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INTRODUCTION



INTRODUCTION

Banana (Musa paradlslaca L .) i s  grown in  large 

scale in  most o f the trop ica l countries fo r  i t s  

valuable fru its . In India the crop i s  grown 

extensively in  the stateB o f Kerala, Karnataka,

Andhra Pradesh, Tamil Nadu, Maharashtra and Orissa.

In Kerala the crop is  grown in  an area o f over

53,000 ha. with a tota l production o f  1.7 lakh tonnes 

per annum.

Banana crop is  attacked by several diseases and 

pests which substantially lim it I ts  production. Among 

the pests, nematodes have recently been observed to 

constitute a major threat to the banana production in  
Kerala State. The important parasitic  nematodes 

associated with banana include* the burrowing nematode, 
Radopholus s im ilis . spiral nematode, Helicotvlenchus sp. 

root knot nematode, Meloidogyne incognita, root-les ion  
nematode, Pratvlenchus sp«, and renlfora nematode, 

Rotvlenchulus sp.

Burrowing nematode, Radopholus sim ilis  was 
reported on banana fo r  the f i r s t  time in  1966 by 

Hair et a l. These nematodes cause damage,variously
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referred to as root rot, blackhead disease and 

toppling disease. Though the occurrence of 

Radopholus sim ilis  was reported in  1966, investi
gation on this, nematode on banana v/as not done in  
the state* Therefore, the extent o f damage done by 

th is nematode. on banana was studied in  the present 

investigation*
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1. REVIEW OF LITERATURE

1,1 Distribution and diseases caused.

While investigating a disease of banana in  F i j i ,  

Cobb (1893) found a new nematode and named i t  as 

Tylenchus s im ilis . Later Thome (19% ) renamed i t  as 

Radopholus s im ilis  and i t  was confirmed by Sher in  

1968. He considered Radopholus s im ilis  to be indegenous 

to Australia and Hew Zealand.

I t  was distributed throughout the world and i t  

was reported on pepper from Bangka islands, Indonesia 

(Vandexvecht, 1950), from Florida on citru s (Suit and 

DuC'hanne, 1953) where i t  was considered as a threat 

spreading over 8000 acres (B irch fie ld , 1957). I t  was 

also reported on banana from Honduras (Stover and 

Fielding, 1958) from New South Wales, Australia (Blake, 

1961 b ), in  the s o ils  of Puerto Rico (Ayala and Roman, 

1963), in  Europe (Scotto La massesse, 1967) and from 

Sriiqhka on tea (Sivapalan, 1967). They were sub

sequently reported from many countries lik e , Belgium 

(Heugens, 1968), Mexico (Toboada and Cabellero, 1968) 

Rhodesia (Anon. 1969) ,  Germany (Sturhan, 1970), Ghana 

(Addoh, 1971), New Guinea (Fisher et a l. 1971), Costa 
Rica, ( TarJan, 1971), Tanzania (Ngundo and Taylor,
1973), and in  Zambia (Raemackers and Patel, 1973).
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O'Bannon (1977) c ited  that Radopholus s lm llls  was distributed 

throughout the world except in  Israel (Minz et a l. 1970) and 

Taiwan (Hung, 1977)*

Radopholus s lm llls  was f i r s t  reported in  India on 

banana by Nair et a l. (1966) and la te r  on coconut, (Weischer, 

1967; Mathen et ai* 1970), arecanut (Kumar et a l. 1971) 

turmeric and ginger (Koshy, Sosemma and Nair 1975) in  

Kerala.

I t  was found to attack banana and sugarcane (Cobb,

1693 and 1915). They cause 'pepper'yellow s1 disease on 

pepper (Vanader Vecht, 1950). The ' spreading decline* 

disease on citrus in  Florida, though known since 1928, was 
attributed to Radopholus sim ilis  in  1953 (Suit and Duchaxme, 

1953). Radopholus s im ilis  caused 'Black head toppling 

disease* on banana (Leach, 1958) and th is  disease was ca lled  

by d ifferen t names in  d ifferent countries as ’ Radopholus 
root rot* , ’ Black head*, 'toppling disease' and 'decline* 

(Blake, 1961 b). I t  was also known to cause the diseases 

on grape fr u it  (Feder and Feldmesser, 1956), cardamom 

(B*Sousa,and Kumar, 1969). and 'yellow  le a f disease1 on 
arecanut (Koshy et a l. 1976).

1 .2  Symptoms*

1.2,1 Above grounds In general the in fested plant did not reveal 
any d istin ctive  symptom of Radopholus s im ilis  attack, on



the aeria l parts (Taylor, 1969). However, the Radopholus 

sim ilis  a ffected plants did not grow to i t s  fu l l  extent 

and were stunted* (Suit and DuChame, 19531 Feder and 

Feldmesser, 1956; Senanayake, 1969; Decker et al* 1970; 

V ilsoni e t al* 1976; Sundara Raju et al* 1979). Banana 
plants showed unthriftiness and poor anchorage (Blake,
1961 b) * Premature flowering and fru itin g  together with 

general stunted appearance of young tea plants was observed 
(Sivapalan, 1968). Sickly appearance, production o f saall 

leaves, premature shooting o f a weak banana bunch and 

abundant production of water suckers was observed (Fisher 

et a l, 1971).

Plants produced fewer end smaller leaves in  Radopholus 

sim ilis  a ffected citru s gardens (Suit and Du Channe, 1953). 

Chlorosis was observed on the leaves o f a ffected  grape 

fr u it  plants (Feder and Feldmesser, 1956). Occasionally 

Radopholus sim ilis  attacks lea f bases near the s o il  l in e  

on banana (Wehunt and Edwards, 1968). Reduction in  size 

and number of leaves was observed by Blake, (1972). In the 

case of pepper, leaves turned pale yellow or xvhitlsh and 

hanging, and yellow leaves always curl inwards aid drop 
(Vander Vecht, 1950; Ichinohe, 1976; Venkatesan, 1977).
Top leaves withered and scorv-ched in  the case o f ginger 

(V ilson i et a l. 1976). Scale leaves o f tum eric harboured 
Radopholus s im ilis  (Sosamma, et a l. 1979),



Collapse o f the adult banana plants at the time of 

f r u it  formation was noticed (Blake, 1961 as Decker et a l. 

1970s Fisher et a l. 1971).

1 .2 .2  Below ground symptoms: The attack o f Radopholug s im ilis
resulted in  striking reddish brown lesion s on roots 

(Cobb, 1915; Feder and Feldmesser, 1956; George and 

Martin, 1969), which often coalesced and girdled the roots 

(Loos, 1959, Loos and Loos 1960b;Fisher et a l. 1971;
Koshy et a l. 1975; Venkatesan, 1977; Sundara Ra^u et a l.

1 1979). Some times the lesion s extend more than two and 

half to four inches (Loos and Loos, 1960 b) and rhizomes 

were also a ffected  (Nair et al* 1966; Sosamma et a l. 1979; 

Sundara Ra^u et a l. 1979)> iue to which the length and 

number of roots were greatly reduced, side roots were 
few or absent and the lesioned roots lo s t  th eir white or 

colourless appearance and gradually turned purplish black 

(Feder and Feldmesser, 1956; Loos, 1959; Loos and Loos 
1960 b; Blake, 1961 a and b; Nair e t a l. 1966; Senanayaka, 

1969; Tomerlin and O'Bannon, 197^; Koshy et a l. 1975). 

Longitudinal cracks were noticed on the surface o f  the 

older fo o ts  (Loos and Loos, 1960 b; Blake, 1961 a;
Slake, 1966).

1.3 Pathogen!city.

The pathogenicity tests , conducted on citru s showed, 
stunted growth with small leaves, thin fo lia g e  with dried

6
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twigs and small fru its  with extensive root destruction 

(Suit and Duoharrae, 1953). B irch fleld  (1957) described 

the symptoms and id en tified  Radopholus sim ilis  as a 

threat to citru s industry in  Florida. Pathogenicity of 

Radopholus sim ilis  liras proved on banana in  the presence 

of Fusarium oxvspor'.urn f  * Cubanse(lo o s  (1959) and on 
pepper in  the presence of Fu sari ten oxyspor urn (Sheela,

1978). Blake (1961 b) showed the e f fe c t  of Radopholus 

sim ilis  on banana, he found a ll typ ica l symptoms 
produced by the nematode, and the destruction of the 
plants due to i t s  attack was observed. O'Bannon et a l. 

(1971) found i t s  pathogenicity on six  peanut v a rie ties . 

The results o f inoculation experiments indicated 
poten tia lity  of Radopholus s im ilis  to cause severe damage 

to the root system of coconut and arecanut (Koshy et a l.

1975). Radopholus s im ilis  was found to cause reduction 

in the growth o f above ground parts by 79 per cent end 

the root growth by 86 per cent in  pepper (Venkatesan, 

1977). Wehunt et a l. (1978) developed the root lesion  

ratings 1 - 5  according to the severity of in fection , 

size  and number o f lesion s on the roots.

Similar pathogenicity tests  were conducted on 
turmeric (Sosamma et a l. 1979) and they found that there 
was reduction in  the number of t i l l e r s  by 18 per cent, 
number o f leaves by 14 per cent, width o f  the lamina by



17 per cent, length o f the lamina by 15 per cent, shoot 

length by 4 per cent, shoot weight by 48 per cent, number 

of roots by 31 per cent, maximum root length by 16 per 

cent, root weight by 42 per cent, number o f rhizome 
branches by 59 per cent and rhizome weight by 76 per cent 

at 1,00,000 inoculum le v e l.

Sundara Raju et a l. (1979) studied pathogenicity 

on ginger and found 50 per cent reduction in  number o f 

t i l l e r s ,  63.4 per cent in  number o f leaves, 39*11 per 

cent in  shoot length, 61.54 per cent in  root length,

83,1 per cent in root weight and 73.6 per cent in  

rhizome weight.

1.3.1 Correlation studies: A highly sign ifican t negative 

correlation  was obtained between population o f  Radopholus 

s im ilis  and root weight (Tomerlin and 0*Bannon, 1974),

A positive  correlation  was observed between population 

o f  Radopholus sim ilis  and overall destruction o f the 

plant (Sundara Raju et a l. 1979) and a negative correlation  

of nematode m ultiplication  was seen with an increase in  

the inoculum lev e l (Sosamma et a l. 1979),

1 .3 .2  Plant tolerance: The tolerance lim it  o f banana plant 

was studied. A population of 1000 Radopholus slm llls  
per 100 g of banana roots was considered hannless 
(Guerout, 1970) and a population lev e l o f 550 Radopholus 

sim ilis  per 3D g o f Musa root could not a ffect much on



banana production (Anon* 1976)* Destruction of roots 

o f pepper plants was observed at a threshold inoculum 

of 1000 nematodes per 1500 ml of s o i l  or when average 

population per gram root raised to 2300 nematodes 

(Venkatesan, 1977)*

1.4 Economic Importance.

1.4.1 Banana: Radopholus s im ilis  probably causes greater

world-wide losses in  banana yields* Bunch weight in  the 
nematode uninfested p lots  ranged upto 16 lb s  heavier 

than those from nematode in fested p lo ts . Total fr u it  
production was upto 17*000 lbs  per acre per year more 

from the nematode free  p lots than from the nematode 

in fested  plots* A reduction o f y ie ld  by 66,7 to 116.7 

lb s  per planted rhizome was recorded (Loos and Loos 

1960 b ), Maas ( 1969) recorded a y ie ld  o f 37 tonnes in  

100 per cent in fested  p lo ts  whereas i t  was 73 tonnes 

per year in  le ss  than 30 per cent in fested  plants.

Within 3 to 4 years o f attack there was 50 per cent 

y ie ld  lo ss , about 12.5 tonnes per ha* and a tipover

of the plants went upto 60 per cent of the to ta l population. 

(Adam and Rodriguez, 1970).

1 .4 .2  Citrus: Oh declined trees, reduction in  the f r u it
production varied with the age o f the tree, variety, 
grove care and the duration of in festa tion . In general



the reduction in  fr u it  y ie ld  varied from AO to 70 per 

' cent fo r  oranges (DuC-hanne, 1968)* A citru s grove 

planted with healthy seedlings produced 1,322 boxes 

o f citru s per ha. whereas the seedlings in fested  with 

Radopholus s im ilis  produced only 62 bones at the end 

o f the 9 years (0*Bannon, 1977)*

1.4.3 Pepper: Due to the attack o f Radopholus sim ilis  in  

Bangka islands, the population o f pepper vines were 

reduced to 2 m illion  from 22 m illion  (Hubert, 1957)*

In the f ie ld s  where there was more than 50 per cent 
Radopholus sim ilis  in fection , y ie ld  reduction approached 

40 per cent (V ilsoni et a l. 1976).

1 .4.4  On other crops* A healthy grape f r u it  tree could produce 

14 to 17 boxes per tree , a sim ilarly aged, Infected tree 

produced only 4 to 6 boxes. In festation  o f Radopholus 

s im ilis  on grape f r u it  suppressed y ie ld  by 50 to 80 per 

cent (0*3annon, 1977)* An in it ia l  inoculum lev e l o f
ten nematodes caused 35 per cent reduction in  the weight 

of the rhizome a fter four months and 46 per cent at 

the end of the eight months in  turmeric (Sosamma et a l. 

1979)* A reduction o f 73^6 per cent in  rhizome weight 
was observed with an in it ia l  inoculum lev e l o f 10,000 

nematodes over a period of 6 months in  ginger (Sundara 
Raju et a l. 1979)*

1 0  i r
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1.A.5 Control of Radopholus sim ilis  /  y ie ld  benefit: There

was an increase o f 0*8 number o f leaves, and 3.7 inches

in  the circumference of pseudostem, over the control*

when the plants were treated with 3 gal. per acre o f

DBCP. The p lots received 25 1. • DBCP per ha. In

October and 15 1* pen ha. in  the follow ing March*
yielded 51.86 m. tonnes in  the f i r s t  crop and 59* A m.

tonnes in the second crop. Yield in the control p lots
declined from 39 ni* tonnes in  the f i r s t  crop to 25 Q.

tonnes per ha. in  the second crop. (Die and Vilardebo*

1961). By in jectin g  5 m ill! l i t r e s  of 0*25 m illi  l i t r e
o f active ingradient DBCP* at the base o f the pseudostem,

the plants improved vegetative growth, and the weight

o f the bunches increased from 6.8  to  10.31 kg (Taylor,

1969)* There was an increase in  the y ie ld  from 30 to •

60 per cent where control measures were taken (Blake*

1972). Application of 3 cc DBCP active ingredient

per plant* fo r  6 times a year yielded 33 m. tonnes

per ha. which was more than the treatment o f same

chemical fo r  3 times a year (31.7 m. tonnes) or  those

treated with 3 g o f pfc.enamiphos per plant fo r  3 times

a year (30 .A m. tonnes) and the control (27*3 m. tonnes)
in  the experiments conducted by Melin and Vilardebo,
( 1976) .  Granular nematicldes, piKenaraiphos, ethoprop

and carbofuran, were found to be more e ffe c tiv e  than
DBCP and to  improve production (Vilardebo and Guerout* 
1976). A seedling dip in  DBCP at 1000 ppm concentration
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f o r  15 minutes and longer, was found e ffe c t iv e  in  k ill in g  
a l l  the nematodes in roots inside husk, the cheapest 

treatment fo r  nematode control on coconut (Koshy and 

Sosamma (1979). S ignificant y ie ld  differences were 

obtained by using aldicarb, Aldoxycarb and DBCP 

(Figueroa, 1980).

Population Dynamics.
In monoxenic culture: In monoxenic cultures on citru s,

the rate of reproduction during f i r s t  l i f e  cycle  o f  19 

days was arithmetic, thereafter became geometric fo r  

36 days, then population increased at decreased rate 

due to  population density factors  (Du dhanne, and Price, 
1966).

Seasonal variation: Dry season was unfavourable f o r  the
development of Radopholus sim ilis  on banana (Melin and 

Vilardebo, 1973; Vilardebo, 1976). But high population 
le v e ls  were observed in the period o f  short rain showers 

occuring during drier months (Jaramillo and Figueroa,

1976). Rainy season was favourable fo r  i t s  m ultiplication  
(Vilardebo, 1976). However, population density was 

lowered a fter  heavy ra in fa ll In banana plantations 
(Jimenez, M,F. 1972; Jimenez Q.M.F. 1972). Lowest 
population density was found between June to July 

(Du Charme and Suit, 1968), minimum was in  March (Melin 

and Vilardebo, 1973; Vilardebo, 1976) and continued to



be low upto August (Shafiee and Mendez* 1975; Anon.

1979). Highest populations were found during September 

to November (Koshy et a l. 1975WOctober to December 

(Du Charae and Suit* 1963} Vilardebo* 1976).

1 .5 .5 . In relation  to plant growths Growing period of 
banana plant favoured development o f population 

(Jaramillo. and Figuroa, 1974; Vilardebo* 1976) and 
most favoured during flowering and Just a fter  flowering 

of banana. (Melln and Vilardebo, 1973* Vilardebo, 1976).

