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PREFACE

This contribution is an outcome of a project, initiated with a research grant from
the Department of Science and Technology, New Delhi (No. HCS/DST/430/77). This
was continued till 1987 with periodic soil sampling from the experimental fields of
Jute Agricultural Research Institute, Barrackpur, West Bengal with a view to monitoring
regularly the changes in soil faunal composition as a result of crop rotations, applica-
tion of chemical fertilizers, pesticides, herbicidal chemicals and other agronomic
practices. Changes in soil fauna arising out of continuous cultivations was monitored
every year to Indian Council of Agricultural Research (Jute Agricultural Research
Institute, Barrackpur, West Bengal). The computation and analysis of data was
carried out with the help of Indian Statistical Institute, Calcutta.

I am grateful to the Department of Science and Technology, New Delhi for
providing me the grant, the Director, Zoological Survey of India (Ministry of Environ-
ment and Forests) for facilities, the Director, Jute Agricultural Research Institute,
Barrackpur, West Bengal for their benevolent assistance and the Director, Indian
Statistical Institute, Calcutta for assistance in statistical analysis.

I am also thankful to the staf members of the Apterygota Section (H. Q.) for
their technical assistance and the regional stations of the Survey (Desert Regional
Station, Jodhpur, Western Regional Station, Pune, Eastern Regional Station, Shillong)

for sending me the collections of Collembola dealt with in section-B of this contribu-
tion,



SECTION—A

EFFECTS OF CONTINUOUS CULTIVATIONS ON SOIL
MICROARPOTHODS WITH SPECIAL REFERENCE
TO COLLEMBOLA (INSECTA)
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INTRODUCTION

Agroecosystems are man-made (hence, sometimes called ‘‘domesticated
ecosystems”), originated mostly through deforestation and conversion of grasslands
and wetlands. It is intermediate between natural ecosystems, such as grasslands
and forests and man-made ecosystems, such as cities, industrial complexes and so
on, requiring constant care for 3heir maintenance. The so-called world food problem
can not be mitigated by efforts of any one discipline, such as agronomy, working
alone. Nor does ecology as a discipline offer any immediate or direct solutions, but
the holistic and system-level approaches that underlie ecological theory can make a
contribution to the integration of disciplines (Odum, 1984).

The agroecosystem, being a derived ecosystem, by nature itself is extremely
fragile. Over and above, continuous rigour of agronomic practices like tillage,
weeding, application of fertilizers, pesticides, chemical weedicides and crop rotation
by using high yielding varieties, started in this country with the onset of Green
Revolution for boosting crop production, have posed a serious question as to the
ultimate effects of all such practices on soil structure and its self-replenishing
property in tropical agroecosystem where soil fauna play key-role in the mineralisation
process. Of late, the United Nations’ Desertification Department struck a note of
caution over such exploitation of arable ecosystem and according to them the world’s
deserts are advancing relentlessly and by 2000 A. D. one-third of arable farm land in
hundred countries would turn into dust-bowls more suitable for camel racing than
farming. This study also shows that 35% of the world’s land surface is currently
at risk and livelihood of 350 million people who live there is directly threatened
unless nations set up remedial measures.

In tropical countries, where soil undergoes quick dessication, thus sapping out
the most vital factor, the moisture from soil limiting the biological interactions and
thereby the mineralisation process. In India, no intensive investigations have been
carried out on the effects of long term application of fertilizers and crop rotations on
Collembola and Acarina, chief constituents of soil microarthropods, as a part of long
term experiments being carried out in different parts of the world to find out the
effects of various agricultural practices on fauna, so useful for mineralisation and
nutrient cycling in soil ecosystem. In some long term experiments at Rothamsted
Experimental Station, England, the same fertilizers have been applied annually to plots
of grass, root crops or wheat since the 1840’s, in what are termed the ‘“‘Classical
Experiment”. Reports on the effects of rotation of crops and fertilizers on Collembola
in agroecosystem from India first came from Mitra ef al (1983, 1986), based
on observations of samples drawn from the experimental fields of All India Coor
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dinated Project on Long Term Fertilizer Experiment, initated at Jute Agricultural
Research Institute, Barrackpur, West Bengal since 1977.

In this investigation, Acarina as a group has been taken into consideration
beciuse of their biotic relationship with Collembola in soil ecosystem.

Unlike Indian sub-continent, a wealth of information is available on the effects
of various agronomic practices on soil microarthopods, specially Collembola and
Acarina, in rable soil, a summary of which is incorporated.

Effects of tillage or no-tillage practices on soil Microarthropods :

Though tillage incorporates crop residues into the mineral soil, speeding their
decomposition rates, its deterimental effects are lopsided. Wallwork (1976) summarized
detrimental and beneficial effects of tillage practicess Many workers significantly
contributed on this aspect, notable amongst them are Raw (1967), Edwards and Lofty
(1969), Allison (1973), Edwards (1975), Andren and Langerlof (1980), Stinner and
Crossley (1980) who concluded that no-tillage practice leads to nutrient and energy
conservation, biotic and abiotic components of soil, left undisturbed, are organised
into well defined soil structure and as such normal nutrient cycling is maintained with
the minimum loss of nutrient from the system. Conversely, tilling or ploughing breaks
the soil structure exposing the topsoil to leaching and erosion, biotic community is
greatly disturbed causing the reduction in population and diversity of species. Raw
(1967) recorded population density of soil arthropod as 1,80,000 per square yard in a
permanent grassland while; 18,000 per square yard from a permanent arable land
resulting predominantly from strong reduction in numbers of Collembola and Acarina
in arable soil. Bormann et al. (1974) and Waide and Swank (1976) demonstrated that
ploughing once or twice yearly is 2 major perturbation even in forest floor with well
defined soil structure over years destroying the soil system’s structure and function
and recycling of nutrients becomes minimal. Thus no-tillage or zero cultivation has
gained considerable momentum in the West including the United States of America
for conservation of soil structure and nutrient cycling in agroecosystem.

Effects of crop rotation on soil microarthropods :

Influence of croptype is markedly noticeable for oligophagous or specialised
species. It has been suggested by Edwards and Lofty (1969) that crop rotation decreases
species diversity even to a greater extent than monocultures eliminating those species
which are associated with other plants. Species diversity during crop rotation depends
also on the differences of C/N ratios of the types of crops used for rotation.

Aleinikova and Utrobina (1969, 1975) through experiment on crop rotations
demonstrated that the plant cover affects greatly the structure and animal population
within one region and one soil type. They also concluded that the dominance of the
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individual collembolan species changes depending on the plant cover. Effect of
fertilizers on microarthrorods also depend on the nature of crop (Artemjeva and
Gatilova, 1975). Faizy ef al, (1980) observed that soil insects were not only related to
a species of crop but also a function of the cultivar in relation to two cultivars of

paddy used for cultivation.

