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Effect of Paecilomyces lilacinus, Pasteuria penetrans and VAM on the 
growth of coconut seedlings infested with Radopholus similis 
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Abstract 
The burrowing nematode. Radoplzolrrs sir?iilis causes serious damage to coconut. Lesions and rotting of roots, defoliation and 
poor yield are the symptoms due to this nematode attack. Though the application of ncrnaticidcs is erfectivc in reducing the 
nematode population. these chemical pesticides dcs~roy the beneficial soil fauna. Vesicular Arbuscular Mycorrhizal (VAM) 
fungi can protect the coconut seedlings from nematode invasion. Investigation was carried out for three years (1994-1998) to 
assess the effect of biocontrol agents (BCA) namely Pasfeuria petzetrar~s, Pnecilorr~yces lilacit~~rs and Vesicular Arbuscular 
Mycorrhizal fungi on the growth of coconut seedlings infested with R. sirnilis. The results showed that application of these 
biocontrol agents reduced the nematode multiplication significantly. while ameliorating the ill effects caused by the nematode. 
These biohontrol agents were more effective when they were applied together compared to their individual applications. Prior 
protection of the plants with BCAs either individually or in combination was better compared to s imul(anco~~s inoculation with 
the nematode. P. petiefwr~s and f? lilacirz~rs suppressed the nematode population effectively also under field conditions. Amone 
VAM fungi. Acalilospora hireticulafa, Glo~tlrrs rrrosseae and G. fascic~tlaflr/~~ multiplied well under field conditions. Since the! 
organisms were found to multiply and survive under field conditions for more than three years, they need to be introduced to t l  
root zone of perennial crops after every three to five years. 
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Introduction 

Rndoplzolrls sinlilis is the endoparasitic nematode 
that has been reported as a major problem in coconut in 
India (Weischer 1967 ; Koshy et nl., 1975) and Sri Lanka 
( Ekanayake, 1964 ; Gnanapragasam et nl., 199 1 ; Koshy 
2000). R. sintilis infestation causes root rotting, growth 
suppression and reduction in yield of coconut palms 
(Koshy and Sosamma, 1987; 1996). Effective control of 
burrowing nematode could be achieved by nematicide 
application (Koshy and Sosamma, 1979; Koshy et al., 
1985). Antagonistic fungus like Pnecilonzyces Iilncinus 
is a promising egg parasite of cyst, root-knot, reniform, 
and citrus nematodes. Pnsterrrin yerzetrnns has also been 
accepted as a potential bio-control agent against the cyst 
and the root-knot nematodes. Application of VAM (A. 
bireticulatn) reduced R. sinlilis multiplication and 
promoted the vegetative growth of coconut seedlings 
(Sosamma et nl., 1998; Koshy et al., 1998). Apart from 

these, no other fungal or bacterial bio-control agents were 
tested on R. similis on coconut under field conditions. 
Hence, an attempt was made to study the effect of bio- 
control agents viz. P lilncinrrs, P. yeiletrnr7s and VAM ( 
Acnulosporn bireticulntn, Glonlus rnossene and C. 
fnsciculnt~lnr) on the burrowing nematode. 

Materials arid Methods 

One hundred seedlings of coconut cv. West Coast 
Tall were raised in methylbromide fumigated soil in 
polyethylene basins and the seedlings were treated with 
bio-control agents vi: Pnecilo~nyces Iilncinus, Pnsterrrin 
peizetrnrls and VAM, either individually or in 
combinations as per the treatments viz. Control (TI); 
VAM (T2); R. ~irr~ilis (T3); VAM followed by R. sinzilis 
(T4); VAM +P Iilncirtcrs followed by R. si~17ilis (T5); 
VAM +/? perletrnrls followed by R. sirnilis (Tb); VAM 
+P. lilncirtrrs+ P penetrnrzs followed by R. sinzilis (T,); ' 
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Effect o f  bio control agents on coconr~t seccllings inltstcd with R. sirililis 

I? lil(icinru followed by R. sirrlilis (Ts): I? pertetrarTs up to the spindle were counted, and a red paint mark was 
followed by R. .~i~rziIis(T~); f? IiIaci~z~rs +f? I?eitetrmts put on the petiole of the youngest opened leaf. For the 
followed by R. sin~ilis (T,o) and R.siii?ilis followed by next observation, the number of leaves produced were 
nematicides(T, ,). counted from the marked leaf up to the spindle. Growth 