1 .5 .4  In relation  to s o il  temperatures Optimum temperature
fo r  root invasion was 24°C and minimum and maximum were 

12°C and 29.5°0 to 32.5°C respectively . Mean s o il  
temperature at 15 cm depth were within the lim its  fo r  

growth and reproduction o f Radopholus s im ilis  but at 

times exceeded them making unfavourable fo r  i t s  

m ultiplication  (Du Charme* 1969). Boil temperature. 

below 30 cm depth had no important role (Jimenez*

M.F# 1972; Jimenez* Q.M.F. 1972* Shefiee and Mendez, 

1975).
1.6 Hi stopathology.

Radopholus sim ilis  were found to enter a ctively  

growing root tip s  in the region of c e l l  elongation and 
root hair production. Roots were penetrated by the 
ly s is  of successive c e l ls  (Ducrharme* 1959} Loos end 

Loos, 1960 b; O’ Bannon et a l. 1967; V ilsoni et al.1976).



They bore Into the parenchymatous c e l ls  in  the cortex 

turning them n ecrotic and brown to black in  colour 
(Vander Vecht, 1950; Blake 1966; Taylor 1969; V ilsoni 

et a l. 1976; Venkatesan, 1977). On the young coconut 

roots small reddish brown elongate lesion s were 
produced, but on the older roots the lesion s were seen 
clearly  only when the hypodennis (functional epidermis) 

v;as peeled o f f  (Koshy et a l. 1975). Both adults and 
larvae took up e feeding position  between parenchyma 

c e l ls  in  the cortex, one to four c e l ls  beneath the 

epidermis. The presence of these nsnatodeB caused 

contiguous c e l ls  to separate. From an in ter ce llu la r  
position  nematode Inserted I ts  s ty le t through the 

primary c e ll  wall, depressed the cytoplasa and caused 

I t  to invaglnate around the sty le t tip* Invasion o f 

the ste le  by Radopholus sim ilis  on banana root was not 
observed (Blake, 1966). But by the action of secondary 

organisms lik e  Fusarlum oxysporium f .  cubenseiInvasion
'.i ’

and necrosis extended upto ste le  in banana roots (Loos, 

1959). As the nematode progressed through the root, 

tunnels and ca v ities  were formed in  the cortex and ste le  

through the passage of endodermis, as a result the 
phloem and cambium ring was often  destroyed in  the case 

o f c itru s . (DuC^harme, 1959; 0*Bannon, et a l. 1967).



Cellular changes: Within 12 hours o f entering the

cortex, the size  of the nucleus and nucleolus in  the 

c e l ls  surrounding the point o f invasion was s ign ifica n tly  

increased and a clear halo lik e  area appeared to separate 

the nucleolus from nucleus. Afterwards nucleus was 

disintegrated (Blake, 1966* OfBannon et a l. 1967)* 

Cytoplasm was contracted from the c e l l  walls* and they 

were found ruptured, forming ca v ities  (Ducshanne,

1959; Blake, 1966; V ilson iet al* 1976) which la te r  

coalesce, (Blake, 1S66). Hyperplasia and hypertrophy 

were rare in  banana roots (Blake, 1966), hut were 

observed along with tumour formation from the pericycle  
(DuCDharme, 1959) end along with wound gum formation 

(0*Bannon et a l. 1967) in  the case o f citru s roots*



MATERIALS AND M ETHODS



2. MATERIALS AND METHODS

A pot culture experiment on banana, variety 

Nenthran, using concrete pots was conducted to study 
the type and extent o f damage done by the burrowing 

nematode, Radopholus s im ilis  on the crop, at the 

College of Agriculture, Vellayani* Randomised Blocks 

Design was follow ed vdth 5 rep lication s and the 

follow ing 16 treatments.

1. TA1 - Control -  no nematode.
2. TL2 1,000 nematodes inoculated - 45 DAP*

3* T3 - 1,000 it ft 90 DAP
A* T4 - 1,000 n n 135 DAP
5. T5 - 1,000 (i if 180 DAP
6. T6 - 1,000 n » 225 DAP
7. *7 - 10,000 ti ti 45 DAP
8. Te - 10,000 t! n 90 DAP
9* T9

- 10,000 n n 135 DAP
10. T10 - 10,000 ii it 180 DAP
11. T11 - 10,000 tt n 225 DAP
1 2 .

1

T12 -1 ,00,000 n ti 45 DAP
13.

T 1 3
-1 ,00,000 ii ti 90 DAP

14. T14 -1 ,00,000 n n 135 DAP
15.

T 1 5
-1 ,00,000 n ii 180 DAP

16. V -1 ,00,000 I! n 225 DAP

# DAP -  Days a fter  planting.
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2.1 Preparation of pot mixture and s te r iliz a t io n *

Sieved f ie ld  s o i l ,  sand and sieved well decomposed 

farm yard manure were mixed in  the ra tio  3s 1.1 and were 

f i l l e d  into eighty concrete pots of size 1 x 1 x 1 m to 

a depth of SO cm. The pot mixture was s te r ilise d  using 

methyl bromide at the rate of 450 g per tonne o f mixture.

2.2 Selection and s te r iliza tion  o f suckers.
Eighty, healthy and uniform size  suckers of banana 

variety Nenthran, were selected and s te r ilized  by dipping 

in a bordeaux mixture -  DSCP paste (made by mixing 1 kg 

hydrated lime, 1 kg copper suphate, 65 ml o f 70 per cent 

DBCP and 23 l i t r e s  o f water, Loos and Loos, 1960 a) 

a fter  paring. Suckers v/ere planted in  the pots containing 
ste r ilize d  pot mixture, as soon as the paste had dried.

2.3 Raising and maintenance of pure cultures o f Radopholus 

s im ilis .

Pkpdopholus s im ilis  was co lle cted  from the in fested 

banana plants in  the Instructional Farm o f  the College 

o f Agriculture, Vellayani, and was m ultiplied and 

maintained on ( i )  banana plants raised in  pots containing 

s te r ilise d  pot mixture and ( i i )  tissue culture method 
(OfBannon and Taylor (1968).

2.3.1 ( l )  Banana plant culture: S terilized  banana suckers

of Nenthran variety  were planted in the pots containing
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ste r ilize d  pot mixture. When the plants got established, 

they were inoculated with pure cultures o f Radopholus 
s im ilis  and were allowed to grow. S u fficien t numbers 

o f banana plants were maintained to obtain necessary 

Radopholus s im ilis  population. The nematodes were 

co llected  from roots taken from these banana plants 

using the methods of Tarjan (1960) into s te r ile  water. 
The nematode suspension thus obtained were used fo r  

inoculation on the experimental banana plants.

2 .5 .2  ( i i )  Tissue culture methods

2.3.2.1 Materials used: Pure culture of axenlc nematodes,
Mercuric ch loride, Streptocyclinp, Ethyl alcohol, 

centrifuge, syringe with needle, forceps, 100 ml conical 

fla sk s, agar agar, carrots, safety ra3or blades, s te r ile  

water, s te r ilize d  cotton and butter paper.

2 .3 .2 .2 . Preparation of ca llus tissues Healthy and fresh  carrots 

were selected and washed repeatedly in  the s te r ile  

jrater to remove dust. Under the laminar flow , i t  was 

<jlipped in 98 per cent ethyl a lcohol. After showing 

over a flame, they were parred and s liced  into d iscs of 

9 to 10 mm thickness, and were inserted into s te r ile  

100 mm con ica l,flasks containing AO ml o f 1 per cent 
s te r ilized  s o lid if ie d  agar. The flask s were plugged 
with s te r ilise d  cotton. They were l e f t  fo r  3 to 5 
days to develop ca llus tissue on the carrot b its .
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2 .3 .2 .3  Inoculation of callus tissue: Pure suspension of
Radopholus 3im llls  co llected  from banana plant 
cultures were poured into sterile ' centrifuge tubes 

and centrifuged fo r  1 minute at 3000 rpm. Supematent 

v/ater was poured out and 2 ml of 0*1 per cent mercuric 

chloride was added, centrifuged and again poured out* 

The sediment was washed with s te r ile  water and 

centrifuged thrice fo r  15 seconds each* Two ml of 

0*1 per cent streptocyclin  solution in  s te r ile  water 

v/as added to the washed nonatode suspension in the 

centrifuge tube and centrifuged fo r  one minute. 
Streptocyclin was also washed out with s te r ile  water, 

three times on centrifuge as above* The nematode 

suspension was taken out with s te r ilized  syringe and 

inoculated d irectly  on callus tissue developed on the 

carrot d iscs under the laminar flow* Flasks containing 

carrot d iscs were covered with butter paper and kept 
at 24°C in the incubator.

2.3*2.4 Sub culturing: Discolouration of the carrot d iscs

v/as taken as a sign of m ultiplication  o f nematodes* 

Browning o f carrot b its  developed in  about 35 days.

Then the subculturing was done under laminar flow .
The carrot b it  v/as taken out v/lth s te r iliz e d  forceps 
and cut into 4 to 5 pieces v/ith s te r ile  blades and 

each an a ll  piece was Inserted in  to other s te r ile  

fla sk s containing the ca llus developed carrot d iscs,
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prepared as described. Nematodes which had come out 

of the carrot disc were washed out v/ith s te r ile  water 

and the same v/as also in jected  into the sub culture 

flaslts. These flask s were kept at 24°C in the incubator. 

This process was repeated to get su ffic ien t nematode 

population. The callus tissues from the sub cultures 

were cut into small b its  and put over a wire guaze 
containing tissue paper over a petrid ish  with s te r ile  

water. The nematodes co llected  in the water and the 

suspension was used fo r  Inoculation.

♦ 4 Inoculation.

Nematode suspension o f same age were co llected  from 

both the above cultures -in s te r ile  water. A fter 

estimating the nematode numbers aliquots o f nematode
/

suspensions were prepared to get 1,000, 10,000 and

1,00,000 larvae. Eight holes were made in  the s o il  

around the pseudostem upto the root zone and the 

respective nematode suspension was poured into the 

holes equally, on the corresponding treatment, on 

45, 90, 135, 130 and 225 days a fter planting. Holes 
were covered Immediately and lig h t  irr iga tion  was given.

The plants were maintained giving a ll  the 

recommended agronomic practices (Package o f Practices 
recommendations,K.A.U. 1980). Out of the f iv e  

rep lications, three were used to observe monthly build 
up of nematode population and the rest were not distrubed 
t i l l  harvest.
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2*5 Observations taken*
The follow ing observations were taken on the 

experimental plants*
2*5*1 Height of the plant! Length o f the pseudostem from 

the surface o f the s o il  to the fork  o f newly emerged 

lea f was taken on 45, 90, 135, 130, 225 days a fter  

planting and at flowering*

2.5*2 Girth of the pseudostem: Girth o f the pseudostem was

measured 6 inches above the so il le v e l on 45, 90, 135, 

180, 225 days a fter planting and at flowering*

2.5*3 Humber o f  leaves: Total number o f  leaves on the plant

at the time of observation were counted on 45, 90,

135, 180, 225 days a fter planting and at flowering.

2 .5 .4  Nematode population t i l l  harvests Composite so il

sample and root sample were co llected  from each plant 
at monthly in tervals from the date o f inoculation* 

Nematode population in  100 ml of s o il  was extracted 
by modified method of Cobb's decanting and sieving 

technique (C hristie and Perry, 1951) and counted*

Nematode population in  one g root was estimated 

by putting b its  o f roots on wire gua2e containing tissue 
paper over a petridish  with water* The nematodes were 
estimated at 24 hours interval t i l l  no more nematodes 

were obtained* Nematode population was also estimated
I

from one g o f a ffected  rhizome by taking composite 
sample, a fter harvest.
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2.5.5  Yield at harvest: Weight o f bunch cut at the f i r s t

bract, number o f hands, and to ta l number o f fingers 

in  each bunch were recorded.

2.5.6 Weight o f the corms The conn v/as l i f t e d  out without 

damaging the roots and weighed. Then nematode a ffected  

portion of the conn was chopped and weighed separately.

2.5.7 Weight of the roots: All the roots were cut o f th eir
base and weighed.

2 .5 .8  Length of the roots: Length o f 25 roots, selected at 

random from each com  was measured and average was taKen.

2.5.9 Root les ion  ratings: A ll the roots were divided into
5 groups according to i t s  severity of in fection ,

Rating of 1 to 5 as per Wehunt et a l. (1978) was 
follow ed:

1. no les ion s .

2* sligh t in fection  -  few lesion s o f 1 mm or le ss  
in  diameter.

3. moderate in fection  -  many lesion s o f 1 mm or 

le ss  or a few lesion s larger than 1 ram in 
diameter.

4. Severe in fection  -  many lesion s larger than 

1 mm in  diameter, a few coalesced into area 
greater than 1 cm in  diameter.
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5. very severe in fection  -  many lesion s 1 can in  

diameter, some coalesced into lesion s greater 

than 5 cm and the root almost destructed.

Numbers o f roots under each group were counted*

I I . Hi stop ethology.
Roots of the experimental banana plants showing 

lesion s of various stages were cut and fix ed  in F.A.A. 

The fix ed  roots were then processed fo r  microtomy using 

safranln find fa s t green stain (Johansen, 19^0). The 

sections were examined under microscope and photo

micrographs were taken.



RESULTS



3 R E S U L T S

An experiment on banana variety  Nenthran was 

la id  out with 16 treatments and 5 rep lications. 

D ifferent biometric observations lik e  height of 

the plants, number o f leaves and g irth  of the 
pseudo stem were compared to study the pathogenic 

e f fe c t  o f Radopholus sim ilis  on the crop.' The 

resu lts are presented below.

3.1 Height of the plants.

3.1.1 45 DAPs The height of the plants were measured on 

45 DAP and the result i s  presented in Table 1 and 
Appendix X. The height ranged from 68.8 to 69.4 cm- 

and was not s ign ifica n tly  d ifferen t as no treatment 

was given u n til 45 DAP.

3 .1 .2  90 DAPs The height o f the plants was again measured 
on 90 DAP and the resu lt is  presented in  Table 1, 

Pig.1a and Appendix I . All the plants grew to a 

height of around 119 cm.

The height of the plants treated on 45 DAP with 

1000, 10,000 and 1,00,000 nematodes was 118.6, 118.8 

and 119 cm respectively , showing a reduction o f 
0.67, 0.5 and 0.335 per cent over control though was 
not sign ifican t.
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135 DAP: The height o f the plants on 135 BAP are
presented in Table 1 Fig. 1b and Appendix I .  The 

height of the plants inoculated on 45 DAP with

1.000, 10,000 and 1,00,000 nematodes were 151.2,
149.6 and 143 cm respectively  with a reduction of 

4.55, 5*55 and 6.57 per cent over the control which 

was s ta t is t ic a lly  sign ifican t.

The height o f the plants treated with 1000 and

10,000 nematodes on 90 DAP were 153*4 and 154.8 cm 
which were on par with the control plants, eventhough 

there was a reduction of 3.16 and 2.27 per cent 

respectively , where as the mean height of the plants 

treated with 1,00,000 nematodes 90 DAP was 149*8 

which was s ign ifican tly  shorter by 5.3 per cent over 

control. The reduction of these plants was greater 

than the plants inoculated with 1,000 nematodes on 

45 DAP. The same trend was observed throughout the 

period a fter 135th day onwards.

180 DAPi The height of the plants treated with

1.000, 10,000 and 1,00,000 nematodes on 45 DAP were

180.8, 179.6 and 176 can respectively  with a reduction 

o f 8.78, 9*38 and 11.2 per cent respectively  (Table 1, 
Fig, 1c and Appendix I ) .  The plants treated on

90 DAP with 1,000, 10,000 and 1,00,000 nematodes had 
a height o f 184,8, 181. and 178.3 cm. respectively .





Which was s ign ifican tly  le ss  than the control plants by 

6,76, 8.68 and 9*79 per cent respectively . The height 

of the plants treated on 135 DAP with 1,000 nematodes 

was 187 an with 5.65 per cent reduction and those 

inoculated with 10,000 and 1, 00,000 was 184.2  cm with 

7*06 per cent reduction over control, a sign ificant 

reduction. : '

3*1.5 225 DAPs The height o f the plants on 225 DAP are
presented in  Table 1 Pig. 1d and Appendix I .  The height 

of the plants treated on 45 DAP with 1,000, 10,000 and

1. 00.000 nematodes were 199*8, 198.6 and 194 cm. 
respectively  with reduction of 10.48, 11.02 and 13.08 

per cent over control reduction in the height o f the 

plants treated with 1,00,000 were highly sign ifican t 

than a ll  other treatments. The height of the plants 

treated on 90 DAP with 1,000, 10,000 and 1,00,000 were

205.8, 202 and 197.8 cm. showing a sign ifican t reduction 

o f 7.79» 9*5 and 11.38 per cent respectively  over 

control. The height o f  the plants treated on 135 DAP 
had a height o f 211. 6, 205*2 and 206.2 respectively  

with the 3 inoculum lev e ls  which were 5. 2, 8.06 and 

7.62 per cent le s s  over control. The height of the 

plants treated on 180 DAP with 1,000, 10,000 and
1.00.000 nematodes were 217.2, 221.2 and 220.6 respect
iv e ly  which were on par with control.