Effects of mineral fertilizers and manure on soil microarthropods :

Application of organic manure and chemical fertilizers enhances the abundance
of soil animal with the increase of activities of microbes. Raw (1967), Edwards and
Lofty (1969), Artemjeva and Gatilova (1975), Faizy et al (1980), Andren and Langerlof
(1980), Mitra et al (1983) studied the effects of mineral fertilizers and organic manures
on soil fauna, specially Collembola and Acarina, in experimental agricultural fields.
It was observed by them that inorganic fertilizers and manures enhance the population
of Collembola and Acarina to a great extent. Raw (1967) reported density of arthropods
as 18,000 per sq. vard in inorganic fertilizer treated plots (NPK and Mg) than untreated
control plots (16,000 per sq. yard). Mitra et al (1980) reported nearly four times
increase in collembolan population in the plots treated with NPK and farmyard manure
than control plots in a crop rotation of jute, wheat and paddy. Edwards and Lofty
(1969) concluded that organic manure directly influence collembolan population
serving as food while inorganic fertilizers have indirect effect by enhancing growth of
plants and microorganisms. Artemjeva and Gatilova (1975) stated that the effect of
fertilizer is determined by the nature of plant cover and the specific reaction of the
individual microarthropod groups and species. They observed a mixture of manure
and mineral fertilzers have favourable effect in boosting Collembola and Acarina
population and effect of manure was evident after 10-12 months. Marshall (1977)
reviewed the effects of manures and fertilizers on soil fauna and concluded that the
addition of farmyard manure is also important for the higher abundance of soil fauna
and consequent enhancement of soil fertility.

Effects of pesticides on soil Microarthropods :

Pesticides, being non-selective, have significant effects on soil microarthropods
when these are applied on soil or comedown through percolating rainwater when
applied on upper part of foliage.

Effects of pesticides on soil microarthropods, specially Collembola and Acarina,
and their persistence in soil ecosystem were studied by various workers like Sheals
(1955, 1956), Hartenstein (1960), Kevan (1962), Smith et al (1980), Edwards (1965a,
1965b), Edwards et al (1960, 1967), Edwards and Lofty (1969), Voronova (1968),
Heungens (1968), Dempster (1968), Dindal (1975) and others. Chandra (1967) observed
that the persistence of pesticides in soil is dependent on soil type and temperature.
At higher temperature (26°C) detoxification occurred for heavy clay and mountain
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loam soils but it persisted at lower temperatures as observed from non-nitrification
of soil. While Edwards (1965a) observed that Sevin, a carbamate compound, when
applied to soil, retains its toxicity for 6 months, Voronova (1968) found the retention
of toxicity upto one year period though initially there was an increase of Cryptostig-
matid mites, The reports on the effect of malathion (an organophosphate compound)
on soil microarthropods, specially Collembola and Acarina, are contradictory. While
Voronova (1968) observed its no effect on Collembola and Acarina, Edwards and
Lofty (1969) observed diminution of Collembola and nonpredatory mites during the
first two months after application followed by several times increase during subsequent
months, The most persistent of all pesticides are organochlorines like DDT, BHC,
heptachlor, aldrin and dieldrin which are retained in the soil and continue to affect
soil microarthropods for longer period and cause population imbalance. Sheals (1965)
found that while DDT application increases the population of Collembola several times
than control, BHC reduces it. The same author also observed that both pesticides
affect adversely the population of Mesostigmatid and Cryptostigmatid mites. The
observation was later on confirmed by Edwards and his coworkers (I. c¢it,) and other
workers like Dempster (1968) and Klee (1973) who observed that Folsomia candida
remains unaffected by DDT levels upto the order of 1,00,000 ppm in its food.
Hartenstein (1960) observed a temporary effect of DDT on Collembola through a
surface application. Heugens (1968) observed that Nemagon-20 adversely affects the
populalation of mites while population of Collembola increased by 84% than control
plots. Dindal ef al (1975) observed initial suppression of microbial respiration in an
old field community for a period of one month following an application of granular
technical DDT at the rate of 1.12 kg./ha followed by a stimulation for 17 months.
They came to the conclusion that mortality of phytophagous insects increased litter
deposition and consequently, increased microbial substrate.

Effects of Herbicidal Chemicals on Soil Microarthropods :

Weeds developing in the cultivated land, compete with food crops for nutrients,
can be removed mechanically or chemically. Conventional mechanical weeding needs
regular repetition and is too expensive. With the advancement of Industrial Revolu-
tion, many chemicals have been developed which selectively kill undesirable herbs and
shrubs in cultivated fields. Considerable amount of these chemicals, applied on the
weeds, reach the soil of cultivated land/forest floor. Eijsackers (1975) estimated under
field conditions three or ten litres of 2, 4, 5-T per hectare can drip from the leaves on
to the forest floor after spraying this chemical with a mixture of water. This contamina-
tion of soil by chemical herbicides, has caused alarmiog concern on their possible
effects on soil fauna, playing key role in mineralisation process.

Of all the chemical herbicides, 2, 4-D, which is being widely used in different
parts of the world, has received considerable attention of soil biologists. Rappoport
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and Cangioli (1963), Fox (1964) and Edwards (1965) after application of single douse of
2, 4-D while, Davies (1965) and Bieringer (1969) after repeated applications of this
herbicide for 10 and 11 years respectively found little or no significant effect on
collembolan and mite populations in the soil. Prasse (1975) observed an increase in
population of these soil microarthropods which he ascribed to the increased microbio-
logical activity and particularly bacteriological activity in the soil as a direct response
to this herbicide. It was concluded that prolonged application of this herbicide,
suppresses the growth of weeds and deprives the soil of organic material and thereby
decreasing the population of Collembola and mites.

Simazin, when applied to sandy soil, increased population of Collembola signi-
ficantly while that of Acarina slightly 6-7 weeks after its application in a dose of
2 Kg./ha (Steinbrenner efal, 1960). Edwards (1965) observed that this herbicide
reduced populations of soil animals to the third or even half of those in untreated
soil. He further observed that hemiedaphic Collembola particularly the Isotomidae
were worst affected by Simazine and other forms of Collembola including mites,
earthworms, enchytraeids, dipterous and coleopterous larvae decreased significantly
and the effect of the application continued for 3-4 months. Prasse (1975) noted
that the effect of Simazine of soil microarthropods continued for more than one
year which he attributed to worsening living conditions of most of the soil inhabiting
species for weed control through this chemical herbicide. Eijsackers (1975, 1978a, b,
c, d, 1980) studied the effects of 2, 4, 5 tricholoro phenoxy acetic acid (2, 4, 5-T) on
some species of Collemboles, isopods, millipedes and carabids in laboratory cultures
simultating natural condions by using the herbicide in different concentrations.
He observed that the direct spraying of herbicide at different concentrations has
varying effects ranging from immobilisation of animals to their death. He further
observed that the herbicide has lethal effect also through food chain on those
organisms,

Edwards (1970) studied the effects of Shell WL 19805 and observed that the effect
of this chemical herbicide is less lethal to soil microarthropods when mixed thoroughly
with soil than spraying as thin film on the surface.

