Effect ofBio control agents in the management of citrus nematode (T.semipenetrans)on

Khasi mandarin seedling.

ABSTRACT

Studies on the effect of Purpureocilliumlilacinum, Glomus fasciculatum, Trichoderma
harzianum,  vermicompostand  carbofuran 3G in  the  management  of
Tylenchulussemipenetranson  Khasi mandarinunder pot condition showed thatall
thetreatments were effective in increasing plant growth parameters of Khasi mandarin.All the
treatments significantly decreased final nematode population in soil and root over control.
The treatment with vermicompost @ 15g/plant+ T. harzianum 10g/plant found to be most
effective in plant growth parameters of Khasi mandarin. The treatment with carbofuran 3G@
4g/plant was found to be best in suppressing the final nematode population in soil and root
followed by the treatment with G. fasciculatum@2150spores/plant + P. lilacinus@10g/plant.

Key word:Purpureocilliumlilacinum, Glomus fasciculatum, Trichoderma harzianum,
vermicompost, Khasimandarin.

INTRODUCTION

Citrus is one of the most important fruit crops particularly in the tropical and sub tropical
areas of the world. It includes different citrus fruit crops like oranges, lemons, grape and
limes.In Assam lemon, Sweet lemon (Mousambi) and orange occupied an area of 16058, 385
and 12680 ha with the production of 160339, 6056 and 179168 metric tonne respectively
(Anon.2023 ). In Dibrugarh district, it covers 468 ha of Assam lemon with production of
4067 metric tonne and oranges 75 ha with the production of 966 metric tonne. (Anon.,
2015).The citrus nematode, Tylenchulussemipenetrans(Cobb) has been recognized as one of
the greatest threat throughout the world which limits production of citrus under a wide range
of environmental and edaphic conditions (Parvez et al., 2003).. The pest is cosmopolitan in
distribution and has been reported to caused losses up to 43.3% on C. aurantium (Garcia
Teran et al.,1987).

In the State of California, T. semipenetrans was found to cause 10-60% reduction on growth
and 10-20% in yields of lemon and oranges (Baines and Clarke, 1952; Baines, 1954; Baines
and Martin, 1957).

Emphasis is now focused on the biological method of nematode control, as the nematicides
may have toxic effect on non-target soil microfauna and flora, resulting in ecological
imbalance. Among various biocontrol agents, Purpureocilliumlilacinum, Glomus
fasciculatumandTrichoderma harzianumplay an important role in nematode management.

Among the nematode destroying fungi, there is an important group of fungi, which are
capable of rapidly colonizing nematode reproductive structures and thus causing destruction
of females, cysts and eggs. The common genera of such fungi are Cylindrocarpan,



Exophiala, Fusarium, Gliocaladium, Purpureocillium, Phoma, Torula, Verticillium, etc. The
fungusP.lilacinus, a common soil hyphomycete has demonstrated tremendous potential as
biocontrol agent of nematode (Jatala, 1986).

VAM fungi and plant parasitic nematodes are commonly found inhibiting the rhizosphere of
the same plant, each having a characteristic but opposite effect on plant vigour. VAM fungi
may stimulate plant growth, whereas the obligate plant parasitic nematodes usually suppress
plant growth. It has been observed that the plants colonized with mycorrhizal fungi grow well
inspite of the presence of damaging level of plant parasitic nematodes and this may be due to
improved plant nutrition especially phosphorus (Hussey and Roncadori,1982).

Ravichandra (2008) reported that Trichoderma sp. is one of the most commonly used and a
popular bioagents against nematodes. Mechanisms involved in antagonism of Trichoderma
sp. against nematode management are mycoparasitism, antibiosis, competition, tolerance to
biotic and abiotic stresses through an enhanced root development, solubilisation and
sequestration of inorganic plant nutrients and induce resistance.