* 6
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3.1*6 At flowerings As presented in the Table 1 Fig* 1e 
and Appendix I ,  a l l  the treatments from Tg to T ĝ 

were s ign ifican tly  shorter than the control and 

ta lle r  than the plants treated with 1,00,000 

nematodes on 45 DAP (T^g) which was 203*2 cm with 

a reduction o f 13*24 per cent over control. Plants 

treated with 19.00,000 nematodes on 90 DAP ( ^ 3) 
grew to a height o f 207*2 cm with a reduction o f 

11,53 per cent which was on par with the plants 
treated v/ith 1,000, 10,000 nematodes on 45 DAP and 

plants treated with 10,000 nematodes on 90 DAP with 

a to ta l height of 214.6, 208.6 and 210*2 cm* and 

with a reduction of 11*1, 10.93 and 10.25 per cent 
respectively* All other treatments follow ed the 

same trend as shown in  Table 1. The least d ifference 

over control v/as found in  the plants treated on 

225 DAP, though they s ig n ifica n tly  d iffered  from 

the control.

3*2 Number of leaves.

Number o f leaves produced by the plants were 
counted and are presented in the Table 2 Fig. 1a 

to 1e and Appendix I I .

3.2.1 45 DAP: Up to 45 DAP, the plants produced around 6
leaves showing no sign ificant d ifference among the 

treatments®



90 DAP: The plants treated on 45 DAP produced almost

equal to the control plants i . e .  12*2* 12 and 12.4 
leaves in  the plants treated with 1, 000, 10,000 and

1.00.000 nematodes respectively , where control plants 

produced around 12.2 leaves.

135 DAP: Count3 on 135 DAP showed that the control 

plants produced 13 leaves. The plants treated on 

45 DAP with 1,000, 10,000 and 1,00,000 nematodes 

produced 17.8, 17.4 and 17.2 leaves respectively  

end the plants treated on 90 DAP produced 18.2, 17.8 

end 17.4 leaves respectively which were not sign ificant

180 DAP: Control plants produced 24.4 leaves upto

180 DAP but the plants inoculated on 45 DAP with

1.000, 10,000 and 1,00,000 nematodes were with 23.6,

23.4 and 23 leaves; the plants treated on 135 DAP 
were with 23.8, 24 and 24.2 leaves. The plants 

treated on 45 DAP and 90 DAP were found to be s ig n ifi
cant.

225 DAP: Upto 225 DAP the control plants and the
untreated plants under the treatments Tg, and 

T^g produced 30.4 leaves. But the plants treated on 
45 DAP with 1,000, 10,000 and 1,00,000 nematodes 

produced only 28.8, 28.2 and 28.6 leaves respectively . 
Those inoculated on 90 DAP with 1,000, 10,000 and
1.00.000 nematodes were with 29.6, 29.6 and 28.6
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leaves and the plants treated on 135 day produced 29.8, 

29.8 and 29.6 leaves. The plants treated on 180 DAP 

produced 30 , 29*6 and 29 leaves respectively*.

3 .2.6  At flowerings The to ta l number o f leaves produced by 

individual plants upto flowering was observed and are 

presented in  Table 2. Fig, 1e and Appendix I I . The 

control plants produced 36.2 leaves and the plants 

treated with 1,000, 10,000 nematodes on 225 DAP produced 

35 leaves. The lea st number o f 32 leaves were produced 

by the plants treated on 45 DAP with 1,00,000 nematodes.

3.3 Girth of the pseudostem.
Girth of the pseudostem was measured on 45, 90,

135, 180, 225 DAP and at the time o f flowering and are 

presented in the Table 3, Fig. 1a to 1e and Appendix I I I .

3.3.1 45 DAPs On 45 DAP when there was no treatment, a ll  the

plants grew the girth  around 20 to 21 cm and were not 
s ign ifican tly  d ifferen t.

3 .3 .2  90 and 135 DAP: On 90 and 135 DAP, a ll  the plants had

a girth  of around 36, 42 cm respectively  without any 
sign ifican t d ifference.

3-3.3 180 DAP: On 180 DAP control plants had a g irth  of 47.4 cm.

Where as the T2* and T12» the plants treated on 
45 DAP with 1,000, 10,000 and 1,00,000 nematodes had 
only 45.3, 45.6 and 45.1 cm respectively . Plants 
inoculated with 1, 000, 10,000 and 1, 00,000 nematodes on
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90 DA? had a girth  of 46.6, 46 and 45 cm respectively . 

The plants treated on 135 DAP with 1,000, 10,000 and

1,00,000 nematodes measured 46.1, 46.2 and 46.2 cm 

respectively.

3 .3 .4  225 DAP* The control plants were having the pseudostems 

measuring 50.6 cm, where as the plants treated.on 45 DAP 

with 1, 000, 10,000 and 1,00*000 were only with 43.1,

43.6 and 43 cm respectively and the plants treated on 

90 DAP were with 49.4, 48.6, 47.6 cm. Similar trend 

was observed in the case of the plants treated on 135 

DAP and 180 DAP.

3 .3 .5  At flowering: The fin a l girth  o f the steins o f control

plants was 52.5 cm on par with the plants treated on 

225 DAP which measured 52.2, 51*9 and 51.6 cm inoculated 

with 1, 000, 10,000 and 1, 00,000 nematodes respectively . 
The girth  o f the stem reduced proportionately in  the 

other treatments according to their inoculum le v e ls  and 

period of in festation  as shown in  the Table 3. The 
plants treated on 45 DAP with 1,000, 10,000 and 1,00,000 

nematodes had a girth  of the stem 49»9* 50*4 and 49.9 cm 
respectively and the least measured plants were in  the 
treatment given on 90 DAP with 1,00,000 nematodes which 
had 49.8 cm girth .
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3*4 Duration of flow ering.
Number of days from planting to flowering was 

counted and presented in  the Table 4 Fig. 2a* 3a and 4a 
and Appendix IV. The plants under the treatment 1,00,000 

on 45 DAP (T„„) flowered ea rlier  than a ll  other treatmentsI ̂
i . e .  on 241 DAP follow ed by the plants inoculated with

10.000 nematodes on 45 DAP (T^) a fte r  247 days. The 

other treatments flowered as fo llow s. Plants treated 

with 1,00,000 nematodes on 90 DAP ( ^ 5) a fter 251 days;
1.000 nematodes on 45 DAP (Tg) a fter  252 days? 1,00,000 

nematodes on 135 DAP a fter  259 days; 1,000 and
10.000 nematodes on 90 DAp (T^ and TQ) a fter 260 days;

10.000 nematodes on 135 DAP (T^) a fter  269 days; 1,000 
nematodes on 135 DAP (T^) a fter  273 days; 1,00,000,
10.000 and 1,000 nematodes on 180 DAP flowered a fter 

276, 281 and 284 days respectively. The plants treated 

on 225 DAP with 1,00,000, 10,000 and 1,000 nematodes 

flowered a fter  290, 292 and 295 days. The control 

plants flowered 29& days a fter planting.

3.5 Y ield.
The weight o f the bunches of plants under various 

treatments were shotm in the Table 4, f ig .  2a, 3a and 
4a and Appendix IV. The control plants yielded the 
maximum of 3.8 kg follow ed by the plants treated with

1.000 nematodes (Tg) with 3.4  kg; with 10,000 nematodes 
(T ^ ) with 3.1 kg; with 1,00,000 nematodes (T^g) on
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225 DAP with 2,9 kg yield* Plants inoculated with

1.000 nematodes on 160 DAP (Tg) yielded 2.88 kg. Both 
treatments T̂  and T̂ q which were inoculated with 1,000 

nematodes on 135 DAP and 10,000 nematodes on 180 DAP 
respectively, yielded 2.8 kg. The plants under T15 

inoculated with 1,00,000 nematodes on 180 DAP produced 

bunches weighing 2.78 kg and the plants treated with

1.000 nematodes on 90 DAP (T^) produced 2*76 kg bunches. 

The plants treated on 135 DAP with, 10,000 nematodes (T^) 

had yielded 2.72 kg and 2.69 kg with 1, 00,000 nematodes 

( V -  The plants inoculated \d.th 10,000 nematodes
on 90 DAP (3q) yielded 2.66 kg and the plants inoculated

with 1,00,000 on the seme day ( ^ 3) yielded 2.45 kg.

Those plants which were treated on 45 DAP with 1,000

(Tg), 10,000 (5y) and with 1,00,000 (T j nematodes
12

yielded 2.44, 2.43 and 2.4 kg respectively .

3.6 Number of hands per bunch

The mean number o f hands per bunch under d ifferen t 

treatments are given inthe Table 4 F ig .2a, 3a and 4a 
and Appendix V. Control plants produced more number 

of hands i . e .  3 .2 . Treatment 6 (1,000 nematodes on 
225 DAP) produced 3 hands on an average, follow ed by 
Tg (1,000 nematodes on 45 DAP), T q̂ (10,000 nematodes 
on 180 DAP), T11 (10,000 nematodes on 225 DAP), ^
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(1,00,000 nematodes 90 DAP), T15 (1,00,000 nematodes 

on 180 DAP) and (1,00,000 nematodes on 225 DAP) 

with 2*6 hands per bunch. Treatments 4 and 5 (1,000 

nematodes on 135 and 180 DAP respective ly ), Tg,

(10,000 nematodes on 45, 90 and 135 DAP), T ^  and 

■^4 ('UOO&OOO nematodes on 45 and 135 DAP) produced
2.4 hands follow ed by T̂  (1,000 nematodes on 90 DAP) 

with 2.2 hands.

3.7 Number of Fingers.
The number o f fingers in  each bunch were counted, 

th e ir  mean numbers and percentage reduction over control 

are presented in the Table 4, Fig. 2a, 3a and 4a and 

Appendix IV. The control plants produced an average 

o f  22.2 fingers. Tg and T^ (1,000 and 10,000 nematodes 

applied on 225-DAP respectively) had 18.6 fin gers;
(1,000 nematodes on 180 DAP) had 16.6 and the T ,̂

T̂ q, and (1000 nematodes on 135 DAP, 10,000 nematodes 
on 180 DAP and 1,00,000 nematodes on 225 DAP respectively) 

had 15*6 fin gers . The plants under and T̂  ̂ (10,000 

nematodes on 135 DAP and 1,00,000 nematodes on 180 DAP 

respectively) had 15.4 f in g e r s .. Ihe plants treated 

on 90 DAP with 1,000 nematode (T^) and with 10,000 
nematodes (TQ) had 14.8 fingers. (10,000 nematodes 
on 45 DAP) produced 14.6 fingers and T ^  (1,00,000 

nematodes on 135 DAP) had 13* 4; T13 (1 ,00,000 nematodes 
on 90 DAP) had 13.2 fin gers . (1,000 nematodes
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on 45 DAP) had 13 fingers. The plants treated with

1,00,000 nematodes on 45 DAP had the least number o f

12.6 fingers.

3.8 Weight o f the Corm.
The weight o f the com  with roots was taken at the 

time of harvest and are presented in  the Table 4 Fig.
r

2b, 3b, 4b and Appendix IV. The maximum weight of the 

corm was recorded in  Tg (1,000 nematodes inoculated on 

225 DAP) i . e .  5.39 Xg. which was s ta t is t ic a lly  on par 
with the control plants which produced com  weighting 

5.09 Xg, follow ed by T^g (1,00,000 nematodes on 225 DAP) 

with 4.98 kgj T^ (1,00,000 nematodes on 225 DAP) with 

4.85 kg; T ^  (1,00,000 nematodes on 180 DAP) with 4.38;

Tg (1,000 nematodes on 160 DAP) with 4.23; T̂ q (10,000 
nematodes on 160 DAP) with 4.1 kg; T  ̂ (1,000 nematodes 

on 135 DAP) with 4.06 kg; (1,00,000 nematodes on 

135 DAP) with 3.99 kg; (10,000 nematodes on 135 °AP) 

with 3.95 kg; Tg (10,000 nematodes on 90 DAP) with 3 .74kg 

T^(1,000 nematodes on 90 DAP) with 3.65 Xg; T  ̂ (1,000 

nematodes on 45 DAP) with 3*47 kg; Jy (10,000 nematodes 

on 45 DaP) with 3.26 kg; T̂  ̂ (1,00,000 nematodes on 

90 DAP) with 3.2 kg. Least weighing com  was produced 

by T12 (1,00,000 nematodes on 45 DAP) with 2.81 kg.

3.9 Weight of the roots .

Y/eight of the to ta l number o f roots o f individual 
plants were taken and are presented in  the Table 4

V,
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Fig, 2b, 3b, 4b and Appendix IV. The roots produced 

by the control plants weighed maximum i .e .  608 g on 

an average follow ed by ^ (1 0 ,0 0 0  nematodes on 225 DAP) 

with 540 g; Tg (1,000 nematodes on 225 DAP) with 525 gj 

T5 (1 9000 nematodes on 160 DAP) with 495 g{ T ^

(1,00,000 nonatodes on 225 DAP) v/ith 450 g;

(10,000 nematodes on 180 DAP) with 435 gi \  (1,000 

nematodes on 135 DAP) with 420 gj T ^  (1,00,000 

nematodes on 180 DAP) with 410 g; TQ (10,000 nematodes 

on 90 DAP) with 385 g; ^  (10,000 nematodes on 135 DAP) 

with 375 gi (1,00,000 nematodes on 135 DAP) with

360 g; (1,000 nematodes on 90 DAP) with 350 gj 

T^(1,000 nematodes on 45. DAP) with 340 g; *00* COG
nematodes on 90 DAP) with 325 g» I<|2 (1,00,000 nematodes 

on 45 DAP), with 280 g; and (10,000 nematodeb on 

45 DAP) with 240 g.

3.10 Length, of the root.
The mean length of the roots measured as described 

are given in the Table 4 Fig. 2b and Appendix IV.

Control plants were found to  produce . longest roots 

i . e .  50 cm on average followed by Tg (1,000 nematodes 

on 225 DAP) with 45.2 cm, T^( 1,000 nematodes on 180 DAP) 
v/ith 38 can j (10,000 nematodes on 225 DAP) with

36 cm; (1,000 nematodes on 135 DAP) v/ith 35*8 cm,

"*■16 (1»°°»D00 nematodes on 225 DAP) with 35 co; T^  
(10,000 nematodes on 180 DAP) with 34.6 cm. The
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treatments 1, 00,000 and 10,000 nematodes applied on 

135 DAP (T ^  and Tg) produced 33 cm roots the treatment 

with 1,000 nematodes on 45 DAP (T2) followecl th is with 
31 cm; and TQ (10,000 nematodes on 90 DAP) with 30.4 cm. 

The plants treated with 10,000 population on 45 DAP 

(iy )  produced 27 cm root and the plants treated, v/ith

1,00,000 nematodes on 90th DAP ( ^ 3) produced the 
roots which measured 24.2 cm and shortest roots were 

found in  the plants treated with 1,00,000 nematodes 

on 45 DAP (^ ]2  ̂ *-'e ‘ 22 cm.

.11 Number of roots .
The tota l number of roots produced by each plant i s  

presented in  Table 4, Pig. 2b, 3b, 4b and Appendix IV.

I t  was found that the plants treated with 1,000 nematodes 

on 225 DAP (Tg) produced more number of roots i . e . 242 

follow ed by the control plants which were found to 

produce 222 roots. I t  was follow ed by the plants treated 

with 10,000 nematodes applied on 225 DAP with

216 roots; and the plants inoculated with 1,000 nematodes 

on 135 DAP (T^) with 211 roots; plants treated on 180 

DAP with 1,000 nematodes (T^) produced 209 roots. The 

plants treated on 225 DAP with. 1,00,000 nematodes «*16> 
produced 197 roots follow ed by the plants inoculated 
with 1,00,000 nematodes on 180 DAP (T ^ ) with 192 roots; 
the plants treated with 10,000 nematodes on 180 DAP 
(T,j0 ) produced 181 roots and the plants treated with
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10.000 nematodes (Tg) and 1,00,000 nematodes ( ^ 4) 

on 135 DA? produced 165 roots follow ed by the plants 
Inoculated on 90 DAP (T^) with 1,000 nematodes vrith 

164 and 10,000 nematodes (TQ) with 162*2 roots. Those 

plants inoculated v/ith 1,000 nematodes on 45 DAP (Tg) 

produced 162 roots and the plants treated with 10,000 

nematodes on 45 DAP ( )  and 1,00,000 nematodes on

90 DAP ( ^ 3) produced only 153 roots. The plants 
inoculated with 1,00,000 nematodes on 45 DAP (T^g) 

could produce only 152 roots which was found to be the 

lea st number of roots.

3*12 Root lesion  ratings.
The roots of .individual plants were divided into 

f iv e  groups according to severity o f i t s  in fection  

and are presented in  Table 6.

