in the last stage of decompvosition

and most of the basidiomycetes come in this categcrv.

Some basic princivles for element dynamics in
decomposing litter have been outlined by Swift et §l.(1973)
According to their model *he release of inorganic forms of
an element will occur only as long as the carbonn/elemant
ratio of resource stay below a level where it becomes limi-
ting to the organisms d=acomposing it. In a litter structure
for which the carbon/element ratio exceeds this level, the
2lement would be retained and possibly imported to it, un-
til the critical level is reached and then released in
proportiosn to weight loss (Berg and Staaf, 1981). Element

in surplus (i.e. those whare the initial carbon’element
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ratio are below the limiting values) would then be in a
release phas=, In the present etudy, however, the carbon/
element ratios never aovneared to be limiting as the rats

of decomnosition was steady and the accumulation of element
was not observed (Table 5.6, 5.7, 5.8). Thus, the present
study shcws that completz recycling of nutrients from the

litter will take probably onzs year.



GENERAL DISCUSSION
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The study showed that thers was not marked variatiosn
in temparature and pH of s»il of the three agricultural sys-
tems.The maximum moisture content was recorded in valley
land sc’l and minimum in slope land s~il, Valley land was sur-
roundéd by hillocks and therefore it receives laess amount of
solar heat in ¢omparison to the fields situated on the hills,
Less solar radiatinns w=r2 315~ r23p-onsible for the high soil
moisture in valley land. In slope land almnst all the rain-
fall water was lost through run nff which was responsible
for less moisture in the scil. R~sults showed (Figs.4,1,5.1,
1.6,1.7). that nutrient concentratinn was generally higkast
in valley land soil fcllowed by terrace land and slope land
s~il, In case »>f slope land high rainfall and steep slopes
c-used maximum loss ~f nutrient through soil erosi~n. This
may be the cau e for the minimum nutrient concantration’
in the slope land s»il. Erosion ~f snils »n the hill slcpas
caused due t»o heavy rains resulted int~ the depositinon ~f
the nutrient rich s»oils ih the valleys which was prcbably the
cause 2f higher nutrient contzant of the Qalley land s~ils.
Depth-wise distribution of nutrients sh wsd a decreasing
trend along with increase in soil denth. The surface layer
of soil is enriched by the organic matter deposition from
the ground vegetation and other inputs from adjoining areas.
The nutrient status in lower profile depends >n the lea-
ching of nutriasnts along with the perc»>lating water. In

agricultural s»ils the ploughing mives the s~il, howe¥er,
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the effect of these activitiss is notr 3vilent 3s 4 f:finite
gradient is n~ted in case »f most s»>il characteristics para-
maters studied, Figs. 1.8,1.9 shows that maximum fungal and
bacterial p~pnulatio-n was f~und in: surface s-~il, The vpopula-
ticn dacreasss al:ng depth. Possibly it may be dus to high
concentration of nutrisnts and better a=sration in surface
s7il., The higher population in surface soil as compared tn
lower prorilss was also reported by Eicker (1970} Mishra and
Kanaujia, (1972} and Acesa and Carballas (1986). Gznerally,

in 2ll the three . fields highest fungal and bactesrial popula;
ti~n was rzacorded in ths monthoOctober at th=e middle age of
vlant. The favourable climatic condition and higher nutrient
concentration and a possible incremznt in root exudates at
this period, s=em to influenc: favourably the growth and de-
velopment of microbes. The fall in the population thereafter
may be ascribed to the decrease in nutrient content. (Fig.
1.6,1.7) and n-n-availability »f substratas. Maximum fungal
p~pulatisn wias found in valley land soil which may be due

t~ high concantratinon of ﬁutrients in this field. The hill
slom=2 land soil always harboured less fungal and bacterial
population which c»ould b2 ascribed to its poor nutri=nts
status. Fungal specias compositisn of soil is governzd by

th= =davhic factHrs of the s~il. Mucor sp., Penicillium spp

and Trichodsrma spp. were found in 2ll the three field

s~ils. Thase species s=zem to have a wider range of tole-
rance t~ the =znvironmental factors. The species >f Mucor

were common in 2all the thres field soil which is similar to
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the work 2f Herman and Kucera (1979). The comparative study
“n similarity ind=x ~f speaciess c-mpositinn #n different
fi2lds and at differ=nt d=pths (Table.1.22) showed that
depth 1 (0-10 cm) was similartts depth 2 (10-20 cm) and
dapth 2 (10-20 cm) was similar t» ﬂepth53(20~30 cm' while
Jdepth 1 was quite differant t> d=pth 3. It wis nbserved