Application of vermicompost has a positive effect on plant nutrition, photosynthesis, the
chlorophyll content of the leaves and improves the nutrient content of the different plant
components and improve the plant quality and act as a deterrent to pests and diseases.
(Theunissenet al., 2010). Dominguez et al. (2010) investigated the potentiality of
vermicompost in the suppression of plant pathogens, insects, mites and plant parasitic
nematodes. He reported that the addition of vermicompost to soils increases microbial
diversity, providing a wider range of microorganisms that can act as biocontrol agents against
different plant pathogens including nematodes.

Very little work has so far been done on citrus crop in Assam, except work Moznur (1997) on
management inKhasi mandarin (Citrusreticulata Blanco), Deka (2000) on pathogenecity and
management on citrusjambhiri.Therefore present investigation is an attempt to study the
management of citrus nematode, T. semipenetranson Khasimandarin.



MATERIALS AND METHODS

The pot experiment was carried out in the net house of Department of Nematology to study
the effectof Purpureocilliumlilacinum, Glomus fasciculutum, Trichodermaharzianum,
vermicompost and carbofuran 3G in the management of citrus nematode,
Tylenchulussemipenetrans on khasi mandarin. Khasi mandarin (Citrus reticulata) seedlings
were planted in 3kg capacity pot filled with sterilized soil and inoculated with
T.semipenetrans@ 1 nematode per gram of soil. The pots were arranged in completely
randomized design (CRD) with 5 replications for each treatment. Vermicompost and
carbofuran 3G were applied 15 days and 3 days before planting respectively.The formulation
of Purpureocilliumlilacinumand TrichodermaHarzianumwas applied at the time of planting
according to the treatments.Infested soil of G. fasciculatumwas applied at the time of
planting.

The treatments were :

T1 =Purpureocilliumlilacinum@ 20g/plant;

T2 = Glomus fasciculatum@ 300 spores/plant;

T3 = Vermicompost@ 15g/plant + Trichoderma harzianum 10g/plant;

T4 = Glomus fasciculatum @ 150 spores/plant + Purpureocilliumlilacinum@210g/plant ;

T5 = Vermicompost@ 15g/plant +Purpureocilliumlilacinum@ 20g/plant;

T6 = Carbofuran 3G @ 4 g/plant (W/W).

T7 = Control (Nematode alone).

Observations were made on length of shoot and root, fresh weight of shoot and root, final
nematode population in soil and root after six month of nematode inoculation.



RESULT AND DISCUSSION

In the present investigation, the result revealed that all the treatments were found to be
effective in increasing the plant growth parameters of khasi mandarin seedlings. Maximum
increase in plant growth parameters viz., shoot length (38.46cm), fresh weight of shoot
(14.30g) and root length (31.44cm) were recorded in the treatment with vermicompost @
15¢g/plant +Trichodermaharzianum@ 10g/plant (Table 1). The results were in agreement with
Theunissen et al. (2010) who observed that vermicompost contains plant nutrients including
N, P, K, Ca, Mg, S, Fe, Mn, Zn, Cu and B, and the uptake of which has a positive effect on
plant nutrition, photosynthesis, the chlorophyll content of the leaves and improves the
nutrient content of the different plant components (roots, shoots and the fruits). High
percentage of humic acids in vermicompost contributes to plant health, as it promotes the
synthesis of phenolic compounds such as anthocyanins and flavonoids which may improve
the plant quality and act as a deterrent to pests and diseases. The increased growth parameter
of plants observed in the present study may also be due to the use of Trichoderma as it has
the ability to release plant growth promoting substances during its multiplication in the
rhizosphere like indole 3-acetic acid, indole 3-acetaldehyde, indole 3- ethanol which may
play role in mediating plant growth promoter (Cornejo etal., 2009) . Weeder et al.(2008) also
reported that Trichoderma is highly rhizospherecompetent i.e., able to colonize on roots as it
develops, thus promote plant growth. Bio control agents Pseudomonasfluorescens,
Trichodermaviride, T. harzianum and Pochoniachlamydosporiaare effective to reduce the
citrus nematode population in nine - year old citrus, Citruslimonia L. garden and to increase
the fruit yield of CitruslimoniaL. (Deepa etal.,2011).