Bhattacharyya and Joy (1977, 1980a, b) studied the effects of Banvel-D, Baldex-G
(Amine 2, 4-D), Nitrofen (Tok, E-25) and Propanil (Stam, F-34) in tropical agricultural
fields with lateritic soil as well as in laboratory conditions. They observed that Nitrofen
has more adverse effects on cryptostigmatid mites than Propanil.

Edwards and Lofty (1975) studied the effects of the application of Paraquat in
uncultivated field vs. ploughed field without Paraquat and observed that while the
hemiedaphic species of Collembola increased in Paraquat treated uncultivated field, the
euedaphic species of Collembola decreased in number. They also observed higher
population of Acarina, Symphyla, Diplopoda and other insects in Paraquat treated
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uncultivated field than ploughed field without treatment of this herbicide. It appears,
therefore, that the effect of this chemical herbicide on nontarget organisms is not so

severe barring the euedaphic Collembola.

MATERIAL AND METHODS

The present investigation was undertaken in the experimental plots of All India
Coordinated Project on Long Term Fertilizer Experiments, located at Jute Agricultural
Research Institute, Nilgunj, Barrackpur, West Bengal. This project was initiated
towards the end of 1970 during the Fourth Five Year Plan and subsequently was taken
up at different centres of Indian Council of Agricultural Research.

Location ;

The experimental area about one hectare (86m X 138m approx.) is situated in the
Main Farm A, of the Jute Agricultural Research Institute, Barrackpur at a latitude of
22.45N and longitude of 88.22E and is about 10,00 metres above the mean sea level.

Description of the Area and Soil :

The soil is well drained light alluvium. It is non-calcareous, loamy in texture with
medium cation exchange capacity and is neutral in reaction ; the pH in water suspension
usually ranges from 7.0 to 7.3 in the surface layers. According to the existing limits
of soil test values, it was categorised as medium to high in organic carbon, available
phosphorus and potassium and was found free from salinity. The entire area has been
under general cropping (jute, paddy, potato) or multiplication trials without maintaining
any differential manuring for the preceding three years. The initial characteristics of the
soil of the experimental field is given in Table—1.

TasLe 1. Initial characteristics of the Soil of the Experimental Area.

Constituents ;

pH 7.1

Electrical conductivity 0.2314 milliobms/cm at 25°C
Organic carbon 0.714%

Total Nitrogen 0.086%

Available Nitrogen 212.50 Kg/ha

Available P 40.90 Kg/ha

Available K 137.10 Kg/ha

Cation Exchange Capacity 19.0 m. e./100 g of soil
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Constsluents :

TasLe 1.

(Continued)

Exchangeable Ca 15.0 m. e./100 g of soil
Exchangeable Mg 2.4 -do-
Exchangeable K 0.7 -do-
Free CaCO, 0.4 -do-
Auvailable sulphur 3.26 ppm
Heat soluble sulphur 7.49 ppm
Organic sulphur 13.04 ppm
Total (Fusion Extract) Analysis :

Hcl—insoluble matter 85.60%,
(Silaca)

Sesquioxide 8.25%

Total iron (Fe,O,) 4,309

Total Calcium (Ca) 0.40%

Total P 0.105%

Total K 0.225%

Total Sulphur 26.08 ppm
Avaslable Micronutrient Analysis (DTPA Extractable) :

Zn 2.46 ppm

Mn 16.02 ppm

Fe 30.28 ppm

Cu 2.46 ppm

Phystcal Characteristics :

Majar soil group
Texture
Mechanical composition

Water holding capacity
Sticky point

Particle density

Bulk density

Pore space

Recent alluvium
Sandy loam
Sand : 53.8%
Silt : 28.5%
Clay :17.5%
44.3%

25.1%

2.65 gm/cc

1.33 gm/cc

49.49%,
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Layout of the Experiment :

As per approved technical programme of the experiment, a randomised block
design was adopted with ten treatments and four replications for each treatment. The
layout plan of the experiment along with the randomisation of the treatment is given
in Figure 1. Other relevant details are given below :

Net unit plot size =10 mX20 m (2sq. metres)
Width of the border between blocks =3.0 metres.
Width of the border between plots = 1.5 metres.
E
|l g6 m >
I N e S
A FaLLow| |FaLLow| [FaLLow]| |FaLLOW
D c B A
W
T Tg T, To
J T, Tg Tio T
RIJIC R1
: Te T, Ty T,
T3 TIO- T6 Tz
Ty T Tg T4
£
(8]
bl
Tio Ta T Tg
T To Tio Tg
T T T T
R IV 7 3 3 7 Rl
T Ty T, Ta
Tg Ta Ts o
X
E| FaLLOW [FALLOW FALLOW| |FALLOW
(o]
‘/ I H G = F e ¥ E
re— 20 m-| 3m 1'Sm

UNIT PLOT SIZE : 20mXx 1IOm=2005Q.m
BORDER BETWEEN BLOCKS = 3.0 m
BORDER BETWEEN PLOTS = 1-5 m

Fig. 1. Layout plan of the long term field experiment. Main Farm A,
J. A. R. I,, Nilgunj, Barrackpore. Rotation ; Jute-Paddy-Wheat.
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MITRA Plate 1

Jute, Wheat and Rice Cultivations at the Experimental fields at Jari, Barrackpur, West Bengal,
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Plate 2

[ .
ll{t\!' -

Extraction apparatus and soil samplers used in the investigation ( Devised by the Author )
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The experimental area is kept isolated by the similar plot size of fallow strips
(naturally grown vegetation) on east west sides only. The photographs of standing
crops of jute, wheat and paddy are given in Plate 1.

Cropping pattern :

An intensive cropping pattern in the rotation of three crops in a year involving
high yielding and improved varieties has been adopted. The concerned crops grown
in the sequence are jute (Corchorus olitorius Linn.), Paddy (Oryza sativa Linn.) and
Wheat (T'riticum aestivum Linn. emend. Thell.). Jute-Paddy-Wheat is a typical rotation
which is widely followed in eastern part of West Bengal and neighbouring regions.
The crop varieties used are JRO 7835 (Jute), Jaya (Paddy) and Sonalika (Wheat).
Jute was the first crop which was sown during summer (April-July) followed by Paddy
(August-November) and Wheat (December-March).

Treatments :

The ten treatments constitute of selected combination and levels of N, Pand K
and also of farmyard manure (alongwith NPK). The details of the treatment are given
in Table-2. The controls were maintained with usual cultivation but without any
application of fertilizers while fallows were left uncultivated. The NPK doses were
graded to 50,100 and 150 percent of the optimum level to examine the effect of sub and
above optimal scales of fertilizer application to each crop. The chemical method of
weed control is followed in treatment No. 9 and for comparison, hand weeding was
carried out in one case (Treatment No. 4) to see their relative effect on crop and
faunal composition. In case of jute cropping except Ty all the treatments were hand
weeded as the jute crop essentially requires hand weeding for its initial growth.
Weedicides Basalin, 2, 4-D and a mixture of Stam F-34 and 2, 4-D were used for jute,
wheat and paddy respectively. As regards the use of pesticides, this has been practised
uniformly for all the treatments as and when needed involving mostly Thiodan EC-35
and Furadan 3G.

