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Climate and edaphic conditions of north-eastern 

India is favourableirfeor the cultivation of pineapple (Ana­

nas comosus L.) and during recent years it is the most im­

portant cash crop of this region. Establishment of fruit 

pulp based industries and improved marketing facilities du-

•-ring recent years have given added boost to this crop. To­

tal area under this crop is on increase and growers are 

getting better price for their produce. In addition to the 

direct economic gains, the cultivation of pineapple also 

helps in conservation of top soils on hill slopes as the 

roots of this plant have tremendous soil binding capacity. 

Importance of bacteria and fungi in soil ecosystem can hard­

ly be over emphasised. They are responsible for the break­

down of complex organic compounds/ transformation of nu­

trients in soil and for the improvement of soil structure. 

The population and activity of microbes are generally go­

verned by the climate, physico-chemical characteristics of 

soil and plant cover (Waksman, 1952; Mishra and Kanaujia, 

1972; Tyagi, 1975; Kauri, 1982; Dunn et al. 1935; Tiwari 

et al. 1987 a). During recent times much emphasis is laid 

on the activity of microorganisms in the soil. Generally, 

the rates of microbial mediated biochemical reactions are 

used for this purpose as they provide an index of microbial 

activity (Skujins, 1978). Dehydrogenase, urease and phos­

phatase are commonly used for this purpose. Dehydrogenase 

being a respiratory enzyme provides a measure of catabolic 
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activity (Lanhard, 1956; Stevenson, 1959; Casida et al. 

1964. Urease acts as an intermediary enzyme in the transform 

mation of organic nitrogen, while ohosphatase provides an 

estimate o± breakdown of organic phosphate compound and re­

lease of phosphate in the soil (Cosgrove, 1967). The esti­

mation of the activity of these enzymes provides an assess­

ment of three different microbe-mediated processes in soil 

and the estimation of the activity of the three enzymes in 

soil gives the most reliable measure of microbial activity. 

During the last three decades a large number of 

studies on relationship of enzymes activities with the phy-

sico-chetrical and biological characteristics of soils have 

been carried out. A close positive relationship of dehydro­

genase has been reported with C0~ release, 0~ uptake, mi­

crobial number, organic carbon, soil moisture, temperature, 

pH etc. (Kuprevich and Scherbakova, 1971; Skujins, 1973; 

1976; Casida, 1977; Speir, 1977; Dash et al. 1981; Baruah 

and Mishra, 1984; Rao and Ghai, 1985; Das and Mishra, 1986; 

Tiwari et al. 1987 b ) . Contrary to the above, Gray and 

Williams (1971 b) did not find correlation between dehydro­

genase activity and microbial numbers. Urease activity has 

been found to be positively correlated with microbial bio-

mass and number, organic carbon, total nitrogen, available 

phosphorus, potassium, soil moisture, temperature, pH and 

cation exchange capacity of soils (Skujins, 1973; Dalai, 

1975; CToole et al. 1982;1985; Dkhar and Mishra, 1983; 



3 

0 "Toole ana Morgan, 1984; Sahrewat, 1980, 1983, 1984; Baruah 

and Mishra, 1984). However, Zantua et al. (1977) reported 

that urease activity negatively correlates with the organic 

carbon, pH and cation exchange capacity of soils. Like de­

hydrogenase and urease, phosphatase activity has also been 

reported to be positively correlated with microbial biomass, 

organic carbon, total nitrogen, exchangeable phosphorus, 

soil moisture, pH and clay + silt content.of soils (Speir, 

1977; Ladd, 1978; Klein and Koths, 1980; Speir and Ross, 

1981; Appiah and Thomas, 1982; Frankerberger and Dick, 1933-

Harrison, 1983). The variations in the pattern of relation­

ship between enzyme activities and soil characteristics 

have been generally attributed to the difference in soil 

characteristics, vegetation type, cropping system and use 

of agro-chemicals. 

Studies of various workers (Warcup, 1957; Dwivedi, 

1966; Mishr.r.., 1966; 1968; Prakash and Khan, 1971; Wong, 

1975; Martinez and Remirez, 1979) have demonstrated that 

climatic and edap$4c-factors modify the distribution of soil 

microbes. Agricultural activities and burning practices 

greatly affect the soil microflora (Tiwari and Rai, 1977; 

Hattori, 1973). 

^/Most of the carbon dioxide evolved from the soils 

comes from the microbial respiration (Smith and Brown, 

1932) and, therefore, it has been used as a measure of 

microbial activity Wagner, 1975; Julia and Pedziwilk, 



4 

1985). COp concentration in the soil affects the soil pH, 

nutrient availability, redox potential, organic matter de­

composition and microbes number (Bonn et al. 1979 ' Ale­

xander, 1977). A positive correlation between C0„ evolution 

and various physico-chemical and microbiological characte­

ristics of the soil has been noted by several workers (Singh 

and Gupta, 1977; Singh, 1984; Keeney et al. 1985; Das and 

Mishra, 1986; Baruah and Mishra, 1986; Dkhar and Mishra, 

1987; Tiwari et al. 1987 c). 

Since soil enzyme-systems are associated with orga­

nic residue management burying of crop residues into the 

soil not only plays an important role in chemical and bio­

logical environment of the soil, it also affects the rate 

at which nutrients become available to crop plants as well 

as to other forms of life in th^ soil (Power and Legg, 1978). 

Fungi and bacteria play an important role in the process of 

plant litter decomposition. A large amount of plant litter 

is added annually to the soil through leaf fall and death 

of plants and animals. Studies on decomposition provide in­

formation on the rate of turn over of the nutrients. The 

rate of decomposition is governed by the climate (Shukla 

et al. 1978; Shukla and Singh, 1984), soil microbial popu­

lation (Witkamp, 1963; Mishra, 1979) and chemical composi­

tion of litter (Christensen, 1986). It is envisaged that 

the study on the microbial, succession and chemical change 

in the litter would help to understand the complex process 
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of decomposition of pineapple litters. 

Earthworms are beneficial to the soil as they re­

present a large part of the soil faunal biomass. They play 

an important role in improving the soil fertility by in­

fluencing aeration, water retaining capacity and nutrient 

status (McColl *j: a_l. 1982) . Earthworms also play an impor­

tant role in plant litter decomposition- They are mainly 

responsible for the distribution of microbial communities 

by feeding on soil at one place and laying their casts at 

another (Lofty, 1974; Dash et al. 1979). Activities of 

earthworms significantly affect the physico-chemical and 

biological properties of soils. A comparativestudy on 

microbial pfptt3?«tion and their activities (dehydrogenase, 

urease, phosphatase) in earthworm casts and the surrounding 

soil would help to understand that how microbial population 

and their activities are altered in the soils after passing 

through the guts of earthworm. 

The study has been dealt under following headings ; 

1. Temporal and depth-wise variations in physico-chemical 

characteristics of pineapple brchard soils. 

2. Temporal and depth-wise variations in microbial popu­

lation and their activities in pineapple orchard soil, 

(i) Estimations of microbial population (fungi and 

bacteria). 

(ii)Determination of dehydrogenase, urease, phospha­

tase activity and C00 evolution. 
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Microtia! decomposition of pineapple litter (leaf and 

root). 

Estimation of earthworm population in pineapple orchard 

soil. 

Estimation of microbial population and their activities 

in casts of earthworms and in the surrounding soils of 

pineapple orchard. 



S T U D Y A R E A A N D C L I M A T E 
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The present study was conducted at Pineapple Research 

Station Nayabunglow situated at an altitude of 800 m from 

near seal level- latitude 2 5°44" N and longitude 91°53" E.The 

total size of form was approximately 15ha. Plantations of 1 

year, 5 year and 10 year age were selected for the study. 

'Jhe three plantations were situated side by side in the re­

search station.The soil of the three plantations was of 

sandy loamtyoe (Tablel.l). 

The climate of study area is cool with a minimum 

temperature of 4.5 C in the month of January.The average 

maximum temperature was found 23.8°C and average minimum 

temperature was 15.6°C. The rainfall occurs between March-

November. December, January and February are generally dry 

months (Fig.I). The average annual rainfall is 201.4 nv̂ . 

During winter months percentage relative humidity goes upto 

90%. Generally, the percentage relative humidity of the 

study site rangesbetw?en 57 and 90%. 

Climate of the study area can be divided into the 

following seasons : 

The period from mid-February to mid-April is the 
Season 

spring which is followed by rainy season.;&&%!&$ is the long­

est season -of the year. It starts from mid-April and conti­

nues upto the middle of September. The early period of rainy 

season is warm while later period is comparatively cool. The 

autumn is the shortest season of the year.The oeriod from 

mid-September to October is included in this season.The^win­

ter starts from the end of October and continues upto the 

middle of February. 



Fig. I Monthly variation in rainfall 

(histogram), ambient tempera­

ture and relative humidity of 

the etudy area. 
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C H A P T E R I 

TEMPORAL VARIATIONS I N PHYSICO-CHEMICAL 

CHARACTERISTICS OF PINEAPPLE ORCHARD 

SOILS 
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^^INTRODUCTION 

The physico-chemical characteristics of the soil 

varies"with time and space. Type of parent rock, climate/ 

vegetation type and topography are most important factor^ 

which g&msFfc the physico-chemical characteristics of thjp 

soil. On annual basis nutrients are added to the soil in 

the form of chemical fertilizers or it may be incorporated 

as leaf litter, plant residues or animal remains* Dynamic 

equilibrium of nutrients in the soil is maintained by the 

phenomenon of nutrient uptake, return of nutrients and re* 

tention of nutrients within the bodies of plants, soil 

animal and microorganisms* 

The biological availability of nitrogen, phospho­

rus and potassium is of considerable economic importance 

because they are the major plant nutrients that plants de­

rive from the soil. Organic nitrogen is released in the 

form of ammonium ions which may be utilized by plants or may 

be oxidized to nitrate. Phosphorus is present in the soil, 

plants and microorganisms in the form of q^anie a*d iaor-

ganic c^aiomnds. Potassium is usually the mosiji abundant of 

the plant nutrient element found in soils. It is the major 

cation that placet must obtain from the soil. The seasonal 

Changes in weather "results into variations in the physico-

chemical characteristics of the soils. Soil microorganisms 

through their various activities also alter the physico-
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Chemical properties of soil. 

Physico-chemical characteristics of the soil re­

flect the capacity of soil to provide the plant nutrients 

in the proper amount for the growth of plants. It is well 

known that physico-chemical characteristics such as soil pH, 

temperature, moisture/ erganic carbon, nitrogen, phospho­

rus and potassium regulate the population and activity of 

microorganisms in soils (Mishra, 1966; Tiwari et al, 1987 b). 

Therefore., in order to understand the population dynamics 

and activity of microorganisms of pineapple plantation field 

soils, the most important aspect to be worked out is the 

physico-chemical characteristics of the soils. 

Studies on physico-chemical characteristics were 

generally, condiacted in forest agriculture and grassland 

soils (Sing , 1968; Das, 1980? Dkhar, 1983). Possible rela*-

tionships among microbial population their activities, nu­

trient dynamics, litter decomposition actd physico-chemical 

characteristics have been also investigated in above soils 

by several workers (Seth e_t al. 1963; Switzer and Nelson, 

1972; Dkhar and Mishra, 1987). However, little is known 

about the physico-chemical characteristics of orchard soils. 

The aim of the present study is to work out monthly and 

depth-wise variations in various physico-chemical characte­

ristics of the soils of pineapple orchard. 
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: REVIEW OF LITERATURE 

Physico-chemical characteristics viz./ temperature, 

moisture, pH and organic. C,^,P,K contents of soil regulate 

tre population and activity of microorganisms in soil.Owing 

to this thess paran-ters of soil properties have baen widely 

investigated. 

McCall et al. (1956) reported that 30% to 85% of 

the total phosphorus in agricultural soils is found in or­

ganic forms. Ahlgren and Ahlgren (1965) noted a positive 

correlation between soil temperature and soil pH. 

Maliwal and Khangarot (1969) studied the extraction 

and fractionation of organic matter in Rajasthan soils.They 

noted that the amount of C and N increased with depth in 

light textured soils. 

Bieleski (1973) studied the phosphate transport and 

its availability to the plants in soils. He stated that 

phosphate is relatively immobile and this may be the reason 

for the little variations noted along depths. 

Mishra and Singh (1973) studied the leaching of 

applied nitrogen in soils. They reported that ammonium ions 

from N-fertilizers are retained in 0-4 cm depth of the soils 

but nitrate ions iiove out of it. Very little amnonium ions 

are able to move down to the bottom of the soils. 

Singh and Pathak (1973) studied the forms of phos­

phorus in relation to physico-chemical characteristics of 
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3<fl.s in alluvial tract of the Uttar Pradesh (India), They 

olilMtrvea a positive correlation -between available P and Al-P, 

># reductant and soluble Fe-P and Ca-P, 

s/ Yadav and Badolka (1973) found that soils of deodar 

forests of Uttar Pradesh (India) have a high water-holding 

capacity and cation exchange capacity. They also noted that 

the soil contained moderate concentration of Ca and Mg and 

the soils were deficient in P. 

Dunn and Debano (1977) studied the effect of fire 

on biological and chemical properties of chaparral soils. 

They reported that 20, 40,, 60 and 80% loss in total nitro­

gen Occurred at the temperatures 211°C, 287°C, 422°C and 

528°C respectively. 

^/zinke et al« (1978) reported that the high tempera­

ture releases cations in the surface soils thereby increa­

sing the potassium concentration of the soil. 

ingh (1980) studied th^ nutrient cycling in a sub­

tropical humid forest of Maghalaya and reported that most 

of the nutrients were accumulated at 10-40 cm soil depth. 

He further, suggested that below this depth nutrient con­

tent declines drastically. 

Sieving wet soil (Lynch and Panting,1980a) and 

grinding moist soil (Powlson,1980) were found to be affec­

ting the C contents of soils. 

Deka (1981) studied the seasonal variation 
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organic matter content^ nitrogtn and available phosphorus 

in 1 year, 10 year and 20 year old fallows. He noted a 

sharp decline in NH*-N level in February followed by a 

sharp increase during March-April. Lowest level of organic 

matter was noted during the period from June-August and 

then in subsequent period the level of organic matter re­

mained almost uniform. Monthly variations in soil P con­

tents of soils were not significant. 

^^Baruah (1983) investigated the physico-chemical 

characteristics of rice field soils and recorded the higher 

concentration of C, N, P and K from the surface (0-10cm) 

soils which decreased with increase in depth. Similar fin­

dings were also recorded by Dkhar (1983) in maize field 

soils of Meghalaya (India}. 

Ro^s et a_l» (1985) reported that sieving markedly 

increased the contents of inorganic and organic P. They fur-

ther, suggested that the rapid release and mineralization of 

organic N and P compounds from organisms killed during sie­

ving could be a major factor contributing to the observed 

increments in these soil properties. 

Baligar (1985) compared the mechanism of supply of 

K in wheat, corn and onion and reported that the mechanism 

of K supply to different crop species was dependent on the 

differences in their K requirement and was dependent on 

water flux rates and root parameters too. 
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Htisin fet al» (1986) noted a positive correlation 

(r=0,89) betaw*Nsn plant uptake of K and exchangeable K in the 

soils. 

V Kuchenbuch et al. (1986) studied the effect of soil 
> 

moisture on potassium availability to plants. Tftey concluded 

that soil moisture affected K availability by affecting both 

K mobility and root growth. 

y Tripathi and Hazra (1987) reported that electrical 

conductivity/ organic carbon, available N and P content of 

soil increased with an increase in the P application. 

MATERIALS AND METHODS 

Soil samples from various depths namely, 0*-10cm, 

10-20cm and 20-30cm were collected aseptically from each 

plantation soil and were used for the determination of pH, 

moisture and organic C, N, P, K contents of soils. 

Soil temperature : 

Soil temperature of three depths was recorded at 

the time of soil sampling with the help of a soil thermome­

ter. 

Determination of moisture content : 

Moisture content of the soil was determined by dry­

ing 10 g of fresh soil in a hot air oven at 105°C for 24 

hours. The percentage moisture content was calculated by 
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using the foxiRula given below :, 

a*. J j . \ J. Loss in weight on drying. Cg) v i n n 

Moisture content - Inltial sample weight (g) *
 X 10° 

Determination of the pH*. 

10 g fresh soil was taken in a 100 ml glass beaker 

containing 50 ml distilled water and stirred for 20 minutes 

on a electric magnetic stirrer. The pH was then read out by 

electric digital pH meter. 

Estimation of organic carbon-. ; 

Walkley and Black's (1934) rapid titration method 

was adapted for the determination of the organic carbon. 

1 g air dried and sieved ( <C.2mm) soil was taken in a dry 

and cleaned 500 ml conical flask along with 10 ml of IN': 

K2Cr207 and 20 ml of cone. H2S04. The flask was then left 

for 30 minutes.The mixture was diluted with 200 ml distilled 

water. Further, 10 ml of phosphoric acid (85%) was added and 

titrated with IN FeSO. solution using diphenylamine as an 

indicator. For the blank (without soil) also the same proce­

dure was followed. Three replicates were used for each sam­

ple analyses. The percentage organic carbon was calculated 

as follows : 

0, r, • v. B-S x 0.003 x 100 % Organxc carbon = rj — 

where, 

B = ml volume of FeSO. used for blank 

titration 
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S * ml volume of K2Cr20 ?used f or sample 

titration 

W » weight of sample (g). 

Determination of percentage nitrogen ; 

Digestion s The semi-microkjeldahl method as described by 

Allen (1974) was used. 1.0 g air dried and sieved ( <.2mm) 

soil was taken in dry and clean 10 ml Kjeldahl flask. 2 g, 

K2S04-HgO and 3 ml cone. H2So4 were added to the flask. The 

mixture was then filtered through Whatman No.l filter paper. 

The filtrate was used for estimation. 

Estimation : Percentage nitrogen was estimated by using the 

Indophenol blue method as suggested by Allen (1974) and cal­

culated by ttbflt following formula : 

o/ Mm-r-rt«a« C(mg) x solution volume (ml) 
/o Nxtrogen - 1 0 x aliquot (ml) x sample weight (g) 

where, 

C = Concentration reading (mg) in the aliquot. 

Determination of exchangeable potassium t 

The method suggested by Allen (1974) was adapted 

for the extraction of exchangeable potassium. 

Extraction : Ammonium acetate solution (pH = 7.0) was use 

for the extraction. It was prepared by mixing 575 ml gla­

cial acetic acid with 600 ml of ammonia solution and dilu-

tc?**6 
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ted to 10 litre distilled water. 10 q air dried and sieved 

( <.2 mm) soil was taken in a 250 ml conical flask along 

with 150 ml of extracant solution. The suspension was then 

stirred an electric magaetic stirrer for a period of 3 0 mi­

nutes and filtered through Whatman No.44 filter paper. 

Estimation : The exchangeable potassium in the filtrate was 

read out by the flame photometer and calculated by using 

the fallowing formula : 

3 
K (ma 100 a"1) - C(ppm) x solution volume(ml)xlO 

10 x sample weight (g) 

Determination of available phosphorus : 

For the estimation of available phosphorus Mobybde-

num blue method was adapted (Allen, 1974). The available 

phosphorus was extracted in anmonium extraction solution. 

The extraction solution of ammonium fluoride was prepared 

by mixing 15 ml of ammonium fluoride solution (37 g/1000 

ml) with 25 ml of 0.5N HC1 and 460 ml of distilled water. 

Extraction ? 2.85 g air dried and sieved («C.2 mm) soil was 

taken in dry and clean ih00 ml conical flask and 14 ml of 

ammonium fluoride extraction solution was added. The flask 

was wrist shaken for 5 minutes. The content of flask was 

filtered over Whatman No.44 filter paper. The filtrate 

was used for the determination of available phosphorus. 
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Estimation : 5 ml aliquot of the extract was taken in 50 ml 

volumetric flask and 1 ml of ammonium molybdate solution 

was added. The content of the flask was mixed. 2 ml of 

freshly prepared stannous chloride solution was added to 

the flask, and diluted the volume upto 50 ml by adding dis­

tilled water. The flask was left for 30 minutes. Blank 

(without soil)determination was also carried out in the same 

way and substracted from the samples estimations. Optical 

density of blue colour solution-."was read out spectrophoto-

metrically at 660 $m. A calibration curve from the stan­

dards was used to determine phosphorus in the aliquot. Avai­

lable phosphorus in the extract was calculated as follows : 

h h _ mmq; x solution voxume \m±j x xO 
.-1 » 10 5f al i mint, (ml ) v ffamnl <= w<= i rsY 

3 
^ 4. .I--,!~T _i_ i_ C(mg) x solution volume (ml) x 10 
Extractable phosphorus = i u ^—=-j • / v\ h , ••.". > \ 

( ma 100 a x ) x all<3uo't -'(ml) x sample weight (g) 
where, 

C = Concentration reading (mg) in the aliquot. 

RESULTS 

Soil Texture ; 

The soil of all the three plantations was of sindy 

loam type (Table 1.1). 

Temperature s 

Generally surface soils (0—10cm) of all the plan­

tations showed higher temperature which decreased with 

increasing depth (Fig.1.1). During winter (November-



Table 5 1.1.Soil texture. 

/ Plantations Sand % Silt % Clav % 

1 year 66.68 15.87 17.45 

5 year 65.10 15.10 19.80 

10 year 67.31 13.29 19.40 

v 
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February) temperature decreased and increased during March 

in most cases. Since July, 1985 to June, 1987 temperature 

varied from 10°C to 31°C (Fig.1.1). In general 1 year plan­

tation soil showed maximum temperature followed by the 5 

wnd 10 year plantations. 

Moisture content : 

Moisture content of the soil varied from 12.5 to 

32.18% (Fig.1,2). Higher moisture content was generally 

recorded from the surface soil. Low soil moisture was re­

corded during winter months which increased with the onset 

of rains. During rainy season the surface soil generally 

contained higher moisture while during winter higher mois­

ture was generally noted in deeper layers (Fig.1.2). 

pH : 

pH of the soil ranged between 4.2 and 5.82 (Fig. 

1.3). Maximum pH (5.82) was noted from the surface soil 

(0-10cm) of 1 year old plantation during the month of No­

vember 1985 while minimum (4.20) was recorded from the dee­

per layer of 5 year plantation in the month of December 

1986. pH did not differ significantly ±n all the three 

plantations and at different depths. 

Organic carbon : 

Temporal and depth-wise variation in organic 

carbon content of the soil is shown in Fig.1.4. Surface 
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soil (0-10cm) generally showed higher amount of organic car­

bon in all the plantations and it varied from 0.49 to>2.70% 

(Fig.1.4). Maximum (2.70%) organic carbon was noted froa the 

surface soil of 5 year plantation during the month of May, 

1987 while minimum (0.49%) was recorded from the deeper soil 

of the 1 year plantation in January, 1986. During both" rhe 

years 5 year old plantation contained maximum organic car­

bon (1.80% - 2.24%; 0.50-2.70%) which was followed by 10 

year (1.04 - 2.16%; 1.12 - 2.25%) and 1 year (0.49 - 2.20%; 

0.75 - 2.20%) plantation soils. A drop in organic carbcn 

content was recorded during the winter. In many cases it 

rose in the month of March followed by a drop in April and 

again increased in May. 

Nitrogen : 

Nitrogen ranged between 0.20 and 0.63% in all the 

studied plantations. Maximum nitrogen (0.68%) was noted 

from the surface soil of the 5 year plantation during Karch, 

1986. Deeper soil of the same plantation exhibited minimum 

(0.20%) value in January,1986. Since July, 1985 - June, 1986 

soil of 5 year plantation harboured higher nitrogen content 

than the 10 year and 1 year plantations (Fig.1.5). During 

the next study period (July 1986 - June 1987) the trend in 

nitrogen content was 1 year > 10 year> 5 year. Nitrogen 

content dropped in winter months. Rise in N content was ob­

served during March in many cases (Fig.1.5). No definite 

pattern of depth-wise variation was recorded but in most 
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cases higher nitrogen was recorded from the surface (0-10cm) 

soil. 

Phosphorus ; 

Available phosphorus of the soil varied from 3.5 mg 

to 11.6 mg 100 g (Fig.1,6). Maximum available phosphorus 

was recorded from the surface soil of the 10 year planta~ 

tion while minimum was noted from the deeper soil of the 5 

year plantation (Fig.1.6). During the study period (July 

1985 - June 1986) soils of 10 year plantation showed more 

available phosphorus than 1 and 5 year plantation while it 

did not differ significantly in all the three plantations 

since July 1986 - June 1987. Almost similar trend of month­

ly variation was noted in all the three plantations. During 

winter months phosphorus content was low which increased in 

March in many cases. Depth-wise available phosphorus ve.ried 

within a narrow range, however, surface soils showed higher 

phosphorus content. 

Exchangeable potassium : 

Generally, exchangeable potassium was higher in 

surface (0-10cm) soils which decreased with increasing 

depth (Fig.1.7). It varied from 7.0 mg to 22.2 mg 100 c . 

Maximum exchangeable potassium was noted from the surface 

soil of 5 year plantation in March 1986 while minimum was 

found in deeper soil of 10 year plantation in September 

1985. During both the years, 5 year plantation soil shewed 



Fig. 1.1 Monthly variation in soil 

temperature of the different 

plantation soils. 



Fig. 1.1 

O 0 - 10 cm depth" 
10-20 cm depth 

1985 1986 
SAMPLING PERIOD IN MONTHS 

1987 



Fig. 1.2 Monthly variation in soil 

moisture content of the 

different plantation soils. 
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Fig. 1.3 Monthly variation in pH of 

different plantation soils. 
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Pig. 1.4 Monthly variation in organic 
carbon content of different 
plantat ion s o i l s . 
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Fig. 1.5 Monthly variation in total 

nitrogen content of diffe­

rent plantation soils. 
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Fig.1.6 Monthly variation in available 

phosphorus content of different 

plantation soils. 
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Fig. 1.7 Monthly variation in exchangeable 

potassium content of different 

plantation soils. 
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maximum potassium (7.5 mg - 22.2 mg 100 g~ ; 9.3 mg - 22.2 

mg 100 g" ) followed by the 10 year (7.0 mg - 18.5 mg 100 

g~ ; 7.8 mg - 19.0 mg 100 g~ ) and 1 year (7.8 mg - 18.2 mg 
-1 -1 

100 g ; 3.3 mg - 18.6 mg 100 g ). Lower values of ex­

changeable potassium were recorded during winter while it 

increased in March. Almost similar trend of temporal and 

depth-wise variation was noted in all the plantations. 

DISCUSSION 

Higher soil temperature of surface soils in all 

the plantations might be due to heating by solar radiation. 

Low soil temperature in deeper soils may be ascribed to the 

insulation effect of the upper soil and litter layer (Fig. 
> 

1.1). Lowering in soil temperature during winter (November 

- February) corresponds to the low atmospheric tempera­

ture at the period (Fig.I). Higher moisture content during 

rainy summer and autumn generally, corresponded to the 

rainfall (Fig.l). Drop in moisture content during winter 

is related to the less rainfall (Fig.l). Higher moisture 

content in surface (0-10 cm) soil during rainy season may 

be ascrioed to the successive rains. Less rainfall (Fig.l) 

and high evaporation may be the reason for the low mois­

ture content in surface soils and higher moisture content 

in deeper soils during winter months (Fig.1.2). 

pH of the soils was found to be acidic; ranging 
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between 4.2) and 5.82 (Fig.1.3). pH did not differ signifi­

cantly in all the three plantations and at different depths. 

Das (1980), Baruah (1983) and Dkhar (1983) also did not find 

any significant difference in soil pH of forest, rice and 

rnaize field soils respectively. In general, however, the sur­

face soils of pineapple plantations were more acidic than 

the deeper soils (Fig.1.3). 

Baruah (1983) studied the temporal and depth-wise 

variations in soil temperature, moisture and pH of rice 

fields soils and noted higher soil temperature and pH from 

surface (0-10 cm) soils which decreased with increasing 

depth. She noted the higher moisture content from the dee­

per soils. Similar findings were also obtained by Dkhar 

(1983) from maized field soils of this region. Das (1980) 

studied the physico-chemical ahcracteristics of this forest 

soils of Meghalaya (India) and noted higher moisture con­

tend during the months of May-December and the values of 

moisture content dropped in the preceding months. 

Physico-chemical properties of pineapple planta­

tion soils was found to be quite similar to those of the 

rice and maize field soils. Generally, similar trend of tem­

poral and depth-wise variations in soil temperature and soil 

pH was noted as it was noted from rice (Baruah, 1983) and 

maize (Dkhar, 1983) field soils. Depth-wise distribution of 

moisture content in pineapple plantations soils differed 
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from those :.'-.:.: of the rice and maize field soils as in 

these soils higher moisture content was recorded from the 

deeper soils while the reverse was true in pineapple plan­

tation soil exceptduring winter month^ (Fig,1i2). pH of 

the pineapple plantation soils was found lower than that 

of the forest soils (Das,, 1980). Temporal, variation in 

moisture content of pineapple plantation .soils differed to 

those of the forest soils. In case of pineapple plantation 

soils, moisture Content was lower-during[Winter but during 

the same time Das (1980) recorded higher n^isture content 

from the forest soils of the region. In general, the physico-

chemical properties of the pineapple plantation soil varied 

much with time as well as along depth. Plantation-wise 

these properties of the soils did not differ much. 

The higher concentration of nutrients in surface 

(0-10 cm) soils might be due to higher organic matter con­

tent in the surface layer (Blackmore, 1966; Gupta and 

Rorison, 1975; Dkhar, 1983). Surface layer is< continuously 

enriched by the nutrients released from decomposing lit­

ters. The temporal variations in nutrients are attributa­

ble to the variations in 'biological activity' occurring 

in this zone. The nutrient levels of deeper soils mainly 

depend on the mineralization process at the surface layer 

because the nutrients released in this layer percolate down 
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the profile along with the water. 

Generally, higher organic carbon was recorded from 

the surface (0-10cm) soil which decreased with increase in 

depth. Singh (1980) also noted the higher values of organic 

carbon from the 0-10cm depth in forest soils which declined 

with increasing depth. The monthly variation in organic car­

bon content was more pronounced in surface (0*10cm) soil 

tehan the deeper soils which may be partly related to the 

release of organic matter from the accumulated litter on 

the surface.Similar results were also obtained by Singh 

(1980) in broad leaved (Shorea robusta) forest soils of this 

region. Increased organic carbon was noted in spring (March) 

and lower values were recorded in winter (Fig.1.4). Similar­

ly, Deka (1981) also noted the increased organic carbon 

during September - May from the jhum fallows. The addition 

of organic matter primarily occurs during spring (March -
and 

May)/during spring and following summer the activity of 

microorganisms is maximum (Fig.2.1). Thus, a large amount of 

soil organic matter is lost through soil respiration and mi­

neralization resulting into lower values of organic carbon 

and nitrogen during winter months (Tiwari et.al. 1987 c). 

The pattern of distribution of N down the soil pro­

file as well as monthly variation was closely related to 

that of the organic carbon. The fluctuations in the monthly 

variation was least in the lower layer of the soil. Similar, 
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results were also reported by Singh (1980). Deka (1981) also 

noted a sharp decline in nitrogen content of soils of Jhum 

fallows during winter months which was fallowed by an in­

crease during March-April. Monthly variation in nitrogen con­

tent of pineapple plantation soils was found to be quite 

similar to that of the Jhum fallows of region (DekA/ 

1981). 

Depth-wise variation in phosphorus content was not 

prominent, however, the su?ri&fc$5 (0-10cm) soils showed higher 

phosphorus content. The monthly variation showed that the 

concentration reached maximum during the spring (March) which 

may be related to the rapid release of this nutrient from 

the litter at the same period, Ahlgren and Ahlgren (1965) 

suggested that greater microbial activity releases the phos­

phorus at a faster rate and this may be the possible reason 

for increased phosphorus content during the spring as the 

higher microbial activity was observed during the same pe­

riod (Pig.2.1). The drop in winter in the phosphorus content 

is in correspondence to the lower microbial activity during 

the same period (Fig.2.1). The concentration of available 

phosphorus remained more or less constant in the deeper 

soils in all the plantations studied. Phosphate is relative­

ly immobile (Bieleski, 1973) and this may be the reason 

for tHe little variations noted along depths. 

The concentration of the exchangeable potassium was 
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found to be maximum in surface (0-10cm) soil and it decreased 

with increase 'in soil depth. Exchangeable potassium concen­

tration was lower during winter months. Similar results were 

also recorded by Singh (1980) from the Shorea rqbusta forest 

soils. Higher concentration of exchangeable potassium during 

spring (March) may be due to the rapid release of this nu­

trient from the decomposing organic matter (Tukey et al. 

1958). Haagsma and Miller (1963) described that the rate of 

release of non-exchangeable potassium to exchangeable form 

has been found to be a temperature dependent phenomenon. Si­

milar results were also observed in the present investiga­

tion as the higher levels of exchangeable potassium was 

recorded during the high temperature conditions. Moistiire 

content of the soil was also found to be directly related to 

the availability of potassium. Similar results were also 

reported by Kuchenbuch et al. (1986). 

Generally, the concentration of all the elements 

(C,N,P & K) was higher during the period from February -

April of both the years which might be attributed t~> the 

greater microbial activity during the same period (McColl 

and Grigal 1977; Deka, 1981? Dkhar, 1983). Similarly, the 

low nutrient levels in all the studied plantation during 

winter correspond to the lower microbial activity at the 

same period. 

In general, the higher concentrations of all 
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nutrients were recorded from tne surface (0-lOcm) soil of 

all the plantations which decreased with increase in depth. 

Monthly variation in the levels of all the nutrients was 

more pronounced in surface soil than that of the deeper 

soils. Maximum concentration of the nutrients was generally, 

recorded during the spring and minimum values were general­

ly recorded in winter. Generally, similar trend of monthly 

variation in nutrient levels was noted from all the three 

plantation soils. 