Rating 1 having no lesion s were very few except 

in the control plants, where a l l  the roots were not 

having lesion s. Plants treated with 1,000 ( Tg) and

10.000 (T ^ )  nematodes on 225 DAP had 42.6 and 9 

roots without any lesion s. In the plants treated v/ith

10.000 nematodes on 45 DAP (T-,) and 1,00,000 nematodes 
on 45 and 90 DAP (T^g and T ^ ) , a l l  the roots showed 
les ion s .

Roots with sligh t in fection  comes under rating 2, 
The plants treated with 1,000 nematodes on 225 DAP (Tg)
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was found to have more number o f roots under th is  
rating i . e .  81.2 follow ed by the plants treated with

1.000 nematodes on 180 DAP (T*.) with 35.B. The plants 

treated on 45 DAP with 1,00,000 nematodes had only

7 .2  roots under th is rating.

The number o f roots under rating 3 with moderate 
in fection , varied in  d ifferent treatments as seen in  

the Table 6. Plants treated with 10,000 nematodes 

on 225 DAP (2 ^ )  found to be having more roots under 

group 3 with 63.6 follow ed by the treatment with

10.000 nematodes on 100 DAP (T1Q) with 54.4. A ll other 

treatments follow ed i t  as shown in the table. Least 

number of roots under th is group was found in the 

treatment with 1,00,000 nematodes on 90 DAP with
14.3 roots. *

The number o f roots a ffected  severely were grouped 

under 4. The treatment with 1,00,000 nematodes on 

130 DAP (T^)had more roots under th is  rating i . e .

71.8 and a l l  other treatments follow ed i t ,  least 
number of roots under th is  rating was found in the 

treatment with 1,000 nematodes on 45 DAP (Tg) i . e .
23.4 roots.

Very severely in fected  roots were under rating 
5. Treatment with 1,00,000 nematodes on 90 DAP (T ^ )  
had the maximum with 95*4 roots follow ed by the treatments 

with 1,00,000 nematodes on 45 DAP wi,fch roots.
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Other treatments follov/ed as seen In the Table 6* Least 

number of roots under th is rating was In the treatment 

with 1,000 nematodes on 225 DAP (Tg) with 29*1 roots.

5.13 Nematode population.
Nematode population in 100 g o f  s o i l ,  and one g 

of root were taken at monthly in terva ls , t i l l  harvest 

and the resu lts are presented in  the Table 7 and 8.
\

The plants treated on 45 DAP with 1,000, 10,000 

and 1,00,000 nonatodes when observed a fter one month, 

yielded 6 .6 , 22.6 and 36.3 nematodes In 100 g of s o i l ,  

and 4 .3 , 23.6 and 36.6 nematodes In 1 g o f root respect

ively . As shown in  the table, the nematode population 

increased with the increase In time upto the month of 

October, when i t  v/as 59*3, 68.3 and 88.6 in 100 g of 

s o il  and 121, 144,3 and 167*3 nematodes per gram o f 

root in the plants inoculated with 1,000, 10,000 and

1.00.000 nematodes respectively* At the time o f 

harvest there were 11.6, 13-6 and 16 nematodes in  100 g 

of s o i l ,  in the plants treated with 1,000; 10,000 and

1.00.000 nematodes respectively . Thus there was an 

average of 69,600. ;'81,6oOi ; and 96,000 nematodes per 
plant having 600 kg s o i l .  In the above treatments i 2.

and T,j2 the population in  1g o f the root were 83.4,

94.8 and 113.4 respectively . The to ta l root population 

was 58,364; 36,972 and 54,532. The grand to ta l population 
consisting of to ta l s o il  and root population were
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1,07,964; 1,18,572 and 1,50,432 nematodes with 

m ultiplication  factors 107*96, 11*86 and 1*5, in  the 

plants inoculated with 1,000, 10,000 arid 1,00,000 

population respectively ..

The plants treated on 90 DAP with 1,000, 10,000 

and 1,00,000 nematodes when observed fo r  nematode 

development a fter  one month, showed 14.6, 22 and

30.3 nematodes in 100 g o f s o i l ,  and 13.3, 18.6 and

20.3 nematodes in 1g o f root respectively . As . .. seen 

in  the Table 7* The population was found to increase 

upto October, when i t  was 45*3, 89,6 and 72 nematodes 

in  100 g o f s o il  and 119*6, 140*6 and 161*3 nematodes 
from 1 g of root. At the time o f the harvest, the 

population was 10.6, 12.8 and 15*2 in  100 g o f s o i l ,  

which when m ultiplied to  the to ta l so il,, the population 

of 63,600; 76,800 and 91,200 nematodes were obtained

in  the plants treated with 1,000, 10,000 and 1,00,000 

nematodes respectively . The population in  1 g o f root 

and corm on an average was 81.6, 63*6 and 108 nematodes, 

which when m ultiplied to the to ta l a ffected  roots and 

rhizome, a to ta l population o f 34,680,; 32,118; and 

54,540 were obtained. The grand tota l population was 
98,280; 1,08,918 and 1,45,740 nematodes, with m ultiplication  
factors  93.28, 10.89 and 1*46 in  the plants treated with
1,000, 10,000 and 1,00,000 nematodes*

II
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The plants treated on 135 DAP a fte r  one month had

17.6, 21.3 and 34.3 nematodes per 100 g o f s o i l ,  and

18.3, 26.6 and 37.6 nematodes per 1 g o f m ot in  the 

plants treated with 1,000, 10,000 and 1,00,000 nematodes 
respectively . There was an increase in  the population 

t i l l  November, in  the plants treated with 1,000, 10,000 

nematodes, where i t  was 39.3, and 42 nematodes in  100 g 

o f s o i l ,  and 100.6, 137*3 nematodes in  1 g of root. But 

in  the plants treated with 1,00,000 nematodes the maximum 

population was observed in  the month o f  October j when i t  

was 55.3 nematodes in 100 g o f s o il  and 157.6 nematodes 

in 1 g of root. The fin a l counts in  100 g o f s o il was

9 .6 , 11.8 and 13*8 nematodes, which when m ultiplied to the 

to ta l s o i l ,  they v/ere 57,600; 70,800; and 82,800 nematodes 

and the 1 g of root and rhizome population was found to

be 53.4, 55.8 and 122.6 nematodes, which when m ultiplied 

with to ta l a ffected  root portion, gave the tota l root 

population of 25,632; 26,226; and 55,692 nematodes. The 

grand tota l population of nematodes wdre 83,232; 97*026 

and 1.38,492 nematodes with m ultip lication  factors 83.23,

9.7 and 1.39 in  the plants treated v/ith 1,000, 10,000 

and 1,00,000 nematodes respectively.

The plants inoculated on 180 DAP a fter  one month 
had 18, 21.6 and 35*6 nematodes from 100 g o f s o il  and 

27*3, 32.3 and 64.6 nematodes from 1 g o f root in  the 

plants treated with 1,000, 10,000 and 1,00,000 nematodes 

respectively . The population increased with the increase



Table 8„ Fina 1 Radopholus s im ilis  population on banana*

Bents the a ffected  the a ffected  =
Roots(g) com  (g ) p o rtio n  <g) g (H o s ,) £ ?K ?f,

“ i s t a i -------o s s a -------- EulH ="
s o i l  Total p lic a -

% ... _  100 g . popula- popula- t ion
tion  (Nos).soil (Nos) tlon(Nos) tion(Nos) Factor

*2 340 120 460 83.4 38,364 11*6 69,600 1,07,964 107.96
*3 350 75 425 81.6 34,680 10*6 63,600 .98 ,280 98,23
*4 420 60 480 53.4 25,632 9*6 57,600 83,232 83*23
T5 485 48 533 27.6 14,711 7 .8 46,800 61,511 61.51
*6 525 25 550 16.2 8,910 4 .2  . 25,200 34,110 34,11

*7 240 150 390 94.8 36,972 13.6 81,600 1,18,572 11.86
*8 385 120 50 5 63*6 32,118 12.8 76,800 1,08,918 10.89
T9 375 95 470 55*8 26,226 11*8 70.800 97,026 9 .7
T10 435 80 ‘ 515 45 23,175 9.6 57,600 80,775 8.08
11 540 30 580 39*6 22,968 7 .4 44,400 67,368 6.74

*12 280 200 480 113.4 54,432 16 96,000 1,50,432 1.50
*13 325 180 505 108 54,540 15.2 91.200 1,45,740 1.46
T14 360 95 455 122.4 55,692 13.B 82,800 1,33,492 1.39
*15 410 55 465 123*6 57,474 12.4 74,400 1,31,874 1.32
*16 450 40 490 129 63,210 8 .2 49,200 1,12,410 1.12

00



4 9

in  time, upto November, when the plants were flow ering, 

where the 100 g s o il  population was 33.6, 42.3 and

47.6 nematodes and the root population counts were

80,3, 114.6 and 177 nematodes per 1 g o f root in  the 

plants treated with 1,000, 10,0000 and 1,00,000 
nematodes respectively* The f in a l population counts 

o f 100 'g of s o il were 7 .8 , 9-6 and 12.4 nematodes, which 

when m ultiplied to the tota l s o i l ,  the population was 

46,800; 57,600 and 74,400 nematodes in  the plants 

treated with 1,000, 10,000 and 1,00,000 nematodes 

respectively . The f in a l population o f 1 g o f root 

and a ffected  rhizome was 27*6, 45 and 123*6 nematodes 

which when m ultiplied to the tota l a ffected  portion, 

i t  was 14,711; 23,175? and 57,474 nematodes. The grand 

to ta l population was 61,511; 80,775 and 1,31,874 

nematodes with m ultiplication  fa ctors  o f 61.51, 8.08 

end 1.32 in the plants treated with 1,0.00, 10,000 

and 1,00,000 nematodes respectively . The plants 

inoculated on 225 DAP a fter one month had 11.6, 14.6 

and 21.6 nematodes per 100 g o f s o il and 1 g of root 

had 21.6, 30.3 and 67.3 nematodes in  the plants treated^ 

with 1,000, 10,000 and 1,00,000 nemadtodes respectively .
The population increased in  the month o f  November

/

and reached maximum in December. Then i t  was 21.3,
24 and 40.3 nematodes in 100 g o f  s o il ,  and the root 
population was 40.3, 65.6 and 174 nematodes, in the
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plants treated with 1,000, 10,000 and 1,00,000 
nematodes respectively . The fin a l population counts 

in  the 100 g f o i l  was 4 .2, 7 .4  and 8 .2  nematodes, 

which when m ultiplied to the to ta l s o i l ,  i t  was 25,200J 

44,400 and 49,200 nematodes in the plants treated with

1,000, 10,000 and 1,00,000 nematodes respectively .
The fin a l root and rhizome population o f 1 g sample 

was 16.2, 39.6 and 129 nematodes, which when m ultiplied 

to the tota l a ffected  root portions, i t  was 8,910;

22,968 and 63,210 nematodes. The grand nematode population 

was 34,110; 67,368 and 1,12,410 nematodes with a 
m ultiplication  fa cto r  34.11, 6.74 and 1.12 in  the plants 

treated with 1,000, 10,000 and 1,00,000 nematode population.

3.14 E ffect of Nematode population and period of inoculation 

on plant characters.

To fin d  the individual e ffe c t  o f  nematode 

population and period o f inoculation, the mean per

centage reduction o f d ifferen t characters, under each 

inoculation period and under each inoculum lev e l were 

compared and are presented in  Table 5* Fig. 3a, 3b, 4a 
and 4b.

3.14.1 Duration o f flow ering; The e ffe c t  o f  period o f

inoculation on the plants to come to  flowering was 

found to  be 17.23, 13*76, 10.4, 5*93 and 1.9 per cent 
le s s  in the plants inoculated on 45, 90, 135, 180 and 

225 DAP and the e f fe c t  o f nematodes was 8.46, 9.46 and
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Table 5« E ffect o f Radopholus sim ilis  population and 
period of inoculation on y ie ld  and other 
components o f banana#

5 a. E ffect on y ie ld

In it ia l  per cent reduction over controlinoculum 1 ■ ■ ■■ -  ■ -  Mean
lev e l No. o f days a fter planting

45 90 135 180 225

1000 -35.79 -27.37 -26.32 -24.21 -10.53 -24.85
10,000 -36.05 -30 -28.42 -26.32 -18.42 -27-84

1,00,000 -36.84 -35.53 -29.21 -26.84 -23.68 -30.42

Mean -36.23 -30.96 -27.98 -25.79 -17.54

5 b. E ffect on number of hands

In it ia l
inoculum Per cent reduction <over control

Meanlev e l No. o f  days a fter planting

45 90 135 180 225

1000 -18.75 -31.25 -25 -25 -2 .25 -20.45
10,000 -25 -25 -25 -18.75 -18.75 -22.50

1,00,000 -25 -18.75 -25 -18.75 -18.75 -21.25

Mean -22.91 -25 -25 -20.83 -13.25



5 2

5 c .  E f f e c t  on  f lo w e r in g

I n it ia l
Inoculum
lev e l

1000

10,000

1,00*000

Mean

, Per cent reduction over control 

No. o f  days a fte r  planting

45 90 135 180. 225

Mean

-15.44 -12.75 -8 .39  “ 4.7 -1.01 -8 .46

-17.11 -12.75 -9 .73  -5 .7  -2.01 -9 .46

*19.13 -15.77 -13.09 -7 .38  -2 .68  -11.61

-17.23 -13*76 -10 .4  -5 .9 3  -1 .9

5 d. E ffect on number o f fingers

I n it ia l
Inoculum
lev e l

1000
10,000

1,00,000

Per cent reduction over control 

No. o f  days a fter  planting

45 90 135 180 225

Mean

.41.45 -33 .3  -29.73 -25.23 -16.22 -29.19

•34.23 -33.33 -30.63 -29.73 -16.22 -  28.83
•43.24 -40.54 -39.64 -30.63 -29.73 -36.75

Mean -39.64  -35.73 -33.33 -23.53 -20.72
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5 3 . E f f e c t  on w e ig h t o f  th e  corm

In it ia l  
' inoculum Per cent reduction over control

Meanlev e l No, o f days a fter  planting

45 90 1 35 180 225

1000 -31.83 -28,29 -20,24 -15.91 +5.89 -18.07
10,000 -35.95 -26.52 -22.39 -19.45 -4^14 -21.69

1,00,000 -44.79 -37.13 -21.61 -13.95 -2 .16 -23.93

Mean -37.52 -30.65 -21.41 -16.44 -0 .1 4

Ii 
i 

i 
t 

t 
i 

i 
i 

i 
i 

i 
i 

i 
i

5 f*  E ffect on weight o f the roots

I n it ia l  p 
inoculum cent reduction over control Mean

lev e l No. of days a fter planting

45 - 90 135 180 225

1000 -44,08 -42.43 -30.92 -20,23 -13.65 -30.26
10,000 -60.52 -36.67 -38.32 -28.45 -.*V18 -35.13

1,00,000 -53.94 -46.54 -40.78 -32.56 -25.99 -39.96

Mean -52.85 -41.88 -36.84 -27.08 -16.94
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5 g .  E f f e c t  on  le n g th  o f  th e  r o o t s

Cyl)

In it ia l Per cent reduction over control
MeanXrio ciuum 

lev e l No* o f days a fter  planting

45 90 135 180 225

1000 -38 -32 .8 -28 .4 —24 —9*6 -25.56

10,000 -46 -39 .2 -34 -30 .8  -28 -35 .6

1, 00,000 -56 - 51.6 -34 -32 ■30 -40.72

Mean -36066
1

CM•v--tf1
1

-32.13 -28.93 -22.53

5 h. E ffect on number o f roots

In it ia l
inoculum

lev e l
Per cent reduction over control

Mean
No. o f days a fter  planting

45 90 135 180 225

1000 -27.03 -26.13 —4*96 - 5.86 +9.0 -10.99
10,000 -28.83 -26.94 -25.68 -18.47 -2 .70 - 20.62

1,00,000 -31.53 -28.83 -25.68 -13* 51 - 11.26 - 22.16

Mean -28.79 -27 .3 -18.77 -12.61 -1 .65
- - ---------- --- 1 i 1 1 1 i 1 1 1 1 1 1 i 1 1 1 1 1 1 1 t 1 1 1
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11*61 per cent le s s  in the plants Inoculated with

1.000, 10,000 and 1,00,000 nematodes respectively .

3.14.2 Yield: The to ta l reduction irrespective  of nematode
j

population inoculated at 45 DAP was 36,23 per cent.

I t  decreased gradually to 30*96 per cent at 90 DAP,

27.98 par cent on 135 DAP, 25*79 per cent reduction 

on 100 DAP and 17,54 per cent on 225 DAP inoculation.

The e ffe c t  o f nematode population irrespective of i t s  

period o f in fection  was 24,85 per cent fo r  1,000 

nematodes, 27.84 per cent fo r  10,000 nonatodes, 30,42 

per cent fo r  1,00,000 nematodes*

3.14.3 Number o f Hands: The reduction o f number of hands on 

d ifferen t periods o f inoculation was 22,91 per cent on 

45 DAP inoculation, 25 per cent on 90 DAP, 25 per cent 

on 135 DAP, 20.83 per cent on 180 DAP and 13.25 per 
cent on 225 DAP inoculations The e ffe c t  o f nematode 

population alone was found to be 20.45 per cent fo r

1,000 nenatodes, 22-5 per cent fo r  10,000 naaatodes 

and 21*25 per cent fo r  1,00,000 nematodes.

