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2. REVIEW OF LITERATURE

2.1 TEA P E S T S  A N D  CROP LOSS:

Phytophagous arthropods contin u o u s l y  accum u l a t e  on tea 

due to stable m i c ro-climate and food source ( Banerjee,1977). 

About 1034 species of a rthropods are associated with tea 

plants (Chen and Chen 1989a). Cramer (1967) estimated that 

tea in Asia sufferred 8’/. crop loss through pests attack. 

Subsequently, the loss was estimated between 6 and 14X 

(Banerjee, 1975). Further, in a latest review the loss due to 

pest attack was assessed to be as high as 15 to 207. 

(Banerjee, 1993).

In South India, enormous crop loss and severe 

debilitation of bushes resulting in c o m plete cessation of 

crop over several weeks or even months due to thrips damage

was highlighted by Rao and Padmanabhan (1974). Efficient

control of thrips could result 50/i increase of the crop (Rao 

and Murthy, 1976). Rau (1955) stressed upon d e t erioration of 

quality of black tea when manufactured from thrips attacked 

leaves. Reports from North-east India suggested that in tea 

anything between 6*/. to 127. crop loss a n n ually may be due to 

red spider mite, 0 1 igonychus coffeae (Nietner) alone (Sen and 

Chakraborty, 1964 ; Banerjee, 1971). Scarlet mites

(Brei'ipalpus phoenicis Geijskes) and red spider mites are

reported to cause 0.56 to 4.79/1 decrease in yield in Sri

Lanka (Danthanarayana and Ranaweera, 1970) . Some 8-177.
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increase in tea crop could be obtained following efficient 

mite control in South India (Rao and Subramanian, 1968). The 

tea aphid, Toxoptera aarantii Boyer de F o n s c o l o m b e  is another 

established pests reported long back in most of the tea 

growing countries viz. former USSR (Tulashvili, 1930), Sri 

Lanka (king, 1939) and North-east India (Watt and Mann, 

1903).

Z.2 P E S T ICIDE S Y N DROME IN TEA:

A report of 1980 enumerates 432 species of pests to 

have developed resistance to one more chemical insecticides 

as compared to only 25 resistant strains in 1954 (Srivastava, 

1988). Modern agriculture is using a wide variety of 

synthetic insecticides for crop protection from insects. The 

estimated cost for chemical control in the world is more than 

53 billion/ year (Fischoff et al. 1989). McMurty et a l . 

(1970) and Huffaker et a i . (1970) reported that worldwide 

eruption of spider mite has mainly taken place due to wide 

spread use of chemical insecticides and elimination of 

pt'edators of spider mites. DeBach (1974) in his classical 

book "Biological control by natural enemies" mentioned the 

cause of upsets and outbreaks of tea tortrix and leaf-eating 

caterpillars during late fifties in Sri Lanka due to 

insecticides use. The continuous use of copper fungicides 

against blister blight (Exobasidiurs vexansi disease had been 

proved to be responsible for mite build-up in Sri Lanka, 

India and Indonesia (Cranham, 1966b; Venkata Ram, 1966;



□omen, 1982). Compounds such as m e t h o x y c h l o r , TDE and 

carbaryl were found to increase red spider mite infestation 

(Cranham, 1966b). Carbaryl resistance in filbert aphid was 

documented by All Niazee (1983a). Continuous application of 

insecticides in citrus trees and in some orchards decreased 

the e ffectiveness of natural enemies of T.aurantii in Lebanon 

(Hussein and Kawar, 1985). Rao (1975b) listed the c hoice of a 

few chemicals for tea which are cleared by the Environmental 

Protection Agency (EPA) of USA for maximum residue levels 

(MRL) of several insecticides on tea (Miiraleedharan and 

Vartharajan, 1988).

The hazards caused by such chemicals to human beings 

and other forms of life have been discussed by others 

(Carson, 1962). More than 607. of the 14,000 deaths due to 

insecticide poisoning occur in developing countries like 

India and every year some 15 lakh peoples of the world over 

suffer from the ill effects of such poisoning (Chemical 

weekly, 1988). Although there is no significant work 

highlighting pesticides residue problem in tea and subsequent 

health hazards, but a foliage crop like tea needs further 

at tent i o n .