Temporal and depthwise variation in physico-chemical 

characteristics of the pineapple plantations was found to 

be more like the agricultural soils (Baruah, 1983; Dkhar, 

1983) than that of the forest soils (Das, 1980; Singh,1980) 

of this region. 



C H A P T E R I I 

TEMPORAL VARIATIONS IN MICROBIAL POPU­

LATION AND THEIR ACTIVITIES OF PINEAPPLE. 

ORCHARD SOILS 
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INTRODUCTION 

The microbial communities constitute one of the 

most important component of the soil. They are responsible 

for breakdown of organic matter and nutrient transforma­

tions. Soil microflora thus exterts considerable influence 

on the soil fertility and plant growth. Therefore, for 

proper management and economic exploitation of the soil re­

source, knowledge of microorganisms inhabiting soil and 

their activities is a fundamental requisite. Soil micro­

organisms are influenced by physico-chemical characteris­

tics of soil namely; organic matter content, pH, moisture 

content, aeration, temperature and depth (Waksman, 1952; 

Orprut and Curtis, 1957; Mishra, 1966; Prakash and Khan, 

1971; Tyagi, 1973, Wong, 1975; Martinez and Ramirez, 1979; 

Behera and Mukerji, 1985? Tiwari et al. 1987a). Season of 

the year and type of vegetation are other important parâ -

meters that govern the population and activity of micro­

organisms in soil (Saksena, 1955; Roy and Dwivedi, 1962; 

Mishra and Kanaujia, 1972; Mishra and Sharma, 1977'; Kauri, 

1982) . 

The analysis of factors regulating the temporal 

dynamics of microbial populations and their activities in 

soils provide an insight into the structure and function 

of the soil ecosystem. Spatial and temporal variations in 

soil microbial populations have, generally, been studied 
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through viable counts on culture medium and direct micros­

copic observations (Hattari, 1973; Alexander, 1977; Soder-

strom, 1979). These estimations, however, provide little 

insight into the activities of the microorganisms in soil. 

During recent yeajps more emphasis has been laid on the 

functional attributes of the microorganisms in the soil 

ecosystem. These are generally, determined by the estima­

tion of enzyme activities (Casida, 1977; Hersman and Temple, 

1979; Sparling et al. 1981; Frankenberger and Dick, 1983) 

and respiration rates (Wagner, 1975; Julia,and Pedziwilk, 

1985; Das and Mishra, 1986). 

Soil enzyme activity estimates are often used as 

indices of microbial activity and soil fertility (Skujins, 

1978). Dehydrogenase being a respiratory enzyme provides 

a measure oi catabolic activity of soil and it correlates 

with the activity of microorganisms (Stevenson, 1959° P -

terson, 1967; Skujins,1973;1976). Urease is involved in de­

gradation of urea into carbon dioxide and ammonia. Due to 

its applied importance in the N economy of soil the urease 

activity has been extensively investigated. Urease activity 

correlates positively with microbial biomass, organic car­

bon, sofl temperature, moisture, total nitrogen and phos­

phorus contents of soil (Beri e_t â L. 1978; Nannipieri et al. 

1978; Dash et al. 1981; Dkhar and Mishra, 1983; Baruah and 

Mishra, 1984; Sahrawat, 1984; Tiwari et al. 1987b). In mi-
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neral soils, ester bound phosphate represents a potentially 

available source of phosphate required for plant nutrition 

(Cosgrove, 1967). Soil phosphatases hydrolyse phosohate es­

ters to inorganic phosphate and thus make them available to 

higher plants. Phosphatase activity measurements nrovide an 

index of potentially available phosphate in soil.The size 

of raicrobial populations in soil can determine the levels of 

phosphatase activity as microorganisms are the major source 

of phosphatases in soils (Casida, 1959; Greaves and Webley, 

1965; Speir and Ross, 1973). Vegetation type (Neal, 1973) 

cropping system (Khan, 1970; Back, 1974) and soil organic 

•natter content (Malcolm and Vaughan, 1979) are some of the 

important factors affecting phosphatase activity in soil. 

Thus, measurement of dehydrogenase, reliable index of micro­

bial activity but it also gives understanding of the micro­

bial transformations of carbon, nitrogen and phosphorus co~n-

pounds in soil. 

1/Carbon dioxide evolution has been used as an index 

of microbial activity of agricultural and forest soils 

(Julia and Pedziwilk, 1985? Stotzky, 1960? Smith and Brown, 

1932).. Rate of CO« evolution from soil reflects the meta-» 

bolic activities of soil biota, including soil organisms 

responsible for decomposition. CO~ is concomittantly re­

leased with nutrients during decomposition. Thus, . it gives an 
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indication of mineralization rates and microbial activity 

(Witkamp, 1971). 

A survey of literature showed that the studies on 

microbial population and their activities are generally 

confined with forest, atricultural and grassland soils 

(Baruah and Mishra, 1983;1984; Dormmar et al. 1984; Keeney 

et al. 1985; Das and Mishra, 1986; Dkhar and Mishra, 1987). 

The soils of pineapple orchard crop differ from the above 

soils in physical, chemical and biological characteristics 

as these soils are neither tilled annually nor left fallow 

for a very long-time. Microbiological and biochemical stu­

dies on the soils under orchard crops have not received 

sufficient attention (Pavlenko, 1985? Tiwari, et al. 1987 

a,b) . 

It was felt that simultaneous estimations of micro­

bial populations and their activity in terms of dehydroge­

nase, urease, phosphatase and C0_ evolution would provide 

better understanding of the structure and function of mi­

crobial communitias in soil. Although the literature review 

reveals that a number of studies are available where these 

estimations have been carried out, however, there are very 

few studies where all the above parameter have been taken 

into consideration simultaneously. Therefore, the inter­

relationships among these parameters are not yet understood 

properly. 
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The purpose of the present study was to work out 

temporal arid depth-wise variations in microbial popula­

tions (bacteria and fungi) C0_ evolution, dehydrogenase, 

urease and phosphatase activities in pineapple plantation 

soils. An attempt has been made to study the interrelation­

ship among microbial activity estimates and physico-: 'v 

chemical characteristics of the soils. The pineapple gro­

wers quite often maintain the crop upto a period of ten 

years. It was, therefore, felt desirable to study whether 

age of plantation exerts any effect on the microbial popu­

lation and their activities. 

REVIEW OF LITERATURE 

Soil microflora : 

Th microbial population in soil is of ecological 

importance because of the essential role that microorganisms 

play in the conservation and cycling of plant nutrients. 

Owing to this the microbial populations in the soils have 

been studied by several workers (Waksman, 1927; Thakur and 

Morris, 1928; Warcup, 1951). However, during recent years 

various workers have attempted to correlate tbe soil mi­

crobial population with season, physico-chemical characte­

ristics and depth of soil and surface vegetation. Temporal 

and depthwise distribution of microorganisms in the soils 

have also been investigated (Martinez and Ramirez, 1979; 
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Behera and Mukerji, 1985). 

Waksman (1952) noted that organic matter/ soil re­

action, moisture, temperature, aeration and nature of crop 

grown influenced the abundance of microorganisms in soil. 

Saksena (1955) investigated the seasonal fluctua­

tion in viable fungal propagules and counted less number 

of propagules in summer. He further, suggested that high 

soil moisture was more favourable for the growth of fungi 

as long as there was no waterlogging. Similarly, Orpurt and 

Curtis (1957) also found that moisture was an important fac­

tor controlling the distribution of fungi in soil. 

Roy and Dwivedi (1962) studied the fungal flora of 

grassland soils. They found marked variation in fungal flo­

ra of soil which was related to the types of grasses. 

Mishra (1966) investigated the ecological factors 

which govern the distribution of soil microflora. He found 

the organic matter content, pH, moisture content, aeration, 

temperature, soil depth, season, of year and state of decom­

position of litter as the most important factors governing 

the distribution of microorganisms in the soil. 

Prakash and Khan (1971) found that soil moisture 

content and season were most important factors which go­

vern the frequency and population of soil microflora. 

Mishra and Kanaujia (1972) investigated certain 
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ecological aspects of soil fungi in relation to varying 

cover vegetation,- climati -coonditions, and physico-chemical 

characteristics. They observed that fungal population was 

generally found to be highest in upper layer and with an 

increase in depth the fungi per gram dry soil decreased 

gradually, organic matter content, pH, soil depth and sea­

son seemed to play an important, role in distribution of 

mycoflora. 

The viable counts of bacteria decreased with in­

crease in depth and was found to be positively correlated 

with the moisture content, organic matter and inorganic 

nutrients (Holding e_t al.. 1974) . 

Wong (1975) investigated the- distribution of fungi 

and found that the number of species positively correlated 

with the soil moisture and pH. 

Soil microflora of sugarcane field was studied by 

Singh and Charaya (1975). They noted appreciable decrease 

in fungal population with increase in depth. 

A number of st\adies indicated that the vegetational 

cover had significant influence on the microbial population 

(Cobb, J.932; Christensen and Whittingham, 1965; Dwivedi, 

1965,' Mishra and Kanaujia, 1972). But contrary to the 

above Jones and Richard (1977) did not find any Bach type 

of effect of vegetation on the microbial population. 
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Martinet and Ramirez (1979) studied the depth-wise 

distribution in fungal population and biomass and noted 

marked decrease in both cases with increase in depth. 

Baruah (1980) recorded the Trichoderma viride from 

acidic soils. Similarly, Warcup (1951) andMflishra (1965) 

also isolated this genus repeatedly from the acidic soils. 

Deka (1981) reported the depth-wise decrease in 

the fungal and bacterial populations and suggested that it 

might be due to variations in the nutrient status at dif­

ferent depths. 

Kauri (1982) studied the seasonal fluctuations in 

numbers of bacteria in beach forest soil and observed two 

peaks in bacterial population; one in autumn after leaf 

fall and another in spring. 

\S Pati et al. (1983) pointed out the relative contri­

bution of microbes and roots to the total soil metabolism 

in a tropical grassland soil. They observed that fungal and 

bacterial biomass ratio was 12:1 indicating dominance of 

fungal component. They further observed that contribution 

of bacteria to total soil metabolism was 5% whereas fungal 

contribution was 57%. 

Behera and Mukerji (1985) studied the seasonal va­

riation and distribution of microfungi in forest soils of 

Delhi and noted that surface soils harboured the highest 

population and species number which gradually declined with 
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increase in depth. 

^"Schnuerer et al̂ . (1986) investigated the effect of 

rain and irrigation on soil microorganisms and observed 

that in the rain fed plot, bacterial numbers doubled with­

in three days and declined during the following period of 

drought, while in the irrigated plot numbers of bacteria 

increased by 50% and then remained constant over the dura­

tion of the study. 

•x^Tlwari et al. (1987 a) studied the influence of 

moisture regimes on the population and activities of micro­

organisms and noted appreciable changes in fungal and bac­

terial population w#thin a very short interval of time. 

They further suggested that adequate care should be taken 

when considering results from long interval samplings as 

short term variations may confotn|d the effects of monthly 

and seasonal variations. 

In another study, Tiwari et ail. (1987 b) reported 

that higher fungal and bacterial population was always re­

corded from surface (0-10 cm) soils which decreased with 

increasing depth except during winter season. They also 

reported that microbial population was positively corre­

lated with soil organic carbon, moisture and temperature. 

Dehydrogenase enzyme activity : 

Lenhard (1956) was the first man who estimated the 
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dehydrogenase (EC 1.1.1.49) activity in soil by using Tri-

ohenyl Tetrazolium Chloride (TTC). 

Skuiins (1976)1 noted that seasonal variations in 

enzymatic activities were generally small, once the enzyme 

become stabilized in soil they manifest resistance to humi­

dity, temperature and to various environmental ehanges. 

Caaida (1977) not*d close relationship between de­

hydrogenase activity and soil respiration and pointed ©ut 

that soil microbial metabolic activities can be predicted 

by the dehydrogenase estimations. 

Burns (1982) reviewed the enzyme activity in soil.. 

He suggested that at any one time the total activity of an 

enzyme in soil is comprised of activities associated with 

different soil constituents namely, viable microorganisms 

cell debris, clay and humic colloids. 

Baruah and Mishra (1984)" estimated the dehydrogenase 

activities in rice field soils and found greater dehydroge­

nase activity in flooded valley land and terrace land soils 

than in the upland soils. 

Dormaar ejb al. (1984) studied the seasonal changes 

in carbon content and enzyme activities viz? dehydrogenase, 

urease and phosphatase of two different sites, mixed prai­

rie and fescue .grassland horizons. They noted higher enzyme 

activities from the fescue grassland site regardless of 

grazing intensity. 



38 

Das and Misbra (1986) estimated dehydrogenase acti­

vity and C0„ evolution from pine forest soil. They did not 

find any correlation between dehydrogenase activity and to-

total microbial population and suggested that these two 

parameters are governed by different environmental factors. 

Tiwari et a_l. (1987 a) studied the influence of 

moisture regimes on dehydrogenase activity and reported that 

moisture plays a significant role in the regulation of 

dehydrogenase acti*i$Y in soils. In another study Tiwari 
> 

et al. (1987 b) recorded maximum dehydrogenase activity in 

sucamer. They suggested that soil temperature, moisture, and 

organic asarbon were the most important factors regulating 

the dehydrogenase activity. 

Grobler et ed. (1987) used the dehydrogenase assay 

in estimation of heterotrophic bacterial activities in the 

soil. Further, they described the dehydrogenase assessment 

as more reproducible activity estimate than the glucose 

mineralization method. 

Urease enzyme activity : 

Urea added to soils as fertilizer or as an animal 

urine is hydrolyzed enzymatically by soil urease (EC 3.5. 

1.5). Due to its importance in soil N-economy the urease 

activity in soils has been widely investigated (Dalal>;'""' 

1975; Burns, 1977; Sahrawat, 1984; O!toole et al. l^teK 
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Dalai (1975) has shown that the urease activity in 

Trinidad and Iowa soils was significantly related to orga­

nic carbon, total nitrogen and cataion exchange capacity of 

soil. 

Skujins (1976) reported that urease is primarily 

produced by microorganisms and its activity generally cor­

relates with organic matter content. 

Pettit et al. (1977) reviewed that soil urease 

showed more stability against the various degradative for­

ces in soils in comparison to other soil enzymes. They fur­

ther, suggested that the more stable fractions of soils 

urease apparently occur in active organic matter extracts. 

Speir (1977) observedaa strong positive relation­

ship between urease activity and soil pH. Studies of Taba-

tabai (1977) on urease activity showed that it is concentra­

ted in surface soils and decreases with depth. Urease acti­

vity was proportional to organic carbon distribution in soil 

profile and was significantly correlated with organic car­

bon. 

Zantua et al. (1977) studied the relationships be­

tween soil urease activity and other soil properties and 

found a weak correlation between urease activity and soil 

pH. 

Nannipieri et _al. (1978) studied the urease activity 
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in two grassland; jSDil*^and found a positive correlation be­

tween urease activity and microbial biomass in both types 

of grassland soils. 

Beri and Brar (1978) recorded a significant corre­

lation between the half life of urea and organic carbon 

content of the soil. 

Verstraeten (1978) found significant indirect 

effects of pH on soil urease activities. He further, sug­

gested that soil pH greatly influenced the relationships 

between urease activity and organic matter content. 

Dash e_t al. (1981) studied the effects of specific 

conductance and temperature on urease activity in Indian 

soils. They noted that specific conductance, organic C,. 

and total N content were positively correlated with urease 

activity. 

O'tonle et al. (1982) reported the significant cor­

relations between urease activity and Organic C and total 

N contents. They further, suggested that organic matter con­

tent, pH and temperature may be accounted for the variation 

in urease activity. 

O'toole et al. (1985) in another study, made a com­

parative study of urease activities in pasture and tillage 

soils. They reported that variation in the activity was 

attributable to total-N, CEC, pH, silt content and C:N 
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ratio of .the soil. 

Dkhar and Mishra (1983) studied the urease activity 

in maize (Zea mays L.) field soils and found positive cor­

relation between urease activity and organic carbon content 

of the soil. 

Sahrawat (1983) investigated the relationships be­

tween soil urease activity and other properties of some 

tropical wetland soils. Results of his study indicated that 

urease activity was correlated significantly with total N 

and organic carbon content. In another study, Sahrawat 

(1984) studied the effects of temperature and moisture on 

urease activity in semi-arid tropical soils. He noted that 

the activity increased with increase in temperature from 

10 C to a maximum at 60 C and further, increase in tempera­

ture, decreased urease activity which was nearly totally 

inhibited at 100 C. Urease activity increased with in­

crease in moisture content up to field capacity and re­

gained constant with further increase in moisture. 

O'toole and Morgan (1984) investigated the thermal 

stabilities of urease enzymes in some Irish soils. Results 

showed that soil urease enzymes were quite resiBfeant to 

thermal degradation although activities did not decline 

during incubation. 

Rao and Ghai (1985) estimated the urease activity 

of alkaline and reclaimed soils. They found that urease 
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correlated positively with organic C and N and negatively 

correlated with the pH and CaCCU content of soil. They fur­

ther/ demonstrated that organic C may be accounted for most 

of the variations in the enzyme activity. 

Baruah and Mishra (1986) studied the effect of 

herbicides on urease enzyme activity in paddy field soil 

and found thathherbicides did not affect the urease activi­

ty. Tiwari et a_l. (1987 b) noted higher urease activity 

during April in the surface soil which was attributable to 

higher organic carbon, bacterial population, temperature 

and favourable moisture content. 

Phosphatase enzyme activity s 

Phosphatase activity (EC 3.1.3.2) measurements pro­

vide an index of potentially available phosphate in soil. 

Rogers et al, (1942) described that acid phosphatase, which 

is present in plant roots and is predominant in acid soils 

and is responsible for the hydrolysis of organic phospho­

rus in soils. 

Conflicting reports are available in the litera­

ture on the effect of added fertilizers on phosphatase ac­

tivity. Chunderova (1964) and Vlasyuk and Lisoval (1964) 

noted that phosphatase activity of soil increased with 

added (ji&nferal. and ongahms fiefcfcfcfciaets* iiftewever, Burangu-

lova and Khajiev (1965) found that phosphatase activity 

decreased on application of phosphorus and potassium 
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fertilizers. 

Greaves and Webley (1965) studied the breakdown of 

organic phosphates by microorganisms from root region of 

certain pasture grasses. They suggested that roots and mi­

croorganisms are major sources of phosphatases in soils. 

Cosgrove (1967) described that soil phosphatases tt 

hydrolyse phosphate esters to inorganic P which is then // 

available to higher plants and soil microorganisms. u 

Tabatabai and Bremner (1969) reported that the pH 

6.5 - 6.9 buffers should be used for the determination of 

soil phosphatase because for most soils the optimum pH of 

acid phosphatase falls within this range. 

Vegetation type (Neal, 1973) and cropping system 

(Khan, 1970; Beck, 1974) were found to be important factors 

affecting phosphatase activity in soil. 

Skujins (1976) opined that phosphatase activity 

can be used to estimate the general microbial activity in 

soil. 

The enzymes namely; acid and alkaline phosphatases, 

phosphodiesterase and inorganic pyrophosphatase in soils 

are believed to be derived from microorganisms (Speir and 

Ross, 1978) and from plant residues that persist in soil 

(Ladd, 1978). 

Harrison and Piearce (1979) investigated the 
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seasonal variation of phosphatase activity in woodland 

soils. They noted two or three peaks of it in a year* one 

in summer/ second after leaf fall in autumn and a minor 

peak in spring. 

Nielsen and Eiland (1980) investigated the rela­

tionship between B-fertility, phosphatase activity and ATP 

content in soil. The study demonstrated that the most ef­

fective way of increasing phosphatase activity in soil is 

probably by increasing the content of microorganisms e.g. 

by supplying manure and other kinds of organic wastes. They 

further demonstrated that there is a natural regulation of 

the phosphatase activity in soil and it is enhanced when 

soils are depleted:of available phosphorus. 

Appiah and Thomas (1982) compared total organic 

phosphorus, inositol phosphates and phosphatase activity of 

some Canadian and Ghanaian soils,. They noted that low acti-

vitity of phosphatase in the Ghanaian soils may be due to 

the lower content of organic matter, a lower microbial bio-

mass and consequently a lower phosphatase production. They 

further, pointed out that fertilizer application decreased 

the phosphatase activity. 

Harrison (1983) examined the relationships be­

tween the intensity of phosphatase activity and physico-

chemical characteristics of soil and their possible inter­

actions with soil depth, soil type, season, vegetation 
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type and parent material in woodland soils. He noted sig­

nificant relationships of phosphatase activity with organic 

matter, moisture/ clay + silt, total nitrogen, isotopically-

exehangeable phosphorus, extractable magnesium contents and 

soil pH. Results of the study demonstrated that intensity 

of phosphatase activity and soil properties differed with 

soil depth, soil type, season and vegetation type. 

Chhonkar and Tarafdar (1984) found a significant 

positive correlation between phosphatase activity and the 

organic carbon, phosphorus and bacterial population but 

they did not find any correlation with soil pH. The results 

revealed that none of the phosphatases was found to be cor­

related with clay content and soil act^nomycetes. 

Camara e_t aj, (1985) recorded the phosphatases ac-

-1 -1 

tivity between 43 5 and 654 ug p-nitrophenol h g of 

soil. The results showed greater enzyme substrate affinity 

in soil when the size of soil particles decreased. 

Carbon dioxide evolution s 
in i~ ~ 

.^Carbon dioxide evolution has been used as an index 

of microbial activity in soil because most of it (90%) 

comes from the microorganisms inhabiting in the soil envi­

ronment (Smith and Brown, 1932). 

Stotzky(1960) working on the determination of the 

respiratory quotient of soils found that the changes in 
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C09 evolution were delated to fungal biomass* 

Ponnamperuma (1972) observed a positive correlation 

between soi". respiration and fungal population in flooded 

rice field soils. Singh and Gupta (1977) studied the plrant 

decomposition and soil respiration in terrestrial ecosys­

tems. They noted positive correlation between soil tempera­

ture, moisture and soil respiration. 

v^Bbhn et _al. (1979) reported that high C02 in the 

soil 6&fflpsphfelBe affects the pH, nutrient availability/ ae­

ration status and root growth. 

VSlfddiqui and Singh (1981) studied the seasonal va­

riation in soil respiration of certain tropical grassland 

communities and noted higher and lower CO,, evolution during 

rainy and winter seasons respectively. They found that the 

C0„ evolution is correlated with soil moisture/ temperature 

and root biomass, 

^/Mishra and Dash (1982) while working on the deter­

mination of the rate of soil respiration in tropical pasture 

and forest soils at Sambalpur (India) found that tempera­

ture influenced the rate of £©& ,erallitiion. 

Stroo and Jencks (1982) estimated soil respira­

tion in mineral soils and found that oxidizable carbon and 

mineralizable nitrogen were most closely related factors 

with the rate of respiration. 
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Baruah and Mishra (1983) estimated the rate of C02 

evolution and bacterial and fungal populations and fungal 

biomass of flooded and upland rice field soils. They noted 

positive correlation between C0„ evolution and fungal po­

pulation and fungal biomass.They further, inferred that, 

in flooded soils, fungal population was predominantly res­

ponsible for soil respiration. 

^^Orchard and Cook (1983) determined the relation­

ship between soil respiration and soil moisture and found 

the respiration rate directly proportional to gravimetric 

water content. 

Vilskowa (1983) observed a direct correlation be­

tween C02 evolution and activity of the soil microorganisms. 

\s^Singh (1984) studied the effects of temperature, 

rainfall and soil moisture on soil respiration in a sub­

tropical humid forest ecosystem. He recorded maximum 

2 

amount of C02 output (159-700 mg C02/m /h) during the pe­

riod May-September when temperature, rainfall and soil 

moisture were higher. 

^Julia and Pedziwilk (1985) described the carbon-

dioxide evolution as an index of biological activity of 

cultivated soil. 

Baruah and Mishra (1986) studied the effect of 

herbicides on C09 evolution in submerged paddy field soil 
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and noted higher CO- output in herbie&ie treated soil. They 

described that the increased rate of C0? evolution may be 

attributed to the degradation of herbicides. 

Das and Mishra (1986) estimated the dehydrogenase 

activity and C0» evolution from a pine forest soil. They 

noted significant correlation between CO- evolution and mi­

crobial population. They described the C0? evolution as 

more precise indicator for estimating the soil microbial 

activity than that of the dehydrogenase activity. 

Ceulemans et ail. (1987) recorded more CO,, evolution 

from the soil covered with vegetation than the barren soils. 

Dkhar a§id Mishra (1987) studied the microbial popu­

lation, fungal biomass and CO- evolution in maize (Zea mays 

L.) field soils. A significant correlation among CO- evo­

lution, fungal biomass, bacterial and fungal population 

organic carbon and total nitrogen was observed, 

'""'fiwari et al. (1987 a) studied the influence of 

various moisture regimes on CO- evolution. They found that 

the moisture level of soil profoundly influences the rate, 

as well as quantity of CO- evolved from the soils. They 

further, described that waterlogging as well as drying, of 

soils reduces the CO- evolution. 



MATERIALS AND METHODS 

Sampling procedures ; 

Soil samples were collected randomly from five 

places of each plantation. Samples were collected with the 

help of soil sampler from three depths (viz; 0-10 cm; 10-20 

cm; 20-30 cm). Extra care was taken during the s*il sam­

pling to avoid the contaminations. For this the sampler was 

cleaned and sterilized with alcohol between each sampling. 

Samples collected from five random places were mixed tho­

roughly and kept in a sterilized polythene bag. The samples 

were brought to the laboratory immediately. All aseptic 

precautions were taken at the time of soil sampling. Mostly 

samples were analysed for various physico-chemical and mi­

crobiological characteristics within 48 hours. Occassio­

nal.ly, samples were stored in a fridge at 4°C until they 

were not processed. 

Estimation of Fungal Population : 

Warcup's (1950) soil plate method using Martin's 

(1950) rose bengal agar medium was followed for the estima­

tion of the fungal population. A small amount (0.015 g) of 

soil was taken out from the composite sample with the help 

of a sterilized nichrome spatula having a flattened tip. A 

few drops of sterilized distilled water were poured at the 

bottom of the petridishes to disperse the soil aggregates 

uniformly. Approximately, 15 ml of molten and cooled (below 
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45°C) Martin's rose bengal agar medium supplemented with 

streptomycin sulphate, was poured into the petridishes which 

were then gently rotated to disperse the soil particles 

throughout the medium. Three petridishes were inoculated for 

each sample. The petridishes were then incubated upside down 

at a temperature of 25+l°C for 5 daysjin a BOD incubator. 

Fungal population was estimated by counting of the number 

of fungal colonies.Total number of fungi per gram soil was 

calculated on dry weight basis. The pure culture of fungi 

was maintained on the slants of malt agar medium in culture 

tubes for the identification. The books of Gilman (1957); 

Subramanian (1971); Barnett and Hunter (1972); Domsch e_t al. 

(1980); Raper and Thorn (1984) and Ellis and Ellis (1985) 

were consulted for the identification of fungi. Inoculation 

and isolation of fungi were carried out in a "Laminar Flow 

Chamber". 

Determination of Bacterial Population : 

Waksman's (1922) dilution plate method was followed 

for the enumeration of the bacteria on nutrient agar medium 

(Johnson and Curl, 1972). 

10 g of soil was taken in 250 ml conical flask 

containing 100 ml sterilized distilled, water to make 1:10 

dilution. To prepare homogenous solution flasks were wrist 

shaken for 15 minutes. 10 ml of this .mixture was transferred 

aseptically with the help of sterilized 10 ml pipette to 
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another conical flask containing 90 ml of sterilized dis­

tilled water to get a suspension of 1;100 dilution. The 

process was repeated twice to obtain a suspension of 

Is 10,000 dilution which was finally used for the isolation 

of the bacteria. The same dilution (Is 10,000) was used 

throughout the investigation for various samples. 0.5 ml of 

the suspension was inoculated onto sterilized petridishes 

containing 15 ml of solidified nutrient agar medium. The 

petridishes were rotated gently in a swirling motion to 

disperse the inoculum uniformly over the surface of the me­

dium. Three petridishes were inoculated for the isolation 

of bacteria from the soil samples. Throughout the investi­

gation the isolation of bacteria was carried out in "Lami­

nar flow chamber". Separate pipette was used for transfer­

ring of the soil suspensions. Inoculated petridishes were 

incubated at 30+1 C for 24 hours in a bacteriological incu­

bator. Bacterial population per gram dry soil was calcula­

ted by taking the moisture content and dilution into con­

sideration. 

Composition of various media used in the study : 

Peptone Dextrose-Rose Bengal Agar (Martin, 1950) 

Agar 20.0 g 

Dextrose lO^G^g 

Peptone 5.0 g 
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KH2P04 1.0 g 

Mg S04 7H2Q 0.3 gi 

Rose Bengal (1%) 3.3 ml 

Distilled water 1000.0 ml 

Streptomycin 30.0 mg 

Malt-Extract Agar s 

Agar 25.0 g 

Dextrose 20.0 g 

Peptone 1.0 g 

Malt Extract 20.0 g 

Distilled water 1000.0 ml 

Nutrient-Agar : 

Agar 15.0 g 

Peptone 5.0 g 

NaCl 8.0 g 

Beef Extract 3.0 g 

Distilled water 1000.0 ml 

Determination of percentage relative abundance : 

Following formula was used for the determination 

of percentage relative abundance of a particular fungal 

species j 

1 +• • Total no. of colonies of the particular species .. 0 0 
' abundance"Tdtal no* o f c o l o n i e s o f a 1 1 * h e species 
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Assessment of the enzyme activities : 

Dehydrogenase activity : 

2-3-5 triphenyl tetrazolium chloride (TTC) reduc­

tion technique was adapted for the assessment of the dehy­

drogenase activity (Casida, 1977). 5 g fresh soil was taken 

in a test tube. The soil was then treated with 0.1 g of 

CaC03 and 1 ml of 1% TTC solution. The content of the test 

tube was thoroughly mixed and plugged with a rubber stop­

per. The test tubes were incubated at 30 C for a period of 

24 hours in an incubator. Usually/ the dehydrogenase acti­

vity was assayed by using the fresh soil samples but when 

storage was necessary the soil was stored at 4 C (Lloyd 

and Sheaffe, 1973). Three replicates were maintained for 

each sample analysis. 

The resulting slury was transferred on Whatman 

No.l filter par>er and extracted with suceessive aliquots of 

concentrated methanol.The volume of filtrate was made upto 

50 ml by adding methanol. The optical density of pink co­

lour extract was read out spectrophotometrically at 485 nm 

using methanol extract from the control (without soil) as 

the blank. Dehydrogenase activity in terms of concentra­

tion of formazan in each sample was calculated by a stan­

dard curve of triphenyl formazan in methanol. 

The dehydrogenase activity per gram dry soil was 

calculated by taking into consideration /the soil moisture 
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contents and expressed in terms of mg formazan per gram dry 

soil per 24 hour. 

Urease activity : 

McGarity and Hyers' (1967) method was followed for 

the assessment of the urease activity. 

10 g ofslKil was placed in 100 ml volumetric flask 

and treated with 1 ml of tolune and allowed to stand.;for 

15 minutes, to permit its complete penetration into the 

soil. Thereafter, 10 ml of buffer (pH-7) and 5 ml of 10% 

urea solution was added. The flask was shaken and incuba­

ted at 37 C for 3 hours. In control, 10 ml urea solution 

was replaced by 10 ml of distilled water. 

After incubation the volume of flask was made upto 

100 ml by adding distilled water.The flasks were thoroughly 

shaken and their content was filtered through a Whatman 

No.5 filter paper. 

Indophenol blue method was adapted for the measure­

ment of ammonia released as a result of urease activity. 

0.5 ml of filtrate was taken in 25 ml volumetric 

flask and 5 ml of distilled water was added. The mixture 

of the flask was treated with 2 ml of phenolate solution 

and 1.5 ml of sodium hypochlorite solution containing 0.9% 

active chlorine. The whole mixture of the flask was made 

upto 25 ml by adding distilled water. The optical density 
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of blue colour developed as a result of urease activity-

was read out spectrophotometrically at 630 nm. Similar pro­

cedure was followed for the control (without soil). The 

amount of *tti. - N released was calculated by reference to a 

calibration curve and expressed in terms of NH. - N per 

gram dry soil per 3 hour. 

Preparation of phenolate solution ; 

Phenol solution ; 62.5 g phenol was dissolved in 20 ml of 

methanol, 18.5 ml of acetone was added and the mixture was 

then made upto 100 ml with ethyl alcohol. 

Caustic soda solution t 27 g of sodium hydroxide was dis­

solved in 100 ml of distilled water. Phenolate solution was 

obtained by mixing 20 ml of phenol solution and 20 ml of 

caustic soda solution and making the whole volume upto 100 

ml with distilled water. Both the solutions were s tored in 

a fridge ar.d phenolate solution was prepared freshly before 

use. 

Phosphatase activity : 

Phosphatase activity was assayed by the method of 

Tabatabai and Bremner (1969) . Soil samples were airr-flried, 

grinded and sieved (<.2 mm). 0.1 g of air dried and sieved 

( <^t2 mm) soil was taken in a 50 ml conical flask. 4 ml of 

modified universal buffer, (pH-6.5) Skujins (1962),0.25 ml 

of tolune and 1 ml of 0.115 M p-nitrophenyl phosphate 

(PNP) solution was added to the flask. The flask was then 
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swirled for a few seconds to mix the contents and was kept 

in a incubator at 37 C for one hour. After incubation the 

stopper was removed and 1 ml of 0.5M calcium chloride and 

4 ml of 0.5M sodium hydroxide solution was added. Soil sus­

pension was then filtered through the Whatman No.12 filter 

paper. Yellow colourc/developed as a result of phosphatase 

activity. The optical density of the filtrate was measured 

spectrqphotometrically at 420 nm. A control was performed 

for each sample. For the control/ similar procedure was fol­

lowed as described for the assessment of phosphatase activi­

ty. In control, 1 ml PNP solution was added after the addi­

tion of 0.5M Cacl2 and 0.5M NaoH (i.e. immediately before 

filtratation of the; soil suspension. 

