
STUDIES ON POPULATION AND ACTIVITY OF MICROORGANISMS 
ASSOCIATED WITH POTATO CROP 

By 

AWADHESH KUMAR SHUKLA, M. Sc. 

THESIS 

SUBMITTED 

IN 

FULFILMENT OF THE REQUIREMENT OF THE DEGREE OF 

DOCTOR OF PHILOSOPHY IN BOTANY 

To 

DEPARTMENT OF BOTANY 
SCHOOL OF LIFE SCIENCES 

NORTH-EASTERN HILL UNIVERSITY 
SHILLONG 

INDIA 

JANUARY, 1988 



Grams ;NEHU Phone : Off ~3390 

· North- Eastern Hill University 

PROFES~OR R. R. MISHRA DEPARTMENT OF BOTANY 
SCHOOL OF LIFE SCIENCES 

SHILLONG • 793014 
M. Sc.,Ph. D., F. N. A. Sc., F. N. I. E. 
Head! Ex.) 

and 

Dr. B.K. Tiwari 
M • S c • 1 Ph • D. 

We certify that the thesis entitled : "SrtJDIES ON 

POPULA riON AND ACriVITY OF MICROORGANISMS ASSOCIA-

TED ;,."'TH POTA ro CROP" submit ted by Mr. Awadhesh 

Kumar Shukla, M.Sc. for the degree of Doctor of 

Philosophy of the North-Eastern Hill University, 

Shillong, embodies the record of original investi­

gation carried out by him under our supervision. He 

has been duly registered and the thesis presented 

is worthy of being considered for the award of the 

Ph.D. deqree. This work has not been submitted for 

any deqree of any other University. 

Signature of the Supervisors 

Place 1 Shillong. 

~ 
(B.K.Tiwari) 

~ 
(R.R.Mishra) 



ACKNOWLEDGEMENTS 

It is a pleasure to associate with the oppottuni~y 

of extending my h~artfelt sense 0f gratitude to Prnf. R.R. 

Mishra, M.Sc., 2h.D., F.N.~.sc., F.N.I.E., Deuartment of 

Botany, School of Life Sci2nces and to Dr. B.K.Tiwari, Lac­

turer in Botany, St • .\nth'"my' s College, Shillong for their 

able guidance, valuable suggestions and encouragement through­

out the course of present investigation. Their valuable and 

matured cou~l has always been a source of strength and 

inspiration for me. 

This work was l\ade possible through the hell_), inspi­

ratiJn and cnoperation of Prof. R.S.Tripathi, Head, Botany 

Deparb'nent, North-Eastern Hill University, Shillong. I am 

grateful to Dr. G.D.Sh3rma, Botany Department, NEHU, Shil­

long, Dr.U.C.Sharma, CPRS, Shillong, Dr. B.C.Shutton, C.M.I. 

U.K., Dr. M.~l3xander, Cornell University, U.S.A., ?rof. K.H. 

Domsch, Institute for bodenbiologie, Braunschweig, Dr. M.?. 

Greaves, University of Bristol, u.~. and Dr. D.J. Ross, Soil 

Bureau Deptt., LoirJer Mutt, New Zealand, who deserve special 

mention for helping me in various ways. 

I sincerely thank to Dr. R.S.Katiyar, Mr.A.n.Raghuwan­

si, Mr. S.~.Sharma, Mr. S.C.Tiwari, Mr. C.S.Rao, Mr. L.D. 

Singh, Mr. S.Jyrwa, Mr.B.N.Jha, Mr. D.K.Jha, Mr. Rajkumar, 

Mr. G.K.N. Chhetry, Miss Seema Kshetrtya, Dr. M.L.Khan and 

Mr. S.R.Katiyar and other who pleasantly extended their full 



cooparati~n during the compilati0n ~f the work. 

I wish to place on record the perennial inspiration, 

f0nd indulgence ·3.nd ccmst3.nt enc·~Ur3.gellent extended to me 

by 'TlY respo.cted narents thr--:mgh,...,u t the period of the pre-

sent studv. 

The financial help froM Council of Scientific 

and Industrial Research, G::wern'Tlent of India, New Delhi, 

in the form of a Junior Research Fellowship is gratefully 

acknowledged. 

Date: ~Ofi,JQ'>1,198S 

r()4J7J.d~ )(,malt-~ 
:\\.<J'ADHESH KUM.\R SHUKL!. 

?lace : Shillong. 



CHl\.i?TERS 

I 

CONTENTS 

GENERi.L INTRODUCTION 1 

CLIK\TE l'>ND S E..\SONS OF THE STUDY 7 

PHVSICO-CHEMIC\L CH/iRACTERS I SOIL ~UCROFLO­

RA .~,ND THEIR :"\CTIVITIES I tJ ~"OT' 1.TO FIELD 

SOILS 9 

II INFLUENCE OF FUNGICIDES ';ND HERSICIDES 

6 

8 

63 

ON PH''LLOS?HERE 1'v1ICROFLORi\ OF POTATO ••••• 64 77 

III INFLUENCE OF FUNGICIDES "\ND HERBICIDES 

ON RHIZOS ~,)HERE rvtiCROFLOR,\ OF :)OT;\Te:. • • • • 78 94 

IV INFLUENCE OF FU~JGICIDES AND HERBICIE>ES ON 

COLONY GROWTH~ S _)ORE GERMINXTIO:J NJD GERM 

TUBE ELOlJG/\'I'ION ~F Al~err:.~r~~ al~~r.l~"!:a •• 95 - 110 

V STUDY OF MICROFLOR-1., WEIGHT LOSS ;-.ND 

:!:WTRIE,JT LOSS DJ DECOM~10SING LITTER OF 

POT:\ TO •••••• 111 

GENER~1.L DISCUSSION •.••••• 13 6 

S UM..TVIZ\R Y ••••• •14 6 

REFERENCES •••••• 151 

Z\.?PENDIX •••••• ? 0 2 

- 135 

- 145 

- 150 

- 201 

- 203 



GENERAL INTRODUCTION 
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The soil is a complex system wherein chemical, physi-

cal and biochemical factors are held in a dynamic equilibrium. 

The physico-shemical properties of soil determine the capaci-

ty of the soil to provide plant nutrients in proper amount 

for the growth of crops. In addition th~y ,-ilso regulate the 

population and activity of microorganisms. The characteris-

tics of soil constantly change organisms population. In 

agricultural soils, ploua~ing, tillage apulication of ferti-

lizer and biocides and type 0f cultivation affect the ~icro-

organisms of soil. The analysis of f~ctors regulating the 

temDoral dynamics 0fmicrobial poDulati•n and their activi-

tL3s in soils provide an insight t0 the structure and func-

tion of the soil ecosystem. In soil, fungi and bacteria are 

responsible for breakdown of organic ~atter and release of 

nutrients. Fu:1gi and bacteria an:: also knC)Wn to be res pons i.ble 

for nutrient transformations, particularly in the case of 

nitrogenous and phosphatic minerals. Soil microflora thus 

exert considerable influence on the soil fertility and pl~nt 

grC)wth. Therefore, for better management of agricultural 

lands knowledge on microbial population and its activity is 

a fundamental requisite. The measurements of populati,Jn and 

. . ptovtdee . . 
biological activities of m1croorgan1smsLan 1ndex ~f varl,US 

metab~lic process of the soil.During recent years more em-

phasis is laid 0n the functional attributes ~f the micrc-

organisms in the ecosystems. These are generally determined 

by the estimati~n of the rates of various bi~chemical pr~-
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cesses inv;lving micr·Jbial enzymes viz., dehydrogenas::;, 

urease J.nd ph0sphatase and co
2 

ev;luti0n. T::> ;btain better 

insight into the ecol0gy of s~il micr~org3nisms and f~r 

bett::;r understanding ::>f the role of micr0bial communities in 

the soil ecosystem, qu~ntitative and qualitative studies 

must be p.:=rf ')rmed on the distributi0n of micrr-y;rg:misms :md 

their biochemical activities in different type of ·cultiva­

tion. 

Generally, enzymes accumulated in soil have a bi~­

logical significance as they participate in the cycling of 

elements and thus play a very important role in the initi~l 

phase of the dec0mposition of organic residue (K:Lss et al. 

1975). Dehydrogenase activity in soil is frequently studied 

because of its relation to the total range of oxidative ac­

tivity of the soil micro-fl~ra (Ladd, 1978). Dehydrogenase 

activity app9ars t0 be ~ore dependent upon the metabolic 

rate of microbial population of the soil than up')n the ac­

tivity of specific free enzy.ne. Thus, the estimati0n of de­

hydrogenase activity in soil provides correlative inf~r~a­

tion on the biol0gical activity and microbial p~pulation. 

Urea is unique among commonly used synthetic nitrogen fer­

tilizers as its efficiency is greatly affected by the soil 

enzyme-urease.·Mashtakov (1954) reported that urease is 3.n 

indicat0r of total biological activity and fertility of 

soil. Generally~ urease activity correlates with organic 

matter c'Jntent due to its existence as a complex with 
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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 nrgqnic-3.lly bound states. 1'he release of phos­

Dhorus is fundamental to the mainten:mce of phosph...,rus cy­

cle. Phosphatase activity has bsen found to be related to 

s...,il physica-che~ical characters and microbial population. 

S:;il respiration is als..., one of the factors \vhich pr'Jvide 

an index of microbial activity in soils. Enzym·2 assays, in 

c:mjuncti::m with soil microbial respiration, can provide a 

clear picture of the microbial community metabolism (Nanni­

gpri et al. 1978). 

The use of fungicides and herbicides is bec...,ming a 

common practice f':lr the contr:;l :>f pathogens and weeds in 

m':ldern agriculture. Applicaticn of fungicides and herbicides 

alter.the number and activity of micro-organisms and thus 

influence the s...,il fertility and ecosystem functi...,n. On 

phyllosphere, microorg3.nisms are held in dynamic equilibriumr 

There are evidences in support of the hypothesis that sapro­

phytes play an important part in controlling the incidence 

of plant disease (Crosse, 1959i Tiwari and Mishra, 1976). 

The spray of these chemicals affects the D'"Jn-t"lryet micF'­

organisms of the phyllosph~re and disturbs the micr.Jbial 

populo:1ti0n and species cnmpositi...,n. These chemicals direct­

ly or indirectly reach to the soil through run off fr0r-n 

treated aerial system or from drifting spray. The rhizos-



phere is kn~wn for the intense biological activity of micro­

organisms. Gen~rally, these chemicals affect adversely the 

microbial p~pulation of rhiznsph~re and soil. l\policati"n ~-,f 

vari:;us bi:::>cides als:) cause unfav~urable alterati;n in bio­

chemical pr:::>cess of scil. The bi)cides are generally inhibi­

tory tc' most micr-Jbial pr Jcesses, h:)wever, certain biocides 

are known t'J stimulate the microbial ::J.ctivity (Baruah 'lnd 

Mishra, 1986). Although, during recent times use of fungi­

cides and herbicides has increased manyfolds; the effect of 

these bi)cides -Jn the rhizosphere microflora has net re­

ceived ample attention. 

Alternaria alternata causes disease in leaf and tu­

ber of potat-J. In field conditi~n it affects the above 

gr;und parts of plant which causes loss in yield. During 

st-:>rage in g)downs it causes blackpit disease in tubers. 

Generally, che'ilicals aT,)D·ear t'J b·-:' the plausible methC'd f Jr 

the control of £!. al t~ta .'Jn P·"'tat J. Very few stud i.es are 

available Jn the effects CJf fungicides and herbicides 'Jn 

A. alternata (Mathur and Sarbh'Jy, 1983). The infc,rmati-·ns 

on the effect of these chemicals 'Jn the colony gr.,wth, 

spore germinati::m and germ tube elongation w0uld help in 

W~)rking )Ut :Jf the strategies f::Jr the control af the pa­

thogen. 

In potato cultiv~tion, after harvesting :::>f tubers, 

stem, r-Jot and leaf litters are left in the field which are 

incorporated in the soil before sowing of the next crop. 
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Thus, crop plant residue and its dac.omposi tion pr0ducts be­

come importnnt component ::Jf the s1il, which play an impor­

tant role in maintaining the snil fertility thr:~ugh affec­

ting both the physical structure and nutrient status ~f 

s1il. The decomposition Qf litter is carried 1ut by rnicro­

,rganisms in soil. Decompositi~n rates of litter are fre­

quantly c.:Jnsidered to be requlated by the interacti·'n be­

tween soil organisms envir1n~ental conditirn and litter 

~uality. Though a number of studies are available ~n the de­

c-)mpc:sitinn '')f orop, residues 'i:n. agricultural s0ils (Chris­

tensen, 1985 ~ Baruah and Mishra, 1986 ~ Vve.;. .ssan and Berg, 1986) • 

tha dec1mpositirn of potato litter has not been studied. It 

vJas theref.Jre, th:ought desirable t'J study the pr)cess .of 

decomposition of the p:')tato crop litter in order t, better 

understand the role of the litt?r in nutrient generation in 

soil and als:) the role of micr'Jorg::misms in the pr:>cess. 

The present study has been divided int.J fcll.Jwing 

headings : 

1. Physic)-chemical characters, soil micr0fl:>ra and their 

their activities. 

(a) Physic;-che~ical characters of soil 

(b) rs-,lati-,n of fungi and bacteria. 

(c) Dehydr,.,genase, urease, ph:-:>sphatase and co2 

ev1lution 

2. Influence of fungicides and herbicides 1n ?hyll0s­

phere microflora of patat0. 



3 •. Influence ·:)f fungicides and herbicides ")n rhiz')sphere 

micr:)flara of potat~. 

4. Influence of fungicides and herbicides an c~lany 

gr:)wth, spore germinati::m and germ tube of Al tern3.ria 

alternata. 

5. Study '"Jf micr·"Jflor3., weight loss and nutrient loss in 

decomposing litter "Jf potat'). 



CLIMATE AND SEASONS OF THE STUDY AREA 
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CLIMATE ZHm SEZ:~SONS OF STUDY ,'\REA - --·--·---------·--.---
The three potato fields were situated at Upper 

Shillong (altitude 1540 m, latitude 25°34"N, lonqitude 

91°56"E). The ambi.nt teonperature rainfall and relative 

hurnidi ty data of f.ields are giveniin fig .1. Study sites 

exp3rience heavy annual rainfall. The rainfall varied fro~ 

279.0 rnm to 1.0 mm. Most of the rainfall occurs during the 

months of April to September. Months of October to March 

are dry although a few occasion-'3.1 shcnvers of rain may occur 

during this period as well. High annual rainfall, cloud 

cover of the sky and thick vegetation of the regi·::m kee';) 

the a tmosph·"re humid during -nost period of the year. The 

maximu:n temperature goes UT,)t') 23°C "3-nd ::nini:num 0. 5°C .. Simi-

larly, the humidity is very high ranging in between 92% and 

44%. 

The typical summer s~as:m is not f:)und at Shill0ng. 

How2ver, based ~n the meteoroligal condition the year can 

be divided into the following seasons • 

Spring season : The period from the middle of February upt0 

middle of 2\pril covers the spring season which exp.:=riences 

very high wind velocity with less humidity and moderate tern-

perature. 

Rainy season : The rainy season extends from the midd±e of 

April to the middle of October~ How2ver, the early period 

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



Fig.l. Rainfall, ambient te~perature 

~nd relative humidity of the 

study area (Septe~ber_1985 -

November 1986). Histogra~s 

rainfall, closed circles : 

Maxim~~ temperature, open cir­

cles : Mini~u~ temperature, open 

trianglds : ~~erning h~ humidity, 

closed triangles : evening h. 

humidity. 
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later peri•d of the season is c0mparatively enol. 

Winter seas0n Winter season starts at the end of October 

and continu-3S upto middle of February. In this season rain-. 

fall is very low. 



CHAPTER -I 

PHYSICO CHEMICAL CHARACTERS SOIL MICRO­

FLORA AND THEIR ACTIVIES IN POTATO 

FIELD SOILS 
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I~~TRODUCTION 

Soil, a n0nren2wable resource, is depleting with 3 

fairly rapid rate due t~ its over exploitati~n and poor 

management resulting ultimately into accelerated r3te of 

.3rosi:~n. The pr'~blem is more serious in hill agro-ecosyste'TIS 

?~rticularly in arsas where shifting cultivation ts prac­

tised.Develop~ent of ap:~1r0priate strategy fr:>r rnanagem9nt 

and c,nservati0n 0f soil is posing a great ch3llenge to 

the snil conserv3tionists during recent years.Any attempt 

to restore this vital resource and als0 for its optimum 

uti lis-~ ti~n knowledge nn structure and functi::m :Jf soil 

ecnsystem is a prerequisite. 

Soils are impregnated with 3 variety of heterotr0-

phi~ microorganisms which larg2ly derive their nutrition 

f re>m organic substu.nc0~:::; r ::>:~lchi ng to the s0il in the f·='.r:m 

of dead plant and u.ni~al rem2ins and their excretary pro­

ducts. The micr:>org::tnisrrs p2rform u. vi tal rol2 in the s0il 

as they :'ire resp·:>nsible for the decomposi ti0n of the orga­

nic rn"ltter and they pl·c:ly 'i.n import::mt r0le in transf,rma­

tion of v3ri0us nutrients from nnn~vailabls to available 

forms. Thus micr.-::::-rg'l.nism~. h"ld a key position in the nu­

trient cycle and functinning ·:>f soil ec0system. That micro­

organisms play ~n important role in soil was recognised 

long back (Adamatz, 1886; Jansen, 1931) and since then a 

larg~ number of workers h3ve c~ntributed towards our 
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knowledge on the subject (Warcup, 1951; England and Rice, 

1957; Mis~ra, 19i6t Widden, 1979; Clarke and Christensen, 

1981; Abouheilah, 1985; Acea and Carballas, 1986; Thomas, 

1987). For a long time microbial populations estimated by 

diluti~n plate method or by soil plate method were used as 

an index of microbial :::lctivity in soil. Much emphasis was 

laid on the microflora of soil. Most studies on ecology of 

soil microbes e~phasised on the effects of ecological fac-

tor and se3sonal and spatial variations in the microflora 

(M~ubash~r and Dohleb, 1970: Maltby, 1984~ Klein ~ al., 

1986). What really these microbes do was generally tested 

in laboratory cultures (Skujins et al. 1970; Ingham and __ , 
Klein, 1984). Of late various techniques have been e~olved 

that give to a fairly reliable degree of precision an in-

dex of microbial activity in soils (Oedes and Jenkinson, 

1979: West~ al.J1986). Among these techniques estimations 

of activities of various enzymes provide a measure of mi-

crobial activity (Ross et al. 1982; Frankenberger and Dick, 

1983; Nannipieri et al. 1983; Kanzawa and Filip, 1986: __ , 
West~ al./1986). Dehydrogenase, urease and phosphatases 

estimaticms provide an index of microbial activity and · 

they also give a measure of oxidative-reductive reactions, 

rate of urea degradation and of phosphate regenerations in 

soil (Skujin, 1976~ Tyler, 1976; Mulvaney and Bremner,1978r 

Frankenberger, 1983: Trevors, 1984). Estimations of the 

activities of above enzymes give· an indication of poten-
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tial capacity of soil t~ carry out biochemic::J.l processes. 

Soil res9iration is another index of microbial 

activity (Chaney et al. 1978), as most 0f the co2 evolved 
- --.J 

from soil com~s from microbial n~s:~irati -:m (Smith :=md 

Brown, 1932). It also gives an indication of the rate at 

which soil organic matter is br~k?n down. Measure~ents of 

enzymes activity in conjunction with soil resoiration and 

microbial number provides the most r~liable index of mi-

crobial 3ctivity in soils (Casida, 1977~ Stroo and Jencks, 

1982; Ross and Cairns, 1982; Frank2nberger and Dick, 1983; 

Nohrstedt 1 1985; West et al. 1986). --- ~ 

A perusal Jf literature reveals that our knowledge 

on the ecology of soil microorganisms is largely based Jn 

research ~in forest and grassland soils (Roy and Dwivedi, 

1962; Saksena et al. 1965; Mishra, 1966; Christensen, 1969; 

Lewis at al. 1971; Redman, 1975; Widden, 1979). t-Hcrobio-

logical studies of agricultural soils have received less 

attention ~ecause soil microbes c~uld not be mani~ulated 

so orofitably t~ irn?rove cro~-yi~ld as ware the soil nu-

trient, soil moisture and cron variety and therefore, this 

area did not receive ?roper attenti~n of agricultural 

scientists. Studies available on the subject are m~inly 

concerned with the effects of vaiious agricultural orac-

tices namely, tillage, and com~action, manuring, fertili­

zer a"?plicati~n and ty~:)es of crops on the soil microbes 
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(Jensen, 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 pc:>tat:J crops gr:Jwn ::1n high altitudes of Megha­

l3y~ pr1vide an unique feature because of the fact that the 

crop is grown under three different types ·'Jf soil system. 

These systems represent age old practice of shifting cul­

tivation 1n hill sl1pes· permanent type 0f modern cultiva­

tion found in valleys and cultivation on bench terraces 

recently introduced by the departments of agriculture. All 

the three syste~s are found within a very small area thus 

climat:Jlogical and soil type variations are non-existent. 

The three cultivati1n types are describea in the head site 

chatacteristics. 

The present work was carried out with twin objec­

tives : (1) To see how various methods of microbial activi­

ty estimation c·'Jrrelate with each other and with physico­

chemical characteristics .!f pctato field soil. (ii) To c0m­

pare the potato field s1ils under three systems with res­

pect to the micr'Jbial c·:Jmmuni ty structure, their activities 

and their physico-chemical characteristics. For this pur­

nose, temporal and depth-wisg distribution of fungi and 

bacteria, enmymes activi ti•?S (d;:;hvdrogenase, urease, phos­

phatase), Co2 ev0lution and vari1us physica-chemical 



13 

characteristics of sail have been measured in the thr~e 

soil systems for two crop cycles of potato. 

REVIEW OF LITERATURE 

Microbial population and physico-chemical characters 

Adametz (1886) was the pioneer to isolate 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 acidic soil while Mycogone niqer and Cercospora 

agricola were cammon in alkaline soil. According to Warcup 

(1951) edaphic factors such as acidity and temperature play 

a vital role in the distributian of fungal species. Saksena 

(1955) did pioneer work in India on the ecological factors 

governing the distribution of fungi. He faund a positive 

correlation betw~en fungal population and nitrate content of 

soil. England and Rice (1957) determine qualitative and quan­

titative difference in fungal population between grassland 

and aband·)ned soil. Roy and Dwivedi (1962) made comparative 

study of s.oil fungal flora of three grassland soils and re­

ported that change in vegetatinn site is accompanied by si­

milar change in fungal population both qualitatively and 
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and quantitatively. Griffin(1963) pointed out that moisture 

content, soil texture and structure, which, affect soil a""-

ration have a ?rnfound 3ffect on fungal activity and it is 

postulated that aeration is th~ effective agent. He noticed 

that excess of carbon dioxide and insufficiency of oxygen 

are imnlicated as inhibitors. Dwivedi (1965) observed that .•.... --·· ........ _. 

~hysico-chemical characters like moisture content, ~ater 

holding ca?acity, organic matter, nitrate, Dhosnhate, ex-

changeable calcium magnesiu~ w~re nositively ccrr~lated with 

fungal population, while soil pH d0 not have any 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 Thiepavi~:turicola, Chaetomuim ~-

bosum~ Aspergillus terreus and Paecilomyces fusisnorus. He 

examined thGi."': fluctuaticm in fungal populatio:1 is due to 

minor change in ro'Jt habitat 3nd Physico-chemical characters 

of soil, Mukerji (1966) cr:uld not find relationship betwe8n 

fungal population, bacterial po'1Ulation and scil pH in usar 

soil. He also reported that surface profile harboured more 

~opulation as comnared to l0w profile. Gujrati (1968) ob-

served that pH, organic matter, calcium, magnesium, phos-

phate and nitrate did not have any correlation with fungal 

~opulation, but moisture content was directly resnonsible 
'• 

for the V3.riation in microbi"ll population. Moubashir 

and El-Dohleb (1970) found ~~rgillus, Penicillium --------
and Fusarium throughout the study period 
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and dominant in cotton field and clover field soils. -Siongh 

and Kamal (1970) found highest bacteria, fungi and actenomy­

cetes population in surface soil and along depth microbial 

pop"L:lation decreased. Prak3.sh and Khan (1971) noticed that 

~oisture of the soil was an important factor governing po­

pulation of soil fungi which are profoundly influenced by 

seasonal fluctuati")n. They also noted a number of dominant 

fungi which were Aspergillus niger, Aspergillus flavus, 

Aspergillus terreus and Fusarium chlamydosporum. Mishra and 

Kanaujia (1972,1973) made a comparative study oh fungal flo­

ra of forest, grassland~ usar and cultivated soils, and 

found th<lt highest fungal population was in cul;,tivated soil, 

they pointed ·::>ut that soil depth and physico-chemical cha­

racters of soil affected the distribution and population of 

fungi. According to Hattori (1973) agricultural activities 

of man greatly modify the distribution of bacteria, and 

fungi in soil. Allison (1g73) reported that cultivation has 

~arked influence on bacterial population and in cultivated 

soil bacteri3.l p0pulati'Jn 'das 20-30 time higher than the un­

cultivated soil. Morrall (1974) reoorted that fungal popu-. 

lation was affected by phvsico-chemical ch3.racteis 0f soil 

and ground vegetation. Ded3.lauri (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 the soils which change the number of 

fungi and species c~mposition. Clark and Christensen (1'~81) 

estimated fungal flora of grassland soil and found that 

Asoergillus spp., Penicillium sp. and Fusarium spp. domi.J.3.­

ted the fungal C')mmunity. Orchard and Cook (1983) C'bsen.red 

that the microbial population and respiration rate is posi­

tively correlated with moisture content, the microbial ac­

tivity decreases with decre3.se in water potential. Deka and 

Mishr'3. (1981) reported dominant fungi Trich0de.rma viride, 

Penicillium ch~ae~, Aspergillus niger, Cladospori':!l2! 

herb~, CephalosEQrium C')renioides, Fusarium solani 

and Pythium sp. in soils under Shifting cultivation. They 

also found that fungal, bacterial and actenomycetes po::::mla­

ti:m were highest in surface S·)il than the deeper soils. 

Lynch (1984) suggested that microbial activity shnuld b~ 

considered in soil management and it may be possible t0 ma­

nipulate the S')il populati0n balance t-:)wards beneficial 

organisms. Back (1984) reported significant correlatior be­

tween the microbiological index and the t0tal organic carb:)n 

of eleven different agricultural soils. Theodorou (1984) 

recorded that bacterial population was maximum under pine 

planted soil and fungal propagules were rnaximum inEncaly.p­

t~s-pljnted sot]. Bhuji and Takao (1985) found that the 

number of ~acteria in 0-2 em soil layer was high and in 
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deeper layers it was small and c.:mstant. Behera and Muker]i 

( 1985) is,'Jlated the highest microbial po?ulation rm surface 

soil and sp3cies numbers gradually declined with depth in-

crease and they conclud~d that the surface vegetation and 

edaphic and envir~nmenral f2ctor have a prof'Jund influence 

on the ~ccurrence and distribution of fungi at vari0us depth 

of soil. Abouheilah (1985) reported 103 fungal species fr-:)m 

forest soil, out C)f which 10 belong to phycomycetes, 4 to 

ascomycetes, 1 to basidiomycetes and 88 to deuteromycetes. 

The ~ost prevalent genera were Penicillium, Aspergillus, 

Fusarium, Trichoderma, Dreschslera, Ulocladium, Torula, ~-

micola, Alternaria and Helminthosporium. Valikanov ~ al. 

(1985) observed that deeper the soil horizon more signifi-

cant difference between individual horizon with respect to 

species composi ti•'Jn and the number of microorganisms. They 

also notd:oed, that abundance of soil mycoflora decreaseq as 

the absolute altitude ab0ve sea level increased. Schnurer 

et al. (1986) pointed out that moisture changes the ba<t'te-

rial, fungal, protozoa and nematode population and oxygen 

consumpti0n. In co~parative study on rainfall and irr~ga-

tion, they observed that the rainfall, doubled bacterial 

nu:nber within three days and which declined during the fol-

lmving period of dr::mqht while in irrigated plot bacterial 

popula~ion increased by 50% and remained constant. 

Soil enzTnes ~ 

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.of a method for the estimation of this ac­

tivity (Lenhard,1956). St8venson (1956) modified Lenhard's 

technique and pres8nted 2vidences for the reliability of 

the dehydrogenase as a m2ans of estimating total microbial 

activity in soils. How2ver, he did not find relationship 

between dehydrogenase activity and bacterial numbers, unless 

organic amendments were adced to the soil. Casida et al. 

(1964) detected relatively constant dehydrogen~se 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 

geolegicallypreserved soils with freshly collected desert 

and cultivated soils and concluded that the activity did not 

reflect the microbial numbers but was thought tc.Teflect the 

rate of 0vsl;alhl mebabolism. Ross (1970,1971) reported that 

formazan production was significantly greater in systems 

incubated anaerobically than in systems incubated without 

complete anaerobioses. He studied factors 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~ut the profiles. Casida (1977) modified the 

dehydrogenase adtivity estimation technique for ~easuring 

the metabolic activity of micro~rganisms in soil and he pro­

possd 6 h incubation at 37°C with an electron donating sub­

strate. He found that in the modified technique the rate of 

formazan producti:::m remained constant during that time and 

cellular multiplication apparently d!d not occur. Schinner 

and Gurschler (1978) reported that higher values for enzyme 

activity, soil organic matter and moisture were found in 

the top layers of soil. These parameters decreased with in­

creasing depth. Smith and Pugh (1979) dem::mstrated that the 

dehydrogenase assay can provide a valid indicator of soil 

microbial activi-ty. Chc;ndrayan ~ al. (1980) reported that 

dehydrogenase activity increased upon flooding while inver­

tase activity decreased considerably under the same situa­

tion. Frankenberger and Dick (1983) found positive correla­

tir>n of dehydrogenase activity with soil respirat.ion. Dkhar 

and Mishra (1983) in their.cnmparative study of dehydroge~ 

'nase a~tivity, micr~bial ~onulation and physico-chemical 

characters in maize field soils under different agricultu­

ral management sbcrwed that enzyme activity microbial popu­

lation as well as physic·o-chemical characters followed a 
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trend plain valley land,\ terrace land) slash and burn tvpe 

of shifting ag~d:eulr:urs.;· Tre.vo:os {H~e4t ··reported that there 

was a high positive c~rrelation between dehydrogenase acti-

vity and substrate concentration,incubation, temperature 

and SJil pH. A highly negative correlation between dehydro-

genase and n 2 content was noted. Rao and Ghai (1985) repor­

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-

hydrJgenase activity was positively correlated with soil 

pH and bacterial population. Tiwari ~ al. (1987) reported 

higher dehydrogenase activity from surface soils and also 

noticed positive correlation of dehydrogenase activity with 

bacterial p0pulation in pineapple field soil. 

Urease 

Sumner (1926) first isolated and purified the enzyme 

urease in crystalline form from jack bean meals. Avail~bility 

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 biological ac-

tivity and fertility of the soil. Drobni~ (1955) reported 

that although enzyme tests are suitable for qualitative 
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studies of various soil processes, they are not applicable 

for the quantitative estimation of microbial activity. 

Stojanovic (1959) reported that urease enzyme '.activity is 

not a stable indicator of the biological activity of the 

soil. Effect of sail 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·_lthtnof}as T!lere 

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 

0 
on urease and invertase activity after stora~e 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 soils did not induce urease 

activity, however, increased urease activity was observed 

on addition o~ glucose 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) far 2 hours. However, in moist soils in activation 

was detected at temperature above 60°c. Mishra ~ ~!· (1979) 

studied amylase, cellulose, invertase, pr~tease and urease 

activities in eleven pasture soils of Orissa (India) and 

noted significant positive correlation between urease and 
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cellulose activity. S~hr~wat (1980) estimated the urease 

activity and physic;-chemical characters viz., pH, organic 

carb0n and nitrogen of soils, He pointed out that in alka­

line soil the rate of urea hydrolysis is more rapid and 

this increased N l':lss thr8ugh NH3 vclatizati-:m. Speir 

et al. (1980) found m~re urease activity in planted soils 

as c~mpared t~ fallow soil and suggested that temperature 

dependent denaturation could have caused the decrease in 

urease activity in fallow sail. Moller (1981) found posi­

tive c.:;rrc:~lati·.""'n ··)f urease activity with C/N r:1tio and s ;il 

pH values. They regarde~ urease activity as an indicat~r 

~f biGl-,gical activity .of the S•!il. Das et_al. (1981) c-)uld 

establish 3. pnsitive c~r~elation batw~en urease activity 

and organic c~rb~n and t~tal nitrogen. They further sug­

gested that organic carb~n w~s chief Positive factor det~r­

mining urease activity. N0r (1082) renorte1 that inhibiti~n 

of urease activity was effectively achieves using silver 

ion. Urease inhibit >rs have p.!tential applicati0n in redu-

cing v0latilizati ~'n losses of ~,-,,:--:Pnia derived fr~m ure:=J. 

applied to soils. Str~~ and Jencks (1982) reported a sig­

nificant correlation am ·ng s Jil respirati-on, enzymatic 

activities and organic m2tter. Sahrawat (1963) reported 

that urease activity significantly c~rrelated with t~tal 

N and .Jrganic C but was not C""'rrelated with clay content, 

pH, nctive Fe or activ~ Mn c:mtent. Singh 3.nd Nye (1984) 

found that on rewetti~g, air dry soil urease activity 
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increased rapidly within a 24 h. and after 4 days it de-

clines. D::--rm"la.r et al. (1984) reported highest urease acti-

vity in uncrazeJ field s~il c~~pared t~ grazed field s~il. 

Carce.J -:· and l'1arc )S ( 1 '?81) found a c0rrelati -:Jn of ur:=ase 

activtty with organic ~atter and ureolytic micr,~rganis~s 

in s,il. K~szubiak (1996) reported significant positive 

correlati,n between urease activity and bacterial population, 

however, c·-rrelati-·m had disappeared after a"T\endrnents C'f 

s~il by 0rganic matter. 

Ph'Jsphat3se : 

Phosphatase activity in soils has bo.en studied by 

many t-Jorkers sine"? its detecti-::n by R-:>qers (1942). 

G•Jl·abiewska {1956) f::und that highest ph:Jsphatase 

activity w~s in surface layer s:Jil and the activity de~ 

creased in l0w pr4>file s:Jil. Keilleng et al. (1960) and 

Hoffman an~ Elias-Az0r (1965) reported the correlati 'n of 

ph<Jsphatasc activity with 'lrganic carb0n, moisture content 

and total nitrogen. Khazi~r and Burangul:Jva (1965) found 

positive c·:::>rrelatLm betw:;en phosphatase activity and s-:~il 

:Jrganic oh;sph•Jrus C·":'CJ.tent. Dix'ln and Hebb (1966) found 

positive relati~n of ph~sphatase activity with magnesium 

and sugo~sted that it is due tJ -nagnesium iJns being natu-

ral activators of the ma.j0rity of enzy~es activity ~n 

phJspherylated substrates. Parkins'~n ~~ ~~· (1968) stated 

that nhnsphatase activity decreased al'~ng depth due to 
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iiecreasing in the ccncentraticn of micr:)bial populati'n 

along depth. Dudchenko et al. (1971) reported that type of 

plants gr,wn an sail were f0und to have an effect on s0il 

phosphatase activity. Ladd and Butler (1975) suggested that 

the positive relationship with organic carbon content is 

prnbably associated with the fact that phosphatase like 

other enzymes become b-:)und in humo-protein complex which 

p:;ssibly pr,tects the enzyme from degradati')n. Tyler (1976) 

observed that industrial copper and zinc pollution reduces 

the phr)sphatase :::1ctivity and P mineralization rate in the 

soil of coni~er fnrest surrounding a bra~s mill. Verstraete 

and Voets (1977) reported that yield of winter wheat was 

positively related to scil phos?hatase activity while sugar 

beet yield were negatively related t~ soil urease activity. 

