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Sugarcane woolly aphid (SWA) has become a serious
pest in peninsular India, causing significant loss in cane
yield and sugar recovery. The currently cultivated
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commercial varieties are susceptible, necessitating the
need for finding resistant sources. The hybrid progeny
population numbering 828, pre-selected from 45 crosses
involving commercial varieties, were evaluated in field
trials to isolate resistant clones with improved produc-
tivity. The hybrid progenies were evaluated over three
hot spot locations for the SWA along with four commer-
cial varieties. Nine progeny clones were totally free from
aphid infestation and two clones had lower aphid load
under natural infestation. When these clones were evalua-
ted under artificial infestation, the nine clones confir-
med their resistant reaction. Three clones, viz. SNK
44, SNK 61 and SNK 754 are promising for both cane
and sugar yield with acceptable cane features. It is
suggested to test these clones in large-scale yield trials
to know their suitability for commercial cultivation as
well as their utility in future breeding programmes aimed
at incorporating woolly aphid resistance.

SUGARCANE woolly aphid, Ceratovacuna lanigera Zehntner
was first reported on sugarcane in 1897 from Java' and it
is a serious pest of sugarcane in Asia®’. In India, it has
been reported as a pest on sugarcane from West Bengal,
Assam, Nagaland, Sikkim, Tripura and Uttar Pradesh'®".
Since 2002, it has attained a serious status in Maharashtra
and Northern Karnataka'®'® and has also spread to Andhra
Pradesh, Tamil Nadu, Goa, Kerala (pers. commun.), Bihar,
Uttaranchal and Uttar Pradesh. It has resulted in signifi-
cant loss in cane yield and sugar recovery'®** which has
led to drastic reduction in sugar production, cane area and
crushing duration, ultimately affecting the economy of sugar
mills'’ (through results of survey conducted by N.S.K.).

To manage this pest, several control measures, viz. che-
mical, biological, cultural and host plant resistance have
been suggested' ™. Among these, host plant resistance is of
paramount importance as this approach is environmentally
safe, more stable and viable'™*. Attempts to identify re-
sistant sugarcane germplasm have been made in Taiwan,
Philippines and Indonesia. In Taiwan varietal differences
for aphid incidence and its biology were studied and indi-
cated the variety ROC 1 to offer resistance to some extent,
as it was associated with longer nymphal period and fewer
progenies per adult”. In a similar study at Philippines,
varietal differences in relation to aphid biology were re-
ported®®. In Indonesia a resistance breeding programme
was initiated for SWA®'. There are no reports available on
the level of resistance for sugarcane woolly aphid in India.
However, earlier studies reported relative susceptibility
of genotypes'®” and varieties with lower nitrogen content,
total soluble solids and higher silicon were reported less sus-
ceptible'!.

The present study was envisaged to isolate resistant clones
with improved productivity from large hybrid progeny
population derived from 45 crosses involving diverse
commercial varieties. Pre-selected (for cane yield and HR
Brix%) 828 hybrid progenies were evaluated with four
commercial varieties, at three hot spot locations for the
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Table 2.

Reaction of sugarcane hybrid progenies against SWA under artificial infestation

Location 1 (Sankeshwar)

Grade (colonization) at

Location 2 (Hosur, Bijapur)

Clones  Grade atrelease  7th DAR 15th DAR  21st DAR  28th DAR 7th DAR  15th DAR  21st DAR 28th DAR
SNK 44 4 0 0 0 0 *0 0 0 0
SNK 49 4 0 0 0 0 0 0 0 0
SNK 57 4 0 0 0 0 0 0 0 0
SNK 61 4 0 0 0 0 0 0 0 0
SNK 124 4 0 0 0 0 0 0 0 0
SNK 158 4 0 0 0 0 0 0 0 0
SNK 192 4 0 0 0 0 0 0 0 0
SNK 256 4 0 0 0 0 0 0 0 0
SNK 754 4 0 0 0 0 0 0 0 0
SNK 250 4 3 3 3 4 3 3 3 4
SNK 335 4 3 3 3 4 3 3 3 4
CoC 671 4 3 3 3 4 3 3 3 4
Co 86032 4 4 4 4 4 4 4 4 4

DAR, Days after release; *, Few aphids colonized initially soon after release and later gradually 100% mortality was observed (2-3 DAR).