Three replicates analysis were done for each sam­

ple. Phosphatase activity in terms of concentration of 

p-nitrophenol in each sample was calculated by a standard 

curve of p-nitrophenol in water and was expressed in terms 

of u moles p-nitrophenol released per gram of dry soil per 

hrur:. 

Carbon-Jioxide evolution : r 

The C02 evolution was measured in the laboratory 

by adapting the method of McFadyen (1970). 1 kg soil from 

each sample was placed in a glass jar. 100 ml glass beaker 

containing 20 ml of 0.1 N KOH solution was kept inside the 

the jar. The jar was then sealed by a glass lid using grease. 
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Thus, the jar was made air tight. After 24 hours jar was 

made open end CO- fixed by the KOH solution was measured 

by titration with O.lN HCl solution using phenolpthpthaliane 

as an indicator. For the substraction of atmospheric C0„ a 

suitable control was run by using sterilized sand instead 

of soil sample. Three replicates were maintained for each 

sample analysis, tte CO. evolved was calculated on dry 

weight basis and was expressed in terms of mg C02 evolved 

per kg dry soil per 24 hour. 

RESULTS 

Estimation of fungal population : 

The fungal population of soils exhibited more or 

less similar trend of monthly variation in three planta­

tions (July 1985 to June 1987). Comparatively, lower popu­

lation of fungi was recorded during the second year of 

study (1986 to June 1987) than that o^ the first year (July 

1985 to June 1986). Generally, surface soil of all the plan­

tations harboured higher population of fungi which decreased 

with increase in depth except d\.vring the months of December 

and January when higher fungal population was recorded from 

deeper soils (Fig.2.1). Low populations were recorded du­

ring the winter months in all the three plantation sofjfrs-. 

In most cases fungal population increased in March which 

was followed by a drop in April and an increase in May 

(Fig.2.1). Fungal population correlates positively with 
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soil moisture, temperature, organic carbon, total nitrogen, 

available phosphorus, exchangeable potassium content., dehy­

drogenase and urease activity. However/ a negative correla­

tion was alt,o observed between fungal population and C0~ 

evolution (Tables 2.19-2.21). 

Estimation of bacterial population ; 

Bacterial population of soil also showed a trend of 

monthly variation almost similar to that .of the fungi in all 

the three plantations studied*. From the figure 2-2 it is 

obvious that generally 10 year plantation soil harboured 

higher bacterial population than those of the 5 year and 1 

year plantation soils. 

Two peaks were recorded; one in September and ano-

thef in April. During winter months the bacterial popula­

tion dropped to a minimum. In most cases bacterial popula­

tion increased during the onset of rains followed by a 

peak in April. Thereafter, it decreased. During both the 

year bacterial population shox̂ ed similar trends of temporal 

and depth-wise variations. Higher bacterial population was 

generally noted from the surface soil which decreased with 

increase in depth (Fig.2.2), Bacterial population correla­

ted positively with soil temperature, phosphatase activity 

and urease activity (Tables 2.19-2.21). 

Temporal and depth-wise distribution of fungal species and 

their percentage relative abundance ; 

Qualitatively fungal flora of different planta-



Tabla a . l Monthly v a r i a t i o n of f u n q a l p o p u l a t l 3 n ( p e r g r a n dry s a i l x 10 
t h e s a m p l i n g p e r i o d 1 9 8 5 - 1 * 8 6 . V a l u e s i n t h a p a r e n t h e s e s s r e % n l M E i f t 

J u l y Aug S e p t Oct Nov 

) In tha s o i l o f 1 y a a r p l a n t a t i o n a t 0 - l l e m d e p t h * i r l n a 

f u n g i 
Dee J a n Feb ytarch A o r l l _HiY_ jsn». 

Absldla qlauca 

Aspergillus flavas 

A. nadulana 

A. nlgar 

Cunnlnahamalla 
achlnufata 

Curvularla maculans 

Fusarlum . 
monlllforma 

£. solanl 

Gonaronella butlerl 

Humlcola fuscoatra 

Mottlacella ramannlana 

Hucor hlemalls 

M. plumbaus 

M. raeamosus 

Hveoaona alba 

PaeclloTiveas 
llllaclnum 

Penlcllllum 
chrysoqenu-n 

P. clavlfocme 

P. fellutanum 

P. Puntoalaanm 

£. lavanlcum 

P . l l l l a c l n u m 

P. verrnlculat- jn 

Trlehodarma k o n l n q l l 

J . l l anorum 

* • v l r l d e 
V a c t i e l l l t u m 
^nj.ainYdoapnrU'n 

White s t e r i l e 

y e l l o w s t e r i l e 

. 2 3 4 ( 8 . 6 6 ) 

3 6 0 ( 1 3 . 3 3 ) 

3 9 0 ( 1 4 . 3 3 ) 

.059(2.03) 

. 3 5 9 ( 1 4 . 2 8 ) 

. 0 2 9 ( 1 . 1 7 ) 

. 2 9 6 ( 1 0 . 7 8 ) . 8 2 9 ( 3 5 . 5 ) 

. 2 3 9 ( 8 . 5 ) 

. 4 2 0 ( 1 6 . 5 5 ) . 2 0 9 ( 8 . 3 3 ) 

. 1 8 0 ( 6 . 6 6 ) . 2 0 9 ( 8 . 5 ) 

. 0 9 0 ( 3 . 3 3 ) 

. 1 9 6 ( 8 . 0 3 ) 

. 1 1 2 ( 4 . 5 8 ) 

.056(2.29) 

. 2 0 4 ( 9 . 1 9 ) . 3 5 8 ( 1 4 . 0 1 ) 

. 5 6 1 ( 2 2 . 9 6 ) . 4 2 8 ( 1 0 . 0 5 ) . 2 0 0 ( 1 5 . 2 0 ) . 4 0 7 ( 1 1 . 9 0 ) . 2 0 4 ( 9 . 1 9 ) 

. 3 0 8 ( 1 2 . 6 4 ) . 1 8 3 ( 6 . 4 5 ) . 0 8 5 ( 7 . 1 4 ) . 4 0 7 ( 1 1 . 9 0 ) . 3 0 7 ( 2 0 . 7 1 ) 

. 1 4 0 ( 5 . 7 4 ) - . 1 4 3 ( 1 1 . 9 0 ) - . 1 0 2 ( 4 . 5 9 ) 

. 0 8 4 ( 3 . 4 4 ) . 0 9 1 ( 3 . 2 2 ) - -

. 0 8 4 ( 3 . 4 4 ) - . 1 7 1 ( 1 9 . 2 3 ) , 0 5 4 ( * . 7 6 ) . 1 5 3 ( 6 . 9 9 ) 

. 0 5 5 ( 2 . 1 4 ) -

. 7 0 3 ( 2 0 . 7 3 ) . 2 8 6 ( 2 0 . 7 8 ) . 1 9 0 ( 1 6 . 6 6 ) . 6 4 0 ( 2 0 . 7 3 ) 

. 0 8 4 ( 3 . 4 4 ) . 2 1 4 ( 7 . 5 2 ) . 0 8 5 ( 7 . 1 4 ) . 1 6 3 ( 1 4 . 2 8 ) . 1 2 8 ( 5 . 7 4 ) 

.348(22.30) 

. 0 7 6 ( 3 . 1 2 ) . 1 0 7 ( 7 . 0 8 ) 

. 7 4 2 ( 3 . 2 0 1 . 2 1 4 ( 1 4 . 0 3 ) 

. 0 7 6 ( 3 . 1 2 ) 

. 0 5 1 ( 2 . 0 3 ) . 3 7 5 ( 2 4 . 5 6 ) 

.081(5.00) 

.299(13.39) .262(1}.Ot) 
.058(J.3*) 

.107(7.00 ) .149(6.66) 

. 3 3 2 ( 1 3 . 5 1 ) 

. 2 9 1 ( 1 1 . 4 5 ) . 0 2 6 ( 1 .70 ) 

, 0 5 ' . ( 2 . 1 9 ) . 1 0 7 ( 7 . 0 0 ) 

, 1 8 3 ( 6 . 4 5 ) , 1 0 8 ( 9 . 6 1 ) 

. 2 * 7 ( 1 1 . 5 9 ) . 1 4 9 ( 5 . 9 5 ) . 3 0 3 ( 1 3 . 7 5 ) . 0 8 4 ( 3 . 4 4 ) 

. 1 4 9 ( 5 . 9 5 ) . 3 6 3 ( 1 6 . 1 9 ) 

. 2 0 9 ( 8 . 3 3 ) . 2 4 5 ( 1 1 . 1 1 ) 

. 6 9 0 ( 2 5 . 5 5 ) . 3 8 9 ( 1 5 . 4 7 ) . 2 1 4 ( 9 . 1 0 ) 

. 2 6 9 ( 1 0 . 7 1 ) . 3 0 3 ( 1 3 . 7 5 ) 

. 2 2 4 ( 9 . 1 7 ) 

. 1 9 6 ( 8 . 0 3 ) 

. 2 5 2 ( 1 0 . 6 6 ) 

. 3 0 5 ( 9 . 0 3 ) - . 1 3 5 ( 1 1 . 8 5 ) . 1 0 2 ( 4 . 5 9 ) 

. . 0 3 5 ( 7 . 1 4 ) 

. 1 2 2 ( 4 . 3 0 ) . 2 5 7 ( 2 0 . 4 2 ) 

. 9 1 7 ( 2 2 . 2 5 ) 

. 4 2 8 ( 1 0 . 0 0 ) 

.128(5.74) 

. 1 6 3 ( 1 4 . 2 8 ) . 0 7 9 ( 1 . 4 4 ) 

. 0 5 4 ( 4 . 7 6 ) . 2 0 4 ( 9 . 1 9 ) 

. 1 0 2 ( 4-.16) 
. 1 6 0 ( 1 0 . 5 2 ) 

. 2 5 5 ( 1 0 . 0 1 ) 

. 1 7 2 ( 4 . 1 6 ) 

. 0 5 1 ( 2 . 0 9 ) . 0 5 3 ( 3 . 5 ) 

. 0 2 6 ( 1 . 2 6 ) 

.179(<*.00) 

. 7 1 8 ( 3 2 . »0> . 3 4 9 ( 2 0 . 0 8 } 

. 1 * 9 ( 6 . <6) 

.Z09(9.33) 

.089(4.10) 

.389(17.3) 

.0S»(2.66) 
. 0 9 7 ( 5 . 6 0 ) 

. 3 2 0 ( 1 8 . J1J 

. 3 2 0 ( 1 9 . 1 1 } 

.mU5.«oi 



Tabla 2.2 Monthl/ v a r i a t i o n 
a t 0-10 cms depth 

of funqal p o p u l a t i o n ( par 
d u r i n g t h e sa-npling par lod 

gram dry a o l l x 10 ) In tha a o l l o f 1 y e a r p l a n t a t i o n 
1986-1987 . V i l u a s i n tha p a r e n t h e s e s are % r e l a t i v e abundance. 

Fungi J u l . -*HSb S e o t . Oct . NOV. Dec. Jan . . F e b . March Apr i l May June 

Aspergillus niger 

Fusarium moniliforme 

F. salani 

Gongronella butlerl 

Humicola fuscoatra 

Mortierella raminniana 

Mueor hie-nalls 

M. plmibeus 

M. race!nosu3 

PaecilOTiycas liliacinum 

P. chrysorrenuTi 

P. fellutanum 

P. funiculosum 

P. jivanieum 

P. vermiculatom 

rrichodertna koningli 

T. virida 

White sterile 

Yellow sterile 

— 

.202 
(16.16) 

-

-

-

-

.086 
(7,14) 

-

.057 
(4.76) 

-

.318 

(26.64) 

.115 
(9.52) 

.057 
(4.76) 

-

.086 
(7.14) 

-

-

.289 
(23.78) 

-

• • 

.245 
(16.16) 
.183 
(10.45) 

.122 
(8.33) 

-

-

-

-

-

-

.214 

(14.58) 

/.-,_,-, 

-

-

-

— 

.061 
(4.16) 

.612 
(41.66) 

.061 
(4.16) 

— 

.248 
(18.75) 

.055 
(4.16) 

-

— 

~ 

— 

.248 
(18.75) 

.137 
(10.41) 

-

.027 

(2.08) 

-

-

-

.303 
(20.85) 

-

.082 
(6.25) 

.248 
(18.75) 

-

"• 

.453 
(41.66) 
.120 
(11.11) 

-

-

— 

-

-

-

-

.151 

(13.88) 

-

-

-

-

-

.241 
(22.28) 

( 

.120 
(11.11) 

~ 

.109 
(10.25) 

-

-

-

-

-

-

-

-

.492 

(41.05) 

.109 
(10.25) 

.054 
(5.12) 

.082 
(7.69) 

-

-

-

.136 
(12.82) 

.136 
(12.82) 

— 

.157 
(20.00) 

.157 
(20.00) 

-

-

-

-

.157 
(20.00) 

.157 
(20.00) 

-

(14.23) 

-

* 

-

4 

-

-

.157 
(20.00) 

-

— 

.110 
(29.07) 

-

-

-

-

-

-

.027 
(4.76) 

-

.082 
(14.28) 

-

-

-

-

-

-

.110 
(19.04) 

.248 
(42.85) 

-

.205 
(17.94) 

-

a» 

-

-

-

-

-

.087 
(7.69) 

.322 
(29.20) 

-

-

-

-

-

.263 
(23.07) 
.146 
(23.10) 

-

.102 
(6.66) 

-

.051 
(3.33) 

.153 
(15.05) 
.051 
(3.33) 

-

.051 
(3.33) 

-

.332 
(21.66) 

.255 
(16.65) 
.051 
(3.33) 

-

-

.204 
(13.33) 

.076 
(5.00) 

.051 
(3.33) 

.076 
(5.00) 

-

.097 
(6.25) 

.227 
(14.58) 

-

.097 
(6.25) 

-

-

-

-

-

-

.227 
(14.58) 
.129 
(8.00) 

.097 
(6.25) 

-

.227 
(It.58) 

-

.227 
(14.58) 

.227 
(14.58) 
.129 
(8.38) 

-

.179 
(11.76) 

.059 
(3.92) 

-

-

-

-

-

.179 
(11.76) 

.239 
(14.79) 

.179 
(11.76) 

.114 
(7.84) 

.449 
(26.41) 

.059 
(3.92) 

.119 
(7.84)^ 

-

-

-

-

.233 
H7.77) 
.145 
(11.11) 

.145 
(11.11) 

-

-

-

-

-

-

-

.087 
(6.66) 

-

-

-

-

.145 
(11.11) 

.262 
(24.47) 
.174 
(13.33) 

.058 
(4.44) 



T a b l e 2 . 3 Monthly v a r i a t i o n o f f u n g a l p o p u l a t i o n ( p a r graia d r y s o i l x 10 ) l a t h a s o i l o f 1 y e a r p l a n t a t i o n a t 10-2.0cm 

dapth d u r i n g t h a sampl ing p a r l o d 1 9 8 5 - 1 9 8 6 . v a l u e a i n t h a p a r e n t h e s e s ara X r a l a t i v a abundanca. 

f u n g i J u l Aug 3 « p t g e t Mov Cee. Jan _' Feb March A g r l l ^3X . June 

A b s l d l a q l a u c a - . 0 2 9 ( 1 . 4 4 ) " -
« . n e d u l a n s - . 1 1 8 ( 5 . 7 9 ) - - . 0 5 9 ( 2 . 3 9 ) 
* • " l a " - . 2 « ( 1 0 . 6 0 ) - . . . . - . 1 6 5 ( 1 0 . 5 0 ) . 1 7 9 ( 9 . 6 9 ) . 7 2 9 ( 1 . 5 t > 

S u n n l n a h a - e l l a - . 0 3 0 ( 1 . 5 7 ) - - _ _ - - - - " -
e c h l n u l a t a 
C u r v a l a r l a *acu lana - . . . , 0 7 6 ( 3 . 7 0 ) - . 1 7 7 ( 9 . 7 4 ) 
rusar lun . a o n l l l f o r a a . 2 4 0 ( 1 4 . 1 1 ) . 3 0 2 ( 1 5 . 1 3 ) . 7 3 4 ( 3 6 . 3 6 ) . 5 6 5 ( 2 . ' . 5 3 ) . 3 0 6 ( 1 1 . 4 8 ) . 1 9 4 ( 1 4 . 5 8 ) . 1 0 8 ( 9 . 9 8 ) . 1 5 3 ( 7 . 4 0 ) . 2 1 6 ( 8 . 5 2 ) . 2 7 6 : 1 0 . 9 1 ) . 2 4 7 ^ . 2 4 ) . 2 9 « < t « . t 3 > 
T. s o l a n l - - . 0 6 1 ( 3 . 0 3 ) - 1 4 8 ( 7 . 2 4 ) . 1 9 4 ( 6 . 3 9 ) . 0 2 7 ( 3 . 0 3 ) . 1 9 0 ( 1 3 . 5 5 ) . 2 3 0 ( 1 1 . 1 1 ) - . 2 3 7 ( 1 2 . 1 2 ) 
S o n a r o n a l l a b u t l a r l . . . . 2 0 3 ( 1 0 . 1 4 ) - . 1 0 8 ( 4 . " ' « ) - . 3 5 7 ( 1 3 . 3 9 ) 
Humlcola f u s e o a t r a - - _ _ _ - - - - . 5 6 9 ( 2 0 . 0 0 ) -

y . o r t l e r a l l a „ „ . , _ , „ i 
r a n a n n l a n a - - - - - . . . . 0 5 4 ( 2 . 3 3 ) -
Htteor M e m a U s . 3 9 0 ( 1 8 . 7 4 ) . . . - . 0 2 7 ( 3 . 0 9 ) - - - . 3 3 1 ^ 5 . 0 9 ) - . 2 0 7 ( 1 9 . S O ) 

.«.. p lumbeus - . 0 5 9 ( 2 . 9 9 ) . - - - - . 0 9 1 ( 1 . 1 9 ) -
'.. racerrosua . 0 6 0 ( 3 . 7 7 ) - . . 0 2 9 ( 1 . 4 4 ) - - - . 0 5 1 ( 3 . 4 6 ) - . 1 M ? 1 « . S 4 > . 0 5 9 : 2 . ! 9 > 

y.ycoqone a l b a - . 0 5 9 ( 2 . 3 9 ) - - - - -

? i e c U o m y c e s - - - - - . 0 5 5 ( 4 . 1 9 ) - - . 4 8 7 ( 2 0 . 4 2 ) -
- l l l a c l n u a t 
? e n l c l l l l u » . 3 6 0 ( 1 7 . 6 6 ) . 1 2 0 ( 6 . 0 4 ) - . 1 4 8 ( 7 . 2 4 ) . 2 4 5 ( 9 . 1 9 ) . 1 9 4 ( 1 4 . 5 9 ) . 3 2 6 ( 2 6 . 6 6 ) . 7 4 2 ( 3 5 . 8 0 ) , 4 0 6 ( 1 5 . 3 0 ) - . 1 * 9 ( 7 . 2 4 ) 
cftrysoqenuai 
7 . a l a v l f o r - n a - . 7 5 1 ( 3 . 2 9 ) . 0 2 7 ( 3 . 0 8 ) - -
7 . f a l l u t a n u m - — . 2 1 4 ( 1 0 . 1 1 ) . 0 5 9 ( 2 . 9 9 ) . 2 1 4 ( 9 . 0 5 ) . 0 5 5 ( 4 . 1 6 ) . 1 0 3 ( 8 . 8 8 ) - . 3 2 5 ( 1 0 . 2 9 ) . 1 3 9 ( 1 0 . 4 1 ) . 0 8 9 ( 4 . 3 5 ) 

7 . f u n l e u l o s u m - - - - . 3 9 9 ( 1 4 . 9 4 ) - . 0 5 4 ( 6 . 4 4 ) . 1 2 8 ( 6 . 6 9 ) - - . 4 7 6 ( 2 3 . 1 8 ) 
; . tavanlcum - - - - . 0 5 4 ( 2 . 3 8 ) . 1 3 8 ( 1 0 . 4 1 ) . 2 3 9 ( 1 1 . 5 1 ) 

7 . vermlcu la tum - . 0 2 9 ( 1 . 4 4 ) . 0 6 1 ( 3 . 2 9 ) . 0 8 3 ( 3 . 2 5 ) . 1 6 3 ( 1 3 . 4 6 ) . 2 3 0 ( 1 1 . 1 1 ) . 1 3 5 ( 5 . 9 5 ) -

Tr lchodarma _ , _ 
x o n l n o l l _ - - _ - _ _ - - . 0 5 4 ( 2 . 3 8 ) 
2- l l a n o r u m - . 1 8 1 ( 9 . 0 9 ) . 3 9 7 ( 1 9 . 6 9 ) . 1 4 8 ( 7 . 2 4 ) - . 0 2 7 ( 3 . 0 8 ) - - " " " 
T . v l r l d a . 3 0 0 ( 1 3 . 8 7 ) . 2 1 2 ( 1 0 . 6 0 ) . 3 9 7 ( 1 9 . 6 9 ) . 2 0 8 ( 1 0 . 1 4 ) - . 2 2 2 4 1 6 . 6 6 ) - . 0 7 6 ( 3 . 7 0 ) . 0 8 1 ( 1 . 1 9 ) . 1 1 9 ( 3 . 3 3 ) - . « t 5 ( . 
V a y l e l l l l u m 

sMlamvdo^porum . - . 0 5 1 ( 3 . 4 6 ) - " 

W h i r , s - r . r l l e . 5 1 0 ( 2 3 . 6 1 ) . 4 2 4 ( 2 1 . 2 1 ) . 0 6 1 ( 3 . 0 3 ) . 0 2 9 ( 1 . 4 4 ) . 6 7 5 ( 2 6 . 2 9 ) . 1 9 4 ( 1 4 . 5 8 ) . 1 9 0 ( 1 8 . 5 5 ) . 2 0 4 ( 9 . 9 7 ) . 1 0 8 ( 4 . 7 6 ) - . 2 6 8 ( 1 3 . 0 4 ) . 3 8 5 0 9 . 6 9 

f a l l o w s t e r i l e . 1 8 0 ( 8 . 3 3 ) . 5 1 5 ( 2 5 . 7 5 ) . 1 8 3 ( 8 . 0 9 ) . 1 4 8 ( 7 . 2 4 ) . 4 2 9 ( 1 6 . 0 9 ) . 1 3 9 ( 1 0 . 4 1 ) . 0 8 1 ( 8 . 6 6 ) . 0 7 6 ( 3 . 7 0 ) -



rabla 1A Monthly v a r i a t i o n of fungal population ( par gram dry s o i l x 10 3 ) In tha s o i l of 1 yaar plantat ion at 19-20c-n dapth 
during tha sampling parlod 1986-1987. Valuas In tha paranthasas ara X r a l a t l v a abundanea. 

Fungi Jul Aug Saot Oct -IOT Dae Jan Fab March April «ar Juna 

Masldla glauca 

•Vaparqlllua nadulans 

i* "l°ar 

Fusartum monl l l foma 

F. so lanl 

3ongronell> a u t l a r l 

Hurnlcola fuacoafcra 

Mort larel l* raoanalana 

Mueor h l a r a l l s 

M. plurfcaua 

M. raeaniosus 

Paacllotnycaa l l l l a c l m r n 

?anlct l l lum chrysoiamm 

?. fallutanun 

?. funlculosu-n 

P. Jayanlcu.ii 

P. l l l l ac lnu- i 

£• "armlculatum 

Trlchodarma konlnal l 

T. v l r lde 

Whita s t a r l l a 

•fallow s t a r l l a 

• • 

-

-

.149 
(13.88) 

-

-

— 

-

.236 
(22.22) 

-

-

-

.236 
(22.22) 

-

-

-

-

-

-

.059 
(5.55) 
.266 

(27.80) 
.088 

(3.33) 

.244 
(22.22) 

-

-

.213 
(19.44) 
.122 

( l l . l t ) 
-

" 

-

"• 

— 

-

-

.183 
(16.66) 

-

.091 
(8>s) 

-

-

-

-

-

.244 
(22.22) 

-

-

-

.058 
(4.44) 
.145 

(13.38) 
.058 

(4.4*) 

-

-

-

.087 
(6.66) 
.058 

(4.41) 
.233 

(17.77) 
-

.262 
(20.00) 

- • 

-

-

-

.233 
(17.77) 

-

-

.058 
(4.44) 1 
.087 

(6.66) 

-

-

-

.212 
(29.16) 

.030 
(4.19) 

-

-

-

-

-

-

-

.060 
(8.3.3) 

-

-

.060 
(8.33) 

-

-

.060 
(8.33) 
.121 
(16.66) 
.181 

(25.08) 
-

-

-

-

.163 
(20 .00) 

.054 
(6 .66) 

-

-

-

-

-

-

-. 

.245 
(26.68) 

-

-

-

-

-

-

.163 
(20.00) 
.190 

(23 .33) 
.027. 

(3 .33) 

-

-

-

.166 
(20.00) 
.166 

(20.30) 
-

-

-

-

.156 
(20.00) 
.166 

(20.00) 

" 

-

-

-

-

-

-

-

-

.166 
(20.00) 

-

-

• " 

-

.136 
(19.51) 

-

-

-

-

-

-

-

-

.109 
(14.35) 

.027 
(3 .70) 

.0*7 
(3.70) 

-

-

-

-

-

.218 
(29 .62) 

.218 
(29 .62) 

-

-

-

.145 
(15.15) 

. 1 1 * 
(12.12) 

-

-

-

-

-

-

-

.116 
(12.12) 

-

-

.058 
(S.07) 

-

-

-

-

.262 
(27.27) 

.262 
(27.27) 

.108 
(7.19) 

-

-

-

-

.135 
(10.41) 
.189 

!12.58) 
.081 

(5.25) 
.081 

(5.25) 

-

-

.189 
(12.53) 
.189 

(12.53) 
. 0 .54 

( t . l S ) 
.054 

(4.15) 

-

.081 
(6.25) 

-

.135 
(10.41) 
.108 

(7.19) 

-

-

* 

-

.148 
(11.53) 
.297 

(23.11) 

-

-

-

~ 

-

-

.099 
(7.69) 

-

.248 
(19.23) 

-

-

* 

-
.198 

(15.38) 

•* 
.148 
(H.53.) 
.148 
(11.53) 

^ 

— 

.1-9 
(8.88) 
.059 

(4.*4) 
.089 

(6.66) 
-

.238 
(17.77) 

-

-

-

-

.059 
(4.44) 

-

.178 
(17.82) 
.149 

(11.11) 
.238 

(17.77) 
-

~ 

-

• " 

-

.149 
(11.11) 

-

.266 
(23.07) 

-

-

.177 
(15.38) 

-

-

*• 

-

-

-

-

.207 
( f . 9 4 ) 

" 

* 

~ 

~ 

* 

" 

™ 

.237 
(20.51) 
.118 

(10.28) 
.148 

(12.82) 

http://Jayanlcu.ii
http://ll.lt


Tabla 1.5 Monthly var iat ion of fungal population (par gram dry a o l l x 10 ) i n tha a o l l of I 
20-30 cm dapth during tha sampling parlod 1985-1986 valuaa in tha parantnaaaa ara 

yaar p lantat ion at 
% r a l a t l v a abundanea. 

Fundi J u l Aug Sapt O c t S p y Dag J a n r a b March April 

Abaldla qlauca 
A s p e r g i l l u s nadulana 
Aaparj l l lua nlgar 
Aaoaral l tus 
v a r s l e u i o r 
Cladosaorluw 
harbar-xs 
Curvulafla lunata 
Fuaarluaj 
monillTgraa 
Fuaarluaj aolanl 
gonoronalla 
putlarl 
Hu-"lcol» fuscoatra 

Mucog hlamalla 
Mueor plunibaua 
Mueor racarnoaua 

Paaclloaycea 
llliaelnui 
PenlclIlium 
ehrysoqenum 
Panlcllllum 

gallutaouin 
£. funlculosum 
P. lavanlcum 
P. varmleulatuia 
Trlchodar-ia 
konlnqll 
X" H^not jm 
1- Tlr lda 
V a r t l c l l l l u m 
chla.Tiydo3Poruni 
Whit* s t a r l l a 
Yallow s t a r l l a 

.238(13.33) .211(12.96) .694(40.00) 

.208(11.66) .180(10.00) 

.271(16.66) 

.238(13.33) .211(11.66) 

.179(10.00) 

.328(13.33) 

,328(18.33) 
268(15.00) 

.180(11.11) 

.301(16.65) 

.211(11.66) 

.120(8.66) 

.513(28.82) 

.543(31.18) 

. 059 (3 .17 ) 

. 059 (3 .18 ) 

. 088 (4 .76 ) 

. 088 (4 .76 ) 

. 325(17 .48) . 2 7 5 ( 1 1 . 0 0 ) . 2 9 4 ( 1 8 . 5 0 ) 

. 148 (7 .93 ) . 0 9 1 ( 3 . 7 0 ) ,113( 7.4«> 

. 4 1 4 ( 2 2 . 2 2 ) 

. 059( 3 .17) . 0 3 0 ( 1 . 2 3 ) 

.059( 3 .17) - . 113 (7 .40 ) 

. 039(1 .58) 

.059(3 .17) . 2 4 4 ( 9 . 8 7 ) . 313(20 .37) 

.088(4 .76) . 305 (10 .33 ) 

. 029 (1 .58 ) . 3 6 6 ( 1 0 . 3 1 ) . 119 (12 .96 ) 
. 0 3 0 ( 1 . 2 3 ) 

.080(4 .76) . 0 6 1 ( 2 . 4 6 ) . 0 8 5 ( 6 . 5 5 ) 

.138(9 .80) 

.138(9 .80) 

. 055(6 .06) 

.055(2 .89) 

.165(8 .69) . 163 (7 .40 ) .111(12 .12) 

.137(7 .24) 

.082(4 .34) .300(10 .69) 
. 601(27 .16) .277(30 .30) 

.277(30 .30) 

.138(15 .15) 

.409(18 .51) 

.305(21.56) .220(17.04) .245(10 .11) 

. 166 (13.7-5) 

.166(13.76) 

.111(9.30) 

.083(6.38) 

.029(1 .58) .170(12 .01) 

. 148(7 .93) . 4 5 3 ( 1 9 . 5 1 ) . 170(14 .81) 

.088(4 .76) . 7 6 3 ( 3 0 . 8 6 ) 
.194(13.72) 
.055(3.92) 

.137(7.24) . 081 (3 .70 ) 
.055(2 .39) . 136 (6 .17 ) 

.385(20.28) . 218(8 ,87) 

.055(2 .89) . 054 (2 .46 ) 

.111(5 .79) . 109(4 .93) 

.027(1 .44) 

.165(8 .69) 

.220(10.59) 

?f_ ytrWu'y 
. 0 5 9 0 . 4 

. 114 (5 .34 ) 

. 2*9(14 .23) . 2 0 7 ( 1 3 . 1 3 ) 
, 029{ t . W ) 

.328 (17 .46) 

. 0 2 9 ( 1 . 9 6 ) 

. 1 * 9 ( 7 . 9 3 ) . 

. 508 (25 .43 ) 

. 1 4 9 ( H . 2 8 ) 

.055(6 .06) 

. 269 (14 .29 ) . 

. 3 8 5 ( 2 8 . 4 9 ) 

33S<23.53) 
4*4 f 29.41.) 



Tabla2.6 Monthly var ia t ion of funqal populat ion ( par iram dry s o i l x 10J J In tha s o i l of 1 yaar p l a n t a t i o n at 20-3Ocm 
depth during thessampling period 1996-1937. Valuas in tha paranthases ara X r e l a t i v e abundanea. 

Funal J u l jftua. Saot P e t Dec Jan Feb March Aorl l _fi»t. J * « 

Ah«tdl» -il»ui»» 

Fusarlum monlllfarae 

q?n<?r?ne»« but ler l 

Humlcoli f'jseoatra 

rtucor hler-alls 

H. olumteaus 

•L: r»g»-r!3aua 

P » c l l n » ; ; ; i IJU.HlllU-t 

p-nicinium ruryanf MHH 

P. clayifoCTa 

P. fellutanum 

P. funtculosum 

P. Javanleum 

£• vermlculatum 

Trlchodarma konlnqtl 

I. vlrlde 

White s s e r l l e 

Yelljw s t e r i l e 

.059 
(7 .40) 

145 .206 .196 .160 .250 .135 .250 .081 
(26.66) J19.44) (25.92) (20.00) (25.00) (16.66) (30.00) (7 .14) 

.147 .084 .160 .393 -
C 3 . 8 8 ) (11.11) (20.00) (8.33) 

_ - .163 
(14 .29) 

_ - .109 
(9.52) 

_ .292 -
(19.44) 

.031 
(3 .02) 
.095 

(9 .09) 
.031 

(3 .«2) 

.119 , 
(12 . 12) 

( 1 4 . 2 9 ) 
. 1 4 * .119 

(11 .90 ) (12.12) 
.093 

(9 .0?) 