Respirati'n ~nd phc·spha.t"'l.se acti.vi..ty 1·Jere found t') b.~ c""r-

related in reclaimed stripmine soils by Herksman and Temple 

(1979). Spi~rs and McGill (1979) reported that increasing 

in nitrogen supply increased the microbial synthesis of 

phJsphatase. Ross (1982) reported that in maize field, car-

bon di-:-xide pr::>ducticn, net prt>duction of mineral N, micro-

bial biomass and phosphatase activity and some other enzymes 

(urease, sulphatase, amylase and invertase) had all de-

clined appreciably mr)re \-Ii th cropping. He suggested that 

these characters would provide more sensitive indicator 

than organic matt~r to change in snil with management. 

Kulinska et al. (1982) c~,uld n<")t find c"rrelation between 
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microbial p:;pul3t.ion and ph-;sphatase activity. They :=tls; did 

not find c~rrelati~n between soil water holding capacity and 

enzyme activities. Str;, and Jencks (1982) reported ~ignifi­

cant positive correlati,n ;f phosphatase activity with s-;il 

respirati~n. Frankenberger and Dick (1983) found signifi-

cant positive correlati::>n ~f alkaline phosphat~se with res­

piration but in case of acid phosphatase he did not find 

correlation with microbial respiration. Dormaar et al. (1984) 

found highest phosphatase activity in grazed field as com­

pared to ungrazed field of grassland soil. N'Jhrstadt (1985) 

reported that the c·oncentrati·1n 0f organic carbon was the 

strongest predictcr 0f phosphatase activity. Trasar and 

Stores ( 1987) f·'Jund that maximum phosphatase activity was at 

the pH of 5-6 and als.'J suggast.ad that phosphatase activity 

was appeared to dependent on the concentrati'Jn of 0rganic 

matter content in soil. 

Carbon dioxide evolution :-

Smith and Brown (1932) st:udied the C02 evoluti·:m and 

stated that 90 percent 'Jf s0il respiration could be attri­

buted t'J the activity of soil microorganisms. Katznelson 

and Stevens'Jn (1956) studied the ev::>lution of carbon dio­

xide fr ;m f~;rest fl ;or ."J.nd showed that a number of environ-

mental fact)r viz., temperature, moisture, pH,and the sub­

strates have been found t-:; affect the a~lution of carb0n 

dioxide fr-:)m the s ::>il. st,otzky ( 1960) established a corre-
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latian between carbob-dioxide evolution and microbial bio-

mass. Dobson and Wils')n (1963) studied the soil activities 

from a stripmin·e spoil areas in west Virginia and observed 

a decreased rate of respiration along with low bacterial 

nu~bers. Vclk (1972) measured Co
2 

evoluti~n, from soil c~­

lu~n under varying water tables. He observed that Co 2 evo­

lut:i ~n v-Jas proDorti0nal to the ::depth of the water table. 

Ross et al. (1975) studied respiration actiuity and their 

rela~ionshiu with temperature, moisture soil properties in 

tussock grassland in New Z?.aland. They found significant 

correlation of Co2 evolution with soil moisture, organic 

carb-::Jn and t'Jtal ni tp-,gen. Nannipieri et al. (1978) noted 

that Co 2 ev·JlutL:m and urease activity were related to bac­

terial and fungal biomass. Ross and Cairns (1978) studied 

the influence of temperature onlbiochemical processes in 

s-::Jme of grassland s'Jils. They found that the pattern of Co2 

evolution at different temperature and incubation periods 

varied with the different S')il3 and that Co 2 evolutinn in­

creJ.sed with increase in temperature. I<>;wlenko et al. (1978) 

stated that below the optimum water content for microbial 

activity increasing moisture results in increasing carbon 

dioxide evolution. Cleve et al. (1979) reported that the 

estimation of Co
2 
ev~luti~n pr~vides an insight into the 

rate of growth organic matter breakdown and mineralization. 

Sato (1981) reported that the rate of Co2 evolution corre­

lated with number of gram-negative bacteria, while it did 
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not correlate with the number of cellulose decomposing 

microorganisms. He believed th3t main l~cus where this re-

acti~n takes place may be the surf~ce area of soil crumbs. 

Upadhyay ~ al. (1981) reported that soil temperature and 

moisture were line3rly related with carb~n dioxide ev~lu-

ti0n. Gupta and Singh ( 1_ 981) reported maximum rate 0f C·12 

ev·::>lu tion in the rainy summer month and lowest during win-

ter m0nths. Stroo and Jencks (1982) reported close rela-

ti->nship of soil respirati~n vd th phosphatase 3!ld amylase 

activity and to oxidizable carb1n and nitr0gen. Franken-

berger and Dick (1983) found correlation of Co2 evolution 

with alkaline phosphatase activity but th·= same was not 

found with acid phosphatase and urease activity. Baruah 

and Mishra (1983) n1ticed correl3tion of Co2 ev~lution, 

with organic carbon, nitrogen and phosph0rus and microbial 

population. N-::>hrstedt (1985) reported that the 0rganic C W'BS 

str::>ngest predictor of soil respirati1n. He did not find 

any ~orrelation between s0il respiration and dehydrogenase 

activity. West et al. (1986) reported th3t in the summer 

seas0n's soil samples, respiration doubled within one day 

.-::>f incubaticm but then gr=:1duallv declined, however, in 

winter season's soil S3mples, respir~ti1n declined siqni-

fic3ntly after incub3tion. Dkhar and Mishra (1987) f1und 

a significant positive c~rrelati1n 1f Co
2 

evolution with 

funqal biomass, micr"Jbial populati0n, 0rganic carbon 3nd 

t'Jtal nitrogen. 
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MATERIALS AND METHODS 

Study Area " 

The study was carried ~ut at U~per Shill~ng (al~i­

tude 1706-1730m latitudes 25°34'N and l0ngitude 91°56'E. 

Three different cultiv~tion methods are prevalent whic~ 

are ada~ted by the farmers C.e-:Jending on the t~poaraphy ">:10 

availability of land. 

In one type, far'Tlers adapt slash and burn type nf 

shifting cul~ivation. This is more in practice nn the hil~ 

locks. Under this type the vegetation is cut and after it 

is dried the layer boles and removed while ~ther plant 

parts are burnt after putting it in rows parallel to the 

hill slopes. Afterwards the ash is co~ered 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 ban~s 

the potato tube~s are shown randomly, however, plant to 

plant distance is maintained between 0.15 to 0.20 m. Dis­

tance between two adjacent bands is generally 30 to 40 c'Tl. 

Farmers do not use any manure or fertilizers. As the culti­

vation is done on hill slopes they prone to severe erosion 

and run off. As a result the soil moisture is generally 

low and the fertility of soil diminishes with time. 

During recent years due to non-availability of 

lands for shifting cultiv-=J.tion permanent tyoe of cultiva­

tion on hill slopes has sta~ted. This is done on bench 
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terraces. The terraces check soil erosion and run off, thus 

fertility is maintained and soil moisture is retained. The 
• 

width and length of terrace deJ;:>ends on the degree ef ~·~lopes. 

In this cultivation the measurement of bands are length 

approx. 3m~ width 0.3 m and height 0.15 to 0.20ctn and a 

distance of approx. 0.30 m is left between two adjacent 

rows. This type of cultiv~tion has been introduced by 

Central Pota+o Research St~tioD and in this tyDe of culti-

vation hlaoure~f!ertlilizer and pesticides etc. are used. 

Between the hillocks some plain land are found and 

on these lands permanent type of cultivation is done and 

far~ers 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 an~ 

manures. Being in valleys these are low lying areas and 

thus soil moisture remains high throughout the year. 

For convenience, the three cultiv~tion types have 

been named as slope cultiv3.tion, terrace cultivation and 

valley cultivation. Potato crop sown under the three cul-

tivation types were situat~d within a radius of one kilo-

meter. 

Soil samples were collected from three ootato 

fields namely, Jhum lands on hill slopes, bench terraces 
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made ~n hiJl sJopes and plain lands situated in valleys. 

Samplln~ wds dane a~ 10 days int?rval for two crop cycles 

fr~~ 10th September, 1935 to 20th November, 1985 and 10th 

September, 1986 t-:J 20th N:::vember, 1986. Soil samples were 

collected from thr~e d,?yths (0-10 em, 10-20 em and 20-30 

em). The samples '.Jere c>]_l""cted from five random sites 

fr:::m ?_,C~l field. ,.,lv:::so .":::.:::;::>1 ?S were thoroughly mixed in a 

sterile polythene bag to form a composite sa'1lple. This was 

done with an aim to minimize local ~ariation in the micro-

bial population. The samples were brought to tha laboratory 

0 and wPre stored in fridge at a temperature of 4 c. All the 

estimations concerned wi t_h micr0b1 al po'')Ulation anc:' activi-

ty were carried out within 21 hours of collection. Soil 

temperature was noted using soil thermomater at the time 

of collection. 

Moisture content 

Moisture content of s·oil was assessed by oven :lry 

weight 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 percentag.e moisture contt?nt 

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 maqnetic stirrer. The susoension 
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thus prepared was used for recording the pH using an elec-

Organic carbon : 

Walkley and Black's (1934) rapid titration method 

was follO'ATed for th-:: 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 K2cr2o7 solution was then pipetted onto the soil and 

mixed bv swirling the flask. 20 ml of cone. H2so 4 was sub­

sequently added and -.:ixed by qentle rotation to ensure corn-

plete contact of the raagent with the soil. The mixture was 

allowed to stand for 30 mi~utes. A control blank (without 

soil) was run in the same w"iy. The solution was diluted to 

200 ml with distilled water and 10 ml of 85% phosphoric 

acid and 3 drops of diphenyl amine indicator were added. 

The solution was titrated with 1N ferrous sulphate. The 

percentage organic carbon present in the soil was then cal-

culated as follows :-

Since 1 ml of lN potassium dichromate corresponds 

3 mg of carbon 

• 
• . % C (organic) B - S X 0.003 X 100 

w 

where B = ml Feso4 in blank titration, 

S = ml Feso 4 in sample, W = weight of the soil 

sample in grams. 
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Total Nitrogen ~ 

Nitrogen was estimated by semi-micro Kjeldahl 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 K2so 4 - HgO 

mixture and 3 ml. cone. ,H2so
4 

containing 5% salicylic acid 

were added and the mixture was digest,~d on digestion rack 

till the solution became pale green in ·o•lour. 50 ml dis-

tilled water was added to the cooled solution and mixed 

carefully. The solution was filtered through Whatman No.1 

filter paper and left to settle for 12 hours. 1 ml of the 

filtrate was taken in a 50 ~1 volumetric flask and 8 ml 

alkaline rochelle reagent (60 g sodium potassium tartrate 

~issolved 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 (50 g phenol dissolved in 250 ml 

40% NaoH and diluted to 100 ~1 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 bath~ 10°C for 20 minutes. One blank 

sample was also run with it, after cooling, the O.D. (Opti-

cal density) was measured at 625 nm. Percentage nitrogen 

was ca~culated as follows :-

C (m x Solution volume (ml 
~lo =---ro x aliquot (ml) x sample weight 

where C = NH~ in mg obtained from the standard 

cmrve. 
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Available phosphorus : 

Sulphomolybdic 3.Cic: method was followed for th·3 

estimation of phosphorus (Jackson, 1973). 4 g of sieved 

( ( 0. 2rnm) soil was taken in CJ. 2 50 ml conical flask. 50 

ml of Brays ext£action solution (1.11 g of ar~,rnoniurn fluo-

rid:::- dissolv?d in 1 litre of 0.1N HCl) was added and 

stirred for 15 minutes with the help of a magnetic stir-

rer. The solution wCJ.s filtered through Cl. Tfuat~an No.41 fil-

ter paper. One ml of the filtrate was taken in a test tube 

and to it 5 ml sulphornolybdate s~lution (25 g of am~onium 

molrbdate in 250 ml distilled water, 275 ml cone. H2so 4 in 

650 ml water mixed with the ammonium molybdate solution 

when cooled, 100 ml aquous solution of 5% antimony potas-

sium tartrate was acded and solution was made to 2 litre) 

and 5 ml 1.5% ascorbic acic solution was added and the 

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

mined at 660 nm using blank (without soil). 

P% =-C (mg) x Solution volufl];e (ml) 
o 10 x aliquot (ml) x sample weight (g) 

where C = mg P obtained from the standard curve. 

Exchangeable Potassium : 

Exchang~able pot-:t.ssium was determined by flame 

ohotorneter method usino ammonium :=J.cetate as extraction 

solution (Jackson, 1973). 5 g of sieved ( ( 0.2mrn) soil 

was taken in 500 ml conical flask and 125 rnl 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-

tom,~ter. 

Fungi 

K"lo ~ (mg/L) x Sol_ll:tion_ vol~ (rnl) 
10 x Sample weight (g) 

where C = Mg/L of l( obtain<=>d from standard curve. 

Warcup• s (1950) soil plate method was follm111~d for 

isolation of fungi from the soil. A small a~nount (approx. 

0.015 g) of soil was taken fr0~ the sampla by means of a 

sterile nichrome 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 sup9lemented with 

streptomycin sulph~te was poured and the soil particles 

were dispersed throughout the medium by shaking and rota-

ting the Petriplates. Three replicates were maintained for 

each sample. All isolati.on procedures were carried out in 

a sterilized laminar flow chamber. The plates were incuba­

ted at 25±1°C for 5 days in a BOD incubator. The colonies 

were counted after 5 r'lays and number of fungal propagul~s 

per q dry soil was calculate:L For identification of th'3 

fungi the books consult~d were those of Gilman (1951), 

Barnett and Hunt~r (1972), Subramanian (1971) and Domsch 
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et al. (1980) .. 

Bacteria 

Dilution 'Jlate method (1.-Jaksman, 1921) was followed 

for the enumar3tion of bacteria. 1 g soil was taken and 

tr3nsferred 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 aliquotd the 1:10000 dilu­

tion soil water suspension was transferred onto nutrient 

agar medium. The pc~triplates were shaken gently to disperse 

the inoculum uniformly over the surface of the •gar medium. 

All isolation procedures were carried out in a sterilized 

laminar flow cha~ber. Three replicates were maintained in 

each case. The petriplates were incubated at 30.±1°C in a 

BOD incubator for 24 hours. ~u~ber of bacterial colonies 

was counted and their ?O'Julation 9er gram dry soil was cal­

culatec by taking into consideration the moisture content 

of the s0il. In this study only the bacterial po?ulation 

was considered and no attem'Jt was made to identify the 

species. 

Co~position of the media used for isolation of fungi an~ 

bacteria 

Medium for fungi : 

Peptone-dextrose-rose bengal agar (Martin, 1950). 
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Agar 20.0 g 

KH 2Po 4 1.0 g 

MgS0 4 7H20 0.5 g 

Peptone s.o g 

Dextrose 10.0 g 

Rose bengal(1%)- 3.3 ml 

Distilled water- 1000.0 ml 

Streptomycin 30.0 mg 
sulphate 

Medium for bacteria ~ 

Nutrient agar medium (Johnson and Curl, 1972). 

Agar 15.0 g 

Beef '?Xtr"lct 3.0 g 

Peptone 5.0 g 

NaCl 8.0 g 

Distilled water- 1000.0 ml 

Dehydrogenase activity ~ 

Dehydrogenase activity of soil was determined by 

2,3,5 triphenyl tetrazolium chloride (T.T.C.) reduction 

technique as suggested 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 treate.-:1 with 0.1 g caco 3 

and 1 ml of 1% T.T.C. The content of each tube was mixed 
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well, plugged with a rubber sto>Jper and incubated at 3rPc 

for 2! h8urs. A$ a result of dehydrogenase activity the 

T. T. c. W'lS l1tduced to triphenyl formazan which was 2Xtracted 

with m2thanol. The soil from each tube was quantitatively 

transferre~ to a What~an No.1 filter paper with the help of 

rn2thanCll and washed down intn 50 ml volumetric flask, with 

a small ;>ortion of tr:ethanol till the volume of fil tr:::J.te was 

m'lde u~to the 50 ml mark. Three replicates were maintained 

in each case. The O~D. of the ~ink coloured filtrate was 

determined at 485 nm by spectr')-ohot:::>meter using methanol 

extract from the contr')l (without soil) as the blank. The 

dehydrogenase activity per gram dry soil was calculated 

from the standard curve prepared by using different con­

centrations of triphenyl formazan. 

Urease activity : 

Urease activity was determined by the method of 

McGrarity and Mayers (1967). 1.0 g of soil was placed in 

100 ml v0lumetric flask and to this was added 1 ml of to­

luene. The mixture was allowed to stand for 15 minutes to 

permit the c7:r1.plete penetration int-:> 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 Orea s:::>lution was replaced by 5 ml 
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distilled T,vater were run for each soil sample. After incu-

bation the content of the flask was made upto 100 ml with 

distilled water. The flask was thoroughly shaken and their 

content filtered through a Whatman No.5 filter paper. Ammo-

ni3 rele~sed as a result of urease activity was assessed by 

indophenol blue method. 0.5 ml of filtrate was placed in a 

25 'Til volumetric flask and to this was added 4.5 ml dis-

tilled water 2.5 ml of pbenolate solution (20 ml phenol 

solution made by dissolving 62.5 g phenol in 20 ml of ~e-

thanol; 28.5 ml acetone and 20 ml of 27%. NaOH were added 

and the mixture was made unto 100 ml with ethyl alcoh~l)and 

1.5 ml of sodium hypochlorite solution containing 0.9% ac-

tive chlorine. The whole mixture was thoroughly mixed and 

after 20 minutes the volume was made upto 25 ml by adding 

distilled water. The O.D. of blue coloured solution was 

measured spectophotometrically at 630 nm. The amount of 

ammania-N formed was calculated by reference to a standard 

curve. Three replicat2s were maintained in each case. 

Phosphatase activity : 

Phosphatase activity was measured by the method of 

Taba:t.abat. and Bremr:er, 1969). 1.0 g sieved ( < 2 mm) soil 

was taken in a 50 ml conical flask and to this 4 ml of mo-

dified universal buffer (pH-6.5) 0.25 ml toluene and 1 ml 

O.l15M disodium P-nitroph~nyl phosphate hexahydrate were 

0 added. The flasks were stoppered and incubated at 37 C 
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for 1 hour. After incubation 1 ml of O.SM CaCl, and 1 ml of 

O.SM sodium hydr-Jxide were added to each flask and mixed 

well. The soil sus9ension was filtered through a Whatman 

No.1 filter paper and O.D. of the filtrate was measured in 

a spectophotometer at 420 nm.Controls (without soil) were 

also run for each soil. The amount of P-nitrophenol re­

leased as a result of ph·osphatase activity was caitculated 

using a standard curve. 

Carbon dioxide evolution 

The ~2 evoluti;n was measured by absorption and 

titration method (Macf~dyen 1 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 containing 50 ml of O.lN 

KOH solution was placed inside the 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 the 

substraction of the atmospheric co 2 • After 24 h·:)urs incuba­

tion at room temperatun:;, the amount of co 2 fixed by KOH 

solution was measured by titrimetric method using O.lN HCl 

as titrant and phenolphthelin as an indicator. Three re­

plicates were used for each soil. Carbon dioxide evolution 

was expressed in mg co 2 evolved per Kg dry soil, by taking 

into consideration the moisture content of the soil. 
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RESULTS 

Soil temperature ~ 

G3nerally, soil temperature was lower in valley 

land cultivation than that of the hill slope and terrace 

cultivations. With increasing depth the soil temperature 

decre~sed in all the fields as well as on all the samoling 

dates. During winter the soil temperature dropped conside­

r3.bly and a lowest temperature was recorded at 30 em depth 

of valley l~nd soil. Almost similar trend of variati~n was 

noted during both the years (Fig.1.1). 

Soil moisture : 

Moisture 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 em anJ the minimum (10.10%) was in hill slope culti­

vati~n soil at 0-ln em depth. In all the three agricultural 

systems higher moisture content was recorded in deeper la­

yers of the soil (Fig.l.2). 

pH 

In valley land soil pH ranged between 4.0 to 5.22, 

while in terrace land it ran~ed between 4.0 and 5.28 and in 

sl~pe land between 3.64 and 5.64. No ~arked temporal varia­

tion in pH was observed (Fig.1.3). 

0 rganic 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 em) soils contained higher organic carbon which de­

creased with increasing soil depth. In all the three pr~c­

tices organic carbon 'irBs higher at the sowing and h3rves­

ting periods (Fiq.1.4). 

Total nitrogen : 

M.aximum nitrogen content was found in valley l3nd. 

soil 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 decreased 

along soil depth. Peak was observed in the month of Octc­

»er during both the year (Fig.L5). 

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 decline 

was observed during following months. In valley land soil 

phosphorus was higher as compared to the terrace land and 

slope land soil. In sloD2 land soil phosphorus content Has 

nearly half of the valley land soil. Generally, with in­

creasing depth, the phosphorus content decreased in all the 

three fields (Fig. 1. 6) • 

Exchangeable potassium : 

l'laximum -potassium w'ls f·:Jund in terrace land soil 
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followed by slope land soil while minimum was obtained in 

valley land soil. There were no marked variation in potas­

sium among the three depths (0-10 em, 10-20 em and 20-30 em) 

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 (Fiq.1.7). 

Fungi. 

Temporal and depth-wise variation in fungal popula­

tion of s~ils of the three fields is depicted in fig.1.8. 

The number of fungi 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 3 maxi­

mum of 3672 propagules/g dry soil was recorded in the sur­

face soil and a minimum of 1252 propagules/g dry soil was 

recorded in the 20-30 em deep soil. In terrace land soil 

surface layer (0-10 em) contained maximum 760 propagules/g 

dry soil was recorded in 20-30 em deep soil. In hill slope 

land the fungal population ranged between 3093 and 930 pro­

pagules/g dry soil. In all the three agricultural systems 

highest fungal population was foun,} in the month of October, 

which was followed by a sharp decline. In valley land fung­

al population is significantly correlated with soil tempe­

rature, nitrogen, phosphorus, bacterial population, dehy-
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drogenase activity, urease activity, phosphatase activity 

and co 2 evolution. In terrace land it is correlated with 

soil temperatura, organic carbon, nitrogen, phosphorus, po­

tassium, dehydrogenase activity, urease activity, phospha­

tase activity and co 2 ev0lution. In hill slope land soil it 

is correlated with moisture content, soil pH, organic car­

bon, nitrogen, phosphorus, dehydrogenase activity, urease 

activity, phosphatase activity and co2 evolution. 

The fungal species isolated from different depths 

of the soil in different systems are given in table 1.1 -

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

land soil. In valley land S<"Jil Absidia glauca, Rhizoous 

.2.£Xzae and Ernmonsiella ca'Jsulata were isolated only fr.')m the 

surf~ce layer (0-10 em) of soil, while Alternaria alternata 

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

20 em). Monilia sp., Penicillium fu'liculata 3.nd Trichoderma 

harzianum were recorded ')nly from 20-30 em depth soil. 

Mucor racemosus, Penicillium brevicompactum and sterile 

f0rms were dominant in middle layer (10-20 em) soil v1hile 

Mucor racemosus, fenicillium chrysoge~ and Trichoderma 

viride \vere dominant fungi in 20-30 em depth soil. Fusarium 

sp., Mucor hi'=rr"talis, !::!· rncemosus, Penicillium brevi.£2!!!£2£­

tum, P. chrysogenum and Trichoderma viride were common in 

all the three depths ~f valley land soil. Absidia glauca, 

Emmonsiella_capsulata, Asoergillus niger, Fusarium ~olani, 

Fusarium poae, Alternaria alternata, !::!~ mucedo, Mucor 
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circenelloides, Aspergillus flavus, Monilia sp., Penicillium 

funiculata;-and !fi£hoderna harzianum appeared 0nly for a 

short time during the study period. 

i'\ t'Jtal number 0f 21 species were isc.>lated' from ter­

race land soil Alternaria alternata, Humicola fuscoatra and 

Penicillium fellutanum were isolated only from surface 

(0-1 0 em) soil. Penicillium ~~~ and Pytl· ium sp. were 

isolated only from 20-30 em depth soil. Mucor olumbeus, 

Penicillium chrys::>qenum "'tnd Trichoderma viride were dominant 

in surf:1ce soil while Trichoderma viride was dominant in the 

middle layer soil. Penicillium brevicompactum was the d:Jmi­

nant fungi in 20-30 em de-pth soil. Aspergillus:.flavus, .f~­

rium £Oae, Mucor hiemalis, :ti· plumbeus, :ti· .f.§.Cemc")SUs, Peni­

cillium chrysogenum, ~· brevicompactum and Trichode~ 

viride were common fungi in all the three depths of ~errace 

land soil. Alternaria alternata, Aspergillus niger, Humicola 

fuscoatra, Monilia sp., Mucor circinelloides, ~· hiemalis, 

Mortierella minutissima, Absidia corymbifera and Trichoder­

ma harzianum appeared twtme or thrice during the study 

period. 

A total number of 27 species were isolated from hill 

slope land soil. Arth::>robotry~ arthrobotryoides, Oidioden­

dron echinuatum, Penicillium £anescens, f· citrinum and 

Phoma sp. were isolated :mly from middle layer (10-20 em) 

0f soil, while Rhizo~us oryzae, Trichoderma koningii and 
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Verticillium chlamydosporum were isol~ted only fro~ (20-30 

em) of soiL'l't'id:lhederma viride and Mucor race'Jlosus were do-

minant fungi in surface soil, whLbe Muc'Jr .r.acemosus was do-

minant in middle layer S)il. Mucor §Cemosus and Trichoderma 

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

gill us flavus, Mucor- hiem::1lis, M. J.?lumbeus, tl• racem:Jsus, 

Fusarium oxysporum, Penici}.lium chrysogenum., P. brevicom-

pactum and Trichoderma vi ride were common '_:fm all the three 

depths. Absidia corymbifera, AsJ.?ergillus niger, Mucor plum-

beus, Monilia su., Oidiodendron echinulatum, Penicillium - . -

canescens., Trichoderma hamatatum, !· harzianum, T. koningii 

and Verticillium chlamydospqrium were isolated sporadically. 

Mycoflora of the three fields did nnt differ sig-

nificantly. Fusarium nxysporum, Mucor plumbeus, M. racem:Jsus, 

Penicillium brevicompactum, 1:· chr<Isogenum and Trichoderma 

viride were the common:fu~~i in- ~11 the fields. 

Bacteri:=.~. : 

Temporal and d9pth-wise variation in the population 

of bacteria of three field soils is given in fig.1.9. The 

nu:T1ber of bacteria per gram of dry soil was maximum in ter-

race land soil which was followed by the valley l2nd and 

hill slope land soil. In terrace land the maximum popula­

tion was in surface soil (8.16xl0 5/g dry soil) and minimum 
' 5 

(8.45xl~ /g dry soil) in the 20-30 em depth soil. In val-

ley land soil surface layer harboured maximum (17.75xl0 5/g 
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dry soil) population and the minimum (7.76x10 5/g dry S:)il) 

was noted in the 20-30 em depth soil. In hill slope land 

the bacterial popul-3.tion ranged between 17.10x10
5 

3.nd 

5. 69xl05 /g dry soil. In all the three systems ·~highest 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 

decre3.se in population was most prominent in hill slope land 

soil. The trend of seasonal variation wns similar in all ~he 

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 soil it is correlated with soil tempera-

ture, nitrogen, phosphorus, ure3.se activity, phosphatase 

activity and co 2 evolution. 

Dehydrogenase activity ~ 

Dehydrogenase activity of soil is expressed as uq 

Tri-;Jhenyl forrnazan/g dry soil 21 h. (fi·].l.lO). 111aximum 

dehydrogenase activity was assayed in valley land soil 

which was followed by t~rrace land and hill slope land soil. 

In all the . thEee agricultural systems maximum act i. vi ty \1-Tas 

founJ in the surface layer (0-10 em) and as depth increased 

the activity decreased. In terrace land soil activity 
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ranged from 16.6 to 70.0 .ug TPF/g dry soil per 21 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 JJg 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 secJnd 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-

ri0-:l was similar in b0th the years and the maximum activity 

was n0ted in the month of October. In valley land soil the 

activity was significantly correlated with organic nsbbon, 

nitrogen, phosph')rus, potassium, fungal popula+:.ion, bacte-

rial p(Ypulati-'1n, urease acti.vi ty and phosphatase activity. 

In terrace land soil it was correlated with organic carb~n, 

nitrogen, phosphorus, potassium, fungal population, urease 

activity, phosphatase activity and co2 evolution. In hill 

slope land the activity was correlated with fungal popula-

tion and phosphatase activity. 

Urease activity : 

I'he urease activity of the potato field::;soils under 

three different agricultural systems expressed as 

dry soil per 3 h. is depicted in fig.l.ll. Valley land soil 

harboured maximum activity f'Jllowed by terrace land and hill 

slope land soil. Maximum activity was recorded from surface 
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soil and with increasing depth the activity decreased. In 

valley land soil the activity ranged fr.om 26.9 to 137.8 )lg 

+ NH 4/g dry soil per 3 h; in terrace land s:")il it ranged be-

tween 22.8 and 109.8 + pg NH,/g drz soil per 3 h. and in 
{± 

hill slope land soil 
. + 

beh-1een 20.8 and 94.9 ..11g NH4/g dry 

soil per 3 h. In both the ye3rs 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 significantl~ 

correlated with organic carbr-:.n, nitrogen, potassium, fungal 

population, bacterial populati"Jn, dehydrogenase activity 

and phosphatase activity. In terrace land soil the activity 

was correlated with nitrogen, phos-ohorus, potassiurn, fung"ll 

population and co 2 evolution. In hill slope land soil it 

correlated with nitr:Jgen, -ph0sph"Jrus, fungal pnpulation, 

bacterial populaticn, phosphatase activity and co2 evolution. 

Phosphatase activity : 

Phosphatase activity expressed as pg p-nitrophenol/ 

g dry soil per h is depicted in fig.l.12. The phosph~tase 

activity followed a trend of variation similar to the 

urease activity. Maximum activity was found in valley land 

soil followed by terrace land and hill slope lan~ soil. In 

valley land soil the activity ranged fr"Jm 263.3 to 295.0 

pg p-ni tr.ophen·ol/g dry soil per h and in hill slope land 
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soil varied from 24':1. 6 t'J 291.0 )lg p-ni tr0phenol/g dry 

soil per h. Surface snil sh:)wed highest activity and as 

soil depth increased the activity decreased, however, in 

hill slope land s~il in the year 1985 at the depth of 10-20 

em the activity• was greater than the surface soil. In all 

the agricultural systems the highest activity was recorded 

in the last week of September or first week of Oct0ber. In 

valley land soil the activity was significantly correlated 

with soil temperature, moisture content, organic carbon, 

nitr'Jgen, phosphorus, fungal populati:Jn, bacterial popula­

tion, dehydrogenase activity and urease activity. In ter­

race land soil it was correlated with soil temperature, 

orq=mic carbon, nitrogen, "Dhos-phorus, potassium, fungal po-

pulation, dehydrl'"'genase 3.ctivity and co
2 

ev·~lution. In hill 

slope land s:Jil the activity was c:Jrrelated with soil tern-

perature, moisture content, soil pH, organic carbon, nitro-

gen, phosphorus, fungal populatinn, b3.cterial p·~pulatiC"n, 

dehydrogenase activity, urease activity and ce2 evolution. 

co 2 ev•'Jluti 'Jn : 

The co2 evoluti::>n expressed as mg co2/g dry soil/ 

21h is given in fig.1.13. Maximum output of co
2 

was fr::>m 

valley land soil followed by terrace land and hill slope 

land soil. In valley land soil co
2 

output ranged from 34 t:J 

104 rrg co 2/g dry soil per 2·1 h. While in terrace land soil 

it ranged between 31 and 97 mg co2/g dry soil per 24 h and 



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

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 Nove~ber 

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. T~mporal variation in pH of valley 

land1 terrace land and slope land 

agricultural field soils fro~ 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 10 September 1986 to 

20 November 1986. 



~LOPE. LAND o--o o-10 em 
• • I 0-'20 c 111 

2 I t 20•30Cm 

3'0 

0' 
~ -z 
0 
:0 
~ 
<( 
u 

u 
z 
<( 
l!) 
cr 
0 

0 
VALLE. Y LAND 

&AMPL lNG DATE.5 



Fig. 1.5. Temporal variation in total nitrogen 

(%) of valley 1and,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. Te~poral variation in available 

phosphorus (%) of valley land, 

terrace land and slope land a~ri­

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. 1.7. remporal 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 valley land, terrace 

land and slope land agricultural 

field soils from 10 September 1985 

to 20 November 1985 and 10 Septem­

ber 1986 to 20 November 1986. 
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Fig. 1.9. ~e~poral variation in bacterial population 

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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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 agricultural field soils 

from 10 September 1985 to 20 ~ovember 

1985 and 10 Septe~ber 1986 to 20 

November 1986. 
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Fig. 1J2. Temporal variation in Phosphatase 

activity of valley land, terrace 

land anQ slope land agricultural 

field soils from 10 September 1985 

to 20 November 1985 aod 10 Septem­

ber 1986 to 20 November 1986. 
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Fig. 1J3. 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. remporal variation.in the population of fungal species per gram dry soil x 102 

in slope land field soils at 0-lOcm depth for the period of 10 September.1985 

to 20 November,1985. Values in parentheses are percentage relative dominance. 

September October November 
Fungal s;eecies 10 20 30 10 20 30 10 20 

As~J;giJJ,~us oige~ - - - - 62.9 
(16. 8) 

Fusarium oxys~~ 23.5 21.0 24.9 28.1 - - - -{3. 9) (3. 9) (5. 6) (8.7) 

Fusariu-n solani - - - - - 21.0 36.8 -(3. 8) {6.6) 

Mucor hienalis - - - - 18.5 15.7 21.0 38.0 
(4. 9) (2. 8) (3 .8) (7.8) 

Mucor J)lumbeus - 36.8 16.6 21.8 - - - -
(6.9) (3. 7) (6.8) 

Mucor ~emosus 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) 

Penicill J. ·'2! brevicom;eactum - - - - 18.5 47.3 - -(4. 9) (8. 5) 

Penicillium chrysQa~nu~ 35.2 
(5.9) - ..; - - - - -

Trichodermai.Yiri...:&e 25.5 .·· .. ~ '33.3 - - - 10.5 
(3. 9) (7.4) (1. 9) 

Sterile - ..;; - 25.0 - ..,. .;;.. 23.8 
(7.8) (4.8) 



Table 
2 : 1.2. Te~poral variation in the population of fungal species per ~ dry soil x 10 

in slope land fi~ld soils at 0-10cm depth for the period of 10 =epte~~r,1986 

to 20 November, 1986. Values in parentheses are percentage relative do-nin~-ce. 

September October :1ove~J:>er 
Fungal species 10 20 30 10 20 30 10 20 

Absidia cory~bifera 

Aspergillu~ !l~ 

Fusarium oxyspC:U] 

Monilia sp. 