that fungal speci=2s composition of valley land was more si-
milar to terrace Bnd and terrace land to the slope land but
valley land differed. Significantly from’ the slope land. The
similarity in species compositinn could be attributed t» the
homzgenity in habitat, The soils rich in nutrieng and micro-
bial population exhibited maximum enzyme activity. It is
apparent that the minaral content level and mois ture play an
important role towards regulating the enzyme activity in
s»>il. Maximum dehydrogenase activity was racordsd in valley
land s~il and minimum slope land soil. Depth-wise, maximum
activity was in surfacz so1il and along depth the activity
Jecreased. Thz pattern »f variation in the activity was more
>r less similar to the nutrient concentrati-n, bacteria and
fungal »-onulati~-n. Dehvdrogenase activity correlated with
fungal pooulati-n in all the three field s~ils while with
bacteria it correlated only in twn field soils. Figs. 1.10-
1.13) showed that maximum activity was found in valley land
and terrace land soil whide minimum in slope land s»il. Du-
ring the study perind paak occurred in the month of October,

at the middle age of plant. Similar results were reportad
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by Speir (1977) and Baruah an?d Mishra (1984). Possibly the
aZdition 2f enzym= way occur from the plant roots and asso-
clated microorganisms.In present study urease activity was
prsitively correlatad with nitrogen and fungal pooulaticn in
3ll the threes fislds. Das et al. (1981) found correlaticn

>f ureass activity with organic C, N and P. Some studies
ave indicated that urease is controlled by organic carbon
status of the s»il (Beri et al. 1978, Dick, 1983) which was
found true inthe prasent study also. Maximum phosphatase ac-
tivity was recorded in the month of October. The highast
activity may be due té the microbial population which also
peaked at the samz time.In general, the maximum phospohatase
activity was recorded in valley land followed by terrace land
and slope land s2il. In valley land pree=snce of higher con-
centration ~f minaral nutrient may be responsible for the
increased ph-osphatase activity. In all the three fields the
activity decreased with depth which may bes attributed to
ra2ducti~n in microbial pooulatison and its activity. Phospha-
tass activity was found corralated t~ physicH-chemical cha-
~zctars and microbial populatinn. The correlation »f phos-
phatase activity with organic carb»>n, nitrngen, ph=osphorus
and pH was also reported by Schlesinger (1977). Respiratiocn
is also an important inﬁex used for the measurement of mi-
crobial activity. The maximum @, evolution occurred in
valley land soil and minimum in slope land. The rate of
respirati-n was maximum in surface layer soil which decreased

along depth. It appeatred that respiration rate is also
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govarned by the same set of factors as dehvdrogenase,

urease and phosphaitase activity. The table 1.19,1.29 and

1.21 showed that respiration rate was more correlhted t» fun-
gal pnnulati-n as compared t» bacterial p-odulation., Tasavora

and Ols>n (1976); Baruah and Mishra (1983) also found posi-

tive relation'ef sé¢il respiration with fungal and bacterial .
population.
Fungicides viz., benomyl coppzr oxychloride and

mancozeb and herbicides viz., benthiocarb, 2.4-D and fluchlo-
raline differed in their effect on phyllosphere microflora

of potato. The application of fungicides and herbicidzs d=-
creaszd the microbial population. In treated plants, through-
out the study perind fungal porulatio-n as well as bacterial
nonulatison remained lower than the éonFrol.However, a reco-
very was found after soms time of s»Hray. Most »nossibly, the
recovery was due t- Insses of biccides from l=zaf surface by
biodegradati»on, evapnoraticn and removal through rainwater.
Sometimas dagraded products of a bincides may be more de-~
trimental for microbes than bincide itwelf. In case of
benomyl recovary was late as ccmpdared t» manceozeb and
coppvar oxychloride. This may be because the dagraded pro-
duet of bznomyl is more harmful for microbss than benomyl
itself. In general, it was noticed that species composi-
tisn on phyllosphere did not differ in fungicides treated
plant than that of the control plants. Herbicides als» ini-
tially decreased the fungal and bacterial populatinn. In
case nf 2,4-D énd fluchlor#lin treated plants recovery was

speedy and at later stages the population became equal to
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the ¢ontr-l, but in benthioncarb treéted plants microbial »no-
pulaticn was always lower than the control. Increase in the
microbial populatinn with the age »f the cr»p may be dus to
deposition of microbas from air spora and/»r multinlication
2f microbas in the »phyllosphere »f 0l1ld leaves, The spray

of biocides affect the phyllosnhere microflora quantitatively
and qualitatively.In general, fungicides$s were more detri-