.059 . 2 *5 .471 .196 .187 .If .190 

.057 
(S.*S) 

-

.200 

-

.191 
(15 .«« ) 

.13* *»?_ . ! •» . alio) Cii'M) (44.10) (25.92) (23.331 (29:16) (23.33) (23.34) (11:90) (ii'M) ( i 6 . « 6 ) 

-

.059 
(7 .40) 

-

.059 
(7 .40) 
.059 

(7.40) 
.059 

(7 .40) 

-

.295 
(37.00) 
.207 

(18.60) 

.061 
16.66) 

-

-

-

-

-

.061 
(6.66) 
.276 

(30.00) 

C3o-oo> 

• " 

-

-

.029 
( 2 . 7 7 | 

-

.088 
'.©.33) 
.145 

(13 .88) 
-

-

-

-

-

-

-

.084 
(11.11) 
.112 

(14.83) 
.084 

(11.11) 

~ 

-

-

.080 
(10.02) 

-

-

.026 
(3 .33) 

. .134 
(16.66) 
.053 

(6 .66) 

" 

-

-

-

-

-

-

.111 
(19.07) 

-

-

-

-

-

.054 
(6.66) 

-

-

.24* 
(23.05) 
.271 

(30.30) 

* 

.086 
(10.00) 

-

-

-

-

-

.172 
(20.00) 
.086 
(10.00) 

-

.054 
U . 80) 
.109 

(9.52) 

-

.109 
(9*52) 

.081 
(7 .14) 
.109 

(9.52) 
-

-

-

.143 
(21.26) 

-

-

.047 
(4 .54) 

-

.047 
(4.54) 
.239 

(22.72) 
.095 

(9 .09) 

-

. 1 1 * 

.2.09 
(16 .661 

-

(16 .<«t 

-• 

• • 

. 1 7 9 
(14 .28 ) 

• " 

-

-

-

-

-

-

.237 
(24.25) 
.118 

(12.12) 
.149 

(15 .15) 



Tabla J.* Monthly variation of fungal population (par gram dry soil x 10*) in tha soil of 5 yaar plantation 
at 0-10 em dapth during tha sampling patlod 1985-1986* values in tha pacanthaaaa ar» X ralatlva abundanca. 

Fungi Jul Aug 3eot Pot Soy Dae Jan Fab March April May^ Juna 

Abaldla glauea 

Asoaralllu* flayua 

Curvularla •naeulana 

Fusarluai 
nonlllTarw 

P. aolanl 
Oonarrinalla 
butlarl 
Humleola fuscoatra 

Mucoc hlanalla 

Mueor raeatnoaua 
PaeelloTTcaa 
iillaclnun 
Panlallllum 
chrysoqanum 
P. fallutanum 
P. funlculoauw 

P. Javanieuni 
P. llllaelnum 

P. varmlculatum 

Trlchodarma konlnall 
T. llonoruw_ 
T. vlrlda 
Whita atarlla 

Yallav atarlla 

.136(10.33) .059(3.92) 

.059(3.92) 

.053(4.50) .192(12.28) 

.244(11.59) .213(11.11) .529(23.61) .383(25.49) .417(20.28) .168(18.16) .163(16.66) .215(16.03) .412(26.31) .275(22.20) 

.183(8.69) .304(15.85) - .265(17.64) .328(15.94) .056(7.55) .054(5.55) .242(15.76) 

.274(13.08) .243(12.69) 

.418(26.92) 

.119(8.40) 

.119(3.40) 

.118(7.84) .179(8.69) 
.056(7.55) .163(16.66) 

.248(20.00) 

.275(22.20) 

.192(15.55) 

.335(15.94) .456(23.80) .031(2.38) - .l'.9(5.79) .224(23.22) .218(22.22) .242(15.79) .302(19.29) 

.244(11.59) .243(12.69) .124(6.55) .118(7.84) .029(2.39) - - - - .055(4.49) 
. _ . _ _ - _ _ .082(5.26) 

.183(8.69) .09K4.76) . - . ' . a . . « . ' . ' — . ' - . ' ." _ . 

.193(8.69) - .031(2.38) .029(1.99 ) .149(9.24) .?96(*9.59) .190(19.48) .16KV .35) .247(18.78) 
- . . . . _ _ _ .329(21.08) 

.249(11.43) .059(3.92) - - - -

.249(11.43) .236(15.68) .208(10.14) - - .261(16.03) - .192(15.55) 
.335(15.94) .365(19.08) .436(19.44) - .238(11.59) .168(18.16) .163(16.66) .261(16.03) 
.122(5.79) - .249(11.43) - .328(15.94) .029(4.77) .027(2.77) .053(4.50) 

.059(4.15) 

.358(23.22) 

.209(13.96) 

.089(6*55) 

.119(8.40) 

.059(12.39? 

.2»7(18.<XTT 

.148f7.lt) 

.099(4. F6) 

.1'9(9.14J 

.199(4.66) 

.059(12.331 

.267<tB.007 

.237(l*..77r 

http://148f7.lt


table 2.8 Monthly variation of fungal population ( par gram dry soil x 103 ) In the soil of 5 year plantation at 

0-lOc* depth during tha sampling period 1986-1987. Values In the parentheses are * relative abundance. 

Fungi Jul Aug Sept Pet HOT Dee Jan Feb March April, May June 

Absldla glauca 

Curvularla maculana 

Fuaarlum monlllforme 

P. solanl 

Gonqronella butlerl 

Mucor hletralls 

M. plumbeus 

M. racemosus 

PaeclloTTYces llllaclnum 

PenlclIlium chrvsoqenurn 

P. fellutanum 

P. funlculosum 

P. Javanlcum 

P. vermlculatum 

Trlchoderma konlngll 

Trlchoderma vlrlde 

White sterile 

.356 .315 
(28.57) (18.50) 
.029 .410 

(2.38) (24.07) 
.178 .031 
(14.28) (1,85) 

.203 
(25.61) 

.207 .126 
(19.09) (7.40) 
.059 

(4.76) 

.029 
(2.38) 
.059 

(4.76) 

.296 
(23.78) 

.252 
(17.84) 

.568 
(33.33) 

.142 
(12.82) 

.198 
(19.94) 

.232 .214 .121 .134 .325 
(16.66) (29.62) (21.42) (27.81) (26.19) 
.145 .026 

.247 
(15.78) 

.192 .231 
(12.28) (16.66) 

(12.«i ) (3.70) 
.058 

(4.16) 
;058 

(4.16) 
.323 

(57.14) 
.040 

(7.16) 
.029 

(2.08) 
.053 

(7.40) 

.142 .290 .080 
(12.82) (20.81) (11.11) 

.053 
(3.70) 

.145 
(12.61) 

.026 
(5.55) 

.118 
(9.52) 

.053 
(11.11) 

.026 
(5.55) 

.118 
(9.59) 

.080 
(16.66) 

.312 .232 .348 .080 .080 .384 
(28.80) (16.66) (40.67) (14.28) (16.66) (30.75) 

.119 
(7.40) 

.185 .059 
(13.30) (3.70) 

.209 
(12.96) 

.177 
(20.00) 

.38* .277 
(24.56) (20.00) 

.092 
(6.66) 

.192 
(12.28) 

.247 
(15.78) 
J.09 

C7.04) 
.192 .092 

(12.28) (6.66) 

.059 
(3.70) 

.179 
(13.01) 
.448 

(27.77) 

.149 
(9.25) 

.239 
(14.81) 

.231 .119 
(16,68) (7.40) 

.118 
(8.33) 
.267 

(18.75) 
.178 

(12.58) 

.089 
(6.25) 

.089 
(6.25) 

.118 
(8.33) 
.237 

(16.68) 
.327 

(22.91), 

Yellow steri le .087 .053 
(6.25) (3.70) 

.080 .295 
(16.66) (23.78) 
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Tabla 2.11 Monthly v a r i a t i o n of fungal population (par gran dry s o i l « 103) In tha s o i l of 5 yaar p lan ta t ion at 20. 
depth during tha sampling P«rlod 198J-1986. Valuas In tha paranthasas are * r e l a t i v e abundance. 

>30OT< 

Tunal J u l JbHSL Sept Oct MOT Pn J a n Fab March April Hay _£as«— 
Absldla alaaca 
Aspergillus nadulana 
A. nlaar 
rusarlum monlllforao 

P. solanl 
Ganoronella butlerl 
Humleola fuseoatra 
Mueor hlemalls 
Mueor pluT<baus 
Mueor racamosus 

Paecllowvces 
llllaclnum 

Penlellllum 
ehrysogenum 

P. clavlforma 
P. fellutanum 
P. funlculosum 

P. javanlcuni 
£. llllaclnum 
P. varmlculatum 
Trlchoderaa konlngll , 
T. llonoruai 
T. vlrlde 

White s t e r i l e 
Yellow s t e r i l e 

.059(4.44) .091(13.66) -
.090(5.88) .159(4.44) -

.147(11.11) 
.184(18.18) .242(14.85) .177(20.33) .182(11.11) .345C2a.5T) . 0 9 4 ( 6 . 6 6 ) .336(39.36) 
.030(3 .02) .121(7.84) - .334(12.37) - . 0 5 6 ( 4 . 4 4 ) . 1 6 8 ( i e . l 8 ) 

,151(12 .32) 
0 9 0 ( 3 . 6 9 ) 
121(10 .35 ) 

.181(11.76) .059(4 .44) .060(3 .70) 
. 084 (6 .66 ) 
.140(11 .11) 

_. - - .147(11.11) .030(1 .85) - . 0 3 4 ( 6 . 6 6 ) 

181(15 .38 ) .277(27 .27) .060(3.92) - - . 172(14 .28) . 253(20 .00) .056(6 .06) 

.184(18.18) .030(5.88) .118(9.60) .091(13.49) . 028 (2 .37 ) . 1 \2 (8 .98> .028(3.03) 

123(12.12) - -

211 (17 .94 ) .061(5 .08) .121(7.84) .206(15.15) .182(11.11) - . 140 (11 .11 ) . i 40 (15 .15 ) 

, 211 (17 .94 ) 
, 030 (2 .56 ) 

,315(22.91) 

.057(4 .16) 

.057(4 .16) 

.114(8 .33) 

.096(6 .25) 

.114(8.33) 

.029(6 .29) 

.229(16.66) 

.057(4 .16) 

.258(18.75) 

,151(12 .82) 

.088(6.66) - .028(3 .03) 

.059(4.44) .121(7 .40) . 230(19 .08) - .084(9 .09) 
.154(15.15) .423(27.45) .029(3.22) .303(10.50) . 259(21 .42) . 163(15 .60) .028(3 .03) 

.302(14.58) .088(6.66) .242(14".81) .057(14 .28) 1112(8.83) .056(6 .06) 

.057(6.06) 

.057(6.06) 

.344(36.36) .215(15.15) -243(24 .2«* 
.060 (*.«•) 

. 123(8 .99) .060 ( 6 . • « ) 

.172(18.18) .0«0(6.06J 

. 092(6 .66) 

.057(6.06) , 2 7 6 ( 2 t . 6 « ) 

.057(6.06) 
.092(6 .66) 

.029(2.01) .369(2«.6«> . 0 9 1 ( 9 . 0 9 ) 

.086(11 .15) .215(15 .15) 

.057(6.06) 
.03C3.03) 

.o,7(«.o6) - •M 52r-?2 
.123(8 .88) . 2 l l ( S t . 2 l ? 



Tabla I . 1 2 Konf tT var iat ion in fumal population (par oram dry s o i l x 103) In tha s o i l of 5 ? « a r ol»st»<:lOT -lurfvj 
t«ia aamplla? parlod 1986-1987. Valua* In parentnesas ara * r a l a t l v a abundance. 

fungi 
„_„ T ,_ P a b March Apri l ^«Y—: JyT 

Jal Aug Sapt Oct go* Pac_ :ZSfl ESS 2-SS — 
.028(3.03) -

A c s l d l a g laue* - - - - - -
lHiff^3 - .062(7.40) .254(33.33) .205(29.16) .167(28.J*) .319(30.76) .140(18.54) .147(20.83) .086(9.09) .a35(15;00);i53(13;88) .182 (20.0CJ 

Fusarlun solanl - .111(22.22) .127(11.53) - - .028(3.03) .094(10.00) - .130(3.33) 

Ooncronalla .«.#.. ..< *,*,- «»i 
butlacl - .097(12.50) - - - - .086(9.09) - .123 (11.11) .030(3.03) 
Hmnleola fuscoatra - - - ' - - - - - .114(12.13) -

.143(22.77) - . 212 (19 .29 ) - - - , 0 6 0 ( f . 6 « ) 
- - - - - . 127 (11 .53 ) - - - -

.169 (16.38) .028(3.70) 

Mueor h l a n a l l s 
j j . pluraflaus 
M. racamosus 
IIVI^IZI" ' - - .042(5.55) - - - .084(11.11) - .029(3.03) - .153(13 .98) 

chr-z loaan^ .148:22.87) .434(51.85) .254(33.33) .058(8.33) . 111 (22 .22 ) . - .028(3.70) .177(25.00) .143 (15.15) .188 (20.00) .246 (22.22) 
P. f . U u t . n u m - .027(5 .55) - .028(3.70) .059(8.33) .057(6.06) - .123(11 .11 -
^ funleulosun. .059(11.11) - .042(5.55) - - - .084(11.11) .059(8.33) .029(3.03) . 1 9 8 ( 2 0 . 0 0 ) . 1 2 3 1 1 . 1 1 . 060 (6 .66 ) 
— ' ^ — — .184(16 .69) — 
P. javanleum - - - - - - -
Z 777, \ - - - - .143(15.15) -
P. l l l l a e l n u - i - - - - - - -
P. v.P.leulaWH! .029(5 .55) - . - - - - .028(3.70) - .057(6.06) -
Trlchodama . . . . m f i s 15) - - . 0 6 0 ( 6 . 6 6 ' 
konlnqli - - .042(5.55) - - - - - .143(15.15; 

,. . . - - .273(36.07) 
!• vtrlda - - .042(5.55) - - - - -
Whlta atarile .089(15.03) .248(29.64) .084(11.14) .234(33.33) .111(22,22) .127(11.53) .253(33.33) .147(20.83) . - .094(10.00). - ^ ^ .15l(l*.«« 

Yallow starlla 
;i48(22.77, .093(11.11) - .117(16.68) .027(,.,5) ' - .084(11.11) .119(16.88) - .235(25.00) 



Tabla 2.13 Monthly variat ion of fungal population (par gram dry s o i l x 1 0 3 ) in tha s o i l of 10 yaar plantation at 0-10c-i 
dapth during tha sampling pariod 1985-1986. valuas in tha paranths ' e s ara < ra lat tva abundanca. 

fungi J u l -&HSL »apt O a t Hoy Dae Jan Fab Hareh 

Absldla glauca 
Aseara l l lus nlgar 
Cladosporlua 
harbaruS 
fusarlua 
;tionllifor>a 

.374(14.91) 

.092(4.34) 

£. solan! 

Oonaranalla fcutlarl 

Humleola fuscoatra 

Wueor hlanalls 

tj,. plumbens 

M. raeaaosus 
Paacllynycas 
llllaclnuti 
Panlelllluw 

chrysoqanum 
P. clavlfor-a 

fallutamm 
funlculosu-n 
javanlcum 
llllaelnum 
warmieula turn 

.250(9.52) 

.197(7.13) 
.156(6.93) .629(44.89) .549(24.26) .359(17.19) .391(33.33) .170(16.16) .302(15.94) 
.187(7.40) .187(7.69) .365(13.1SJ .359(17.13) .029(2.56) .056(5.61) .110(5.79) 

.374(14.91) .121(6.06) 

.029(2.50 
.091(4.54) 
.060(3.0)1 .089(4.54) .176(15.38) 

,0S5(2.89) 

P 
P 
P 
P. 
P, 
Jrlehodarma 
XonlnqIi 

T. llgnorum 
T. rlrlda 
Whlta starlla 
Ysllow starlla 

.375(14.29) 

.343(13.09) 

.156(5.95) 

.125(4.76) 

.250(9.52) 

. 405 (16 .04 ) 

. 218 (8 .64 ) .060(3 .03) . 3 3 9 ( 4 . 5 4 ) .059(5 .12) .264(27.75) .137(7.24) 

.192(9 .09) . 2 3 9 ( 1 2 . 1 2 ) 

.060(3 .03) 

.281(11.53) .121(5 .06) . 3 5 9 ( 1 7 . 1 8 ) 

.113(11.11) 

.113(11.11) .330(27.39) 

.500(19.04) 

.437(16.66) 

.243(12.12) . 1 1 9 ( 6 . 0 6 ) . 088 (7 .69 ) - .165(8.69) 
.311(15.33) .975(35.99) .213(10.60) . 2 0 9 ( 1 0 . 6 0 ) .146(12 .92) - .247(13.24) 
.405(16.04) - - . 1 4 9 ( 7 . 5 7 ) ' . 2 3 4 ( 2 0 . 5 4 ) .142(13.99) .220(11.59) 

- . 0 5 9 ( 3 . 0 3 ) ' - .142(13.98) .055(2.89) 

.091(3 .70) 

.190(8 .64) 
.0S4(2 .4o) 

.815(36 .00) 

.462(20 .98) 

. 091 (3 .70 ) 

.217(9 .72) 

. 162 (7 .40 ) 

.162(7 .40) 

fcprl 1 l^av Juni 

.219(20 .51) 

. 327 (30 ,76 ) . 394 (14 .49 ) :20SUJ.78) 

.054.(5.12) 

. 0 5 4 ( 5 . 1 2 ) 

. 213(20 .51) .0530.^2) 

.0550.9*.; 

. 0 2 7 ( 5 . 5 6 ) . 3*4 . (11 ,59 ) .117(17 .84 ) 

.14.7(9.90.) 

. 059 (3 .92 ) 

. 029 (5 .98 ) 

,109(12 .32) . 3 5 4 . ( 2 3 . 5 2 ) . 1 4 7 I 9 . W 
. 4 4 3 ( 2 9 . 4 t ) . 2 » 3 ( t 9 . J 8 ) 

.323(21 .5« l 



T a b l . 2.14 Monthly T . r l . t l o n o f fungal popul a t lon (par gra» dry . o i l * 10 3) in t h . . o l L of 10 year p l a n t a t i o n at 0-ltt cm dapth dur in* t l . . - p l l - a 

parlod 1986-1987. Valuaa In paranthaaaa ara % r a l a t l v a abundanca. 

Fungi Jul Aug 5apt Oct «o5 Dje Fob March Apri l 2 H J a " « 

Abaldla qlauca - - - - . _ . . _ . 0 8 4 ( 3 . 3 3 ) -
Aaparqlllua nlaar - .336(24.44) - _ . _ _ .0*3(2 .94) 

monlllfornia ' .267(17.64) .183(13.33) .264(21 .42) .180(18 .18) .217(19.04) .040(5.55) .085(14.28) .261(23.07) . 1 3 5 ( 8 . 3 3 ) . 115 (7 .34 ) , 236 ( t4 .06 ) . 176 ( t3 .33 ) 
F. aolanl _ .122(8 .88 ) . 3 2 3 ( 2 7 . 4 8 ) . - .163(14.23) .040(5.53) .085(14.28) .058(5 .12) . 1 3 5 ( 8 . 3 3 ) . 0«3 (? .*4 ) 

Hu->icola 
duacoatra - . _ . _ . _ . . 1 9 0 ( 1 1 . 6 6 ) -
SJucor h lamUls - . .081(15.77) - - - . 388(6 .66) 
Mucor plunibaua - . .190(25.92) -
H. racamosus . . 103(9 .52 ) 

. 096(5 .98) - .059(4 .47) 

PaaclloTiycas 
Ullac lnum - .336(24.44) - - . 1 9 0 ( 1 1 . 6 6 ) 
Panlc l l l luw 
chryjoqanum . - - . . . —. - , . , . , . , , . - . , , „ „ , , , « , / , * , o , _ .085(14.28) - . 2 7 1 ( 1 5 . 6 * ) .260(17 .64) .295(17.57) .264(20.00) . 179 ( l t . 76 ) - . 2 3 4 ( 1 7 . 7 7 ) . 3 0 1 ( 3 0 . 2 7 ) . 163(14.28) - .085(14.28) 
P. clavlforma .119(7.84) - - . 030(3 .03 ) , 
P. tallutanu-a .060(3.92) - - .028(4.80 ) 

.354(21.0") 

.163 411.72) 
P. 1a<fanlcum .119(7.84) - - - . 081 (7 .14 ) -

fitKSSs : : : : : .™m.»> .™w - :ijocu:.«.»w«7.Mi .^c».«> . « « • . * 
Trlchod.rma - - - - - - - " " ! « ( ( 8 * 3 3 ) '- .265(15 .78) .147(11.11) 
koninall _ .153(11.14) - .120(12.12).190(16.66) .054(7.40) - - .133(8.331 

Whlta starlla .625(33.99) .245(17.17) .440(33.33). 180 (18.18). - .108(14.81) .114(19.04) .435(38.48) - " * " , " " * ? . " _ * 1264(20.00) 
rallaw atarll. .327(21.56) - - .120(14.30) .136 (19.08) - .114(19.04) .377(33.33) - .260(17.64, . 



Table 2.15 Monthly variation of fungal population (par gra-n dry soil x 103) In tha soil of 10 yaar plintatlon ae 10-20<« 

dapth during tha sampling parlod 1985-1986. Valuas In tha paranthasas ara X relative abundanca. 

funal 2Hl iSSa Sep* Ogt gov Dag iSa £•£ ,., W-ff^ fi£Eil t&X. J"Of. 

Abaldla olauea _ - - - - - - - .218(10.60) - .059(5.-S5) 

Altemarla altarnata - - - - - - . - - " " .059(5.85) 

Aspergillus tlavus . . . .098(1.51) - .115(8.88) .249(28.75) - -

Aspergillus nadulans - • - - - - .028(2.22) - - - - -
A. nlaar - .316(16 .65) - - - .057(4.44) - .085(3.33) 
Cladosporlum herbarutn - - . 0 8 2 ( 1 . 7 5 ) -

rr ioni frWa .252 (12.12) .190(10 .00) . 3 2 5 U 7 . M ) .256(13.63) .20»(10.60) .173(13.33) .139(10.41) . 247 (15 .78 ) . 0 9 2 ( 4 . 5 4 ) .293(3J.30) .299(28.48) .239(20 .5t ) 
?. solanl .157(7 .57) .221(11 .66) - .177(9 .09) .207(10. ,60) .144(11.11) .111(8 .36) . 164 (10 .52 ) . 0 3 0 ( 1 . 5 1 ) - - . I 4 » ( t 4 . 8 2 ) 
3on?ronalla fcutlerl - .316(16 .65) - .237(10.60) • - .144(11.11) - - - .059[S.S5) 

$ ! s f f i £ra - - - - - - - - .537r27.315 .05«(«.6S) 

Htteor hlawalla - - .295(15.13) .059(3.03) - - - . - .1»8(22.33) 
0 - Pluwbana - - - - - - . 219(14 .03) . . . .029(3 .72) 
M. racamosus - - - ' - - - - - - - .02*(6.77) .0*»(7 .69) 

Paacllowireas . 
Ullaelnuw~~ .126(6 ,06) .190(10 .00) - - - - - - . 2 4 7 0 2 . - 2 ) -
P. ehrysoaanum .294(13.63) .126(6 .66) - . 0 i . e t l . 5 l l .235(15.13) .259(18.92) .166(12.50) . 247(15 .79) . 1 2 3 ( 6 . 0 6 ) .056(6.66) . 0 8 9 0 6 . 3 3 ) .119(10.25) 
?. faUutanuw .252(12.12) - .272(14.28) - .29SU5.13) - .194(14 .58) . 274(17 .52) - .056(6.66) 
P. funleuloaum .315(15.13) - - - - - - - - - .119(11.11) 
?. lavanlcum . - - - - - - - - - .119(11 .r i ) 
? . l l l laelnum - - - - - - - - . 2 7 9 ( 1 3 . 6 3 ) - - -
P. vermlculatum .189(9 .09) - - - . .266(13.63) - .138(10 .41) . 082 (1 .75 ) . 309 (15 .13 ) .028(3.33) 

• s o n l H o I r * - - . . ' - - - . 1 8 5 ( 9 . 0 9 , - - .059(5 .12) 

T. Uanoruii - - .181(9 .52) .118(6 .06) .147(7.57) .057(4.44) - - - - " / t a . 82) 
T. Yltlda - . 348(18 .38) .424(17.95) .207(10.16) .177(9.09) .288(12.22) - . 192 (19 .37 ) - .085(17.73) - ** ( , c 38) 
Wllta s t a r l l a .284(13.63) .190(10 .00) - .473(22.78) - ;028(2.22) . 194(14 .58) - - - .059(5.55) • " ' * ^ 
Yellow s t e r i l e .221(10.65) - .212(11.11) .177(9 .09) .325(15.22) .144(11.11) .138(10 .41) . 0 5 4 ( 3 . 5 0 ) - - — . • 

http://0i.etl.5ll


Tatola .2 .16 Monthly var ia t ion or f u n o . l populat ion (par oxa-n dry l o l l « 103) m <*a a d i i o * t» y*ar p l a n t a t i o n * t 19-20 c - d«p«, during 
tha aampllng parlod 1986-1987. Valuaa In paranthaaaa ara K ra ladva abund»nca. 

runol 

Abaldla qlauca 

Altamarla 
altarnata 

Aaparalllua 
nlqar 

fusarlum 
monlll?i~ 

T. aolanl 

Gonqronalla fS b u t l . r i 

Humleola 
fmcoatra 

Mucor hlemalla 

M. plumbaua 

M. racawoaua 

Paaellpmvcaa 
l l l lac lnum 

Panlcl l l lum 
chryaoqanum 

P. fallutanum 

P. funlcMlosum 

£• lavanleum 

£• l l l laclnum 

£• varn>leul««-,mi 
Trlehodarma 
Konlnall 
J. vlrld« 

Wilta a t « r i l a 

Yallow i t a c i l a 

J u l Aug S«pt 

.060(5 .55) 

.357(26.66) .182(16 .66) . 236(17 .77) 

.089(6.66 ) . 060(5 .55) . 329 (2 .69 ) 

.060(5 .55) 

.089(6.66) .091(8 .33) 

.089(6.66) .303(22.26) 

.059(4.49) 

.178(13.33) .121(11.11) 

.089(6.66) 

.060(5 .5S) . 027(15 .55) 
.028(15.55) . 2 1 2 ( 1 9 . 4 4 ) . 5 9 1 ( 4 8 . 4 4 ) 
.178(13.33) . - . 266(15 .55) 

P e t 

.062(6.66) 

.062(6.66) 

.062(6.66) 

S p y Dao Jan. Fab Karen Apri l Mar Juna 

.185 (11 .76 ) .148(11.90) 

.148(11.90) 

.026(3.70) .027(3,70) . 1 7 6 U « . 1 « ) 

.159(22.22) .198(25 .00) .110(14 .81) . 169 (18 .18 ) . 1 5 4 ( 9 . 8 0 ) . 117 (12 .12 ) .14«(11.90) .176(15.38) 

.132(18.51) .039(5.00) .137(18.31) . 0 8 4 ( 9 . 0 9 ) . 0 9 2 ( 5 . 8 8 ) . 0 3 9 ( 3 . 0 2 ) . - .176(15.38) 

. 216(13 .72) 

.132(18.51) .198(25.00) 

.208(20.05) 

.089(7 .69) 

.059(6.06) .089(7 .69) 

- . 1 8 5 ( 1 1 . 7 6 ) -

.137(19.51) . 0 8 4 ( 9 . 0 9 ) . 340 (19 .64 ) . 117 (12 .12 ) .208(20.05) .059(5 .12) 

.027(3.70) . 056 (6 .06 ) - . 117 (12 .12 ) 

- - - - - .089(9.09) .119(10.25) 

- - .029(3.03) 

.079(10.00) - - . 0 6 1 ( 3 . 9 2 ) -

- .055(7 .40) . 056 (6 .06 ) . 0 6 1 ( 3 . 9 3 ) . l t7 ( I2 ,12) - .089(7 .69) 

. - • . 1 8 5 ( 1 1 . 7 6 ) . - - . 059 (5 .1* ) 

.062(6.66) .053(7.40) .198(25 .00) : - - . 1 2 3 ( 7 . 8 4 ) . 0 5 8 ( 6 . 0 6 ) - .149(12.877 

.186(20.04) .106(14.86) .079(10.00) .082(11.14) . 169(18 .18) - . 146(18 .20) .059(6.06) . 119(10 .23* 

.218(33.33) - - .165(22.22) . 311 (33 .34 ) - . 0 5 8 ( 6 . 0 6 ) - . 089(2 .56) 

.062(6.66) .079(11.11) 

.124(13.33) .026(3.70) 



T . b l . :2.17 Monthly v a r i a t i o n of fungal population (par gram dry a o l l x 10 3 ) in tha a o l l o f lO yaax p lan ta t ion a t 20.30cm d.pth 
during tha sampling parlod 1985-1986. Valuas In tha paranthasaa aro X r o l a t l v a abandanca. 

fungi Ju l Aug Saot Oct 

Absldla a l i H S l 
A s p e r g i l l u s tiara a 
A. nedalsna 
A. n l s a r 
Currularla 
maeulans 
rusarlui* 
monlllFarna 
F. s o l a n l 
Oonqra-alla 
b u t l a r l 
Humlcola fuscoarra 
Monllla gf. 
Mucor hleralla 

M. plumbaua 

SI* caeamosus 
Paaellomveas 
llllaclnum 
Panlellllum 
chrvsoqanum 

P. fallutanum 
P. funleulosum 
P. tavanlcum 
£ . yarmleulatum 
Trlchoderma •• 
konlnqit 
Trlehodarma 
llanorum 
T. irtrlde 
Whita starlla 

Yallov storll* 

.221(12.96) .190(11.76) .305(25.61) 

.126(7.47) .158(9.80) 

.030(2.56) 

.063(3.70) .158(9.80) 

.316(18.50) .380(23.62) 

.158(9.25) .253(15.68) 

.063(3.70) 

.063(3.70) .095(5.88) 

.316(18.50) .095(5.88) 

.190(11.11) .222(19.68) 

.190(11.11) 

.183(15.38) 

.061(5.12) 

.061(5.12) 

.366(28.27) 

.213(17.04) 

.210(19.48) 

.090(8.33) 

.060(5.55) 

.060(5.55) 

.240(22.22) 

Sot ' Dae Jan Tab March -*££&£- Juna. 

.144(9.25) 

.144(9.25) 

.090(8.33) .120(10.11) .086(5.55) 

.030(2.77) - .028(1.85) 

.060(5.55) .241(21.22) .231(15.58) 

.120(11.11) .241(21.22) .115(8.40) 

.120(11.11) .090(7.80) .057(3.70) 

.157(8.77) 

.057(3.70) 

.030(2.77) . 036(5.55) 

.120(10.11) .212(13.96) 

.241(21.22) .096(5.55) 

•esata-M) 

.027(2.56) .141(18.51) 

.168(11.11) .165(15.38) .220(12.28).226(26.62) .264(39.50) .179(18.187 

.253(16.66) .055(5.12) . . . .089(9.09) 

.094(5.26) 

.031(1.75) 

.378(21.05) 

.141(18.51) 
.029(4.16) 

.202(13.96) 

.060(5.55) .057(3.70) 

.309(20.37) .192(17.94) .126(14.60).056(10.44) .147(25.83) .lt»(l*.l** 

.140(9.28) - .094(5.26) - -

.168(11.11) - .063(3.50) - .058(8.68) 

.225(14.81) .220(20.56) .063(3.50) -

.252(24.03) -

.027(2.56) 

.082(7.69) 

.168(11.11) .192(17.94) 

.084(5.55) .110(10.25) 

.169(22.22) - .lW«».t«» 
.088(13.5) .»«•»>»•) 

.028(3.70) - .089(9.09) 



Tabla 2.18 

fungi 

Monthly var ia t ion o« fungal population (par g r a . dry s o i l x 103) 1„ tha s o i l of 10 ya*r plantat ion at 20-30 cm depth 
dorine the sampling parlod 1986-1987. Value* in parenMieees ar» & r e l a t i v e abundanca. 

J u l Aug Sept -fi££- MOT Dae Jan Fab March JteElL-

A&aiaia j lauca 
A a y e r j l l l u a nadulana 
A. n l ; » r 
Fuaarlum monlllfotrna 
F. s o n a l l 
Huwlcola fuacoatra 
Mucor hlemalla 
JJ. plunbeus 
JJ. racemosua 
?aacllo.7iyea» 
l l l lae lnu-n 
Panic 11 Hum 
enryaoganum 
P. fellutamim 
JP. funlculoaum 

P. llllaelnum 
P. vormlcuiatum 
Trieho6mrmm Iconlnoil 
2' v i r l d a 
w h i t e a t e r i l e 
Yellow a t a r l l e 

.089(7.69) 
.148(18. 
.148(18. 

51) 
51) 

.089(7.69) .029(3 .70) 

.118(10 .28) .177(22 .22) 

.089(7.69) 

.089(7.69) .059(7 .40) 

.089(7.69) 

.237(20.511.325(29.66) 

.356(30.76) 

•289(27.75) 
.289(27.75) 

.031(4 .17) 

.057C5.62) .095(12.50) 

.405(38.88) 
.285(37.50) 
.253(33.33) 
.095(12.50) 

.137(16.10) 

.027(3.33) 

• Ola(.3.70) 
.187125.92) .055(2 .77) 
.053 (.7.40) 

.055(2 .77) 

.363(31 .05) 

.223(22.22) 

.027(3.33) 

. 267 (37 .00 ) .223 (22.22) .110(13.33) 
.027(3.33) 
.110(13.33) 

.055(2 .77) .055(6.66) 

. 160(22 .22) .055(2 .77) .193(26.66) 

.026(3 .767 .055(2 .77) .110(13.33) 

. 126 (8 .33 ) 

.028(3.33) 

.142(16.66) 

.056(6.66) 

. 2 1 9 ( 2 7 . 2 9 ) 
. 1 S 9 U 2 . 5 8 ) . 180 (18 .18 ) 

.047(4 .541 
.031(2 .08) 

. 031 (2 .08 ) 

.028(3.33) 

.312(34.66) 

n « y 

.142(16.66) 

.056(6.66) 

.176115 .38) 

. 176 (15 .39 ) 

. 126 (8 .33 ) 

.189(12 .50) 

. 126(8 .33) 

.189(12.SO) 

.157(10 .41) 

. 063 (3 .79 ) 

.189(12 .50) 
.094(9,09) 

.157(10.41) .235(22.72) 
. 1 8 8 U 8 . 1 8 ) 

.*S*A23.U1 

. 1 7 6 ( 1 5 . 3 8 ) 

. 1 1 7 ( 1 0 . 2 5 ) 

. 1 1 7 ( 1 0 . 2 5 ) 

June. 