·1ortierella rninutissima 

Mucor Elumbeus 

Muccr racernosus 

Penicillium chrysogenum 

Trichoderma harzianum 

Trichoderma viride 

Verticillium sp. 

Steri1e 

25.0 
(3. 2) 

18.5 
{2. 7) 

12.5 
(1. 8) 

25.0 
(3. 2) 

19.0 
(2 .8) 

10.5 
(1.8) 

31.5 
(5.5) 

-
15.5 
(2. 7) 

31.5 
( 5. 5) 

10.5 
(1.8) 

13.0 
(2. 6) 

- 20.0 
{5.6) 

13.0 10.0 
(2.6) (2.8) 

21.5 20.0 
(5.4) (5.6) 

26.0 26.5 
{5.3) {7.4) 

. 13.5 13.5 
{2.6) (3.7) 

13.8 10.0 
(2.6) (2.8) 

9.0 
(1. 7) 

4.5 
(0.8) 

13.5 
(2. 5) 

18.0 
(3 .·4) 

13.5 
(2 .5) 

13.5 
(2. 5) 

27.0 
(5.1) 

-

15.5 
(2. 4} 

10.5 
(1. 6) 

-
15.5 
(2. 4) 

10.5 
(1. 6) 

21.0 
(3. 2" 

16.0 
(2. 5) 

11.0 
(1. 7) 

-

11.0 22.·J 
(1.5) (2.9) 

27.5 2S.O 
(3.8) c-~.7) 

33.0 16.5 
{4.6) (2.2) -

11.0 22.0 
(1.5) (2.9) 

16.5 1.1..0 
(2.3) (1.4) 



Table 1.3. Te-nporal variat-ion in the population of fungal species per ;"ra..:-; dry so:_: x 102 

tn slope land field soils at 10-20c:n depth for the pe.::-iod of : ~ 3epte::--~I\, 1985 

to 20 ~~ovember, 1985. Values in parentheses are percentage =e:ative C.o-.i:1ance. 

September October-~-- :;ove:n!:--e= 
Fungal species 10 20 30 10 20 30 13 2 :> 

Aspergillus niger - -
Fusariu~ oxysporum <~~gr 46.1 

(12.4) 

Fusarium solani - -
'1onilia sp. 14.2 3.8 

(2.9) ( 1. 0) 

Mucor hiemalis - ---
~-1UCO£ pl umbeus - -
Mucor race.,osus 9.5 34.6 -- (1. 9) (9.3) 

Penicillium ch.r:ysoge11'!f!l 28.5 15.3 
(5.9) ( 4. 1) 

rrichoderma viride 19.0 
(3. 9) -

Sterile 

- 8.6 
(2 .1) 

- (34 ·1 8.6 

- -
39.2 

(10.6) 

- 30.4 
(7.6) 

28.5 26.0 
(7.7) (6. 5) 

32.1 
(8.6) 

17.6 
{3. 0) 

23.5 
( LO) 

19.9 
( 2. 9) 

29.4 19.9 
(5.0) (2.9) 

29.4 33.3 
(5.0) (4.9) 

13.,3 
(1. 9) 

13.3 
(1. 9) 

53.8 
(7.2) 

4E.l 
(6. 2) 

12.1 
( i. 7) 

3 5. 8 
(E. 7) 

21..0 
C3. 8) 



1.4. Te:11poral va~ic~io:-1 i:-J ~he p:~p-....::.la"ti:-r; of f-;;:--:?al specie.= ";)~- ;!rarr dr-v soil x 10
2 

i~ sln~~ lan6 field soils a~ 10-2~ ~~dept~ ~~r t~e p~rio~ of lD Se~te~~er 193F 

to 2:l !~o·,;e:r'~er 1t;?3~. V~l:.:~s in p2.rer:t~2se.s are ;:>~rce:;.t2.;:e relative d::Jrri:~a!lce. 

Fungal species 

Art'1rabotrys artr.rabCJtryoide~ 

Aspergillus flavus 

Aspergillus ~ 

Fusariu~ oxysoarum 

M:milia sp. 

Mortierella minutissima 

~ hiemalis 

Mucor plu:nbeus 

Mucor race:nosus 

Oidiodendron echinulatu~ 

Penicilli'.lm crevicorinactum 

Penicillium canescens 

Penicilliu~ chrysoqenum 

Penicillium citrinum 

Penicilliurr· fellc.tanum 

~sp. 

Trichode~a hamatum 

Trichode~a harzianum 

Trichoderma viride 

Sterile 

10 

20.0 
(2. 9) 

13.5 
(1. 9) 

13.5 
(1. 9 J 

20.0 
(2. 9) 

2'J.O 
(2. 9) 

3.5 
(1. 9) 

Septe:nber 
20 30 

13.0 10.0 
(1.8) (1.8) 

6.5 
( 0. 9) 

13.0 
(1. 6) 

16.5 
(0. 9) 

25.0 
(4. 5) 

13.0 20.0 
(1.8) (3.6} 

20.0 20.0 
(2.8) (3.6} 

13.0 
(1. 8) 

20.0 
(2.8) 

10.0 
(1. 8) 

10.0 
(1.8) 

10 

16.0 
(2.4) 

16.0 
(3. 4) 

12.0 
(2 .6) 

12.0 
(2 .6) 

16.0 
(3. 4) 

20.0 
{2. 6) 

October 
20 30 

15.5 20.0 
(2.6) (21.1) 

15.5 
(2. 6) 

15.5 
(2. 6) 

15.5 
(2 .6) 

13 .o 
(1. 6) 

13.0 
(1. 6) 

20.0 
(21.1) 

22.0 14.0 
(3.5) (1.6) 

15.5 20.0 
(2.6) (21.1) 

!·~ove-:1be:r 
10 ;1[') 

13.0 23.0 
(1.7) (2.2) 

13.0 
(1. 7) 

13.0 
(1. 7) 

13.0 23.,0 
(1.7) (2.2) 

21).0 15.5 
(2~5) (1.5) 

20.0 15.5 
(2.5) (8.5) 

1.0 
(2. 5) 

7.5 
( 3. 5) 



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

in slope land field soils at 20-30 em depth for the period of Septe~ber, 1985 

to November, 1985. Values in parentheses are percentage ·· elative dominance. 

September October November 
Fungal species 10 20 30 10 20 30 10 20 

FusarlUm oxyspo~~ 10.5 40.9 
(1.8) (9. 3) 

~usarium poae - - - 41.1 - 16.6 
(7. 5) (1. 9) 

Monilia sp. 21.0 9.0 - - - - -
(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 12l.t1lll.beus - - 36.0 - - - ... -
(8.8) 

Mucor racemosus 5.2 36.3 - 29.4 26.6 8.3. 49.9 49.9 
(0.9) (8. 3) {5.3) (4 .1) (0. 9) (5.8) (9.4) 

-
Penicillium chrysogen~ 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 - -
(3 .1) (0.9) 



able 1.6. re·nporal variation in the population of fungal species per gram dry soil x 102 

in slope land field soils at 20-30 em depth for the period of September 1986 

to November 1986. Values in parentheses are percentage relative 4ominance. 

Septe:nber October November 
Fungal snecies 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 u.s 13.5 
((0.9) (1. 7) (1. 7) (1. 7) 

Fusarium oxysparum 16.5 7.5 23.5 
(1. 9) (0.9) (3. 5) 

Monilia sp. 13.5 
( 1. 8) 

... ... 

!-1ortierella !!!lnutissima 20.0 5.5 13.5 20.0 
(2. 7) co .a> (3. 5) (2. 5) 

Mucor hi~~lis 16.5 u.o 6.0 13.5 t4.0 
( 1. 9) (1. 7) (0.6) (1. 7) 1.5) 

Mu~-~ ~!?~'!! 11.0 
(1. 7) P·5 2.3) 

Penicillium brevi.compactum 16.5 
(1. 9) 

7.5 
(D. 9) 

~4.0 
1.5) 

~5.o 
2.2) 

Penicillium chrysogenum 25.0 7.5 20.0 21.5 33.5 
(2. 9) (0. 9) (2. 7) (2. 3) (3. 0) 

Penicillium !!!lutanum 11.0 11.5 6.5 ~ 

(1. 7) ( 1. 7) (0.8) 

Rhizopus oryzae • 16.5 
(2 .5) 

11.5 
(1. 7) ~o.o 

2.5) 

rrichoderma hamata tum 16.5 8 5 
(1. 9) co: 7) 

rrichoderma harzianum 7.5 13.5 ~6.5 6.0 6.5 .. 
(0.~) (1.0) 2. 5) (8.8) (0.8) 

,!richoderma koningii 11.0 
(1. 7) 

Trichoderma -Y!£19.! 16.5 
(1.9) 

13.5 
(1.8) 

11.0 
(1. 7) 

6.0 
(8.8) 

20.0 
(2. 5) ~4.0 1.5) ~6.5 1.5) 

Verticill i 1:m chla'Tiydosporum 30.5 
(3 .a> 

Sterile 16.5 7.5 13.0 
(1. 9) (0. 9) (1. 7) 



~Table 1. 7. Temporal variation in the population of fungal species per gram dry soil x 102 

in terrace land fi~ld soila at 0-10 em depth for the period of 10 Sep~r, 

1985 to 20 !iovember, 1985 •. Values in parentheses are percentage relative 

dominance. 

September October Nove~r 
Fungal s:eecies 10 20 30 10 20 30 10 20 

Aspergillus nige~ - - - 13.8 16.6 - - 32 .. 1 
(4.9). {5. 8) (8.9) 

~arium ~ysporum 17.3 20.0 15.3 22.2 - - .., -
(4. 3) {5. 0) (3. 9) {7. 8) 

F·~ ·- aJ:'i urn poae - - - - 24.9 16.6 17.3 24.9 
(8.7) (4.6) (3. 6} (6. 9} 

. _Monilia sp. - - - 19.4 
{6 .a> 

Mucor circenelloides - - - - - 9.9 
{2. 7) 

Mucor hiemalis - - - - 16.6 -(5. 8) 

Mucor p!_umbeus - 4.0 15.3 24.9 - 26.6 17.3 
Ci.o> {3. 9) (8. 8) (7.4) (3.6) 

·Mucor racernosus 39.1 . 8.o 19.2 ~ - - 21.7 -
(9.7) (2. 0) (4. 9) (4.6) 

Penicillium chrysoge~~ 30.4 32.0 15.3 - - -
(7.5) (8. 0) (3. 9) 

:~ni·cillium fellutanum - " - - 33.3 39.9 13.0 32.1 
(11. 7) (11.1) (2. 7) (8.0) 

· :·~Tribhoderma viride 13.0. 36.0 34.6 19.4 - - 17.3 10.7 
(3. 2) (9.1) {8.9) (6.8) (3.6) (2. 9) 

.:·: Sterii.e - - - - 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 ary SOil X 1~ 
in terrace land field soils at 0-10 em depth for the period of 10 September 

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

September October November 
Fungal SJ2ecies 10 20 30 10 20 30 10 20 

~~!!! altarnata ·- 13.5 
(1.0) 

Absidia corymbifer~ 9.0 11.5 9.0 
(3.1) (2. 9) (1.9) 

!\s12erq!ll us fl!Y'J.J!.. 9.0 22.0 13.5 
(3. 1) (5. 9) (2. 9) 

J~spergillus niger 17.5 26.0 
(3. 9) (4. 6) 

Fusarium oxysporum 25.0 16.0 
(5.4) {2. 7) 

fuaarium :eoae 21.0 17.0 12.0 
(5.3) (5.2) (4.1) 

Humicola fuscoatra 12.5 16.0 
(3 .2) (2. 7) 

Monilia ap. 18.0 17.5 21.0 
(3. 9) (3. 9) (3. 7) 

~ hiemalis 20.0 10.0 9.0 
(4. 3) (3 .1) (3.1) 

~ mucedo 10.0 
{2.1) 

~ plumbeus 10.0 16.5 7.0 12.0 7.5 9.0 13.0 
(2 .1) (4.2) (2. 0) (4.1) (1. 9) (1. 9) (2. 9) 

~ racemosus 4.5 10.0 6.0 15.0 
(1. 0) (3 .1) (2. 0) (3.9) 

Penicillium brevicom12actum 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) 

££_nici.!.l!~ fellutanum 25.0 18.0 
(5.4) (3. 7) 

Trichod!!!!!! vi ride 10.0 8.0 21.0 12.0 7.0 
(2 .1) (2 .1) (6. 2) (4.1) {1. 5) 

Sterile 16.5 
(4.2) 



Table : 1.9. 
. 2 

Temporal variation in the population of fungal species per gram x 10 

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

1985 to 20 November~ 1985. Values in parentheses are percentage relative 

dominance. 

September ~--~--october November 
Fungal species 10 20 30 10 20 30 10 20 

Asperg~~lu~ niger - - - - r~:j> 16?9) - t~:1> 
Fusarium oxysporum 

~9.4) - t1:~> tr:9> 5.2 
Fusarium poae - - - - {"·a, 1:~:9 1:~:1> -4.1 

Monilia sp. t 7 .6, - t3.0 t 7. 3) cf :d> 3.1 2. 9) 3.8 

Mucor circenelloides - - - - ti:J> 
Mucor hiemalis - - '·" - - -(2. 0) 

Mucor .121 trnbeus - 10.0 4.3 ~4. 7) - ~3.8 ~6.6) 
(2. 0) (0. 9) 7.7 4.6) 3.6 

Mucor ~e:nosus 23.5 15.0 8.6 - - ... - ... 
(4.2) {3. 2) {1. 9) 

Penicillium ..Qrevico:npactum - - - - 40.7 ~8. 0) 13. 3) 1l:~> (11.4) 7.5 4.5 

Penicillium chrysogenu~ 17.6 30.0 30.4 13.0 - - -
(3.1) (6.1) (6.9) (2 .a> 

Pythi~T!l sp. 
- ~"' .. ··: .. .. ... .... - 9.0 

(1. 9) 

Trichoderma viride 11.7 45.0 21.7 8.6 - 4.7 - .. 
(2.1) (9.i~ c:.. 9) (1. 9) (0.9) 

Sterile - - - - - 9.5 19.9 9.0 
------ -~ -- -· -- - (L._Sl (2. 7) (1._21 



Table 1.10. re·. ,L· 'ral variation in the population of fungal species per gram dry soil x 102 

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

1986 to 20 aovember, 1986. Values in parentheses are percentage relative 

dominance. 

Septe~nber 

Fungal species 10 20 

Absidia corV]bifera 

Aspergillus flavus 

Fusarium poae 

Moni_lia sp. 

Mortierella minutissi~a 

Mucor hiemalis 

Hucor plumbeus 

'1ucor racemosus 

20.0 
(3. 2) 

20.0 
(3. 2) 

Penicillium brevicompactum 13.0 
(2.1) 

Penicillium canescens 

Penicillium chrysogenum 

Trichoderma harzianum 

Trichoderma viride 

Sterile 

13.0 
(2 .1) 

20.0 
(3. 2) 

13.0 
(2 .1) 

20.0 
(3.2) 

14.0 
(3 .1) 

20.0 
'(3.2) 

13.0 
(2 .1) 

13.0 
(2 .1) 

6.5 
(1.0) 

6.5 
(1. 0) 

13.0 
(2 .1) 

7.0 
(1. 3) 

30 

8.5 
(4 .1) 

14.0 

14.0 
(3 .1) 

28.5 
(6 .3) 

9.5 
(2.1) 

-· 
14.0 
(3 .1) 

9.5 
(2 .1) 

10 

16.0 
(I. 2) 

s.o 
(2 .1) 

12.0 
(3. 1) 

20.0 
(5.2) 

24.0 
(6. 3) 

20.0 
(5.2) 

October 
20 

14.0 

30 

20.0 
(2. 9) 

~Jove~ber 

10 20 

20.0 13.0 
(4.0)- (1.9) 

3.8 
(8.5) 

24.0 
(5.0) 

4-.0 
(1.1) 

20.0 12.5 2J.O 
(2.9) (2.0) (2.2) 

13.0 
( 1. 9) 

20.0 19.0 26.5 
(2.9) (3.0) (3.8) 

13.0 
(1. 9) 

-

6.0 13.0 
(1. 9) 

13.0 13.0 
(1.0) (1.9) 

-
6.5 19.0 

(0.9) (3.0) 

6.5 12.5 14.0 
{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 em depth for the period of 10 Septe~er, 

1985 to 20 November, 1985. Values in parentheses are percentage relative do~inance • 
. 

September October Nove:1'ber 
Fungal SEecies 10 20 30 10 20 30 10 20 

As:;>@J:"gilll.l~ 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) 

Monilia sp. 7.1 - 10.0 20.0 3.7 
( 1. 0) (3. 0) (3. 9) (1.1) 

Mucor hieillcdi~ - - - - 7.4 
(2.2) 

Mucor plUltlQ@US - 6.2 10.0 25.0 3.7 14.2 25.0 11.1 
(1.1) (2.0) (4. 9) (1.1) (2. 8) (4.6) (1. 9) 

Mucor racemosus 35.7 12.5 15.0 30.0 
(5.4) {3 .2) (2. 0) (5.0) 

Penicillium brevicom~~ctum - - - - 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 so.o 15.0 - - - 18.7 s.s 
(1.0) {9.0) (3. 0) (2.7) (0.9) 

Sterile - - - - - 9.5 6.25 s.s 
(1. 9) (0.9) (0.9) 



Table : 1..12... 1·e~poral variation in the population of fungal species per grail dry soil x 102 

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

1986 to 2fl N'"l'.E""l\ber,1986. Values in parentheses are percentage relative dominance. 

--Septe'Tlber October ~ovember 

Fungal s:eecies 10 20 30 - __ lQ 2() __ 30 
~----- -·- 10 20 

Absidia corymbif~ra - 16.5 20.0 
(2. 2) (3. 2) , 

As:Qergil~\1~ flavus - - - 22.0 ... - 14.0 15.0 
(4.2) (2. 0) (1. 9) 

Asp~r-gill '1.15 n.i.ge~ - - - - 20.0 25.0 
<2 .o> (2. 9) 

Fusarium oxysporum 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 min~tissima - - 20.0 20.0 
(3. 2) (4.0) 

Mucor- hiemalif; - - 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 plurnbe~s - - - - - - 14.0 15.0 
(2. 0) (1. 9) 

Mucor racemosus - - - 11.0 - .. 
(2 .1) 

Penicillium brevicompactum - 16.5 20.0 11.0 2·o.o 25.0 
(2. 2) (3 .2) (2.1) (2. 0) (2. 9) 

Penicillium chrysoaenum 28.5 ... - - - - u.o 23.0 
(4. 3) (2. 0) (2. 9) 

Penicillium fellutanum - - - - - - 21.5 
(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 
(3.0) (1.9) (2. 0) (3. 0) 

sterile - - - "2'3.1) 
(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,1985 

to 20 November, 1985. Values in parentheses are percentage relative abundance. 

September - ---- -- - Octo6elr November 
Fungal species 10 20 30 10 20 30 10 20 

Aspergillus niger 

Fusarium oxysporum 

Fusarium poae 

Fusarium solani 

Mucor circenelloides 

Mucor hiemalis 

Mucor plumbeus 

Mucor racemosus 

Penicillium brevicompactum 

Penicillium chrysoge~um 

Rhizopus oryzae 

Trichoderma viride 

Sterile white 

Sterile yellow 

-
19.0 
(4. 5) 

-

.. 

33.3 
(7.8) 

-
42.8 

(10.1) 

4.7 
(1.1) 

.. 

22.0 
(6. 5) 

15.5 
(4. 5) 

18.5 
(5.4) 

-
33.3 
(9.7) 

11.1 
(3. 2) 

17.Q 
(5.4) 

-

... 

13.7 
(4 .3) 

24.1 
(7.6) 

20.7 
(0. 5) 

10.3 
(3. 2) 

13.7 
(4.3) 

-

-
29.00 
(10.0) 

35.4 
(12.2) 

-
-

22.5 
(7.8) 

12.9 
(4.4) 

-

8.6 
(2. 4) 

-
30.4 
(8. 5) 

39.1 
(10.9) 

-
8.6 

(2 .4) 

... 

13.0 
(3 .6) 

-

-
22.2 
(4.0) 

-

22.2 
(4.0) 

38.8 
(7.0) 

-
-

11.1 
(2.0) 

5.5 
(1.0) 

-
... 

15.3 
(2.0) 

23.0 
(3 .1) 

30.7 
(4.1) 

-
-
-

26.3 
(5.4) 

·-

23.9 15.7 
(3.1) (3.2) 

- -
- I 

- -
7.6 31.5 

(1.0) (6.5) 

- 26.3 
(5.4) 



2 . 
Table 1.14. Temporal variation in the population of fungal species per gram dry soil x 10 in valley land field 

soils at ·0-10 em depth for the period of 10 September,1986 to 20 NO~ber 1986. values in parentheses 

are percentage relative abundance. ., 
. ' 

-: 

September October Novemba.t 
Fungc~.l speote~ 10 20 30 10 20 30 10 . 20: 

I 

~~ gl~UCc!l 10.0 13.5 - - - - - 13 .s 
(2 .2) (3 .1) (2. 9) . 

Emmonsiella capsulate 25.5 
} 

(5.5) 

f'usarium Qxyeporum 10.0 23.0 - - - -(2 .,2) (5.2) 
Mortierella minutissima - - 20.0 21.0 - -(6. 5) (7~7) 

Mucor hiemalis 15.0 - 13.0 21.0 - - - ,. ... 
(3. 3) (4.3) (7. 7) 

Mucor ~ umbeus -·is.o - - - 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 u.o 20.0 13.5 
(3.3) (6.3) (6. 5) (10.0) ( 10.1) (2. 9) (5.2) (2 .9) 

Penicilli~ brevicompactum - - ,to.o ·- 23.5 18.5 16.0 13.5 
(3. 3) . (7 .a> (.f.&) (,,,, (4.1) (2. 9) 

Penicillium chry~ggenum - 18.0 17.0 . - 13.0 22.0 - ,.. 
(4.2) (5.4) (4.4) (5. 9) 

Trichoderma viride - - 20.0 18.0 ,. - 28.0 23.0 
(6.5) (6.6) (7.3) (4. 9) 

Sterile to.o te.o - 13.0 17.0 7.5 12.0 lb.5 
(2 .2) (4.2) (4. 5) (5,6) (1.9). (3 .1) (4. 0) 

\ 



Taole : 1.15. Te~poral variation int~he population of fungal species per gram dry soi1 x 102 

in valley land field soil at 10-20c~ depth for the period of 10 Septe~ber,l985 

to 20 November~ 1985. Values in parentheses are percentage relative dooinance. 

Fungal species 

Aspercrillus niger 

Fusarium poae 

Fusarium solani 

'~ucor hiemalis 

f·~ucor plurr.beus 

.viu.cor racer-:osus 

Penicilli~ Erevicomeacturo 

Penicillium chrysogenurn 

Penicillium fellutanum 

Trichoderma viride 

Sterile white 

Sterile yellow 

S~pt~rr.ber october 
10 20 30 10 20 30 

23.5 
(4.4) 

23.5 
{4.4) 

41.7 
(7.8) 

11.7 
(2 .2) -

17.3 
(4. 9) 

21.7 
(6.2) 
17.3 
(4. 9) 

21.7 
(6. 2) 

-

21.7 
(6.2) 

15.3 
(4. 5) 

15.3 
(4. 5) 

19.2 
(4.6) 

-
15.3 
(4. 5) 

... 

-

25.9 
(8.1) 

33~3 

(10.4) 

34.6 14.8 
(10.1) (4.6) 

1(.8 
{4. 6) 

11.1 
(3 .4) 

36.8 
(8.7) 

21 .. 0 
(5.0) 

15.7 
(3. 7) 

-
29.4 
(5.5) 

17.6 
(3.3) 

26.3 23.5 
(6.2) (4.4) 

-
-
-

29.4 
( s. 5) 

-

Nove-n.ber 
10 20 

16.6 
(2 .1) 

33.3 33.3 
(4.2) (7.0) 

24.9 
(3. 2) 

-
22.2 
(4.6) 

24.9 4-4.4 
(3.2) (9.3) 



Table 1.16. Temporal variation in the population of fungal species per gram dry soil x 10
2 

in valley land field soil at 10-20 em depth for the period of 10 September,1986 

to 20 Nove·nber,1986. Values in parentheses are percentage relative dominance. 

Funga" _sQec:i._e~ 

Alternaria alternata 

Aspergillus flavus 

Aspergillus niger 

Fusarium oxysporum 

Mortierella minutissima 

Mucor hiemalis 

Mucor mucedo 

Mucor racemosus 

~nicilliurn brevicompactum 

Penicillium chrysogenum 

Penicillium fellutanum 

Phoma sp. 

Trichoderma viride 

Sterile 

September 
10 20 

15.,5 
{ 3 .. 6) 

10.,5 
( 2. 4) 

15.5 
(3 .6) 

14.0 
( 3. 1) 

5.0 
(1. 0) 

19.0 
(4. 3) 

1~.5 

28.5 
(6. 3) 

14.0 
(3. 1) 

26.5 19.0 
(6.1) (4.3) 

16.0 
( 3. 8) 

16.5 
( 3 . 9) 

30 

8.0 
(2.1) 

16.5 
(4.,3) 

8.5 
( 2. 2) 

8.5 
(2. 2) 

8.5 
(2. 2) 

12.5 
(3. 2) 

25.0 
(6. 5) 

12.5 
( 3. 2) 

10 

7.5 
(2 .1) 

11.0 
(3. 2) 

ta.s 
(5.4) 

-
33.5 
(9. 8) 

-
14.5 
( 4. 3) 

15.0 
(4. 5) 

-

October 
20 

16.5 
(lo4) 

25.0 
(6. 6) 

25.0 
(6. 6) 

16.5 
(4. 4) 

17.0 
(4. 6) 

-------------------------------------------------------------------·---------------

30 

13.0 
(3. 0) 

21.5 
(5.0) 

17.5 
(4.0) 

21.5 
(5.0) 
17.5 
( 4. 0) 

9.0 
(2. 2) 

November 
10 20 

11.0 
(2.2) 

11.0 
(2.2) 

22.0 
( 4. 4) 

22.0 
(4. 4) 

22.0 
( 4. 4) 

12.0 
(2. 3) 

18.5 
(3. 0) 

12.5 
( 2. 0) 

2 5. 0 
(4.,0) 

12.5 
(2. 0) 

18.5 
(3. 0) 

13.0 
(2. 3) 



Table : 1.17. Te"'poral variation in the population of fungal species per gram dry soil x 1.02 

in valley land field soils at 20-30 em depth for the period of 10 SepteT~r, 

1985 to 20 '1ovember, 1985. Values in parentheses are percentage relative 

:dominance-. 

September October Nove~ber 
~~ngal_ ~l2~c:ies _ _ ___ -~ _ 10 --~20 30 -~__!Q_ 20 30 1Q_ 20 

Aspergillus flavus 

Aspergillus niger 

Fusarium }?Oae 

Fusariu:n solani 

Monilia sp. 

Mueor circene~loides 

Mucor hiemalis 

··Mucor P:lumbeus 

Mucor racemosus 

Penicillium ahrysogenum 

Tr±choderma viride 

Sterile 

23.5 
(3. 5) 

-
-

23.0 
(3. 5) 

38.4 
(5.8) 

15.3 
(2 .3) 

09 

-
19.9 
(4. 0) 

-

10.5 
(2. 5) 

5.2 
(1. 2) 

5.2 
(1. 2) 

5.2 
(1. 2) 

19.9 15.7 
(4.0) (3.7) 

26.6 26.3 
(5.3) (6.2) 

19.9 15.7 
(4.0) (3.7) 

10.5 
(2. 5) 

13.3 5.2 
(2.6) (1.2) 

-
.. 
-
-

18.1 
(4. 9) 

22.7 
(6. 0) 

~ 

47.3 
(11.4) 

-
-

26.3 
(6.3) 

·--
18.1 26.3 
(4.8) (6.3) 

22.7 
(6.0) 

9.0 
(5.4) 

... 

-

-
-

-
-

-

.,. 

-
27.2 
(3 .4) 

21.4 27.2 
(3.5) (3.4) 

28.5 27.2 
(4.6) (3.4) 

- 1.8.1 
(2. 2) 

49.9 9.0 
(8.1) (1.1) 

29.4 
(6.1.) 

-
-

-
4,7.0 
(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 2Q-30 em depth for the period of 10 Septe~~=. 

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

dominance. 

September 
Funga~ spegi~§__ _ ------~---- _l._Q ____ 20 30 

Aspergillus alutaceus 

Aspergillus flavus 

:-.Aspergillus niger 

Fusarium oxysporum 

Mortierella minutissima 

Mucor hiemalis 

Mucor mucedo 

Mucor racemosus 

Penicillium chrysogenum 

Penicillium fellutanum 

-ianieillium funiculata 

Phoma sp. 

Trichoderma harzianum 

Trichoderma viride 

Sterile 

7.5 
(1. 2) 

-
5.5 10.0 

(1.0) (2.2) 

15.5 16.5 
(2.5) (3.2) 

15.5 
(2. 5) 

15.5 
(2. 5) 

15.5 
(2. 5) 

15.5 
(2. 5) 
15.0 
(2. 3} 

-

27.5 20.0 
<5.3) (1.4) 

15.0 
(3. 3) 

1.6.5 20.0 
(3.2) (4.4) 

5.5 
(1. 0) 

10.0 
(2. 2) 

16.5 15.0 
(3.2) (3.2) 

11.0 10.0 
(2.1) (2.2) 

10 

-
5.0 

(1. 0) 

s.o 
(1. 0) 

45.0 
(9.8) 

1.0...0-
(2~ 1) 

-
15.0) 
(3. 2 

20.0 
(4. 3) 

October 
20 30 

- -
17.5 12.5 
(3.2) (2.1) 

- -
17.5 12.5 
(3.2) (2.1) 

-
17.5 18.5 
(3.2) (3.2) 

17.5 .25.0 
(3.2) (3.3) 

-
-

- -
lj:~> l~:~> 
12.5 19.0 
(2.5) (3.3) 

November 
10 20 

18.5 12.5 
(3.3) (2.0) 

- 6.0 
(1. 0) 

6.0 12.5 
(1.1) (2.0) 

12.5 
(2. 2) 

-

18.5 25.0 
(3.3) (4.1.) 

~i:2> t~:d> 
18.5 E. 5 
(3.3) (1..0) 

2 



Table 1.19. Simple correlation coefficient (r) values among 

various soil characteristic parameters of valley 

land potato field. 

* I 

F B D u Pe 

T 0.54*~* 0.47k** N.S. N.S. 0.30* 

Me N.S. N .S. N.S. u.s. 0.2B* 

pH N.S. N .S. N .S. N.S. N .S. 

c N.S. N.S. 0.573** 0.49*** 0.52*** 

N o. 79* * * 0.72*~* 0.51*** 0.34* 0.44* 

Ph 0.75**'* 0.74**~ 0.29* N.S. 0.62*** 

K N .S. N.S. 0.52*•* 0.34* N.S. 

F X 0.69*** 0.33* 0.29* 0.57* .. * 

B X X 0.34* 0.37** 0.46*** 

D X X X 0.66*** 0.36* 

u X X X X 0.35* 

Pe X X X X X 

**• *** Significant at 0.05, 0.01 and 0.001 P respectively. 

T = Temperature, Me • moisture content, C • organic carbob, 

Co2 

o. 70*** 

0.31* 

N.S. 

N.e. 

0.65*** 

0.68*** 

N.S. 

0.77*** 

0.58*** 

N.S., 

N.S. 

N .S. 

N = nitrogea, Ph • phosphorus, K = potassium, F = fungal population, 

B = bacterial population, D = dehydrogenase, u • Urease, Pe = Phos­

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



I ' 
\ :: 

v~r~~us soil characteristi2s param=ters 0f ~err~ce 

l-3nd soil. 

----- ~--- -·· - ----- --------

~ 3 "1 'l' Pe Co
2 

T 0.35* N. ':". N.S. N C" . . . r'l.bo*** O.SS*** 

'1c N.~ .. N.S. "~. s. N.S. 0.43** 1).~9* 

pH N.S. N.~. N.S. N .s. N.:::. N.S. 

c 0.43** N.8. 0.~3""** N.S. 0.~2*** o.,j4** 

N 0.83--** N.S. 0.30'"* 0.40*• 1').48"** 0.81)"** 

Ph 0.78"** N.S. 0.62~** 0.66"** O.:J2*"'* 0.7.!.*"'* 

K 0. 44 ** N.S. 0.~9*** 0.47**"* o. 3 5,. 0.28• 

F X N • .S. 0.40** 0.52** 0.28* 0.81 **" 

B X X N.S. N.S. 0~29 .. N.S. 

D X X X 0.56,.** 0.58*** 0.36* 

u X X X X N.S. 0.34* 

Pe X X X X X 0.38** 

~** Significant at 0.05, 0.01 and 0.001 P respectively 

T = Te~perature, Me = moisture content, C = organic c~rbon, 

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

B = Bacterial population, D = de!-,y1rogenase, u = Urease, 

?e~ piosphatase, Co2 = carbon dioxide, N.S. = nOL significant. 



Table 1.21. ~imple correlation co-efficient (r) values a~~n1 

vario~ts chara~teri,.,tic p-.ra~·eters of slope land 

potato field. 

F '!:' D u Pe Coz 

'!' N.S. 0.'5** N • ~-: • N ,. . . 0.28* 0.49*** 

'1c 0.49il:** N.S. ~~ .s. N.S. 0.59* ... * 0.45*** 

pH 0.30* ~.s. N.S. ~ . .::. 0.33* N.S. 

c 0.28 .. N.S. n.s. N.S. 0.31 * N.S. 

N 0.55*** 0.85* ... * N.~. 0.57 ... ** 0.51*•* 0.63*** 

Ph 0.56*** 0.82*** N • .S. 0.78*** 0.59•*'* 0.58* .... * 

K ~~. s. N .~ • I~. S. N.s. 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•** 0.72*** 

D X X X N.S. 0.28* N.S. 

u X X X X 0.42** 0.36..-* 

Pe X X X X X 0.77*** 

w, **, *** ~i~nificant at 0.05, 0.01 and 0.001 P resp~ctivoly 

T ~ ~empera'ure, Me == moisture co~tent, ~ = organic carbon, 

N == ni t.ro:1en, P:~ - pr-;o='ph0rus, 1< =· potassium, F = f'JP}gal 

popula~ion, B = bact~rial pop~latlon, D = dehydrogenase, 

U = Urease, Pe = phosp~atase, Co2 = carbon dioxide, 

N.S. = not significant. 



Table : 1.22. Comparison of soil fungi using model of Sorenson 

for similarity index at different depths and in 

different field soils. 

Valley land 

Depth1 X Depth2 = 68% 

Depth1 X Depth3 = 64% 

Depth2 X Dept..h3 = 78% 

Depth1 

VL X TL - 68% 

TL x SL - 70% 

VL x SL = 66% 

VL X n. - 93% 

TL x SL - 71% 

VL x SL - 67% 

Terrace land Slope land 

Depth1 X Depth2 = 77% Deptlf1 X Depth2 

Depth1 X Depth3 = 78~ Depth1 X !>epth3 

Depth2 X Depth3 •78% Depth2 X Depth3 

VL X TL = 55% VL x TL 

TL x SL - 70% TL x SL 

VL X SL = 65% VL X SL 

Potato field vs. Riee field1• 61% 

Potato field vs. Maize f1eld2•56% 

Depth1 = 0-10 em, Depth2 • 10-20cm, Depth3 • 20-30cm 

VL = valley land, TL • terrace land, SL = slope land. 