A field view of an SWA resistant hybrid (healthy) SNK 754
(middle row) compared with susceptible hybrids (infested) on either side.

Figure 1.

SWA, viz. Agricultural Research Station (ARS), Sankeshwar
(Belgaum Dist), R&D farm of Ugar Sugars, Ugarkhurd
(Belgaum Dist.) and Nandi Sugars, Hosur (Bijapur Dist.).
The experiments were conducted over two crop seasons,
viz. 2002-03 (clonal stage II PC and clonal stage I's ratoon
I) and 2003-04 (clonal stage I's ratoon II and clonal stage
II’s ratoon 1) in an augmented randomized block design.
Each clone was grown in a 3 m row length spaced 90 em
apart with 10-eye buds m™' seed rate. The data on cane
yield, flowering and other cane features were recorded at
12 month and HR Brix% at 10 month crop age. Simulta-
neously, the clones were scored for SWA reaction on a 0-4
scale'®!"” under natural infestation (free choice condition)
on the following basis: 0 = No Infestation; 1 = 1-25%
leaf area covered with woolly aphid; 2 = 26-50% leaf arca
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covered with woolly aphid; 3 = 51-75% leaf area covered
with woolly aphid; 4 = 76-100% leaf area covered with
woolly aphid.

Identified promising clones were evaluated under artifi-
cial infestation (no choice condition) at two locations,
viz. ARS, Sankeshwar and R&D farm Nandi Sugars, Hosur
for confirmation of pest reaction. Artificial screening was
done during crop grand growth to early ripening stage
(160-300 days after ratooning). Under artificial screening,
five canes in each test clone were selected randomly and
three leaves (middle and lower) of each cane were stapled
with aphid-infested leaves comprising overlapping stages
collected from severely infested crop (4th grade), avoiding
natural enemies of the pest. The larval or pupal stage of
predator, Dipha aphidivora Meyrick, was only observed
in few aphid colonies and removed at the time of artificial
release. The entire row of test clones and susceptible
commercial varieties were caged to prevent entry of natural
enemies and escape of released aphids. After releases
were made, they were observed daily and observations
recorded at a regular interval of 7 days up to 28 days after
release, as the length of nymphal stage usually lasts for
about 23-28 days'>'*'*%* Subsequently critical obser-
vations were continued till the crop harvest to confirm the
nature of initial clonal reactions.

Out of 828 hybrid progeny clones evaluated, nine were
free from aphids (0 grade) and two with lower aphid load
(1-2 grades) compared to commercial check varieties (2-4
grades) (Table 1; Figure 1). All other progeny clones
showed susceptible reaction with score ranging between
3-4 grades. Out of 11 (9 + 2) clones evaluated during
2003-04 crop season (Table 2), nine exhibited resistant
reaction even under artificial infestation. The released
aphids could not colonize on resistant clones even after
48-72 h (2nd-3rd day) of release, whereas, in susceptible
genotypes including commercial varieties, aphids imme-
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Figure 2. Healthy leaves and cane features of resistant clones compared with susceptible (infested)

commercial varieties (CoC 671 and Co 86032).

diately colonized within 24 h after release. Though the
clone, SNK 44 exhibited resistant reaction, partial coloni-
zation was observed in the initial stage soon after release
at Hosur and 100% mortality of aphids was observed
within 48-72 h (2-3 DAR). The aphids failed to survive
and perpetuate on these resistant clones, indicating the
possibility of operation of antibiosis and/or non-preference
mechanism(s) in suppressing the pest and arresting fur-
ther colonization and spread™.