mental t> the micr»bes as compared to the herbicides,

The same fungicides and herbicides were also tested
for the a2ffects on the rhizosphere microflora. In case of
fungicide treated plant fungal and bacterial population was
always 1l#ss than'the chntrol. The bacterial ponulation
recovered radidly which may be due t» its tolerance to th=
fungicides. It was nsted that rhiz»s»hers micr-bial povpula-
ti~n was more affacted than the s»nil, It is speculated that
the sprayed chemicals weare absorbzd by the »lants and trans-
located t~ the roots which may directly affect tha associa-
ted microbial povulation »f the rhizossohere. In untr=ated
soil continuous increasing in micrnbial population may be due
to favourable factors. Generally R/S value was lower in
fungicide treated plants which: shgwed that the influence of
fungicide was more oronouncad on rhizosphere reginsn than
the soil. R/S value for bacteria showed that benomyl and
mancozeb were less toxic as compared €opper oxychloride.

The fungicide application changes the species comeosition.

The dominant fungi like C._cladnsporioides, E. poaes,_M.

hiemalis, M. plumbeus, M. racsmssus and P, brevicomp»actum
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were more s=varely affectad than the fungi isolated in les-
ser numbers. The study show:d that fungicides directly af-
fect the rhizosphere envirsnment. Initially, the herbicide
treatment decreased the fungal vopulation which was also
reported by Chen gt al. (1981). Initial drop in fungal and

bacterial podulatisn may bedCue tn its toxic effert but re-

D

covery during succeeding perind may be due to dilutien,
leaching and degradation of herbicides in soil. Stimulation
in microbial population was found in 2,4-D and fluchloralin
treated plants. It may be due to utilization of thegz her-
bicides by fungi as food or ~nerqgy source. Zellzs et al.
(1983) revported that at low concentrati~sn herbicides stimu-
late the microbial activity but at.higher doses thev are

generally inhibitory. C. cladosvoorinidss, F. oxysporum,

Mucor s»>. Pznicillium s»». and Trichoderma s»., w=re found

— -

dominant throughout the study. It suggested that these fungi
are resistant to tb- hervicides. The present study demon-
strated that thz qualitative or quantitative alterations in
root exudation were possibly responsible for the more se-
vers affect of bhioncides on the rhizososhere microflora as
comarad to the soil. Biocides change fungal community and
disturbethe micr-be mediated processess in soil which may
affact the s»il fertility. The effect of biccides on micr»-
bial population dep=2nds >n the formulation and dose of the

chamical.

Tha same thrz2e fungicides and herbicides were
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tested for their efficacy against A. altarnata. All the
three fungicides inhibit the colony growth of A. alternata
on P.D,A. medium. The inhibiti»on in the colony qgrowth was
in corresmondence to thz concentrati-n or dnse of thea
fungicides., At *“he concantration =f 5000 »pm in copper oxvy-
wehloride and mancozzab cHlony did not grow, howsver, gr-wth
aagufrfed in benomyl sup»nlied medium. It showed that copper
axyéhlorids was more toxic than benomyl and mancozeb at
l=2ast at the higher ¢rnc=antratinon, Muling and Griffith
(1977) alsn found coprer funqgicide more affective than bes
nomyl and captafal.’Herbicides benthin~carb and fluchloralin
inhibited the fungal growth which was dose dspandent, but
2,4-D was stimulatory at low concentrati>n and inhibitory
at higher concentration. Thz m=2chanism for the inhibiti-n
»f colony growth may be similar as it operates_in tha case
of higher plant. Inhibitory and stimulatory affacts of 2,
4-D havs b=22n redorted by Hsia and Christensen (1951). The
stimulation in colony growth at low concentratinsn may be
due to utilizati~n of harbicide as an energy source (Chan
et al. 1981). In all the herbicides Dercentage spore ger-
mination was inhibited with increasing the concentration.
The »r-hibition in the germination of sc¢z7e at high cnon-
centrati-n may be due tn »nlasmolysis and/or toxic effect.
At low concentration stimulation in germ tube growth was
forund in 2,4-D and benthincarb tresated spores. The stimula-
ticn in ths germ tube growth be dus to the growth promoting

xroperties of the »wo herbicides. It was noticed that germ
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tube grewth was most sevarely affacted followed by mycelial
growth and spore germinatinn. It is suggest=d that thin
wallad structures like germ tube an?! mycelia more »Hrone to

thz2 toxic affects »f the bincides than that »f the spores.