Climate and weather conditions :

The experimental site is situated within the Equatorial zone. The presence of
the Bay of Bengal and network of the river systems, canals, tanks, etc. of southern lower
portion of West Bengal does not allow extreme climatic conditions to prevail upon
during summer and winter seasons. The mean annual precipitation is about 1600 mm
most of which is confined to the monsoon period between May to September. Pre-
monsoon rains also start by the second week of April and amount to about 225 mm.
The winter rainfall is normally low and uncertain and when it occurs generally towards
the early spring.

2
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TaBLe 2. Details of treatments of field experiment with jute-rice-wheat

sequence.
Nutrient doses kg/ha
Treatments Jute Rice and Wheat
N P,O, K,O N PO, K,O
T, 50% of optimum* NPK 30 15 30 60 30 30
T, 1009%, of optimum NPK 60 30 60 120 60 60
Ts 150% of optimum NPK 90 45 90 180 Q0 90
T ** 100% of optimum NPK
+hand weeding 60 30 60 120 60 60
T, 100% of optimum NPK
4+ZnSO @ 10 Kg/ha to wheat only 60 30 60 120 60 60
T, 100% of optimum NP 60 30 0 120 60 0
T, 100% of optimum N only 60 0 0 120 0 0

T, 100% of optimum NPK
+farmyard manure @ 10 t/ha

(added before jute sowing) 60 30 60 120 60 60
Tg 100% of optimum NPK 4
Chemical weeding 60 30 60 120 60 60

T, Control (no fertilizer) 0 0 0 0 0 0

*  Optimum doses of N, P and K on the basis of initial soil test values.

** In case of jute there is no difference between the treatments T, and T, but for
rice and wheat, hand weeding is given only in T, treatment. The sources of
N, P and K were ammonium sulphate, single superphosphate and muriate of
potash respectively, except in treatments T, and T4 for which urea was the
source of N and diammonium phosphate for P,

Methods of sampling and extraction :

Samples were drawn monthly for three crop seasons @ three samples from each
treatment including fallow (F) from adequately replicated plots, barring T4, T; by
using cylindrical samplers, made up of stainless steel, each having a length of 9 cm.
with a cross sectional area of 28.29 cm?® with a sharp cutting edge. Before sampling,
the sampler was fitted within the sampler holder for forcing the sampler within soil
for sample collection (Plate-2). Sampler, charged with soil sample, was placed in the
extraction apparatus with the cutting edge above to facilitate the emergence of
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hyperedaphic and hemiedaphic species at first out of the samples. The extraction
apparatus used is a modified Tullgren one, developed by Mitra (Plate-2). Within the
extractor, temperature was maintained through a thermostat control unit. 45°C-50°C
was found to be effective for extraction of soil samples drawn during monsoon while
40°C-45°C for samples drawn during other seasons. Ethyl alcohol (90%) was ussd in
the collecting vials and PL, medium (Salmon, 1951) was used for mounting specimens
of Collembola.

Measurement of environmental parameters :

Physical parameters, considered in this investigation, are relative humidity and
temperature, measured in the field, by using a hair hygrometer and soil thermometer
respectively. Moisture was measured in the laboratory by using infrared moisture
balance.

Statistical analysis :

Statistical analysis and tests of data were carried out at the Indian Statistical
Institute, Baranagore, Calcutta by using computers and programmes, available there,

MicrROARTHROPOD COMPONENTS OF AGROECOSYSTEM

Collembolans are the commonest soil insects and from the point of their
abundance they only rival rcari in this respect. Being extremely soft bodied and
sensitive to various measures, adopted in agroecosystem, their population and diversities
are depleted. Particularly mechanical abrasive action involved in ploughing, application
of chemical fertilizers, pesticides, herbicidal chemicals, etc. impair their growth and
development. The species of Collembola, particularly the hyperedaphic and hemieda-
phic ones, that occur in agroecosystem indicate their tolerance to such rigors of
cultivation. In the present investigation, eleven species of Collembola of which three
belonging to suborder Symphypleona and eight to Arthropleona were found to occur
predominantly in the studied agroecosystem (Fig. 2).

The most abundant and ubiquitous were [solomurus balteatus (Reuter), Cryptopygus
thermophilus (Axelson), Lepidocyrtus (Lepidocyrtus) sp., Cyphoderus javanus Borner and
Brachystomella sp. occurring during cultivation of all the three crops while the rest
were found to remain restricted to a specific type of crop.

Besides Collembola, Acarina was the most abundant component and was
represented mostly by Mesostigmatid, Oribatid, Scheloribetes, Cryptostigmatids,
Trombidiformes groups of mites. The nymphal forms~ constituted the bulk of the
acarine population. Sporadically, Diplurans, represented by Projapygids and Japygids,
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were found in the soil samples extracted. Very infrequently, some Symphyla, Coleop-
terous larvae and psocids came into the extracts of soil samples.

Fig. 2. Collembolan components of Agroecosystem. Symphypleona :
A, Sminthurus sp.: B, Swminthurides appendiculatus Imms ;
O, Sphaeridia cornula Murphy, Arthropleona: D, Lepidocyrius
(Lepidocyrtus) sp. ; B, Seira indica (Ritter) ; tF, Cyphoderus javanus
Borner ; G, Isotomurus balteatus (Reuter); H, Acherontiella sp.;
I, Brachystomella 8p.; J, Isofomodessp.; K, Cryptopygus thermo-
philus (Axelson),
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ResuLTs

Quantitative analysis : Effects of months and crop rotations on Collembola and
Acarina :

In general, Acarina dominated over Collembola during the period under investiga-
tion. Population build up of both Collembola and Acarina was, however, nearly
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identical during jute and paddy cultivations, while, during wheat cultivation Acarina
greatly dominated over Collembola. During Jute cultivation, generally, population-
maxima of Acarina occurred during May and July while that of Collembola during
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Fig. 4. Cropwise mean of Collembola and Acarina.

June ; during paddy cultivation, peak of population of Acarina occurred in the months
of August, October and November while that of Collembola during September ; during
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wheat cultivation, Acarina reached maxima population build up in March while
Collembola during February.

Mean population of Collembola was dominated by Acarina during all months
except during June (Jute) and September (Paddy) though population build up of both
was low. Maximum population of Collembola occurred during February (Wheat)
while that of Acarina during October (Paddy). Higher moisture, R/H and moderate
temperature encouraged the growth of Collembola while higher temperature, less
moisture and R/H boosted the population of Acarina (Fig. 3).

A comparison of the population of Collembola and Acarina reveals that Acarina
dominated over Collembola during the cultivation of all three crops. Highest population
of both the groups occurred during Paddy cultivation and lowest during Jute (Fig. 4).