1aaruah(1983}, 2nkhar(1983}, Sorenson(1948}. 

=84% 

=91% 

=68% 

=75% 

•71% 

=61% 
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and in hill slope land s:il it ranged from 36.3 to 91 '11') 

co 2/g dry soil per 24 h. The peak of co2 evoluti~n was 

n-:Jted in the month of Oct':lber in all the three agricultural 

syste'11s. In 1'85, on 20th November, the co 2 ev:;luti')n ScJd­

denly increased while the same was not ~bserved in the year 

1986. Surf~ce soil (0-10 em) showed higher co2 ev•lution as 

compared t0 the deeper layers of the soils. In general, the 

trend of te'l1poral variation was similar in all the three 

field soils. In valley land soil the co2 evolution was sig­

nificantly correlated with soil te'11perature, moisture c:;n­

tent, nitrogen, phosphorus, fungal population and bacterial 

population. In terrace land soil it correlated with soil 

temperature, m·oisture content, SJrganic carbon, nitro.gen, 

phosph,orus, potassium, fungal population, dehydr'Jgenase ac­

tivity, urease activity and phosphatase activity. In hill 

slope land soil it c:Jrrelated with soi:t temperature, m:;is­

ture content, nitrogen, ph 'JSph orus, fungal populati·on, bac­

terial population, urease activity and phosphatase activity • 

• ISCUSSION 

ThG three types of notato fields differ ~arkedly 

with respect to soil moisture status (Fig.1.2). The slope 

land soil gener::3.lly contains less mJisture mainly because 

of heavy run off losses allowing little percolation of 

water: next comes the terrace land where some '11oisture is 

retained sue to the terracing and bands; the valley land 
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contains maximum moisture due t':) c1nstant seepage from the 

adjoining hillocks and less evap0transpirati~n losses. Thus, 

moisture is one of the m~st important single factor that is 

responsible f1r the differences in soil character~stics of 

the three syste:ns. :'\s a result of run ·')ff losses and nu­

trient input fr'Jm th? adj0;.ning hillncks, the valley land 

fields, generally, contain higher level of orqanic C,N,P,K, 

Ca and Mg. Another important feature of the valley land 

field is that it receives 'linimum amount of solar radiations, 

as part of it is interceDted by the adj~ining hillncks and 

therefore, the soil temperature of valley land"fields is 

generally lower by 2-3°C.Fig.l.l shows that maximum fun:ral 

and bacterial population was recorded in surface layer s~il 

in all the three agricultural systems. The fung~l and bac­

terial populati.:)n of soil decreased with increase in depth. 

The decrease in microbial p·"Jpulati0n al~ng depth can be 

attributed t-; th9 less arn':)unt ·:)f nutrients, l0w oxygen c'Jn­

centrati·on 'ind increase in c0ncentration ·:::Jf co 2 in d:=en.~r 

soils. The dr-:>p in fungal p0pulation in lower depth c-::-uld 

also be attributed t"' the high moisture content :)f the dee­

per S'Jils resulting int~ reduced aerati~n nf s0il (Dastane 

~ al. 1965). Waid (1960) f':"luno that there is great reduc­

tion in the "ictive growth ':'f fungi when the mcdsture cc·n­

tent is su-triciently high i,vhir:"h reduces aeratic-m. Griffi'l 

(1963) is of the opini")n that actual vnlume of water, 

taken ~s "3. f'ictor in itself, has nn mark~d effect on fun-
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gal ecology and the growth of fungi is dependent upon mois­

ture content, presumably, acting ;through an aeration effect.. 

Surface soil is usu~lly provided with high organic matter 

content 'AThich in presence of adequat-2 moisture su';)'Jly is 

acted U"')On by a team of rnicroorgani s-ns to deco:nr;:>ose the 

complex organic residue into simpler forms, hence the :nicro­

orqa:lisms are higher on upper layer of the soil (Dwivedi, 

1966: Eicker, 1970; Mishr~ and Kanaujia, 1972: Acea and 

Carballas, 1986) • Gene.rally, total microbial population was 

highest :Ln the month ..,f October at the middle age of plants 

and lowest in Nou,ember. In October, high population may be 

du·2 tc favo11r<~.ble factors (N,P,K) and also due to possible 

increase in the ro•~ exudation (Rovira, 1956). The root 

exudates contain sugars and am1ho i=!.Cids which may ·be used 

by the microbes as a food er energy source. Lowest popula­

tion in the month of Nove~·;1ber might be due to lew tempera­

ture and l,..w moisture content of tbe s•Hls (Fig.l. 2). In 

general, highest po?ulation was in valley land soil f41-

lowed by terrace land eiDd hill slone land snil. Bacterial 

PO')Ulat:ion 'vas r1axim•·'"'1 in terr-we land ~ofl fCDllo'W'ed !bil 

valley ·land ial\)<ii hd.:}l sl<Dpe ::.>uLl. Maximum concentration of 

nitrogen, organ i.e carbo:-l, phosnhorus :::1nd potassium was in 

valley land followed by terrace land and hill slope land 

soils. The maximum funsal population in valley land miqht 

be due to high concentration of these elements. Hi~her 

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 moistur·2 content probably that may be reason 

why it harboured less funqal and bact-=rial popula_tion. Ac­

cording to Upadhyay and Rai (1979) hiaher fertility and ae-

ration of soil favoured a broad spectru'n of funqal genera 

and species. Certain fungi are chaiacteristics of a parti­

cular type of soil. Species of Mucor, Penicilli~ and Tri-

choderma seem to be tolerant to a wider range of fnvironmen­

tal conditions as they w£re recorded from all the th~ee 

different agricultural soils. Dwivedi (1966) reported Mucor, 

Penicilli..2:!!!:! and Trichoderma as the most dominant fungi from 

grassland s0il. Gujrati (1!66) and Moubasher and Dohlib 

(1970) found that Aspergillus_ Penicillium, Fusarium and 

Curvularia were the dominant fungi in cultivated soil. 

Mishra and ~anaujia (1973) isolated more diverse microflora 

from cultivated soil as compared to grassland and forest 

soil and they fooJnd that: Mucor hie'ilalis, Aspergillus flav~, 

~· niqer, P":!nicillium chrysogenum and Cladosporium .h~E:l::.?.~ 

were most dominaDt fungi. Penicillium, Fusarium and ~~icho­

_9-erma were also dominant funqi in maize field soils of this 

region (Dkhar, 1983) • I"Jhile Pythium, til!£.Q!> Q§.9tr~~, Pe-

nicil1ium and Trichoderma were dominant funqi in rice field 

soils of Shillong ('3aruah, 1983). The species of Mucor ~r~ere 

prevalent in the soil of all the three fields; this result 

is similar to the work •f Herman and Kua=ra (1979). Simi-

larly, index of the fungal communities of different fields 
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at differ9nt depths is given in table 1.22. In valley land 

fungal speci9s co~position of dep~h 1 (0-10 em) was similar 

to depth 2 (10-20 em) and deprh 2 was similar to depth 3 

(20-30 em) while depth 1 was less similar to depth 3. In 

terrace land there was no m3rked difference in fungal spe­

cies composition of the three depth soils. In hill slope 

land soil depth 1 was more similar to depth 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 the 

depth 1 similarity ind9X among three fields varied between 

66 and 70, while at depth 2 it varied between 50 and 70, 

and in depth 3 it varied fro•n 61 to 75. ~'lhen the three 

fields were ccmpared using .data of all the three depths,it 

was noted that s0ecies com~osition of the valley land was 

more similar to terr~ce land differed markedly from hill 

slope land soils. Fun9al s-pecies composition of potato 

fields was more similar to the rice field soils (61%) of 

the sa~e locality (Baruah 1~83) as co~oared to the ~aize 

field soils of the same locality (Dkhar, 1983). Taking si­

milarity index of the fungal co~munity as an index of ho­

~ogeneity of habitat (Clark and Christensen, 1981), it may 

be suggested that soil upto a depth of 30 em was almost 

homogenous. However, the same does not hold good when we 

look at the population of fungi ~nd bacteria (Fig.1.8,1.9) 

and other soil characteristics (C,N,P,K). It ap?ears that 
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during ploughing or digging the soil is mixed thus the fun­

gal species are distributed almost unifor~ly upto the depth 

studied. Also, it may be inferred that most species were 

capable of colonising the soil upto 30 em depth. 

Dehydrogenase has been used as a general indicator 

rf microbial activity (Stevenson, 1959; Skujin, 1967, 1976; 

Casida, 1977; Ladd, 1978). Dehydrogenase activity in soil 

reflects the metabolic rate rather than the microbial num­

bers (Casida et al. 19641. Generally, dehydrogenase fol­

lowed a pattern valley 13nd ) terrace land ) slope land 

which was in accordance with the more or less similar p"lt­

tern in the organic carbon and bacteria and fungi popula­

tion. This suggests that possibly these f-:3.Ctors individual­

ly or in combination regulate the dehydrogenase activity. 

Correlation coefficient values between dehydrogenase and 

these factors were significant in certain cases (In valley 

land with organic C,N,P, funqal population, bacterial popu­

lation urease and phosph3tase activity; in terrace land with 

•rganic C,N,P,K, fungal population, urease activity, phos­

phatase activitya~d'ro2 evolution; In hill slope land with 

fungal population -:l.nd phosphatJ.se activity) while in others 

it was no'b significant. The depth wise variation in the de­

hydrogenase activity was also, probably, governed by the 

sa~e set of factors, as the activity followed the pattern 

0-10 em depth.> 10-20 c:n depth > 20-30 em de>Jth which w=~s 

similar in the cases of organic carbon, bacteria and fungal 
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population. Thus it is inferred that the dehydrogenase ac-

ttvity is a org~nic carbon and microbial population depen-

dent ::n.rameter (Ku:)n=~vich ,end Shenerb:J.kova, 1q71). In. soil, 

dehydrogen~se activity has been reported to decrease with 

depth, thereby being rel~ted to the concentration of orga-

nic matter (Ross, 1973). In the present study the dehydro-

genase activity is 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. Bacteria receive pro~inence in high moisture 
• 

soils (valley land) where the fungi probably becomes less 

important as reduction in aeration due to high moisture 

content mav result into a drop in respiratory activity of 

the funqi which are predomin3.ntly aerobic. On the other 

hand bacteria being capable of facultative anaerobic 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 availnble on the relationship of dehy-

drogenase with microbial numbers (Frankenberger and Dick, 

1983; Ross, 1971) • 

Urease is an a9riculturally important enzyme which 
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might limit the nitrogen availability to plants from ferti-

lizers or natural sources. The data revealed that valley 

land and terrace land soil had higher urease activtty where-

as it was less in the case of slope land soil. In planted 

soil continued ~ddition of enzymes could be expected from 

plant roots (Skujin, 1967; Hall and Davie, 1971) and fro~ 

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 ( 1_977) and B::=truah 

and Mishra (1984) also found higher urease activitv during 

the periods of plant growth. Nitrogen and fungal popul~tion 

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 urease activity and other soil pr0perties have indica-

ted that the urease activity tend to increase with organic 

carbon content. Gould et al. (1973) observed a significant 

positive correlation between urease activity and organic 

carbon in profile samples of an Alberta soil. Beri et al. 

(1978) found that soil urease activity is largely con-

trolled by the organic carbon status of soils. Zantua et al. 

(1977) and Tobatabai (1977) also show~d that ure~se ~cti-

vity was significantly correlated with organic carbon. Das 
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~ al (1981) cruld establsh a positive correlation between 

urease activity organic c, N and P. Pancholy and Rice (1972) 

however reported that ~rease activity in surface soils was 

not significantly correlated with organic carbon 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 

soil properties viz., organic C and total N. The relation­

ship between urease activity and soil properties supports 

McLaren's (1975) proDosal that urease can exist as an ex­

tracellular enzy-ne in a "three dimensional net'tlork or or­

ganoemineral co~-nplexes". In the present study, urease 

showed a positive correlation with microbial population co 2 

evolution (Table 1.19,1.20,1.21)7 while Alexander (1977) 

noted that urease activity co~pared poorly 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, 1970; Kistaikowski and Shaw, 

1953) and soil 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; Grea~es and Webley, 1969). Dick et al. (1983) men-
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tioned the degradation of the enzyme by the action free 

protease produced by the soil microfl0ra which may inhibit 

the phosphatase activi~y. Thus, ~icroorganisms are involved 

in the production of phesphatases as vJell as in the distri-

bution of it and the net activity is a function of the tw0 

contrary prrcesses. 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 (Ester~an and McLaren, 1961: 

Greaves and Webley, 1969). The concentration of microbial 

population was much hiqher in 0-10 c~ horizon and microbial 

population and activities decreased vJith depth in soil 'Jro-

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 and~hacterial population recorded at the same 

period. In general, phosphatase was highest in valley land 

seil followed by terrace land and hill slope land soil. The 

higher mineral contents in valley land soil prebably stimu-

lated the fungal and bacterial populatioL which in turn may 

be responsible f,...r the higher phosphatase '3.ctivt~y. ·Jehospha-

tase activity in all the three agricultural systems did not 

correlate !with different soil characteristics in similar 
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f~sh~n. In valley land soil it significantly correlated 

with S<""il temperature, moisture content, organic carbon, 

nitrogen, phosphorus, fungal population, bacterial popula­

tion, dehydrogenase activity and urease activity. In ter­

race land it correlated with soil temperature organic c~r­

boh, nitrogen, phosphorus, potassium, fungal population, 

dehydrogenase activity and co
2 

evolution. In hill slope 

land soil it correlated with soil temperature, ~oisture 

content, soil pH, organic carbon, nitroqen,phosohorus, 

fungal po-oul"ltion, bacterial population, dehydroaenase ac­

tivity, urease activity and co
2 

ev!lution. In co11parison, 

to dehydrogenase and urease :~.ctivity, the phosphatase ac­

tivity was found more correlated with the physico-che11ical 

char~cteristics of soil, microbial nu11ber and its activity 

(Table 1.19,1.20,1.21). Khan (1970) re-oorted that addition 

of organic 11atter 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 phosphataS·2 activity with organic carbon, 

nitrogen, phosphorus and pH was re~orted by Schlesinger , 

(1977). The positive relationship with organic ~atter con­

tent is probably associated ,,.,i th the fact that phosphatase, 

like other enzymes beco11e bound in humo-protein complexes 

(Ladd and Butler, 1975~ l'1cLaren, 1975) which possibly pro­

tects the enzymes from deco~position. Organic matter is 

also a source or nutrients for microorganisms and as the 



61 

organic matter content in soil increases so does the poten­

tial nutrient ~ay be that mineralizable nitroqen and total 

nitrog9n content of soil are often inter-correlated and in­

creasing nitrogen suonly increase ~icrobial sy~thesis of 

phosph-:ttase (Speir and r1cGill, 1979). Raroirez-Marti.rez and 

McLaren (1966) could not get any relationship of ohospha­

tase with the resoiration rate. However, in the present 

study the soil respiration was found to be positively r9la­

ted with the phos?hatas9 activity in two agric,,l tural 

systems. 

Respiration rate is the most widely used index of 

seil microbial activity (Chaney~ al. 1978). It is often 

preferred over microbial numbers. Respiration activity is 

influenced by microbial 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 depth increased the respiration activtty 

decre:'lsed which was similar to the microbial population and 

urease, dehydrogenase and phosphatase activities. It ap>Jears 

that co
2 

evolution was also aoverned by the same or si~ilar 

set of physico-chemical and biological factors. This ~,ns 

contrary to the observation of Ross (197:.) v-rho not9d that 

each biochemical activity has its own characteristic dis­

tribution in soil. Minimum co 2 evoluti:m was found from the 

hill slope land soil as co~pared to valley land and terrace 
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land soil, which was again similar to the microbial Dopula-

tion and other activity estimate para'1leters. Tro. data ' 

showed that co 2 evolution from soil is more related to the 

fungal populati~n tMan bacterial population (Tabl3 1.10, 

1.20,1.21). Some other workers have also reDort?d similar 

observation of positive relation between fungal biomass 

and soil respiration (Stotzky, 1960~ Tesavora and Gloson, 

1976; Baruah and Mishra, 1981). ~~spiration was related to 

the other soil biochemical activities (dehydrogenase, 

urease, phosphatase) which may be because of common origin 

0f the enzymes concerned or similar ro;sponse to environ-

mental and soil factors. Frankenberg2r and Dick ( 19U3) ... 

found strong correlation between 20
2 

evolution and enzyme, 

phosphatase, amidase, glucosidase and d.-3hydroqenase. Ross 

et al. (1982) reported that all enzyme-activities (urease, 

phosphatase, xylanase, invertase and am¥lase) were corre-

lated 1111i th co
2 

evolution. Th,e organic-C was found to be 

the strong~st predictor of co 2 evolution from soil by Ross 

et al. (1982) and Stroo and Jencks (1902). However, in the 

present study the total nitroqen cont?nt of snil was more 

important factor determining the soil respiration rate 

than the organic carbon content (Table 1.19,1.20,1.21). 

A perusal of results shows that the microbial po-

pulation and activity followed a general trend : valley 

land ) terrac2 land ) slope land and in d<o;pth-wise 

distribution tbe pattern was 0-10 em ) 10-20 em ) 20-30 em 
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Suggesting that organic C, inorganic nutrients and ~oil 

moisture wer~ th~ most important factors regulating the mi­

crobial population as well as their activities measured in 

terms of dehydroqenase, urease, phosphatase activities and 

soil respiration. 



CHAPTER-11 

INFLUENCE OF FUNGICIDES AND HERBICIDES 

ON PHYLLOSPHERE MlCROFLORA 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 nu~ber of generalization pertaining to the com~unity 

structure of leaf surface microorganisms, their role as de­

composer and in biological control of plant pathogens have 

emerges (Blakeman and Fokkema, 1981; Mishra and Dickinson~ 

1981,84: Preece and Dickinson, 1971; Dickinson and Preece, 

1976; Baker and Crok, 1974; Mishra and Tiwari, 1976). Leaf 

surface microflora of potato has been investigated by Hol­

loman (1967), Sinha (1971) and Kumar and Gupta (1976). The 

effects of fungicides on leaf surface microflora has also 

been studied by Bainbridge and Di~kinson (1972). Studies on 

the effect of herbicides on plant diseases reported that 

depending on the chemical composition and time of applica­

tion~ the h~rbicides 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, fungicides 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 
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Pugh, 1978, Mishra and Thvari, 1979). 

The climate and soil of high altitude region of 

Meghalaya are very favourable for the cultivation of pota­

t8 and ~arge area of the region is under this crop. Late 

blight and early blight diseases take heavy toil of the 

crop productivity. Far~ers 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 pathogen 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 microfl~ra of potato is based on 

the studies conducted in aurope 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 

microelora 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 Kendrick 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 (lq69) repor­

ted that herbicide reduced the fungal population on leaf 

surfaces. They found that paraquat and MCPA inhibited the 

activity of Trichoderma viride, Rhizopus stolonifer and 

Penicillium notatum. Bainbridge and Dickinson (1972) repor­

ted that saprophytic fungi were more susceptible to fungi­

cide captafol than to maneb+fantin acetate, howe~er, bacte­

rial numbers were apparently unaltered by the spray treat­

ment. N~rse (1972) found that fungicides inhibited the 

fungal p~pulation on tobacco leaves and most dominant fungi 

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

sp., ~· longipes, Cladospo~ium oxysporum, Epicoccum perpurae­

~ and Phoma ~~~· vJarren (1974) evaluated the effect 
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of fungicide~ on phyllosphere fungi. He found that all 

fungicides reduced the microbial population, among which 

benomyl was most effective. Dickinson and Wallace (1976) 

examined the effect of late application of fungicides on 

winter vlheat flag le:1ves. Repeated spray of tridemorph had 

only minor effect on the phylloplane population but b~no-

myl and more particularly zineb inhibited the development 

of many yeast and fungi. Jhooty and ~unshi (1976) found 

that fungicides result~d into decline in the microbial po­

pulation from leaf surface. Kumar and Gupta (1'976) isola-
' 

ted 60 microorganisms ~ 52 species 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 cladosporioides, 

Alternaria alternata and SEQrobolomyces roseus on Phaseo-

lus vulgaris leaves. They found best germination and growth 

under condition 0f very high humidity. Mcbride and Hayes 

(1977) observed bacteria, yeast and flamentous fungi inha-

biting the phylloplane of European larch. On young leaves 

filamentous fungi were present only as spores, but hyphal 

develoDment started abruptly and increased rapidly on old 

leaves. Cladosporium berbarum, Fusarium oxysporum, Acremo-

nium sp., Epicoccum purpurascens, Penicillium sp. and 

Botrys cinera were frequently isolated from the leaf sur-

face. Mishra and Tiwari (1979) studied the effect of twb 
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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. Decrease 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 

£l££osporioide~ but did not eradicate the fungus from leaf 

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

loplane and litter fungi of Ilex aguifolium. They reported 

that gr~en leaves remain physiologically active for several 

years but there was no evidence for a progressive build up 

of phylloplane mycoflora. There were marked 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 fungi on diseased leaves whereas 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 Alte~ria alternata. Sharma ~ ~-

(1984) reported that micro-climatic factors viz., tempera-

ture and relative humidity affect the phyllosphere micro-

flora. The population of microbes decreased with a simul-

taneous fall in temperature and an increase in relative 

humidity but later on a reverse trend was observed. Cabral 

(1985) onined that leaf surface fungal population is direc­

tly correlated with humidity and inversely with tempera-

ture. The microorganisms colonising the interior of the 

le3.f exhibit more dependence on age and/or physiological 

condition of the leaf. I'ho'Tlas and Shattock (1986) reported 

Cl~dosporiu~, Drech~lera, Ehoma epicoccum, Alternaria and 

Leptosphaeria as dominant fungi on phyllosphere of Lolium 

J!erenne. 

MATERIALS AND METHODS 

Disease free tubers of potato (variety - K.Jyoti) 

were procured from the Central Potato Research Station 

(CPRS), Shillong. The crop was sown in the last week of 

2 March, 30 M plot was taken for each treatment and the con-

trol. The plots were randomized.The fungicides and herbi-

cides recommended for potato and com'Tlonly used by growers 

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

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

recom"lended doses ::tnd manuf::tcturers. 

--------------------
Commercial na'11.e 
(common name) Chemical 

name 

Recommended 
dose/hectare Manufacturer 

-----------------~------ ---------
1. Dithane \1:.45 

(Mancozeb) 

2. Blitox-50 

3. Benlate 
(Benornyl) 

4. Benthiocarb 
(Saturn) 

5. 2, 4-D 
(Weedon) 

6. Flucbloralin 
(Basalin) 

-------------

Zinc ethy­
lene bisdi­
thiocarba­
mate 

Copper oxy­
chloride 50% 

Mythyl 1-Butyl 
chlorabenzyl) 
-2-benzimida­
zole carba­
mate 

S-(4-chlora­
benzyl)-N, 
N diethyl­
thiol carba­
mate 

2,4-Dichloro­
phenoxy acetic 
acid 

N-Pro':)yl-:J ( 2 • 
Chloroethyl) 
-2,6 dinitro­
n-trifluorome­
thyl aniline 

20 Kg 

7.4 KG 

0.37KG 

3 lit 

1.2lit 

1.7lit 

-------------

Indofil 
Chemicals 

Rallis Agro­
chemical 
Research 
Station, 
Bangalore. 

E.I.DU PONT 
NE MOURS & 
Co.INC.,USA. 

Pesticides 
India, 
Udaipur. 
Bangalore. 

Agrornore 
Limited, 

B.A.S.F. 
India 
limited, 
Bombay 
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Initial sampling for microbiological analysis was 

done 20 days after emergence of the plants and on the same 

day manufacturers• recommended doses of the fungicides and 

herbicides were sprayed. Subsequent samples were collected 

at 15 days inter~al. For each treatment five plants were 

collected from the field and five leaves of same vigour and 

age from each plant were used. To determine population of 

viable fungi and bacteria, leaf pieces were cut by a sharp 

sterilized cork borer of 5 mm diameter. 50 pieces were sha­

ken in 250 ml conical flask containing 100 ml sterilized 

distilled water and serial dilutions were prepared. For 

enumeration of fungal propagules, 0.5 ml of appropriate di­

lution was inoculated on sterilized petrtplates 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 em. area of the leaf. 

RESULTS 

Fungicide : 

It is evident from the fig.2.1 and 2.2 that foliar 

application of various fungicides affected the microflora 

of leaf surface at varytng degrees. Mancozeb resulted into 
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instantaneous decrease in fung'll 90pulatinn, banomyl did not 

affact tha pop,Jlati.-:m ini ti::1lly .J.nd an increase in fungal 

populati -:m was noted during initial 15 days; a drop in f1mqal 

populatL:m was, however, rec-;rd.ed after 30 days. In case of 

copper oxychloride the popul::J.ti1n of fun9i did not dron at 

any point of study. H~wever, the rJ.te of increment was slo~ 

wer than control and in this C"lse least D·'Jpulation was re-

corded at the end of experiment. Tabl~ 2.2,lists fungi 

ise>lated from leaf surf'lces ·'Jf fungicide treated and con-
, '· 

trol plants. A comparison of the fungal flora of leaf sur-

faces of fungicides treated plants with that of control ones 

revealed that no marked change in the species composition 

was noticed. Muce>r racemosus was isolated only from the 

phyllosphere of control plants whil~ Acremoniella was found 

restricted to the fungicide sprayed leaves only. Penicil-

lium ~£YSOgenum and two sterile forms were common to all 

the treatments as well as control. 

Herbicide ~ 

An initial drop in fungal population was observed 

in most herbicide treated leaves, however, recovery was 

noted 15 days after the spray J.nd thereafter the population 

increased with time (Fiq.2.3 and 2.4). Herbicides treated 

leaves harboured lower population as compared to the con-

tr')l ones. The three herbicides marginally differed in 

their net effect on the population. In the case of benthio-

carb the populJ.tion did not decrease initially but the 



Fig. 2.1. Bacterial population on phyllosphere 

of potato sprayed with fungicides. 



0 

• .. 
0 

.... 
0 • -

-" ~ • ... 
u 

" m 

Fig. 2·1 

1000 )( )( Control 
o--o Mancozeb 

~ Copper oxychloride 

D--O Benomyl 

L.S .0: 125·9 
P: 0·05 

0 15 30 45 

Days after fungicide spray 



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 herbicides. 
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Fig. 2.4. Fungal population on phyllosphere 

of potato sprayed with herbicides. 
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Table 2.2. Percentage abundance and nu~ber of propagules of funoi 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. 

Controi Benomyl Copper oxychloride Mancozeb--
Name of fungi 

0 15 1.0 45 15 30 45 

Acremoniella sp. - 10 24 38 29 -(305) (204i 

Alternaria alternata ... 10 24 14 ... .. 12 
(102) (408) (306) (204) 

Arthrobotrys ~rthrobotryg~d•~ - - - 28 .. - 29 
(494) (509) 

Cladospor:Lum clad()sporio:i,_Qe!S_ 34 20 15 23 - ... -{2 55) (204) (262) (494) 
Fusarium oxysporu~ - 10 - - - - -(102) 

Mucor hiemalis 13 10 - - - - -
!:1• racemoaus 10 10 - - - - -(76 ) {102) 

Penicillium brevicompactum - 10 5 - - - -(102) (97 ) 

~· chrysogenum - 20 10 14 13 14 18 
(204) (175) (306) (101) (101) (305) 

Rhizopus oryzae 10 - ... - 13 - -(76 ) (101) 
rrichod~rma sp. - - - - - - -
Sterile green 22 10 41 18 19 29 38 

(165) (102) (713) (367) (152) (204) (305) 

Sterile white 11 - 5 8 19 29 41 
(80 ) . '(87 ) (172) (152) (204) (713) 

*Percentage abundance • No. of eolou~es of the fun~i x 100 
Total no. of colonies of-a I funal 

15 30 45 15 30 45 

- 44 - .. 36 -(407) (407) 

- - - 16 9 -(101) (10 ) 

.... .. 31 - .. -(407) 

13 - - - 9 23 
(102) (101) (305) 

13 - - 33 - -(102) (204) 
.. - - 33 

(204) 
... - .. - - -
25 - 23 - - 30 

(204) (305) (408) 

- ... .. - - .. 
- - - - - -
13 - - .. 

(102) 

22 - - 16 45 46 
(203) (101) (509) (611) 

- 33 46 - ... 
{ {306) (611) 



Table 2.3. Percentage abundance* and number of propagules of fungi at 0, 15, 3n 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 Benthioearb 2,4-D 
0 15 35 45 15 30 4 5 15 30 45 

Alternaria alternata 

Arthrobotrys 
arthrobotryoides 

Cladosporium 
clu.dosporioides 

Fusarium oxysporum 

Mucor hi emal is --
Mucor racemosus 

Oidiodendron 
echinulatum 

Penici 11 ium 
brevicompactum 

Penicillium chrysogenum 

Rhizopus oryzae 

Rhizopus stolonifer 

Sterile green 

Sterile white 

1() 24 14 
(102) (408) (306) 

- 23 
{494) 

34 20 15 23 
(255i {204) (262) {494) 

10 
(1 02) 

13 10 
(98 ) (102) 

10 10 
(76 ) (102) 

10 5 
(102) (97 ) 

20 10 14 
(204) (175) (306) 

10 
(76 ) 

7 
(54 ) 

22 10 
{165) (102) 

4 ""-
(30 ) 

41 
(713) 

e 
(87 ) 

-

18 
{387) 

~8 
(172) 

-

50 
(408) 

-

-

-

13 
{1 02) 

13 
(1 02) 

-

31 
(1529) 

25 25 31 
(204) (204) (1528) 

23 
( 204) 

33 
(204) 

-
-

19 18 31 34 
(204) {408) (1630) (207) 

*Percentage abundanee - No. of colonies of the fun~f-x 100 
Total No. of colonie8 of a 1 fungi 

6 
{1 00) 

-
13 

(207) 

-

7 
{ 11')2) 

-
35 

(500) 

29 
(408) 

-
.. 

43 28 
(712) (406) 

38 1 
(611) {14. 5) 

Fluchlnrali.n 
15 30 45 

25 
(204) 

60 13 

6 
( 1 0?) 

24 
(408) 

(306) (102) 

13 
(l 02) 

-

24 
(408) 

(I") 30 12 
(204) (245) (17S) 

19 34 
(155) (589) 
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increase was averted and population remained almost at the 

saune level upto a peri!d of 30 days after the spray. It 

appears the effect of benthiocarb was persistent for a 

longer period. 

Table 2.3 lists the fungal species isolated from 

leaf surf3C? of herbicide treated and c~ntrol plants. 

P~gig_i~J:.iuJ! bre~comJ2..2.<;.t~~ and Fu§_~~iurn oxvsporum,were iso­

lated only from untreated plants and OidiodendrQD ~chinula­

turn was restricted to the herbicides treated plant. Arthro­

botrys orthrobotryoides, Cladosporium cladosporioides, 

Mucor hiemalis 1 Mucor £~0~~, Penicillium ChfYsogenum 

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 £~llowed by a rapid increase in 

all the herbicide treated plants while in case of untreated 

ones the p0pulation increased steadily. Throughout the 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 period is noticed between the application 

and the actual drop in the fungal population. Benomyl 
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belongs to this category of fungicides. Its degradation pro­

duct, ~ethyl 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 application. 

Throughout the study period th,3 fungal as well as 

bacterial population on fungicide and herbicide treated 

leaves re~ained lower than the control, however, the effect 

d2creased slowly and recovery was observed during later pe­

riods. Activities of microorqanisms on leaf surfaces are 

modified by apPlic::J.tion of extraneous chemicals (Hislop,1976; 

Dickinson, 1973). These che~icals are 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 surfaces due to biodegradation, evaporation 

and removal through rain waterand dew. Thus, their influence 

on microflora decreases 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 leaf surface microbial population of 

treated as well as control plants. Kerling (1964) and Cabral 

(1985) also noted increase in microbial population ~ith ~he 

age of the leaf. Gradual increase in microflora may also be 

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



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

1975). 

The application of biocides alters the microenviron­

ments of leaf surfaces to a great extent as they modify the 

quality nnd quantity of leaf exudates, kill a large humber 

of ~icrob~s and adversely affect the activity of many others 

(Hislop and Cox; 1969: Mishra and Tiwari, 1979). Thus, the 

habitat of leaf surface microorganisms becomes favourable 

for few while d2trimental to others. This is evident from 

the change in species composition of fungal flora (Tables 

2.2,2.3). 

In general the biocides did not affect significantly 

the specie~ composition of phyllosphere and the·species iso­

lated were similar to that of Bainbridge and Dickinson (1972), 

Hollo-,an (1_967) and Sinha (1971). Two sterile forms were 

resistant to fungicides as well as herbicides and they were 

consistently isolated in higher numbers. Probably these 

fungi develop ~ertain resting structures on the leaf sur­

faces which are not affected by the biocides. The ap~ea­

rance of 0. echi~~t-~ 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 diminished due to the 

effect of herbicides and again when the recolonization 

started it disappeared. It shows its resistance to the 

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

It was- observed tl1at both control as well as fungi­

cide tr3ated crop was attacked by late blight. In case of 

fungicide treated plants although the infection was delayed, 

the rate of spread of diseas2 was faster than the control 

and it was observed that all the plants died before maturi­

ty. It appears that after th2 spray antagonistic saprotrophs 

as well as propagules of the pathogen were killed. So later 

when fresh propagules of the pathogens arrived or the ones 

which could survive, found the habitat more conducive for 

their growth due to part or full removal of their antago­

nists. 'I'his resulted into f.J.st ·multipliction of the patho­

gen resulting into premature de3th of the plants. The qro­

wers thus derive only marginal benefit from single spray 

of fungici .es. Year after v~a1 single s~ray of funqicides 

may induce the pathogen to develop resistant races. The 

growers should therefore, be discouraged for single spray 

of fungicides. 

Population and species composition of leaf surface 

microbial communities are governed by the physico-chemical 

characteristics of the leaf surfaces (Dickinson et al.1975; 

Cabral, 1985). Under n-:)rmal conditions microbial population 

on leaf surf~ces are held 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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~ay be ascribed to this disturb3nca. It appears the effect 

of herbicides persists only for a short period and it dimi­

nishes slowly after 15 d3VS and after about 45 days the mi­

crobial population of leaf surface of herbicide treated 

plants bec~mes almost similar to that of the control ones. 

Steep reduction in the populati~n 0f saprotrophs from the 

leaf surfaces for a period of fifteen days may make the 

plant more susceptible to the attack of pathogens due to 

removal of the saproohytic ant~gonistics. Thus, herbicides 

spray may stimulate disease incidence, however, no study 

on this aspect is available. 



CHAPTER- I I I 

INFLUENCE OF FUNGICIDES AND HERBICIDES 

ON RHIZOSPHERE MICROFLORA OF POTATO 
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INTRODUCTION 

Fungicides and herbicid2s are used extensively in 

modern agriculture for the control of fungal pathogens and 

weeds. These chemicals are applied directly to the soil or 

they enter the soil through run-off from treated aerial sys­

tem or from drifting spray.These chemicals a{ter the number 

and activity of microorganisms and thus affect the bio­

chemical processes and fertility of soil. The volume of 

soil in immediate vicinity of the roots~ where chemical 

exudates of roots can be detected by microorganisms called 

rhizosphere, is the most important ~±te of microbial acti­

vitity. The sprayed chemicals affect the rhizos~here acti­

vity through dir9ct contact of the chemicals reaching the 

soil, or throu0h alteration of plant excretions. Most stu­

dies on effect of fungicides (Wainwright, 1978: Kuthubutheen, 

1979; Torstenson and Wessen, 1984) and herbicides (Chen 

~~ al. 1981~ Lewis et al. 1978) concern with soils and a 

good number of th~sestudies 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; Bilgyaraj and Rangaswami, 1982) and herbi­

cides (Smirnoba, 1963; Catska and Vrany, 1976; Ols'Jn ~~ al. 