2.3 SOME S E L E C T E D  B I B L I O G R A P H I E S  ON N A T U RAL-ENEMY COMPLEX IN 

TEA FROM INDIA:

In recent years, importance has been given to develop 

better ways of crop protect in from insects through integrated
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pest management. Biological control methods were able to draw 

attention of the plant protection scientists working on tea 

pests. High s uitability of biological control programmes in 

tea was envisaged by Greathead and Magge (1983). Some studies 

on natural enemies of flushworms and p h ytophagous mites (Rao 

et a l . 1970) and on natural enemies of tea pests in general 

from North-east India (Das, 1974,1979; Sarma, 1979) are 

available. Banerjee and Cranham (1985) conducted a detailed 

wof'k on biology and natural enemies of spider mites. 

Extensive survey was carried out in tea growing areas of 

South India resulting in the discovery of a large n umber of 

p arasitoids and predators (Muraleedharan, 1988; Muraleedharan

et al. 1988). Populations of tea aphid, Toxoptera aurantii 

are controlled by a number of syrphid and coccinellid 

predators and aphidiid parasitoids (Muraleedharan and 

Radhakrishnan, 1988; R a d h a k r i s h n a n , 1989). Studies on life 

history and population dynamics of the hemerobiid, Microaus 

tiisidis Hagen as an efficient predator of T. aurantii was 

done by Radhakrishnan and Muraleedharan (1989). Bio-ecology 

of three parasitoids of T. aurantii from South Indian tea 

plantation was also worked out by Radhakrishnan and 

Muraleedharan (1992). Das and Barua (1991) e xtensively

e.Nplored the scope of bio-control of tea pests by using 

natural enemies and natural products from North-east India. 

A recent study on biology and natural enemy complex of tea 

aphid was made by Das and Kakoty (1992).
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A central theme of integrated pe«t management is the 

use and protection of e f f e ctive biotic agents, such as insect 

preda t o r s  for regulating levels of plant p o p u l a t i o n s  <Storn 

et al. 1959, Smith and Van den Bosch, 1967). The term 

'biological control' was o riginally coined by p r o f essor H. S. 

Smith (1919) for the regulation of pest p o p u l a t i o n s  by 

natural enemies. Subseq u e n t l y  DeBach(1964) d i s c ussed the 

semantics of the term biological control and put it as " the

action of parasites, p r e d a t o r s  and p a t h o g e n s  in maintaining 

another organisms density at a lower average than would occur

in their absence." Rolling (1961) listed five main components

of prey-predator interaction where prey d e nsity was the first

one.

Understanding the problems, prospects and precaution of 

biological control (Murdock et al. 1985), and knowing its 

effectivene steps and m odalities of e f f e c t i v e n e s s  including 

field perfor m a n c e  (Lenteren, 1986) are essential for 

developing a sound biological control program. Silvapalan and 

Delucchi (1975) published an article on integrated approach 

in tea pest management from Sri Lanka. Excepting the study on 

existing natural enemy in tea field, there are few or rare 

reports on introduction of any potential natural enemy in tea 

field. Of special mention Sudoi (1991) published an article 

on predatory efficiency of two indigenous and one exotic 

phytoseid mites on tea-oests from Kenya. Qf late.

2.4 BIOLOGICAL CONTROL OF PESTS BV AUGMENTATION OF ENEMIES:
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M ukhopadhyay and SanniQrahi (1993b) evaluated predation 

potentiality of Geocoris ochropterus on tea aphids.

2.4.1 An o v e r v i e w  of p o p u l a t i o n  dynamics of some tea pests.

Knowing the pest status and their population dynamics 

is a prerequisite forandertaking any biological control, 

programme. Barfield and O'Neil (1984) stressed the ecological 

understanding as essential step for pest management. There is 

elaborate theories for single population dynamics (May, 1981) 

and prey-predator interactions (Hassel, 1978). It is now well 

established that the abundance of p h y t o p h a g o u s  insects is 

influenced by a number of factors, including the size of the 

clump of plants which they are attacking (Cromartic, 1975); 

plant density (Pimental, 1961; Root, 1973); and p r e sence of

other species of plants (Tahavanainen and Root, 1972; Atsatt

and O'Dowd, 1976).