Qualitative Analysis of Collembola with reference to Crops :

Qualitative analysis of total Collembola, obtained from the experimental plots
during cultivation of all the three crops, reveals the presence of eleven species of which
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Fig. 5. Cropwise abundance of collembolan spacies.
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six species were crop-specific while others were present during cultivation of all the
three crops. Three species, viz., Seira indica, Sminthurus sp. and Isotomodes sp,
occurred during cultivation of jute while Sminthurides appendiculatus, sphaeridia cornuta
and Acherontiella sp. were found to remain associated with paddy only.

An analysis of species, remaining associated with all the three crops, reveals that
Isotomurus balteatus reached its population-maxima during wheat cultivation and its
lowest population occurred during jute cultivation. Crypfopygus thermophilus and
Lepidocyrtus (Lepidocyrtus) sp. exhibited their peaks during paddy cultivation and
minimum for the former was during wheat cultivation while for the later during jute
cultivation, Cyphoderus javanus reached its peak of population during jute cultivation
and its minimum population occurred during jute cultivation, Brachystomella sp. reached
its peak of population during wheat cultivation and its minimum population was during
paddy cultivation (Fig. 5).

Qualitative composition of Collembola, obtained during cultivation of each crop,
reveals that eight species of Collembola remain associated with both jute and paddy
while five species with wheat. I. balteatus, C. thermophilus, Lepidocyrtus (Leptdocyrtus)
sp., C.javanus and Brachystomella sp. occurred during wheat cultivation of which the
bulk of the population was of I. dalteatus and the least was that of Brachystomella sp,

60 A. Istomurus balteatus B. Cryptopygus thermophilus
{ C. Lepidocyrtus (Lepidocyrius) sp. D. Cyphoderus javanus
55 I m E. Seira indica F. Sminthurides appendiculatus
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45 K. Acherondella sp.
= 40} B
4
v s
- 35
3
m 30 Ff |
=z —
> 25 F F
@ [
m g9 |

15 F

0T

,—] — M
A BCDE FB HI J K A B CDEF 6H IJ K A B CDEFG HI1JK
WHEAT JUTE PADDY

Fig. 6. Abundance of each collembolan species in relation to each crop type.

During jute cultivation, C, thermophilus was most dominant followed by C.,
javanus, I. balteatus, Sminthurus sp., 8. indica, Brachystomella sp., Isotomodes sp. snd

Lepidocyrtus (Lepidocyrtus) sp.
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During paddy cultivation, I. balteatus was most predominant followed by C,
thermophilus, Lepidocyrtus (Lepidocyrtus) sp., S. appendiculatus, C, javanus, S, cornuta
Acherontiella sp, and Brachystomella sp, (Fig. 6).

’

Occurrence of collembolan species according to vegetation type

Vegetation
Species
Wheat Jute Paddy
Isotomurus balteatus ++++ ++ +++
Cryptopygus thermophilus ++ ++ + 4
Lepidocyrtus (Lepidocyrtus) sp. + + ++
Cyphaderus javanus + + + +
Seira sndica - + -
Sminthurides appendiculatus - - +
Brachystomella sp. + + +
Smenthurus sp. - + -
Sphaeridia cornuta - - +
Tsotomodes sp. - + -
Acherontiella sp. - - +
++++ within 609, ++ within 309%, - Absent
+++ within 45% + within 159%,

Qualitative analysis of Collembola with reference to Months :

Four species of Collembola viz., I, balteatus, C, thermophilus, C, javanus and Bra-
chystomella sp. occurred during January with the highest population of I. balteatus
followed by others as arranged above in graded sequence. During February, I, balteatus
continued to dominate the population with four other species, viz.,, C. thermoplitus,
Loptvdocyrtus sp., C. javanus, Brachystomella sp. I, balteatus was absent during March
and the entire population obtained during this month was represented by O, thermo-
phslus only. During April, I. balteatus continued to remain absent and C. thermophilus
constituted half of the population followed by O. javanus (5.56%), Sminthurus sp.
(38.89%,) and Isotomodes sp. (5.56%). I. balteatus was also absent during May with C.
thermophslus representing the highest population (64.29%) followed by C. javanus
(14.299%,), 8. indica (7.14%,), S. appendiculatus (7.14%) and Isotomodes sp. (7.14%). I.
balteatus reappeared during June with 15.79% of the population for this month. The

3



18 Rec. Zoot. Surv. Inp1a, Oce. Parer No. 151

population for this month was, however, dominated by C. javanus (42,11%) followed
by 8. indica (21.05%), C. thermophilus (15.719%) and Sminthurus sp, (5.26%). During
July, I. balteatus dominated the population with 51.52% followed by C. javanus (36,36%),
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Fig, 7. Monthwise occurrence of collemholan species.

Brachystomella sp. (9.09%) and Lepidocyrtus sp. (3.03%). O, thermophilus was noticeably
absent during this month. During August, I. balteatus continued to dominate the
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population with 41.679, followed by C. javanus (25%), S. appendiculatus (16.67%),
Lepidocyrtus sp. and S. cornula each with 8.33%. C. thermophilus remained unrepresented
during this month. During September, I. balteatus dominated the population with
51.72% followed by S. appendiculatus (34.48%) and Lepidocyrtus sp. (6.9%). C. thermophilus
reappeared in this month constituting 6.9% of the population. During October, I.
balteatus continued to dominate the population with 44.26% of the population followed
by C. thermophilus (36.07%), Lepidocyrtus sp. (14.15%), C. javanus (3.28%) and Acheron-
tiella sp. (1.64%). During November, C. thermophilus dominated the population with
39.47% followed by I. balteatus (26.32%), Lepidocyrtus sp. (26.32%), C. javanus (5.26%)
and Brachystomella sp. (2.63%). During December, both 7. balteatus and C. thermophilus
was represented by the same population (33.33% each) followed by C. javanus (25%) and
Brachystomella sp. (8.33%) (Fig. 7).

Monthly Dynamics of each collemboian species :

I, balteatus maintained its population buildup throughout the year except being
absent in the samples during March-May. It reached its peak of population during
February and its minimum population was observed during June.

C. thermophilus occurred during all months except during July and August. It
reached its peak during October and the minimum population was during March.

Lepidocyrtus sp. was unrepresented in samples of six months. Its highest popula-
tion occurred during February with minimum population observed during July and
August.

C. javanus was absent during months of March and September. Its peak of
population occurred during July with minimum population during April.

S. tndica had a shorter span appearing during May and reachtng its peak in June
and disappearing subsequently.

S. appendiculatus was found in the samples of May, August and September with
the peak of population during the later month.

Brachystomella sp. occurred during January, February, July, November and
December. Its peak of population was during July and the minimum population
occurred during November and December.

Sminthurus sp. was found only during two months (April and June) with the
highest population during April. 8. cornuta occurred only during August.