.XT9<15-ta> 
U9Ul.ll) 

, l 7 o ( l » . l « 

.059(6.04) 

. 179 (18 .19 ) 
. 117(10 .25) .149(15.101 

.119(12.121 
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tions did not differ .BKtoh. Similarly; depth-wise distribu­

tion of fungal species also did not show marked difference. 

Majority of the fungal species were common to all the 

depths (Tatles2.1-2.18). A total number of 33 fungal spe­

cies were isolated from ail the three plantation soils. 

These isolates include two sterile forms also (Tables 2.1-

2.18). 

Surface soil (0-10 cm) of 1 year plantation har­

boured a total number of 29 fungal species (Tables 2.1-2.2)* 

The species were Absidia glauca; Aspergillus flayus* A« ne-

dulanS; Fusarium ropniliforme,- P. solaniy Gongrpnella^butle-

ri> Humicola fuscoatra; Mortierella ramannianaj Mucor hie-

rnalis? M. plumbeus? M. racemosus? Mycogone albar Paecilomy-

ces liliacinum; P. chrysogenum; P. claviforme; P. felluta-

num; P. fumiculosuro; P. javanicum; £. liliacinum? P. yermi-

.culatum; Trichoderma koningii; T. lignorum; T. viride; 

VerticilHum chlamydrosporum; white sterile and yellow ste­

rile* All the 28 species isolated from 10-20 cm depth soil 

were common with the 0-10 cm depth soil (Tables 2.3/2.4). A 

total number of 25 fungal species were recorded from the 

20-30 cm depth soil (Tables 2.5*2*6). Aspergillus versicu-

lar- Cladosporium herbarum and Curvularia lunata were iso­

lated only frô i the 20-30 cm deptfc soil while other species 

were common to all the depths. 

Surface soil.(0-10 cm) of 5 year plantation exhi-
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bited a totdl number of 2 2 fungal species namely? Absidia 

qlauca; Aspergillus flavus; Curvularia tiaculans; Fusarium 

moniliforme; F. solani; Gonqronella butleri? Humicola fust-

coatra- Mucor hie-nalis; M. olumbeus; M. racemosus; Paeci-

lomyces liliacinuTt; P. chrvsoqenum; P. fellutanum? P. funi-

culosumr P. javanicum? P. liliacinum" P. vermiculatum; 

Trichoderma koningii; T. liqnorum; JT. viride; white sterile 

and yellow sterile (Tables 2.7,2.8). 10-20 cm soil showed 

a total number of 27 funqal species (Tables 2.9,2.10). 22 

fungal species which were recorded from the 0-10 cm soil 

were also recorded from the 10-2 0 cm soil. 5 funqal species 

Alternaria alternata; Aspergillus nedulans; A. niger; Cla-

dosporium herbarum and Cunninqhamella echinulata appeared in 

1^-20 cm soil (Tables 2.9,2.10). Similarly (23) fungal spe­

cies were recorded from the 20-30 cm soil. Penlcillium cla-

viforme which was not recorded from the 0-10 cm and 10-20 

cm soil depth was isolated from 20-30 cm soil depth (Tables 

2.11,2.12). 

From the 0-10 -:m soil of the 10 year plantation 23 

fungal species viz- Absidia qlauca- Alternaria alternata; 

Aspergillus niger; Cladosporium herbarum? Fusarium monili-

forme; F. solani; Gongronella butleri- Hurn&cola fuscoatra; 

Mucor hie^alis? M. plumbeus^ M. racemosus; Paecilomyces 

liliacinum; Penicillium chrvsoqenum- P. claviforme; P. fel-

lutanum; P. funiculosum- P. javanicum* P. j-iliacinum; 

P* vermiculatum; Trichoderma koningii; T. lignorum; T.viride; 
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white sterile and yellow sterile were recorded (Tables 2.13, 

2.14). 10-20 cm soil depth harboured 25 fungal species 

(Tables 2.15,2.16). Similar fungal flora was also recorded 

from the 10-20 cm soil as it was recorded from hh& fi-10 cm 

soil depth. The main difference between the fungal flora 

of the two depths was the absence of Penlcilljiftn glaviformft 

in 10-20 cm depth soil and presence of two new fungal spe­

cies namely; Aspergillus, f 1 avuM and A, aadu.l.afts In 0-10 dm 

soil depth (Tables 2.15/2,16),' 26 fungal Species were re­

corded from the 20-30 cm soil (Tables 2*17,2.18). The 

fungal flora of the 20-30 cm depth soil was found quite 

similar to that of the 0-10 cm and 10-20 cm dolls except 

the absence of Cladpgporium hgjtba.rum and the appearance of 

two new fungal species viz., Curfflilafcia rnaculans and ftlo.nl.lia. 

*P*' 

Out of the total 33 fungal species 31 species were 

recorded from the surface (0-10 cm) soil of the planta­

tions studied.Only two species, Mfie.rgl^lus v.ergioular and 

Curvularia lunata were not recorded from the surface soil 

(Tables 2.1-2.2; 2.7-2.8; 2*13«2,l4)* Similarly 31 fungal 

species were recorded from the 10«20 cm depth soil (Tablas 

2.3-2.4; 2.9-2.10* 2.15-2.16). While on the other hand out 

of 33 fungal species a total of 30 species ware isolated 

from the 20-30 cm layer of soil of all the plantations 

(Tables 2.5-2.6; 2.11-2.12; 2.17-2,18)* Mostly 20-30 cm 

http://ftlo.nl.lia
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depth soil also exhibited similar type of fungal species 89 

in 0-10 cm and 10-20 cm depth soils except that Alternaria 

alternata- Cunni nghame11a echinulata; Mortierella ramannia-

na aUfcd Mycogone alba were not recorded from this depth 

(Tables 2.5-2.6; 2.11-2.12^ 2.17-2.18). Aspergillus versi-

cular; Curvularia lunata and Monilia so. appeared in 20-30 

cm depth soils which were not recorded from the 0-10 cm and 

10-20 cm depths. 

Fusarium moniliforme; F. splani; PeniciIlium chry-

sogenum; P. claviforme; P. fellutanum; P. funiculosum; P. 

javanicum; P. liliacinum; P. vermiculatum; Trichoderma 

lignorum; T. viride; white sterile and yellow sterile showed 

their common occurrence throughout the study period while 

on the other hand Absjdia glauca; Alternaria alternata; As­

pergillus flavus? A. niger; A. nedulans; Cladosporium her-

barum; Cunr-inghamella echinulata; Curvularia maculans; 

Gongroneila butleri; Humicola fuscoatra; Mortierella raman-

niana; Mucor racemosus; M. plumbeus; M. hiemalis; Mycogone 

alba; Paecilomyces liliacinum; Trichoderma koningi and 

Verticillium ch1amydosporum occurred sporadically in all 

the plantation soils (Tables 2.1-2.18). 

From the tables 2.1-2.18, it is clear that 1 year 

plantation soils exhibited highest number (31)of fungal 

isolates which was followed by 5 year (29) and 10 years (28) 

plantation soils. Alternaria alternata and Monilia sp. were 
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not recovered from 1 year plantation soils (Tables 2.1-2.6). 

Similarly, Aspergillus versicular; Curvularia lunata; Moni-

lia sp.; Mortierella ramanniana and Verticillium chlamydos-

porum were not isolated in 5 year plantation soil (Tables 

2.7-2.12). Gunninghamella echinulata; Mycogone alba were 

not recorded from the 10 year plantation soils (Tables 2.13 

- 2.18). 

Enzyme activities : 

Dehydrogenase ; 

Monthly variation in dehydrogenase activity is de­

picted in fig.2.3. The activity was generally higher in 

surface soils of all the three plantations and it decreased 

with increasing depth (Fig.2.3). Maximum dehydrogenase ac­

tivity was recorded in the month of May from surface soils 

of all plantations. During most of the period the dehydro­

genase activity varied within a narrow range and almost 

similar trend- of variations was noted in the three planta­

tions. Dehydrogenase activity did not differ much with plan­

tation age. A positive correlation was noted among dehydro­

genase activity and soil moisture, temperature, organic 

carbon, potassium/ total nitrogen, phosphatase activity and 

fungal population.- It correlated negatively with the soil 

pH and CCU evolution (Tables 2.19-2.21). 

Urease activity : 

Higher urease activity was generally recorded in 
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surface soils of all the plantations (Fig.2.4). No signifi­

cant difference was noted in the urease activity along 

depths in all the plantations. Maximum urease activity was 

recorded in the month of April or Mayvwfeich dropped to a 

low level during forthcoming months. Almost similar trend 

of monthly variation was observed in all the depths as well 

as in all the plantations studied (Fig.2.4). Higher urease 

activity was recorded from the 5 year plantation soils too 

followed by 10 year and 1 year plantation soils respective­

ly (Fig.24). Urease activity correlated positively with 

soil moisture, temperature, organic carbon, total nitrogen, 

exchangeable potassium, dehydrogenase activity, phosphatase 

activity and fungal and bacterial population(Tables 2.19-

2.21). 

Phosphatase activity z 

Data on phosphatase activity are presented in fig. 

2.5. Generally, soil from oldest plantation had the highest 

levels of activity followed in descending order by those 

from 5 year old and 1 year old plantations. Phosphatase ac­

tivity was maximum in the month of March/April in all the 

three plantations. Phosphatase activity did not differ sig­

nificantly along with depth. Generally, similar trend of 

monthly variation in phosphatase activity was noted in case 

of all depths and plantations too. Phosphatase activity was 

higher during first year as compared to the second year. 



Fig. 2.1 Monthly variation in fungal 

population of different plan­

tation soils. 



3-0 

2-0 

10 

en 
O 
K OL 

o 

o» 2-0 

5 W> 

CL 
O 
°- o 

Fig. 2.1 

10 YEAR O0- I0 cm depth 
A10-20 - -
o 20-30 *• * 

i i L f • « i i i i i i i i i i i i — i — i — i — I — i 

5 YEAR 

g 3-0 
r> 
u. 

_ I I I I I_-J I I I I I L _ J I I i * ' ' ' I I i I 

I YEAR 

20 

1-0 

I i—i i i i i J — i — i — i — i — i — i — i — i — i i i i i • i 
J A S O N O J F M A M J J A S O N O J F M A M J 

1985 1986 19&7 
SAMPLING PERIOD IN MONTHS 



Fig. 2.2 Monthly variation in bacterial 

population of different plan­

tation soils. 
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Fig. 2.3 Monthly variation in dehydro­

genase activity of different 

plantation soils. 
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Fig, 2,4 Monthly variation in urease 

activity of different plan­

tation soils. 
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Fig. 2.5. Monthly variation in phosphatase 

activity of different plantation 

soils. 
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Fig. 2.6 Monthly variation in CO 

evolution of different 

plantation soils. 
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However, the spring maximum was more pronounced during tr e 

second- year (Pig.2.5). Phosphatase activity correlated pc si-

tively with soil temperature, organic carbon, total nitre gen, 

exchangeable potassium, dehydrogenase activity, urease acti­

vity and bacterial population. A negative correlation was 

also noted between phosphatase activity and soil pH and C0„ 

evolution (Tables 2.19-2.21). 

C0„ evolution z 

C0? evolution was found highest in the surface scils 

of all plantations. It decreased with increasing depths 

(Fig.2.6). Maximum C0~ evolution was noted from soil of ell 

the plantations during the month of December. Thereafter, 

C0« evolution decreased in all the plantation studied. CC-, 

evolution remained low till the forthcoming winters. Duriig 

winter it attained a peak followed by a sudden drop and a 

slight increase in the month of March/April. Thereafter, 20~ 

evolution remained at a low level. It was found to be cor­

related negatively with soil temperature, moisture, organic 

carbon, total nitrogen, exchangeable potassium, available 

phosphorus, dehydrogenase activity, phosphatase activity a id 

fungal population (Tables 2.19-2.21). 

DISCUSSION 

Temporal and depth-wise distribution of fungi : 

Reversal in depth-wise distribution of fungal popa-
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lation during winters (December and January) in all the plan­

tation soils appears to be due to the effect of low tempera­

ture during this period (Fig.1.1). The effect of low tempera­

ture was more pronounced in surface soils and probably/ due 

to insulation, fungi of deeper soils were less affected re­

sulting into higher populations in deeper soils. Dwivedi 

(1965); Balasubramaniam e_t jal. (1972)? Mishra and Kanaujia 

(1972); Tyagi (1973) and Behera and Mukerji (1985) also 

found that surface soils harboured higher population of fungi 

than the deeper layers. Results of the present study are also 

in conformity with the observations of above authors except 

during the winters. Could be the above studies were conduc­

ted at lower altitudes where winter temperature :)did not drop 

beynnd the tolerance limit of the fungi. Seasonal variation 

of,fungal population may be attributed to the change in soil 

organic matter.content/ moisture content/ temperature and pH 

(Dwivedi, 1966? Mishra/ 1966; Prakash and fKh.an, 1971* 

Morrall/ 1974; .Wong, 1.975; Dunn et al, lq85? Dkhar and 

Mishra, 1987; Tiwari et al. 1987 b) 

Temporal and depth-wise distribution in bacterial popula­

tion °. 

A bimodal bacterial population was recorded during 

the study period. One peak was in September and another in 

April. During winter months the bacterial population deple­

ted to a minimum (Fig.2.2). Higher bacterial population was 
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always noted from the surface soil which may be due to high­

er organic carbon content and favourable moisture level (Figs. 

1.4,1.2). 'Similar observations were also made by Tate and 

Terry (1980); Kauri (1982).- Baldensperger (1981); Deka (1981)? 

Baruah (1983) and Dkhar (1983). In September the higher 

moisture level in surface soil might be responsible for the 

increased bacterial population. The drop in winter may be 

attributed to low temperature (Fig.1.1)and/or depletion of 

the available soluble organic nutrients. During April the 

higher bacterial population may be due to onset of rains 

resulting into increased moisture which may transfer the so­

luble organic matter from decomposing plant litters (Fig.I) 

as most of the litter are added to the soils during this 

period. Rise in temperature may also be responsible for the 

increased bacterial population duringv.this period (Fig.1.1). 

Higher bacterial population in 10 year plantation soil 

might be attributed to higher organic carbon, moisture and 

temperature of the soil (Figs. 1.4,1.2,1.1). 

Distribution of fungal species in the soils of different 

plantations : 

It is widely accepted that each type of vegetatio-

nal community harbours a characteristic soil mycofloral 

population (Pugh, 1962; Wohlrab et al_. 1963). In the pre­

sent investigation almost similar fungal flora was recorded 

from all the three plantation soils which may be attributa­

ble to the similarity in type of vegetatal cover. Variations 



P8 

in the soil moisture, temperature and pH may be accounted 

for the slight variation in fungal spectrum of all the 

plantation, Scbils (Mishra and Kanaujia, 1972). From each of 

the studied plantation soils only a few dominant fungal 

species v^re recorded. Bissett and Parkinson (1979) also 

found the similar results and pointed out that from a given 

community only a few species were quite dominant. 

In the present study most of the fungal species 

were not confined to a particular horizon.. Only a t?e*ry y_. v 

few species were restricted to a specific depth or planta­

tion. Distribution of most of the fungal species to all V 

deoths might also be due to activities of soil animals 

(earthworms) because their feeding and burrowing activity 

homogenize the soecies composition along all the depths. 

Dehydrogenase activity : 

Higher dehydrogenase activity was found ..in surface 

soils which might be due to higher bacterial population and/ 

or higher amount of organic carbon (Dash est a_l, 1981; Rao 

and Ghai/ 1985) . But contrary to the above/Das and Mishra 

(1986) did not find the correlation between dehydrogenase 

activity and organic matter and microbial population. Maxi­

mum dehydrogenase activity.during the month of April may be 

due to higher bacterial number and increased moisture level 

as also observed by Ross (1970); Dkhar and Mishra (1983); 

Baruah and Mishra (1984) and Tiwari et al. (1987 b). 
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Results of the present study indicate that dehydro­

genase activity is related to the soil temperature, mois­

ture, and organic carbon contents of soil. Fungal and bacte­

rial populations ware not found to correlate with dehydro­

genase. 

If a certain level of enzyme concentration is avai­

lable in soil the level of enzyme does not become limiting 

to the activity. In such cases the activity will not change 

with the variations in the population of fungi and bacteria. 

It may, therefore, be inferred that the concomitant drop in 

dehydrogenase may be expected only in cases where the mi­

crobial population drops beyond a certain minimum. There­

fore, on the basis of indirect evidences, it may be specula­

ted that a high level of dehydrogenase enzyme was present 

in the soils. 

Urease activity : 

Higher urease activity during the months of April/ 

May in surface soil of all the plantations may be due to 

higher organic carbon content, bacterial population and fa­

vourable moisture (Dalai, 1975? Speir, 1977; Tabatabai,1977; 

Beri st al. 1978; Dkhar and Mishra, 1983; Gonzalez and 

Fuente, 1984; O'Toole et a.1. 1985; Tiwari et al. 1987 b) .' 

Results of the present study indicate that urease activity 

is largely governed by the soil temperature, moisture, or­

ganic carbon and bacterial numbers (Tables 2.19-2.21). 
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Sahrawat (1984) noted that urease activity increased with 

the increasing temperature. Skujins (1976), Beri and Brar 

(1978); Dkhar and Mishra (1983)? Sahrawat (1983) and Rao 

and Ghai (1985) found that the activity was principally 

associated with the organic carbon content of the soil. 

Phosphatase activity : 

Increased phosphatase activity during spring (March 

- April)may be attributed to higher temperature and higher 

bacterial numbers (tiannipieri ejfc al. 1979; Appiah and 

Thomas, 1982; Chhonkar and Tarafdar, 1984). Possibly it is 

the temperature which regulate both; the bacterial number 

as well as the rate of enzyme activity. Soil moisture, pH, 

organic matter, phosphorus content (Harrison, 1983) and 

bacterial population (Chhonkar and Tarafdar, 1984) were 

found to be important factors affecting the phosphatase 

activity. However, in the present study phosphorus content 

and soil pH did not have any influence on the phosphatase 

activity. During the present investigation phosphatase acti­

vity,wfi®̂ 'fiqund to be regulated by the organic carbon con­

tent and soil temperature. Bacterial population was found 

to be positively correlated (r=0.503^ P=0.05) with the ac­

tivity in 1 year and 10 year plantations (r*0.717,P^O.001). 

However, the correlation was not significant in the 5 year 

old plantation (Tables 2.20). 
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C0? evolution z 

C0„ evolution in soils is mainly influenced by mi­

crobial population, root biomass, plant cover, soil inver­

tebrates population, soil moisture, temperature, pH and 

nutrient status of the soil (Stotzky, 1960; Tesarova and 

Gloser, 1976; Singh and Gupta, 1977; Siddiqui and Singh, 

1981; Mishra and Dash, 1982; Orchard and Cook, 1983; Viskowa, 

1983; Singh, 1984; Mathur and Gaur, 1986; Das and Mishra, 

1986; Ceulemans, 1987; Dkhar and Mishra, 1987 and Tiwari 

et al. 1987 b). The higher C02 evolution in the present 

investigation was recorded during the month of December 

(Fig.2.6). While Siddiqui and Singh (1981) and Singh (1984) 

reported the "minimum C0„ evolution during the same period. 

During winter the microbial activity is expected to drop 

and as most C02 SKjroeav.fsom microbial respiration (Smith and 

Brown, 1932) a drop in 00^ evolution is also expected. But 

contrary to the above, the C02 evolution was higher during 

this period. Although it is difficult to understand what 

factor actually was responsible for the increased C0_ evo­

lution during winter. However, one possible explanation may 

be that during winter months the moisture level dropped nay 

•fcgitja -t-S') r̂ ndjcto .iiiereased the aeration of soil favouring 

the gaseous exchange. While during other periods the soils 

contained hiaher moisture levels which did not allow the 

CO to escape and may be a part of C0~ produced during this 

period was absorbed by the soil water. CO„ accumulated in 
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in the soil water may also evolve during dry winters. During 

high moisture conditions the microbial populations might be 

predominantly composed of anaerobes or facultative aerobes 

which might have contributed to a low C0? output. During 

winters bacterial and fungal populations estimated by plate 

count method were minimum. A part of the carbon-dioxide 

evolved during winters might have come from the dead or de­

caying microbes. 

Decrease in C0? evolution with increase in depth 

(Fig.2.6) is in general conformity with the observations of 

earlier workers (Baruah, 1983; Dkhar, 1983; Tiwari et ajL. 

1987 c). From the present study it appears that CO,, evolu­

tion was not related with the fungal and bacterial popula­

tions estimated with the plate culture procedures as C0? 

evolution was maximum during the periods when microbial 

population was minimum (Fig.2.1,2.2). 

Decrease in microbial activity with increasing 

depth suggested that the activity was inhibited by unfavou­

rable environmental conditions prevailing in the deeper 

region of the soil (Duxbury and Tate, 1981). Lower micro­

bial population and nutrient status in the soils of deeper 

layers may also be responsible for decreased microbial ac­

tivities in the deeper soils. Correlation coefficient (r) 

among various parameters was calculated separately for each 

plantation soil and in a number of cases different r values 

were found for the three plantations (Table 2.19-2.21). It 



Tabla 2.19Corralation coefficiant values (r) for various parameters in 1 year 

plantation soil. 

soil 
temperature 

% Moisture 

Soil pH 

% Organic carbon 

Total nitrogen 

Available 
phosphorus 

Exchangeable 
potassium 

Fungal population 

Bacterial population 

Dehydrogenase 
activity 

Urease activity 

Phosphatase activity 

Fungal 

population 

.'MS 

NS 

NS 

.645*** 

NS 

.680*** 

.477* 

Bacterial 

population 

.482* 

NS 

NS 

NS 

NS 

.487* 

NS 

NS 

Dehydrogenase 

activity 

.513* 

.662*** 

-.622** 

.664*** 

NS 

NS 

.491* 

NS 

NS 

Urease 

activity 

.604** 

.637** 

NS 

.457* 

.495* 

NS 

NS 

NS 

.601** 

.571** 

Phosphatase 

activity 

.679* 

NS 

-.481* 

.670*"* 

.724*** 

NS 

.484* 

NS 

.503* 

.424* 

.675*** 

Co2 

evolution 

.621** 

NS 

N«? 

-.702*** 

-.547** 

-.607** 

-.605** 

-.645**v 

NS 

NS 

NS 

-.466* 

Values marked with *, **, *** are significant at 0.05, 0.01 and 0.001 probability levels 
respectively. 

NS * Not significant. 



Tabla2.20 Correlation coefficient values (r) for various pararneters in 5 year 

plantation soil. 

Soil 
temperature 

% Moisture 

Soil pH 

% Organic carbon 

Total nitrogen 

Available 
phosphorus 

Exchangeable 
potassium 

Fungal population 

Bacterial population 

Dehydrogenase activity 

urease activity 

Phosphatase activity 

Fungal Bacterial 

population population 

.606+* 

.613** 

NS 

.4*7* 

.600** 

NS 

.611** 

.462* 

NS 

NS 

NS 

NS 

NS 

NS 

NS 

Dehydrogenase 

activity 

.516* 

.484* 

NS 

.623** 

NS 

NS 

.418* 

.453* 

- NS 

Urease 

activity 

.436* 

.545** 

NS 

.453* 

NS 

NS 

.433* 

.465* 

NS 

.827*+* 

Phosphatase 

activity 

.580** 

NS 

NS 

.665*** 

NS 

NS 

.528** 

NS 

.736*** 

.424* 

.587** 

Co2 

evolution 

-.458* 

NS 

NS 

_.776**» 

-.482* 

NS 

.657*+* 

NS 

NS 

NS 

NS 

NS 

Values marked with *, **, *v* are significant at 0.05, 0.01 and 0.001 probability levels 
respectively. 

NS Not significant. 



Tabla 2.21 Corralation coaffieient valuas (r) for Tariotis parameters in 10 year 

plantation soil. 

Soil 
temperature 

% Moisture 

Soil pH 

^Organic carbon 

Total nitrogen 

Available 
phosphorus 

Exchangeable 
potassium 

Fungal population 

Bacterial population 

Fungal 

population 

NS 

.439* 

NS 

NS 

.482* 

_.645*** 

NS 

, 

Dehydrogenase activity 

Urease activity 

Phosphatase activity 

Bacterial 

population 

.528* 

NS 

NS 

NS 

.461* 

NS 

NS 

NS 

Dehydrogenase 

activity 

.676*** 

.593** 

-.592** 

.739*** 

.763*** 

NS 

.567** 

NS 

NS 

urease 

activity 

.595** 

.420* 

NS 

.412* 

.672*** 

NS 

NS 

NS 

.638** 

.494* 

Phosphatase 

activity 

.533*+ 

NS 

NS 

.541** 

.518* 

NS 

NS 

NS 

.717*** 

NS 

.722*** 

Co2 
evolution 

-.511* 

-.435* 

NS 

-.794*** 

-.474* 

NS 

NS 

_.434* 

NS 

-.444* 

NS 

NS 

Values marked with *, **, *** are significant at 0.05, 0.01 and 0.001 probability levels 
respectively. 

NS - Not significant. 
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may be. inferred that age of plantation has a definite in­

fluence on the. inter-relationship among various physico-

chemical and biological characteristics of soil. 

Almost similar trend of temporal and depth-wise 

variations in microbial population and their activities 

shows that most of these parameters are governed by same :©r 

similar set of environmental factors. Soil temperature, 

moisture, organic carbon, total nitrogen, potassium and avai­

lable phosphorus content appeared to be most important fac­

tors that regulate the population of bacteria and fungi as 

well as activities of dehydrogenase, urease and phospha­

tase enzymes. Soil pH did not correlated with fungal popu­

lation. Positive correlation between soil temperature and 

bacterial population showed that it regulates the temporal 

and depth-wise distribution of bacteria in the soils of 

pineapple plantations while moifctnare content did not exert 

any effect on the bacterial population. The seasonal pattern 

in microbial activity in the pineapple plantations is more 

like forest soils of this region (Das and Mishra, 1986) than 

the soil under annual crops (Baruah and Mishra, 1984) . It 

appears that within the same climatic belt the seasonality 

of microbial activity differs widely depending~on the types 

of vegetation and agricultural practice. 



C H A P T E R I I I 

MICRO IAL DECOMPOSITION OF PINEAPPLE 

LITTERS 

i 
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INTRODUCTION 

Decomposition term has been used to describe the 

processes by which the dead organic matter decays and . L 

resolves into simpler compounds resulting ultimately into ; 

simple inorganic compounds. The organic matter subjected to 

microbial decay in soil comes from several sources. Vast 

quantities of plant remains decompose above the surface. Sub­

terranean portions of the plant body become food for the soil 

microflora. 

Litter decomposition is an important factor in the 

nutrient cycling. Results of the several studies demonstra­

ted that approximately 70% of the annual uptake of macronu-

trients (C/N/P/K/Ca and Mg) are returned via litterfall 

(Douvigneaiid and Smet, 1970) . 

Decomposition of chemically complex organic part of 

the plant litter takes place in several steps. The soluble 

and some of the solid carbohydrates are degraded first and 

the remainder, which is made up of polymer carbohydrates and 

lignin decomposes later and at a slower rate (Berg and Stoaf, 

1980). 

Fungi along with bacteria are responsible for the 

universal decay processes releasing locked up nutrients 

from litters. In process of decomposition/ fungi by the pe­

culiarities of their physical organizations are specially 
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effective in attacking hard woody parts in which bacteria 

may not be too effective. It is believed that the fungi are 

considered to be the most important primary decomposer of 

lignified litter simply because some have the ability to 

degrade lignin which normally is structurally interwoven 

among the polymer carbohydrates (Ander and Eriksson, 1978; 

Krik, 1971). Nilsson (1973) was able to demonstrate through 

electron microscopic studi&s that lignolytic fungi could 

grow straight through the wood structures whereas those 

without the lignin degrading enzymes were only able to 

catch the surface of decomposing wood cells. 

The climatic conditions and nature of soil environ­

ment were found to be the most important factors which sig­

nificantly influence the rate of decomposition. A number of 

workers noted that higher moisture content and temperature 

enhance the rate of litter breakdown (Douglas and Tedrow, 

1959; Witkamp, 1966; Ivarson, 1973; Brinson, 1977; Shukla 

et ad. 1978; Christensen, 1986; Moore, 1986). 

Most of the studies regarding the litter decomposi—ly 

tion are generally, confined to the forest and agricultural 

crop residues (Mishra, 1979; Baruah, 1983; Dkhar, 1983; 

Shukla and Singh, 1984; Jansson and Berg, 1985; Christen-

sen, 1986; Jawson and Elliott, 1986; Wessen and Bergy1986; 

Moore, 1986). Pineapple is one of the most important com­

mercial cash crops of this region. A large amount of 
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litter is added each year to the pineapple plantation soil *\ 

by the death of old leaves. Information about the pineapple 

litter decomposition is still lacking. Therefore, it was 

thought desirable to study the process of pineapple litter 

decomposition with an aim to understand the rate of break­

down, chemical changes in the nutrient contents •lind role of 

bacteria and fungi in the pineapple litter decomposition. 

REVIEW OF LITERATURE 

The decomposition of Carex paniculata L. leaf lit­

ter was studied by Pugh (1958). He recorded definite chan­

ges in fungal flora of the litter during the decomposition. 

He further, pointed out that the temperature and moisture 

content of leaf litter wwre the major factors that in­

fluenced the activities of microbes during the decomposi­

tion. 

Similarly, Douglas and Tedrow (1959) described 

temperature, moisture and soil types as important factors 

which influenced the rate of decomposition. 

^The decomposition of beach leaf litter was studied 

by Caldwell (1963). He observed that most fungi were iso-

lated from the earliest to the latest stage of decomposi- S 

tion and he did not find much change in their frequency. / 

VkLtkamp (1963) found a positive correlation between 

microbial population and the rate of litter breakdown. He 
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also noted that temperature/ moisture and stage of litter 

decay effectively controlled the microbial population and 

rate of litter decomposition. 

Smith (1966) studied the decomposition of three 

plants viz., maize, wheat and soyabean and observed that 

root litter of these plants decomposed more slowly than the 

leaf or stalk. 

Linkans etr.â l. (1970) pointed out that the removal 

of forest vegetation increased the rate of decomposition 

which in turn enhanced the nutrient availability to the soil 

mycoflora. 

vlvarson (1973) observed that the rate of decomposi­

tion increased with the increase in temperature. 

Lousier and Parkinson (1976) noted that the nutrients 

which returned to the soil via tree leaf litter fall were 

Ca, N, K, Mg, P, Zn, Fe, Mn, Ma and Cu. The total weight of 

these nutrients returned to the soil was 116 Kg ha . N, Ca 

and K accounted for 89% and Mg and P for 9.8% of the total. 

Brinson (1977) suggested that temperature and mois­

ture were the most important factors controlling the rate 

of decomposition. 

The biological decomposition of wheat straw was 

studied by Wani and Shinde (1977). They found Aspergillus 

sp. as the most rapid wheat straw decomposer under the 

laboratory conditions. 
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ShuKla etal. (1978) Studied the decomposition rates 

of litters and inferred that environmental factors coupled 

with population of microflora and microfauna were directly 

responsible for the breakdown of litter. They observed slow 

decomposition rate during summer season in comparison to the 

rainy season. 

Fungal flora of decomposing roots of Triticum aesti-

vum, Hordeum vulgare, Paspalum scrobiculatam, Echinochloa 

crusqalli and Penniseturn typhoides was studied by Mishra 

(1979). The results of the study revealed that the distri­

bution pattern tof the fungal species on and within the de­

composing roots, besides a number of other factors, is re­

gulated by their enzymatic activities. 

Douglas et al. (1980) noted that burried straw da-

composed fester than the straw placed on the soil surface. 

Changes in the :N -content of straw exposed on or above the 

soil surface were usually lesser than the straw burried 

under the soil. 

The effect of relative humidity and substrate 

moisture content on rate of decomposition of Eucalyptus 

leaf litter was studied by Nagy and Macauley (1982). They 

pointed out that biological decomposition is not signifi­

cant until relative humidity and moisture content values 

are above 75 and 13% respectively. 

Schinner (1982) studied the litter decomposition 
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at various altitudes. He observed that after one year 46% of 

litter exposed was decomposed at an altitude of 2 550m, 76% 

at 1920m and 86% at 1560m. 

Cuenca et. ail. (1983) worked out the rate of coffee 

litter decomposition under shade. Litter bags of 0.03mm size 

showed slow decomposition rate than the bags with the mesh 

size of 0.5mm. Nitrogen and phosphorus exhibited an increase 

in concentrations as decomposition progressed while potas­

sium, calcium and magnesium followed a decrease in concen­

tration that paralleled to that of the dry weight loss. 

Dkhar (1983) studied the maize (Zea mays L.) litter 

decomposition and noted slow rate of decomposition during 

early period which was followed by an increase. Maximum rate 

of breakdown was observed in leaf followed by stem and root. 

Shukla and Singh (1984) studied the microbial degra­

dation of Shorea robusta leaf litter for a period of one 

year. They found that the elements remained nearly untouched 

in the summer season but with the onset of rain the minerals 

were found to be exposed to the attack of microorganisms. 

Kjoiler e_t £LL. (1985) estimated the bacterial dyna­

mics during decomposition of alder litter. They found that 

the numbers of aerobic, amylolytic and proteolytic bacteria 

were high after leaf fall and decreased towards the end of 

decomposition. They further, suggested that the fluctuation 

in the anaerobic groups or organisms were mainly influenced 
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by moisture. 