The classical works of Green (1890), Watt and Mann 

(1903) form the basis of our knowledge of occurvence of tea 

pests in Asia. Besides these, regional accounts are available 

from India (Hainsworth, 1952; Das ,1965), Sri Lanka (Cranham, 

1966a), Indonesia and Malya s i a  (Dammerman, 1929; Kalshovan, 

1950), Taiwan (Sonan, 1925), Turkey (Alkan, 1957) and former 

USSR (Dzhasi, 1970, 1975). The entomological problems of tea 

were reviewed by C r a nham (1966b) and more recently by

Muraleedharan (1991). Ananthakrishnan (1960) studied the

biology of Oligonychas coffeae in South India. From
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North-east India, the biology of scarlet mite in tea, 

Brevipalpus phoenicis CBeijskes) was worked out in different 

conditions (Banerjee, 1979) and under different cultural 

practices of tea plantation (Gope and Das, 1992).

Long back, DeBach (1958) and Solomon (1962) studied the 

impact of climate, density dependent and density independent 

factors in regulating population. Lund and Hernel (1980) in a 

comprehensive approach published that tetranychids have six 

to eight g enerations per year. Das (1959) in a study 

mentioned that in tropical species, diapause is usually 

absent, however, during the dry period or cold weather the 

fecundity may decline. Moutia (1958) stessed the importance 

of climate on mite abundance. Banerjee (1965a, 1965b) found

little relation of p opulations of red spider and scarlet mite 

on tea with rainfall and daily average temperature. Readshow 

(1975) and Banerjee (1975) analysed that mite damage is 

mostly caused at low density levels in tea. Mori (1961) 

proved that temperature tolerance and prefer e n c e  of mites 

vary considerably. Hu and Wang (1965) pronounced negative 

correlation and different developmental stages of mites. 

Mukherjee (1977) found out the optimum condit i o n s  for 

fecundity, incubation period and combined nymphal stages of 

red spider mites. The interrelations of temperature and 

humidity on the development of tetranychids have been 

discussed by Mori (1957) and Das Das (1967). Information on 

effect of rain on mite abundance are available from Banerjee 

(1972, 1979) and Danthanarayana St Ranawera (1971). A detailed
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study on populatin dynamics of tea scarlet mite, Brev i palpus 

phoen i d s  for Indonesian clones was undertaken by Oomen

(1982).

2.4.2 Age and m o r p h o l o g y  of plant as determinat factor for 

reproductive potential of pests;

Birch (1948) in his classical work h ighlighted the 

intrinsic rate of an insect population. The concept of 

‘biotic p o t e n t i a l’ or ‘reproductive potential' by Graham 

(1952) has wide usage. Herbert (1981) studied some aspects 

of biology, life tables and innate capacity for increase of 

the two spotted spider mite, Tetranychus urticae (Acarina: 

T e t r a n y c h i d a e ) . Clonal susceptibility of 0. coffeae to tea 

mentioned by Banerjee (1988). Norris and Kogan (1980) 

demonstrated that morphological attrib u t e s  (toughness and 

pubesence typically affect insect at the preference levels ) 

for egg laying and successful completion of generation. 

Sudoi(1986) worked out on effect on red spider mites on 

v egetative growth of young tea plants. Some aspects of 

ecology of tea thrips, Scirtothrips dorsalis infesting 

Ricirius commuTiis were studied by A nanthakrishnan et ai.

(1982). Okada and Kudo (1982) identified relative abundance 

and overwintering sites of Scirtothrips dorsalis in tea 

fields of Japan. Information on bioecology of tea thrips, 

Scirtothrips bispinosus  is available from South India 

Ananthakrishnan (1963).
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F i s c h e r (1960) and S a nders (1969) published a classical 

work on faunal accumulation of arthropod pests is often a 

function of the age of the plants or habitat. Banerjee( 1981) 

showed that tea pests reached a saturation level when bushes 

are about 35 years old. Of late, Sannigrahi and M u k hopadhyay 

(1992) accounted for the population dynamics of some pests 

attacking young cultivars during first year of growth since 

plantation from Darjeeling terai.