1984; Sandmann and LoGs, 1984) on the rhizosphere micro­

organisms. Further, although a huge quantity of fungicides 

and herbicides are applied in potato production, no infor­

mation is available on the effect of these chemicals on the 
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rhizosphere microflora of pot:tto. Keeping this in view the 

present stud¥:was undert"lken to investigate the effect of 

foliar applic~tion of these chemicals on the rhizosphere 

microflor~ of potato. 

REVIEW OF LITERATURE 

Effect of herbicides on various groups of micro-

org~nis~s was first studied by Smith ~-al. (1945). Inhibi­

tory as well as stimul2tory effects of herbicides on the 

rnicr:Jbial po>ul3.tion were reported by Warren~ al. (1951). 

~;raito and Kohima (1957) f'Jund that Gleosporium sp. produced 

antibiotic substances vlhen grown on media containing either 

2-chloroohenoxy acetic acid or 2-~ethyl ?henoxy acetic acid. 

Richardson (1957,1959) observed that some herbicides sti-

mulate including PCP, isoprophyl N-Phenyl carbon~te and 

2-chloro-N-N dially acetamide have been found to inhibit 

the grovJth of Sclerotium .E.Qll.§ii, £. bataticola and Rhizoc­

tonia sp. (Bain, 1961). Kaufman (1964) demonstrated the in-

hibi tory effect of S-triazine ·-:m Fusarium spp. and Rhizoc-

tonia solani in soil. He fur~her observed that S-triazine 

and Phenyl urea herbicides stimulated some genera of fungi 

in soil. Carden and Young (1965) found that the application 

of fungicide metasol resulted in the rapid reduction in the 

fungal popul"ltion. According to Hartley and West (1969) her-

bicides had little effect on soil microorganisms which he 

attributed to the quick changes brought about either in 
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enzyme system of microorg3nisms or their ability to ~utate 

into a resistant strain. Srivastava et al. (1970) reported 

that foliar application of fungicides and antibiotics de-

creased the fungal popul3tion of rhizosphere of wheat. Bala-

Subramanian et al. (1970) examined that insecticides and 

fungicides drastically raduced the microbial population and 

enzyme activities in the ·i:rhizosphere of ~leusi.ne _£Q~acana. 

Vanschreven et al. (1970) noticed that 10 and DOOtimes re-

co~mended concentration of dichloroprop and micopro~ signi-

fici"lntly reduced co 2 output fro'Tl soil during the first week. 

Clark and Wright (1970) sugqeste-:3. that the degradJ.tion of 

herbicides is predomi~antly carried out by the microbes in 

the soil and little or no degr~dation occurs in sterilized 

soil. Inhibition of co2 evolution at hiaher concentration 

of the herbicides was reported by Simon (1971) ~nd Messer-

smith~ al.(l971). Mahmoud~ al. (1972) found adverse ef-

feet of fungicides and insecticides on the bacterial popu-

lation of rhizosphere of cotton plants. Choudhury ~ al. 

(1972) reported that the application of DPA at higher doses 

inhibits the growth of fungi for some time. Peeples (1974) 

Jbserved that fungal and bacterial population in benomyl 

treated plants was reduced to less than half of the control 

plot soil. According to WJ.inwright and Pugh (1975) fungicides 

ca';)tan, diCrlloran, milceland and thiasimol reduced the fungal 

numbers, however, after .. 1)5 d-:tys it returned t:o the level of 

control. TheT!found Trichoderma ~ningit 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 litt£e, if any, 

effect on the availability of plant nutrients. Helling (1976) 

examined that dinitroaniline herbicides degrade more rapidly 

in anaecrobic than ~erobic soils. Davies and Marsh (1977) 

renorted that dalapan pyrazone and trifluralin at 100 ppm h~d 

no adverse effect on carbon dioxide evolution but metabuein 

and glyphosate at 100 npm reduced the co2 evolution from the 

soil. Lewis et\t. ~1. ( 1978) tested 2 5 herbicides and their com­

bination on microbial activity in two soil types in laborato­

ry condition. They found that herbicides did not affect soil 

respiration and dehydrogenase activity. The United States 

Environmental Protection Agency (EPA, 1978) has introduced 

the ef~ect 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 

ale1.riated in the so.il but persisted in the rhizosphere. 

''opaiah and Rai (1979) studied the effect of four common 

herbicides ~iz., larso, nitrofen, propinol and~sirnazine 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 soil as compared to the con-
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trol. They found Cladospofium £l~9osDorioides, Mortierella 

minutissima, Trichocladium asperum, Trichoderma hamatum and 
-~--·-· ...... ,___ ------- .. - ~·;..;.;.;...~-

~.9:Q£~netus ~ll_~ri were generally tolerant to fungicides. 

Studies on soil treated with simazine incubated undet aero-

bic or aDa~robic conditions indicated that the herbicide 

retardej nitrification and denitrification upto 12 months 

(',--JeerarC~tna, 1979) • Verstral te et ~!· ( 1979) studied the 

effect of different herbicide viz., metamitron, chloridazone, 

ethofumerate and phen~edipham 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~ al. ~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 rhizosphere zone. Roslycky (1980,1081) 

reported that fungicides vortex and linuron exerted little 

initial effect on bacteria and actinomycetes population 

whereas vortex caused drastic ceduction in the fungal popu-

lation. Lethbridge et al. (1981) noted that 2,4-D aprylica-

tion increased glucon::1se activity initially which was 

followed by decline. They observed 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 a~monification and stimulated 

the rate of nitrific,tion, while population of fungi, bac­

teria a'1d actinornycetes were~i·ncreased. Greaves ~! al. (1981) 

ev~luatad th~ e~fect of herbicide dalapone on the soil rni­

crcflor~, dehydrogenase activity and soil respiration. Ac­

cordinq to them at normal concentrations dal=1pon 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) determined the effect of 

32 herbicides and fungicides on microorganisms and enzyme 

activities. He found that none of pesticides inhibited en­

zyme activities while decrease:nt 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-chemical processes of soil de­

grade the herbicides and the degradation is dependent upon 

chemical structure of the organic molecule. Roslycky (1982) 

examined that the low concentration of glyphosate had little 

effect on microorganis'nS while high conc"'ntrat.ion stimulated 

act-inomycetes bacterial and fungal population. Bollen ~t al. 

{1;,983) found that b.enomyl fungicide reduced the fungal popu­

lation of rhizosphere region of rye. They repor~ed that 



84 

Alternari::1 s-oo. and Fusariu'1l culmorum were dominant and -· __ .. ___ .- ·-- ~ . ------·-·- ------
tolerant funqi. Doneche et al. (1983) reported th::J.t funqi-

cides inhibited the funq::J.l ~nd: ~acterial population in soil. 

They also found d":!grada tion of ·11ancozeb in soil and sugg0.s-

ted that possibly it ~1ay be due to chemical and bioche'1lical 

factors. Olson (1981-) reported .l~ha:ti.: trifluralin h::J.d no 

effect on fungal, bacterial and actinomycetes population 

either in gen~ral soil or in rhizosphere. Abyad and Amitra 

(1985) reported that effect of herbicides on microflora de-

pends upon the type and conc~ntrations of herbicide and 

nature of the soil. He examined the alteration in speci2s 

composition by disappearance or appearance of certain spe-

ci·~s under a specific concentration. According to Radka et 

al. ( 1985) alteration of microorgani s~ts populatt·on by appli-

cation ·6f·herbicides depends UJOn chemical nature of her-

bicides, rate of application and the moisture content of 

soil. Bar~ah and Mishra (1986) concluded that herbicides 

2,4-D, but:chlor and oxyfluorfen stimulated the dehydroge-

nase activity ::tnd co 2 evolution whereas ur"?ase activity 

remained unchanged. Yentume and Joynson (1986) found that 

insecticides, fungicides and herbicides significantly lo-

v:-orac t:he microbial population in soil. Jain et al. (1987) 

found that foliar application of antibiotics and fungicides 

inhibited the microbial popul3tion and changed the species 

composition of rhizosphere microflora of Ocimum basili~~-

Mekwatanakasn and Sivasithamparam (1987) evaluated the 
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effect of h~rbicides glyphosate, diguate, paraquate and tri­

fluralin on t~e s~prophytic survivality and pathogenicity 

of ~t1)3.noomyces _gr:1nus. They found that herbicides inhi.bi­

ted the infection and population of the pathogen. 

MATERIALS AND METHODS 

Disease free tubers were procured from the C.P.R.S. 

Shillong. The crop was sown in the last week of ~arch,1986. 

Five 30 M2 plots were t3.ken for each tre3.tment and the con­

trol. The plots were randomized. The fungicides and herbi­

cides recommended for potato and commonly used by the gro­

wers of this region were used. The technical details about 

fungicides and herbicides are given in Table 2.1. Initial 

sampling for microbiological analysis was done 20 days after 

emergence of the plants and on the same day manufacturers 

recommended doses of the fungicides and herbicides were 

sprayed.The sampL~s were ot.:Dllected at 15, 30, 45 and 60 days 

after application of the fungicides and herbicides. 

For the study of rhizosphere microflora (fungi 3.nd 

!J3.cteria), the complete root.,system was taken out carefully 

with 3. sterilized spatula in a steriliz~d pol~thene bag. 

Th~ root system was tapoed gently to remove the extra 

attach2d soil. The roots ~~re ~~raasfen~~e.to a 500 ml coni­

cal flask containing 180 ml of sterilized distilled water 
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~nd serial dilutions were preapred. For the enumeration of 

fungal prop.J.gules 0.5 'Tll of appr:)pri'ite dilution was inocu-

l?J.ted on sV~rilized pet r-ipl:1tes containing 20 ml of rose 

benqal agar medium (M~rtin, 1950). For bacterial population 

nutrient 3q~r mediu'Tl (Johnson,and Curl, 1072) was used. The 

:c+1~ zos.)hc:re- suspension Loft out after inoculation was eva-

0 uorated seB3rately at 105 C in hot air oven for 24 hrs, 

C:)Ol(O~d to room temperature and fin~lly weighed to determine 

th,::: dry weiqht or th ~ soil. Rhizosphere microbi~l popula-

tinn was calcul:J.ted on the basis of per gram dry weight of 

soil. 

Corresponding non-rhizosphere soil samples, were 

also collected at each sampling time from the depth in the 

soil corresponding to the root zone. From 10 g of the soil 

the suspension of 1~100, 1:1000 and 1~10000 dilutions were 

prep~red in sterilized distilled water. The 1:1000 suspen-

sion was used for the assessment of the fungal population 

and 1:10000 suspension was used for the assessment of bac• 

terial oopul.J.tion. Rose bengal agar was used for fungi and 

nutrient agar medium was used for bacteria. Fungi and bac-

teria per qram dry S'Jil was calculated by multiplying the 

average col0ny number per plate by dilution factor takinq 

the moisture content into consideration. Petriplates for 

0 fungi 'dere incubated at 2 5 C for seven days and for bacte-

o ria at 30 C for 21- hours, rhr~e replic3tes were maint:ai.n"'d 

for each sa'nple. 
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RESULTS 

The effc2ct of foli,J.r application of fungicides, 

benornyl, copper oxychloride and mancozeb on fungal and bac­

terial populatio~ of rhizos~here and non-rhizosphere snils 

is depicted in Fiqs. 3.1 and 3.3. Except~hizosnhere bac­

terial population in the case of banomyl treat~d plants, 

f11nqicides spray resultad into a drop in the microbial Po-­

pulation. Throughout tha study, rhizosphere and n:::m­

rhizos·:)h ~re soils of fnnqicides treated plants harboured 

less population than the control~ Fig.3.2,3.4 shows that in 

most casas after the initial drop in population a recovery 

was observed. The recovery was speedy and maximum in the 

case of non-rhizosphere bacteria (75%-85%). Recovary was 

slow and mini'Tium in the case of rhizosph2ric fungi (35%-

40%) • R/S ratio f·or funqi varied between 9 and 43 while in 

the case of bacteria it rang2d between 11 and 88 (Table 3.1). 

Table 3.3 to 3.8 lists fungal species isolated from rhi­

zosphere and non-rhizosphere soils of treated and control 

pla~ts. Acre~onium rutilum, Aspergillus flavus, ~£! 

circenelloides and Necteria ~ri..cosa were is:Jlated only 

from the funqi..cidas treated plants. Acremonium rutilu'TI and 

Nes:teria ventricosa were isolated only from rhizospharic 

soils while Arthr0t2otrys £-Jnoides, A~ __ Qlig_os-oora, Oidia­

dendron echinulatum were isolated from non-rhizospheric 

soils only. Cladospor~~ cladosporioides, Fusariu'TI oxys­

J22S!~' I· noaa, K· solani, Monilia sp., Mortierella 
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minutissima, Mucor hiemalis, ~· plumbeus, ~· racemosus, Oi­

diodendr')n echil}ulatum, Penicillium previcompactum, P. 

chrys'='~num, ~_?pus oryza2, Trichoderm'3. harzianum and 

!· viride showed spor'3.dic a?pearance and did not show any 

treatm~nt or habitat (rhizosDhere, non-rhizosphere) prefe-

renee. 

Herbicides : 

The effect of f0liar ap~licatiori of herbicides, 

benthi0carb, 2,4-D and fluchloralin on fungal a~d bacterial 

population of rhizosph~r:: and non-rhizosphere soils are 

given in fig.3.5 and 3.7. Herbicides affected the fungal 

and bacterial P'='PUlation of both rhizospheric and non­

rhiz'='s~heric soils. The soils from treated pl'3.nts showed 

an initial drop in fungal popul3tion followed by an in­

crease upto 15 days after which p::>pulation declined in case 

of c::>ntr~l as well as treated plots. The benthiocarb trea­

ted plots harboured'less funqal population than the other 

trea~ment and control. B~cterial population was also inhi­

bit~d but later on it recovered and followed a trend of 

variation similar to that of the control, although values 

re~ained lower bhan the control. Fig.3.6 and 3.8 shows the 

fungal ::md bacterial p::loulation in rhizos?here and n0n­

rhizos"Jh,':'!re soil of treated plots in terms of percentage 

of c:::mtrol. The maximum recovery was in the case of n0n­

rhizospheric fungi (37%-:114%), while slow and minimum in 

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



Fig. 3.1. Fungal population in rhizosphere 

and non-rhizosphere 3oils 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. sacterial 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 expressed as 

percentage o! the control. 
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Fig. 3.5. Fungal population in rhizosphere and 

non-rhizosphere soils of potato 

sprayed 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-rhizosph~re soils of potato 

sprayed ~ith herbicides. 
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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 
period 

15 

30 

4-5 

60, 

Control 

21.40 
20.20 

29.80 
50.00 

34.30 
27.90 

22.00 
19.20 

Benomyl 

9.00 
11.50 

8.80 
87.70 

43.20 
28.4C> 

14.20 
30.50 

Copper 
oxychloride 

15.90 
25.70 

12.20 
36.40 

15.70 
25.60 

10.40 
19.90 

*R/S Microbial population in rhizosphere reaion 
Microbial population in soil 

Manoozeb 

13.50 
18.30 

11.50 
69.40 

14.00 
35.90 

12.50 
29.30 



Table 3.2.Influence o: 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. 

SaiTlplinq 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 



·rable 3.3. Percentage abundance and number of propagules of fungi (per gram dry soil) 
, 4 

at 0 days after treatment with fungicides in Rhizosphere (R) x 10 and 
3 

Non-rhizosphere (N) x 10 of potato. Upper values are abundance and in 

brackets are number of propagules. 

I•olates 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) (1.17) 

Fusarium oxysporua - 11.7 - 11.7 - 11.7 - 11.7 
(0. 5 ( 0.5) (0 ( 0. 5) C o.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 0 5.2 26.0 5.2 26.0 5.2 26.0 5.2 
(14. 7) ( 0.2) (14.7) ( 0.2) (14. 7) { 0.2) (14. 7) ( 0 .. 2) 

Penicillium chrysqgenum 10.5 15.7 10.5 15.7 10.5 15.7 10.5 15.7 
( 5.8) ( 0.8) ( 5.8) < o.8) ( 5.8) -- < o.8) ( 5.8) ( 0.8) 

fihizopus coroci - 11.1 - 11.1 - 11.1 - 11.1 
( o. 5) ( 0. 5) ( 0. 5) < o.5) 

Rhizopus QI'izae 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 
< o.8) < o.a) (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 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 10
4 

and Non­

rhizosphere (N) x 103 soils of potato. Upper values are abundance and in brac­

kets are number of propagules. 

Control Benomyl 
Isolates R N R N 

Aspergillus flavus -
Cladosporium cladosporioides 33.00 20.00 10.00 

(4.10) (11.7) (0.33) 

Fusarium solani 

Monilia sp. 

Mucor hiemalis 

12.80 15.00 20.00 
(1.5) (8.8) (0.65) 

-
15 - 30 

(1.9) (0.86) 

30.7 
(11.8) 

Copper oxychloride 
R N 

46.6 
(2.22) 

-
18.2 

(5.8) 

9.0 
(2. 9) 

Mucor plumbeus 20.5 15. - - 19.9 18.2 
(5. 8) 

Mucor··racemosus 

Oidiodendron echinulatum 

Penicillium chrysogenum 

Rhizopus oryzae 

Tricho~erma harzianum 

White sterile 

(2.53) (8.7) (0.99) 

17.9 
(2. 2) 

25 
(14.6) 

30 
( 0. 86) 

- 23.0 
(8.8) 

23.0 
(8. 8) 

20 10 23 
(11.7) (0.32) (8.8) 

s.o 
(2. 9) 

33.0 
(1. 62) 

18.2 
(5.8) 

27.3 
(8. 7) 

-
27.3 

(8. 7) 

Mancozeb 
R N 

25 
(1. 2) 

6.25 
(0.32) 

18.75 
(0. 96) 

12.5 
{0.64) 

18.75 
(0.96) 

15.40 
(5. 8) 

46.20 
(1 7. 6) 

23.00 
(8. 8) 



Table 3.~P~rcentage abundance and number 

at 30 days after treatment with 
3 Non-rhizosohere (N) x 10 soils 

of propagules of fungi (per gram dry soil) 
4 

fungicides in Rhizosphere (R) x 10 and 

of 'Y) t-a to. Upper values are abundance and 

in brackets are number of propagules. 

Isolates Control Benomyl Cppper oxychloride Mancozeb 

R N R N R N R N 

Cladosporil.!m G1adospe,r-ioides - 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 Q!\..lmQ_eus 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 chEYsogenum 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) 
4 at 45 days after treatment with fungicides in Rhizosphere {R) x 10 and 

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

in brackets are number of propagules. 

Control Benomyl Copper oxychloride Mancozeb 

Isolates R N 

Cladosporium cladosporioides 24.60 
(7.0) 

Fusarium Qoae 

Fusarium solani 

Monilia sp. 

Mucor hiemalis 

Mucor plumbeus 

Mucor racemosus 

Penicillium chrysogenum 

Penicillium brevicompactum 

Sterile 

-
29.8 

(8.5) 

-
27.2 

{7. 7) 

18.0 
{ 5. 1) 

10.7 
(0. 8) 

-
21.4 

(1. 7) 

7.1 
(0.2) 

14.2 
(1.1) 

-
.(6.4 

(3. 8) 

R N 

-

44 
(3. 7) 

14.2 
(0.29) 

-
42.8 

(0.8) 

-
14.2 

R N 

-

-
38.3 

(2. 4) 

-

15.3 
(0.59) 

15.3 
(0.59) 

15.3 
{ 0. 59) 

-( 0 • 2 )· ( 0. 2 ) 

56 
(4. 7) 

-
-

-
-

28.5 
{0. 59) 

38.8 
(2. 4) 

22.2 
{ 1. 3) 

30.7 
( 1.1) 

-
23 

(0. 8) 

R N 

-
33.3 
(2.2) 

-

38.8 
(2.5n) 

-
-
-

27.7 
{1. 8) 

-

12.21") 
(o. 58) 

12.20 
( 0. 58) 

31.2 
( 1. 4) 

43.7 
{2. 0) 



Table 3.7. Percentage abundance and number of prop1gules of fungi. (per gram dry soil) 

at 60 days after treatment with fungicides in Rhizosphere (R) x 104 and 

Non-rhizosphere ( t~) 
3 x 10 soils of potato. 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 

Arthrobottys 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) 

Cladosporiuf'!! cladosEorioides 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) 

~cgium .20~ 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 .a 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) 

~ hiemalis 8.10 13.8 7.6 9.5 7.1 10.5 
(1. 2) (0.5) (0.52) (0.6} (0. 5) (0. 6) 

~ Elumbeus 2.70 9.5 6.45 17.6 
(0.40) (0.6) (0.41) (0.9} 

Necteria ventricosa 22.2 
(1. 5) 

Oidiodendron edhbulatum 22.2 6.45 
(1. 5) (1. ~) 

Penicillium bnvi.comEactum 14.00 14.2 11.00 15.7 23.5 
(2. 2) (0.92) (0.75) 10.9) (1. 2) 

Jenicill ium chrysogenum 8.6 19.2 7.4 
(0.6) (1. 3) (0. 5) 

Penicillium frequentus 6.75 7.6 11.00 10.5 3.2 (1. 2) ( 0. 52) (0.75) (0.6) 
23.5 

(0.2) {1.2) 
Trichoderma aarzianum 8.61 9.5 6.45 (0. 6) (0. 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 22.5 (1. 2) (0.6) (0. 70) (0.6) 11.7 

(0.6) (1.4) (1. 6) 



Table 3.8. Effect of fungicides on the fungal population (per gram dry soil) of rhizospheric 

) - 4 3 
(R x 10 and non-rhizospheric (N) x 10 soils of potato. Values are means of four 

determinations. 

Isolates 

Acremoniu~ rutilum 

Asoergillus flavus 

~rthrobotrys conoides 

Arthrobotrys oligospora 

Cladosporium cladosporioides 

Fusarium oxysporu~ 

Fusarium poae 

Fusarium solani 

Monilia sp. 

Mortierella minutissima 

Mucor circinelloides 

'1ucor hiemalis 

Jtucor plumbeus 

Mucor racemosus 

Necteria ventricosa 

Oidiodendron echinulatum 

Penicillium brevicompactum 

Penicillium chrysogenum 

..R!'lizopus oryzae 

Trichoderma harzianum 

Trichoderma viride 

Sterile white 

Sterile orange 

Cont"rol Benornyl Copper oxychloride 
R N R N R N 

34.0 

3.9 

7.1 

3 0 0 

2.0 

43.6 

22.6 

15.3 

24.8 

19.4 

2.5 

4.0 

1.5 

1.5 

3.1 

6.6 

2.3 

2.9 

1.5 

loS 

0.3 

4.0 

6.8 

2.3 16.5 

6.8 

0.7 16.3 

4.5 

6.1 

1.5 

2.9 

2.0 

12.8 

3.2 

1.3 

0.3 

1.9 

0.7 

7.3 

5.6 

0.7 

2.8 

2.2 

2.3 

2.3 

S.2 

1.5 1.8 

0.7 

1. 5 11. 2. 

2.2 2.4 

2.3 

4.1 

2.2 

2.2 

0.7 

3.7 

3.7 

0.7 1.8 

1.2 

4.3 1!.5 

2.9 

1.5 

1.5 

3.8 

2.3 

3.6 

2.8 

0.6 

2.3 

7.2 

3.7 

5.2 

Mencozeb 
R N 

3.2 

7.1 

12.0 

1.30 

2.6 

3.2 

0.8 

7.6 

1.0 

7.9 

-
1.4 

1.4 

4.4 

1.5 

3.0 

3.8 

1.4 

3.1 

9.6 

2.-2 

-
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 4 and 
3 . 

Non-rhizosphere (N) x 10 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 

Cl~do~poriu~ cladosporioides 26.3 21.0 26.3 21.0 26.3 21.0 2E.3 ~1.0 
(14.7) (1.17) (14.7) (1.17) (14.7) (1.17) (14.7) (1.17) 

Fusarium oxysporum - 11.7 - 11.7 - 11.7 - 11.7 
( OoS) ( 0. 5 ) ( o. 5) ( 0.5) 

Monilia sp. - 5. 0 - 5.0 - s.o - 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 5.2 26.0 5.2 26.0 5.2 
(14.7) (0. 2) (14.7) (0. 2 ) (14. 7) (0. 2 } (14. 7) ( 0.2) 

Penicillium ohrv~qgenum 10.5 15.7 10.5 15.7 10.5 15.7 10.5 15.7 
( 5.8) (0. 8) ( 5.8) ( o. 8) ( 5. 8) (0. 8) ( 5.8) ( o.8) . 

Rhizopus coroci - 11.1 - 11.1 - 11.1 ... 11.1 
(0. 5) < o.5) (0. 5) ( 0.5) 

~izopus 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 
< o.a> < o.a> co. 8) c o.8) 

.·j~sterile ' 21.1 16.6 21.1 16.6 21.1 16.6 21.1 16.6 
(11.7) ( 0.9) (11.7) ( o. 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 (W) x 10 and Non-

rhizosphere (N) x 103 soils of potato. Upper values are abundance and in 

brackets are number of propagules. 

Isolates R 

Control 

N 

Cladosporium cladosporioides 33.3 20 
(4.1) (1.7) 

Fusarium moniliforme 

Mucor hiemalis 

Mucor plumbeus 

Oidiodendron echinulatum 

Penicillium chrpsogenum 

Periconia macrospinosa 

Trichoderma viride 

Sterile 

12.8 15 
(1.5) (0.8) 

15.3 15 
(1.9) (0.8) 

20.5 
( 2. 5) 

17.9 
(2. 2) 

25 
(1. 4) 

-
-

20 
(1. 1) 

5 
(0. 2) 

Benthiocarb 2, 4-D Fluchloralin 

R N R N R N 

14.2 36.30 
(0.2) (11.7) 

- 33.3 
(11.4) 

15.3 
{0. 5) 

15.3 
( 5. 8) 

38.4 
(14.7) 

23 
(8. 8) 

-

23 
(8. 8) 

-

-

-
27.2 

(8. 8) 

-

27.2 
(8. 8} 

42.8 15~1 
(0.8) (5.8) 

42.8 
(0.8) -

- -
- 22.2 

-
30 

(0. 8) 

(7.6) 

-
40 22.2 

(1.1) (7.6) 

30 22.2 
(0.8) (7.6) 

15.3 
( 0. 5) 

15.3 
(0.5) 

23.0 
(0. 8) 

15.3 
( 0. 5) 

15.3 
(0. 5) 



Tabl~ 3.11. 

Isolates 

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

at 30 days after treatment with herbicides in R~izosphere (R) x 104 and 
.) 3 Non-rhizosphere (N x 10 soils of potato. Upper values are abundance and 

in brackets are number of propagules. 

Control Benthiocarb 2, 4-D Fluchloralin 

R N R N R N R N 

Cladosporium GladosporiQide~ - 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 .Qlumbeus 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 ~hrysogenum 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 number of propaqules of fungi (per gram dry soil) 
at 45 days after treatment with herbicides in Rhizosphere {R) x 104 and 
Non-rhizosphere (N) x 10~ soila of potato. Upper values are abundance and 
in brackets are numbeD of propaqules. 

Control Benthiocarb 2, 4-D Fluchleralin 
Isolates R N R N R N R N 

Cladosporium cladosporioide~ 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 
(8.5) (0. 7) (15 •. 6) (27 .. 8) (7.8) (0.8) 

Mucor raeemosus - - 23.0 - - - 16.1; -(11.7} • (7. 8) 
Penicillium chry~ogenum 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 - .2.8 16.6 30.7 

(S.i) (3. 8) {7. 8) {1. 7) (1. 7) (7.8) (1.1) . 
~ 



Table 3.13. Percentage abundance and number of propagules of fungi (per gram dry soil} at 
60 days after treatment vith herbicides in Rhizosphere (R) x 104 and non-rhizosphere 
(9) x·103 soils of potato. Upper values are abundancs and in brackets are number of 

propagules. 

Isolates 

Arthrobotrys conoides 

Arthrobotrys oligospora 

Arthrobotrys arthrobotryoides 

Control 
R N 

0.6 
(0.6) 

8.6 
(0.6) 

Cladospor~am eladosporioides 16.2 4.3 
(2.4) (0.2) 

Fusari~ moniliform• 

Pusariura oxvsporum 

Fusarium~ 

!'US"!.!"illlll solani 

Gonytrichum machrocladura 

Humicola fuscoatra 

Monilia sp. 

Mortierilla minutissima 

~ hiemalis 

Mucor 2lumbeus 

Kecteria ventricosa 

Oidiodendron echinulatum 

Penicillium brevicompactum 

·-·;;.!:'--~-~ ... ---

Penic1lli~~ £nrysoqenum 

~snicilli~~ fr!9uentus 

9richoderma hars1anua 

Trich~~r-• Y1ride 

Sterile vhite 

Sterile orange 

18.9 
(2 .8} 

8.1 
(1. 2) 

5.4 
(0.8). 

8.1 
(1. 2} 
2.7 

(0.4) 

u.o 
(2.2) 

13.0 
(0.9) 

13.0 
(0. 9) 

8.6 
('1.6} 
13.0 

(0.9) 

8.2 
(0.6) 

6.7 8.6 
{1.0) (0.6} 

10.8 8.6 
(1.6) (0.6} 

8.1 8.6 
(1.2) (0.6) 

senthiocarb 
R N 

16.1 
(15.1) 
25.8 

(24.2) 
25.8 

(24.2} 

15.7 
(0.8} 

12.9 20.0 
(12.1) (1.1) 

3.2 
(3.0) 

12.9 
(12.1) 

19.3 
( 18 .1) 

9.6 
(9.0) 

10.5 
(0.5) 

15.7 
(0.8) 

15.7 
l0.8} 

10.5 
(0. 5) 

21.7 
(24. 2) 

14.2 
(18.6) 

9.0 
(0.6} 

13.6 
(0.9) 

21.4 
(27.9) 

13.6 
(0.9) 

9.0 
(0.6} 
13.6 

(0.9) 

35.7 22.7 
(16.5) (1.5) 

28.5 
(37.2) 

9.0 
(0.6) 

9.0 
(0.6} 

FluchloraUo 
R tf 

18.9 
(22 .0) 
1'3.5 

(27.9} 

24.1 
(28.0) 

6.8 
(8.0) 

1'5.5 
(18.0) 

6.0 
a.o> 

12.0 
(14.0) 

8.1 
(1.2) 

1.8 
(1. 2) 

10 
(0.9) 

8.2 
(0.6) 

6.0 
(1. 2' 

6.0 
(1. 5) 



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

dry soil) of rhizospheric (R)xto4 and non-rhizospheric 

(N)xto3 soils of potato. Values are mean of four deter­

minations. 

Isola~-
Control Benthioca.rb 2, 4-D Fluchlo-

ralin 

R R R N R N R N 

A rthrobotX"lS conoides 1.5 .. - -
Arthrobotns oli9QSJ2ora 1.5 

Arthrobotirs arthrobot~oides- 1.5 1.5 

Clados,Eorium 

clados2orioides 34.0 3.1 18.0 15.6 43.8 27.2 44.1 28.0 

Fusarium OXISEOrurt\ 3.9 6.6 8.o 5.5 7.0 4.0 4.5 1.5 
Fusarium 2oae 7.1 -
Fusarium sol ani 3.0· 2.3 4.5 1.5 

Fusarium moniliforme - 7.5 -
Gonztrichum 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 .Elumbeus 22.6 6.8 1.0 - 2.0 1.5 1.9 1.5 

~r racemosus 15.3 3.0 3.0 3.0 2.3 1.9 

Nectria ventricosa 2.2 -
Oidiodendron echinulatum --· -- 1.0 ---· .. _ .. _ ~.) .. ' .. ~ 

Penicillium brevicompac~24.8 4.5 2.2 4.2 5.0 

Penicillium -:hrysog':!num 19.4 6.1 3.0 7.0 13.8 6.9 3.0 1.5 

Penicillium freg11""ntans - 0.6 4.5 

Periconia ~acrospin~ 2.2 

Trichoderma harzianum 1.5 2.2 2.2 - 4.3 3.9 4.5 
Trichoderma viride 2.5 2.9 2.2 2.2 10.7 - - -
Sterile white 4.0 2.0 2.0 5.5 8.o 8.1 5.0 5.9 

Sterile orange - 12.8 5.8 4.8 2.2 5.9 
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are given in table 3.2. RIS ratio f8r fungi varied between 

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

Funqi is'"Jlated from the rhizosphere and non-rhiz0s.:.. 

phere soil o~ herbicide treated and c0ntrol plot are given 

in Table 3.9 to 3.14. ArthrJbJt~ grth~obotrv_Qidcs, Fusa­

£i~~ ~')nilif~, G?~~ri£~~ ~achrocladium, Hu~icola f~~-

c0atra, Necteria ventric')sa and Periconia macrospinosa 

were is·')lated only fro·~~ herbicides treated plants. Fusariu'f!) 

goae, f. ~oniliforme, Gonytrichum M~croclad~,Oid!odendron 

ecrinula~ and Penicillium freque!!~ were isolated only 

from rhizospheric soils, while Arthrobotrys'conoides, A. 

oligospora, ~· orthrobotryoides, Humicola fuscoatra, Mortie-

rella minutissima and Necteria ventricosa were restricted --- - -
to non-rhizospheric soils only. Cladosoorium £!2dosQorioides, 

Fusarium oxysporum, F. solani, Mucor hiemalis, ~· plumbeus, 

~· racemosus, Penicillium brevicompact~, E· chrysogenu~, 

!richo?e~a harzianum, !· viride and sterile f0rms wP.re co~-

mon to rhizosphere as 1r7ell as non-rhizos?here soils i rres-

pective of the treatments. 

DISCUSSION 

Funqicides tr~ated plants harb')ured less uoryulati~n 

in co-nparison to control throughout study period. Similar 

results h;ave been reported by several other workers (Sri-

vastava et ~~· 1970; Kuthubutheen, 1979~ Abdelfattah et al. 

1982; Doneche et al. 1983). Fast and rapid recovery ')f 
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bacteria may be attributed t~ their tolerance to the action 

of funqicides (Peeples, 1974; Chillibe, 1985) and the capacity 

of quick growth rate (Waimvright and Pugh, 1975). The sec­

tion of population susceptible tn fungicides 'Tliqht have been 

eli'11in-at-~d, howe 1er, the resistant for-ns would have multi­

plisd faster t~ nccuny the niche vacated by the death of 

susceptible bacteria. Possibly this could be one of the 

reason for fast recovery in total bacterial populatinn. It 

could be inferred that the adverse ,':!ffect of fnnqicines was 

severe and prolonged in th'3 case of rhizospheric funqi (Fia. 

3.1) .It is established that foliar spray of chemicals af­

fect the chemical composition and quantity of root exudates 

(Vrany et al. 1962; Balasubra'Tlanian and Rangaswami, 1967). 