The minimum final nematode population in soil (78) was recorded in the treatment with
carbofuran 3G @ 4 g/plant followed by the treatment with G.fasciculatum@2150
spores/plant+ P.lilacinus10g/plant(110). All the treatments were effective in decreasing
nematode population in soil over control. (Table-2)

In regards to the final nematode population in root, minimum nematode populationin (34.00)
was recorded in the treatment with carbofuran 3G @ 4 g/plant followed by the treatment with
G.fasciculatum@ 150 spores/plant+ P.lilacinus10g/plant (44.00).All the treatments were
effective in decreasing nematode population in root over control.

Khan (2008) reported that the hyphal network of vam increases the absorption area of root
system and therefore aids in water uptake, absorption and translocation of nutrients
particularly phosphorus. The plants heavily colonized with Am fungi are able to grow well in
sp.ite of the presence of damaging levels of nemaodes. The favourable effect of mycorrhizae
in decreasing the disease intensity in nematode affected plants has been demonstrated in
various crops. Baghel etal. (1990) reported that VAM inoculation stimulated the growth of
Citrusjambhiri seedlings, while the citrus nematode, Tylenchulussemipenetrans decreased
growth. When the 2 organisms were inoculated simultaneously the adverse effect of the



nematode partly nullified by the fungus and limited the development of the nematode. Reddy
etal. (1995) observed that the inoculation of endomycorrhizal fungi G. fasciculatum along
with soil amended with neem cake had reduced the population of T. semipenetrans on acid
lime. Esser and EI-Gholl (1993) reported that vegetative hyphae of P. lilacinus enter the
gelatinous matrix of root knot nematode, or grow into the vulva or open cyst nematode.
When it enters inside a penetration peg forms and grow in to the eggs shell. Penetrated eggs
swell and buckle. Moznur (1997) studied the efficacy of Paecilomyceslilacinus against T.
semipenetrans on khasi mandarin at different levels showed increased plant growth as well as
reduced nematode population effectively with the increase in the level of P. lilacinus.
Walodeetal. (2008) observed that integration of Paecilomyceslilacinus(4g/kg soil),
Trichodermaharzianum(4gm/kg soil) and Glomusfasciculatum (500spores/kg soil)was
effective in increasing plant growth parameters and in reducing citrus nematode population
both in soil and roots of rough lemon . Mahanta et al,(2016)found that application of
P.lilacinus infected grain cause significant reduction in nematode population in soil and root
over control .The minimum nematode population was recorded in the treatment with
P.lilacinus infected grain@30gm/tree basin .Seenivasan et.el (2021) observed the individual
and combined effect of neem seed kernel extract(NSKE) and liquid Purpureocilliumlilacinum
formulation delivered through drip irrigation system on acid lime trees naturally infested with
Tylenchulussemipenetrans.

Both bioproducts were applied at 41/ha,but NSKE alone delivered twice at 30 days interval
and their effect was compared with carbofuran 3G at 100g/tree as spot application. Results
revealedthat both NSKE and P.lilacinumtested,significantly supressed T.semepenetrans
density in soil and acid lime roots. This combined treatment reduced T.semepenetrans density
in soil by 70.0-88.8% and in roots by 73,6-79.2%. The integrated approach caused 26.3-
33.6% more fruit yield with higher(1:3:2-1:4:2) cost benifit ratio.

Kumar(2021)reported that various microbes and soil-dwelling predatory mites (Acari:
Mesostigmata) have been evaluated as augmentative biological control agents against citrus
parasitic nematodes.They include fungi (Trichoderma spp., Purpureocilliumlilacinum,
Pochoniachlamydosporia, and mycorrhizae, Glomus spp.) and bacteria (Bacillus spp.,
Pseudomonas fluorescens, Streptomyces avermitilis, and Pasteuria spp.), that have been
applied against parasitic nematodes in different citrus cultivars. Integration of bionematicides
with other management tools as well as the conservation and enhancement of indigenous
antagonists, will further enhance the management of citrus parasitic nematodes.