2. 4,. 3 Effective manipulation of natural enemy:

Rosen and Huffaker (1983) indicated several desirable 

a ttributes for natural enemies effectiveness viz. searching 

capacity, specificity, power of increase, fitness and 

a d a p t i b i 1 ity. Doutt (1964) and Vinson (1981) categorised that 

searching behaviour of a predator comprised of four 

restrictive steps: 1) Habitat selection 2) Prey finding 3)

prey acceptance and 4) prey s uitability and 5) prey

regulation. Advantages of polyphagous nature were depicted by 

Rosen & Huffaker (1983), and preference for a partic u l a r  prey 

species as desirable quality was mentioned by Huffa k e r  et 

a l . (1970). Huffaker et a l . (1970) mentioned that a high 

intrinsic rate of increase relative to that of pest is a

desirable attribute contributing to the efficacy of a natural 

enemy, especially in unstable and disturbed environments. 

Kerkut and Gilbert (1985) categorically defined two types of 

releases of natural enemy into the field viz. inundative

releases and inoculative release. Periodic releases were
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added as another means with these two types by Rosen DeBach 

(1979).

aD. Geocoris spp. as a potential polyphagous predator;

Predatory insects differ from parasitic ones in that 

the larvae or nymphs , as the case may be, require several to 

many prey individuals to attain maturity. Among the different 

orders of insects, the order Hemiptera is known to have a 

substantial number of preda c e o u s  species in various families 

besides phytophages. S w e e t (1960) established lygaeid 

subfamily Geocorinae as predatory. Van den Bosch and Hagen 

(1966) well documented the predatory role of the big-eyed 

bug, Geocoris. P opulations of Geocoris punctipes (Say) occur 

in large numbers in Soybean fields in Southern US (Tugwell et 

ai., 1973; Turnipseed, 1972; Shepard et al., 1974). This 

predator is an important biological control agent of 

Hel iothis zea Biddie (Whitcomb Bell, 1964), H. virescens 

(F.) (McDanniel 8< Sterling, 1979), Pseudoplusia includens 

(Walker) (Richman, et al, 1980), Ariticarsia gemmatilis Hubner 

(Elvin et al. 1983) and Nezara i^iridula (L. ) (Crocker Z/. 

Whitcomb, 1980) which are major pests of soybean. Funderburk 

et al., (1989) studied the abundance and dispersion of 

Geocoris spp. in soybean fields of Alabama and Florida. 

Naranjo (1987) made o b servations on oviposition site 

preferences of Geocoris puTictipes.
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Tamaki studied the biological and ecological a s pects of 

G. pallens Stal and G. ballatus (Say), While Crocker and 

Whitcomb (1980) added note on the feeding niches of the 

latter and of two more species, 6 . puuctipes (Say) and 6 . 

uligiTiosus fSay) . P h i m o n p h o n - N a h a t a  (1984) detailed natural 

enemies of pests including Geocoris in Thiland. Malipatil

(1979) worked on the biology on some lygaeide of South-east 

Queensland that included geocorines. Recent o b s e r v a t i o n s  on 

life cycle on G. sorbinus were made by Eich and Corseuil

(1991) .

But for a few reports of York (1944), crocker and 

Whitcomb (1980), Thead et al. ('1987) their n e c r o p h a g o u s  habit 

of Geocoris has received little attention.

In India most of the bioecological reports on

geocorines are confined to the commonly available species, 

namely G. Jucandus Fieb. and G. ochropteras Fieb by Maxwell- 

Lefroy (1909), Cherian (1933), Rangarajan et a l ., (1964),

Subba Rao et al., (1985), and Rawat & Modi (1969). C hatterjee 

(1937) reported about habitats and distribution of some 

Indian geocorines. M u khopadhyay (1988) and M u k h o p a d h y a y  and 

Ghosh (1982)added notes on food habit and biology of two 

newly described species viz. G. pseudo Iituratus and G. 

bengalensis from eastern India.

b!) Bioecological studies on Geocoris spp.:
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Beocorines are known to use plant food (besides their 

normal animal diet). P h y t o p h a g y  in Geocoris can provide 

supplemental moist u r e  (York, 1944), nourishment (Stoner, 

1970), increase reproductive success (Dunbar and B a c o n , 1972) 

and does not h a r m  the p lants (Dunbar, 1971; King and Cook, 

1932). Tamaki and Weeks (1972) showed that G. pallens and G. 

bullatus laid m a x i m u m  eggs when a c ombination of insect, 

green plant and s u n f lower seeds were provided in diet. 

Yokoyama (1978) suggested that certain predac e o u s  arthr o p o d s  

sustain themselves by feeding on plants when prey are scarce. 