In many plants, the ch~nicals sprayed on the plant surfaces 

are absorb,.::d and are translocated through the plant body 

and are -excreted through the root (Linder :.:1nd !'1i tcrell, 

1963). The results of present study demonstrate the possi­

bility of exudation of fungicidal substances in the rhi­

zosphere r-egion •s is evident from the siqnificant drop in 

the fung::J.l populati·'Jn in th2 rhizosphen: regLm of the 

fungicide tr~ated plants (Fig.3.1). Exce?t the initial 

drop, the tern'Joral v:::1riation in b?:I.cterial ponulation \vas 

al'Tlost similar in treated as wall as in control soils. In 

th~ case 'Jf funai, however, fungicidal effect being more 

pronounced, the q~neral '?a-t:tern of vari ati0n did not fol­

lnw similar pattern. C;ntinued increase in the micr0bial 
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population of untreat~d soils could be attributed to the 

mor.e favCJUFll::ll=- t~mperature <3nd moisture conditions during 

later part of the study (Fig.l). This is in general confor­

mity with the e::J.rlier studies of :1ishr:'l and 'Jrivastava (1969) 

and Srivastava and Mishra (1971). The higher microbial poou­

lation in rhizosphere could be attributed to rhizos~here 

·~ffect. R/S values record"'d in the present stuciy were gene­

rally in the same range as reported by Zukovskaya (1941) and 

R':lnga<:\'17ami and V:::1s antharaj an ( 1961) • Generally RlS values of 

fungi w~s lower in fungicide treated plants indicating that 

func;::i of rhizosphere region were 11ore s~v~rely influenced 3.S 

compared to the soil fungi which ~urther strenghens our in­

fluence ·::m possibility of excretion of fungicides through 

the roots. R/S of bacteria was als0 affected by the fungi­

cide treatr.,ents. E:1<eept at the first sampling the R/S of 

bacteria was higher in benomyl .and mancozeb treatments, 

while in copper oxychloride treated plots it was lower than 

the c0ntro1. This indicates a ;;Y)SSibili ty that probably be­

nomyl and mancozeb affected less adversely the:~hizosphere 

bacteria as compared to the non-rhiz·'}Sphere bacteria while 

the reverse was true in the case of copper oxychloride. 

Species comoosition of fungi tsol3.ted from rhizos­

phere and n0n-rhizosryhere soil during the study was similar 

to that of Sudha (197g) and Ch3.ndra et al. (1982). Srivasta­

va and Day3.l (1Cl81) also reported change in the structure of 

fungal community following fungicidal application. It was 
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found that the populati;n of dominant rhizosph3re fungi like 

~~o~, 1· brevic:JmEactum and _E. chrysogenum was drasti-

cally reduced in the fungicide treated sets. On the other 

hand, fungi with lower population wer9 least affected. This 

also suggests that the fungicides treatment adversely al-

tered the rhizos~here environment for the fungal community. 

~esults of the study provides indirect evidences on 

the possibility of exudation of fun~icidal substances from 

the r--:;0ts of funqi.cid9 treated potato plants. The fungal 
I 

and bacterial p:::rpulati•::n ·:'If rhizosphere of fungicide trea-

ted pl~nts is drastically reduced and significantly altered 

in spectes composition. 

Chen et al. (1981) sugqested that in herbicide 

treat~ent the usual pattern is 3 decrease in total numb~rs 

in the initial stage, followed by a return to n0rmal or 

even an increase in numbers. Initial drop in microbial popu-

lation may be attributed 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 treated plots suggests the possibility of utiliza­

ti~n of these herbicides by funqi (Chen~~- 1981). This 

~ay also be partially attributed to the production of dead 

organic matter due t') killing of weeds as a result of 
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herbicide :::pplicati'"'n. C:Jntrary to our results Ols'Jn ~-:t al. 

(1984) reported that trifluoralin had na effect on micro-

bj.al p~pulation in either general soil or in the rhiz~sphere. 

Zelles et al. (1985) noted that most herbicides at low 

cl'JSes sti.mulat2 the microbial activity, however, at hi ghar 

asses th5y are generally inhibitory. 

Dominant fungi like f. cladosporioid~, f· oxysE~­

rum .. !j.!::!£QE spy.,Pen~cillium sp_;;).and !£ichoderma spp. were 

fr:und throughJut the study period. sugg.esting that these 

fungi are more resit-ant to herbicides. Cullimore (1971) 

alsn reported that F-q~i.um Qxysporu'!J, Trichodema lignorum, 

and Penicillium sn. were resistant for herbicides. Penicil-
------~--- . ··-

liurn and T~~<;.Q<"~-~~ are also capable of herbicide degrada­

tion (Kauf~a!, 1966). 

~he r?sults of this study demonstrate that the mi­

crobial oopula tion -!f soil and rhizosphr;re is -~tgnificantly 

altered after application of h2rbicides, however, they re­

cover steadily. As evident from the results, till the time 

of harvest the microbial population of soils treated with 

herbicidas remained lower than control. It appears that 

the spray of bi-:>cides chang.es fungal carnrnuni ty structure 

and thus adversely affects various funqi mediated proces-

ses of soil and rhizosphere. This may harmfully affect the 

process of nutrient release and aggravate 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 de9~nds on the type of f0r­

mulation d0se and number of 3pplication, physico-chemical 

characteristics of the soil :ind species composition of the 

soil microbial c~mrnunity. A survey of literature on the sub­

ject r3veals th"lt the sa'Tl.e or similar formulation of pes­

ticides 'Tl.ay be inhibitory in one set of condition while 

they may be:; stirnul-1tory in other conJi tion (vhinwright, 

1978; Kuthubutheen andPugh, 1979; Tu, 1981; Zelles ~ al. 

1981). It is suggested that before recommending any herbi­

cide or fungicide a cornpreh2nsive study on'the effect of 

the chemicals on soil microbes be ascertained. 



CHAPTER IV 

INFLUENCE OF FUNGlCIDES AND HERBICIDES ON 

COLONY GROWTH SPORE GERMINATION AND 
GERM TUBE ELONGATION OF Alternaria alternata 
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INTRODUCTION 

Alternaria ~~rnata (Fr.) Kreissl2r causes brown 

leaf spot Jisease of potato. It g~nerally affects the above 

ground parts causing serious loss in the yield. Recently 

the fungus was reported to cause black pit disease of pota­

t~ tuber also (Droby ~~ al. 1984 a,b). ~· alte~ta has 

been reported as a le~f pathogen on a nu~ber of other hos~s, 

which include crops and tr"'es of imm9nse economic value 

(Sarbhoy ~"t:. ~!.· 1975?1980,- Aopendix 1). 

Use of chemicals appear to be the only practical 

method to control the pathogen at the present mo~~nt and 

thereby to realize the full yield potential of the crop. 

During past a number of che~icals has been used against 

the pathogen with varying results (V~las and Singh, 1986; 

Altm~n and Campbell, 1977). A survey of the literature per­

taining to the studies on influence of fungicides and her­

bicides on fungi reveals that very few studies are availa­

ble on the s~1bject and f~r the better understanding of the 

behaviour and growth of fungi in response to these chemi­

cals more studies are needed. Some workers have studied the 

effect of fungicides on plant pathogens. Russell (1965) stu­

dieutoxicity of fungicides against Alternaria sp. infecting 

sugarbeet and Chemawat and Prasad (1969) investigated the 

efficacy of fungicides against Alternaria bli0ht of Cuminum 

cyminin. In lab0ratory studies Hathur and Sarbh~y (1983) 

frmnd aureofungin t~ b·e most effective fungicide against 
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~· alternata. Duncan (1985) reported that ~atalaxyl, caota-

fol and dichlnfluanid retarted the germ tube. production and 

germination of O')SDore of I?b)tt'2]20tb._~ fragariae 0n agar 

medium. 

Affect ~f herbicides on fungi has also been studied 

by some workers; Hsia and Christensen (1951) reported both 

stimulatory and inhibitory effect of 2,4-D on Helminthosp~~ 

£i~T!! _22ti~, which was related to the formulation and c0n-

cantration of 2,4-D. Wilkinson and Lucas (1969) found that 

gramaxone inhibited the soore germination and mycelial 

growth of Rhizo)2us ~~Q.~qgif~. Katan and Eshel (1973) found 

increase in the incidence of Fusariu~ wilt in tomatoes by 

the applic~tion of 2,4-D. Karr et al. (1979) report3d that 

with few exceptions herbicides inhibit the radi~l growth 

of Drechslara ,£Ygodontes, PytLium aohanide.L., 1c:ttum, Rhizocto-

nia solani and SclerJtinia ho~oeocaroa on agar medium and 

also delay the sporulation. Hodges (1981) reported that some 

herbicides inhibit while others have no effect on conidial 

germination, germ tube growth, mycelial gr:;wth and conidial 

production of Drechsler~ sorokiniana. 

·rhe work presented here was aimed to determine the 

influence of fungicides and herbicides on the biology of 

~· alternat~; specific observation include the effect of 

the fungicides and herbicides on spore germination, germ 

tube growth and linear extention of colony on agar medium. 



97 

REVIEW OF LITERATURE 

Rich::1rds (1948) fou~d that 2,4-D inbibited the co-

Lmy growth at high concentration and stimulated at low 

c~ncentration. Bever and Slife (1918) also reported i~hibi-

t 0 ry and stimulatory effect of 2,1-D herbicide on cul~ure 

m:::~iurn. Hsi.J. and Christe'"lsen (1951) added ammoniu"l'J salt of 

2, ·1-D in PDA medium and found that at higher concentrations 

the growth of Helminthos::>ori.um sativum was inhibited in pro-______ .._ __ -----
:~ortion to the concentration of herbicide in medium, at low 

concentr::1tion however, the colony growth w:1s stimulated. 

Wilkinson and Lucas (1969) studied the efffect of some co~-

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 abnormalities in growth 

habit and in pattern of spore production. They further ob-

serv~d that linuron and paraquat were more inhibitory than 

NCP,\ and simazine. Mulinq and Griffiths (1974) found that 

fungicides reduced disease incidence by inhibiting the no-

population of Colletotric~ on coffee. H0dges (1977, 1981, 

1982) studied the effect of herbicides on conidhl cells. At 

low concentration the germination of conidia was not affec-

ted whereas stimulation in germ tube growth and branching of 

qerm tube occurred. Abdalla and Manci (1979) reported that 

low concentrations of herbicide stomp were more e~fective in 

liquid and solid cultures in su::>pressing Pythi~~ spry. The 
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survJvel 
fungi~ at 1000 p~~ stom? in solid media. ~ raduction of 91.41% 

occurred at 3000 ppm concentration of stomp. Tha develoyment 

of cogoni~ and s~orangia was greatly stimulated in 100 pnm 

stomp incorporated with solid media. K3rr et al. (1979) stu-

di·3d the effect of herbicides on the growth -Jf Rhiz-J~t:Jnia 

solani, Scl?rotonia hor.!!2~£carpa ~nd ,Eythium aDhanide~~ 

at different temperatures. At low concentration all the her-

bicides stimulated the fungal growth and the degree of in-

hibition increasad in ?ro?ortion to the conc~ntration of 

herbicides. Wilding and Brobyn (1980) found that fungicides 
I 

viz., benomyl, ethirimal, tridemorph, captafol, captan, 

fentin acetate, maneb, mancozeb, thiram and zin·eb inhibited 

the germination of conidia of EntomoDhthora aphides at the 

recom~ended doses.Fitzell (1981) renorted that regular 

application of benomyl significantly reduced the popula-

tion of Colletotrichum glocosporioides on. mango leaves. 

Mathur and Sarbhoy (1983) evalu3ted nine fungicides for 

their com?~rative efficacy against Alternaria alternata 

using s:Jore germination and poisoned food technique. ·"--.ureo-

fun:~in 1 fentin acetate and f.entin chloride showed inhibi-

tory .:=ffect, T~and Wood (1983) evaluated eight fungicides 

aqainst Phyto"Jhthora ~ivora. 1\t 100 P?m cu?rous oxide, 

cyclotoximide and ~nancozeb were highly toxic at most sta-

02s of develo"J~ent of the fungus. Kader ~ al. (1983) stu-

died the effect of bavistin, catoran and curacron incorp~-

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

extracted Oos~)ores of Phyto;Jhtho~ sp. from untr.:=atc~d roots 

of infected plant and placed them on agar incorDorating the 

fungicides. He found that fungictdes reduc~d germ tube nr~-

duction in water but not in buffered agar. Singh and Bhow-

mik (1985) found that fungicides r3duced the germination .:Jf 

spore 0f Alt~.ria sp. and ~· brassicae. They re':)orted that 

difolatan w~s the most effective against the ~athoqens. 

Sharn::t and Verma (1985) reported that PCNB and bavistin re-

duced the colony growth 0£ §£lerotium sp. on agar medium. 

The inhibition was doae de~endent. Hashimoto et al. (1986) 

found that fungicides inhibi te(1 the s:Jore germinati0n of 

several fungi even at low concentration (100 pnm). They 

also noticed abnormality in branching of germ tub,3. Casale 

and Hart (1986) found that metribuzin and diuron inhibited 

the colony gr:>wth of Sclerotinia sclerotiorum on agar medium 

at 50 ug/ml while simazine and atrazirie were less effective. 

Hickisch and Nguyen (1987) found that herbicides w0re more 

inhibitory in liquid medium even when added in very low 

amount com9ared to solid medium on growing fungi. 

~ffiTERIALS AND METHODS 

~· alternata was isolat~d on Potato Dexbose Agar 

(P.D.A:) medium from an infected potato plant and ':)Ure cul-

ture was maintained on PDA (Pot~to 200.00 g, dextrose 20.0g, 

~gar 20.0g and distilled water 1 litre). 
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Fungal growth measur~d as linear ext·~nsL:m on ~gar 

The c.let::J.ils ab,:Jut chemical formulation and manufac-

turers ·:Jf· tungicides an::! herbicides are giv.2n in table 2 .1. 

A s2ri~s of fungicides and h~rbicides concentration (0, 10, 

100, 500, 10'10 and 5000 9:")m) was :;repared by incornorat"lng 

them in PDl\. 20 ml of each contr0l 1.nd treat2d PDA was dis-

'::>ersed into ·:)etrinlates (90 mm diam2ter). 5 re-olicates were 

maintained for each concentration and control. About 3 h 

after the ~:)lates were ")OUred, a mycelial disk of 5 mm di.a-

m~ter t3.ken from the ')erifery of a 5 clays old culture of 

A. alternata, growing on PDA was transferred to the centre 

of each plate. The plates were incubated at 25°C and fungal 

gr::n,.,th rate was determined by measuring the diameter of 

colony at 24 h intervals. Two measurements at right angle 

to one another were made each time •. Measurement. were con-

tinued until the fungus had calculated u-;>to the ;:>erifery 

of the plate or for a maximum of seven days. 

s2ore germination and germ tube elongation ~ 

Fungicides and herbicides solutions were prepared 

in distilled water at the concentrations of 10, 100, 500, 

1000 and 5001) :::om. The spores taken from a 5 days old cul-

ture werE susDanded in the above solutions. From each of 

the suspension a h1.nqing dro? was m3.de on a cavity slide. 

The cavities were sealed with vaseline. Five slides were 

0 
'?re~)ar~d for each treatment. Slides were :nncubated at 2 5 C 

in dark. Observations ware t3.ken at the interv3.1 of 21, 48 

·-



PLATE.1 COLONY GROWTH 

CONTROL BENOM'fl 10 ppm BENOMYL 100 ppm 

BENDM YL '}00 pp"' 
BENOMYL 1000 l)pm 

CONTROL COPP£R OXYCHLORIDE 10 pp~J~; COPPER OXYCHLORIDE 100 ppm 

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



PLATE.2 COLONY GROWTH 

COtnROl 
MANCOZEB 10 ppm NANCOZ£8 100 ppm 

IWANCOZ£8 5 )0 ppm MANCOZEB 1000 ppm 
MANCOZ£8 'OOO ppm 

CONTROL BENTHIOCARB 10 ppm 
BENTHIOCARB 100 pPm 

BENTHIOCARB ,00 ppm BENTHIOCAAB 1000 ppm BENTHIOCAAB .5000 ppm 



COLONY GROWTH 

C~TROL 2,4.0 IO ppm 2,4-0 IOO pp m 

2,4 0 '!10 ppm 

FLUCHLORALIN 10 ppm FLUCHLORALIN \00 ''"' 
CONTROL 

FLVCHLOAALIN !iOO ppm 
FLUCHLORA LIN IOOO ppm 

H .UCHLORALIN ~000 ppm 
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and 72 h. Germin:1tion and germ tube growth was observ,=d i_n 

ten randomlv choosen rylatforms from each of the slides at a 

microscoryic ryr~j~ction of 10 x 10. 

RESUL I'S 

Linear extension on agar 

Rate of fungal growth on PDA medium containing fungi­

cides is depicted in Table 1.1, 4.2, 4.3 and figs. 4.1 and 

~.3 • All the fungicides inhibited the growth of the fungi 

and the degree of inhibition increased in pr::>?ortion t~ con­

centration of the fungicides. Towards the end of the experi­

ment on the benomyl and mancozeb containing medium at the 

concentration of 10 ppm, colony diameter was 75.0 and 81.5 

mm, on the 1ther hand at the crmcentration 'Jf. 5000 p')m colo­

ny growth was totally inhibited in both the treatments. On 

CO"J';)er oxyc:,loride inc::>r~JoraterJ m.=dium colony develop~d at 

the c0ncent":'ation of 10 and 10'l ;>pm, while at 500, 1000 and 

5000 Dpm colony growth did not occur. 

All the herbicides showed inhibitory effect which 

was dose dependant except in the case of 2,4-D whi~h was 

f·Jund. sli;htly stimulatory at lowest concentration (10 :;")?m). 

,\t 100, 500 and 1000 iJprn 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 
o. Mancozeb 
E. aenthiocarb 
F. 2,4-D 
G. Fluchloralin 

.. 



A PLATE.4 

B E 

c 

F 

0 
G 
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effect on the growth of colony which was slower tha~ 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 colony growth 

fungicides and herbicides also promotec abnormalities in co­

lony structure, sporulation and spore structure as shown in 

plate 4· At lower concentrations there were no abnovnali­

ties in the spore structure. Therefore, for .observation of 

spore abnormalities the highest concentration of treat~ents 

in which fungal colony grew was s!9lect,~d.. Snores of A. al­

alternata g~-owing on untreated PDA had mean length 27.5 llm­

w:iith 9.5 Jlm7 number of horizontal septa 5.J ar.d vertical 

septa were 3.0 and 2.0 respectively. In coDper oxy~hlo~ide 

treatment mean length, mean width, mean number of horizon­

tal septa and ~ean number of verti~el septa in spores were 

26.25 ~m, 10.75 ~m, 1.0 and 2.0 respectively. While in man­

cozeb treat2d culture the corr<::sponding values ,..,ere 14.15 lllTI, 

10.28 Jl111, 1. 0 and a. 0. The spore wall in copper oxychloride 

treated culture became dark black and thicker than the 

control. 

At 5000 p:pm concentration in 2,4-D treated medium 

sporulation was prohibited and colour of colony became 

white. Herbicides also changed the spore structure. In 2,4-~ 

treated cultures mean length of spore decreased by 3.27 ~m 

and mean width increased by 1.80 ~m. Number of horizontal 
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septa also decreased but numb~r of v~rtica~ septa was not 

affected. In case of benthi~c~rb, spore length de¢reased 

c::msiderably whil'? no marked change in width was f"Jund. In 

fluch 1 "J:t_t:~l:i:.n the mean length :Jf SJ?ore was 17.12 J.lm and _meap 

width 12.65 pm. In benthiocarb and fluchloralin treated cul­

tur~s the ~ean number of horizontal septa were 1.0 dnd no 

T~rtical &eptri were observed. 

Germinati~n of spore : 

Figs. 4.1 and 4.2 and tabl2s 4.1 and 4.8 shows the 

effect of fungicides and herbicides on the germination of 

spore. Under control sets i.e. in the absence of funqicides 

and herbicides 100% spore germinati0n was recorded after 24 

h. All the three tUngtat~ea inhibited the spore germination 

and the percentage inhibition increased with increasing con­

centratiol of the.fungicides. After 72 hat 5000 ppm 18.30% 

spore germination was recorded in ben:Jmyl while at the same 

concentration in copper oxychloride and m::mcozeb treatrn"'nts 

germinaticn did not occur. After 72 h at 10, 100, 500 ·and 

1000 _;::>pm concentrati 'Jn of ben'Jmyl the germination ,'Jf spore 

was 92, 89, 82,and 65 percent respectively. In copner oxy­

chloride treated s:;>ores after 72 h at 10, 100, 500 and 1000 

pn~ concentrations the spore germination was 93.7, 91.2, 

85 and 62 per cent respectively. While in case of mancozeb 

treatment at interval of 72 h _the '::>er cent germin1.tion in 

different concentrati'Jns (i.e. 10, 100, 500 and 1001) nrym) 

was 93, 87# 80 and 60 per cent. Periodic observ~ti"Jn of 
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spore germinati ;n at the intervals ·:;f 24 h Stl:.Jwed that a 

large pr-Jportion -Jf spores germinated within 21 h and only 

a s~all prJportion germinated during next 48 h. 

Herbicides also inhibited the spore germinati0n and 

Dercentage inhibition Jncreas2d with incre~sing cnncentra­

ti0n of the herbicides in S')luti0n. In the case of 2,4-D 

at the c;nc~ntration 10, 100, 500 and 1000 pDm the qermina­

ti~n at 24 h was 96, 92, 86 and 54 per cent and ~t 72 h it 

b·3ca~e 99, 96, 89 and 61 per cent, but .:it 50'10 ':>')~ sryores 

did not germinate. Benthi~carb did n;t have any marked inhi­

tory effect .::m s'l)ore germina.tioni in the different concen­

trations i.e. 10, 100, 500, 1000 and 5000 pp~ after 24 h 

92, 92, 90, 89 and 81 1:}er cent spore germina.ted and after 

72 h it came 100, 100, 100, 97 and 90 per cent. In the so­

lution coni a.ining 10, 100, 500 1009 ~k)el, 9006 .p')m c;ncen­

tration of fluchloralin after 72 h the germination was 99, 

98, 95, 93 and 78 per cent respectively. In the case of 

herbicides 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 elongation 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 benthi1carb 

which were stimulat;ry at lower concentrations. All the 
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concentrations of th9 three fungicides, were significantly 

inhibitory to the growth of germ tube. The degree of inhibi­

tion increased with increasing conc9ntration of the tiungici­

des. At 10, 100, 500, 1000 and 5000 ppm 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 ~m respectively. At 10, 100, 500 and 1000 DD~ 

concentration of co~per oxychloride at the end.of 72 h the 

mean length of germ tube was 763, 469, 332 and 227 ~m and 

the germ tube elcmgation rates were 11, 7, 5 and 3 )Jmlh res­

pectively, while corresponding valu3s in the mancozeb treat­

ments at the same concentrati'Jns were 822, 405, 248 and 163 

urn for the mean length of germ tubes and 11, 6, 3 and 2 pm/h 

for the germ tube elongation rate. At 5000 ppm concentration 

of copper c'"ychloride and mancoz~IJ 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 concentrati·::m of 10 ppm. However, both 

the herbicides were inhibitory at higher concentrations. 

Fluchloralin inhibited germ tube growth at all concentrations. 

At 5000 ppm 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 )lm/h respective­

ly. In case of benthiocarb at the concentrations of 10, 100, 

50'1, 1000 and 5000 ppm the rate of germ tube elongation was 

30, 26, 21, 15 and 9 ~~/h respectively.In fluchloralin trea­

ted sets the elongation rate of germ tube in different con-
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Fig. 4.1. Effect of fungicides on colony growth, 

spore germination and germ tube growth 

of ~· alternata expressed an index 

obtained by dividing the values of 

treated sets by the corresponding 

control. 
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Fig. (.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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Fiq. 4.3. Effect of different concentration 

of fungicides on colony growth 

(after 7 days) spore ger~ination 

(after 72 h.) and germ tube growth 

(after 72 h.). 



COLONY OtAMETER (mm) COLONY DtAMETER(mm) 
IJ1 

5000 

o' 
~ SPORE GERMINATION(Y•) 
1'1"1 U1 0 

~ 
';JJ 

~ -0 z -"'0 
'U 

~GERM TUBEGROWTH(Um) 

() 
0 
z 

O'n 
r1"'IT'I zz 
~~ 
-(--4 

500 
1000 
5000 

SPORE GERMINATION(•/.) _ 8 
..., 0""0 
o o n 

""'o ""z ~n 

~~ 
~~ 

~ :::J:_ 
10 r-c; 

z 5 0 z 
,_ I 000 ';lO ..-
~ - ~ 
~ 0 1 
~ GERM TUBE GROWTH(Um) "" ~ 

-0 
0 
0 

5000 

COLONY DtAMETER(mm) 

5000 

SPORE GERMINATJON(i'•) 

0 

5000 

0 
0 

GERM TUBE GROWTH(um) 

0 

"" 0 
0 
0 

'1'1 -Ci' 
I 

~ 

w 

~ 
)>-

~ 
N 
rT1 
OJ 



Fig. 4o4. Effect of differe~t concentration 

of herbicides on colony growth 

(after 7 days) spore ge~ination 

(after 72 h) and ge~ tube growth 

(after 72 h). 
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Table 4.1. Colony diameter (rnm) of A. alternata in various 

concentration of Benomyl. 

Incubation Concentrations(pprn) 
period 
{days) 0 10 100 500 1000 5000 

1 22.9 22.7 15.6 14.2 11.2 o.o 

2 35.6 30.3 22.3 18.8 15.9 o.o 
] 45.6 38.0 30.1 26.6 20.4 o.o 

4 55.8 51.5 40.3 32.3 26.4 o.o 

5 64.8 63.5 52.4 40.2 32.7 o.o 
6 76.7 72.4 61.8 48.0 39.8 o.o 
7 83.0 75.0 69.7 59.5 42.2 o.o 



Table 4.2. Colony diameter (mmJ of ~· alternata in various 

concentrations of Copper oxychloride. 

Incubation Concentrations (ppm) period 
(days} 0 10 100 500 1000 5000 

1 22.9 21.3 13.5 o.o o.o o.o 

2 35.6 31.0 20.7 o.o o.o o.o 

l 45.6 37.4 26.9 o.o o.o o.o 

4. 55.8 43.9 33.7 o.o o.o o.o 

§. 64.8 55.5 41.1 o.o o.o o.o 

6 76.7 88.3 50.2 o.o o.o o.o 

7 83.0 74.9 69.6 o.o o.o o.o 



Table {.3. 

Incubation 
period 
(days) 

1 

2 

3 

• 
5 

6 

7 

Colony diameter (mM) of A. alternata in 

various concentration of Mancozeb. 

Concentrations (ppm) 

0 10 1000 500 1000 

22.9 21.1 17.0 13.0 6.5 

35.6 31.3 24.3 17.2 11.1 

45.6 41.3 33.4 23.4 17.7 

55.8 52.5 43.5 29.7 22.1 

64.8 62.7 52.9 37.7 27.3 

76.7 73.3 61.6 46.8 32.1 

83.0 81.5 71.8 54.1 35.8 

5000 

o.o 

o.o 

o.o 

o.o 

o.o 

o.o 

o.o 



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

various concentrations of Benthiocarb. 

Incubation Concentrations (ppm) 
period 
(days) 0 10 100 500 1000 

1 22.9 15.1 14.4 11.8 10.4 

2 35.6 22.5 19.9 17.8 14.9 

3 45.6 29.7 27.2 23.4 19.8 

4 55.8 37.6 32.9 27.1 23.5 

5 64.8 44.4 39.3 31.6 28.7 

6 76.7 51.3 47.5 36.0 32.7 

7 83 .o 57.5 50.1 40.0 36.7 

5000 

8.8 

13.3 

17.9 

21.9 

25.3 

31.6 

33.2 



Table 4.5. Colony diameter (mm) of ~· alternata in 

'various concentrations of 2,4-D. 

Incubation Concentrations (ppm) 
period 
(days) 0 10 100 500 1000 

1 22.9 22.7 18.2 8.0· o.o 

2 35.6 37.2 29.2 14.6 8.0 

3 45.6 42.2 40.8 20.5 11.3 

4 55.8 56.0 46.5 25.8 16.1 

5 64.8 68.3 55.1 33.3 21.1 

6 76.7 77.0 70.8 40.4 23.9 

7 83.0 89.2 76.8 48.2 25.2 

5000 

o.o 

o.o 

o.o 

o.o 

o.o 

o.o 

o.o 



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

various concentrations of Fluchloralin. 

Incubation Concentrations (ppm) 
period 
(days) 0 10 100 500 1000 

1 22.9 18.4 17.0 14.8 10.7 

2 35.6 31.9 26.5 22.7 18.7 

3 45.6 J8.7 32.2 28.6 22.0 

4 55.8 46.8 39.5 35.2 27.1 

5 64.8 51.2 46.6 41.5 33.3 

6 ,6.7 68.5 55.2 51.1 38.8 

7 83.0 65.8 59.8 55.3 37.8 

5000 

o.o 

o.o 
o.o 

o.o 

7.0 

10.0 

19.1 



Table 4.7. 

Fungicides 

Benomyl 

Effect of fungicides on Percentage germination 

of spore of ~· alternata 

Incubation Concentrations (ppm) 
period(h) 

0 10 100 500 1000 

24 99.4 88.0 83.2 76.0 56.0 

48 100.0 89.7 . 84.4 79.3 61.3 

72 100.0 91.8 89.7 82.5 65.4 

Copper oxychloride -- -~-

24 99.4 90.0 86.2 79.0 57.6 

48 100.0 92.0 88.4 82.5 58.5 

72 100.0 93.7 91.4 85.5 61.8 

Mancozeb 
24 99.4 87.7 81.3 71.1 56.5 

48 100.0 90.3 86.0 76.7 59.7 

72 too.o 92.7 87.4 79.6 80.4 

5000 

15.2 

16.0 

18.3 

o.o 

o.o 

o.o 

o.o 

o.o 

o.o 



Table 4.8. Effect of herbicides on Percentage germination 

of spore of A. alternata 

Herbicides incubation ::oncentration (ppm) 
period(h) 

0 10 100 500 1000 5000 

Benthiocarb 24 99.<!- 9l.b 9b.b 99.0 88.~ 80.6 

48 100.00 100.0 99.4 98.8 92.0 80.7 

12 10:1.0 100.0 100.0 100.0 97.3 90.0 

2, 4-D 24 99.4 ~5.8 91.8 85.9 54.2 o.o 
48 100.0 98.2 94.1 88.8 56.4 o.o 
72 100.0 99.0 95.6 88.9 61.4 o.o 

Fluchloralin 24 99.4 95.8 93.7 85.4 76.0 7Q. ,) 

48 100.0 97.0 16.1 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).lm) of~· alternata. 

:Fungicides Incubation Concentrations (ppm) 
period(h) 0 10 100 500 

Benomyl 24 436.1 182.1 129.4 108.3 

48 831.5 519.5 374.6 253 .o 

72 1675.0 801.2 569.6 371.7 

Copper ocych 1 ~)ride 
24 436.1 399,0 271.4 185.0 

48 831.5 688.6 353,9 242.0 

72 1675.0 763.4 169.2 332.7 

Mancozeb 
24 436.1 207.3 124.8 42.3 

48 831.5 452.3 215.0 90.8 

72 1675.0 821.5 405.4 247.7 

1000 5000 

70.0 23.5 

151.6 66.1 

200.8 112.5 

94.4 o.o 
165.8 o.o 
227.1 o.o 

15.4 o.o 

45.2 o.o 

163.0 o.o 



Table 4.~~Effect of herbicides on growth of germ tube 

(length in ~m) of ~· alternata. 

Herbicides Incubation Concentrations (ppm) 
period(h) 

0 10 100 500 

Benthiocarb 24 436.0 615.2 419.4 319.1 

48 831.5 780.5 725.0 720.3 

1000 

173.8 

448.8 

72 1675.0 2182.3 1878.6 1529.2 1114.1 

21 4-D 24 136.0 485.0 348.3 251.3 233.9 

4R 831.5 1310.7 1071.4 587.5 444.4 

72 1675.0 1695.8 1151.3 851.8 529.7 
-

Fluchloralin 
24 436.0 273.8 204.6 208.5 147.9 

48 811.5 448.4 358.3 272.7 244.S 

'12 1675.0 578.8 379.4 370.6 285.3 

5000 

82.6 

208.1 

628.3 

o.o 

o.o 

o.o 

40.3 

65.8 

100.5 
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centrations i.a. 10, 100, 500, 1000 and 5000 )pm w~s 8, 5, 5, 

4 and 1 um/h res;Jectively. 

DISCUSSION 

It is well docu~ented that funqicides are toxic 

~g3inst fungi, however, toxicity of funqicid2s varies d2p2n­

ding ar. the chemical formulation of fungicides, species of 

fungi and also the climatic and edaphic factors at the an~li­

cation site. General tendency of dose dependent decrease in 

colony growth (Fig.4.1) shows that the inhibition was direct­

ly relat2d with '{uantity of the funqicides. Similar results 

have been reported in cases of !1· alte92a.:ta, ~s_!_er0tiu~ 

rolfsii and Phytophth~~ Ealmivo£~ using different fungi­

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

and Tey and Wood, 1983). The t~ree fungicides differed in 

their ~f€ect on the growth of the fungi which was more pro­

nounced at the hi9her concentr:1tions. In general, con'::>er 

fungicide ~as more toxic than the other two fungicides (Fig. 

4.1). Mulinge and Gfi.ffith (1977) also observed that cooper 

fungicide was more effective against the Coffee rust than 

benomyl and ca:::>tafol. A number of other workers has also 

reported that different fungicides differ iD their effect 

on the growth of funqi (Wildinq :=J.nd Brobyn, 19807 Singh and 

Bhowmik, 1985; Ramchandran and Sarma, 1985). 

Results denicted in fiq. 4.1 indicate that the 

effect of the fungicides on. ~iffere~t stages of growth of 
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the fungus varied. In case of all the fungicides, the germ 

tube growth was most adversely affected f8llowed by colony 

growth and spore germin-:1tion. Mycelial growth was totally 

stopped at 5000 ppm .of the funqicides, however, in case 

of benornyl, 18.3% of sp0res c0uld germinate at this concen-

tration (Fig.4.1). This shows that the actively growing my-

celia of A. alt?rnata 3re more sev~rely affected than that - _ .... _____ -·· 

of the com~aratively thick walled s~ores. Similar findings 

have also been reuorted by Mathur and Sarbhoy (1983) in 

case of fentin acRtate and fentin chloride funqicide, how-

ever, 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 lik~ly to be more severely :1ffec-

ted by the fungicides than that of the spores. Tey and Wood 

(1983) while studying the effect of fungicjde on PhY!D£~-

thora nalmivora also observed that actively growing mycelia 

and thin walled structures like zoos~ores are more severely 

affected by the fungicides. 