3.14.4 Number o f fin gers: The e ffe c t  o f  period o f inoculation 

on the production of number o f fingers was 39*64, 35*73, 
33.33, 23.53 and S3.72 per cent reduction in the plants 

inoculated on 45, 90, 135, 180 and 225 DAP respectively  
and the e ffe c t  of nematodes alone was 29.19, 28,83

and 36.75 per cent reduction fo r  1, 000, 10,000 and
1.00.000 nematodes respectively .

b 5
s - r
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3.14.5 height o f the conns The e ffe c t  o f  period o f 
Inoculation alone on weight o f the conn was found 

to be 37.52, 30,65, 21.41, 16.44 and 0.14 per cent 

reduction in  the plants inoculated on 45, 90, 135,
180 and 225 DAP respectively. The e ffe c t  of. nematodes 

on the corra weight was 18.07, 21*69, and 23.93 per 
cent reduction in the plants inoculated iid.th 1,000,

i

10,000 and 1,00,000 nematodes respectively .
' i r

3.14.6 Weight of the roots: The e ffe c t  o f  the period o f
inoculation on the weight o f  the roots was found to 

be 52.85, 41.38, 36.84, 27.08 and 16,94 per cent 

reduction in  the plants inoculated on 45, 90, 135,

180 and 225 DAP respectively. The e ffe c t  o f nematodes

alone was found to be 30.26, 35,13, 39*96 per cent

reduction fo r  1,000, 10,000 and 1,00,000 nematodes 

respectively .

3.14.7 Length of the roots* The e ffe c t  o f  the periods o f 

inoculation on the length o f the root was found to 

be 46.66, 41.2, 32,13, 28.93 and 22.53 per cent 

reduction in  the plants inoculated on 45, 90, 135,

180 and 225 DAP respectively. The e ffe c t  o f  nematodes

was 25*56, 35.6 and 40.72 per cent reduction fo r
1,000, 10,000 and 1,00,000 nematodes respectively .

3.14.8 Number o f roots: The e ffe c t  o f the period o f  

inoculation on number o f roots was found to be 28.79, 
27*3, 18*77, 12*61 and 1.65 per cent reduction in  the
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plants Inoculated on 45, 90* 135* 1B0 and 225 DAP 
respectively . The e ffe c t  o f nematodes was 10.99, 20*52, 
and 22*16 per cent reduction fo r  1*000, 10,000 and 1,00*000 

nematodes respectively.

3.15 HI atop athology.
3.15.1 Healthy root: As shown In the plate No.4a the healthy root

appeared with a ll  the tissues Intact and colourless under 

the microscope. The epidermis was a continuous layer

over the entire surface o f the root consisting o f single 

layer of c e lls , but in  the root hairs, at the tip  portion 

of root* uncutinized c e l l  walls were seen. The cortex 
was seen as a thick layer o f loose ly  packed parenchymatous 

c e l ls  with prominent nucleus, having more interspaces.

The stelar portion was a so lid  rod lik e  column in  which 

the phloem and xylem vessles are seen* Pith region was 

separated from the cortex by endodermis, a continuous 

single layer of c e l ls  without in ter ce llu la r  spaces.

3 .15.2  Infected root: As shown in  the plate 4 b and c ,in  the in

fected  roots the epidermis o f the root was in tact except 
at the point of entry o f the nanatode where death o f the 

c e l l s ■ was observed. But in  the severely in fected

root the whole epidermis was found to be dead. In the 
cortex of the a ffected  roots the c e l ls  were found to be 
damaged at the point of nematode feeding, which turned to 

reddish brown in  colour. The c e l ls  walls of the a ffected
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portion v/as damaged forming big ca v ities  in  the cortex. 

These ca v ities  extended towards endodennls in severely 

in fected  roots. Hyperplasia and hypertrophy were not 

observed. Nuclei o f  the a ffected  c e l ls  were found to 

be enlarged. In the very severely in fected  roots the 

whole cortex v/as found to be dead leaving only the central 

pith . Pith was not damaged even in  the roots severely 

a ffected .
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DISCUSSION

The present investigation comprises o f  pathogenicity 

and histopathology studies of the burrowing nematode 

Radopholus aim ills (Cobb, 1893) Thorne, 1949, on banana, 

variety  Nenthran.

Though the burrowing nematode Radopholus s im ilis  was 

reported fo r  f i r s t  time in India on banana in 1966 from 
Kerala, the pathogenicity of the seme has not been studied 

in  d e ta il. Hence the present studied on the burrowing 

nematode was undertaken.

The extent of damage caused by Radopholus sim ilis  on 

banana variety Nenthran, at three d ifferen t inoculum lev e ls  

was studied by using 1 cubic metre concrete pots. There was 

sign ifican t reduction in  the growth and y ie ld  o f  banana plant 

at a l l  the d ifferent lev e ls  tr ied . The e ffe c t  o f the nematode 

on 12 d ifferent plant characters was studied and the results 

are presented.

From Table 1, Fig. 1 a to e, Appendix I and Plate 1 a, 

b, c , i t  may be seen that the average height o f  the banana 

plant was considerably reduced due to the burrowing nematode 

In festation . The height o f the plants on 45 DAP was 69 to 
69*9 cm which did not d if fe r  s ign ifica n tly  as there was no 
treatment prior to that. On 90 DAP also plants did not d if fe r



Plate 1# E ffect o f Radopholua sim illa  on the 
height o f  the banana plants*

a* Control plant

b* Plant treated with 1000 nematodes
on 135 DAP

c* Plant treated with 1,00,000 
nematodes on 45 DAP





s ig n ifica n tly  which grew to a height o f 117.4 to 122*1 cm 

showing the inoculum o f  the nematode on 45 DAP had no 

influence on the plants upto 90 day3. But on 135 DAP there 

was a sign ifican t d ifference in  height in  the plants treated 

on 45 and 90 DAP with 1,00,000 nematodes and with 10,000 
nematodes on 45 DAP. The rest o f the treated and untreated 

plants were on par with the control which shows that the 
plants treated ea rlie r  with high inoculum lev e ls  a ffected  

the nom al growth o f the plant. On 180 DAP the control 

plants as well as the untreated plants grew to a height o f

193.2 cm. But there was a considerable sign ificant reduct

ion in the plants treated ea rlier  with high inoculum 

(11.2 per cent reduction in  the plants treated on 45 DAP 

with 1,00,000 nematodes) and the reduction was found to be 

le ss  in the plants treated subsequently and with low inoculum 

le v e ls , though there was also sign ifican t reduction. I t  

shows a higher in it ia l  population and a longer period o f 

in festation  causes greater damage to the plant. On 225 DAP 

the control plants grew upto a height o f 232.2 cm. By that 
time the plants inoculated ea rlier  were at varying degrees 

o f reduction in  growth* The maximum reduction was noticed in  

the plants treated on 45 DAP with 1,00,000 nematodes 
(13.08 per cent). . Varying degrees o f reduction in  height from 
194 to 223 an was observed in other treatments.

6 0
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From the f in a l height of the plants at flowering I t  

may be seen that the reduction was more in  the plants 

treated on 45 BAP and the reduction was proportionate in  

subsequent treatments. I t  was also observed that reduction 

liras more in  the plants treated with 1 >00,000 nematodes than

10,000 nematodes, follow ed by 1,000 nematodes under each 

period o f inoculation. Inoculation on 225 BAP could reduce 

the height s lig h tly . This may be due to the fa c t  that, by 

225 DAP the plants were su ffic ien tly  established to cause 

any appreciable damage. I t  may be concluded that there is  

a d irect correlation  between reduction o f  the height o f the 

plants and Increased inoculum le v e ls  or  increased in fection  

periods. Similar reduction in  height o f  the plant was 

reported by Sosamma et a l. (1979) and Sundara R&ju et a l. 

(1979), who reported a reduction in the shoot length o f 

4 per cent and 39 per cent in turmeric and ginger 
respectively.

From Table 2, Fig. 1 a to e and Appendix I I , I t  may be 

seen that on 45 BAP a ll  the plants produced 6 to 6 .4  leaves 

which were not s ign ifica n tly  d ifferen t, as evident from the 
fa c t  that a ll  the plants were free  o f any pathogenic 

organisms. Though the nematodes were inoculated on 45 DAP, 
the number o f  leaves produced on 90 DAP were 12 to 12.4 and 
135 DAP 17.2 to 18.2 were which on par with the number o f
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leaves produced by control plants and the untreated plants*

CRiis again shows that inoculation o f nematodes on 45 DAP 

had no influence on the production o f leaves upto 135 DAP*

On 180 DAP there'was a reduction in  number of leaves 

on the plants treated on 45 DAP with 10,000 nematodes 

(4*1 per cent), 1,00,000 nematodes (5*74 per cent) and on 

90 DAP with 1,00,000 honatodes (4*92 per cent)* Remaining 

a l l  other treatments including untreated and control were 

on par, indicating that only higher inoculum lev e ls  and 

longer in festation  periods could cause a sligh t reduction in  

the production o f  leaves* The reduction in  the production 

of new leaves was more conspicuous by 225 DAP in  the plants 

trea ted 'ea r lier . There was a reduction o f 5*92 per cent in
t

the plants treated with 1,00,000 nematodes on 45 DAP and 

90 DAP, 7*24 per cent and 5*26 per cent in  the plants treated 

with 10,000 and 1,000 nematodes on 45 DAP respectively* A ll 

other treatments and untreated plants were on par with the 

control plants, which produced an average tota l o f 30*4 leaves*

The f in a l counts o f  leaves taken at flowering showed 

that the plants treated on 225 DAP produced 35 leaves, which 

were on par with the control plants, with 36*2 leaves, but a 
s ligh t reduction was seen in the plants treated e a r lie r . The 

resu lts show that there was increased reduction with increase 
in  the inoculum le v e l and the period o f  infestation* Maximum 
reduction was seen in  the plants treated on 45 DAP with
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1,00,000 nematodes (? 12) having 32 leaves* Price (1960) . 

found that there was an increase in  the number o f leaves 

from 11.1 to 11.9 by the nematicidal treatment which 

otherwise would be a loss* Sosamma et al* (1979) and 

Sundara Raju et al* (1979) found a reduction o f  14 per cent 
and 63*4 per cent in the number o f leaves o f tu m eric and 

ginger respectively* Thus i t  may be concluded that there 

w ill not be much e ffe c t  on the number o f  leaves produced 

due to  nematode attack on banana plant.

Girth o f the pseudo stem six  inches above the s o il  was 

taken at 45, 90, 135, 190, 225 DAP and at the time o f  flow er

ing and are presented in the Table 3, Fig* 1 a to 1 e and 

Appendix I I I .  I t  was seen that on 45 DAP the pseudo stem 

measured 19*6 to 21.1 cm a ll  treatments are s ta t is t ic a lly  
on par. On 90 DAP a ll the plants had g irth  o f  the 3tem 

ranging from 35*4 to  36.4 cm and on 135 DAP also th is ,g ir th  

o f the plants were 41*4 to 42.5 cm s ta t is t ic a lly  on par with 

control plants, showing that there was not much e ffe c t  on 
the g irth  o f the stem by the nematode in festa tion  t i l l  

135 DAP. On. 180 DAP observation the plants treated on 

45 DAP and 90 DAP with 1,00(000 nematodes (45*1 and 45 cm 

respectively) d if fe r  sign ifican tly  from control plants 
(47*4 cm). This shovrs that with an in festation  period o f  

135 and 180 days end en in it ia l  inoculum lev e l o f  1,00,000 
the girth  o f the plant could be reduced* From 225 DAP
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onwards the g irth  o f the plants showed a greater reduction 

In plants inoculated earlier* A reduction o f 5*93 and 

5*14 per cent was observed in  the plants treated on 

90 DAP and 45 DAP with 1,00,000 nematodes* Corresponding 

reduction was observed in  other treatments which s ta t is t i

ca lly  d if fe r  from control plants having 50.6 cm girth  o f 

the pseudo stem. The girth  o f  the pseudo stem tehen at the 

time o f harvest shows that there was a sign ifican t reduction 

on a l l  plants except those treated on 225 DAP. I t  may be 

in ferred from th is that there was no e ffe c t  o f nematodes 

applied a fter 180 DAP on the girth  o f the pseudo stem. This 

finding is  in agreement x-dth Price (1980), who reported an 

increase o f 9.7 inches in  the girth  o f the pseudostem treated 
with DBCP when compated to untreated plants.

Table 4, Fig. 2 a and Appendix IV, shows that the 

plants treated on 45 DAP flowered ea rlier  than a l l  other 

treatments, i . e .  on 241, 247 and 252 days a fter planting 

v/hich ware inoculated with 1,00,000, 10,000 and 1,000 

nematodes. The plants treated on 225 DAP flowered almost 

along with control plants at 290 to 298 days* The other 

treatments flowered in  between. Thus i t  i s  seen that the 
diseased plants flow er ea rlie r  than the healthy ones and 

the earliness also depends upon the severity o f the disease. 
The nematode in fection  might have caused some physiological



changes in  the plant to throw out premature bunch* Such 

early flowering was also reported by Fisher et al* (1971) 

on banana; Sivapalan (1971) on tea and V ilsonl et a l.
(1976) on ginger. From Table 5 c i t  can be seen that the 

plants inoculated on 45 DAP flowered 17 days e a r lie r  fo r  

every 100 days of, flowering period o f the control plants. 

This early flowering was not very sign ifican t in  other 

treatments as the period o f inoculation advanced and the 

plants inoculated on 225 DAP flowered only 1*9 days in  

advance fo r  every 100 days of flowering period o f the 

control plants. Though the plants inoculated on 155 DAP 

flowered 10.4 days ea rlie r  fo r  every 100 days o f flowering 
period o f control plants, the la te r  inoculation did not 

have such an early flowering e f fe c t . So the plants inocu

lated before 135 DAP flowered much e a r lie r  showing i t s  

e ffe c t  on the flow ering. As there was not much e ffe c t  o f  

d ifferen t lev e ls  o f inoculum on early flowering as seen from 

the table , i t  can be said that irrespective  o f  the number o f 

nematodes the period o f in fection  influences more on the 
flowering time.

The y ie ld  o f the experimental plants presented in  
Table 4, Fig* 2 a, Appendix IV and Plate 2 a, b, c show that 
y ie ld  in  control plants was 3.8 kg which was s ign ifica n tly  ' 
superior to  a ll  other treatments. The plants treated on



Plate 2* E ffect o f Radopholua aim llla on
y ie ld  o f banana.

a. Bunch of the control plant (1)

b. Bunch of the plant treated
with 1000 nematodes on 
135 DAP (2)

c . Bunch of the plant treated
with 1,00,000 nematodes on 
45 DAP (3)
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45 DAP showed maximum reduction in  the y ie ld  with 35*79 “to 

36*84 per cent over control plants* As there was no signi

fica n t d ifference among the three inoculum lev e ls  on 45 DAP 

i t  may be assumed that even 1000 nematodes at th is  stage can 

cause serious damage to the plants by the time, the crop i s  

hamested* The plants treated on 90 DAP with 1,00,000 and

10,000 nematodes produced s ligh tly  heavier bunches (2.45 and 

2*66 kg respectively) but they were s ta t is t ic a lly  on par with 

the y ie ld  o f  plants inoculated on 45 DAP* Plants treated 

with 1,000 nematodes on 90 DAP (2*76 kg), was found to be 

s ta t is t ic a lly  on par with other treatments except those plants 

treated with 1,000 and 10,000 nematodes on 225 DAP and control 

plants* Thus.even 1,000 nematodes feeding on the plants from 

45 days onwards could cause sign ifican t y ie ld  reduction* The 

plants treated on 180 DAP yielded the bunches weighing 2*78 to 
2*88 kg, showing a sign ifican t reduction overcontrol. The 

plants inoculated on 225 DAP produced 2*9 to 3*4 kg bunches, 
though they were s ign ifica n tly  le s s  than the control plants, 

they had a moderate reduction. This denotes that the nematodes 

could cause y ie ld  reduction upto 180 DAP and afterwardB i t  
was negligible*

When the to ta l e ffe c t  o f  period o f inoculation was 
taken as presented in  the Table 5 a, Fig. 3 a, the y ie ld  

reduced by 36.23 per cent in  plants Inoculated on 45 DAP, 

but v/as 25*79 per cent on 180 DAP. The reduction in  y ield



was only 17*54 per cent on 225 DAP. Thus i t  may be seen 

that the e ffe c t  o f nematodes on the plants t i l l  180 SAP w ill 

be more end thereafter decreasing.