Shepard et a l . (1974) observed that the vagility of the 

nymphl stages was less than the adults when fed s olely on 

plant diet. Naranjo and Stimach (1985), in an important 

literature evaluated the p e r f o r m a n c e  of Geocoris panctipes 

using 12 different plant s p e cies as supplemental food. Alter! 

(1981) favoured the view that weed may augment biological 

control. The host plant of prey may also have an important 

role (Price et ai., 1980) and has been demonstrated predation 

and oviposition by G. pailens Stal. and 6. bullatus (Say) 

(Tamaki et a i ., 1987; N a ranjo & Stimac, 1987). The potential 

for uncultivated plants in cropping s y s tems to increase- 

natural enemy and thereby benefiting crop p l a n t s  was

suggested by Alteri and Whitcomb (1979), Bugg et al., (1987) 

studied the effect of common knotweed iPolygoTium a v i c u l a r e ) 

in regulating abundance and effici e n c y  of insect p r e d ators of 

crop pests. Influence of cool season cover crops and relay 

intercrop with cantal o u p e  on Geocoris punctipes was studied 

by Bugg et a l . (1991).
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Laboratory rearing and feeding behaviour of Geocoris spp.:

Mass p roduction of entomo p h a Q O U S  is almost the most 

challenging task of biological control. This is indicated by 

the fact that although a n umber of predators, p a r a s i t o i d s  and 

pathogens have been discovered and studied in several 

countries, the techniques for mass p roduction h a v e  been

standardised for m erely 15-20 s p e c i e s  in the world. To

translate biological control precept to practice,successful  

mass rearing and probing s t udies is the prime n e c e ssity 

(Manjunath, 1984). Champlin and Sholdt (1966) reared Geocoris 

punctipes (Say) in the laboratory on larvae of the beet 

armyworm, Spodoptera exigua (Hubner). Cohen and Debolt (1983) 

revealed that water was required for survival in developing  

<3. p u n c t i p e s . Ingestion of nonmo t i l e  food like eggs, meat 

diet or aphids in the form of artificial larvae, has been 

reported for Geocoris p un ctipes (Say) (Cohen, 1984, 85, 89a), 

Cohen and Urias, (1986). R e p o r t s  on rearing attempt of G.

ochropterus on frozen S itrotroga c ereaiella (olovier) eggs 

was made by Lopez et.al., (1987). Of late, M u k h o p a d h y a y  and 

Sannigrahi (1993a) designed a successful rearing p r o g r a m  of, 

G .ochropterus on cold preserved pupae of Oecop hy l1 »

smaragdina.

Miles reviewed several studies and showed that 

the "watery saliva" of hetero p t e r a n s  c o n tains v a rious enzymes 

for preoral digestion of prey. Slansky and Scriber (1982)
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summarized food utilization effici e n c y  of p r e d a c e o u s  insects 

includinQ G. punctipes. Chow et al. (1983) showed that effect 

of temperature and hunger on the functional response of 

Geocoris bullatus fSay) to Lygus spp. density. F a ctors known 

to influence predation by G. punctipes are temperature, 

developmental stages and sex of the predator, and 

developmental stage, size and behaviour of the prey (Crocker 

et ai., 1975: Lawer e n c e  and Watson, 1979? C h i r a v a t h a n a p o n g  & 

Pitre, 1980; Crocker & Whitcomb, 1980). Tamaki et a i . (1981)

evaluated the plant density and temperature in p r e dator-prey  

interactions between Hyzus persicae and Geocoris bullatus. 

P reference for each prey was evaluated by Gupta et a l .

(1980).

d) Factors respo n s i b l e  for predatory e f f i c i e n c y  of Geocarjs 

spp. :

An elaborate review on techniques for evaluating 

predators (both qualit a t i v e  and q u a ntitative ) for control of 

insect pest was made by Grant and Shepard (1985). Wyatt

(1983) furnished simple c alculator models for prey-pradator  

interaction. The role of big-eyed bug, G. ochro pt er u s as a 

predator of some thrips (including S. dorsalis) was studied 

by Suresh Kumar and A n a n t h akrishnan (1985). Champlin and 

Sholdt(1966) reported high nymphal mortality in Geocoris spp. 