Non-chemical practices which could substantially help in preventing and controlling
Tylenchulussemipenetrans. This approach employs preventive techniques such as include
eradication of infected plants, crop husbandry, sanitation, soil disinfection and solarization,
incorporation of organic soil amendments, and crop rotation and scions, and unfavorable
horticultural features (Reza Ghaderi & Manouchehr Hosseinvand, 2022)



CONCLUSION

In the present investigation the treatment with with vermicompost @ 15g/plant +
Trichodermaharzianum@ 10g/plant was found to be best in increasing plant height, root
length, fresh weight of shoot and root. All the treatments were found to be effective in
increasing the plant growth parameters and reducing the nematode population in soil and root
over control. Among the biocontrol treatments G. fasciculatum@ 150 spores/plant + P.
lilacinus@ 10g/plant was found to be effective in suppressing the nematode population in
soil as well as in root.



Table 1: Effect of Bio control agentson the growth parameters of Khasi mandarin

Sl Treatments Shoot length Root length Fresh shoot Fresh root
No. (cm) (cm) weight (g) weight (g)
1 T, 28.32¢ 24.90° 9.80 ¢ 3.54¢
2 T, 33.56 ¢ 27.78° 11.02° 5.04°
3 Ts 38.46 2 31.44° 14.30 2 5.42?

4 T, 35.16" 27.32° 11.92" 5.28°
5 Ts 37.16% 30.36° 12.36" 5.36°
6 Te 30.14 ¢ 23.64° 10.26% 2.98°
7 T, 18.18 ¢ 16.14¢ 5.68° 2.00°
S.Ed() 1.14 0.99 0.79 0.25
CD at 5% 2.34 2.03 1.63 0.52

Note: Values of shoot and root length, fresh weight of shoot and root within parentheses are square root (Vx+
0.5) transformed data
Mean followed by the same letter in the superscript(s) are not significantly different

Table 2: Effect of Bio control agentson development of T.semipenetrans on Khasi
mandarin



SI Treatments
No.

Soil nematode
population (200

%Decrease
over control

Total Nematode
population per

%Decrease
over control

cc) root system (29g)
1 T, 138 63.87 58
(12.21)" (8.07)™ 60.8
2 T, 130 65.96 56
(11.87)™ (7.95) 62.16
3 Ts 146 61.78 60
(12.55)° (8.19)° 59.45
4 T, 110 71.2 44
(10.94)° (7.13)™ 70.27
5 Ts 128 66.49 52
(11.76)* (7.68)" 64.86
6 Te 78 80 34
(9.28)° (6.31)" 77.02
7 T, 382 - 148
(20.01)? (12.64)? -
S.Ed(+) 0.63 0.44
CD at 5% 1.30 0.91

Note: Values of final nematode population within parentheses are square root (\x+ 0.5) transformed data
Mean followed by the same letter in the superscript(s) are not significantly different

REFERENCES



1.Anonymous, (2015). District wise area, production and average yield of some horticultural
crops of Assam during the year 2015-16. Directorate of Horticulture & FP,
Assam, Khanapara, Guwahati-22.

2.Anonymous (2023). Statistical Handbook of Assam- 2022-23. Table 5.15 PP. 69.

3. Baines, R. C. and Clarke. O. F. (1952). Citrus root nematode .Calif. Agric 6(9):13.

4. Baines, R.C. and Martin, J.P. (1957).Control of citrusnematode and Phytophthora sp. By
Vapam. Plant Dis. Reptr.41(5): 405-414.5.Baines, R.C.; Martin, J.P.; De
Wolfe, T.A.; Boswell, S.B. and Garber, M.J. (1962). Effect of high doses of
D-D on soil organisms and the growth and vyield of lemon
tress.Phytopathology52:723

6Christie, J.R. and Perry, V.G. (1951). Removing nematodes from soil. Proc. Helminth Soc.
Wash.18: 106-108.