After three months. fifty five seedlings of almost parameters were recorded at the termination of the 
experiment. The experiment was terminated in July 1998. uniform growth and vigour, were selected, uprooted 

carefully with out causing any damage to the root system The basins of all the fifty five coconut seedlings were 

and transplanted in 35 cm diameter earthen pots filled cleared free off weeds in one metre radius. One-fourth 

with 10 kg steam sterilized soil, one plant per pot. The sector in the basin of the seedling was exposed by 

plants were grouped under 11 treatments as mentioned removing the soil without disturbing the roots. This soil 

above with five replications each. The second application was mixed well and three aliquots of 250 g soil were 

of bio-control agents and the nematode inoculation was collected for nematode extraction and 50 g soil was used 

done at transplanting in earthen pots. The nematode for estimating the population of Vesicular arbuscular 

inoculum consisted of 100 active juveniles and females mycorrhizal spores. Cobb's sieving and sifting method 

of R, sinzilis (C,,) extracted from the axenic culture on was used for nematode extraction from soil. 

carrots. P. penetr-ans inoculum consisted of 1 g of 
powdered brinjal root having 2.6 x lo7 spores 500 mg 
root powder (applied in two split doses). The fungal 
inoculum consisted of lg  of f? lil(rcinus infected wheat 
grain containing 3.6 x 10konidia /g (applied in two split 
dose one gram each at germination and transplantation). 
The VAM inoculum consisted of a mixture containing 
equal quantity of eight different VAM viz. Acczulosporn 
bireticulata, A. laevis. Glontrrs fnscicrrlatrr~~~, G . ntosseae, 
Sclrtellosyorn coralloidea, S. r?targarifn. Scleroc~stis 
corenzioides and S. rz~bifornzis, 100 g of soil and root 
from the VAM culture pot containing 4500-5000 spores 
and heavily infested root bits of sorghum host plants was 
used as inoculum . The nematode and biocontrol agents 
were introduced directly on to the root system, after 
exposing the roots by removing the surface soil. After 
inoculation, the roots were covered with wet soil. These 
were kept in a greenhouse where the temperature varied 
from 24-34OC. Fifteen plants were left without 
inoculation for treatments T,. T,, and T,,. Pits of l m  x 

The roots in the 1/41" sector of the palm basin were 
completely cut out from the bole of the palm. All the 
roots were collected, washed thoroughly with water and 
were separated into primary, secondary and tertiary roots 
and the weights of these roots were recorded separately. 
The number of primary roots from the 114"' sector of the 
bole of the palm was also recorded . Lesion index was 
recorded by taking into account the lesions and rotting 
present on ten young, fleshy, creamy white primary roots 
selected randomly from the whole lot. The nematodes 
were extracted from the roots following the method of 
Koshy et nl., 1975. Root bits from each plant were plated 
on PDA for the isolation of P. lilncinus. The tertiary roots 
were cut into 1 cm long bits and processed for the 
estimation of VAM infection. Another 50 g soil was 
processed for the extraction of VAM resting spores 
(Sosamma, et al., 1998). Soil was also plated on PDA to 
ascertain the presence of F! lilnciiz~~s in soil. 

Results and Discussion 
1 '  

lm x 1 m (length x breadth x depth) were taken in the Effect of biocontrol agents and R. sinlilis alone 

field for planting the seedlings. Soil salnples were taken and in combination on shoot and root growth characters 

fromeach pit at lmdepth and initial nematode population of coconut seedling in the field for three Years are 

and population density/presence of biocontrol agents in presented in Table 1 and 2. Treatment differences were 

each pit was estimated prior to planting. The seedlings found to be significant for production of mmber of 

grown i n  pots were planted in October 1994 in a primary and secondary roots. Maximum nematode 

colnpletely randomized design. Girth was marked around population and root lesion index was noticed in T, where 

the base of the p[umule with red paint, as a 1 cm wide burrowing nematode was inoculated and the plants were 

band. For treatment TI ,  the nematicides Phorate @ 3 g not protected with biocontrol agents (Table 3)- With 
a.i.1 seedling was appled in the soil one month after reference to nematode multiplication, there was 
nematode inoculation at transplanting. The nematicide significant reduction in plant growth characters viz. 