Isotomodes sp. occurred in equal proportions during April and May only and
Acherontiella sp, during the month of October (Fig. 8).
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compared to control (T,,). Absence of potassium with optimum dose of NP (as
in T,) though slightly increases the population of Collembola in comparison to T,,
nevertheless, the population of both the groups with this dose of fertilizer in T, was
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significantly lower than T,,. Effect of optimum dose of N (N,,) without P and K
(P, and K,), as applied in T,, retards the population build-up of Collembola and
Acarina {cf. T,) though its effect is least significant as compared to control (T,,).
Nevertheless, this goes to prove that phosphorus plays a positive role in population
build-up of these microarthropods. Effect of optimum dose of NPK with farmyard
manure (@ 10 tons/hectare), applied in T,, has significant effect in enhancing the
population of Collembola and silightly that of Acarina (cf. Ty Vs. Ty, T,, T, T,).
T, 0, where crop rotation was practised without fertilizers, showed better development
of the population of Collembola and Acarina than fallow without cultivation.

A comparison of T, with T, shows that chemical weeding in general encourages
the population growth of Collembola and Acarina, specially that of Acarina, than
hand weeding. Application of farmyard manure alongwith optimum dose of NPK
enhances population of Acarina significantly and also of Collembola which is revealed
through coparison of T, with T,. Acarina shows greater increase with application
of farmyard manure. Slight increase in the population of Collembola and Acarina is
perceptible in the absence of muriate of potash, used as source for K fertilizer in
T, (T, Vs. Ty). It was further noted that absence of both P and K fertilizers has
significant effect on the population build-up of both Collembola and Acarina
(T, Vs. T,) [Fig. 9] and the positive role P fertilizer plays in population build-up of
soil microarthropods, (cf. T,, Ts, Tr).

Effect of graded levels of NPK Application Daring cultivation of each type of crop :

Application of 50% NPK (T,) effected significant increase of Collembola and
slightly of Acarina during wheat cultivation over control (T;,). This effect was just
reverse during jute and paddy cultivations (Figs. 10, 11, 12).

Under an application of 100% of the optimum NPK (T,), the effect was though
significant in boosting Collembola and Acarina population during wheat cultivation,
it was insignificant during jute and paddy.

Application of 150% of NPK (T,) had a significant effect in increasing Collembola
population during wheat and jute cultivations but the effect was insignificant during
paddy cultivation when compared to control. This effect of higher dose of fertilizers
was just reverse for Acarina during jute and paddy cultivations.

Application of 100°/, of NPK (T,) exhibited similar effects as that of 150°/, NPK
(T,) resulting in increased population of Collembola and Acarina during cultivation
of wheat only as compared to control (T;,).

Optimum dose of N & P only (i. e., absence of potassium) in T4, as is evident,
boosted the population of Collembola during wheat cultivation as compared to T,

4
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(control) and T, but the effect of the treatment had little impact during jute and paddy
cultivations on Collembola and Acarina population.

Application of 100% of Nitrogen only (as in T;) significantly reduced the popula-
tion of both Collembola and Acarina during wheat and jute cultivations (cf. T,) but
there was slight increase in collembolan population during paddy cultivation. During
wheat cultivation, population of Collembola at T, was not different from T, , (control)
though the Acarina population was higher than the later. During jute and paddy
cultivations, population of both Collembola and Acarina were significantly low in T,
than control.

Application of 100% of optimum NPK along with farmyard manure (in T,)
remarkably increased population of both Collembola and Acarina as compared to
control (T,,) and T, (receiving 150% of NPK) during cultivation of wheat and paddy
with the exception of Acarina in T, and T,,. The effect was, however, found not so
significant during cultivation of jute, when FYM is actually applied just before the
sowing of this crop.

Chemical weeding (as applied in T,) encourages the growth of both collembolan
and acarine populations during jute and paddy cultivations (cf. T, vs. T,). During
cultivation of wheat, however, collembolan population was higher in T, than T,.

The effect of FYM had a positive effect in boosting population of Collembola
and Acarina during jute, paddy and wheat cultivations with the exception of collembolan
population which was greater during wheat cultivation in T, than in T,. Potassium
was found to have little significance during cultivation of all the three crops (cf. T, vs.
Te). The role of phosphorus and potassium did not appear significant for the
population of both Collembola and Acarina when the effects were analysed individually
for each type of crop (cf. T, vs. T4 3. T,).

Cultivation of each type of crop without fertilizers (T,,) supported greater
population of Collembola and Acarina than fallow (F) without cultivation.

Treatmentwise abundance of collembolan species during Wheat cultivation :

Five species, viz., I, balteatus, C. thermophilus, Lepidocyrtus sp., C. javanus and
Brachystomella sp. occurred during wheat cultivation.

I, balteatus :

It was most predominant in the plots treated with 100% of optimum NPK with
farmyard manure (T;) followed by 150% of optimum NPK (T,), 100% of optimum
NPK (T,), 100% of optimum NP (T,), control (T,,), 100% of optimum N only (T5).

The species was least in abundance in T,, treated with 100% NPK and chemical
weedicides and in fallow,



Mitra : Continuous cultsvations & other agronomic practices on soil 21

0, thermophilus ;

Most predominant in plots treated with 100% of optimum N only (T,) followed
by T (50% of optimum NPK), T, (100% of optimum NPK and Handweeding), T,,
(control), T, (150% of optimum NPK). T, (100% of optimum NP), T, (100% of
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Fig. 13, Treatmentwise abundance of collembolan species during Wheat
cultivation.
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optimum NPK and farmyard manure) and Tg (100% of optimum NPK-+chemical
weeding) supported the same population of the species.

Lepidocyrtus sp. :

Most predominant in plots treated with 100% of optimum NPK (T,) and 100%
NP (T,) followed by plots treated with chemical weedicides and 100% of optimum
NPK (Tg) ; Ti (50% of optimum NPK) and Ty (50% of optimum NPK and farmyard
manure) supported the same population of this species; the species did not occur
in the plots treated with 150% of optimum NPK (T,), 100% of only N(T,), Ty,
(control) and fallow.

C, javanus ;
Highest population in T, (100% of optimum NP) followed by identical population

in T, (100% of optimum NPK), T4 (100% of optimum NPK plus chemical weeding) and
control (T,,). The species did not occur in T,, T, Ts and fallow.

Brachystomella sp. :

Highest population occurred in T, (50% of optimum NPK) followed by identical
populatiun in T,, Ty, T,. The species did not occur in other fertilizer treated plots.

During cultivation of wheat I, balteatus favoured plots treated with 100% of
optimum NPK and farmyard manure (T,), C. thermophilus showed preference for T,
(treated with 100% of optimum N only), Lepidocyrtus (Lepidocyrtus) sp. favoured both
T, (with 100% of optimum NPK) and T, (with 100% of optimum NP), C. javanus T,
(100% of optimum NP) and Brachystomella sp. the lowest dose of fertilizer at T, (50%
of optimum NPK) (Fig. 13).