In the decomoositi-n study of »otato 1l=zaf, stem anAd
r~~t litter, it was noted that decompositimn rats was fas-
ter in the beginning of study. It may be due t~ the loss
of water soluble ¢omponaents of the litter and favourable
climatic factor which increased the activity of decpmposer
microorganisms. The rate of decom?psition was higher in l=af
than stem and root. Possibly, it is due to higher concen-
tratinon of nutrients and microbial population.Higher con-
centration »f£f C, N, P, K, Ca and Mg was found in the l=af
than in stem and root. It may be suggested that the »rocess
~f decomp2sition is largzsly governed by the chemical compo-
sition of the: isubstrates, The break down »f various che-
mical comprnents is affected as a saquence of soecific rsac-
ti-n with enzyme systams »f the organisms. The variati~cn in
the loss of various comdonant suggests that the rate of dea-
chmmnsiti-n is closely linked wish the activity of descompo-
ser organisms. Parnas (1975) statad that the rate of dacom-
nositian »f any suhstrate is generally proportional to the
growth rate of its microbial dec-mposers. The increase in
microbial »Hopulation at the later stage of decommositi~-n
c~uld bz attributed to a favourable moisture conditicn,

temparature and relsaszs of nutrient from the litter. Micro-



bial population was more in l=2af than stem and root, which
may be ascribed t- the higher surface area available for

the microbial enlonizatisn of the leaf.
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Microbial population their biochemical actiwgities
and physico-chemical characters of potato field s»il in
different agricultural practices viz., valley land, ter~
race land and slone land have bzen investigated. Maximum
mineral nutrisnts were in valleylland soil f~1llow=d Sy
terrace land aﬁd slona land snil. Moistur= contant was

also hich in valley land as compared toc terrace land and

slope land soil.

Qualitative and quantitative enum=ration of soil
fungi was carried out for two crop cycles,. Bacterial ponu-
lation was studied »nly quantatively. Higher fungal popu=-
lation was rscorded from valley land s»il followed by ter-
race land and slope land snil. Generally, bacterial po»ou-
latinn was higher in terracs land soild as compared to val-
ley land and slope land soil. Both fuggal and bacterial
population decr@asasd along depth. Mucor spp.,Fusarium sp.,

Penicillium spp. and Trichoderma spp. were dominant fungi

in all the three agricultural systems. Data on the estima-
"tion »f dehydrogenase, urease and phnsphatage activities
demonstrate that maximum enzyme-activity was in valley
land soil followad by terrace land and slope land soil.
The biochemical activities dacrzased along depth in all
the three agricultural systems. A significant correlation.
was obsarvad between fungal populaticn and enzyme acti-
vities. Carbon dioxide evolutinn was also found to be

maximum in valley land followed by terrace land and slove
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land s»il. Maximum output of C02 was found from surface

s211 and along depth the CJ, »utput decr=asad. Ganzrally,

2
microbial pnpulation, esnzyme activities and CO2 evolution
follcw=d a trend : valley land > terrace land ) slop=

land.

Effzct jf fungicides, viz., benomvl, coomar »xy-
chlnride and mancozeb and herbicides viz., benthi-carb
2,1=D and fluchloralin on l=2af surface microflora has b=2en
studied. An initial drop in the microbial »-pulation of
leaf surfaces was observed in all the fungicides treat=d
plants. Howaver, in. all cases microhial »nonulation in-~-
crezased subs=gquently. Fungicide had »nlyv marginal effect
on the s»ecies composition of phyllosphzre fungi. Acremo-
niella sp. was restricted to fungicide treated plants only.

Penicillium chrvsogenum and sterile forms were isolated

from phyllosphere of all the treated as well control
plants. In genasral, herbicides application also resulted
into a dro» in microkial pnpulation, howevzr, a recovery
was not=d 15 days after applicatinn and thereafter the po-

pulati»niincreased with time. Oidinsdendron echinulatum was

isnlated only from treated plants. Arthrobotrys arthro-

botryoides, Cladosporium cladosporinides, Mucor hiemalis,

M. racemosus, Penicillium chrpsogenum and starile forms

ware isnlated from the treated as well as control »nlants.

The fun7Tal and bacterial »nonulatisn of rhizosphere
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and non-rhizosphare soils dropped.significantly following'

application of the fungicides and throughout the study, tr=a-
ted plots harboured lbwer population than the control pléts.
The effect of ths fungicides was more pronouncecd in the rhi-
zosphare than the non-rhizosphere region. The species compo-

sition was altered and dominant species were more saverely

affect=2d. Acremonium rutilum, As»nergillus flavus and Necte-

ria ventricosa were isolated only from fungicides tr=at=d

plants.Microbial population in rhizosphere as well as in
soil dropped after herbicide application, recovery in micro-
bial pooulation was observed 30 days after the anplication.
The spacies composition of fungal community altered in fa-

vour of herbicide resistant forms. Cladosporium cladospo-

rioides, Fusarium oxysporum, Mucor spn., Penicillium sv.and

Trichoderma sp. wers resistant to the herbicides.