application was repeated again in Octohr-November and height, girth, leaf area, fresh root and shoot weights. Thus, 

June-July every year. Growth parameters viz. the height the results Support the fact that f?. sinlili~ infestation On 

of the plant, girth, number of leaves, length and breadth coconut reduces plant growth significantly (Koshy and 

of individual leaf were recorded. The number of leaves Sosalnma 1987) and delays flowering and reduction in 
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yield under field conditions (Koshy and Sosamma, 1996). 
Fresh root and shoot weight was maximum in T, which 
received mycorrhizal inoculum only, supporti& that 
VAM enhances growth of plants. Among the treatments 
that received nematode inoculum the total nematode 
population was lowest in T, where all the bio-control 
agents viz. P. lilacinus, P. penetrarls hnd VAM were 
introduced. When applied individually, P. penetrans was 
most effective in reducing nematode population followed 
by VAM. This supports the fact that prior colonization 
of VAM in roots can reduce nematode multiplication 
(Koshy er 'n1.,1998; Sosamma et al . ,  1998).  In 
combination, maximum reduction in population was 
recorded in the application of P. lilacinus and P. 
penetruiu. VAM and P. penetrans when applied together 
proved to be the next best combination. Combination of 
P. lilncinus, P. penetrans and VAM proved to be the most 
effective treatment. Among the three bio-control agents, 
I? penetrans proved to be most potential against R. similis 
either alone or in combination with VAM and f? lilacinms. 

Table 1. Effect of biocontrol agentsandR. sirnilis on shoot growth characters 
of coconut seedlings in the field after three years (av.) 

Treatment Height Girth Total 
(cm) (cm) leaves 

produced 

Control 418.4 71.4 22.2 

VAM 441.2 62.6 23.4 

N 321.6 63.6 21.0 

VAM+N 427.4 71.2 22.0 

PI+N 477.6 68.6 22.8 

Pp+N 421.2 64.2 23.6 

VAM+PI+N 401.2 69.4 22.8 

VAM+Pp+N 381.4 54.8 21.4 

PI+@+N 373.0 65.6 23.2 

VAM+pl+pp+N 424.2 75.4 24.2 

N-+Nematicide 438.0 79.0 22.8 

CD(P-0.051 NS NS NS 

Existing Leaf area 
no. of (sq cm) 
leaves 

VAM - VesicrtlorArbrtscrt1arMycorrhi:ae Pp - Pasterrriapenrtrans 
N - Nernotode PI - Poecilotnyces lilacirrrcs 
-t - follo\ved by 

From the data presented in Table 1 it is seen that 
the treatment differences were not significant. However, 
the height was minimum in plants inoculated with 
nematodes alone and maximum in T, that received P. 
lilacinus followed by nematodes. This was followed by 
seedlings that received VAM alone of T, and T, ,  
nematode followed by nematicide. The per cent increase 
over initial height was maximum in plants that received 
P. lilacinus followed by nematode, which was closely 
followed by T, that received VAM and P. lilacinus 
together followed by nematode. Production of leaves 

and retention of leaves were minimum in T, that received 
nematode alone that clearly indicates the pathogenicity 
of the nematode on coconut. Combined application of 
all bioagents i.e. VAM, P. lilacirzus and P. penetmils 
followed by nematode had produced the maximum 
number of leaves and had also retained higher number 
of leaves next to plants that received nematicide. 

Table 2. Effect of biocontrol agents and R, sirrrilis on root growth of cocor~ut 
seedlings in the field after three years 