When the to ta l e f fe c t  o f the nematodes population was 

taken as shown in  the Table 5 a and Fig* 4 a* there was a 
steep Increase in the percentage reduction over control 

from 24*85 per cent (at 1*000 inoculum le v e l)  27*84 per 

cent (at 10*000 inoculum le v e l)  to 30*42 per cent (at 

1*00,000 inoculum leve l)*  Thus i t  can be seen that with 
the increase in the Inoculum levels* could not produce 

proponderence reduction in y ie ld  and that 1*000 nematode 

inoculum at 45 DAP i s  su ffic ien t to cause appreciable reduct

ion in the y ie ld  o f the crop* I t  may also be seen that the 

population required to cause su ffic ien t damage, depends upon 

the duration o f  i t s  feeding and stage o f the crop. Similar 

reduction in  the y ie ld  was observed by many workers lik e  

Loos and Loos (1960 b ). Mass (1969) and Adam and Rodrignez 
(1970),

Though the number o f hands produced by the nematode 

inoculated plants did not d if fe r  s ta t is t ic a lly  (Table No*4 

and Fig*No*2 a) the control plants produced more number o f 
hands* an average o f  3*2 hands* The plants treated with

1,000 nematodes on 225 DAP produced 3 hands and a l l  other 
treatments produced 2*4 to 2*6 hands* The lea st number of
2.2 hands was on the plants treated with 1,000 nematodes on 
45 DAP. I t  may be inferred that there i s  no much e f fe c t

6 7
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of nenatodes on production o f  number o f  hands in  a bunch*

But 'there is  a general trend o f reduction in  number o f 

hands in the severely in fected plants when compared to the 

healthy ones* Blake (1972) also reported a reduction in 

number o f hands in the Radooholua s im ilis  a ffected  banana 

plants*

When the e ffe c t  o f period o f inoculation was compared 

(Table 5 b and Fig* 3 a) ife was observed that maximum 

reduction o f 25 per cent in  number o f  hands in the plants 

inoculated on 90 and 135 DAP* But the reduction in  number 

o f hands is  not much in other periods o f  Inoculation. Hence 

i t  can be assumed that the number o f hands produced w ill not 

greatly be Influenced by the duration o f nematode infection* 

When the effec.t o f nematode population was compared (Table 5 b 

and Fig. 4 a) the reduction was almost same at a l l  lev e ls  

o f inoculations*

As shown in  Table 4# Fig* 2 b the average number o f f in 

gers produced by control plants were 22.2 and the plants 

severely infested i .e .  inoculated on 45 DAP with 1,00,000 

nematodes, produced only 12*6 fin gers with 43*24 per cent 

reduction and there was a gradual increase in the number of 
fin gers produced, under the la te r  treatments. The plants 
treated on 225 DAP with 1,000 nematodes produced 18.6 fin ger 
which was almost equal to the control plants. Though the

6 8
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number o f  fingers produced were not s ign ifican tly  d iffer in g  

among the treatments they were less  when the severity o f  the 

In fection  was more. The same resu lt \*as obtained by 

Blake (1972) also.

The e ffe c t  o f period o f inoculation i s  presented in  

Table 5 d and Fig. 3 a *  I t  i s  seen that the reduction in  

the number of fingers was maximum on plants inoculated 

e a rlie r . Plants inoculated on 45 DAP had a reduction o f 
39*64 per cent, where on those inoculated on 135 DAP, had 

33*33 per cent reduction. The reduction in  immber o f 

fin gers  is  s t i l l  le ss  on plants inoculated la te r  on 225 DAP 

only with S3.72 per cent. This shows that inoculations 

before 135 DAP has got much influence than the periods a fter  

135 DAP. I t  i s  seen that the 1,000 and 10,000 population 

reduced the number o f  fingers to almost same extent (29.19 

per cent and 28.83 per cent). But 1,00,000 population 

caused severe reduction o f  36.75 per cent. Hence to cause 

a severe reduction in number o f fr u it s , a nanatode populat

ion of more than 10,000 i s  required, but even 1,000 and

10,000 nematodes can also cause appreciable reduction.

As shown in  the Table 4 and Fig. 2 b, the weight o f 
the conn was more in  the treatments given to the plants on 
225 DAP with 1,000 nematodes (5.39 kg), than the control 
(5*09). The weight o f the conn was gradually decreasing
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with Increased population lev e ls  and increased period o f  

in festation  and i t  was least in the treatment, given on 

45 DAP with 1,00,000 nematodes (2,81 kg) with 44*79 per 

cent reduction over control* I t  was also observed that 
the nematode a ffected  corm portion was also increasing in  

th is trend. I t  may be Inferred that when nematodes feed 
on the roots, they decay and their main function o f nutrient 

absorption w ill not be there and as a result the growth 

o f conn, as well as the whole plant w il l  be affected* Apart 

from th is  when there was increase in  the population, they 

migrate to feed on the conn which w ill also get decayed and 

cause reduction in weight, o f  corm. This was also established 

by many other'workers lik e  Loos and Loos (1960 b) who found 

the lesion s extending upto 2.5 inches deep into the rhizome; 

Wehunt et a l. (1965) and Nair et al* (1966) found the nematode 

attacking the conn* Sosamma andSundara ReJjs(1979) in d iv i
dually found a reduction o f  73*6 per cent in  the weight o f 

the rhizome in  ginger and 76 per cent in  turmeric. I t  i s

shown in  Plate 3 c*

The reduction was maximum in  the plants treated on 45 DAP 

(37*5 per cent) and i t  declined to 16.44 per cent in  the 
plants treated on 180 DAP. I t  may only 0*14 per cent In the 
plants treated on 225 DAP which shows that the Inoculation
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upto 180 DAP has got i t s  e ffe c t  on the reduction on the 

weight of the corm as there was ample time fo r  nematodes 

to feed  and cause damage. But the plants vjhlch had already 

matured by the inoculation time o f  225 DAP, there was no 

sign ificant reduction and even increase over control plants 

was observed at lower inoculum le v e ls . The reduction was 

le ss  in  the case o f  1,000 nanatodes (18*07 per cent) and 

increased with the increased inoculum le v e ls  (23*93 P©** 

cent at 1,00,000 population) which indicates a d irect 

proportion of the reduction in corm weight to the inoculum 

level*

As shown in the Table 4 and Fig* 2 b, the weight o f 

the roots in control plants was quite high (608 g) when 

compared to a ll  other treatments, but on par with the plants 

Inoculated on 225 DAP with 10,000 nematodes (540 g) and

1,000 nematodes (525 g ). There was sign ifican t difference 

among other treatments* There was a decline in  the weight 

o f the roots o f  plants inoculated ea r lie r  \*ith d ifferen t 

lev e ls  of Inoculum and the least weight was observed in  

the plants treated on 45 DAP with 10,000 nematodes (240 g) 

with a 60*52 per cent reduction and with 1,00,000 nematodes 

(280 g) with 53*94 per cent reduction; As the nematodes 
feed on the roots they decay and death o f the d ista l port
ions occur. The nematodes migrate to the healthy root, as
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suggested by Loos (1959)* Blake (1961 b) and Rebois et al# 

(1966)* As the period o f  In fection  on the root system 

Increases, decaying o f root w ill be more as shown In the 

root les ion  ratings (IPable 6) and root length (Table 4)» 

These roots w ill be very ligh t when compared to healthy 

roots as shown by Sosamma et a l. (1979) and Sundra Raju 
et al# (1979) on turmeric and ginger#

The e ffe c t  of the period, of Inoculation on root 

weight was more as shown in  the Table 5 f  and Pig# 3 b.

As the period of in fection  was more, more reduction waa 

observed ie# 52#85 per cent reduction in  the plants treated 

on 45 DAP and i t  decreased gradually to 16*94 per cent on 

225 DAP Inoculation. I t  shows that even at the la te r  stages 

o f the crop there w ill  be considerable damage to  the root 

weight. The e f fe c t  o f nematode population was proportional 

to the Inoculum lev e l as shown in the Table 5 f  and Fig. 4 b 

where i t  was 30.26 per cent at 1,000 inoculum, i t  was 

35*13 per cent reduction at 10,000 inoculum and 39*96 per 

cent at 1,00,000 population which shows a d irect proportion 
to the Inoculum level#

As shown in  the Table 4 and Fig, 2 b the control plants 
produced longer roots o f 50 an which was on par with the 
plants inoculated with 1,000 nematodes on 225 DAP with 

45#2 cm root length. A ll other treatments d if fe r  s ig n ifi
cantly from control and also among themselves# A steady



decline in  the length of the roots was observed with 

marginal differences in the treatments treated with 

d ifferen t lev e ls  o f inoculum on various inoculation 

periods* I t  was least in  the treatment given on 45 DAP. 

with 1,00,000 nematodes which produced roots o f  22 cm.

As the nematodes feed on the roots the roots decay 

and death o f the d ista l portion was observed, making 

the roots short o f length. This was observed by many 

other workers also. Loos and Loos (1960 b) observed 

shortened root length. Blake (1961 b) observed that le ss  

than 10 per'cent o f the roots only had a functional length 

o f more than 60 cm. When the e ffe c t  o f  the period of inocu

la tion  was taken into account, as seen in  the Table 5 g and 

Fig. 3 b. The plants inoculated on 45 DAP showed 46.66 per 

cent reduction and i t  declined thereafter and i t  was only 

22.53 per cent in the plants inoculated on 225 DAP. It. 

indicates that more the length o f the period more w ill be 

the reduction in functional length. Even the Inoculation 

at la ter  stages (225 DAP) could cause the reduction o f 

roots as the nenatodes enter from the root tip  and arrest 

the growth of the root as suggested by Du Charm e (1959).
The reduction v/as more in  1,00,000 nematodes (40.72 per 

cent) and a l i t t l e  le sse r  in  the 10,000 nematodes (35.6 

per cent) and s t i l l  le ss  in 1,000 nematodes (25.56 per cent)
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sho^sthat, higher the Inoculum le v e l more w ill be the 

reduction in  the length of the root.

The to ta l number of roots produced by the plants 

(Table 4 and Fig, 2 b) treated on 225 DAP with 1,000 

nematodes was 242 roots which was on par with the control 

plants (222), and there was a gradual reduction in  the 
number of roots produced depending upon the le v e l o f  

inoculum and the period o f inoculation. I t  was very few 

in the plants treated on 45 DAP with 1,00,000 nematodes 

which provided 152 roots with a reduction o f  31.53 per cent. 
This shows that as the nenatode population and i t s  period 

o f  in fection  increase the number o f roots produced by the 

plants w ill also be le s s . The roots produced might be 

decayed and w ell rotten before the plants were harvested.

This wes also proved by Vender Vecht (1950) who observed a 

reduction of 25,30 per cent reduction in  the number of 

roots. Slake (1961) also found reduction in the number o f 

roots. The reduction o f  28,79 per cent was seen in  the plants 

inoculated on 45 DAP (Table 5 h and Fig. 3 b) and i t  reduced 

to 12.61 per cent in  plants inoculated on 180 DAP, but in  

the plants treated on 225 DAP the reduction was only 1.65 
per cent v/hich shows that the nematodes at la te r  stages 
could not influence the production of the roots. From 
Table 5 h and Fig. 4 b, i t  was observed that , both the

10,000 and 1,00,000 nematodes could cause almost equal
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reduction (20.52 per cent and 22.16 per cent respectively) 

but the 1*000 nematodes could cause only 10*99 per cent 
of reduction which shows that high population was required 

to cause greater reduction in number o f roots.

Table 6 and Plates 3 a and b, shows that the plants 

treated on 45 DAP were severely a ffected  with increasing 

inoculum leve l as the percentage under the rating 5 (very 

severe in fection ) was very high 52.35 to 60.39. But there 

were no roots l e f t  without being attacked by nematodes in  

the inoculum lev e ls  o f 10*000 and 1,00,000 nematodes. As 

the period of nematode in fection  v/as more* most o f the 

roots were attacked by the nematodes and decayed which 

came under rating 5 and very few roots were l e f t  with 

sligh t and moderate in fection .

The plants treated on 90 DAP also expressed the 

same trend i .e .  most o f the roots were under rating 5 

and increased v/ith the.inoculum le v e ls , i t  was 40.37 per 

cent at 1,000 population, 47.72 per cent at 10,000 popu

la tion  and 60.30 per cent at 1,00,000 population. The 

number of roots at lower ratings were very few but more 
than the plants Inoculated on 45 DAP. In 1,00,000 
nematode treatment there were no roots underrating 1.

In the plants treated on 135 DAP, though the 
number o f roots under rating 5 were more, there were



Plate 3* E ffect o f Radooholus slm ilis  on
roots and corm of banana

a. Roots under d ifferent root lesion  
ratings ranging from 1-3

b. Longitudinal section o f  the roots 
showing lesion s and unaffected 
steel

c . Nematode a ffected  com
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considerably more number o f roots under lower root 

lesion  ratings (18*18 to  18*66 per cent) at a ll  lev e ls  

o f inoculum, under moderate in fection  i*e* rating 3, 

when compared to the previous inoculations and unaffe

cted roots (rating 1) were also found to some extents 

This shows that though there was severe damage to the 

root system, enough roots were l e f t  under lower root 

les ion  ratings which could do th eir function and so 

there was only a moderate reduction In the plant growth.

In the plants treated on 180 DAP, 33*3 to 39»27 per 

cent o f roots were under the rating 5, but comparatively 

the number of roots in sligh t in fection  (rating 2) and 
moderate in fection  ( rating 3) were more than in  the 

previous inoculations, which was d irectly  exhibited by 

the plants in other growth characters with a sligh t 

damage to the plants except in  the inoculum lev e l o f
1,00,000 population.

The plants In the treatment on 225 DAP showed almost 

a reverse trend except in 1,00,000 population i . e .  plants 

under 1,00,000 population treatment produced 30*15 per 

cent of roots under rating 5, around 25 per cent o f  roots 
under rating 4- and 3 and 15 per cent under rating 2.

This shows that there was considerable damage to the 
root system but, as the plant had already attained a
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mature stage i t  could withstand the damage and exhibited 

growth characters equal to the other plants inoculated 

on the same day* But in the plants treated with 1t000 

and 10f000 more number o f roots were found under the 

rating 2 and 3 respectively . The number o f  roots were 

le s s  at higher ratings and there were maximum number of 

unaffected roots (rating 1) in  the plants treated with 

1(000 nematodes. So these plants grew almost equally to 

the control plants in  some growth characters and even more 

in some o f.th e  characters. Thus i t  can be concluded that 

as the period o f in fection  and lev e l o f inoculum i s  more* 

more w ill be the roots under higher root lesion s ratings 

and more w ill be the damage to the crop, as the number of 

functional roots are le ss  in those plants when compared to 
healthy plants.

The growth o f the nematode was also studied and 

compared by population counts in  s o i l  and roots o f the 

experimental plants. Table 7 and 9 shows that the nematode 

population increased as the period o f in fection  was in

creased* But the rate o f increase in every successive 

month was not proportionate to the previous month. 
Population reached i t s  maximum during flowering period o f 

the plants under d ifferen t treatments. The plants teeated 

on 45 DAP and 90 DAP with a ll  in i t ia l  inoculum lev e ls
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along ’with the plants treated with 1,00,000 nematodes 

on 135 DAP ( T ^ ) s were found to be having maximum 

nematode population during October, when they flowered*

The flowering commenced in  the month o f  November in the 

plants treated with 1,000sad 10,000 nematodes on 135 DAP 

and 180 DAP* Flowering was observed in the plants 

treated on 150 DAP with 1,00,000 nematodes in  the month o f 

November, where peak population was observed. In the 

plants treated on 225 DAP the maximum peak reached during 

December when they flowered along with control plants.

In a l l  the treatments nematode population declined a fter  
flowering* The nematode population fluctuation  was in 

accordance with the resu lts o f Jaremillo and Figuroa 

("1974)5 Koshy et al* (1975) and Vilardebo (1976).

The nematode counts were high in the plants treated 

with 1,00,000 nematodes follow ed by 10,000 and 1,000 

nematodes at a l l  stages o f the crop growth, but the 

d ifference in the nematode population at d ifferen t in it ia l  

inoculum leve ls  narrowed as the age advanced, i?hich may be 

due to  population density as suggested, by Du Charme (1968) 
In citrus*

The fin a l population counts showed that the populat

ion was more in the plants treated on .45 DAP and gradually 
reduced in  the other inoculation j^riods. But in  the case 
of the inoculum lev e l o f  1,00,000 nematodes the root



79
7 l

population was increasing as the inoculation period 

advanced from 45 DAP to 225 DAP, which may also be 

attributed to the population density factor* However, 

the to ta l population at the time of harvest was more 

in the plants treated on 45 DAP with 1 ,00 ,OCX) nematodes 

(1,50,432)* There was a gradual reduction In the to ta l 

number of nematodes with Increasing inoculation periods. 

This reduction was more in  the case o f  1,000 nematodes, 

follow ed by 10,000 and 1,00,000 nematodes, which shows 

that the growth o f  the nematode population follow s the 

increasing trend at lower lev e ls  o f  In it ia l  population 

than at the higher lev e ls  o f in it ia l  population. This 
can be explained by the m ultiplication fa cto r  given in  

the Table 8. The m ultiplication  fa c to r  was inversely 

proportional to the in it ia l  inoculum used and d irectly  

proportional to the period o f  nematode in festation . I t  

was established by Du Charme and Price (1966) j Sosamma 

et a l. (1979) and Sundara Raju et a l. (1979).