due to cannibalism. Morris (1963) presented a paper which 

stated that prey d e fence and predators age are said to affect 

the functional response of predators. Butler (1966),
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C hiravathanapong & Pitre (1980) reported that successive 

developmental stages of geocoris puTictipss tend to consume 

increasing numbers of prey daily. Important works include 

those of Fransz (1974), Sabelis and Dicke (1985) on the 

ability of p r e dator to move about within webbing structures 

of the prey. Bergmen and Tingey (1979), Boethel Eikenbery

(1986), and Barbosa 8< Letour n e a u  (1988) proposed possible

accumulation of toxic alleilochemical into the predator 

rendering prey u nsuitable for consumption. There is no 

literature on survival of predators when used against any 

pest of tea.

eD Pesticide t o l e rence of Geocoris spp.:

One of the major problem associated with the 

introduction or conservation of natural e n emies for the

control of pests in agricultural crops, is the 

incompatibility of the control agents with the use of

pesticides, The problem is excerbated by the tendency for 

natural enemy to be affected more severely by insecticides

than are their hosts (Bartlett, 1964). Insecticide resistance 

in beneficial arthropods is rare compared to resistance in 

pests (Croft ?v. Strickler, 1983). Based on survey results, 

Georghiou (1986) concluded that natural enemies accounted for 

< 37. of the 447 species of insects and mites known to be 

resistant to one or more pesticides. Few hymenopteran 

parasitoids are resistant to insecticides (Croft, 1990).
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Barclay (1982) developed models for pest control using 

predator release, habitat management and pesticide release in 

combination. Walker et ai, (1974) compared the laboratory and 

field evaluation of fecundity or nymphal maturation of 

Geocoris punct i pres in contact with methyl parathion, 

methomyl and carbaryl. Walker and Turnipseed (1976) assessed 

the predatory activity, reproductive potential and longevity 

of Geocor i s spp. treated with the same insecticides. 

Wilkinson et al. (1978) also showed that d i f l ubenzuran did 

not affect host consumption, mating and fecundity of G. 

punctipes (Say). Toxicity of methomyl parathion and toxaphane 

to several insect predator including Geocoris  spp. was 

studies by Pape and Crowder (1961). Furlow and Pitre found 

that exposure to the herbicides acifluorfen and bentazon 

increased G. punctipes egg viability. Lentz et ai. (1983) 

t'eported reduction of Geocoris spp. number by application of 

aldicarp and carbofuran. Yokoyama et a l . (1984) studied the

laboratory toxicity of the acaricides and insecticides of G. 

pal lens, a predator in C alifornia cotton pests. Yokohama 8t 

Pritchard (1984) studied the effect of sublethal doses of 

pesticides viz. carbaryl, methidathion, methomyl, dicofol and 

propargite on mortality, fecundity and egg viability of 

Geocoris pallevts. Isenhour and Todd (1984) tried an 

experimental insecticide SD 52618 on Geocoris punctipes Say 

and found it less toxic. Corso (1984-85) worked on and 

published a paper on the action of insecticide on Geocoris 

spp. in Brazil. Non significant effect of soil applied 

Chloropyriphos on G. punctipes and G. uliginosus was
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highlighted by Funderburk et al. d 9 9 u ) .

Important works include the joint testing programme of 

lOBC/WPRS-working group "pesticides and beneficial 

arthropods". In their second testing programme, Hassan et a l . 

n 9 8 3 )  showed that thiodan is mostly harmful to a n umber of 

natural enemies at 0.01 concentration. On the other hand the 

result of third testing programme of lOBC/WPRS showed that 

kelthane was found to be less toxic to the natural enemies 

tested. Hassan et al. (1991) in their fifth joint testing 

programme listed the objectives, condit i o n s  and standard 

c haracteristics of different test method of p e s t i c i d e s  on 

natural enemies. Subseq u e n t l y  while commenting on a new 

laboratory method to test the side effects of pestic i d e s  on 

the predatory mite Samsoe-Petersen & Hassan (1991) discussed 

the advantage and disadv a n t a g e s  of lOBC of newly proposed 

methods. So far no work on pesticide toxicity to Geocoris 

ochropterus is known.

Since the literature hunting has been done manually 

using the available abstracts and journals, books and 

reprints, the p o ssibility of some slips are not ruled out. 

Nevertheless, best of knowledge and efforts have been put 

behind in collecting all the references felt important and 

relevent to the present work.

28