Struwe and Kjoller (1985) enumerated the numbers of 

aerobic and anaerobic bacteria present on the litter at 

monthly interval and observed higher bacterial population 

10 —1 (10 g of dry litter) on decomposing litter. 

Christensen (1986) studied the barley straw decom­

position under field conditions. The results of his study 

demonstrated that no difference occurred in weight loss 

pattern of straw burried at 5, 10 and 15 cm depths. Straw 

exposed to soil showed an intial rapid weight loss but 

thereafter, the rate of loss became almost constant. Straw 

on the soil surface on the other hand, suffered a somewhat 

irregular pattern of weight loss. 

Jawson and Elliott (1986) investigated the carbon 

and nitrogen transformations during wheat straw and root 

decomposition. Initially, they recorded higher total car­

bon in the straw than the root and more nitrogen in roots 

than the straw. 

*S~ Moore (1986) described the effects of temperature 

and moisture on decomposition rates of hard wood and coni­

ferous leaf litter. The results of his study showed that 

soil horizon, litter type, temperature and moisture sig­

nificantly (P=0.01) affected the rate of decomposition. 

Wessen and Berg (1986) estimated the mass loss of 
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barley straw llhich was exposed at 10 cm depth in an unferti­

lized field for a period of two years. More rapid mass loss 

was found fiijring the first year than the second year. They 

further, observed that within three weeks about 30% of the 

N had been leached from the straw and after the first winter 

50% of N was released. 

O'Connell (1987) studied the Eucalyptus litter de­

composition at three contrasting forest sites of south 

western Australia. He reported that the rates of nutrients 

released from the decomposing litter followed a trend 

Na > CI > K "> Mg-> S >- Ca > N *> F. He further, sug­

gested that the difference in Ca, N and P content in 

decomposing litter at three different sites was related to 

the amount of these nutrients in surface soil at^each site. 

Sc.ini (1987) studied the decomposition pattern- 6'f 

Seshania aculeata in the field condition. The weight loss 

after 92 days was found to be 71%, 96% and 85% for stem 

leaves and roots respedtively. He noted the higher decompo­

sition rate of litters initially and slower thereafter. 

MATERIALS AND METHODS 

Rate of pineapple litter breakdown ; ,.. 

Litter bag technique suggested by Bocock et al./ 

(1960) was adapted for the determination of the rate / 

•breakdown of litter. Leaves an$ roots of pineapple/ 
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collected and air dried for a period of fifteen days. Plas­

tic bags (20x20 cm size) with a mesh size of 1.0 mm were 

used for the study. Each bag was filled with l$'i0 of air 

dried litter and the open end was stitched. The bags with 

the leaf litter were spread randomly on the surface while 

the bags having root litter were burried under the soil 

(5.0 cm) in the pineapple plantation field on 15th Decem­

ber, 1985. The samplings were done at bi-monthly interval 

for a period of eighteen months. Five replicates ba§s of 

eaK3h type of litter were collected aseptically and were 

brought to the laboratory for the estimation of loss in 

dry weight and determination of microbial population of the 

litter. Out of the five bags one was used for microbial 

analysis and one for the determination of pH and moisture 

content of decomposing litter. The remaining three bags 

were open and from each bag, litter was carefully separated, 

cleaned for any soil adhering particles and was allowed to 

dry in a hot air oven at a temperature of 60^C until a con­

stant dry weight was obtained. Initially, the dry weight 

of ;•%Q' gs*ms-aif^<atiea$ittb!Er was estimated by drying the 

litter in a hot air oven at the temperature of 60 C for 

such a period until the constant dry weight was obtained 

to obtain corresponding oven dry weight of the air dried. 

The percentage weight loss was estimated on the basis of 

oven dry weight. 
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Population dynamics of microflora associated with the decom­

posing litters. 

The aim of this study was to assess the saprophytic 

activity of microflora and also to evaluate the pattern of 

succession of microflora (fungi and bacteria) during the 

decomposition of litter. Mo^tlv, the microbial population 

was estimated on the date of sampling. Occassionally, the 

bags were stored overnight in the fridge at 4 C when the 

processing could not be finished on the date of collection 

(Ruscoe, 1971). 

Enumeration of microflora : 

Dilution plate method was used for the enumeration 

of the fungal and bacterial population associated with the 

decomposing litters (Waksman, 1922). Ig litter was cut into 

1.0 cm small pieces using sterilized scissors and trans­

ferred into a 250 ml sterilized conical flask containing 

100 ml of sterilized distilled water. Litter suspension of 

1:100 dilution was prepared. The flask was thoroughly sha­

ken for fifteen minutes to homogenizing the suspension. 

10 ml of the suspension was then transferred aseptically 

by means of a sterilized 10 ml pipette to another 2 50 ml 

sterilized conical flask containing 90 ml of sterilized 

distilled water to get a suspension of 1:1000 dilution. The 

process was repeated once more to get a suspension of 
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1:10,000 dilution. For the estimation of fungi and bacteria 

1;1000 and 1:10,000 dilutions were used respectively. Enu­

meration of fungal and bacterial population was done using 

rose bengal agar (Martin, 1950) and nutrient agar media 

(Johnson and Curl, 1972) respectively. 

0.5 ml of litter susoension was transferred asep-

tically from Is 1000 and 1:10,000 dilutions into each of 

sterilized petridishes containing 15 ml of cooled solidi­

fied rose bengal agar and nutrient agar media for the 

estimation of fungi and bacteria respectively. The petri­

dishes were rotated gently with hand so that the inoculum 

was dispersed uniformly over the surface of the agar media. 

Three replicates were maintained in each case. Isolation of 

bacteria and fungi was carried out in a "Laminar flow 

chamber".For the isolation of fungi and bacteria the petri­

dishes were incubated at temperature of 25+ 1°C for five 

days in BOD incubator. For bacteria the plates were incuba­

ted at 30+l°C for 24 hours in bacteriological incubator.The 

total number of fungi and bacteria (g"~ dry litter) was 

calculated on the basis of moisture content and dilution of 

the li+ter. Qualitatively estimation of fungi was done by 

consulting the manuals of Gilman (1957), Subramanian(197l), 

Barnett and Hunter (1972) and Ellis and Ellis (1985). No 

attempt was made to identify the bacteria associated with 

litters. Chemical composition of rose bengal agar and 
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nutrient agar medium used for isolation of litter micro­

flora has been given in chapter II. 

pH and moisture content of litter s 

pH of the decomposing litter samples during diffe­

rent sampling periods was determined by electric digital pH 

meter. The moisture content of the litter was determined by 

dry weight method, 

Climatic conditions : 

Data on atmospheric temperature, rainfall and humi­

dity <*f study site are described in chapter I. 

Chemical changes in the nutrient contents (N,P and K) of 

the decomposing litters : 

Letter samples of leaf and root were powdered se­

parately with the help of electric grinder and sieved 

(0.2 mm). The powder thus prepared was used for the estima­

tions of nutrient contents of decomposing leaf and root 

litters. The methods described by Allen (1974) were adapted 

for the estimation of N,P and K. 

Determination of Nitrogen : 

For the determination of total nitrogen of the 

plant litters (leaf and root) the semi-microjeldahl method 

as suggested by Allen (1974) was adapted. The details of 

the methods are given in chapter I. 
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Following formula was used for the calculation of 

percentage nitrogen : 

0/ c (mg)_ x solution volume (ml) 
/oN ~ 10 x aliquot (ml) x dakple wt (g) 

where C = concentration of Nitrogen in 

aliquot 

Determination of phosphorus and potassium : 

For the estimation of phosphorus and potassium 

wet tri-acid digestion procedure was followed as suggested 

by Allen (1974). 

Digestion ; 0.250g powder of decomposing (leaf and root) 

sample was placed into a 100 ml Kjeldahl flask. Thereafter, 

1 ml 60% Hclo4, 5 ml HNo., and 0.5 ml H2So4 were added. The 

flask was swirled gently to mix powder with acid solution. 

The mixture was digested for a period of 40 minutes till 

the digest become colourless. The digested mixture was 

cooled, diluted to 100 ml with distilled water and filtered 

on Whatman No.l filter paper. The filtrate was used for the 

estimation. 

Estimation : Phosphorus was estimated by using the molyb­

denum blue method as suggested by Allen (1974). Details of 

the method are given in chapter I. Phosphorus of the litters 

(root and leaf) was calculated by using the following for-
\ 
Vnula ; 

\ 

o/p C(mg) x Solution Volume (ml) 
/oP = 10 x aliquot (ml) x Sample wt(g) 

\ 
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where C = Concentration of phosphorus in 

the aliquot. 

Estimation : Potassium in the filtrate was read out with 

the help of flame photometer and calculated as follows ; 

0/ C(ppm) x Solution volume (ml) 
/oK - d 

10' x Sample wt(g) 

where C = ppm value of potassium read out by 

flame photometer. 

Three replicates were maintained in each sample 

analysis. The values given in the tables and figures are 

means. 

RESULTS 

Moisture content and pH of the litters i 

Percentage moisture content of decomposing leaf 

litter varied between 3.26 and 64.18% while root litter 

showed a range between 10.19 and 48.25% (Table 3.1). pH of 

leaf litter was found to range between 5.00 and 6.58. Root 

litter showed a range of pH between 5.07 and 7.15 (Table . 

3.1).Data on ambient temperature, average rainfall and re­

lative humidity of the study ar,ea are given in chapter I. 

Rate of litter breakdown % 

Initially, the litters decomposed with a slow rate, 

An increase in the rate of litter breaXdown was noted 



Table 3.1 pH and % moisture content of decomposing litters of 

pineapple. !->. ' --

+ « Standard deviation 

Period -

(days) pH 

LEAF ROOT 

Moisture 
content 

(%) 

PH Moisture content 

(X) 

Initial 6.28+.03 3.26+..41 7.11+.07 0.19+.11 

60 6.13+.01 5*1 *.27 7.07+.03 14.2 +.11 

120 5.31+.08 9.1+.10 5.62+.09 22.71+.09 

180 5.91+.09 46.27+.02 5.61+.03 24.25+.02 

240 6.31+.04 64.18+.002 5.85+.04 44.95+.005 

300 6.58+.06 47.16+.02 7.15+.07 48.25+.006 

360 6.41+.01 7.19+.003 6.00+.03 10.79+.02 

420 5.20+.03 29.04+.02 5.49+.02 44.26+.15 

480 5.17+.08 34.89+.003 5.21+.02 35.70+.003 

540 5.00+.05 34.42+.05 5.07+.04 33.63+.04 
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during the 120-360 days period (Fig.3.1). From the fig.3.1 it 

is evident that during the early period leaf litter decom­

posed more rapidly as compared to the root litter. At the 

end of experiment (540 days) 86% of leaf litter,was decom­

posed while in case of roots 76.5% of the original weight 

was lost from the litter bags. Using Olson's (1963) exponen-

tal decay model it was found that time required for 95% of 

the leaf and root litters decomposition 1911.07 and 2575.99 

days respectively (Table 3.5). 

Rate of litter breakdown in the case of two litter 

types followed almost similar trend of variation with time. 

Statistical analysis of data revealed that the rate of de­

composition varied significantly (P=0.05) with time. 

Fungal flora associated with the litters ; 

Initially, lower fungal population was recorded 

from both the litters (Fig.3.2). Thereafter, an increase 

in fungal population was observed upto the period of 180 

days in both the litters. Fungal population dropped to a low 

level during the period between 2 40-300 days which was 

followed by an increase upto 480 days and a drop was recor­

ded towards the end of the study. Generally, leaf litter 

showed higher fungal population in comparison to the root 

litter. Two peaks in fungal population were recorded one 

at the 180 days and another at 480 days sampling period in 

the case of leaf litter. While in the case of root litter 



Table 3.2 Population of fungi (g~ dry litter x 10 ) associated with the decomposing pineapple leaf 

litter at different sampling periods. Values in the parentheses are % relative abundance. 

Fungal species Initial 60 120 180 240 300 360 420 480 540 

Aspergillus nlger . . . .656(18.00) . . . . .460(13.63) .660(22.80) 

Cladosporlum 
herbarura - .140(6.84) . . . . . . .460(13.63) 

Fusarluw 

moniliforme .206(25.00) .351(18.66) .623(41.48) .937(25.00) .744(20.22) .283(25.00) .107(6.66) .422(20.00) .409(12.12) .559(19.29) 

F. solani - .492(27.45) - .562(16.00) .553(15.40) - .359(22.23).234(11.11) .204(6.64) 

Gongronalla 

butlerl - - - - . - - - - .304(10.56) 

Mucor hiamalis - - .293(19.81) . . . .215(13.33) . - -

Mucor plumbeus - . . . . - .359(22.23) - - -

Paecllomyces 
llliacinunT" - .492(27.45) . . . . . . - .101(3.50) 
Penicilllum 

chrgsogenum .310(37.50) .175(9.80) .146(7.98) .562(16.00) .651(18.44) .567(50.00) .215(13.33).375(17.80) .614(18.18) .914(31.57) 

P» fellutanum - .035(1.96) .220(11.11) - .186(5.55) - .107(6.66) .187(8.88) 

P. vermiculatum - .035(1.96) - . . _ - - .255(7.57) 

Trlchodarma 

Konlngll - . . . .186(5.55) - - - - -

T. virlde .310(37.50) .035(1.96) .586(29.62) .468(12.50) .651(18.44) -

White sterile . . . .468l(12.50) .186(5.55) .283(25.00) .251(15.55).563(26.66) .819(28.24) .355(12.28) 

Yellow sterile - .070(3.92) - - .465(10.88) . - - .328(15.55) 



Table 3 .3 P o p u l a t i o n of f u n g i (g~ dry l i t t e r x 10 ) a s s o c i a t e d with decomposing r o o t l i t t e r o f p i n e a p p l e a t d i f f e r e n t 
Sampling p e r i o d s . ' . Va lues i n t h e p a r e n t h e s e s a r e % r e l a t i v e abundance. 

Fungal s p e c i e s I n i t i a l 60 120 180 24J3 300 360 420 480 540 

A s p e r g i l l u s nedulans - - . 1 7 2 ( 8 . 8 8 ) - - - - - - . 1 0 0 ( 5 . 5 5 ) 

A. niger' - - . . . _ _ _ . . 452 (2S .03 ) 

Curvularla 
maculana - - - .193(20.00) - - - ' -

Fusarium 
monillforroe .100(14.29) .388(2*.37) .386(20.00) .396(21.45) .423(15.55) .289(30.00) .261(23.33) .538(23.07) .466(21.42) .401(22.22) 

T. s o l a n l . 2 0 0 ( 2 8 . 5 7 ) . 4 6 6 ( 3 0 . 7 6 ) - . 4 6 2 ( 2 5 . 0 0 ) . 1 8 1 ( 6 . 6 6 ) - - . 2 9 9 ( 1 2 . 8 2 ) . 2 6 6 ( 2 1 . 4 2 ) 

s g y x u - - - - - - - - - -.s« (M.66) 
Mucor hiemalls - - .301(15.55) - .298(26.66) - . . . . .301(16.66) 

M. plumbeus - - .172(8.88) - - - - - .207(9.52) 

Paecllomycas 
llllacinum - - - .121(4.44) -

Penicilllum 

chrysoqenuw .200(28.57) - .086(4.48) .132(7.14) .605(22.22) .483(50.00) - .478(20.51) .414(19.08) .200(11.11) 

P. fellutanum - .155(10.25) .258(13.33) ..132(7.14) .181(6.66) - - - - .050(2.77) 

P. funiculosum - .155(10.25) - .264(14.28) .121(4.44) - - .119(5.15) 

P. Javanlcum - - .121(4.44) - - .418(17.94) 

P. vermiculatum - - .172(8.88) .132(7.14) - - - - - -

Trichoderma 

Xoningil - .181(6.66) -

T. Vlride .200(28.57) .077(12.12) .388(20.80) .330(17.85) - - ,336(36.68) - .466(2t.42) 

White Sterile _ .484(17.77) - .149(13.33) - .155(7.14) 

Yellow sterile - .155(10.25) - - .302(11.16) - - .478(20.51) 
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the peaks were recorded at 240 days and 420 days. During the 

period of decomposition minimum fungal population was recor­

ded at 300 days sampling period in both the cases (Fig.3.2). 

Generally, more or less similar trend of temporal variation 

was found in both the litters. 

A total of 19 fungal species were isolated from de­

composition leaf and root litters (Tables 3.2/3.3). Qualita­

tively fungal flora of both the litters did not differ much. 

Generally, most of the fungi isolated were recovered from 

both the cases. Aspergillus nedulans, Cladosporium herbarum, 

Curvularia maculans and Penicillium iavanicum were of rare 

occurrence. While rest of the species were isolated at most 

sampling periods. Cladosporium herbarum was restricted to 

the decomposing leaf litter and Aspergillus nedulans, Curvu­

laria maculans and Penicillium javanicum were found restric­

ted to the root litter. 

Bacterial population associated with litters s 

Initially, root litter showed higher bacterial popu­

lation than the 2?a£f litter (Fig.3.3). During early period 

of the decomposition bacterial population increased in both 

cases and thereafter it depleted to a low level at 360 day 

sampling period. Bacterial population again increased at 

420 and 480 days sampling periods which dropped to a low 

level at the last sampling period (Fig.3.3). Two peaks in 

bacterial population were noted; one at the 120/180 days 



Fig.3.1 Remaining weight of the pine­

apple leaf and root litters 

after different periods of 

decomposition. 
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Fig.3,2 Fungal population associated 

with decomposing leaf and 

root litters. 



Fig. 3.2 

D 
V 

1986 
F 
I 

A 
1~ 

A 
T" 

o D 
1987 
F 

1 1 

LSD 

Root = 1.53 x 10* 

O — O Leaf = 0.99 x 10* 

* a 

P=0.05 

540 

PERIOD IN DAYS 



Fig.3.3 Bacterial population associated 

with decomposing leaf and root 

litters. 



Fig. 3.3 

60 120 180 2*0 

PERIOD 

300 360 

IN DAYS 

420 480 540 



90 

and another at the 280 days, Similar trend of temporal varia­

tion in bacterial population was recorded in both the litters. 

Nitrogen s 

Initially, leaf litter showed the higher nitrogen 

content than the root litter (Table 3*4). In the beginning of 

the decomposition the nitrogen content of the litters de­

creased which was followed by an increase* Two peaks in ni­

trogen content were recorded; one at 120 days and another 

at the 480 days in both the litters studied* 

Phosphorus : 

Higher phosphorus was recorded from the decomposing 

root litters at early stage of decomposition (Table 3.4). 

Drop in phosphorus was noted after the initial sampling in 

both casesf Increase in phosphorus was noted at 360 days. 

Potassium : 

During the early period of decomposition leaf litter 

contained more potassium than the root litter (Table 3.4). 

Generally, leaf litter contained hi-gher potassium than the 

root litter. 

^DISCUSSION 

The slow rate of litter breakdown during early 

period might be due to unfavourable moisture and tempera­

ture conditions. Rapid rate of decomposition of litters 

was noted between 120-300 days (rainy summer) which might 



Table 3.4 M, P & K contents of decomposing pineapple 

(leaf and root) litter*. 

Period Leaf 
(da*s) N% P% 

Initial 1*8 O.Oj? 

60 1.0 0.08 

120 1.9 0.07 

180 1.0 0.5 

240 0.9 0.11 

300 0.7 0.14 

360 0.6 0.11 

420 1.5 0.02 

480 2.2 0.09 

540 1.7 0.10 

Root 

¥% NX P% KX 

1.0 1.2 0.15 0.7 

0.8 1.3 0.14 0.5 

1.6 1.5 0.0* 0.3 

1.5 1.1 0.08 0.7 

0.7 0.8 0.07 0.6 

0.5 0.4 0.04 0.4 

0.9 1.2 0.07 0.5 

0.7 1.9 0.08 0.6 

1.4 2.0 0.13 0.9 

0.9 1.5 0.11 0.5 



Table 3.5 Decay constant (K), Half life and 95% life 

(percentage weight remaining Vs. time in 

days) values for pineapple leaf and root 

litters decomposition under field condition. 

K Half life 95% life 

Litter types (per day) (days) (days) 

Leaf .0015698 441.45 1911.07 

Root .0011646 595.07 S&75.99 
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be attributed to the higher moisture and microbial popula-

tion at the same time (Nagy and Macauley/ 1982; Moore, 1986). 

During winter (360 - 420 days) the.BTate of litter breakdown 

decreased which may be ascribed -to the lowering of tempera­

ture and low microbial population which also resulted into 

lower microbial activity. Shukla (1976) and Harper and Lynch 

(1981) also recorded slow rate of decomposition,in the field 

conditions during low temperature conditions. The decomposi­

tion of litters in field was faster during the periods when 

moisture and temperature were higher (Fig.3.1). 

In general, the decomposition of root litter was 

slower than the leaf litter, Jenkinson (1977) and Saini(1987) 

also reported the slower rate of root litter decomposition 

than the leaf litter. Similar results were also reported in 

case of barley (Broadbent and Nakashima, 1971) and maize 

root litters (Sauerbeck e_t al. 1972; Dkhar, 1983), Leaf lit­

ter decomposed more rapidly than the root litter which may 

be ascribed to the losses of polysacchrides from the leaf 

which are generally higher in amount in the leaves. Smith 

(1966) and Dkhar (1983) also reported the similar results. 

Initially, population of bacteria and fungi asso­

ciated with the decomposing litters was higher which may be 

attributed to the colonization of new substrate. Microbial 

population (fungi and bacteria) of leaf and root litters 

increased to their maximum levels at the 120 and 480 days 

when moisture content was higher which probably helped in 
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the rapid growth of the microorganisms. It is envisaged that 

release of soluble nutrients from the litter coupled with 

favourable moisture and temperature conditions played an im­

portant role in the growth of microflora on the litter. The 

population of bacteria and fungi after reaching atfike peak 

declined sharply to a low level (Fig.3.2, 3.3). This drop 

may be due to a significantly drop in moisture content and 

temperature at the fiime period (Pig.1.2,1.l).Exhaustion of 

soluble nutrients from the decomposing litters at the same 

time may alsobbe the reason for the drop in microbial popula­

tion (Baruah,1983; Dkhar,1983). Das (1980} BamMi (1983) and 

Dkhar (1983) also suggested the similar reason for the drop 

in microbial population associated with decomposing litters. 

Holm and Jensen (1972) reported that microbial population on 

decomposing litter was affected more by the changing weather 

condition. Higher fungal population associated with leaf lit­

ter (Fig«3.2).may also be due to the higher surface area of 

the leaf as it provides setter chances for microbial coloni­

zation. 

Qualitatively fungal flora of decomposing leaf and 

root litters did not differ much.Caldwell (1963) also found 

the similar results. Very little difference in the species 

composition of fungal flora of leaf and root litters (Table 

3.2,3.3) suggests that most of the fungi are non-selective 

and they can utilizerta wide variety of substrate. Bangar e_t 

al, (1979) reported that Trichoderma viride and Penicillium 
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dp. were the important cellulose degrading fungi. These fungi 

ware also isolated in the present investigation during summer 

season, Hayes(1979) and Anderson and Domsch (1975) also re­

ported the similar' results, 

1 TJaar"increase in the nitrogen content during the later 

|>hase of decomposition may be attributed to the immobiliza­

tion of nitrogen to the microbial biomass (Saite, 1957; Gil­

bert and Bocock, 1960V Iverson, 1973- Superkropp et al.1976; 

Das, 1980). The low nitrogen content from decomposing lit­

ters observed initially (Table 3.4) may be ascribed to the 

rapid breakdown of nitrogenous compounds thereby releasing 

nitrogen from the litter (3us?gss, 1967). Shukla and Singh 

(1984) reported that low moistMUSie condition was not found sui­

table for the leaching of the nutrients from the decomposing 

litters. They further, suggested that during the onset of 

rains the litters were exposed to the attack of the micro­

organisms „ The soluble carbohydrates protective layers of 

wax and cutin etc. were washed away during rainy season and 

this resulted into increased leaching of the minerals (N, P 

and K). This may be the reason for the low contents of the 

minerals (N, P and K) recorded from the decomposing leaf and 

root litters as most part of the these minerals leached into 

the soil during rainy season (180-300 days). 

Changes in weather condition may be responsible for 

the temporal variation in microbial population associated 

with the litters (Pugh, 1958; Witkamp, 1963* Holm and Jensen, 

1972^. Das (1980) reported that favourable moisture, 
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temperature and intensive activity of soil fauna which ex­

posed the litter surface for microbial coloni2ation may be 

the reason for the gradual increase in "the microbial popula­

tion. 

Results of the present study demonstrate that environ­

mental conditions (moisture, temperature) and microbial popu­

lation (fungi and bacteria) are the main factors which in­

fluence the rate of litters (leaf and root) decomposition. 

Dry season with low moisture and temperature was not suited 

for the litter decomposition while on the other hand rainy 

summer season was most suitable for the rapid rate of litter 

breakdown. 



C H A P T E R IV 

EARTHWORM POPULATIONS OF PINEAPPLE 

ORCHARD 
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INTRODUCTION 

"Soil fertility"though used frequently is a poorly 

defined term. Brady (1974) gives a useful working definition 

which considers "fertility" to be the inherent capacity of 

soil to supply nutrients to plants in adequate amounts and in 

suitable proportions. Earthworms improve the nutrient supply 

to plants by ameleorating the physical, chemical and biolo­

gical characteristics of soils. Earthworms burrow through 

soil and feed on organic materials, and thus they change the 

environment for all other soil inhabiting organisms, inclu­

ding plant roots. Earthworms improve plant,- growth by increa­

sing incorporation of organic materials which may accelerate 

mineralisation, by a possible direct effect of earthworm 

metabolic products on plant growth and by improving aeration, 

water relations and penetrability in poorly structured soils 

(Mc Coll et aJL. 1982). Plant residues and dung are fragmen­

ted and mixed with soil during passage through the earthworm 

gut, and are incorporated into the soil profile. Thus they 

play an important role in the cycling of organic matter 

(Satchell, 1958). 

Earthworms influence the supply of plant nutrients 

in the soil in several ways. The nutrients present in the 

earthworm tissues are recycled as the earthworm population 

dies and young earthworms grow. Nutrients cycled more rapid­

ly through the earthworm's own metabolic processes and their 
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feeding activities increase the release of nutrients. 

A number of physico-chemical, characteristics vie? 

soil temperature (Hopo, 1947), moisture (Grant, 1955), pH 

(Cotton and Curry, 1982), organic carbon (Syers and 

Springeet, 1984) and organic nitrogen (Edward and Lofty, 

1982) were found to be important factors which govern the 

earthworm population in soils. Literature has also revealed 

that type of covers (Slater and Hopp, 1947), tilling of soil 

(Lai, 1974), trampling (Piearce, 1984) and degree of distur­

bance (Syers and Springeet, 1984) seem to be important fac­

tors regulating the distribution and abundance of earthworms 

in soil. 

Importance of earthworms for soil fertility has been 

known since Darwin (1881). But quantitative work on the me­

chanisms by which earthworms bring about changes in the soil 

is quite recent. Most of the studies were conducted in agri­

cultural (Barley, 1961), forest (Nielson and Hole, 1964) and 

grassland (Cotton and Curry, 1982; Piearce, 1984). The earth­

worm populations under orchard crops have not received due 

attention. Keeping this view in mind it was thought necessa­

ry to estimate the earthworm population under pineapple 

orchards for possible utilization of earthworms in evolving 

better land management strategies. 

REVIEW OF LITERATURE 

Darwin (1881) first described the importance of 
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earthworms in soil. 

Dawson (1947) and Evans (1948) reported that sludge 

disposal on land increased earthworm populations which re­

sulted into an increase in infiltration and aeration of 

soils. 

Hope (1947) studied the effect of soil temperature 

on earthworms and noted that worms number increases with 

temperature but worm weight decreases at all temperatures 

departing from 35 F. 

Slater and Hopp (1947) pointed out that cultivated 

covered land had more earthworms than cultivated bareland. 

They further, suggested that different type of covers affec­

ted the winter population of earthworms. 

Z-'csi (1958) took 25x25 cm soil blocks located at 

5 m internals on transacts parallel to the contours for 

tha counting of earthworm numbers. He adapted hand sorting 

method for earthworms counting. 

»Raw (1959) introduced a method of using formalin 

solution in order to bring the deeper dwelling earthworms 

to the surface. 

Block and B.an̂ ge (1968) studied the earthworm popu­

lation in Uganda soils and found a population size between 

7.4/m2 and 101.8/m2. 

Edward and Lofty (1972) suggested the hand picking 
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method for the estimation of earthworm oopulation following 

randomized sampling procedures. They suggested that the qua­

drats should be located at a 5 m distance and noted 1.3 to 

6.0 times larger population in unploughed plots as compared 

to ploughed plots. Effects of nitrogenous fertilizers on 

earthworm populations in agricultural soils was also studied 

by them (Edward and Lofty, 1982), where they noted a -Strang 

positive correlation (r=0.982) between amounts of inorganic 

nitrogen applied and populations of earthworms. 

In Nigeria Lai (1974) found 20 times more earthworm;, 

population in unfilled land than in tilled land. 

Watanabli (1975) and Dash (1978) described that 

earthworms represent the major part (80%) of the soil inver­

tebrates population. 

Edward and Brown (1982) conducted an experiment in 

grassland plots to investigate the effect of pesticides on 

earthworms. They suggested that excess use of pesticides may 

cause the adverse effect on earthworm population. 

Cotton and Curry (1982) studied the distribution 

and abundance of eaffehworms in a mineral peat soil, and 

noted that low pH and storage of suitable food were the 

main limiting factors for earthworm populations. 

Piearce (1984) studied the effect of heavy trampling 
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on the population of earthworms and noted that trampling 

reduced the earthworm density and biomass. He pointed out 

that the surface species were most severely affected, whilst 

the deep burrowing species were found to be resistant. 

Syers and Springeet (1984) pointed out that degree 

of soil disturbance and distribution of organic matter con­

tent affected the earthworm population. 

Asiegbu (1984) noted that N, P and K fertilizers 

especially where N is used as ammonium sulphate may have 

adverse effect on the soil earthworms. 

In a comparative study Baker (1985) found that the 

number of earthworms collected by formalin expulsion method 

was generallv equal to the numbers obtained by hand picking 

method. 

MATERIALS AND METHODS 

The study was conducted at pineapple research sta­

tion Nayabunglow (Chapter I). Earthworm population was esti­

mated at monthly intervals from the different plantation 

soils with an aim to investigate the seasonal variation and 

effect of age of the plantations on the earthworm popula­

tion. Soil moisture/ pH and temperature were estimated by 

the methods as described in chapter I, Data on average 

rainfall, relative humidity and ambient temperature of the 

study site are presented in chapter I (Fig. I). 
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Earthworm population was estimated by hand picking 

method (Edward and Lofty, 1972) following randomized sam­

pling procedures and considering a size of 25cm cubes of 

soil. 2 0 quadrats were taken for the estimation of earth­

worm population in each plantation soil. Quadrats were 

located at 5m intervals on transects. Each quadrat was dug 

up by the soil digger and earthworms were sj/orted out care­

fully by hand. 

Each value reported is the mean of triplicate ana­

lysis. Correlation coefficient (r) values were calculated 

between earthworm population and soil moisture, pH, tempe­

rature. Data were also analysed by two way analysis of 

variance. 

RESULTS 

Soil of the three plantations was sandy loam 

(Table 1.1). Data on soil moisture, temperature and pH are 

presented in Figs. 4.1, 4.2 and 4.3. Soil temperature of 1 

year; 5 year and 10 year plantation ranged between 11-31 C, 

o **• o 12-32 C and 14-33 C respectively* Maximum soil temperature 

(33 C) was noted from the 10 year plantation soil on 15th 

January, 1987 (Fig.4.1). Moisture content of 1 year, 5 year 

and 10 year plantation ranged between 13.05-26.6%, 12.81-

2 7.95% and 13.93-28.82% respectively. Highest moisture con­

tent 28.82% was recorded from the 10 year plantation soil 



Fig. 4,1 Monthly variation in tempera­

ture of different plantation 

soils. 
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Fig.4.2 Monthly variation in moisture 

content of different planta­

tion soils. 
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Fig. 4.3 Monthly variation in pH of 

different plantation soils 
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on 15th October, 1986 and lowest was recorded from the 5 

year plantation on 15th December, 1986 (Fig.4.2). pH varied 

from 4.52 to 5.44, 4.6 to 5.92 and 4.81 to 6.62 in case of 

1 year, 5 year and 10 year plantation respectively. Maximum 

soil pH (6.62) was noted from the 10 year plantation soil 

on 15th September, 1986 while minimum (4.52) was noted from 

the 1 year plantation soil on 15th May, 1986 (Fig.4«3). 

Maximum population (7 worms/25cm soil cube) of 

earthworms was recorded from the 10 year plantation soil 

which was followed by the 5 year and 1 year plantation 

soils. (Fig.4.4)„ 

All the plantation soils showed a similar trend of 

seasonal variation in earthworm population. The population 

peaked on the 15th July, 1986 in all the three plantations. 

Thereafter, a drop in the population was recorded and it 

continued upto December, 1986. No earthworm population was 

recorded on 15th January and 15th February, 1987. Again 

earthworm population was recorded on 15th March, 1987 from 

5 and 10 years plantation soils while the worms were not 

isolated from the 1 year plantation soil on this date. 

A positive correlation(r=0.542, P=0.05; r=0.661, 

P=0.05) was.observed between earthworm population and soil 

temperature of 5 year and 10 year plantations. However, no 

correlation was noted in case of 1 year plantation. Mois­

ture content of the soil of 1 year and 10 year plantations 

lcSLcl-6-



Fig.4.4 Monthly variation in earthworm 

population of different plan­

tation soils. 
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wa& found to be positively correlated |r«0.517, P«0<05*; 

r=0.786, P=0.01) with earthworm population. 5 year planta­

tion soil did not show any such correlation. Earthworm 

population was positively correlated (r=0.669, P=0.05) with 

the pH in 5 year plantation soil and negatively (r=-0*846, 

P=0.01) with that of the pH of 1 year plantation. No corre­

lation was observed between earthworm population and soil 

pH of the 10 year plantation. 