Treatmentwise Abundance of collembolan species during Jute cultivation :

Eight species of Collembola occur during jute cultivation in the experimental plots.
These are Istomodes sp., Sminthurus sp., Brachystomella sp., 8. tndica, C. javanus,
Lepidocyrtus (Lepidocyrtus) sp., C. thermophilus and I. balteatus,

I, balteatus

The species favoured most T, receiving 150% of optimum NPK, showed identical
preference to T, (50% of optimum NPK) and T, (100% of optimum NPK). In T, (with
100% of optimum NPK), it did not occur at all and in other plots it showed a moderate
build up of population between 5-10%.

C, thermophilus :

As above, this species was most predominant in T, (plot receiving highest dose
of NPK fertilizers) followed by identical population at T, (100% of optimum NP), Ty
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(100% of optimum NPK and Chemical Weeding) and T1o (control). In other plots, it

was represented moderately at below 10% level and was absent in Ts.

Lipidocyrtus (Lepidocyrtus) sp.

Occurred only in Ts, receiving highest fertilizer dose of 150% of optimum NPK.
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Tig. 14. Treatmentwise abundance of collembolan species during Jute

cultivation.
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C, javanus :

Highest population build up of the species was observed in T (1007, of optimum
NPK +FYM) followed by Ty, Ts. It was completely absent in T, and T, and was
moderately represented in other plots within the range of 5-9%.

S, tndica 3

The species showed most affinity to Ty, receiving 100% of optimum NPK and
undergoing chemical weeding followed by identical population in T, (100% of optimum
NPK), T (100% of optimum NPK+FYM) and fallow. It was unrepresented in other
plots, receiving graded levels of NPK and in control.

Brachystomella sp. :

The species occurred only in two plots with the highest population in T, (optimum
dose of N only) and in T¢ (optimum dose of NPK and chemical weeding).

Sminthurus sp. :

Highest identical population occurred in T4 and T,, (control) and lowest identical
population in T, and fallow. It remained unrepresented in other plots.

Isotomodes sp. :

The species was absent in all fertilizer treated plots and occurred in T,, (control)
only (Fig 14).

Treatmentwise abundance of collembolan species during Paddy cultivation :

Altogether eight species occurred in the experimental plots during paddy cultiva-
tion. These are I. balteatus, C, thermophilus, Leptdocyrtus (Lepidocyrtus) sp., C. javanus,
8. appendiculatus, Brachystomella sp., S. cornuta and Acherontiella sp. .

I, balteatus

The species occurred in all fertilizer treated plots with highest population at T,
and also almost identical population at T4, In other plots, it occurred almost uniformly.
In fallow, however, it was most abundant,.

0. thermophilus :

Highest population was recorded from three plots, vfz., Tg, Tg, T;0 and occurred
in all plots including fallow.

Lepidocyrtus (Lepidocyrtus) sp. :

The species occurred in all plots except T4, receiving 150% of optimum NPK, Its
highest population was recorded from T, and T,, followed by T, and with identical
population at T, and Ty, T, and T,, T and T, .
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population occurred identically at T, (50% of optimum NPK), T, (100% of optimum
NPK with FYM) and T,, (control). The species was absent in fallow.

S. appendiculatus ;

Highest population occurred at T, (receiving highest dose of NPK), followed by
T, (with 100% of optimum NPK), T, (with 100% of optimum NPK and FYM). T,, T,,
T, exhibited lowest identical population. The species was absent in T,, T,, and
fallow.

Brachystomella sp. : Occurred only in T4 (with 1009, optimum NPK+FYM).
8, cornuta : Occurred only in T, (with 100% optimum N only).

Acherontiella sp. : Occurred only in T, , (control).

During cultivation of paddy, the highest population build up of I. balteatus was
in T, and T, and C. thermophilus in Ty, Tg and T,,. Highest population of C, javanus
was recorded from T,, T, and also from control (T,,). S.appendiculatus occurred
predominantly in T, while Brachystomella sp, remained restricted in T,, S. cornuta in
T, and Acherontiella sp. in T, , (Fig. 15).

Overall abundance of collembolan species according to treatments of NPK :

Species of Collembola, encountered in the experimental plots, mostly were
ubiquitous with the exception of a few, showing restricted appearance, specific to a

particular treatment.

I, balteatus occurred in all treatments with the peak of its population in Tg.
Similarly, C. thermophilus was also present in all the treatments with highest population
buildup at T,,. Lepidocyrtus sp. and O, javanus also evenly occurred in all treatments
with highest population at T,. S. tndica exhibited its highest population at Ty with
identical population at T, and T,. The species was found to be absent in other
fertilizer treated plots but occurred in fallow. Barring control (T,,) and fallow (F),
S. appendiculatus occurred in all treatments with its highest population build-up at T,.
Brachystomella sp. was absent in T,, T,, T,, (control) and fallow with its highest
population abundance at T, followed by identical population at T,, T, and then at
T,» Tg. Out of nine treatments, Sminthurus sp. occurred in four with the highest
population at T,, T,;, followed by identical population at T, and fallow. S. cornuta
occurred only in T,, Isofomodes sp. and Acherontiella sp. in T, , only (Fig. 16).
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Abundance of collembolan species in relation to total Collembola obtained from each
treatment during wheat cultivation :

T, (50% of optimum NPK): Out of the total Collembola obtained from this
treatment, I. balteatus formed the main bulk being 43.75%, followed by C. thermophilus
(25%), Brachystomella sp. (18.75%), Lepidocyrtus sp. and C. javanus each of 6.25%,.

T, (150% of optimum NPK) : Out of the total Collembola, obtainted from this
plot, 7. balteatus quantitatively was more predominant representing 84.62% and the rest
was C. thermophilus,

T, (100% of optimum NPK and Handweeding) : 1. balteatus was represented by
41.37%, followed by Lepidocyrtus (Lepilocyrtus) sp. (21.05%), C. thermophilus (15.79%),
O, javanus (10.53%) and Brachystomella sp. (5.26%).

T, (100% of optimum NP) : Out of the total Collembola, 40% was represented by
1. balteatus, 26.67% by each of C.javanus and Lepidocyrtus (Lepidocyrtus) sp. and 6.67%
by C. thermophilus,

T, (100% of optimum N): C. thermophilus constituted the main component
being 55.66% followed by I. balteatus (33.3%) and Brachystomella sp. (11.11%).

T, (100°/, of optimum NPK and FYM) : 1. balteatus formed the main constituent
being 87.50°/, followed by C. thermophilus and Lepidocyrtus (Lepidocyrtus) sp. each
forming 6.25°/, of the total Collembola obtained from this treatment.

Ty (100°/, of optimum NPK and chemical weeding) : The predominant cons-
tituents were two species, viz., I. baltealus and Lepidocyrtus (Lepidocyrtus) sp. each
forming 30°/, followed by C. javanus (20°/,) ; C. thermophilus and Brachystomella sp. each
contituted 10°/, of the total Collembola obtained from this treatment.

T1o (Control) : Major constituent of total Collembola obtained from this plot
was I. balteatus (44.44°/,) followed by C. thermophilus (33.33°/,) and C. javanus (22,22°/.)