Herbicides, benthiocarb and fluchloralin inhibited 

the fungal growth which was dose deryendent. However, 2,4-D 

was stimul1tory 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: Chanpel and ~iller, 1956· Davis 

and Dimcnd, 1953: Shannanand Fletcher, 1965 and Smith and 

Fletcher, 1964). Wilkinson and Lucas (1969) renorted that 
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herbicides inmibit the linear extension of fungi and f0rm 

abnormalities in the 3pore structure. Ablall~ and Manci 

(1979) found that stomp herbicide retarted the gr0wth of 

Pythium sp. nn agar medium which was dose dependent. Karr 

et al. (1979) also noted that herbicides inhibit the growth 

of Rhizoctonia sol ani, Scler0tinia h·;moeocaroa and Drechs--- -·-·- --·------- ---
1~ cynoq'2.!}.ti~ on a:rar medium. The m""chanisms fiir the in-

hibitory effect of herbicides on fungi '1\ay be si'11il"lr to 

those operative in hig!-)er ')lants. Both inhibit:~ry and sti-

mulatory effect of 2,4-D on the growth of fungi have b~en 

reported by several w0rkers (Bever and Slife, 1q49~ Richards, 

19487 Arrilag":l., 1949). Similar tn the r~sult 0f oresent 

study Hsia and Christensen (1951) f~und that when 2,4-D was 

added to PDA the growth rate C)f Hel:nintho§2ori'.:!r:J .§_ati"Y._SII! 

was inhibi t:ed in :;;>roportion t·:J c-:mcentr3.tion of herbic.ir'!e 

in the medium but at low concentration it was stimulatory. 

Hodges (1977) aJso found stimulatian of myceliu'11 growth by 

2,4-D whic~ was greatest at low concentrations. The stimula-

tion in colony growth in 2,4-D treated medium may be due to 

utilizati')n of herbicide as energy source·by fungi (Chen 

~! al. 1981). A lag phase of 1 days was observed in case of 

fluchloralin at 5000 ppm C·')ncentration. It seems the fungus 

was capable of degrading the herbicides, thus reducing the 

level of toxicity. The delayed gr·-::JWth phase may also be due 

to the recovery of the pat!oqen from deleteri0us effect 

im-olicated by the herbicide. The development of some resis-

tance to the toxic effect of herbicides may also be 1Jossible 
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(Fletcher et al .. 1970 1 ·· Absidia and Hanci, 197~). 

The germination ·f SD':lres ::J.nd qc:r'TJ tube gr':lwth are 

important fact.')rs requlating the infecti 'Jn. In case -::>f cer­

tain diseases it has be3n conclusively shown that h~rbicide 

tr~at~ent influences ~he disease development (Hsia and 

Christensen, 1951i Oka and Pimentel, 1976 and Richardson, 

1957). In all the herbicide treatments percentage spore 

germinati::m was inhibited which increased with increasing 

cJncentrations. Hodges (1977) found that at low concentra­

tLm (lo-12 - 10-4M) of herbicides conidial germination of 

Drechslera ~2f')kiniana was not ~fected, but at higher con­

centrati0n (1o:3M) germinati0n was prohibited and plasmoly-

sis of c~nidial cells was observed. In 2,4-D and benthic-

carb treatments at the concentraticm of 10 pprn stimulation 

in gem tub-? growth was record~d which is simil3.r to the 

~revious Jbs~rvation 0f Hsta an~ Christensen (1951) and 

Hodqes (1977) • 2, 4-D is a pl:=mt harmone ::tnd b:mthiocarb a 

growth regulator, thus both the chemicals have qrowth ~rorn0-

ting action at low concentration. Possibly th~ stimulation 

in gem tube growth of~- alternata is r2lated to thqse ":)r'J-

perties of two herbicides (Fletcher, 1956). 

Calculation of C'Jncentration of pesticides ":)resent 

in the soil after a;J})lications at prescribed dos.~ shows that 

the concentration is lessthan 10 ppo:n in the top 6 inches 

(Bollen.., 1961; Fletcher.., 1956; newman and Downing, 1958). 

Kee;>ing above in view th<: ·ooncentrati::ms used in tha present 
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study are quite high and does n'Jt corre:;;"):Jnd t'"~ the c::mcen-

tr9.ti0ns 1.:'1 "''"'iJ. Hn1,v;:;ver, ab0ve c.:J.lcul:1tion assumes unifor'1l 

which is not found in ")~~:let icc:;. C;ntr::J.ry to the abJ-v~, 

'pockets' of high~r cnncentraticn ~f th9s~ ~he~icals ~ay 

always oc<.;ur in soil. This is :)3.rticul3.rly b"~-:-Jortant in 

case of herbicides and systsmic fungicides which tend to 

accumulate in plants. The plant bi-:::-~::J.ss at tirn.es 'Tiay con-

tain .m0re than 1000 ~T)"n of these chemicals (Calderbank and 

Tomlins0n, 1968) • l\bsorption of ::?3stic ides llay also result 

in formation of L)calised 'pocket' (~1ustaf3. and Ga:-:1ar, 1971; 

Rushdi and Jeffers, 1956; Geissbuhler et al. 1975). 'rhe re-

sul ts of these laboratory studies, therefore, de~)ict, at 

least to a limited extent, what may happen in soil nr in 

Dlant lit· =rs. Stirnul 'ltLm of fungi by 2, ~ D at lmv levels 

as n0ticed in the oresent study and also re~orted by a num-

ber of other workers (Ho~ges, 19777 sever and Slif3, 1G48: 

Hsia and ~hrtstensen, 1951) p~ompts to nroDose that if si-

milar stb:ml::1.ti ·:m occurs i':1 the soil wh"'r~=> generally the 

herbicide level are found b:c>low 10 pp:n (Bollen, 1961) the 

co"TTrPuni ty structure of soil -f'ungi may tend to shift in fa-

vour of fungi 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 

Dec::>mposition of litter is a natural process respon­

sible for the breakdown of complex organic compounds. During 

the process, inorganic rninerals 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 amend~ent 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 h~trotro~hic microorganisms viz., bacteria and fungi.The 

number and species or microorganisms colonising organic mat-

ter is determined by the physical structure and chemical co~-

position of the·substrate and climate or the site. The po-

pulation 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 et:al. 1979: Nagy and Ma--- / 

cauley, 1982: Hoore, 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 >J'0>JUlation and species corn"":lositi'm 
I 

of late c~lDnizers. Microbial succession continu~s until all 

~f the orga~ic substa~ces are mineralised. 

Th.~ cbemic3.1 c::'lm>Jonent ::>f the litter is an im·::>ortant 

factor regulating the rate of decomnosition ('v'lhitford, 1982~ 

3erg and Staaf, 1980 7 Sorenson, 1983 7 Parker ~ al. 1984-: 

Schwintzer, 1984). Nitrogen, tanin and lignin contents and 

the nature of chemical bond which attach the elements to 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 available on the decomposition of 

crop litter in field and laboratory conditions. Chang (1967) 

studied the decomposition of wheat straw and re~orted that 

fungal community associated with the decomposing straw va-

ries with variations in the tem~erature. Ladd (1981) found 

that the rate of wheat straw and root decomposition was near-

ly equal but in case of Medic.§_gS?_ littoalis the root decom-

posed more slowly than the stem and leaves. Jawson and 

Elliott (1986) found that total carbon was higher in straw 

than~ 'bbat of the r·oot, while li·Jnin 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 leaf and root litter of ?otato is amended to the 
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agricultural soils. As mast plant parts remain green and 

live at the time ~f harvest of tubers, the p~tato litter are 

generally green at the time of amend~ent and theref~re at 

the time of aMendment in soil the potato litter Jiffers to 

a great extent fr')m the wheat, barley, maize and other crop 

litters. A persual of literature shows that there is no stu~ 

dy available :'.:'ln the. d·2composi tion of potato litters. 

The present study deals with the decomposition rate, 

changes in chemical composition and microbial populations 

associated with decompcsing litter of potato. 

REVIEW OF LITERATURE 

Studies :':'In decor:rposi ti ~m ·of plant litter were inl.;. 

ti3ted by Waks~~n and his c0-workers (Waksman ana Tenny, 

1927; Waksman et al. 1928).Positive correlations betw~en 

rate of deco~pcsition and percentage of nitrogen in litter 

W3S reported by Melin (1928),.He suggested that decomposi­

tion ia affected by tne intrinsic f~ct·~rs of tl:te litter 

among which tennin content of litter has significant in­

fluence on the weight loss rate. Norman (1930) stated that 

decompositi:m of organic matter is essentially a microbi 'J­

logical process. ~ccording 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 co~~onents 

of agricultural 1 i tter and noted that W3 ter soluble ,., 
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c::>mpon-'=nts w~re Jagraded first, foll,.,wed by hemicellulose, 

cellulose and lignin. 1\charya (1935) reported that fu.ngi and 
I 

bacteria decompose hemicellulose which break dovm faster 

than dellulose. According to Linderbarg (1946), the rate of 

dec::>mposition in litter is inversely pr:Jportional to its 

lignin cantent. Lignin which occurs in the call wall and in 

the middle lamella retards decay rate by actinq as a physi-

c,al barrier to the microbi3.1 enzynes. Marshall and Alexan ... 

der (1960) reported that nitrogen in soil acts as the prin­

cipal factor limiting the rate of decomposition of crop 

residue. Nykvist (1963) noticed that a significant amount ~f 

plant nutrients are released from the litter by mechanical 

leachinq and the process ·")f leaching is highly dependent 0n 

the litter tyne~ Hering (1965) examined the successi~ri of 

fungi on leaves of ash, birch• hazel and oat. He found that 

upto one ye~ after leaf fall, all the litter types had a 

ch3racteristic flora of pyrenomycetes and imperfect funqi~ 

After one year decay they were replaced by a c0mrnon flora 

::lomin·1ted by PenicilliUm and Trichoderma. Macauley and 

Thr;wer (i966) rep·0rted that species of coelarnycetes and 

so~e moniliaies were the important initial eiemants of the 

rnicrJflora ~n the litter, but some species of Penicillium 

and Muc0rales succeeded them in advanced stage of decom-

positi:-Jn. Williams and Gray (1974) emphasized that litter 

::>f different plants daes not d2com?ose at the same rate even 
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under simil :1r environmental c.:mdi tirms. This was undoubtedly 

due t-:::> diff:=renc·?-S in the structur~ and chernic3.l C-:Jmposi ti .. m 

of litter type. Pal and Bt~3dbent (1975) reported that f~r 

rice straw decomposition, moisture was ~ne ~f the principal 

envir"Jnment.3l factor that datermin:=d the r::J.te :)f decQrttp-:::>si-

ti·-:>n by microorganisms. Kalekar e! 2!· ( 1976) found that 

wheat straw decomposed m0re rapidly f:Jll )\>Ted by rice husk, 

ground nut husk 3.nd saw dust. They suggested that the addi-

tion :Jf fungal inoculum t0 the sterile straw enhanced the 

rate of decompbsitioh. Herlitzius and Herlitzius (1977) stu-

di9d the decomp~sition of different qualities of leaves in 

acid soil and in lime soil unde~ various conditions. they 

f0und faster cL?.c-:mp)Si ticn r::1te in lim2 soil thah in :icid 

soil+ Anaj~ and Mehrotr3. (1979) stu'ied biodegradation of 

above ground parts ~f ~~1!!..2.~!~2.hya _gipinn3.t3. buried in s~il 

f~r a peri ·-.J of 13 m-:nths. They found that microbial p:;pul:l~ 

tion showed a gr3dual f:1ll fro~ initial to final stage of de­

c-:mpositi·""ln, Whithead et al. (1979) studieJ d?CGtnO'Jsition and -- ~ 

change in chemical c'Jmp0si ti ·:m cf roots ~Jf rye grass :1qd re3 

clover. He reported that red clever root c·)nta.ined more lig-

nin; p2ctin and cellulose than cye grass. Mehrc)tra -J.nd 

Aneja (1979) reported that at the initial stage of the de~ 

composition deuterJmycetes were predominant while at the 

final stage in ~ddition to deuteromycetes, a number of as-

c.-.,mycetes were als:: rec":'rded. The m0st dJmin9.nt taxa were 

Myrotheci~ ~~, Aspergillus, Curvularia sp, Penicillium 
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and ~riuZJ. Mishra (1979) studied tha distribution pattern 

of fungal species on and within the Jecnmposing roets. He 

nJted that besides a number ~f other factors the r3ta of de-

c:;mp')siti-'n ;f r:;;t is regulated by the 3nzymetic activity 

Jf micr~~rganisms such 3S saccharase pectinase, cellul9se 

and lign~se. Howard and H:;ward (1980) report$d that micro-

bial bre:J.k-down ·'Jf litter depends on the litter type. Other 
l 

factors such as S)il ':m which the plant grow and local eli-

mate apryear t; be less important in the process of decom?o-

s:Lti:;n. 1'-1:arper and Lynch (1981) stud.ied the losses :;f total 

weiqht and of individual com?onents nf oat straw during de-

comp·'JsitLJn in fi~ld c~:mditirm. They found that dec'JTrtposi-

ti;::m rates of c2llulose and hemicPllulose were closely simi-

lar anc1 these 'C• ·lysacch:J.rides accounted for most of the 

losses. Rice ~!:. ~±.. ( 1981) reported that phehol ic compounds 

produced by decomposing rice straw and found that sterile 

extracts of d.ec'Jmp')Sinq straw ware inhibi t:>ry to the growth 

.:Jf Rhiz:Jbiu'TI. Berg ~ al. ( 1932) reporteJ significant drop 

in sugar, ethyl easter and triglycerides contents of litter 

during the first ye~r of decomposition. They reported that 

cellulose decomposed faster than h~micellule>se while liqnin 

decampasiti'Jn was th.-~ slowast. Rai end Srivast3.va (1982) re-

porte~ that in decompo$ing litter co2 avolution positively 

correlated with microbi3l number. The bacterial population 

of litter showed a steady incre:1se with the progress of 

litter :iacay. During the course 0f stu:iy :m decompositi:1n of 
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teak leaf litter Sinha and Day3.1 (1983) is::>lated srme weak 

parasitic and 9hycJ:uycet'Jus fun::Ji in the initial stage which 

were later on r2placed by cellulose and lignin decomp::>sing 

ascomycetes and deuter::>mycetes.Christensen (1985,1986) found 

faster decom?osition rate in fallow than in planted plots of 

barley straw. Initi3l straw N content differed but over all 

N dynamics, was less influenced by straw type than by the 

soil type. Wessen and Berg (1~86) found that in the long 

t:::rm dec::>mpositi~n weight loss was faster during the first 

y~ar than the secand year. Concentration of total snluble mi­

nerals decreased initially ta a low but fairly constant le­

vel which was maintain 2d far th2 tw~:; years. L;wer co
2 

evolu­

tion recorded fro~ root was attributed to the smaller micrn­

bial biomass ass::>ciated with decomposing r0::>t. ~dedeji (1Q86) 

reoor~ed that treat~ent of fertilizers (N,P,K and urea) in­

creased the rate of decomposition as well as micr::>bial papu­

latiJn on dec::>mpJsing litter. Jawson and Elliott (1986) no­

ticed that wheat straw decompos·::d f:J.ster than root and lower 

co
2 

evolution fr0m the r'Jots was relate~ to smaller microbial 

populati'Jn which developed Juring the decomposition. G2of­

freya(1986) found that change in chemical com~osition of 

litter affect the species comp:)Si ticm c)f fungi. Baruah et al. 

(1986) studied decomposition of paddy straw anl ro":lt litter 

under lab~ratory conditions using two dominant litter fungi 

Mucor racemosus and Fusarium !!l2!?:il!~-~· They f·::>und 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 pure cultures and in general decom­

position of root was slower as compared to the straw. 

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

phyllous species i.e. Malicytus remifloru.s and slow in 

gymnosperft}os.They noticed that Na and K mineral content lost 

rapidly from litter. Connell (1987) reported 40-54% weight 

loss after 82 w!eke 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 ~ND METHODS 

Rate of litter dedomposition : 

Litt3r bag technique (B0COCk ~~ ~., 1960) was used 

to study the rate of decomposition. Plastic nets of i mm 

size were stitched into 20x20 cm2 size. Laaf, stem and root 

of potato plant was collected at the time of harvest and 

air dried for three weeks and an oven dry (60°C fdr 48 

hours) weight correction factor was determined. 10 g of air 

dried litter was placed in each bag.The bags containing 

leaf and stem iitter were placed randomly in the field, 

while those containing root litter were buried under the 

soil (5.0 em) in the same field. Collection of litGer bags 

were done at monthly interval. 5 re?licate bags of ~ach 

litter type were collected aseptically in sterilized poly­

thane bags and were orought to the laboratory. Bags were 
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than wE\shed on a 20Qum m.G~ah aL;ve to remove all the ~d.h~ring 

sQ±l. particle and allowed to dry in a hot air ov~n at ·a te~­

perature ?f 60°C until a constant w~ight was r~cordQd. 1he 

percentage weight los$ of litter wa$ calculatea on th• basis 

of oven dry weight of th~ sample. 

The litte~ was Wa$hed ~~ntly in stefili~~d w•t~r t~ 

remove $utf~~$ ccnta~i.ftanta. th~ litter was GUt i~to amall 

piaoee of 10 mm w~th the hel~ ~f Jt~ril~ toisiOtl !h a stari• 

lized p~tripl~t~s ~nd addqd int~ a 2SO ~l adnioal flask, Qon~ 

taining 100 ml 6f ~t~rili~ad distilled wat~t. Di1uti1n plata 

:ne"tn0d was f::?ll(')wed fot' th~ isolation of l!tte.t mieroflora 

(fungit bacta~i~). A Mirtimu~ of 10,000 dtlutib~ wa~· u$~d for 

b~cteri~ and 1000 for the fungi. 0,5 ml litt~r au$Ptn$ion was 

!nodulated from suitabi~ clilutidn into ~~Ph ~t th~ •~•ri~izad 

petr~pl.~tes contain~ng 26 ml j~ cao~ed ~alid!fi.~d rose ijeftgal 

agar {Ma,rtiht t95o) qnd nU.tfie~~ atar (Jon~bd& and c~~t, 1972) 

medi~ for thS. isot~~ion of f4rigi and ~~cttria t•s~eq~tv~~Y+ 

Three .tepi~¢ates WE!i:'$ tttairtta,inad for E3:idi-\ i;at'flpl.~$, i:fhe abseit.'i 

ment of iittef mtor0flora w~~ done preferably on th~ d~V at 

C<!l]. 2.Ct.io11; Occassi0t\i!illy 1 tlie bags Wf!t'e Stbfied dV(t:j; rr"gl)t 

in a fridge a,t 4°C when the ~recessing dould ~bt be ooffi~l~~ 

ted on the sa,me day (Ru~coe; 1971),The initial mio~obi.al 

p:-pul~tion ~ssociated with the litters was estimated before 

p~tting the bags in the field. 
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Chemical An3lysis : 

SampL:;s .uware ground in l"lb')ratory and ::malysed f;r 

C,N,P,K, Ca 3nd Mg. 

Carbon 

Organic carbon was sstimated by ra?id titration as 

described by Allen(1974). 50 m<;t of powe2red satnpl~ w3.s taken 

ir 2q~ ml conical flask. 20 ~1 ~f chromic acid (19.86 g. 

K2cr2o7 and 200 ~1 H3Po 4 wa~ ~ixed with 400 ml cone. H2so4 

f.")r 1 h. After cooling th9 solution was dilu~ted with 100 ml 

distilled water and mixed 5 ml indicator solution (5 q. Bacl2 

2H2o and 0.3 g barium diphenyl amina sulphon3te ware dis­

solved in 100 ml distilled w~ter). Further, added 2.5 ml 

chr?mic acid and titrated with 0. 4 M ferr::ms am·noni~rh sul-

phate sobuti~n (156.86 g (NH4 ) 2 so4 • 2H2o was mixed with 20 

ml C.-:mc H2so4 and diL1ted t~; 1 litre with distilled water). 

carbon was calcul3.ted as follows : 

Nitrogen : 

C% -,~~<~2~7~·5~--+~)~ .. ~mFl~x~·~o-·~12~, ~~~-­
sa~ple weight ~g) 

where T = ml 0. 4 M ferr:ms ammonium sulphate used 

ih titration, 

Nitr;gen was estimated by semi micrc Kjeldahl me­

th;d as described by Allen (1974). 100 mg ?f powedetea 

litter was taken in a Kjeldahl flask and 2 gram K2so4-Hga 

mixt,Jre e1nd 3 ml C")nc H2so4 c·-mta.ining. saly?Y.::.l~c acid 

wer.e 1.dded ana the mixture was digested on digestion rack 
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till th? s~luti~n b~ca~e pale green in c~lour. 50 ml dis-

till3d water was 3dded to the c0oled s~luti~n and mixed 

c"lr3fully. Th3 s~luti'"'~n was filtered through •tJhatman N~.1 

filter ~a~er '3.nd left t, settle for 12 h.1 ml of the fil-

~r~te was taken in a 50 ~1 v~lumetric fl'3.sk and 8 ml alka-

lin~ r'C~gll~ reag~nt (60 g sodiu~ ~otassium tartratq dis-

s~lvG~ in distilled water and diluted to 600 ml with dis-

tille,:: water) 1 ml 0.16% w/v sodium nitr:")-pruside, 2 ~1 

fresh sodium~phsnate reagent (50 g phenol diss~lved in 

250 ml 40% NaOM and diluted to 40 ml with distilled water) 

and 1 ~1 sodium hypochlorite reagent containing 5% active 

chlorine w2re added and the volume W3S made upto 50 ml. 

Flasks were kept in a water bath at 40°C for 20 minutes. One 

blank samplr was also run with it, after cooling the solu-

tion, the 0 "D. was m,:=asureJ at 62 5 nm. ?ercentage nitrogen 

was calculated as follows ;-

( 

C(ma) x Solution volume (ml) 
N% = IO' ~ aliquot (mlJ x sample weight ?v 

where c = NH! in mg obtained from the 

stan::'lard curve. 

T-y ·ietermine ~hns~)horus, ':JOtassium, calcium and 

magnesium the wet oxidation of plant m3.terial was carried 

out. 100 mg of milled water was taken in a flask and 5 ml 

HN0 3 , 0.5 ml H2so 4 and 2 '111 HClo 4 were added and it was 

heated 18°C till all the acid evaporated. 
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Ph'Jsphorus 

.Snl ph0'TIQ1 ybdic method ;.vas f0llortle 1 for the estima-

ticn of 0hosohorus (Jackson, 1973). The digeste'1 TYJater.ial 

was dilut.c-:d with 50 ml of Bray's. ,:;e-lution (1.11 g of T~m-n>-

niu'11 flouride dissolved in 1 litre of 0.1 N HCl) and shaked 

well. The s:>lution was filtered through a Whatman No.'l4 

filter ~aper. 1 ml of filtrate was taken in a test tube and 

to it 5 ml sulj,:>h0molybdate solution (25 g of ammonium mo­

lybd.ate in 250 rnl distilled water; 275 rnl cone. H
2
so

4 
in 

650 ml water mixed with the ammonium m-:Jlyb-:late solution 

when co0led 1 100 ml ar:Juaous soluti0n 0f 5% an+1mony_ potas-

siu~ tartrate was added and solution was made to 2 litre)and 

5 '111 1.5% ascorbic acid soluti0n was ~dded and the volume 

was made to 50 ml.~fter 30 minutes O.D. was d2termined at 

660 nm using blank (without s0il). 

where C ~ mg ? 0btained from the standard 

curve. 

Potassium : 

Potassium was determined by flame phot'Jmetre pra-

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 Hhatman No.44 filter pa-per. Fil-

trate was taken and read in flame photometer. 
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'C (ppm) x .solution. volume (rnl) 
K% =~--~·-~----~~-

104 x sample weight (g) 

where C = ppm of K obtained from the 

solutions. 

Calcium 

calciu~ was estimated by EDT~ titration method 

(~llen, 1974). The v0lume of digested material was made 

50 ml by distilled water. 5 ml of sample solution was taken 

into an~ther titration flask then 100 ml distilled water 

5 ml 1M NaOH and 0.1 g ~urixide (indicator) were added. The 

pink coloured solution was titrated with EDTA solution 

(0.931 g) of :dis.'J_;3.-:i,.'1.1m ethylene di.amine tetra acetate was 

dissolved in 1 lit. 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. 

Ca% ==~T~(~rn~l~)~x~s~o~l~u~t~i~o~n~v~o~l~u~m~e--~(m~l~)._ ______ _ 
102 x aliquot(ml)xsample weight(g) 

where T = ml EDTA solution required for 

the ti trati:-m. 

Magnesium : 

M3gnesium was estimated by EDTA titration method 

C.'\llen, 1974) • The VC)lurne 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 solution (20 g Na2wo42H20 was dissolved in 100 ml dis­

tilled water 3n0 15 ~1 buffer solution (67.5 g NH 4Cl was dis~ 

s0lvad in distill~d water added 57.0 ml 0.88 NH 3 diluted to 

1 litre with distilled water) were adcled. The s"lution was 

warmed and filtered through Whatman No.1 filter paper with 

the help of 40 ml distilleJ water containing 2 ~1 buffer so-

lution. Filtrate was tak2n in titration flask than 10 dr0p 

of erichro'1l black r indic3tor and 2 ml of triethanplamine were 

added, The s:)lution was titrated with EDTZ\ s0lutinn until the 

clear blue colour developed. 

T(ml) x solution volu~e (ml) 
Mg (%) "' 102 -~-· a~-t~~e>;--Cml) x ~~~pl~ __ ,_w_e_i_g_h_t (o) 

where ::' "" ml EDTA solutirm "required for 

the titration. 

RESULTS 

Rate of decomposition : 

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, however1 between the months e>f April and 

May (after 150 days) weight loss increased considerably. In 

case of stern litter weight loss during furst m•e>nth was 

3g.21 per cent and afterwards monthly differences in weight 

loss ~vas less pronounced. In case of r~ot 29.15% weight loss 
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was -recorded during first m")nth. In case of all the three 

litter ty?es the rate of weight loss increased during rainy 

seas:)n and the rate of weight loss was rapid during first 

mJnth which slowed down during subsequent periods.In general, 

the J eaves decomposed ~faster than the stem and rrJnt. The 

percentage dry weight re~aining at the end of study period 

varied from 0.30 - 1.40% depending upon the litter type. 

The k value {Table 5.2) was calculated by using the 

m,'Jdel proposed by Olson (1963). WT=wo-kt where wo is the 

initial weight, wt is the weight at time t and k is the 

rate constant or rate co-efficient (per day) • values of k 

are calculated by equation k=(Loq e 100-Log e %R)/t where 

R is the weight remaining after time t. Using above equatir:>n 

we can calculate the time required for 50 % or biological 

half life (0.693/k) and the time required for the loss of 

95% (3/k) and the time required for 99% weight loss (4.6/k). 

Th<= values obtained by the er:ruati:Jn for the daily decompe-

sition constant of leaf stem and root was 0.2752, 0.0195 and 

0.0179 respectively. The estimated half life of leaf stem 

and root litter was 23.21, 32.68 and 38.64 days respectively. 

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 5.2). 



12G 

Microbial ~~pulatinn of deco~ryosing litter 
• 

Microbial counts in·litter at different stages 0f 

d2c':'mpositicn are given in fig.5.2. ,\s figure show.:!d, ini-

tially the nu-nber •:Jf fungi and ba:,::teria was less but after 

the spr2ading ~f bags in field a rapid increase in popula-

ti::m was n':)ted. Maximum fungal and bacterial population :Jn 

leaf litter was rec~)rcL::d at the interval of 180 days. Gene-

rally, stem litter harb:Jured less:fungal and bacterial po-

pulation than the root and leaf lit·:er.Maxi'Tlum fungal and 

bacterial population in case :Jf stem and rhot was f:Jund ~.,n 

210 days which declin~d later. Always maximum fung~l and 

bacterial population was rec.:Jrded fro'll the leaf litter. A 

rapid multiplication of micro0rganisrns was nrJt:~ on the leaf 

litter f0llowed by the stem and root. 

The cc·mposi ti ')n of fung"l.l species colon ising the 

litters changed with ti~e. Fro'll l~af litter ~~Q£ ~~!is, 

.E!JizQE~ ~BY.?.~ and Penicill ~~ .£Q;:Y,22g~ were is~lat=d 

initially. The number 0f fungal species increased continous-

ly upto 90 days; the total number being 6. F:Jr next 30 days 

i.e. upto 120 days the species composition did not change. 

~t this time the litter was c~lonised by 4 Phycomycetes 

and R. st.:Jlonifer and 2 deuteromycetes viz., Fusarium m~-

liforme and E· chrys·.Jqenum. Rhiz ::>J2US st )lonifer, _8. O£Yzae 

and ~· circenelloides were not isolated after 120 days. 

Cladospori~ sp., ~· racemosus, ~· mucedo, Nanizzia 

incurvata and Penicillium sp. appeared after 120 days. 
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Am-:Jflg late c-·l.,nizer Clad:::;.sE.:Jri~~ '3.ppe'lr~d consistently from 

ste11 litt:::r ~~?£ Dlumbeus and _2. chrysogen~ were is)lated 

initially. Out )f the twJ ?, ch~•s0aenu~ was cnnsistently 
-~---···f.·---

isolat~d till th::; e1_1:j of th=:? study while M. olwnbeus did n'Jt - -
.:mpc=ar after 90 days. N. circe~ell_£ides was another early 

col.,nizer which remained associated with the litter till 210 

days. Among late c.;ltmizers, Fursari~I_!! moniliform~ and Cla-

dosr.:>orium epiphyllum were the dominants ones. A number of 

other species viz., E· monialatu~, E· oryzae, E· stolonifer, 

Trichoderma viride, ,'\l ternaria sp., Arthroderma _surrey, 

Chaetomium cochloides, Penicillium sp. and white sterile 

forms were isola.te3 sporadically. In case ?f r:>ot litters 

.£• chrys ;genum and M. hi.::;malis were associated with the lit-

ter initially. Out of the two initial colonizers ~· hiemalis 

rem:iined associated with the litter for mo.st peri':"ld while P. 

chrysogenum ~isappeared after 90 days. Anotner early coloni­

zer ·.vas ~· ~£~~ which remained associated with the lit-

ter for about 3 months. F. moniliforme colonized the litter - -----·'--
after 60 days and al~ost till the end of study it ,.,as isola-

domyces simplex, T. sPoriella and Torulla herbarum were iso-

lated ·"'lnly at the time of last sampling. 

Chemical analysis 

The pattern of plant nutrient change during litter 

decomposition differed markedly with the ~ement and litter 

type. The percentage carbon content in leaf litter was 
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88% and after decomposition at the end of study only 33% 

carbon was estimated. In case of stem and root, initial con­

centration of carbon was 92% and 85% ~n.d at the end of study 

it was 38% and 60%. Maximum amount of carbon was estimat~d 

from the leaf litter and minimum from stem litter. 

Initially# 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 decomposition at the 

interval of 240 days it was 0.39 and 0.4-1%. As the figure 

5.4 shows absolute value for nitrogen content was. maximum 

in leaf litter and minimu:n in stem litter but after decom­

position of litter remaining ~mount of nitrogen content was 

maximum in root and minimu'n in leaf litter. 

C/N ratio of litter is given in table S.e_,S.7_,S.8 •. '\t 

the initial stage ratio b~tw2en c and N in case of leaf, 

stem and root litter was 106.07, 141.53 and 121.4'1 but at 

the end of study ~eriod it was 76.74, 120.50 and 1"5.90. It 

was noticed that C/N rati-"":l decre'lsed with the period of de­

composing litter. 

The percentage P content is given in fig.5.5.Ini­

tially P content in leaf, stem and root litter was 1.94, 

1.10 and~.30%. The maximum P content was recorded in l2af 

li and minimum in root litter. The p~ttern of phospho-

rus degradation was similar in all the three litters. After 

210 days P content in leaf was 0. 55%, wh:~reas in stem and 



root at the interval of 210 days it ~as 0.47%. The absolute 

values W·3re given in fig.S.S. ht the end of study, however, 

more amount of~ was~timated in root and le1s in leaf. The 

root litter showd slow release of ;Jhosphorus. 

Initially, the k content in leaf litter was 6.1% and 

:1fter 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 remaining amou,nt e>f k was 1.0 and 0.6%. Maxi­

mu"!l concentrati0n of k was in leaf li tt~r and mini:-·um in 

root litt-3r and after degradation at the end of study 1\axi­

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 perc~nt calcium in stem and 

root litter was 2.33 and 1.53%. The maximum amount of C1 

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 dro~ped to 0.35 and 0.26%. Maximum 



Fig. Sol. 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 

differ~nt periods of decomposition. 
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Fig. 5.3. (A) Percentage carbon concentration 

of potato litter at different 

periods of decomposition. 

(B) Total amount of carbon (mg) 

remaining in the potato litter 

at different periods of decom­

position. 
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Fig. 5.4. (A) Percentage nitrogen concentration 

of potato litter at different 

periods of decomposition. 

(B) 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 (rng) 

remaining in the potato litter 

at different peLiods of decompo­

sition. 
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Fig. 5.6. (A) Percentage potassium concen­

tration of potato litter at 

different periods of decompo­

sition. 

(B) Total amount of potassium (mg) 

remaining in the potato litter 

at different periods of decom­

position. 
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Fig. 5. 7. (A) Percentage calcium concentra­

tion of potato litter at 

different periods of decompo­

sition. 

(B) Total amount of calcium (mg) 

re::naining in the potato litter 

at different periods of dec om-

position. 
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Fig. ·soB. (A) Percentage ~agnesium concen­

tration of p'otato litter at 

different periods of decom­

position. 

(B) Total amount of magaasium (mg) 

eemaining in the potato litter 

at different periods of decom­

position. 
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Table 5.1. 

Litter type 

Leaf 

Stem 

Root 

Percentage weight loss of potato leaf, stem and root litters 

after different periods of decomposition. 

Dec. Jan. Feb. March April May June 
0 30 60' 90 120 150 180 

o.o 58.6 63.9 71.9 75.8 94.0 99.6 

o.o 39.2 57.6 68.2 72.7 87.7 98.2 

o.o 29.1 45.4 65.7 70.4 84.7 98.3 

July 
210 

99.6 

98.9 

98.5 

Aug. 
240 

..;, 

99.0 

98.7 



T~ble 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%life (days) 99% life (days) 

Leaf 0.275 23.21 108.97 167.09 

Stem .019 32~08 153.45 235.30 

Root .017 38.64 167.30 256.53 



Table $.3. Population of fungal species (per o~am dry litte~ x 103 ) associated with 
deeomposing leaf litter of Potato. Values in parentheses are peraentaqe 

relative dominance. 

Fungi Months Dee Jan Feb Mareh April May June July 

Days 0 30 60 90 . 120 150 180 210 

Mucor hiemali~ 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 . .1.8..60 30.00 -(5. 6 ) I ~ .'' ,"-'. ' (1 •• &) (1,,5) ~~·"' (230 .. j) . ·- . 

Rhizopu~ o.rvzae 40.0 26.60 18.10 14.70 10.80 - - -(7.0 ) (11.2) (12.0) (17.5) (15.6) 

Rhizopus stotQnifer - 19.90 22.70 1o&.70 32.40 . - - -(8.4 ) (15.0) (17.5) (47.0) 

~r circinelloides - - 18.10 17.60 10.80 - - -(12.0) (21.0) (15.6) 
Penicillium ch~s_Qgenum 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 incurvata - - - - - - .. 8.30 

(32.0) 
Penicillium sp. - - - - - - - 20.80 

(80.0) 
Sterile white - - - - - - 10.00 20.80 

(76.9) (80.0) 

Aug 

2o&O 

... 

-
-

-

-



3 Table 5.4. Po•alation of fungal species (per gram dry litter x 10 ) 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 elumbeus 

Mucor circinelloides 

Mucor racemosus 

Penicillium chrysogenum 

Penicillium moniolatum 

Rhizopus oryzae 

E• stolonifer 

Fusarium moniliforme 

Trichoderma viride 

Cladosporium epiphyllum 

Alternaria sp. 