Treatment No. of Fresh roots in 114'~ sector(kg) Total 
primary fresh 
roots in Primary Secondary Tertiary root 
114"' wt.(kg) 
sector in 114'~ 

sector 

Control 205 1.9 0.1 0.4 2.4 

VAM 24 I 1.9 0. I 0.5 2.5 

N 148 I .O 0.04 0.3 1.3 

VAM+N 22 1 1.6 0.2 0.4 2.0 

PI+N 208 2.5 0. I 0.6 3.1 

PP+N 256 2.1 0.1 0.5 2.6 

VAM+PI+N 212 2.1 0.1 0.4 2.6 

VAM+Pp+N 149 1.6 0. I 0.3 2.0 

PI+Pp+N 221 1.9 0.1 0.8 2.8 

VAM+pl+pp+N 220 1.9 0.1 0.4 2.4 

N+Nematicide 304 2.2 0.1 0.7 3.1 

CD(P-0.05) 83.52 NS 0.13 NS NS 

VAM - VesicrtlarArbriscr~larMycorrl~i~oe Pp - Pasteuriaprr~etrortr 
N - Netnatode P1 - Paecilornyceslilacii~~~s 
+ - followedbv 

The data presented in Table 2 clearly indicates 
the effect of burrowing nematode population on the 
production of primary roots and the total root mass. 
Minimum number of primary and tertiary roots as well 
as root weight were recorded in plants that received 
nematode alone. Maximum root weight was recorded 
in plants that received nematicides and plants that 
received P. l i l nc in~~s  followed by nematodes which 
indicate that P. IiIacinus is also effective in controlling 
the nematode population. Data presented in Table 3 
shows that root lesion index and nematode population 
was maximum in T, that received nematode alone. Root 
lesion index and total nematode population was at par 
in the case of application of nematicide or introduction 
of one or combination of two or three bioagents. These 
bioagents reduced the nematode population 
significantly though the resultant effect in enhancing 
the growth of seedlings was not significant under field 
conditions in three years. It is also interesting to note 
that VAM colonisation was maximum in plants that 
received VAM alone and minimum in plants that 
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CD(P-0.05) 

Conclusion 

The results of this study clearly show the 
deleterious effect of burrowing nematode on the growth 
of coconut seedlings and the beneficial effect of VAM, 
P lilncinlis and F! pe~zetrrri~s in reducing the nematode 
population equally efficiently as the nematicide. 
Therefore, it is recommended to raise coconut seedlings 
with the addition of these bioagents to the potting mixture 
and to add all the contents of the poly bag to the planting 

tit sample(pre inoculation) and from the root zone(pos1-inoculation) of coconut seedlings 

Post inoculation Pit samples Pre inoculation l'ost inocr~lation 
VAM Spores Nematode Nematode population 
( jog soil) population ( from root zone)(250g soil) 

(2509 soil) 

Hoplo- l9,MeIoi-7 Hoplo-6,Meloi-1,Rs-2 

Tylencho-8,Rr-112 Hoplo4,Meloi-7 

Hoplo- I0,Rr-95 Hoplo- I7,Rs-4,Rs-26,Longi- 1 

Meloi-I 1,Rr-22,Xiniphi-l Hoplo-S.Tylencho-4,Rs-4 

Tylencho- I0,Rr- 15,Hoplo- 14 Hoplo-6.Rs- l 

Hoplo-22,Meloi-8,Rr-9 Hoplo-4,Rs-2,Tylencho-9 

Hoplo-l8,Rr-14 Hoplo-4,Meloi-7 

Hoplo4I,Meloi-15,Crico-3 Tylecho-l4,R~-4,Lon~-l 

Hoplo-41 ,Meloi- 15 Hoplo-6,Rr-2,Rs-I 

Hoplo-10,Rr-5,Xiphi-7 Meloi-8,Xiphi- I, Hoplo- I I 

Meloi-14,Xiphi-2.Hoplo-21 

- Meloidosyr~e incogr~ita Gm - Glornw inossrae Scir cor - Scrrtellospora coralloid~a 
- Glori~rcs jascic~rlarrrrn Rr - Rotylrr~chrrlrts renifoni7is Crico - Criron~moirles Sp 
- Radopholus simil~s Surbi - Sclcrocystis rubiformis Hoplo - I~oplolai~r~i~sseinl~orsti 

r - Scurellopora rrrargarila Lorlgi - Lor~~pirlorrrs sp. 
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pits at the time of transplantation. Coconut being a 
perennial crop, it will be only advantageous to 
reintroduce these bioagents after an interval of 3 to 5 
years in the root zone for sustaining higher population 
levels of these in the root zone and thus to decimate the 
population of the harmful nematodes in holistic and 
environmentally friendly way. 
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