F (Fallow) : During wheat cultivation, fallow plot was represented only by
I, balteatus,

In all the treatments barring T,, I, balteatus was found to be the main component
of total Collembola obtained from each plot. O, thermophilus formed the major cons-

tituent in Ty and Lepidocyréus (Lepidocyrtus) sp. exhibited identical abundance as that
of I, baltealus in T, (Fig. 17).
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T, (150°/, of optimum NPK) : C. thermophilus constituted the highest proportion
of total Collembola obtained from this plot followed by I. balteatus, C. javanus and
Lepidocyrius (Lepidocyrtus) sp.

T, (100°/, of optimum NPK): 66.67°/, of total Collembola of this plot was
represented by C. thermophilus and S, indica (33.33°/,).

Te (100°/, of optimum NP) : I, balteatus and C. thermophilus occurred in the same
proportions (44.44°/, each) and Sminthurus sp. (11.11°/,).

T, (100°/, of optimum N) : C, javanus and Brachystomella sp. each exhibited equal
abundance (33.33°/,) followed by I. balfeatus and C. thermopilus, each occurring in
equal proportions (16.66°/,).

T, (100°/, of optimum NPK and FYM): This treatment was tepresented by
12.13°/, C. javanus followed by 18.18°/, I, balteatus and 9.09°/, 8. indica,

T, (100°/, of optimum NPK and chemical weeding) : C. thermophilus dominated
the population (30.77°/,) followed by Sminthurus sp. (23.08°.), C. javanus (15.38°/,)
and 7.69°/, each of I. balteatus and Brachystomella sp..

T, (control) : O, thermophilus represented the bulk of total Collembola (33.33°/,)
followed by Sminthurus sp. (25°/,), C. javanus (16.67°/,) and Isotomodes sp. (16.66°/,).

F (Fallow) : Total Collembola was composed of I. balteatus and C. thermophilus
each representing by 28.57°/, followed by 14.29°/, each of C. javanus, 8. indica and
Smsnthurus sp..

During jute cultivation, six plots were predominantly represented by C. thermo-
philus followed by I. balteatus and C. javanus each of which dominated in three plots
and Brachystomella sp. in one plot (Fig. 18).

Abundance of collembolan species in relation to total Collembola obtained from each
treatment during Paddy cultivation :

T, (50°/, of optimum NPK) : I, balteatus constituted the major component of
total Collembola representing 50°/, followed by Lepidocyrtus Lepidocyrtus) sp. (18.75°/,),
C. thermophilus and C. javanus each by equal proportions (12.5°/,) and S. appendiculatus
by 6.25°..

T, (150°/, of optimum dose of NPK) : I, balteatus forming the major component
being 45.45°/, of total Collembola followed by S. appendiculatus (36.36°/,) and C.
thermophilus (18.18°,).

T, (100°/, of optimum NPK and bandweeding) : I. balteatus, constituted the
major proportion being 50°/, followed by S. appendiculatus (25°/.), C.thermophilus,
Lepidocyrtus sp. and C. javanus each 8.33°/,.
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T, (100°/, of optimum NP) : 1. balteatus represented 50°/, of the total Collembola
followed by 41.67°/, O. thermophilus and 8.33°/, Lepidocyrius sp,
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Fig. 19, Abundance of collembolan species in each treatment during Paddy
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T, (100°/, of optimum N) : I, balteatus and C. thermophilus occurred in identical
proportions (32.71°/,) followed by Lepidocyrtus sp. (14.29°/, and S. appendiculatus and
8, cornula in equal proportions (7.14°/,).

Ts (100°/, optimum NPK and FYM) : I, bulteatus dominated this treatment being
30.77°/, followed by C. thermophilus 26.93°/°, Lepidocyrtus { Lepidocyrtus) sp. (23.08°/.),
0. javanus and S, appendiculatus each with 7.69°/..

T, (100°/, of optimum NPK and Chemical Weeding) : C. thermophilus formed
the major component being 46.67°/, of the total Collembola followed by I. balteatus
(33.33°/,), Lepsdocyrtus sp. (13.33°/,) and S. appendisulatus (6.67°/,).

T, (Control) : O, thermophilus was the major constituent being 33.33°/, of the
total Collembola followed by Lepidocyrius sp. (28.57°/,), I. bulteatus (23.81°/,), C. javanus
(9.52°/,) and Acherontiella sp. (4.76°/,).

F (Fallow) : I. balteatus formed the major constituent being represented by
by 69.23°/, followed by C. thermophilus (23.08) and Lepidocyrius sp. (7.69°/,).

Out of 9 plots, I. balteatus dominated seven plots during paddy cultivation.
C, thermophilus besides dominating in two treatments (Ty, T,,) was quantitively similar
to 1, balteatus in 7, (Fig. 19).

Overall abundance of collembolam species in relation to total number of Collembola
from all the plots :

I, balteatus formed the major constituent in the experimental plots barring only
three treatments 7, Ty and T,, where O, thermophilus dominated. The second
dominant species was C, thermophilus followed by C. Jjavanus, Lepidooyrtus (Lep idocyrius)
sp., S. appendiculatus, Brachystomella sp., 8. indica, Isolomodes sp., S. cornuta and
Acherontiella sp, (Fig. 20).
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StaTisTICAL TREATMENT OE DATA

The data based on 1720 soil samples, drawn from 9 treatments [Ty, Ts, T,, T,,
Ty, Ts, Ty, Tyo (control), T,, (fallow)] @ 3 samples from each treatment (i, e., 27
samples per month), representing five crop-seasons for each crop-type, were subjected
to statistical analysis at the Indian Statistical Institute, Baranagar, Calcutta. Analysis
of covariance (ANACOVA) and multiple regression, comparisons of treatments
(t-values of significance) besides correlations between variables were undertaken to
find out the effects of various doses fertilisers (NPK), three crop rotations (jute, wheat,
paddy), pesticides, chemical weedicides, farmyard manure (FYM) and three abiotic
factors, vsz,, temperature, moisture, R. H. on collembolan and acarine populations.

Analysis of Covariance (ANACOVA) :

For studying the effects of various doses of N. P. K. (treatments) on Collembola
and Acarina, the effects of three physical factors were to be eliminated at the first
instance. Accordingly, for each crop, separate analysis of covariance is considered
the most appropriate by using the following model. It is found that each time a
separate root transformation is appropriate both for the numbers of Collembola and

Acarina,
YSIZ=,,,+4‘.+5,+7¢ j+01tiik+02mi ik +03riik+94y§j212+siik

Where, Y§i112=the squareroot of the numbers of Collembola or Acarina when ith

treatment is applied corresponding to jth month and kth year
p=general effect
« ; =main effect of ith treatment
B ; =main efiect of jth month
s j =interaction between ith treatment x jth month
t; j . =the corresponding temperature
m, ;, =the corresponding moisture

1 j;x =the corresponding relative humidity

y§j212=the corresponding suareroot of the numbers of Collembola<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>