DISCUSSION 

During the present study earthworm population was 

recorded during rainy summer season of the year (Aoril to 

November). With the onset of dry-winter the population 

receded and during tne coldest months when the soil mois­

ture was also minimum the earthworms could not be isolated. 

Gates (1961) also recorded the earthworm activity, in the 

humid subtropical climate of India, from May to October. 

Earthworm population during these periods might be due to 

suitable soil temperature, and moisture. Similarly, Hopp 

(1947) and Cotton and Curry (1982) noted the soil tempera­

ture and moisture, important factors regulating the 

earthworm population in soil. 

On the sampling date 15th January, 1987 and 15th 

February, 1987, no earthworm population was recorded. It 

may be due to the unfavourable conditions to the worms and 



Table 4.1 Correlation coefficient (r) values between soil 

moisture, temperature, pH and earthworm population. 

1 year 5 year 10 year 

1. Soil NS + 0.542* + 0.661* 
temperature 

2. Soil + 0.570* NS + 0.786** 
moisture 

*. Soil pH -0.846** + 0.669* NS 

**, Significant at 0.01 and * significant at 0.05 

probability levels. 



Table 4.2 Analysis of variance between plantation types 

and sampling dates. 

Source of Sum of df (degree Mean Sq. Variance Signifi-
variation squares of freedom) of va- ratio or canfee 

riance P 
ratio 

Between 9.72 2 4.86 8.23 0.01 
plantations 
types 

Between 41.43 11 3.76 6.37 0.01 
sampling 
dates 

Remainder 13.07 22 0.59 -
or Error 

Total 64.22 35 0.59 
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they might have gone under diapause or may have become quies­

cent (Evans and Guild, 1947; Murchie, 1954; Hartenstein '-

et al.1979). Syers et al. (1979) also found the lower earth­

worm population during colder periods. 

Peak in earthworm population during July 1986 in all 

the soils may be attributed to higher soil temperature. 

Sufficient amount of food to the earthworms may be also one 

reason for the higher earthworm population during the same 

period. Drop in earthworm population might be due to lowering 

of soil temperature, less moisture content and slow decompo­

sition process which probably resulted into exhaustion of 

easily available food to the earthworms (Cotton and Curry, 

1982). Increase in earthworm population during 15th March, 

1987 might be due to increase in soil temperature (Fig.4.4). 

Standen et al. (1982) and Cotton and Curry (1982) 

reported that soil temperature, moisture, pH, shade/ quan­

tity of litter, available food and rate of litter decompo­

sition were the important factors which influenced the 

earthworm populations. Organic matter content was also found 

to be one of the important factors which influenced the 

earthworm population (Syers and Springeet, 1984). 

Higher earthworm population in 10 year plantation 

soil may be attributed to higher soil temperature, moisture 

content, pH and ©xkyania matter content (Fig. 1.1,1.2,1.3 

and 1.4) in the soils of the 10 year plantation. Large 
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amount of litter production, less degree of disturbance/ 

may also be one reason for the higher earthworm population 

in 10 year plantation. Low population in 1 year plantation 

soil might be due to low soil temperature, moisture and 

production of less amount of plant litter resulting into a 

less amount of easily available food to the Earthworms, 

Degree of disturbance during the time of transplantation 

has also be reported to be the reason for low counts of the 

earthworm (Syers and Springeet, 1984). 

From the results it could be inferred that the tem­

perature and moisture were the most important factors res­

ponsible for the seasonal variation in the earthworm popula­

tion, While low temperature was the most important factor 

responsible for the absence of the earthworms during the 

winters. The peak during July was largely due to moisture. 

The variations betwaen the plantations were largely due to 

the variations in organic carbon content. 

Variations in earthworm population with time 

(6,37, P=0.01) were statistically significant (Table 4.2). 

It may be inferred that the longevity of plantation 

increased the earthworm population. 



C H A P T E R V 

MICROBIAL POPULATION AND THEIR A C T I ­

V I T I E S IN EARTHWORM CAST AND SOIL 
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INTRODUCTION 

Earthworks constitute a major part of soil fungal__ 

bioT\ass. The role of earthworms in plant residue decomposi­

tion by incorporating and mixing the surface residues into 

the soil through their burrowing, feeding and casting acti­

vities is well documented (Barley and Jennings 1959? Mack^y 

and Kladivko, 1985). Feeding activity of earthworms increases 

the microbial population (Went, 1963; Gorbenko et â L, 1986). 

The earthworms improve nutrient supply to the plants through 

casting and excretion (Lunt and Jacobson, 1944; Loquet e_t al. 

1977; Brown et al. 1978; Kitchell et al. 1979; Syers et aJU 

1979; Vleeschauwer and Lai, 1981; Krishnamoorthy and 

Vajranabhaiah, 1986). They also make the phosphorus availa­

ble to the plants from phosphate rocks through their feeding 

activity Uackay et al. 1982). 

Earthworks ingest fungal mycelium and other micro­

organisms present in the soil. Studies on the microflora in 

the intestinal tract of earthworms are not exhaustive 

(Bassalik, 1913• Dawson, 1947° Parle, 1963? Domsch and Banse, 

1972; Dash and Cragg, 1972- Dash et al. 1979; Gorbenko et al. 

1986). The changes brought about by the earthworms in soil 

microflora and their activities after passing through the 

gut£ have not been thoroughly investigated (Daah and Cragg, 

1972; Dash et al. 1979). Very few studies are available on 

dehydrogenase, urease and phosphatase^-^Setivities in the 



106 

earthworm casts (Businelli et al. 1984; Satchell and,Martin, 

1984; Satchell et _al. 1984). For better understanding of the 

effect of earthworm activity on the soil fertility and microbe-

mediated processes of soil ecosystem, knowledge on the micro­

bial population and their activity in the earthworm casts is 

a prerequisite. It was, therefore, thought desirable to make 

a comparative study on the microbial population and enzyme 

activities namely- dehydrogenase, urease and phosphatase of 

the earthworm casts and surrounding soil with an aim to under­

stand how the microbial population and their activities are 

altered in the soils after passing through the guts of 

earthworms. 

REVIEW OF LITERATURE 

Aristotle, first described earthworms as *the intes­

tines of the enrth*. Darwin,(188^ noted that earthworms allow 

the air co penetrate deeply into the ground which facilitates 

the downward passage of roots. 

Bassalik (1913) isolated more than 50 species of 

bacteria from the alimentary canal of Lumbricus terrestris. 

Heymons (1923) observed the intestine of earthworm 

as a breeding place for bacteria. He pointed out that bac­

teria are responsible for the degradation of urea in the 

intestinal tract of earthworms. 

Lunt and Jacobson (1944) reported that the casts 
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from a ploughed field had approximately three times concentra 

tion of exchangeable Mg, seven times of available P and 

eleven times of available K than the top 150mm of soil. 

Dawson (1947) stated that the number of bacteria in 

earthworm casts was reduced by passage through the alimen­

tary canal while the number of fungi remained unaffected. 

Swaby (1949) stated that the intestinal bacteria of 

earthworms produced gums which cament the casts into water 

stable aggregates. 

Barley and Jennings (1959) suggested that the plant 

litter is more easily attached by other decomposers after the 

material has been subjected to the grinding action and che­

mical changes in the earthworm gut. 

Parle (1963) showed that numbers of bacteria and 

actinomycetes increased 1000 fold during passage through 

the gut and oxygen consumption remained higher in earth­

worms casts than in soil for 50 days indicating an increased 

microbial activity. 

Went (1963) noted that earthworm feeding enhances 

the bacterial population in mineral soil by incorporating 

organic matter from surface litter. 

Medge (1969) showed that earthworms prefer soils 

with moisture between 12.5 to 17.20%.He stated that 23.3% 

moisture level was found to be optimum to produce casts. 
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Marshall (1970) stated that in absence of earthworms 

a layer of dead plant material is accumulated at the soil 

surface, which reduced the infiltration capacity of the soil. 

He further, suggested that not only do earthworms decrease 

loss of nitrogen and phosphorus through run off, they also 

increase leaching of potassium by improving drainage. 

Domsch and Banse (1972) reported total destruction 

of fungi after passing through the earthworm digestive treat. 

Dash and Cragg (1972) have shown that earthworm's 

graze over soil microfungi and prefer some species of fungi 

as their food. 

Sharpley and Syers (1976) noted that the surface 

casts contain approximately four times more loosely-bound in 

organic P and twice as much loosely-bound organic P as under­

lying soil. They further pointed out that the enhanced micro­

bial activity may be responsible for increased phosphatase 

and urease activity. 

Earthworms may stimulate not only the bacterial 

population but also the overall metabolic level of organic 

substrates (Brown et a_l. 1978; Mitchell e-t al. 1980. 

Dash e_t al. (1979) studied the feeding behaviour 

of a tropical earthworm on fungi. They reported that earth­

worms are unable to utilize the antibiotic producing micro­

organisms or those having thick layered spore caats. 
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Syers et al. (1979) noted that seasonal variation in 

the total nitrogen and oxidizable carbon contents of casts 

were closely related to variations in litter production.They 

further noted that the seasonal variation in urease enzyme 

activity associated with fluctuations in organic matter con­

tents, was more important than the effect of temperature on 

enzyme activity in accounting for seasonal variations in the 

NH. - N content of the casts. 

Hornor and Mitchell (1981) observed that population 

of total anaerobes, nitrate reductase/ sulphatic reductase 

and methanogens were not significantly affected by earthworm 

feeding. 

Abbott and Parker (1981) studied the effect of 

quantity and quality of food on the earthworms. They 

observed that earthworms with more food gained weight fas­

ter than those with little or no supplementary food. 

Vleechauwer and Lai (1981) in a comparative study 

between casts and surface soil found the presence of less 

sand, more silt and clay in the casts. They also found that 

casts had greater bulk density and structural stability 

than the surface soil. The higher amount of nitrogen, orga­

nic matter content, available phosphorus and cation exchange 

capacity were also estimated from the earthworm casts. 

Lai and Akinremi (1982) studied the influence of 

crop management practices on physical properties of earth-? 
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worm casts and surface soils. They noted that the physical 

properties of the casts significantly differ from the sur­

face soil. The rate of cast production followed a trend of 

nontilled *> ploughed "> mulched ">. unmulched treatments. 

Lai and Vleeschauwer (1982) reported that the 

nutrient status of both casts and soil in non-tilled plots 

was generally superior to that in conventionally ploughed 

treatments. Different rates of N and P application had a 

significant positive effect on the nutrient status of worm-

ca8ts. 

Ross and Cairns (1982) described the presence of 

earthworms stimulated the activities offcellulose/)sulpha-

tase, invertase, amylase, urease and phosphatase enzymes 

and also the uptake of oxygen, 

Mackay et al_. (1982) reported that the ingestion of 

phosphate rock (PR) particlas by the earthworms during fee­

ding, could lead to an increase in the degree of intimate 

contact of the PR with the soil during passage through the 

digestive tract. This intimate contact could promote disso­

lution of the PR leading to an increase in the plant availa­

bility of P in the PR. 

Syers and Springeet (1983) noted that the direct 

effects of earthworms on nutrient uptake are likely to be 

more important in soils of low nutrient status. 
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Flack and Hartenstein (1984) measured the growth of 

earthworms (Eisenia foetida) on microorganisms and cellulose 

mixtures. They noted that E. foetida doubled in weight on 

the diet of fungus Coriolus hirsutus with the addition of 

sand or ashed loam. 

Businelli et al. (1984) estimated the chemical com­

position and enzymatic activities of some worm casts and 

recorded higher enzyme activities in the casts in compari­

son to the surface soil. 

Satchell and Martin (1984) studied the phosphatase 

activity in the earthworm faeces and noted higher phospha­

tase activity in faeces than the ingested soil, resulting 

in an increase inorganic P released by mineralization of 

organic' P. 

Earthworms nlay an important role in the breakdown 

of residues. Mackay and Kladivko (1985) in one of their 

studies recorded greater breakdown of soybean and maize re­

sidues in presence of earthworms than in their absence. 

Krishnamoorthy and Vajranabhaiah (1986) studied the 

biological activity of the earthworm casts and noted higher 

values of ammonia, urea, organic carbon content, organic 

matter, soluble phosphorus and ionic potassium levels in 

the casts. 

Gorbanko et _al. (1986) reported that the overall 

biomass of microorganisms (mainly fungal mycelium) decreased 
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abruptly while the content of bacterial cells increased in 

the faeces of earthworms and other invertebrates as com­

pared to their nu-iber in the food of these animals. 

Martin (1986) made a comparative study of earth­

worm gut contents and recorded highest amount of gut con­

tents from the intermediate size of worms. 

MATERIALS AND METHODS 

The study was conducted at pineapple research 

station Nayabunglow. Earthworm casts and surrounding soil 

were collected aspeptically from 1, 5 and 10 years old 

pineapple plantations at monthly intervals and brought to 

the laboratory for the analysis of various physico-chemical 

and microbiological characteristics. 

Estimation of microbial population(fungi and bacteria)of 

earthworm casts and soil : 

For the estimation of microbial population (fungi 

and bacteria) of casts and surrounding soil, methods des­

cribed in chapter II were followed. 

Determination of physico-chemical characteristics of earth­

worm casts and the soils : 

Soil moisture content, pH, organic carbon, total 

nitrogen, available phosphorus and exchangeable potassium 

of casts and the soil were determined by the methods as 

described in chapter I. 
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Assessment of dehydrogenase, urease and phosphatase enzyme 

activities in earthworm casts and soil.! 

The methods given in chapter II for the assessment 

of dehydrogenase, urease and phosphatase enzyme activities 

were followed. 

Results reported in the figure, tables are the 

means of triplicate analysis. Data were analysed statisti­

cally by adapting the t test procedures. 

RESULTS 

Generally, surrounding soil contained higher mois­

ture content than the casts except on 15th August,1986 and 

15th September, 1986 when earthworms casts showed higher 

moisture content than the soil (Table 5.1). Moisture con­

tent of the soil of 1 year varied between 13.05 and 26.60% 

and that of the casts varied between 11.98 and 33.85%. In 

case of 5 year plantation the soil moisture varied between 

12.81 and 29.95% and that of the casts varied between 10.32 

and 30.45%. In 10 year plantation moisture content of the 

soil ranged between 13.93 and 28.82% and that of the casts 

ranged between 13.21 and 37.46% (Table 5.1). 

pH of the earthworm casts was found to be higher 

than the soil (Table 5.1). pH of 1 year plantation soil 

ranged between * ^2 and 5.44 and that of the casts ranged 

between 5.10 and 7.22. In case of 5 year plantation the 
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soil pH varied from 4.60 - 5.92 and pH of the casts varied 

between 4.97 and 6,94. In 10 year plantation soil pH varied 

between 4.81 and 6.62 and pH of the casts varied between 

5.00 and 7.11 (Table 5.1). 

Assessment of microflora (Fungi and Bacteria)j 

In casts, fungal population was found to be 

higher than the soil (Fig.5.1). Generally, the trend of 

difference in fungal population of soil and earthworm casts 

was similar in all the plantations studied. Two peaks in 

fungal population noted; one in spring (April) at the time 

of commencement of the sampling and another in autumn 

(September). The peak noted during autumn in 10 year plan­

tation was found comparatively lower than that of the peaks 

in 1 and E year plantations (Fig.Sfl). During rainy summer 

(June) and winter the fungal population dropped to a very 

low level. Winter drop in case of 10 year plantation was 

less prominent than that of 1 and 5 year plantations 

(Fig.5.1). 

Bacteria ; 

Differences in bacterial population of soil and 

earthworm casts are shown in Fig.5.2. Earthworm casts showed 

the higher bacterial population than the soil in all the 

plantation studied. Among all the plantation studied no 

definite trend of temporal variation in bacterial popula­

tion of soil and casts was observed. Two peaks in bacterial 



Fig,5,1 Monthly variation in fungal 

population of earthworm cast 

and soil of pineapple plan­

tations. 
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Fig.5.2 Monthly variation in bacterial 

population of earthworm cast 

and soil of pineapple planta­

tions. 
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population were noted; one in spring (April) and another in 

autumn (September). Autumn peak differed in 10 year planta­

tions. In 10 year plantation~atitumn peak was observed in 

August. During winter season drop in bacterial population 

was noted in all the plantation studied. In most cases bac­

terial population increased during the forthcoming spring 

season (Fig.5.2). The winter drop in bacterial population .' 

in case of 10 year plantation was found lower than that of 

drop occurred in 1 and 5 year plantation. The difference 

between the population of casts and soils was most pro­

nounced in 10 year plantation (Fig.5.2). 

Relative abundance of fungi in soil and casts : 

Tables 5.2 - 5.7 lists the fungal species isolated 

from the soil and casts in all the plantations. In case of 

1 year plantation a total number of 19 and 20 fungal species 

was isolated from the soil and casts respectively. All the 

species were common in soil and casts in 1 year plantation 

soil (Tables 5.2, 5.3). Absldia glauca, Aspergillus nedu-

lans; A. niqer, Gonqronella butleri, Humicola fuscoatra? 

Mortirella rananniana- Mucor hiemalis, Penicillium funicu-

losum; P. vermiculatum and Trichoderma koninqii were isola­

ted sporadically from soil as well as from the casts. 

Fusarium moniliforme; F. solani; M. racemosus? Penicillium 

- chrysoqenum and white sterile were the most dominant 

species recorded from the soils and casts. 

v > 



rabla J.2 t l s t a of fungi lao la tad from a o l l and aarthwor-t casta In 1 yaar p l a n t a t i o n . 
4 » ?r»j«o« - * Abaane I - S o i l IX » Ca*z 

funal 15/4/86 H / 5 / 8 6 15 /6 /88 15/7/86 15/8/86 15/9/86 15/10/86 15 /11 /86 15 /12 /97 15A/87 15/2/8? 15/3/97 

Abaldla <rt»uca I - 1 1 4 - - - - - - - v - ~ - ~ - * 4 - - - . - • 
A a p . r g t l l m nadalata - - - - - - - - - - * - - - - - - - - - - - -
Is. nlgaX 4 _ - 4 - 4 - - - - > - - _ _ - - - - - - - -
FUaarlUS « O n l l l f j r - « 4. + 4 4 4 4 4 4 4 4 4 4 4 + 4 • 4 4 4 • « . + + + 

F . a o l a j j i - - " 4 4 4 - - 4 4 4 4 - 4 4 4 - 4 - 4 + « . + _ + 

r;nn^rnr.all» but lar l - - - - _ - _ _ - . • - - - - - - - * - - - - -
Hunlcolj fuscoatra _ 4 - - - - - - - - - - - - - - - - - - - - 4 4 
Mortlcr*H» ra-amlana - - - - - - - - - - - 4 - - - - - - - - - - 4 4 
MUCOr hi*~«U» 4 4 4 - - 4 - - - - - 4 - - « - - - - - - 4 -
M. raca'roaua 4 - 4 4 4 « - - - 4 4 4 4 4 - 4 • * 4 • _ 4 -
Paaellofflvc»» l l l l a e l n u n - 4 4 4 4 4 - - - - - - - - - - - - - - - - » 4 
Panlcll11'UB'ehrvao<i»n"''' - 4 4 4 - 4 4 4 4 4 4 4 - - 4 4 4 4 4 - - 4 4 4 
p . faiiutanum 4 4 - 4 4 4 - - - - 4 - - » - - - " " - - - 4 4 
p. runteuloaum - 4 4 - 4 - - - - - - - - - - - - - - - - - -

P. varwlcu latum - 4 - - 4 4 - - - - - - - - - - - " " - - -
TUghortarma Konlnqll - 4 - - - 4 - - - - - - - - - - 4 - - - - -

T. » lr lda 4 4 4 4 4 - 4 4 4 4 4 . + - - - - 4 4 - + - -
Whlta s t a r i l a » _ - _ « . - > . « . + + - 4 4 4 4 4 - • + 4 4 4 
Yallov atarlla - - ' - 4 - - 4 4 - . - - - 4 4 - - - - - 4 4 

4 4 



. - . . ) o* earthworm cas ta and surrounding s o i l s In t year p lantat ion 
at d i f ferent sampling period. Values in parentheses are percentage r e l a t i v e abundance. 

Table 5.3 fungal population ( g - 1 dry s o i l x lO*) o* earthworm eaa 

15/4/96 15/5/96 15/6 /86 
~ So i l Cast . S o i l Cast S o i l Cast -SoTT 11 Caat 

15 /9 /96 
S o i l caa t 

" ^ " . a.tt̂ tt!!" a-lP^fl! .Hgggi 15/9/86 15 / io /ae u / i . i , . » .-•_ -— --
S o i l caat So i l Cast So i l Caat S o i l Caat 

15 /1 /87 
"Soi l Caat 

.126 .989 .158 
(8 .77) (10 .00) (18 .79) 

Aaoarail lua 
nedulans 
Haejra 
iwdula 

.061 .055 

butlarl 
Hunlcola 
fuscoatra 
MortlaraUa 
raaannlana 

Mucor 
hlenalla 

M. race-
moaua 
Faecllomvcas 
l i l iao lnum 

P9H*«?H"w 
chrysoqanma 
P. f r t l u -
tanum 

£ . JSSfll-
9«49»HW 
£ . i » n -
nleum 
p . yarwl-
culatun 

.059 
(6.66) 

.330 .150 .201 
14.44) (15 .15X15.31 

.057 -
(3.92) 
.201 

(13.72) 
.155 -
.143 

.025 .050 
(6.66) (9 ,52) 

.025 
(4 .76) 

15 /2 /87 tS, 
S o i l cas t ioi 

S 8 S a S « - . ( l « " S ) ( ! " M ) (20?00«?"66X3S!S4X2i25) (ioVoOtUM) (l5"S) M.U) (ilK) M^IO) UolboX 36.11) (33.33) (16.66) 

F. aolani - " . " . " («?2?l 
iranel la 

.541 .243 .329 .175 .076 
) 

076 .151 .110 .183 .263 .393 .076 . 1 4 * 
(20.00) (28 .60 (19 .04 ) (28 .19) (23.07) (32.14) (5.85) (10.5Z. 

,6-2i? - (23:137 (25!^)d«"3) " 1 1 
.100 

(19.09) 

.126 
(8.77) 

.322 .025 . . . .083 
(22.22)(1.75) (11.11) 

.107 - .029 .052 .029 
(9.96) (3 .36 ) (4 .16 ) (6 .66 ) 

.506 .089 .132 - .027 
(38.08) (iO.OOUlO.41) (3.70) 
.101 .149 .105 

(7 .01) (16 .66) (3 .33) 

.067 
(5 .12) 

.230 

.035 
(5.26) 
wl27 

(7.01) 
.031 .082 .050 

(15768) (U75) (10.00) (5.55) 

.363 .110 .210 .201 .316 .350 
(33 .35 ) (14 .91 ) (21 .21X15 .39 ) (21 .56 ) (19 .29 ) 

.050 
(21.13) 
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Tabla »5.4 Llata of funql l ao la tad from a o l l aod aarthworma casta In 3 yaar p l a n t a t i o n . 
I - S o i l I I - Ca»* *• • Praaant - - Abaant 

, u n q l 1S/4/B6 15/B/B6 15/6 /86 15/7/86 15/8/86 15 /9 /86 15/13/«« 15A1/B6 15 /12 /86 15/1/87 15/3/87 15 /3 /»7 , 
— " • 7 _ - - - - - _ . . + • 
Abaldla qlauca I- « - - - - - • - • - - - - - - - - - - -
Aaoarol ima nloar - • . *• - - - - - • - * - - ~ ~ ~ ~ ^ ^ ^ _ 
Cunnlnqhamalla aeh lnula ta - - - - - - - - - - - - - • " _ - - -
Curvularla, -naculana - - - - - - - - - - - - - - * + • • 
Fu.arlun, monl l l for™ • • • * • • • . • • « . • • «• • • * * * , . « . • 
r T o i ^ i _ • • - • • • - • • • • * 2 • • ! ! ! ! ! ! ! ! 
Somronal la but lar l - - + • - - - - - - - - - - — - • • 
Humlcola tuacoatra • + - - - - - . - - - - - - - - - - - - ^ ^ 
Mueor h i a t a l la + . • _ - - - - - - - - • • - - - ~ " ~ ^ ^ _ _ 
M. plu-nbeua - - • • - - - - - - - - - " ~ ~ 
M. racamoaua 4. - - - - - - - • • - • • • - • • - ~ ^ 
Paacllomycaa l l l lae lnuni - - «• + - - * +• • - - - , - - - - - - - " + + 

Panlcl l l luni chrvaooanum «• • • • - + + + + * «• + + • • • * + * * _ . _ . 
P. fallutanum 4 . - - - - - , - - - - - - - - - - ~ ~ _ - -
P. funlculoaum - . • - + - - - - - - - - - - - " "* ™ ^ _ _ 
P. lavanlcrum - • - - " " . " " ~ " " " " " 
P. l l l lae lnuni - - • •* - - - - - - - - - - - ~ " ™ " ^ _ _ + 

P. varmlculatunt - + + - - - - - • » • - - - - - T + • + • 
Trlchodarma lconlnqll - - - - - * - • - - + - - - - - - ^ ^ + 

T. vlrlda • + - - • * + • • • + + - - • • • * 2 . - - - -
Torula harbarum - - - - - - - - - s - + - - - - - ~ " ^ + > _ _ 
Whlta atarlla - _ • - • + + - • • • • + * * * ' ! " • - - • • - " 

Yallow atarlla _ _ » - - - • - • • • - - - - " 
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From the 5 year plantation soil and casts a total 

number of 2 2 fungal species was isolated among which 13 

species were common in soil as well as the casts. The main 

difference between the fungal species isolated from the soil 

and casts was that of Aspergillus niger; Penicillium funi-

culosum and P.. fellutanum were isolated from the casts only 

while Curvularia maculans; Penicillium liliacinum and 

Torula herbarum were found restricted to the soils. 16 

fungal isolates were common in soil as well as in casts. 

Aspergillus niger? Curvularia maculans; Humicola fuscoatra; 

Mucor plumbeus; Penicillium fellutanum; P. funiculosum, P. 

javanicum; P. liliacinum; P. vermiculatum; and Torula her-

barum showed their rare occurrence in soil as well as in 

casts of 5 year plantation. Remaining 12 fungal species 

were frequently isolated (Tables 5.4,5.5). 

A total number of 21 fungal species was isolated 

from the soil and casts of the 10 year plantations(Tables 

5.6,5.7). Out of 21, 18 fungal species were recorded from 

the soil and 20 species were recorded from the casts. The 

main fungal species which were not recorded from the soil 

were Aspergillus niger, Curvularia maculans and Penicill­

ium claviforme. Similarly, Penicillium liliacinum was not 

recorded from the casts of the 10 year plantation(Tables 

5.2*-5.7). The species which showed their rare occurrence 

in soil and casts were Absidia glauca, A. niger; Curvula­

ria maculans; Gongronella putleri; Humicola fuscoatra; 
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Penicillium claviforme, P. fellutanum; P. funiculosum- P. 

javanicum; P. liliacinum and Trichoderma koninqii; Fusarium 

moniliforme; F. solani; Penicillium chrysoqenum; Trichoderma 

virJLd.Q - and white sterile were the most dominant fungi isola­

ted from both the soil as well as the casts. 

Enzyme activities in soil and casts s 

Dehydrogenase : 

Fig.5.3 depicts the dehydrogenase activity in soil 

and earthworm casts of three plantations. Higher dehydroge­

nase activity was recorded from the earthworm casts in all 

the cases (Fig.5.3). In case of 1 year plantation maximum 

dehydrogenase activity was estimated on 15th July, 1986.In 

case of 5 year plantation the activity in soil was maximum 

on 15th Ju^y, 1986 and in casts the maximum activity was 

recorded on 15th May,1986. In 10 year plantation, dehydro­

genase activity peaked on 15th October, 1986 in case of 

casts and on 15th May or July in case of soil (Fig.5.3). 

After attaining the peak the dehydrogenase activity general­

ly, decreased in all the cases. In most cases, the'drop in 

activity continued upto 15th January,1986 and the increase 

was observed in the following month. Difference in dehydro­

genase activity in soil and casts followed a trend 10 

year > 5 year > 1 year plantation. 

Urease s 

Higher urease activity was also noted from the 



Fig.5.3 Monthly variation in dehydro­

genase activity of earthworm 

cast and soil of pineapple 

plantations. 
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Fig.5.4 Monthly variation in urease 

activity of earthworm cast 

and soil of pineapple 

plantations. 
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Fig.5,5 Monthly variation in phosphatase 

activity of earthworm cast and 

soil of pineapple plantations. 
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earthworm casts (Fig.5.4). Generally, the trend of temporal 

variation of activity in soil as well as in casts was simi­

lar in all the plantations. Urease activity peaked on 15th 

May, 1986 in all the cases. Thereafter, a sudden drop in 

activity was recorded from all the plantations. In 1 year 

plantation the activity increased on 15th July,1986. The 

drop in activity was again noted on 15th September,1986 

which remained upto 15th January,1987. In case of 5 year 

plantation the activity increased on 15th July,1986 which 

was followed by a drop on 15th October,1986. Thereafter,the 

activity decreased and continued upto the sampling date 15th 

January,1987. Generally, similar trend of activity was re­

corded from the 10 year plantation as was in the case of 5 

year plantation. After winter season the activity increased 

in most catas (Fig.5.4). Urease activity of soil and casts 

varied within a narrow range in case of 5 year plantation 

while in rest of the plantations the difference was more 

pronounced. 

Phosphatase : 

Generally, similar trend of temporal variation in 

phosphatase activity of soil and casts was noted from all 

the plantations. Earthworm casts contained higher phospha­

tase activity than the soil(Fig.5.5). During early samplings 

higher phosphatase activity was recorded in soil as well as 

in casts. Peak in phosphatase activity was noted on 15th 
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July,1986. Thereafter, phosphatase activity decreased in 

most cases, A slight increase in activity was noted &n 15th 

November, 1986 in 5 year and 10 years plantations which was 

again followed by a drop. The activity increased on 15th 

February,1987 in most cases except that of 5 year planta­

tion where increased activity was noted on 15th March,1987. 

Plantation-wise variation in phosphatase activity within 

soil and casts followed a trend 10 year > 5 year > 1 year 

(Fig.5.5) . 

Organ carbon ; 

Percentage organic carbon of the soil and casts are 

shown in Fig.5.6. Earthworm casts contained higher organic 

carbon than the surrounding soils (Fig.5.6). Generally, 

similar trend of temporal variation in organic carbon of 

soil and casts was noted from all the plantations. Initial­

ly, soil and casts contained higher organic carbon. The 

drop in organic carbon was noted after September, 1986 and 

upto sampling period 15th February,1987 the organic carbon 

content remained at a low level. Thereafter, the organic 

carbon content of the soils increased (Fig.5.6). 

Nitrogen : 

Fig.5.7 depicts the variations of percentage of 

nitrogen in soil and in casts. From the fig.5.7 it is 

evident that casts always contained higher nitrogen than 

the soil. Peak in nitrogen content was noted on 15th July, 



Fig. 5.6 Monthly variation in phosphatase 

activity of earthworm cast and 

soil of pineapple plantations. 
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Fig. 5.7 Monthly variation in total nitrogen 

content of earthworm cast and soil 

of pineapple plantations. 
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Fig.5,,8 Monthly variation in available 

phosphorus of earthworm cast 

and soil of pineapple planta­

tions. 
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Fig.5.9 Monthly variation in exchangeable 

potassium of earthworm cast and 

soil of pineapple plantations. 
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1986 in all the cases followed by a drop. An increase in 

nitrogen content was observed on 15th January, 1987 in case 

of 1 year plantation and 15th February, 1987 in case of 5 

year and 10 year plantations. 

Available phosphorus % 

Available phosphorus of soil and casts is shown in 

Pig. 5.8. Phosphorus content of soil and casts in the three 

plantations differed in a wide range (Fig.5.8). In case of 

5 year plantation the temporal variations were not much 

pronounced except that of a drop during winter (Fig.5.8). 

In 1 year and 10 year plantations a peak was observed du­

ring winter (Fig.5.8). In 1 year and 10 year plantations a 

peak was observed during July/August. The peak was more 

prominent in case of casts than that of the soil (Fig.5.8). 

In cases of 1 year and 10 year plantation phosphorus con­

tent decreased after attaining the peak and continued upto 

the sampling date 15th January, 1987. In most cases in­

creased phosphorus content was noted on 15th February,1987. 

Exchangeable potassium : 

Fig.5.9 shows the variation in exchangeable potas­

sium in soil as well as in casts. From the fig.5.9 it is 

quite evident that earthworm casts always contained higher 

exchangeable potassium than the soil (Fig.5.9). Generally, 

similar trend of variation in exchangeable potassium was 

noted from all the plantations studied. Peak in exchange-
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able potassium was recorded on 15th July, 1986 in all the 

plantations and thereafter a decrease was noted. Rise in 

exchangeable potassium was generally, noted at the end of 

the sampling dates (Fig.5.9). 

DISCUSSION 

Vleeschauwer and Lai (1981) reported that earth­

worm casts had about two to six times more organic matter 

content, two to four times more nitrogen, two to eight 

times more bray phosphorus than the parent soil. Lai and 

Vleeschauwer (1982) further, assessed that worm casts con­

tained 2.3 to 1.5 times more organic matter, 1.8 to 1.2 

times more nitrogen, 1.6 to 1.3 times more bray phosphorus, 

3.1 to 2.2 times more exchangeable potassium than the top 

10cm of the soil. Syers et a_l. (1979) noted that casts con­

tained higher total nitrogen (3.8mg N g~" ) than that of the 

underlying 0.5cm soil (2.3mg N g~* ) . Sharpley and Syers 

(1976) found that the earthworm casts were enriched in 

water soluble phosphorus in comparison with the underlying 

soil. Recently Krishnamoorthy and Vajranabhaiah (1986) stu­

died the biological activity of earthworm casts and found 

that it is rich in ammonia, urea, organic carbon content, 

soluble phosphorus and ionic potassium levels. 