Arthroderma ~rreyi 

Chaetomium cochliodes 

Penicillium sp. 

White sterile 

60.0 
(9.1) 

40.00 
(4. 5) 

-
-
-
-
-
-
-
-

40.0 
(5.2) 

40.00 
(5.2) 

-
20.00 
(2. 6) 

-

-

27.27 
(9. 3) 

26.66 
(13.1) -

36.36 26.66 11.76 
(12.4) {13.1) {6.9) 

11.11 3.12 2.85 
(9.5) (12.5) (14.3) 

18.18 26.66 
{6.2) {13.1) 

18.18 19.99 
(6.2) (9.8) 

-
-
.. 

-
-

- --

- 16.66 
(14.2) 

23.52 16.66 37.5 20.00 10.00 
(13.9) (14.2) (150.0} (100.7) (3.3) 

17.64 
(1 0. 4) 

11.76 
(6. 9) - -

8.57 
( 4. 3) 

23.52 33.33 21.87 17.14 
(13.9) (28.5) (87.5) (86.3) 

11.76 
(6.9) 

-

-

- -
22.22 25.00 22.85 

(19.0) (100.0) (115.1) 

-
-
-
-

-

12.5 
<so• O) 

•0 

2.85 
(14.3) 

11.42 
(57. 5) 52.0 

( 173. 0 

8.57 to.o 
(4.3) (3.3) 

5.71 28.0 
(?.A.7) <f93.3 



Table 5.5. Population of fun9al species (pes gram dry litter x 10~) associated with 
decomposing root litter of Potato. Values in parentheses are percentage 
relative dominanc~. 

Fungi Months Dec Jan Feb March April May June Jul AuQ. 
Days 0 30 60 90 120. 150 180 210 2,.Q 

; 

Mucor hiemalis 66.0 46.15 47.00 33.33 36.36 12.49 - - 4.76 
(6.8) {15.0) {22.5) {23. S) (29.3) (15.1) {9.0) 

Mucor :Qlumbeus - 30.76 35.29 38.00 10.0 - .. 
(10.0) (16.9) {26. 8) 

~icillium chrysogenum 34.0 23.07 11.76 14.28. - .. ... - .. 
(3 .4) {7.5) {5.6) (.1 0. 0) 

Fusari um~<'lnoni 1 if orme - - 5.88 14.28 9.09 45.83 26.47 26.47 
(2. 8) (10.0) (7.3) (55.6) (119.9) ( 14-4. 0) 

Rhizop~~ ory~ae - .. - - 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 
(81. 8) 

Fusarium morismoides - - - .. - - 8.82 ... 
(39.9) 

Arthrobotry~ •u:Qerta - - - - - - - "" 9.52 
(18.1) 

Wardomyc•s s~m~ex - - - - - - - - 23.80 
(45.4) 

·rrichoderma sporiella - - - - - - - - 9.52 
(18.1) 

Torula berb&l:"\1!!! - - - - - - - - 4.76 
(9.0) 

Cladosporium sp. - - - - - 16,.64 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 

O,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 26 115 

150,M 87 56 36 25 111 

180,J 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/P C/k C/Ca 

O,D 141 65 23 40 

30,J 134 63 22 42 

60,F 136 71 27 48 

90,M 138 73 29 64 

120,A 124 68 44 66 

150,M 127 70 43 63 

180,J 123 68 40 63 

210,J 122 85 44 70 

240,A 120 98 47 78 

C/Mg 

167 

160 

167 

164 

146 

148 

139 

136 

134 



Table : 5.8. Carbon:el~ment ratios in the decomposing root 

litter of potato at different periods. 

DAYS C/N C/P C/k C/Ca C/Mg 

O,D 121 65 24 56 164 

30,J 134 73 25 69 180 

60,F 132 78 35 61 186 

90,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 ~37 

210,J l.29 103 88 109 213 

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

followed by stem and root. 

DISCUSSION 

The rate of decomposition was rapid and in the 

cases of all 1the litter types 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 

weight loss of leaf w~s faster than stem and root. It might 

be due to high number of fungi and bacteria on leaf litter 

as comDared 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 dnrtug the 

sam.~ period. 

The concentration of mineral nutrients in the litter 

also plays an important role in decomposi ti-:m. The fast 

weight loss in leaf litter compared to stem and root could 

be attributed to the higher conc=~ration 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 of barley litter. Schwintzer (1984) reported that 
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although Myricagale litter contained hi9h amount of nitrogen, 

the dec0mposition was slow due to high percentaga (10%) of 

lignin, The result suggests that litter decomposition is 

governed by the c.::mcentration of C,N,P,K~Ca and Hg.During 

the process of decomposition carbon is used as an energy 

source by decomposers while nitr~gen is assimilated in call 

protein and other compounds. Thus, high nitrogen content in 

the original m:~teri.al promotes r1ecornposi tion at least in 

early stages. 1.'hat litter contains higher amount of nitro­

gen initially which declines during decompositi~n is reryor­

ted by Christensen (1985). Initially, the concentrati'Jn of 

ni tragen was more in ,root as compared to stern, however, the 

weight loss was higher in stem. Jl"\hnson and Elliott (1986) 

reported high concentration of nitrogen in. root than in 

straw while the carbon concentration was high in straw. They 

found f"lster weight loss in straw than in root. C/N rati"J 

als0 plays an important role in the weight loss and general­

ly the rate of weight loss is faster in materials with high 

C/N ratios (Berg and Staaf, 1980). As weight loss increased 

the C/N rati0 decreased (Table 5.6,5.7,5.8). Floate (1970) 

also found decrease in C/N ratio with increase in weight 

lr::ss. 3chlesinger and P'J.sey ( 1981) reryorted that during the 

dec0mpositi-:>n of Caenothu~ leaf litter~ the C/N ratio de­

clined fr0m 80 to 10. The decrease in C/N ratio with decom­

?:JSi ti =>n w3.s also reported by many other wetrkers (7\ber and 

Melillo, 1980~ ~lexander, 1977r Edmonds, 1980). ~fter 

spreading the lit~er bag in field during first month sudden 
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loss in weight may be due t·:J leaching of water S•"Jluble co'Tl­

u::mnds. The initial loss was more ?ron-Junced in the C'3.Se of 

leaf litter as c0~pared to the ste~ an~ r,~t which mav also 

be due to higher perc:::ntaqe of parencf'vm~trms tissue in the 

case of leaf litters (Hering, 1965). 

':->hysical fJ.ct;rs als:J pl:...y a vital role in tile 

weight loss of litter. ·rhe averag~ '1\0nthly air temperature 

rainfall and humid.i ty is given in Fig.l. The te·llperatur~ va­

ried. between 1.2 and 22.9°C, rainfall between 109 m'Tl., 279m"TT, 

the relative humidity between 44 and 90. rhe result sugr1ests 

that temperatures rainfall and humidity alS·'1 ha1 a cJefini te 

effect on the rate of weight loss as luring the peri:"~ci 'Jf 

high temperature, moisture an1 relative humidity c-:m·H ti0'1S 

the rate of weight loss was also hicrher • 

. Initially, the fungal and bacterial nu~ber on de­

CO'l\posing litter was l·S:SS which increased with time~ The 

improve~ent of moisture level moderation of te~perature and 

hi9her relative humidity favoured the build up of the mi­

crobial population. The increase in microbial population in 

initial stage of the litter deco~position is ~lso reported 

by Jensen (1971). The rnaxillU'Tl fungal and bacterial p0pula­

tion in L~af li t::ter was isolate-:1 in the m·-mth of Mav-June 

while in case nf ste'TI and root in the ll0nth 'Jf June-J11ly. 

The incr~~se in microbial p,~ulation :...t this ~erind c,rres­

pond with the f~ster r~~e of litter disapnearance. The 

sudden increase in micro~ial p0~ulati0~ in t~e m0nth of 

.· 
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Mav-June may partly be attributed to the increase ~oisture 

level of litter ~nd soil. ~he ~aximum fungal and bacterial 

':>opulation was f:")und in le3.f litter followed b'.' stem a'1d 

F)Ot. It 'nav be due to the hiqher concentrat:ion of nutrient 

in lelf litter 3.S compared tr'":' ste"TJ. and root litter. The rate 

of nutrient loss was ~ls~ related to the microbial oo?ula­

tion as during period of higher microbial populatio~ the 

nutrient· loss was maximun. It has been established that the 

fungal mycelium when breaking the litter substances~ simul-

taneously utilise if for their own growth thereby retainin~ 

some amount of mineral in their b:")dy. These elernE?uts are 

then releasee slowly after the death of fungal body usually 

in ionic forms (Witka~9 1 1971). 

The fungal species composition is regulated by eli-

m~tic factors and nutrient concentrations in the substrates 

(Adedeji, 1986). Initially, Mucor hiemalis, ~· plu~beus, ~-

circenelloides, Penicilli~ ..52b.EY~~aenurn and ,E:~a_fium _!!!Oni-

su. and Mucor sp. were ~ore abundant at the initial staqe 

of deco~position of wheat straw but later the fu'1qal popu-

(1983) isolated some weak par::Jsi tes and ~e"tbers of Dh' 7 Cnrny-

cetes during initial stage which were later reDlaced by 

cellulose and lignin decomposinq ascomycetes and deutero-

mycetes. 2\t the middle stage of study period P • .£Q~~?.g~-

~~ Mucor S?p., Rhizopus 2rvz~, R. stol~nifer ~nd F. 
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F. '1V:milifq~ were dominant. Tow:=1rds the end of study, 

Cl?-dosDQ~:!:,~_T!\ ~Pi Phyll U'Il, Fusarium sP~'J. and white sterile 

fungi were dominant. Witcamp (1960) reported that Mu~~' 

Trichoderma, ?enicillium and Alternaria were dominant on the 

decomposing leaf of Quercus _Euber. Deka and Mishra (1982) 

found Penicillium, Trichoderna, _:i~ergillus, Clad,2~orium 

and Alterna as dominant fungi :::>n deco'Tiposi ng bamb:J·::> lit-

ter cellulose d~composing ~apability of Penicillium is well 

known (Hartin Et. al. 1942). Possibly the sterile forms iso--- . 

1 :=1ted during later stage of dec,::>m:posi tion belong to the 

class basidi0mycetes TrThich do not produce fruiting bodies 

on the agar media (Mishra and Tiwari, 198t). Garrett (1963) 

renorted that fungi which are resp:msible for tre decomnosi-

tion of liJ~in ap~ear in the last stage of decomposition 

and most of the basidiomycetes co~e in this category. 

So~e basic princi0les for elem~nt dynamics in 

decomp0sing litter have been outlin~d by Swift et al. (197~) 

l\ccording to their model ·~:he release of inorganic forrTls of 

an ele~ent will 6ccur only 3S lonq as the carbon/~lement 

ratio of resource stay below a level where it becomes limi-

tinq to the organisms d3comp0sing it. In a litter structure 

for which the carbon/element ratio exceeds this level, the 

element would be retained and possibly imported to it, un-

til the critical level is reached and then released in 

proporti')n t0 weight loss (Berq and Staaf, 1981). Element 

in surplus (i.e. those where the initial carbon 1element 
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ratio are below the limiting values) would then be in a 

release phas~, In the present ttudy~ however, the carbon/ 

element ratios nQver appeared to be limitinq as the r~ta 

of decornposi ticm 1f'las steady and the accumulatLm 0f ele-nent 

was not observed Crable 5.6, 5.7, 5.&). Thus, the present 

study shows that compl·2ta recycling of nutrients from the 

litter will take probably one year. 



GENERAL DISCUSSION 
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The study showed that there was n·.'Jt marked variati m 

in temperature and pH of Sr)il c;f the three agricultural sys­

tems.The maximu~ moisture c~ntent was recorded in valley 

land soil and minimum in sl:;pe land s-::il. \?'alley land was sur­

r::mndt>d by hillocks and therefore it receives L-;ss am,-Junt of 

s.Jlar heat in c·:Jmparis':)n to the fields situated rm the hills. 

Less s-:>lar radiati~ns v~r2 1ls"' r<? '1p-·.msible for the high soil 

rn0isture in valley land. In sl0pe land almost all the rain­

fall W3.ter ~.ras lost thrr-:>ugh run nff which v-1as responsible 

f0r less mnisture in the soil. R~sults showed (Figs.4.1,5.1, 

1.6,1.7). that nutrient concentratinn was generally hiabest 

in valley land soil fnllowed by terrace land and sl-:>pe land 

s'."''il. In case -:>f slope land hiqh rainfall and steep sl'"~pes 

c---used maximum 1-::>ss '"~f nutrient thr·'"~Ugh soil erosi~n. This 

rnay be the cau ·e for the minimum nutrient cr::'lncentrati:-:-n' 

in the slope land sJil. Erosinn '"~f soils 0n the hill slrp2s 

caused due tJ heavy rains rdsulted intn the deposition ~f 

the nutrient rich s;ils in the valleys which was pr:-::bably the 

c3.use of higher nutrient ccntsnt of the valley land scils. 

DePth-wise distribution of nutrients sh·weJ a decreasing 

trend along with increase in soil deryth. The surface layer 

of soil is enriched by the organic matter depositi-:>n from 

the ground vegetation and other inputs from adjoining area~. 

The nutrient status in lower profile depends ;n the lea­

ching of nutrients along with the percJlating water. In 

agricultural s1ils the ploughing mi•es the s---il, however, 
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the effect :Jf these activities is not< :ivi .lent "'::S i fr' ~!finite 

qradient is n~ted in case of m~st s~il characteristics para­

meters studied. Figs. 1.8,1.9 sh,ws that maximum fungal and 

bacterial p~nulatian was fAund in: ~urface s~il. The p'lpula­

ticn decreases al".ng depth. Possibly it ~ay be due to high 

c')ncentrati01 of nutrients and better aeration in surf~ce 

s1il. The higher population in surface soil as compared t0 

lower proriles was also reported by Eicker (1970) Mishra and 

Kanaujia, (197?' and Acea and Carballas (1986). Gsnerally, 

in all the three . fields highSst fungal and bac~erial popula­

ti~n was r~cor~ed in the manth~October at th~ middle aqe of 

·9lant. The favourable climatic c:;ndi tLm and higher nutrient 

ccncentratian and a possible increment in r~ot exudates at 

this period, s2em to influenc3 favourably the growth and de­

vel:Jpment of microbes. The fall in the popul1tion thereafter 

m.3.y be ascribPd to the decrease in nutrient c-;ntent. (Fig. 

1.6,1.7) an·j n'n-availahility )f substrates. Maximum fungal 

p>pulatLm W3.S found in valley land soil ''llhich may be due 

t--:· high c>ncentrati'ln of nutrLmts in this field. The hill 

slarye land soil always harb,ur~d laBs fungal and bacterial 

populati~n which C)Uld b~ ascribed to its poor nutrients 

status. Fungal speci~s comp1siti}n of soil is governed by 

the edaohic fact)rs of the s~il. Mucor sp., Penicillium spp 

and I'richode~spp. were found in all the three field 

s •ils. These species seem to have a wider range r_)f t>le­

rance t) the envirmrnental fact.)rs. The s-pecies "Jf ~:E 

were commcm in all the three field soil which is similar to 



138 

the w~rk 'Jf Herm3.n and Kucera (1979). Xhe C""lmparativ~ study 

~n similarity ind~x 'Jf species c~mpositi~n ~n different 

fields and at differ~nt depths (Table.1.22) sh""lwed that 

:J.eoth 1 (0-10 em) 1:Jas similJ.rt"bo depth 2 (10-20 ern) and 

<lApth 2 (10-20 em) was similar t""l depths3 (20-30 em' while 

Jepth 1 was quite differe!"lt t-, depth 3. It W3.S 0bserved 

that fungal species c~mposition of valley land was ~ore si­

milar t; terrace ~nd and terrace land to the slope land but 

valley land differed. Significantly from' ~he sl8pe land. The 

similarity in species c~mp~sitir1n could be attributed t~ the 

h~~~genity in habitat, The s0ils rich in nutrien~ and micr~­

bial population exhibited ~aximum enzyme activity. It is 

:1pparent that the mineral content level and mo~ture play an 

important r;le trJwaras regulating the enz\1Ine activity in 

s;il. >1aximum dehydrogenase acti.vi ty was record-ed in valley 

land soil and minimum slope land soil. Depth-wise, maximum 

activity was in surf ace soil and aL:mg depth the activity 

jecreased. The pattern 'Jf vari~tion in the activity was m0re 

:)r less simil3.r to the nutrient concentrati··m, bacteri::l and 

fungal 1:JoDulJ.ti ::-n. Dehydroqen.3.se activity c;rrelated with 

fungal p::v:ml3.ti·:m in all the three field s::-·ils while with 

bacteria it correlated only in tw~ field soils. Figs. 1.10-

1.13~ showed th:1t ~aximum activity was f-:)Und in valley lanJ. 

and terrace land s~il whi}e minimum in slope land S""lil. Du­

ring the study peri :Jd p0ak cJccurrecl in the month of October, 

at the middle age of plant. Similar results were reported 
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by Speir (1977) and saruah a.n::1 Hishra (1984). P-,ssibly the 

3.:J~u tL•n ':lf '';nZym<:! Iray ...,ccur f r·...,m the ?1 ant r;0ts 3.nd as so­

ciatad micr'J~rg3.nisms.In ?resent study urease 3ctivity W3.S 

p~sitively correlated with nitr...,gen and fungal p...,pulaticn in 

all the thn:~e fialds. D"ls ~E a,!. (1981) found c·'Jrrelati:n 

Jf urease activity with organic C, N and P. S')me studies 

~ave injicateJ that urease is controlled by organic carbJn 

status of the s0il (Beri ~ al. 1978, Dick, 1983) which was 

f-;uncl true inthe present study also. Me.Ximum phosphatase ac­

~ivity was recorded in the m'Jnth of October. The highast 

activity :nay be due to the micr0bial population which als-J 

peakeJ at the same time. In general, the maximum ph,...,sohatase 

activity was recoreed in valley land f-:1ll·0wed by terrace land 

an:J. sl)pe land soil. In valley lanJ. presence nf higher con­

centrati0n ~f minaral nutrient may be responsible for the 

increased ph~sphatase activity. In all the three fields the 

activity decrease:J. \vi th J.0oth which m3.y be attributed tc-:> 

reductinn in micr0bial JXY:::>ul >ti.;n and its activity. Ph:::.spha­

tase activity was found correlated t~ physic;-chemical cha­

~~cters and microbial p09ulati;n. The correlation of phos­

t'hatase activity with organic carb-:Jn, nitr':lgen, ph;sph-::;rus 

an.:.: pH was als.; reporteJ by Schlesinger ( 1977). Rt::!spiration 

is also an imp-Jrtant inJ.ex used for the measurement of mi­

cr;bial activity. The maximum co 2 evolution <:)ccurred in 

valley land s0il and minimum in slope land. The rate of 

respirati-:>n was maximum in surface layer soil which decreased 

along depth. It a?peared that respiration rate is also 
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gov~rned by the same set of factors as dehvdr.:;genase, 

urease and phasph3tase activity. The table 1.19,1.20 and 

1. 21 sh·:Jwed that respirati:)n rate was m0re C·.':lrrelli.ted t:0 fun-

gal pn::mlati :n as c ')mpared t'') bacterial p')uulati:::'n. Tasav )ra 

~n~ Ols~n (1976); Baruah and Mishra (1983) als0 found pasi-

~tv:; ra~ation~~f s~il respiration with fungal and bacterial 
populctt ion. 

Fungicides viz., benomyl copper oxychloride and 

~ancozeb and herbicides viz., benthiocarb, 2.4-D and fluchlo-

raline differed in their effect on phyllosphere microfl·~ra 

of potato. The application of fungicides and herbiri~es de-

creased the microbial population. In treated plants, through-

out the study. period fungal po:)ulati "Jn as well as bacterial 

po';uL::ti"Jn remained lower than the con;:rol.However, a reco­

very was foun:l after some time of s·)ray. Most ryossibly, the 

rec·::)Very was uue t.., Insses o-f biocides from L:;af surface by 

biodegrada ti 'ln, eva~:)ora ticm and re'Ttoval thr"Jugh ra inw1.ter. 

Sometimes d:;graded products of a bi·"Jcides '1FiY be more de-

trimental for microbes than bi~cide itself. In case of 

banomyl recovery was late as com?ared t'J mancozeb and 

copper oxychloride. This may be because the degraded pr,-

·-'l.uct of benomyl is more hannful for microbes than ban:omyl 

itself. In general, it was n"Jticed that species composi-

tion on phyllasphere did nat differ in fungicides treated 

plant than that of the control plants. Herbicides also ini-

tially decreased the fungal and bacterial po~ulation. In 

C·"lse of 2, 4-D and fluchl·or;:.lin treated plants recovery was 

s;~eedy 3.nd at later stages the :;:>')~')ulati'::'n became equal t~ 
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the contr~l, but in benthiocarb treated ~lants microbial ryo-

pu1 -~tir:n <Nas always l'Jwer thaT"l the c;ntr'Jl. Increase in the 

microbial po?ulation with the aqe of the cr~~ may ~e due t~ 

de~)OS i tLm of micr0bes fr·yn air sp~ra and/'Jr mul ti-;>lic3. tion 

of microbes in the phyllosphere of old leaves~ The s?ray 

:Jf bL)cides affect the ;1hyll0s:Jhere micr'Jflora quantitatively 

and qualitatively.In general, fungicides were more detri­

mental t; the micr')bes as compared to the herbicides. 

The same fungicides and herbicides were also tested 

f~r the effects on the rhizosphere microflora. In case of 

fungicide treated plant fungal and bacterial po;mlati.-:;n was 

control. The badterial p6~ulation 

recovered ra~:>idly which may be <::.ue t'J its tolerance to th~ 

fungicides. It was noted that rhiz;s'}here micr')bial ?O'='ula­

ti~n was m'Jre affgcted than the soil. It is speculated that 

th~ sprayed chemicals ware absorbed by the plants and trans­

loc3.ted tr: the r')-.Jts which may uirectly 3.ffect the associJ.-

ted microbial l:onulati0n -:>f the rhiz"Js-:>here. In untr.;ated 

soil continu'Jus increasirtg in microbial populatinn may be due 

to fav-:mrable factors. Generally R/S v::ilue was lower in 

fungicide treated plants which. showed that the influence of 

fungicide was more ?ronouncad on rhizosphere region than 

the soil. R/S value for b.1.cteria showe..i that benomyl and 

mancozeb were less toxic as c.1mpared <Bop;,Jer oxychloride. 

The fungicide ap~lication changes the species co~oosition. 

The dominant fungi like _g. clad:sporioides, !· :eoae,_£i. 

hiemalis, M. nlumbeus, M. racamosus and _P~ brevicom~actum - -
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were more sevarely affected than the fungi isolat~d in les-

ser numbers. The study shov•·"' d that fungicides directly a£-

feet th0 rhizos~:>here enviranment. Initially, the herbici:Je 

tre:1tment decreased the fungal ':)opulati::n which was also 

rel)Orted by Chen ~ al. (1981). Initial dro~> in fungal 3.nd 

bacterial :_:>o:::mlati'Jn m"ly bee fne to its toxic e.ffe.,....t but re-

C·avery during succeeding peri.x1 may be due to dilutir'n,. 

leaching and degradation of herbicides in soil. Stimul~tion 

in micr0bial po:~ulatirm was found in 2,4-D and flnchloralin 

treated pl"l.nt.s. It may be due t·J utilization of tneGe her-

bicides by fungi as f'!od or ,-:,nergy source. Zell2s ~ al. 

(1983) re?orted th3t at low concentrati~n herbicides stimu-

late the microbial activity but at.hi-gher dos~s thev are 

Mucor S':Y:>. P-:::·nicillium S'T-:>. and I'rich~')der-na S'"'• w-:::re found 
-~--- -·- ·-- -------~------- ' -------
dominant thrauqh0ut the study. It suggested that these fungi 

are resist3.nt to trr herbicides. The present study dem:;n-

strated that the qualitative cr quantitative alterations in 

root exudation were possibly responsible for the more se-

vere effect of biocides on the rhizos~here microflora as 

cr)nn::J.red t;; the soil. Biocides change fung31 C·)mmuni ty and 

disturbethe micr;be mediated processess in soil which may 

aff.:;ct the s;il fertility. The effect ·Of biocides on micr;-

bial p.:>pul.:ltion de:')ends :m the f>rmulati-:m. and dose of the 

ch.emical. 

The same three fungicides and herbicides were 
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tested f,")r their efficacy against [;. alter~. All the 

three fungicides inhibit the colrmy grmvth of ~. ~1 ternata 

on P.D.~. medium. The inhibiti;n in the colony growth was 

in corres~")ndence to the concentrati~n or dose of the 

fungicides. At "-he concentration ·:-f 5000 )?m in c'~pper ·--:·xy-

·~hlo ride aYJ:i m:::t.ncoze::, c ")1 ':lny did n0t gr:-Jw 1 however 1 gr ""'1,7th 

ocaur~ed in benomyl sup~lied 1 • mec.1um. It showed tha. t Cc'pper 

(}Jtychloride was m·")re t")xic than ben'lmyl and mancozeb at 

l~ast at the higher c0nc~ntration. Muling and Griffith 

(1977) also found co?·~er funqicide more effective than beT 

nomyl and captaf~l. Herbicides benthi'~carb and fluchloralin 

inhibited. the fungal gr·owth which W3.S dose depen,Jent, but 

2~4-D was stimul3tory at low c:mcentratiJn and inhibitory 

at higher concentration. Th·e mechanism for the inhibi ti 'Jn 

of colony growth may be similar as it operates~~n th2 case 

of higher ;>lant. Inhibitory n.nd stimulatory :~.ffacts of 2, 

4-D have b~an re~orted by Hsia and Christensen (1951). The 

stimulation in colony growth at low concentrati;n may be 

due to utilizati-:n of herbicide as an energy source (Ch.~n 

~!:. al. 1981) • In all the herbici,.les '_Jercentaqe spore ger-

~ination was inhibited with increasing the concentratinn. 

The "Jr ~hibi tion in the germinati·:m of s~::.~ -:-e at high c0n-

centrati,n may be due to 0lasmolysis and/or toxic effect. 

'>.t low c:>ncentration stimulation in germ tube growth W3.S 

found in 2, 4-D anc bent hi ocarb treate•:1 s~::>ores. The stimul3.-

tian in the germ tube gr~wth be Jue to the growth promotinq 

_)r'-'perties ")f the· .,WIJ herbicLl.es. It was noticed that germ 
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tube growth was m:Jst sev-3rely affected followeu by myc~li<itl 

growth and s~r)re genninati:;n. It is suggested that thin 

walled structures like germ tube 3n2 mycelia more ~rone to 

tha toxic affects of the bi~ciJes than that ~f the spores. 

In the decom~ositi~n study of ~otato leaf, stem and 

rn~t litter, it was noted that decom?osition rate was fas-

ter in the beginning of study. It may be due t-:> the loss 

of water soluble com~onents of the litter anJ favnurable 

climatic factor which increased the activity of dec'")mr,>aser 
J ' 

micr0organisms. The rate of decom:.,_osi tion was higher in leaf 

than stern and root. Possibly, it is due to higher concen-

tratir-m of nutrients and microbial ::Jopulation.Hiqher con-

centration of C, N, P, K, Ca and Mg was found in the leaf 

than in stem anu root. It may be suggested that the ?rocess 

'>f dec )m~')Si cion is largely gaverned by the chemical c ::lffi.'-.)O-

si ti::m of the: !SUbstrates .. The break down :Jf various che-

mical com?~nents is affected as a sequence of s~ecific reac-

tion with enzyme systa~s of the organisms. The variation in 

the loss ::;f various c )m":Jon.::mt suggests that the rate of de-

C·0'11':Josi ti 'n is closely 1 inked wibh the activity of decrmpo-

ser organisms. P'1rnas (19'75) statec1 that the rate ,)f deC0'11-

::_:lF)vlth rate :--f its microbial .:lec:mp·::>sers. The increase in 

microbial ~):Jpul1ti0n at the later stage r,:,f dec·0m'>ositi~n 

csuld be attributed to a favourable moisture conditicn, 

temperature and release of nutrient from the litter. Micra-
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bial popul3.ti:-n was mc)re in leaf them stem and ro8t, which 

may be ascribed t; th·= higher surf:1ce area available f":lr 

the microbial c-::>loniz'lti~n of the leaf. 
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Microbial population their biochemical actigoities 

and physico-chemical ch~racters of potato field soil in 

different agricultural ?ractices viz., valley land, ter-

race land and slope land h""J.ve been investigated. Maximum 

• mineral nutrients were in valley~l~nd soil f~ll~~ed by 

terrace land and slone land soil. Moisture content was 

also hiah in valley land as compared to terrace land and 

slope land soil. 

Qualitative and quantitative enumeration of soil 

fungi was carried out for two crop cycles. 3acterial ponu-

lation W·3.S studied >nly quantatively. Higher fungal popu-

lation was recorded from valley land soil f0llowed by ter-

race land and slo?e land soil. Generally, bacterial poryu-

lation was higher in terrace land soi~· as compared to val-

ley land and slope land soil. Both fungal and bacterial 

population decreased along depth. Mucor spp.,Fusariu'1l sp., 

Penicillium sp;). and Trichode-E!!@ spp. were dominant fungi 

in all the three agricultural systems. Data on the estima-

tion .of dehydr::>genase, urease and ph . ...,sphata~e activities 

demonstrate that maximum enzyma-activity was in valley 

land soil followed by terrace land and slope land soil. 

The biochemical activities decr.sased al0ng d.epth in all 

the three agricultural systems. ~ significant correlation 

was observed between fungal population and enzyme acti-

vities. Carbon dioxide evoluti0n was also f0und to be 

maximum in valley land followed by terrace land aod slope 
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land S:)il. Maximum out;>ut ·-:>f co
2 

was f-:>und from surface 

s~il and al0ng depth the co2 autput decraased. Generally, 

microbial p~pulation, enzyme activities and co
2 

ev~luti0n 

followed a trend ~ valley land ) terrace land ) 

land. 

Effect -:>f fungicides, viz., ben-:>myl, co~~er -:>xy-

chloride and mancozeb and herbicides viz., benthi')carb 

2,1-D and fluchloralin on leaf surf::1ce micrpflora has b~en 

sturUed. :\n initial ar.-,p in the microbial /•pulation of 

leaf surfaces was observed in all the fungicide~ treated 

plants. However, in. all cases microbial ryoryulation in-

creased subse0uently. Fungicide had ')nly marginal effect 

-:>n tha S":>ecies compositi:::-n of phyllosuhare funqi. '\cre'Tl')-
- J.: -----

niel]:~ s:;>. was restricted to fungi_cide treated pl'lnts ')nly. 

P~icilliu'Tl £hEY§.QS!~ and sterile forms were isolated 

from phyllosphere of all the treatecJ as well control 

plants. In general, herbicides application also resulted 

into a drop in microbial p,pulation, however, a recovery 

was noted 15 days after application and thereafter the po-

is0lated only from treated plants. Arthrobotrys arthro-

~- E2~~mO§US, Penic~lliurn chf2sogenurn and sterile forms 

were is.-,lated from the treated as well as control plants. 

The fun-ral and bacterial -r:>0oul::1ti:-m of rhizosphere 



and non-rhizosphare soils dropped signific~ntly following 

application of the fungicides and throughout the study,tr3a­

ted plots harboured lower population than the control plots. 

The effect o:t the fungicides was more pronouncec in the rhi­

zosphere than the non-rhizosphere region. The species compo­

sition was altered and do~inant species were more severely 

affecte:::1. Acremonium rutilum, ,\s~:>ergillus flavus and Necte­

ri.::l ventricosa were isolated only fro·n fungicides tr·"?ated 

plants.Microbial population in rhizosphere ~s well as in 

soil dropped after herbicide application, recoveDJ in micro­

bial population was observed 30 days after the aryplication. 

The species corn-position of fungal community altered in fa­

vour of herbicide resistant forms. Cladosporium £ladospo­

ri2_:hqes, Fus~£i'l!.':!! .2~~22~~, I'1ucor spp., Penicillium so. and 

Triqhoderma sp. were resistant to the herbicides. 

Fungicides and berbicides generally reduced the co­

lony growth of Alternaria alternata on agar mediu~. In case 

of 2,4-D,however, stimulation was found 3t low ~oncentra­

tions. ~~,11 the three fungicides ware inhibitory for the 

spore germination and garm tube growth of A. alternata. The 

inhibition increased with.increasing concentrations. ~t 

higher concentrations all the herbicides inhibited the 

spore germinati":'n and germ tube growth, however, 2, '~-D 

and benthincarb 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 '3tudy on dec0mposition of l:=!af, stem and r·::--ot 

litter of potato was carried out using plastic net bag tech-

nique.It was found that the rate of decomposition was depen­

dent on the chemical composition of litter and associated 

microbial populati0n. Weight loss of leaf litter was faster 

than stem and root. Higher concentrati0n ·:Jf C, N, ) , K, Ca and 

M() was f0i..md in leaf litter ;:a compared to the ste'll and r:)ot. 

The concentratirm of elements decreased with time. Highest 

microbial population on leaf litter was f~und in the month 

of June tvhile in case of stem and root the highest microbial 

POP~Jla tion was recorded in the 'llonth of July. The S::Jecies 

com"!)osi ti-m of fungi associated with the leaf ste'Tl and root 

litters did not vary significantly and most SP·~cies were 

C'"''Tlmon t0 the three 1 i tter tynes. ,:\ total 0f 15 ,.11.11 spe­

cies of fune~i were isolated from leaf ste'1l and rt)ot litter 

respectively. Mu~ l:li~!Tl~li~' Rhi~:]P}l~ QE'l~~, ~niciJ.:.li~ 

.£b.Ez?Q.~g~, !~~~arium !!!QniliforJ!Q and .!.ricbQde£:!!~ were the 

d!minant fungi on decomposing litter. 

The higher amount of C,N,P and K, a higher microbial 

populati'Jn and the biochemical activity in valley land sh-'Jwed 

that the valley land soil w:is rich in nutrient status ~tid 

that the microbial mediated processes of soil were faster in 

this svstem as comoared to terrace land and slope land soil. .. . 

Thus, fr~m the results it is clear that valley land cultiva-

tion and terrace land cultivation is better than slope land 

cultivation. The studies on the effect of herbicides and 



150 

fungicides showed that both altered the microbial popul~tion, 

however, fungici~es were m0re toxic than the herbicides. 

Both phyllosphere and rhiZ·)sphere microflora were affected 

adversely, however, it recover2d rapidly which sh:Jws that 

the effects ·of the biocides were not persistent. The study 

on the rate of deco~position and loss of elements fro~ pota­

t0 litters demonstrated that the turn over of nutrients will 

take probably 1 year. 
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APPE:IDIX I 

Host range of Alternaria alternata 

Name of the host and plant part 

Adhatoda vasica, leaves 

Blumia lacianiata, leaves 

Bougainvillia soectabilis, leaves 

Carissa carandus, leaves 

Clitoria ternatea, leaves 

Cocos nucifera, leaves 

Crataeva religiosa, leaves 

Fagopyrum tataricumt leaves 

Gardenia flo~d!,leaves 

Hordeum,vulgare, leaves 

Ocimum sanctum, leaves 

Melia azadiracta, leaves 

Plumeria acutifol~2• leaves 

Populus curamiricana, leaves 

Prunus armeniaca, leaves 

~ sp., leaves 

Triticum vulgare, leaves 

Vitex negando, leaves 
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