A highly sign ificant negative correlation  was 

obtained (-0.8865) between the nematode population and 

the y ie ld  as shown in  the Pig. 5 and Appendix V. The 

data f i t s  the equation Y »  C ( S e i n h o r s t ,  1965), which 

shows that, the y ie ld  was maximum at no nematode le v e l, 
and declined sharply with the Increase in the nematode 

population. The y ie ld  reached I ts  minimum at a populat
ion  o f 1,40,000 nematodes and established thereafter.



C v r / 11 '/q'c/  ^ >  ( y k v  r-i v g  ■)
N O i i v m d o d  ^ a o i v w a u  j y  a i n ^  '  a A j j n s  N ^ i s s ,a n 9 ' 3 a  • c j  1 5 U

-  s ̂  OOO V m KOiivnndOd 3 a o-L V =1 N  -------------------------------------------------------------------------------------------------

o j k  O T »  O "5 ► O O t  C ?  0 3  Q >  0 5  O

V
IR

L
C

 
IN 

U



8 0

Apart from the observed growth parameters, the 

nematode inoculated plants were found to be weak* stunted 

and with sick ly  appearance, as i t  was found by many workers 

l ik e  Suit and Du Charae (1953); Feder and Feldmesser (1956); 

Blake (1961 b)j Decker et a l. (1970) and Sundara Raju et a l. 

(1979). As the diseased condition advanced the plants pro

duced small and pale yellow coloured leaves, as i t  was 

observed by Fisher et a l. (1971); Ichinohe (1976) and 

Venkatesan (1977).

The root system in  the control plants was p r o l i f i c ,  

whereas, in  the plants treated with nematodes I t  was poor, 
black in  colour with small roots, having lesion s. They 

also had cracks on the older roots and side roots were few. 

A ll typical-symptoms o f  the nematode attack were also 

observed by Feder and Feldmesser (1956); Loos (1959);

Blake (1961 a and b )j Hair et a l. (1966); Tomerlin and 

O’ Bannon (1974) and Koshy et a l. (1975).

From the longitudinal end cross sections o f  the 
Infested and healthy roots (Plate 4 a, b, c ) ,  i t  can be 

seen that extensive reddish brown lesion s were found in  

the cortex, at which the c e l l  walls found to be ruptured, 
forming necrotic tissue and ca v ities  in the co rtica l 

region. Hyperplasia and hypertrophy was not observed.
Even in  the severely attacked root the stelar region was



Plate kt Histopathological changes o f the
nematode in fested  banana roots 
compared with healthy root.

a« Cross section o f  the healthy
root

b. Cross section o f the nematode
in fested  root showing ca v ities  
in the cortex and unaffected 
pith

c. Longitudinal section showing the
les ion  in  cortica l c e lls
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not damaged by the nematode, the reason attributed 
by Blake (1966) was that strongly developed endodenaia 

In the banana roots, prevent the nematode from entering 

into the ste la r region.

Such hi stop athological changes were also observed 

by workers lik e  Vander Vecht (1950) on ginger, Blake

( 1966)5 Taylor (1969) on banana, V ilson i (1976) on 

ginger and Venkatesan (1977) on pepper roots.

Thus i t  may be concluded that burrowing nematode 
in festation  reduced the growth >by 13*24 per cent In 

height 11.6 per cent in  number o f leaves and 4.95 per 

cent in  the g irth  o f  the pseudo stem and 17.54 to 36.23 

per cent In the y ie ld  o f  banana. An in it ia l  population 

o f 1,000 nematodes during early growth stage i s  enough to 

cause growth reduction o f 11.1 per cent in  height, 7.73 per 

cent in  number o f  leaves, 4.95 per cent in  the g irth  o f  

the pseudostem, 31.83 per cent in weight o f  the conn,

44.08 per cent in  root weight, 38 per cent in  root length, 

27*03 per cent in  number o f roots and 35*79 per cent in  
y ie ld . From the results i t  can be seen that the banana 

plent should be protected from th is  nematode upto a 

period o f 180 DAP and in fection s a fte r  th is  time may not
1

a ffe c t  the plant s ig n ifica n tly . The h isto log ica l changes 
caused by the nematode had been brought out.
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SUMMARY

The pathogenicity o f the burrowing nematode 

Radopholus s lm llls . on banana was studied using 

Nenthran variety  in  pot cultures.

The experiment was la id  out in  randomised 

block design with 5 rep lications and 16 treatments.

Pure culture o f Radopholus slm llls was raised and 

m ultiplied on plant cultures and tissue cultures.

Three le v e ls  o f inoculum v iz . 1000; 10,000 and

1,00,000 nematodes were inoculated at f iv e  d ifferen t 

periods o f the crop growth at an interval of 45 days 

from planting, i . e .  45, 90, 135, 180 and 225 days 

a fter  planting on banana plants raised In concrete 

pots containing s te r ilis e d  pot mixture. The plants 

were maintained by giving a ll recommended agronomic 

practices

Growth parameters lik e  height o f the plant, 

number o f leaves and girth  o f the pseudo stem were 

observed and compared. A ll the characters studied were 
sign ifica n tly  reduced on nematode inoculated plants over 
untreated plants. A proportional reduction with increase
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in  the inoculum lev e l and period o f in festa tion , was 

observed* A maximum reduction o f 13*24 per cent in  

height o f the plants, 11*6 per cent in  number o f leaves 

and 5.14 per cent in  the girth  o f  the pseudostem, was 

recorded in  the plants treated ea rlie r  with 1,00,000 

nematodes* The nematode population build  up was also 

observed by taking 100 g o f s o il  sample and 1 g o f root 

sample* The nematode population increased as the time 

advanced during active growth period o f  the plant, but 

at decreased rate afterwards* They reached i t s  maximum 
at the flowering stage o f each plant and reduced there

after* The.rate o f m ultiplication  o f  the nematode was 

calculated and was found to be -high fo r  1000 nematodes, 
ranging from 34*11 to 107*96 as the period o f  in festation  

Increased and medium f o r  10,000 nematodes, ranging from 

6*74 to 11*86 and lea st f o r  the 1,00,000 nematodes 1*12 

to  1 .5 .

Duration o f  flow ering was found to be ea rlier  in  

the in fested  plants* At the time o f  harvest three y ie ld  

components viz* y ie ld , number o f hands end number of 

fingers were taken* Yield was found to be sign ifican tly  

higher in  control* Maximum reduction o f  36*64 per cent 

in  y ie ld  was observed in the plants treated on 45 DAP



8 4
9

with 1,00,000 population. Other two characters were 

not s ign ifican t, but a reducing trend was observed.

Five underground plant characters were also observed 

at the time o f harvest, v iz . weight of the corm, 

weight o f  the roots, length o f  the roots, number o f 

roots and the root les ion  ratings. A ll o f  them were 

found to 'be  sign ifican tly  In fe r io r ’ In the nematode 

inoculated plants than the control plants with a 

maximum reduction o f 44.79 per cent in  conn weight,

53.94 per cent in weight o f the roots, 56 per cent in  

the length o f the roots and 31*53 per cent reduction 
in  the number of roots, in  the plants treated, with

1,00,000 nematodes, on 45 DAP. The same treatment had 

the maximum o f 60*39 per cent roots severely affected 

under root lesion  rating 5. A ll other treatments 
follow ed i t  based on the inoculum lev e l and period o f 

in festation . Apart from these, the nematode attacked 

plants were weak, stunted and produced small pale yellow 

coloured leaves. H istopathological studies revealed that 

the nematodes caused lesion s in  the cortex where the 

necrosis of c e lls  and large ca v ities  were observed. I t  
was also found that the stelar region was not affected .

Based on the resu lts I t  can be concluded that the 
damage done by the nematodes to the plant w ill be
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proportional to the in it ia l  inoculum le v e l and time of 

inoculation.^ Even a population o f  1000 nematodes at 

early stages w ill be su ffic ien t to cause considerable 

reduction in  the y ie ld  and other characters. 2he. 

most susceptible period o f  in festation  w ill  be earlier 

to 180 days where maximum damage was recorded and the 

damage was n eglig ib le  thereafter.



REFERENCES



REFERENCES

Adam# A*V. and Rodriguez, A* (1970)* 'Clean seed' 
and 'C ertified  seed' programmes fo r  bananas 
in  Mexico* F.A.O* PI* Prot. Bull. - 10: 57-63*i w «  r C3-}

♦Addoh, P#G. (1971)* The d istribution  and economic 
importance o f  plant parasitic nematodes in  
Ghana* Ghana* J* Aarl* Scl* hi 21-32*

♦Anonymous (1969)* Report of the secretary o f
Agriculture 1967-60, Salisbury Government 
Printer* pp* 83* -

♦Anonymous (1976). Surinam Land bouwproef station  
S u r in a m f; Annual Report fo r  1975 o f  the Agri
cultural experiment station o f  Surinam* 
Jaarverslog 1975# Paramaribo 1976* pp* 79*

♦Anonymous (1979)* The nematode Radopholus s lm llls . 
defin ition  o f the most suitable periods fo r  
chemical control in  banana and determination 
o f host e ffic ie n cy  o f some crops and weeds in 
the banana growing areas. Facultad Agronomia, 
Universidad de Panama* 400- 40b

♦Ayala# A. and Roman, J. (1963)* D istribution and
host range of the burrowing nematode in  Puerto 
Rico soils* J. Agric. Univ. P* Rico. h7i 28-37.

B irch field , W* (1957)* The burrowing nematode situation  
in  Florida* J* Econ. Ent. 50* 562-564.

qjCT

Blake# C.'D. (1961a). Root rot o f bananas caused by
Radopholus s lm llls  and i t s  control in  New South 
Wales. Nenatologica- , 6* 295-310.



i i

Blake, C.D. (1961b). Radopholus root ro t o f bananas.
Commonwealth Mycologlcal Conference (6th) London, 
i 960. Report, pp.53-54.

Blake, C.D, (1966). The h isto log ica l changes in  banana - 
roots caused by Radopholus s im ilis  and 

' Helicotvlencfaus m ulticinctus. Nematologica.., 12*
, 129-137.

Blake, C.D. (1972). Nematode diseases o f  banana plantat
ions.' Economic Nematology. ■. 245-267.

^Christie, J.R. and Perry, V.G., (1951). Removing nema
todes from s o i l .  Proc. Helminth. Soc. Wash.. 18* 
106-108.

*Cobb, N.A. (1893). Nematodes, mostly Australian and
F ijian . Linn. Soc. N. Southwales, Macley Memorial*, 
pp .59. ft 4

*Cobb, N.A. (1915). Tvlenchus s im ilis . the cause o f root
disease o f sugarcane and banana. J* Agrl. Res. 4 (6)1 
561-568.

D* Souza, G .I. and Kumar, A.C. (1969). Occurrence o f
Radopholus aim ills and PratvlenchuH vulnuH in  India- .. 
A ll India Nematology Symposium, New Delhi. August 
21st and 22nd (1969) pp .5-6.

Decker, H., Casamayor Garcia, R. and Seidel, D. (1970).
Proc. Int. -Nematol. Symp, 9th Warsaw. August 21-24
(1967). pp. 447-464.

Du(Dianne, E.P. (1959). Morphogenesis and bistopathology 
o f  lessions induced on citru s roots by Radopholuq 

’ s im ilis . Phytopathology. 4g! 387-389*



i i i

DuChanne, E.P. (1968). Burrowing nematode o f c itru s, 
a review. Tropical Nematology. Edited by 
Grover, C; Smart, Jr. and Perry, V.G., published 
fo r  the Centre fo r  Tropical Agricultural Univer
s ity  of Florida Press, G ainesville, us-ia-o

♦DuCDhanme, E.P. (1969). Temperature in  relation  to  
Radopholus s lm llis  spreading decline of citru s.
Int. Citrus Symposium 1st. R iverside,1968. 
Proceedings, pp. 979-933*

DuCShanne, E.P. and Price, W.C. ( 1966) .  Dynamics of multi
p lica tion  of Radopholus s im ilis . Nematologica. > 12: 
113-121.

*DuCharme, E.P, and Suit, R.F. (1968). Population flu ctu 
ation of burrowing nematodes in  Florida citru s groves. 
Proc. Fla. St. Hort. Soc. 80: 63-67.

Feder, W.A. and Feldmesser, J. (1956). Root abnormalities 
caused by burrowing nematode in fection s. 
Phytopathology., 46: 11.

Figueroa, A. (1980). E ffect o f  nematicides aldicarb,
aldoxycarb and D3CP on nematode control and y ie ld  
o f bananas. Nematropica. > 10: 15-17.

#Fisher, J.H., Dorothy, H.and Shaw, E. (1971). Radopholus 
s im ilis .' the burrowing nematode in  New guinea.
Papua New Guinea Agrl. J. 22s* 177.

George, C.'and Martin, J. ( 1969) . BlacK head disease o f 
bananas. F.A.O. Plant Ptrot. Bull. T£s 24-30.

Guerout, R. (1970). Relation between the population o f  
Radopholus sim ilis  roots of banana and growth..
(A bstr.) Int. Nematology Symp. 10th European 
Soc, o f Nematologists,Pescara S-13th September 
1970, pp. 92-94.



iv

*Heugens, A* (1968)• Radopholus s im ilis  een nieuwe 
parasiet van Calathea makouana Nicholas*
Heded Ri.lksfae landb wet Gent*. 535-536.

Hubert9 F*P. (1957)* Diseases of some export crops 
in  Indonesia. PI. P is. Reptr.,  41: 55-64*

Ichinohe, M. (1976). Nematode problems o f black pepper 
in  Bangka Island, Indonesia. Nematology News 
Letter, , 2g% 2*

*Jaramillo, C.R. and Figueroa, A. . (1974). Horaonic 
analysis o f the population density o f 
Radopholus s im ilis  in banana area o f  Guapiles, 
Costa Rice. Turrialba, . 24: 402-407*i i i i rr *

*Jaramlllo, C.R. and Figueroa, A* (1976). Influence o f 
s o il  water balance on the population o f  
Radopholus s im ilis  in the banana region o f 
Guapiles, Costa Rica. Turrlalba, , 26: 187-192*

Jimenez, M*F, (1972). Seasonal flu ctuation  o f
Radopholus sim ilis  in the banana growing area 
o f Pococi, Costa Rica* (A bstr.) Nematroplca. ..
2: 6 and 20*

Jimenez, Q.K.F., and Cia Bananera, A. (1972). Annual 
population fluctuation  o f Radopholus sim ilis 
in the banana zone o f Pocci Costa Rica.
(Abstr;) Nematroplca. . 2: 33-40.

Johansen, D.A. (1940). Plant Microtechnique. Me G ra w  -  

H ill, New York-, pp. 523.
Koshy, P.K. e Sosamma, V.K. and Nair, C.P.R. (1975), Prelimi

nary studies on Radopholus sim ilis  Infesting 
coconut and arecanut palms in  South India. Indian 
J. Nematol. . gt 26-35.



V

Koshy# P .K ., Sosamma# V.K. and Sundara Raju, P. (1976)* 
Yellow le a f disease! Nematological studies* 
Arecanut and spices Bull*, 8s 37-41«

Koshy# and Sosamma, V,K* (1979)* Control o f the
burrowing nematode# Radopholus ^Imllis on 
coconut seedlings with DBCP. Indian J. Nematol. . 
2* 32-33.

Kumar, A.C., Kasivlswanathan, P.R* and D*Souza (1971)*
A study o f plant parasitic  nematodes o f certain 
commercial crops In co ffee  tracts  o f  South India* 
Indian Coffee, , ^6: 1-3*

Leach# R* (1933)* Black head toppling disease o f bananas* 
Nature; . 181! 204-205.■ ' oats

Loos, C*A. (1959)* Symptom expression o f  Fuaarium w ilt 
disease o f Gros Michel banana in  the presence 
of Radopholus s im ilis . Proc. ■  ̂ helminth* Soc*

- Wash. . 26* 103-111*

Loos, C.A. and Loos, S.B. (1960a)* Preparing nematode
free  banana'seed*. Phytopathology- . £0t 383-3B6*

Loos# C*A* and Loos, S.B* (1960b)* The black head disease 
o f bananas. Proc. _ Helminth* Soc. ' Wash. , 2£l 
189-193*

*Iuc, M. and Vilardebo# A* (1961)* Les nematode parasites 
du bananier dans I 'ou est African II Les essais de 
traitements nematicides. Fruits- . 16s 261-279.

Maas# P.W.T* (1969). Two important cases o f  nematodes
in festation  in  Surinam In  'Nematodes o f Tropical 
crop s '. Tech. Common. W.Bull. - ; helminth.. 40t 
149-154.



Mathen,

*Melin, P.

Melln, P.

Nair, M*

*Ngundo,.

O'Bannon,

O'Bannon,

O'Bannon,

. ,  Kurian, C. and Lai, S.B. (1970). Record o f 
Radopholus sim ilis  and other plant p a ra sitic ’ 
nematodes from coconut Dalm. S ci. C ult., 36s 159.

and Vilardebo, A. (1975). E fficacy  o f several 
nematicldes in banana plantations on the valcanoic 
s o ils  of the Mungo region o f  the Cameroons.
F ru its ., 28: 79-82. ............  mm

and Vilardebo, A. (1976). Chemical control o f  
Radopholus sim ilis  on plantains. Nematroplca- , 6s 
49-51.