Fungicides and berbicides generally reduced the co-

lony growth of Alternaria alternata on agar medium. In case

of 2,4-D,however, stimulation was found a3t low ¢oncentra-
tions. All the three fungicides ware inhibitory for the
spore germination and germ tube growth of A. alternata. The
inhibition increased with increasing concentrations. At
higher concentrations all the herbicides inhibited the
spore germination and germ tube growth, however, 2,:-D

and benthiocarb were stimulatory for germ tube growth at
low concentration. Inhibition of the growth of fungi in

case of all the three herbicides was dose dependent.
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The study on decomposition of l=2af, stem and r-ot
litter of potato was carried out using plastic net bag tech-
nique.It was found that the rate »f decomposition was depen-
dent on the chemical composition of litter and associated
microbhal population. Weaight loss of leaf litter was faster
than stem and root. Higher concentration 2f C,N, ?,%X,Ca and
Mg was f£o2und in l=zaf litter aa compared to the stem andiraot.
The concentration of elements decreased with time. Highest
microbial pooulation on leaf litter was fHound in the month
of June whil=s in case of stem and root the highest microbial
nonulatinon was recorded in the month of July. Ehe snecies
composition of fungi assnciated with the leaf stem and root
littears did not vary significantly and most s»o=cies wer=s
c~mmon t» the three litter tyoes., A total »f 15,114.1%4 spe-
cies of funaol were isclated from leaf stem and root litter
respectively. Mucor hiemalis, Rhizoous oryzae, Penicillium

chrvsogenum, Fusarium moniliforme and Trichoderma were the

dominant fungi on decomposing litter.

The higher amount of C,y,P and X, a higher microbial
populatinon and the biochemical activity in valley land showed
that the valley land soll was rich in nutrient status and
that the microbial mediated processes of scil were faster in
this system as compared to terrace land and slope land soil.
Thus, fr-m the results it is clear that valley land cultiva-
tion and terrace land cultivatinon is better than slope land

cultivation. The studies on the effect of herbicides and
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fungicides showéd that both altered the microbial population,
however, fungicides were more toxic than the herbicides.

Both phyllosphere and rhizosphere microflora were affected
adversely, however, it recover=d rapidly which shows that
the effects nf the bincides were not persistent. The study
on the rate of decomposition and loss of elements from pnta-

to litters demonstrated that the turn osver of nutrients will

take probably 1 year.
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APPENDIX I

Host range of Alternaria alternata

Name of the host and plant part

Reference

Adhatoda vasica, leaves

Blumia lacianjata, leaves

Bougainvilliia spectabilis, leaves

Carissa carandus, leaves

Clitoria ternatea, leaves

Cocos nucifera, leaves

Crataeva religiosa, leaves

Fagopyrum tataricum} leaves
Gardenia floxida, leaves

Hordeum,vulgare, leaves

Ocimum sanctum, leaves

Melia azadiracta, leaves

Plumeria acutifolia, leaves

Populus curamiricana, leaves

Prunus armeniaca, leaves

Rosa sp., leaves
Triticum vulgare, leaves

Vitex negando, leaves

Roy (1976)

Shukla and Singh(1975)

Tandon and Jamaluddin
(1971)

Tandon and Kumar(1974)

Jamaluddin and Tandon

(1913 )
Rao and Subramanyam(1975)
Waraiteh et al.(1974)
Thakur (1974)
Narain and Saksena(1974)
Dhanraj (1970)
Narendra (1975)

'Roy et al. (1976)

Bharatudu and Rao(1976)
Chaturvedi (1972)

Sud and Agrawal (1972)
Bedi and Singh(1972)

"Sokhi et al, (1972)

Roy  (1976)
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ADPPENDIX

Research Publication -

Effect of Benemyl, copper oxychloride and Mancozeb on

Rhizosphere microflora of Dotato. ?roc. Indian natn.

Sci. acad. B53 No.3 2P 273-278 (1987).

Effz2ct of foliar appliéation of herbicide® Benthioc¢arb,
2,4-D and Fluchloralin on the leaf syrface microflora
of potatn. Plant and Soil (1988). In Press.

Leaf surface microflora of potato as.inﬁéuéﬁced by
aprlication tof_fungicides. Proce. 74th, Ind. Sc,-Cong;
Part IIT : Abstract PP 61 (1986).

Leaf surface microflora of §otato as influenced by
applicatien of fungicides. Indian Phytopathology.

(Communicated).