7. Cornejo, Macias, R.Z.; Penages, C. and Buciol, J. (2009), Trichoderma virens, a plant
beneficial fungus. enhances biomass production and promotes lateral root
growth through an auxin dependent mechanism in arabidopsis. Plant physiol.
149: 1579-1592

8. Crozzoli, R.; Lamberti, F.; Greco, N. and Rivas, D. (1998). Plant parasitic nematode
associated with citrus in venezeulea. Nematol Medit.26: 31-58

9. Deka, R. (2000), Pathogenicity and management of Tylenchulussemipenetrans (Cobb,
1913) on Citrus jambhiri. UnpublishedM.Sc.(Agri) Thesis, Assam Agril
Univ., Jorhat.

10. Deepa, S.P.; Subramanian S. Ramakrishnan S. (2011). Biomanagement of citrus
nematode Tylenchulussemipenetrans Cobb on lemon, citrus limonia L. Journal
of biopesticides., 4(2): 205-207

11. Dominguez, J.; Gomez-Brandon, M. and Lazcano, C. (2010). Bio-pesticide properties of
vermicompost. Acta Zoologica Mexicana 26(2): 373-383

12. Duncan, L.W. and E. Cohn (1990). Nematode parasites of citrus”, In: Luc, R., R.A.
Sikora and J. Bridge (Eds), "Plant Parasitic Nematodes in subtropical
Agriculture. CAB Int'l. pp. 321-346

13. Garcia- Teran, O.; Duarte, E. and Jimenez, Y.E. (1987). Relation between the population
density of Tylenchulussemipenetransand the yield of "Valencia" oranges
(Citrus sinensis). Ciencia y Tecniaen la Agricultura, protection de plants
10(1): 63-71

14. Hussey, R.S. and Roncadori, R.W. (1982). Vesicular arbuscular mycorrhizal may limit
nematode activity and improve growth. Plant Dis. 66: 9-14

15. Jatala, P. (1986). Biological control of plant parasitic nematodes. Ann. Rev. Phytopathol.
24: 453-489

16. Khan, M.R. (2008). Plant Nematodes. Oxford & IBH publishing Co. pvt. Ltd., New
Delhi, pp. 263-268

17. Kiran Kumar (2021) Recent advances in the biological control of citrus nematode: A

review, DOI: 10.1016/j.biocontrol.2021.104593.

18. Moznur, S. (1997). Management of citrus nematode (Tylenchulussemipenetrans
Cobb,1993) on Khasi Mandarin  (Citrus reticulata  Blanco).
UnpublishedM.sc.(Agri) Thesis, Assam Agril Univ., Jorhat.pp- 52-55.

19. Mahanta, Bornali; Borbora,A.CandKonwar,Binita(2016)Effect of Paecilomyceslilacinus
on Tylenchulussemipenetrans population in  Khasimandarin .Indian
J.Nematol.46(1)55-56



20. Ravichandra, N.G. (2008) Nematode management. In: Plant nematology. I.K.
International Publishing House Pvt. Ltd., New Delhi, pp.550-551.

22.(Reza Ghaderi & Manouchehr Hosseinvand, (2022). Non- chemical Management of the

Citrus Nematode, Tylenchulussemipenetrans (Nematoda: Tylenchulidae). Part of the

Sustainability in Plant and Crop Protectin book series (SUPP, volume 18).

21. Theunissen, J.; Ndakidemi, P.A. and Laubscher, C.P. (2010). Potential of vermicompost
produced from plant waste on the growth and nutrient status in vegetable
production. Int. J. of the Physical Sciences. 5(13); 1964-1973

22. Walode, N.B.; Sinha. A.K. and Neog, P.P.(2008). Biological control of citrus nematode
Tylenchulussemipenetrans on Citrus jambhiri. Indian J. Nematol. 38(2): 244-
255