:.G.K.( Das, N.M, and Menon, M.R. (1966), On the 
occurrence o f the burrowing nematode Radopholus 
sim ilis  on banana in  Kerala* Indian J. ‘ Nemafcdj a 
28! 553-554.
mm

B.W. and Taylor, D.P. (1973). The burrowing 
nematode Radopholus sim ilis  from Tanzania and 
Kenya. East Africa Agrl. and Forestry. J . , J8s 
405-406.

J.H., (1977). World wide d istribution  of 
. Radopholus s im ilis  and i t s  importance in  crop 
production. J. 2 Nematol. . gs 16-25.

J.H. and Taylor, A.L. ( 1968) .  Migratory 
endoparasitic nematodes reared on carrot d iscs. 
Phvtopathology,, 53s 385.

J .H ,, Myers, R.F. and Feder, W.A. (1967). A 
comparative h isto log ica l study o f  citru s variety  
tolerantto and susceptible to the burrowing 
nematode Radopholus s im ilis . Nematologica- 13s 
147-148..

v i



tO'Bannon, J.H ., Yuhl, W.A. and Tomerlin, A.T. (1971).
. Pathogenicity o f  two races o f Radopholus glmil.ia 

to s ix  peanut varieties* Proc* - _ ,; $9ll. ££&
Crop S cl* Soc. - F lorida*

♦Price, D* (1960)* The control o f  parasitic  eeel worms in
bananas. Trop* Agrl* Trinidad- JJ* W -1 0 9 .

Raemaekers, R.H* ‘and Patel, B.K. (1973). B urrowing nematode 
on banana. F.A.O. Plant.. Prot. Bull* 2J: 67*

Rebois, R.V. and Feldmesser, J. (1966). Movement o f
Radopholus s im ilis  a ffected  by host plant condl- 

. tion*. Mematologlca. f 12: 97-98.

♦Scotto La massesse, C. ( 1967) .  Be couverte d*un naaatode
phytophage non encore signals en Europe. Phvtoma.

29-33.
Seinhorst, J.W. (1965). .The relation  .between nematode

density and damage to plants. Hanatolo^ic,^. _ n j  
137-154.

Senanayaka, A.W. (1969). Root and rhizome necrosis or
black head disease o f  banana. Trop. Agric* Cevlon. 
2Jgi 119-121.

*Shaflee, M.F. and Mendez, J.M. (1975). Seasonal fluctuate 
Ions In Radopholus .etojillg on three varieties of 
ffiiaa SP. Unlversidad de Habena, sarle IT ,
Vegetal (1975).., pp. 12. . “  Sanltiad

Sheela, M.S., (1979). Investigations on the
the nematodes infesting black p °f
(Ei£§£ n iffia  L.) and the rung,. _
Thesis submitted to the Kerala <’P'
University. 76P+ v i i i , .  1 cultural

v i i



v l i i

Sher, S.A. (1968). Revision o f  the genus RedopW ag 
Thome, 1949 (Nematodai Tylenchida). £*££• 
tielminthol* Soc* Wash* B *  219-237.

«Sivapalan. P. (1967). Nematodes end tea . 2 bb £• *
178-185.

Sosamma, VK.( Sundara Raju, P. end Koshy, P.K. (1979).
E ffect o f Radopholus sim ilis  on Tumeric.
Indian J. o f Nematol. - § * 27—31 *

Stover, R.H. and F ielding, M. J. (1958). Nematodes associ
ated with root injury o f  Mus& sp. in Handuran 
banana s o i ls .  PI. pis* Rgfitr. s 4g: 938-9^0.

* Sturt han, D. (1970). Radopholus sim ilis  einfur
Dentschland nouer pflanzen nematode. Nachr bldt 
oflachut2dienst stuttg. , 22: 1- 2.

*Suit, R.F. and Du Chame, E.P. (1953). The burrowing nematode 
and other parasitic nematodes in relation to spread
ing decline. Citrus leaves; * |2! 32-33.

Sundara Raju, P ., Sosamma, V,K. and Ko3hy, P.K. (1979).
Pathogenicity o f Radopholus sim ilis on ginger.
Indian J. Nematol. f gi 91-94#

♦Taboada, J. and Caballero, D. J. (1968) .  Research on
chemical control o f  Radopholus sim ilis on banana 
plants. An Inst. B iol. Univ. Mex. Ser. Zool,
Jgi 29-33.

Tarjan, A.C. ( 1960). nA comparison o f polythene p lastic 
bags end glass Jars as incubation chambers fo r  
obtaining nematodes from roots. PI n
14: 315-318. HfflSc.,

Tarjan, A.C. (1971). Some interesting association of 
parasitic nematodes with Cacao and Coffee in  
Costa Rica, Nematnopic^,. 1* 5.



Ix

Taylor, A. 1>« (1969). Control o f the banana root  ̂
nematode in  F i j i .
17* 97-103*

*Toraerlln, A.T. and O’ Bannon, J.H. (1974). E ffect o f
Radopholus sim ilis  and PratvlencM s brachyurua
on citru s seedlings in  three s o ils . Proc.o£
the s o il  and crop. Sci. Soc. o f  F lorida*f, 22*
95-97*

*Thorne, G. (1949). Proc* Helminth. Soc. W§gh«., 16:
37-73.

*Vandervecht, (1950). OP planten parasiterende a a ltijes  
(Tylenchida). Plagen van de cultuurgewassen In 
Indonesia. ; pp. 16-42.

Venkatesan, T.S. (1977). Studies on the burrowing nematode 
Radopholus sim ilis  on pepper (Piper nigrum L .) 
end it s  role In slow w ilt disease. Mysore. J.
Agri. , S ci. 11: 599*

V ila rd e b o , A. (1976). Population dynanics o f  Radopholus
sim ilis in relation  to climatic factors  and the 
physiology o f  the plant. Nematropip.n v 5/1. 55.Cl

Vilardebo, A. and Guerout, R. (1976). A review of experi
ments on nematode control with ethoprop phenoml- 
phos and carbofuran in  French speaking West Africa. 
Mematroplca .̂. 6 ( 2) :  51- 53*S3

V ilson i, F ,, Me Clure, Mf A. and Butler, L .d. (1976).
Occurrence, host range and histopathology o f  
Radopholus sim ilis  in ginger. PI. P is . Reotr. ,,
60: 417-420.
n s i



X

Wehunt, £# J* and Edwards, D .I. (1968), Radopholus almlllg.
, and other nematode species on banana. Cited in 
Tropical Nematology, pp, 1-19, Edited by 
Grover, C ,, Smart, Jr* and Perry, V.G. published 
fo r  the Centre fo r  Tropical Agriculture*

Wehunt, E« J .,  Hutchison, D.J. and Edwards, D .I, (1965)*
Reaction o f  Musa accuminata. to  Radopholus sim ilis  
Phytopathology^ . ggl 1082*

Wehunt, E,J*, Hutchison, D.J, and Edvards, D .I, (1978).
Reaction o f  banana cu ltivars to the burrowing 
nematode* J, Nematol. I g s  368*370*

Weischer, B, (1967), UNDP report o f  plant parasitic
nematodes* Report to the Government o f  India*
No* T* A* 2332* F.A*0, o f  United Nations, Rome.

*  O rig in a ls  not seen



Appendix -  I

Date of OcKrvts «•«•«■■■•
observe- 0f  Total Treatment Block df »  4  '.2EE2-—— —
tion freed** S.S. " s . s l  M.S.’ "  S.S. ~ M.S. S.S. M.S.

45 DAP Tot. 79
Jr. 15 1101.55 7.1 4,766 20.675 5.168 1075.725 17.896 0.266 M .S .hft

90 DAP ®ot. 19
Jr. 3 346.95 1.75 5.8333 126.7 31.675 218*5 18.208 0.320 N.S
Er. -j 2

135 DAP Obt. 34
Jr. 6 953.543 399.943 66.657 183.543 45.886 370.057 15.419 4.323c.r. 24

180 DAP 49 _ **
Erl 36 2052*42 1690.42 187.824 126.5 2  31.63 235.48 6.541 28.75

225 DAP 2>t. 64 * ”  - **
Erl 21 6263*754 5845.754 487.146 127.6 31.9 290.4 6 .05 80.52

f i £ T r " &£ J  8755.89 8333.89 355.59 44.075 11.018 377.925 6.299 88.207**

M.S. — Mot s ig n ific a n t.
* *  — S ig n ific a n t a t  0.05 and 0.01 le v e ls .



A ppendix -  H i

Bate of* Degrees    ^
observa- " q* Total Treatment Bloc
tlon freedoa S. s. ----— ---------------------------------- 2------------- 2™°

b-s. M.S. s. S.
Tot. 79   M*S* S,S* lUS*

** Erl go 13®#:?375 10*7675 0.719 4.2512 1. 05 125.368 2.056 0.349 H.S.
_,rt  ̂ Tot. 1990 DAP ft,. ^ 21^

3 21.75 0.55 n 1R,=  4 _Er. 12 3 0.1835 1 .5  0.375 19.7 1.64 0.111 M.S.

' 3 5  0 ®  £ * *  *  . ------------------------------------------------------------------------------------------------ --------------------------------------------------------

------------— Er* 1<’ ° 9 5.457 1.364 24.243 1.01 1.079 H. S.

80 DAP <2 ------
Erl 36 5 24.225 2.692 1 .'Er. 36 2.692 1. 55 0.387 40.35 1.1 2.401

25 DAP • g ta f 4-------------------------------     “---------------------------------------- ----------------------------
_  35-1615 2,7634 2*038 ° ‘ 50o 42. 76̂ 15 0.891 2.101**

.ng gr** Jo 87*5469 35*3468 2* 3 5 s -m „
- 1  br‘ 355 3' ^ 2 0^789 49.043 0.817 2.83**

W.S. — fifot s ig n ifica n t.
* -  s ig n ifica n t at 0.05 le v e l .
** -  Significant at 0.05 and 0.01 level.
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A ppendix -  I

SbsIrSa- Def r ea Total ‘ — S S S S S S L ________ S 2 * " j = J L ------ - 5 2 " ------------ -F-
tion  freedom S» S. S. S* M» S. S. S. H« S. 5® S* M» S. -

45 DAP Tot. 79
Tr. 15 1101.55 - 7.1 4.766 20.675 5.168 1073.725 17.896 0.266 N.S.
Er. 60

QO DAP Tot* 19
w  Tr. 5 346.95 1.75 5.8333 1 26.7 31.675 218.5 18.208 0.320 N.S.

Er. 12

135 DAP Tot. 34
Tr. 6 953.543 399.943 66.657 183.543 45.886 370.057 15.419 4.323
Er. 24

■iffo nap Tot. 49 «.*,

Tr. 9 2052.42 1690.42 187.824 126.52 31.63 235-48 6.541 28.75
Er. 36

22*5 DAP Tot. 64<£« ui\f ^  12 6263-754 5845.754 487.146 1 27.6 31.9 290.4 6.05 80.52
Er. 48

At Tot. 19 ™
flow er- Tr. 15 8755.89 8333-89 555.59 44.075 11.018 377.925 6*299 88.207

ing Er. 60

N .S . -  N ot s i g n i f i c a n t .
* *  -  S ig n i f i c a n t  a t  0 .0 5  and 0 .0 1  l e v e l s .



A ppendix -  I I

Date o f Degrees Treatment Block d .f  ® 4 Error
observe- of  ------------------ —------------------ .--------- _-----
t io n  freedom V .  S.S* M.S. S .S . M.S. S .S . M.S.

Tot. 79
45 DAP Tr. ,15 31.4375 -1.487 0.09 2.05 0.5125 27.95 0.465 0 .02 N.S.

Er. , 60 4 r

Tot. 19
90 DAP Tr. 3 8.55 0.55 0.1833 2.3 0.575 5.7 0.475 0.366 N.S.

Er. 12
Tot. 34

135 DAP Tr. 6 17.543 3.943 0.657 0.971 0.243 12.628 5.261 1.248 N.S.
Er. 24
Tot. 49 *

180 DAP Tr. 9 27.12 9-52 1.057 1.52 0 .33 16.03 4.47 2.368
Er. 16
Tot. 64

225 DAP Tr. 12 54.861 25.2615 2.106 5.015 1.254 24.59 0.512 4.11
Er. 48

At Tot. 79 **
flow er- Tr. 15 145.8 83.8 5.56 4.B 1 .2  57.2 0.953 8.86

ing Er. 60

N .S . -  N ot s i g n i f i c a n t .
*  -  S ig n i f i c a n t  a t  0 .0 5  l e v e l .
**  -  S ig n i f i c a n t  a t  0 .0 5  and 0 .0 1  l e v e l ,



Date o f Degrees Total Treatasnt Block d .f  = 4
tion  frsedon S*S* S. M.S. S. S. M.S. S. 3.

A ppendix -  I I I

Tot. 79
45 DAP Tr. 15 138.3875

Er. go
Tot.

( • ■ M W

19
90 DAP Tr. 3 21.75

Er. 12
Tot. 34

135 DAP Tr. 6 36.243
Er. 24
Tot. 49

180 DAP Tr. 9 66.125
Er. 36

.. Tot. 64
225 DAP Tr. 12 77.961

Er. 48
At Tot. ~7S

flow er Tr. . 15 87.5469
ing Er. 60

2.056 0.349 N.S.

0.55 0.1S33 1 .5  0.375 19.7 1.64 0.111 K.S.

6.543 1.09 5.457 1.364 24.243 1.01 ,1 .079 8 .3 .

0.3S7 40.35 1.1 2.401

0.509 42.7615 0.891 3.101

0.817 2.89

N .S . -  N ot s i g n i f i c a n t .
*  -  S ig n i f i c a n t  a t  0 .0 5  l e v e l .
* *  -  S ig n i f i c a n t  a t  0 .0 5  and 0 .0 1  l e v e l .



A ppendix  -  IV

Total 
df «  79

S.S
-Treatment df-15 Block df -  4 Error df■ -  60 Fwiarae i»er

S.S M.S S.S M.S S.S M.S

1. Yield 12.3787 10.2637 0.6842 0.0379 0.0094 2.077 0.0034 19.76**
2. Number of 

hands 25.8 4.6 0,306 0.925 0. 23 20.275 0.3379 0.907

3. Number o f 
fingers 1516.75 456.35 30.423 31 7.75 1029.4 17.1566

N.S

1.77

4. Duration o f  
flowering 27,073.5 25,140 1676 103.5 25.87 1830 30.5

N.S

55.85**
5. Weight o f 

the corm 45.3547 40.37 2.6913 0.2795 0.069 4.704 0.078 34.325**
6. Weight o f 

the roots 10,084,80 7,154,50 47,696.66 7448.75 1862.1875 2,855,81.25 4,759.6875 10. 02**
7. Length o f 

roots 5781.55 3595.55 239.703 101.3 25.325 2084.7 34.745 6. 898**
8. Number o f  

roots 99,422.49 59,379.69 3958.66 337.425 84.36 39,705.375 661.7^6 5.98**

N.S -  Not S ignificant
** -  S ign ificant at 0.05 and 0.01 le v e ls



A ppendix  -  V

Source S.S. d .f

Regression 0.03397

Error 0.00925 14

Total 0.04322 15

Correlation co e ff ic ie n t  ■ r  

7 *  3.612 (0 .997)p

M. S.

0.03397

0.0006608

» F »

51. 403**

0*8865
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abstract

Pathogenicity o f the burrowing nematode,

Radopholus s im ilis  on banana was studied at the 

College o f Agriculture, Vellayani* with three 
le v e ls  o f  population v iz . 1000', 10,000 and 1,00,000 

nematodes at f i v e  d ifferen t growth stages o f the 

crop starting from 45 days a fter  planting and 

with 45 days in terval. I t  was observed that the 

general growth o f the plant was retarded. The 

reduction was d irectly  proportional to the in it ia l  

inoculum used and the period o f in festation . A 

reduction of 36*84 per cent was seen in  the y ie ld  o f  

plants inoculated earlier  with 1^00,000 nematodes and 

as high as 60.52 per cent reduction in  weight o f the 

roots in  the plants treated with 10,000 nematodes.

Nematode population was found to reach i t s  peak 
during the flowering season o f the plant and decreasing 

thereafter. The m ultiplication  of the nematode was 

observed to be inversely proportional to the In it ia l  
inoculum lev e l. Population o f  even 1000 nematodes at 

active growth stage was enough to cause severe reduction 

in  the plant*s growth. I t  was seen that plants could



withstand the damage caused by the nsaatode feeding at 

la ter  stages Le. a fter  180 days a fter planting. So 

the plants should be protected from the nematodes at 

ea r lie r  stages.

The h isto log ica l changes in the roots in fested  

by nematodes revealed that the nematodes feed on the 

co rtica l tissue causing reddish brown lesions on the 

roots and nematodes could not enter the ste lar region 

of the root even under severely in fested conditions.