The results of present study are in general confor­

mity with the observations of above authors. The nutrient 
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enrichment of casts relative to the soil matrix occurs 

because the organic materials ingested by earthworms con­

tain a higher concentration of nutrients than the soil. 

Barley and Jennings (1959) suggested that the action of 

digestive secretions enhanced the decomposition of organic 

matter. The increase in the Nitrogen content of casts has 

been attributed to the intimate mixing of plant remains 

and animal manure with mineral soil in the digestive tract 

of the earthworms (Lunt and Jacobson, 1944). The main nitro­

genous waste excreted by the earthworms is ammonia. Besides 

ammonia, other substances like urea, uric acid and amino 

acids are also excreted in. much smaller quantities. These 

waste -materials are discharged into the gut lumen from 

where they are eliminated with faeces. This may be the 

reason for nutrient enrichment of casts. Another reason for 

the high concentration of Nitrogen in the casts might be 

the rapid mineralization of crop residues because there is 

slight evidence in the support of the hypothesis that earth­

worms have a positive influence on N fixing bacteria (Day, 

1950; Khambata and Bhatt, 1957). 

Nitrogen content of the surrounding soil and the 

earthworm casts varied significantly (P=0.01). Feeding and 

burrowing activities of the earthworms enhance the availa­

bility of phosphorus to the plants. Mackay et al. (1982) 

suggested that ingestion of phosphate rock (PR) particles 
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by the earthworm during feeding, could lead to an increase 

in the degree of intimate contact of the phosphate rock 

with the soil during passage through the digestive tract. 

This intimate contact could promote dissolution of the PR, 

leading to an increase in the plant availability of phos­

phorus in the phosphate rock. Mackay £t al. (1983) further 

suggested, that both burrowing and casting activity of 

earthworms indirectly increase the availability of phospho­

rus to the plant. The difference in the available phospho­

rus between the casts and the soil was found statistically 

significant (P«0.05), 

In present investigation the higher values of orga­

nic carbon and exchangeable potassium were recorded from 

the casts. Syers et al. (1979) and Vleeschauwer and Lai 

(1982) also recorded several fold increase in organic 

matter and exchangeable potassium of the casts in compari­

son to the soil. Difference in organic carbon and exchange­

able potassium in both cases (Casts and soil) was statisti­

cally significant (P=0.001/ 0.05). 

Numerous investigatGrxSSr have reported increase in 

numbers of microorganisms in either the gut or casts mate­

rial of earthworm in relation to the surrounding soil 

(Satchell, 1967; Kozlovskaya, 1969; Dash et al. 1979; Brown, 

et al. 1978). Ponomareva (1962) observed 13 times more 
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bacteri? in earthworm casts than the surrounding soil. 

Several folds increase in numbers of fungi/ bacte­

ria and actinomycetes in earthworm casts was also reported 

by Parle (1963) and Dkhar (1983). 

Earthworm casts harboured higher bacteria and fungi 

in the present study also. Presumably the conditions were 

less suitable for the growth of fungi in the earthworm 

tract because the difference in fungal population between 

casts and soil was less than that of the bacterial popula­

tion. Recently Gorbenko e_t al_. (1986) have noted that the 

fungal mycelium decreased abruptly and bacterial <£ill con­

tent increased in faeces of earthworm. Domsch andBanse(1972) 

reported total destruction of fungi after passing through 

the earthworm intestine. Dawson (1947) observed that the 

number of bacteria was reduced by passage through the diges­

tive canal while fungi were unaffected. 

Higher microbial activity in earthworm casts might 

be due to intensification of the mineralization process 

(Kozlovskaya 1969). Another possibility for difference in 

microbial population in earthworm casts and surrounding 

soil may be due to environmental changes within the earth­

worms digestive tract or due to the food material ingested 

which provides a rich substrate for the growth of micro­

organisms. 
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Quantitatively the microflora of soil and casts did 

not differ much. Generally, fungi isolated from casts were 

also found in the soil. Satchell (1967) and Lofty (1974)also 

reported a similar finding. 

Earthworms do not digest all the fungal species 

which they ingest with their food (Nielson, 1962). There is 

some evidence that some of the microorganisms which are taken 

by the earthworm are digested during their passage through 

the earthworm gut and the spores of some fungi germinate 

after passing through the earthworm gut (Dash et al.1979). 

From tables 5.2 - 5.7> it is evident that Penicillium 
HI 11 . -

liliacinum and Torula herbarum were found to be present in 

the surrounding soil and were not recorded from the casts, 

thereby indicating that these species are digested in the 

alimentary canal of the earthworms. On the other hand, 

Aspergillus niger» Curvularia maculans and Penicillium fellu-

tanum; P. funiculosum- P. claviforme and Curvularia maculans 

which were not present in the soil were isolated from the 

earthworm casts. Probably these fungi were taken by the 

earthworms from other sources besides soil. Another possibi­

lity is that probably the spores of the above fungi germina­

ted after passing through the digestive tract while in the 

soil although they might have been present and could not be 

isolated as they did not germinate. Presence of Fusarium 

moniliforme; F. solani; Mucor hiemalis; M. plumbeus, 
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M. racemosus; Absidia qlauca; Trichoderma viride; T.koninqii;' 

Penicillium chrvsogenum; P. fellutanum; P. funiculosum. P. 

javanicum; P. vermiculatum; Alternaria alternata; Aspergillus 

niqer; Cunninqhamella echinulata; Gonqronella butleri; 

Humicola fuscoatra; Mortierella ramanniana; Paecilomyces 

liliacinum; white and yellow sterile in both the soil as 

well as in casts indicated that these species were not affec­

ted by the passage through the digestive tract of the earth­

works. 

The type and quality of ingested material helps to 

determine the size of microfloral populations in casts. The 

composition of fungal species of earthworm casts possibly 

depends on the flora of the plant material recently eaten 

by them. Further, the occurrence of similar type of fungal 

species ir. the soil as well as in the casts of the earth­

worm indicates that majority of them are not digested in the 

gut of the earthworms. 

Differences in fungal population between casts and 

soil were not found to be statistically significant. While 

statistically significant (P=0.05) difference was noted in 

the bacterial population of the earthworm cast and surroun­

ding soil. 

Seasonal variation in the microbial population and 

their activities of the earthworm casts and soil might be 

due to variation in the organic matter content, soil pH and 
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moisture. Increase in dehydrogenase, urease* and phosphatase 
* 

activity were noted in casts than the soil. Syers e_t _al. (1979)? 

Roos and Cairns (1982); Businelli et al. (1984) and Satchell 

and Martin (1984) also reported several fold increase in the 

dehydrogenase, urease and phosphatase enzyme activities in 

the earthworm casts. The number of microbes fungi and bacte­

ria increased several folds after passing through the gut 

which might be responsible for the increase in microbial 

activity (Parle, .1963). This enhanced microbial activity is 

probably responsible for the increased dehydrogenase (Ross 

and Roberts, 1970), urease (Syers et̂  al.1979) and phospha­

tase (Sharpley and Syers, 1976) enzyme activity of the earth­

worm casts. 

The higher urease activity in the casts could be 

attributed to increase in amounts of organic matter content 

(Syers et al.1979).. Urease is known to be highly correlated 

with the organic matter contents (Beri et al.1978). 

Higher phosphatase activity in casts may collective­

ly be due to the substantially increase directly by the worms 

own enhanced enzymestic level and also indirectly by the 

8fc£mtllation of the microflora (Satchell and Martin, 1984; 

Sharpley and Syers, 1976). 

Seasonal variations in enzymes activities of sur­

rounding soil and earthworm casts are generally associated 

with fluctuations in soil moisture, temperature, microbial 



128" 

population, organic matter and available phosphorus content. 

Differences in the enzymeactivity estimations of 

soil and casts were analysed statistically and most of the 

differences were statistically significant. Difference 

between the enzymes activities (dehydrogenase, urease, phos­

phatase) of soil and casts were found to be statistically 

significant (P=0.05). 

Feeding and burrowing activities of earthworm 

increased the microbial activity and nutrient status of the 

soils. It may be concluded that earthworms are responsible 

for the distribution of soil fungi, enrichment of casts in 

C,N,P,K contents and microbial activity. Earthworms bring 

out favourable changes in nutrient contents of the soil 

which is probably done through the enhanced microbial popu­

lations and rates of biochemical processes. 



G E N E R A L D I S C U S S I O N 
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Physico-chemical characteristics viz., soil tempera­

ture, moisture, pH and C,N,P,K contents of three plantation 

soils showed a decreasing trend along depth (Fig. 1.1-1. 7). 

Higher soil temperature recorded from the surface (0-10 cm) 

s^ils was due to heating by solar radiations. Low soil tem­

perature in deeper soils could be ascribed to the insulation 

effect of the upper soil and litter layer. Higher moisture 

content in surface soils was found to be directly correla­

ted with the rainfall (Fig.1.2). During winter the higher 

moisture content in deeper soils and lower in surface soils 

might ba attributed to the less rainfall and',fodj{jh evopera-

tion rate during the same period. pH of the soils did not 

differ significantly in all the three plantations and at 

different depths. In general, the surface soils of pine­

apple plantaion soils was more Boidia -fch«in ithe deeper 

soils. Monthly variation in %moisture, temperature and pH 

of pineapple plantation soils was more pronounced in sur­

face (0-10 cm) Soils as also reported by Das(1980), Baruah 

(1983) and Dkhar (1983) from the forest, rice and maize 

field soils respectively. Generally, similar trend of tem­

poral and depthwise variation in these properties of the 

soils was noted from all the three plantation soils. These 

characteristics of all the three plantation soils did not 

differ much which might be attributed to the little site 

variations. However, monthly and depthwise variations 

among all the plantations soil varied in a wide range 

which was in correspondence to the climatic changes. 
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Surface (0-10 cm) soils of all the plantations 

showed higher concentrations of C, N, P and K (Figs.1.4-1.7) 

which might be due to higher organic matter present on the 

surface of soils (Blackmore, 1966; Dkhar, 1983). Surface 

layer is continuously enriched by the nutrients released 

from the decomposing litter, this may be the another reason 

for the higher concentration of nutrients in surface soils. 

For these elements the deeper soils mainly depend on the mi­

neralization process at the surface layer, beeause the nu­

trients released in this layer percolate down the profile 

along with the water. Temporal variations in nutrient con­

tents is related to the variations in 'biological activity' 

occurring in this zone. 

Depth-wise, organic carbon content of the pineapple 

plantation soils showed a trend 0-10 cm > 10-r20 cm > 20-30 

cm depth soils. Temporal variation in organic carbon con­

tent was more pronounced in surface soils than those of the 

deeper soils (Fig.1.4). These variations may be partly rela­

ted to the release of organic matter from the accumulated 

litter on the surface. Similar result was also noted by 

Singh (1980) in broad leaved forest soils. Increased orga­

nic carbon during spring (March) might be due to addition 

of more organic matter from the decomposing litters during 

the same period. Because during spring a large amount of 

litter in the form of dead and old leaves was added to the 

soil. Higher microbial activity during the same period may 
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transfer the soluble organic matter from decomposing lit­

ters. During spring and following summer the activity of 

microorganisms was maximum. Thus, a large amount of organic 

matter is lost through soil respiration and mineralization 

resulting into lower values of organic carbon and nitrogen 

during winter months (Tiwari et ad. 1987 c). Depth-wise 

distribution of N content was found to be quite similar to 

that of the organic carbon content (Fig.1.5). Phosphorus 

content of the soils did not vary much along depth however, 

surface (0-10 cm) soil showed higher phosphorus content. 

Increased phosphorus content of the soils in spring is re­

lated to the greater microbial activity during the same 

period as also reported by Ahlgren and Ahlgren (1965). Lit­

tle variations of phosphorus contents in deeper soils might 

be due to the immobility of the phosphates (Bieleski, 1973). 

Exchangeable potassium of the soil was in correspondence 

with the soil temperature as higher concentration of this 

cation was noted during the higher temperature conditions. 

Haagsma and Miller (1963) also reported the similar results 

Moisture content of the soils was also found directly rela­

ted to the availability of potassium as was also noted by 

Kuchenbuch et al_. (1986) . 

Higher concentrations of all nutrients (C,N,P and 

K) was noted from the surface (0-10 cm) soils which de­

creased with increase in depth (Figs.1.4-1.7). Increased 

levels of all nutrients were noted during.spring (March) 
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and lower values were generally, recorded during winter in 

all the plantation soils (Figs. 1.4-1,7). 

Temporal and depth-wise variation in physico-chemical 

characteristics of the pineapple plantation soils was quite 

similar to variations in agricultural soils of this region 

(Baruah, 1983; Dkhar, 1983). 

Microbial population (fungi and bacteria) showed 

more $£ less similar trend of monthly variation in all the 

plantations studied (Figs.2.1,2.2). Fungal and bacterial 

population per qram dry soil was highest in surface (0-10 cm) 

soils which decreased with increasing depth(Fig.2.1). In 

case of fungi higher number of fungal propagules was recor­

ded from the deeper soils during winter (Fiq.2.1). Higher 

fungal population was recorded during spring (March) while 

lower population was recorded during winter (Fig.2.1). Low 

fungal population during winter in all the plantation soils 

appears to be due to effect of low temperature during the 

same period (Fig.1.1). The effect of low temperature was 

more pronounced in surface. Sibils. Probably, due to insula­

tion, fungi of deeper soils were less affected resulting 

into higher populations in deeper soils. Results of the 

present study are also in conformity with the observations 

of Dwivedi (1965); Tyagi (1973) and Behera and Mukerji 

(1985). Increase in fungal population of deeper soils, was, 

however, not observed by these workers could be the above 

studies were conducted at lower altitudes where winter 
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temperature did not drop beyond the tolerance limit of the 

fungi. Two peaks in bacterial population were noted; one in 

September and another in April during both the study years 

(Fig.2.2). In September the increased moisture level of 

soils might be responsible for the increased bacterial popu­

lation. During April higher b&cterial population is ascribed 

to the onset of rains resulting into increased moisture which 

may transfer the soluble organic matter from decomposing 

plant litter as most of the litter are added to the soil du­

ring this period. Rise in temperature may also be responsi­

ble for th-e increased bacterial population during the same 

period (Fig. 1.1.). The drop in bacterial population during 

winter may be ascribed to the low temperature (Fig.1.1). and/ 

or depletion of soluble organic matter. Higher microbial po­

pulation (fungi and bacteria) in surface (0-10 cm) soils 

could be attributed to the hiaher organic carbon and favou­

rable moisture content in the layer (Tate and Terry, 1980; 

Baldenosperger, 1981; Deka, 1981; Kauri, 1982; Baruah, 1983; 

Dkhar, 1983). Temporal variation in microbial population 

(fungi and bacteri ) is in correspondence with the changes 

in soil organic matter content, moisture content, tempera­

ture and pH (Dwivedi, 1966; Mishra, 1966; Wong, 1975; Dunn 

et al_. 1985; Dkhar and Mishra, 1987; Tiwari et al. 1987 b) . 

Fungal population correlated positively with soil moisture, 

temperature, organic carbon, total nitrogen, available phos­

phorus, exchangeable potassium contents, dehydrogenase and 
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urease activity. However* a negative correlation was also 

observed between fungal population and CO.* evolution1 (Tables 

2.19-2.21). Bacterial population correlated positively with 

soil temperature, phosphatase and urease activity (Tables 

2.19-2.21). 

Fungal flora of different plantations did not vary 

significantly (Tables 2.1-2.18). Similarly/ the fungal spe­

cies did not show marked differences along depths. Majority 

of the fungal species were generally isolated from all the 

depths and from all the plantations irtradied. Pugh (1962) and 

Wohlrab êfc a^. 1963) pointed out that each Vegetational com­

munity harbours a specific mycoflora. More or less.'fungal 

flora of all the plantations are attributable to the similari­

ty in type of vegetation cover (Mishra and Kanaujia, 1972). 

From the tables 2.1-2.18, it is evident that different fungal 

species wara not confined to a particular soil horizon. Hard­

ly a few species were found to be restricted to a specific 

depth or plantation. Distribution of most of the fungal spe­

cies to all dapths may be ascribed to the activities of soil 

animals (earthworms) because their feeding and burrowing 

activity homogenize the species composition along all the 

depths. 

Higher activities of all the studied enzymes namely; 

dehydrogenase, urease and phosphatase were found in surface 

(0-10 cm) soils which decreased with increasing depths 

(Figs.2.3-2.5). Increased enzyme activities were generally 
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noted during spring in all the plantation soil. During win­

ter the activities of all the enzymes were minimum. Generally, 

similar trend of variation in the activities of the enzymes 

were noted in all plantations. Dehydrogenase activity in 

pineapple plantation soils is related to the soil tempera­

ture, moisture m u organic carbon content of the soil as du­

ring the period of higher dehydrogenase activity they were 

also higher (Figs. 1.1,1.2,1.4). Fungal and bacterial popu­

lations were not found to be correlated with dehydrogenase 

Similarly, Das and Mishra (1986) also did not find any cor­

relation between or-janic matter content, microbial popula­

tion and dehydrogenase activity. But contrary to the above 

several other worker found dehydrogenase activity to be cor­

related with bacterial population (Dash et ajL. (1981? Baruah, 

and.Mishra, 1983? Dkhar and Mishra, 1984) and organic car­

bon (Rao and Ghai, 1985* Tiwari et al.. 1987 b) . Urease acti­

vity was found principally associatedxwith organic carbon, 

soil temperature, moisture and bacterial population (Figs. 

1.4,1.1,1.2,2,2). Results of the studies of Dalai (1975), 

Tabatabai (1977), Beri et al. (1978), 0'Toole et al. (1985) 

and Tiwari et .al. (1987 b) were also in conformity with the 

present investigation. In the present study phosphatase ac­

tivity was found to be regulated by soil temperature and bac-i 

terial numbers (Figs. 1.1,2.2). Nannipieri et al_. (1979), 

Appiah and Thomas (1982) and Chhonkar and Tarafdar (1984) 

also reported positive correlation between organic carbon 
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content, bacterial population and phosphatase activity. pH 

and phosphorus content, of the soil did not exert any effect 

on phosphatase activity in soils of pineapple plantations 

(Tables 3.19-2.21). C0~ evolution decreased with increase 

in depth which is in general conformity with the observations 

of Baruah(1983) and Tiwari et al. (1987 c). In present in­

vestigation C0« evolution was not found to be correlated with 

the fungal and bacterial populations estimated by plate 

culture procedures as CCU evolution was maximum during the 

periods when microbial population was minimum (Figs. 2.1,2.2). 

During winter CO- evolution was maximum which is contrary to 

the observations of earlier workers (Siddiqui and Singh, 1981; 

Dkhar, 1983; Singh, 1984). Although it is difficult to un­

derstand what factor actually was responsible for the 

increased C02 evolution during winter. However, one possible 

explanation may be that during winter months the moisture 

level dropped (Fig.1.2).which increased the aeration of soil 

favouring the gasseous exchange. A part of the CO- evolved 

during winters might have come from the dead and decaying 

microbes as winter months, showed lower microbial population 

levels (Figs. 2.1,2.2). 

Decrease in enzymes activity with increasing depth 

might be due to unfavourable environmental conditions pre­

vailing in the deeper region of the soil (Duxbury and Tate, 

1981). Another reason for decreased microbial activity in 

deeper soils may be the lower microbial population and 
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nutrient status of the deeper soils. Seasonal and depth-wise 

variation in microbial population (fungi and bacteria) was 

mainly regulated by soil moisute, temperature,, available 

phosphorus, exchangeable ootassium and organic carbon con­

tents. Soil pH did not correlate with fungal population 

(Tables i.19-2.21).Monthly and depth-wise variation of bac­

terial population was mainly dependent on soil temperature 

while moisture content had no effect on the bacterial popu­

lation. 

Similar trend of temporal and depth-wise variations 

in microbial population and their activities reflects that 

most of these parameters are regulated by same or similar 

set of environmental factors. Soil temperature, moisture, 

organic carbon, total nitrogen, potassium and available phos­

phorus content appeared to be most important factors that 

regulate the population and activities of microorganisms in 

the soils of pineapple plantations. Different r values for 

the three plantations (Tables 2.19-2.21) revealed that age 

of plantation has a definite influence on the interrelation­

ship among various physico-chemical and microbiological cha­

racteristics of soil.The seasonal pattern in microbial acti­

vity in the pineapple plantation soils is more like forest 

soils of this region (Das and Mishra, 1986) than the soils 

under annual crops (Baruah and Mishra, 1984).It may be con­

cluded from the present study that within the same climatic 

belt the seasonality of microbial activity differs widely 



138 

depending on the types of vegetation and agricultural prac­

tice. 

Results of the study on decomposition of pineapple 

litter show§d that leaf litter decomposed more rapidly than 

the root litter. Rapid breakdown of leaf litter may be as­

cribed to the rapid losses of polysacchrides from the leaf 

(Dkhar, 1983; Smith, 1966). The slow rate of decomposition 

during early period may be attributed to the low moisture 

temperature (Table 3.1) and microbial population (Figs.3.2, 

3.3). Increased rate of decomposition in both cases at 120-

300 days might be due to higher moisture and microbial, popu­

lation during the same time (Moore, 1986). At 360 days the 

rate of breakdown dropped in both cases which are ascribed 

to the depletion of food reserve which resulted into lower 

microbial activity (Shukla, 1976). 

Population of microorganisms (fungi and bacteria) 

was low at the early phase of the decomposition. Fungal and 

bacterial population peaked at the 120 and 480 days when 

the moisture content was also higher which probably helped 

in the rapid growth of the microbes. It may be- suggested 

that release of suitable nutrients from the litter coupled 

with favourable moisture and temperature played an impor­

tant role in the growth of microflora during the decompo­

sition of litters. Higher fungal population recorded from 

the leaf littfer might be due to larger surface area of the 

leaf as it provides better chances for microbial coloniza­

tion. 
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Mycoflora of decomposing leaf and root exhibited more 

or less similar spectrum of fungal species (Tables 3.2/3.3). 

It suggests that fungi are non-selective and they can utilize 

a wide variety of substrates.Fungal species Cladosporium 

herbarum was restricted to leaf litter and Aspergillus nedu-

lans, Curvularia maculans, PenicUliUffl javanicum were found 

restricted to the root litter (Tables 3.2,3.3).Generally, 

Fusarium moniliforme, F. splanl and Peoicillium chrysoqenum 

occurred on both the decomposing litters. Presence of thes° 

fungi on decomposing of litters. Temporal variations in de­

composition rate may be ascribed to changes in- Climate and 

physico-chemical characteristics of the litters and micro­

bial activity during the decomposition process (Pugh, 1958; 

Witkamp, 1963; Holm and Jenson, 1972; Shukla and Singh, 

1984). 

Results of the present study demonstrated that pro­

cess of litter decomposition is largely governed by the 

chemical composition of substrate, climate and microbial 

activity. The increase in the nitrogen content during the 

later phase of decomposition may be attributed to the immo­

bilization of nitrogen to the microbial biomass (Saito,1957? 

Iverron, 19'73; Das, 1980). 

Earthworm population in different plantation soils 

followed a trend 10 year > 5 year > 1 year. Higher popu­

lation in older plantations may be ascribed to the higher 

moisture content, pH and organic matter content of the soils 
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(Figs. 4.2/4.3). Higher amount of litter production,less 

degree of disturbance in older plantations may also be one 

of the reasons for the higher earthworm populations. In 1 

year plantation low earthworm population is attributed to 

the low moisture and production of less amount of easily 

available food and organic matter to the earthworms.Higher 

degree of disturbance during transplantation may also be 

ascribed to the low counts of the earthworm'.in 1 year plan­

tation soils (Syer and Springeet, 1984). In the present 

study earthworms were isolated from April to November (Fig. 

4.4) which might be due to suitable soil temperature and 

moisture as these are the most important factors which regu­

late the earthworm population in the soils (Cotton and Curry, 

1982). During dry winter, earthworm population is dropped 

and during the coldest months earthworm population is re­

duced to zero (Fig.4.4). With the onset of coldest months 

earthworms might have gone under diapause or may have become 

quiescent (Syers e_t a_l. 1979) . 

From the results it could be inferred that soil 

temperature and moisture were the most important factors 

regulating the earthworm population in soils. During win­

ters low soil temperature was found responsible for the low 

population of earthworms during the same time. Peak in 

earthworm population during July was largely due to mois-

ture. The variations among plantations were largely due to 
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the variations in organic carbon content. Variations in 

earthworm population with time (P=0.01) as well as due to 

plantation age (P=0.01) were statistically significant 

(Table 4.2). It may be concluded that the longevity of plan­

tation/ increase the earthworm population. 

Comparative study of the earthworm casts and sur­

rounding soils revealed that casts showed several fold high­

er microbial population (fungi and bacteria),their activi­

ties (dehydrogenase, urease, phosphatase) and C,N,P,K con­

tents. The nutrient enrichment of casts may be ascribed to 

the selective feeding of earthworms on the soils richiin 

organic materials.Similar observations were also reported 

by Syers e_t al. (1979) and Krishnamoorthy and Vajranabhaiah 

(1986). Increase in the nitrogen content of casts has been 

attributed to the intimate mixing of plant remains and ani­

mal manures with mineral soil in the digestive tract of the 

earthworms (Lunt and Jacobson, 1944). The excretory pro­

duct (ammonia, urea, uric acid, amino acids) which are eli­

minated with fasces may also be attributed to the nutrient 

enrichment of casts. Feeding and burrowing activities of 

earthworms increase the availability of phosphorus in the 

soil. Mackay et al_. (1983) also reported the similar re­

sults. Difference in nutrient contents of the casts and 

soils were statistically significant. 

Increase in bacterial population was more pro­

nounced than the fungal population in earthworm casts. 
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Presumably the conditions were less suitable for the growth 

of fungi in the earthworm tract. Recently, GorBenko et_ al. 

(1986) noted that fungal population decreased in the faeces 

of earthworms. Increased microbial population in earthworm 

casts might be due to the intensification of the minerali­

zation, ̂process. Another reason for the difference in micro­

bial population in casts and soil may be attributed to the 

environmental changes within the earthworm's digestive tract 

or to the food material ingested which provides a rich sub­

strate for the growth of microorganisms. Qualitatively fungal 

flora of casts and soil didi.not differ much. Only a very few 

species were found restricted either to casts or to the soil. 

Penicillium liliacinum and Torula herbarum were found res­

tricted in the soil. It appeared that these species were di­

gested in the alimentary canal of the earthworms. On the 

other hand, Aspergillus niger; Curvularia maculans; Penicil­

lium fellutanum; P. funiculosum; P, claviforme and Curvula­

ria maculans were isolated only from the casts. Probably 

these fungi were taken by the earthworms from other sources 

besides soil. Another reason for the presence of these spe­

cies in the casts; maybe that the spores of these fungi 

germinated after passing through the digestive tract while 

in the soil although they might have been present but could 

not be isolated as they did not germinate. Differences in 

fungal population between casts and soil were not found to 

be statistically significant while statistically signifi­

cant variation was noted in the bacterial population of the 
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earthworm casts and surrounding soil. Seasonal variation in 

the microbial population may be ascribed to the variation 

in soil moirture, pH and organic matter contents. 

The number of microbes (fungi and bacteria) increased 

several folds after passing through the gut which might be 

responsible for the increase in microbial activity (Parle, 

1963).This enhanced microbial activity is probably respon­

sible for the increased dehydrogenase, urease and phospha­

tase enzyme activity in earthworm casts. Ross and Roberts, 

(1970), Sharpley and Syers (1976) and Syers et al. (1979) 

also reported the increased levels of such enzyme in earth­

worm casts. Seasonal variations in enzymes activities of 

soil and casts are generally, associated with fluctuations 

in soil moisture, temperature, microbial population, orga­

nic matter and available phosphorus content. Differences in 

enzyme activities of soil and casts were statistically sig­

nificant. 

Feeding and burrowing activities of earthworms in­

creased the microbial activity and nutrient status of the 

soils. It may be concluded that earthworms are responsible 

for the distribution of soil fungi and they "bring out fa­

vourable changes in nutrient contents of the soil which is 

probably done through the enhanced microbial pov^ulations 

and rates of biochemical processes. 
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The study was carried out in pineapple (Ananas 

comosus L.) plantations of three ages viz., 1 year, 5 year 

and 10 years. The soils of these plantations were analysed 

for soil moisture, temperature, pH. Organic carbon, total 

nitrogen, available phosphorus and exchangeable potassium. 

Generally, soil temperature, moisture, and pH showed a de­

creasing trend along increasing depth. During winter higher 

moisture content was recorded from the deeper soils. The 

contents of the C, N, P and K was higher in surface (0-10 

cm) srfcils which decreased with increase in depths. Temporal 

variation in physico-chemical characteristics was more pro­

nounced in surface soils in comparison to the deeper soils. 

Higher concentration of .all elements (C,N,P,K) was recorded 

in spring (March) while lower levels were recorded in the 

winter. 

In general, microbial population (fungi and bacte­

ria) and their activities were found to be higher in surface 

(0-10 cm) soils which decreased with increasing depths. 

Te-nporal variations in microbial population and their acti­

vities showed more or less similar trenJ in the three planta­

tions. Increased populations and activities of microorga : 

nisms were noted in spring (March-May) which decreased du­

ring winter. Higher levels of dehydrogenase, urease and 

phosphatase were recorded from the surface soils. The dee­

per soils showed low levels of all the studied enzymes. The 

C00 evolution was higher in surface soil than the deeper 
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soils. The maximum C0„ evolution was recorded in winter 

(December). 

Qualitatively fuhgil flora of different plantations 

did not differ much. Similarly, depth-wise distribution of 

fungal species also did not show marked difference. Majority 

of the fungal species were common to all the depths. A total 

number of 33 fungal species were isolated from all the three 

plantations soils. 1 year plantation soils exhibited highest 

number (31) of fungal isolates which was followed by 5 year 

(29) and 10 years (28) plantations soils. Altemaria alter-

nata and Monilia sp.' were not recovered from 1 year planta­

tion soils. Aspergillus yersicular; Curvularia lunata? 

Monilia sp; Mortierella ramanniana and Verticillium ch_lamy_"" 

dosporum were not isolated from 5 year plantation soil. 

Cunninqhamella echinulata and flvcogone albci were not recor­

ded from the 10 year plantation soils. Species of Fusarium 

were isolated throughout the study period from all the three 

plantation soils. Soil temperature, moisture, organic car­

bon, total nitrogen, potassium and available phosphorus con­

tents appeared to be the most important factors which regu­

late the population of fungi and bacteria. Similarly, these 

factors were also found to be regulating the dehydrogenase 

urease^ phosphatase and C0_ evolution in soils. 

Microbial decomposition of pineapple litter (leaf 

and root) was studied in field condition. Olson's (1963) 
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exponental ctecay model was followed and it was found that in 

case of leaf the 95% life was (1911.07) while in case of 

root it was (2575.99) days. The present study demonstrated 

that leaf decomposed more rapidly than the root. In general, 

during spring and rainy summer seasons the rate of decompo­

sition was higher. During dry winter the rate of litter de­

composition was slow. In general, the leaf litter contained 

higher concentrations of N and K while P content was higher 

in root litter. The concentrations of all elements increased 

during the early phase of decomposition which was followed 

by a drop. Concentration of all the elements again increased 

during the last phase of the decomposition. Quantitatively 

and qualitatively fungal flora of decomposing litters (leaf 

and root) did not differ much. Majority of the fungal iso­

lates were common on both the litter types. Aspergillus 

niger; Fusarium moniliforme; Mucor hiemails; Penicillium 

chrysogenum and Trichoderma viride were the most common 

fungal isolates recorded from both the litters. Cladospo-

porium herbarum was found restricted to the leaf litter 

while Aspergillus nedulans; Curvularia maculans and Peni­

cillium j avanicum were found to be restricted to the root 

litter. Generally, a similar trend of temporal variation 

in fungal and bacterial population was noted from both the 

decomposing litters (leaf and root). 

Earthworm population in three plantations soils 

showed a trend 10 year •> 5 year > 1 year. All the 
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plantation soils showed a similar trend of temporal varia­

tion in earthworm population. The maximum earthworm popula­

tion was recorded during rainy summer in all the three plan­

tations. Thereafter, a drop in earthworm population was 

noted. During coldest periods (January-February) no earth­

worm population was recorded. Earthworm population signi­

ficantly ©or>celated with the soil temperature (P=0.0 5)/mois­

ture (P=0.01) and pH (P-0.01) of the soils. Variations in 

earthworm population with time (P=0.01) as well as due to 

plantations age (P=0.01) were statistically significant. 

Physico-chemical and microbiological characteris-

tics of earthworm casts were compared with the surrounding 

soils with an aim to see the effect of earthworm digestive 

tract on these characteristics of the soils. The results 

demonstrate that earthworm cas-ts contained higher micro­

bial population (fungi and bacteria) and nutrient contents 

than the surrounding soils. Fungal population of the soils 

was least affected while the bacterial population increased 

several folds. An increase in the enzyme activities (dehy­

drogenase/ urease and phosphatase) was also recorded in 

earthworm casts. The increment was more in case of dehydro­

genase activity as compared to the urease and phosphatase 

activity. Fungal flora of casts and soil did not differ 

much. Most of the fungal species were recorded from both 

the cases. However/ Aspergillus niqer, Curvularia maculans 

and Penicillium claviforme were restricted to casts and 
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Penicillinate liliacinum was restricted to soils only. Both 

casts and soil showed similar trend of temporal variations 

in physico-chemical characteristics as well as microbial 

population and their activities. The differences in above 

studied parameters between soil and cast-were analysed 

statistically and they were found statistically signifi­

cant (P=0.05, 0.01, 0.001). 
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