When the resistant clones were evaluated for their agro-
nomic traits and juice quality (HR Brix%) over three loca-
tions, all the nine resistant clones recorded significantly
superior cane yield compared to the best commercial check
CoC 671 (Table 1). The clones, viz. SNK 44, SNK 61 and
SNK 754 also recorded higher HR brix%, 18.58, 19.19
and 19.60 respectively compared to best check CoC 671
(17.67), indicating them to be the promising ones on the
basis of both cane yield and sugar content with acceptable
cane features (thick cane, loose clasping of leaves and non-
spiny leaf sheath). The clone SNK 256, though recorded
higher cane yield (99.4 t ha™"), had lower HR Brix% (13.91)
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and non-acceptable cane feature (very thin canes) (Figure
2 and Table 1). Apart from high tonnage and sugar content,
non-flowering/late-sparse flowering trait is the most de-
sired feature for better field keeping quality®™*'. SNK 61
and SNK 754 were late-sparse flowering types, suggesting
their more promise for commercial cultivation.

Investigation of the underlying mechanisms of resis-
tance operating in these clones can enhance the efficiency
of resistance breeding. Some of these newly identified
clones can be considered for commercial cultivation after
confirming their superiority in large-scale trials. They will
certainly serve as promising germplasm resources in breeding
for resistance to woolly aphid in sugarcane.

1. Zehntner, L., Mededeelingen van het Proefstation voor suikerriet
in West — Java Te Kagok Teal No. 49 De Plantenluizen van het
Suikerriet of Java X. Ceratovacuna lanigera Zehnt, Archief voor
de Java suker industrie, Jaarg 8 Aft. 1900, pp. 13-24,

2. Copeland, E. B., Diseases and pests of sugarcane in the Philip-
pines. Philipp. Agric. For., 1917, 5, 343-346.

3. Waterhouse, D. F., The Major Arthropod Pests and Weeds of Ag-
riculture in Southeast Asia, 1993, p. 141.

287



RESEARCH COMMUNICATIONS

4. Matsumura, S., Die schadlichen und nutzlichen insecten von
Zuckerrohr Pflanzen Formosas. Keiseisha, Tokyo, 1910, pp. 52-86.

5. APPP, Insect pests of economic significance affecting major crops
of the countries in Asia and the Pacific region. Technical Docu-
ment No. 135, Regional FAO office for Asia and the Pacific,
Bangkok, 1987, p. 66.

6. Ishida, M., The sugarcane woolly aphid and its control in Formosa.
J. Formosan Sugar Planters Assoc., 1928, 6, 1-28.

7. Uye, T., On three aphids in Kiushya. Insect World, 1924, 28, 14-15.

8. Lim, G. T., Pan, Y. C. and Pang, K. 8., Seasonal collections of
alate sugarcane aphids in yellow pan water traps in Gula Perak
Berhad Plantations, Malaysia. Proc. Int. Soc. Sugar Technol.,
1977, 16, 561-564.

9. Arakaki, N., Flight periodicity and the effect of weather conditions
on the take-off of Ceratovacuna lanigera Zehntner (Homoptera:
Aphididae). Appl. Entomol. Zool., 1989, 24, 264-272,

10. Saxena, A. P., Biology of Campyloneurus mutator (Fabricius)
Hymenoptera: Braconidae. Tech. Bull. CIBC, 1967, 9, 61-72.

11. Phukan, E., Comparative response of certain sugarcane varieties to
Ceratovacuna lanigera Zehnier (Hemiptera: Aphidoidea: Pem-
phigidae) and effect of meteorological factors on the natural popu-
lation build up of the pest. M Sc thesis, Assam Agricultural
University, Jorhat, Agsam, 1978.

12. Phukan, E., Datta, S. K. and Sharifullah, Md., Population build up
of sugarcane aphid, Ceratovacuna lanigera Zehntner, Co-Op.
Sugar, 1988, 19, 311-312.

13. Gupta, M. M. and Goswamy, P. K., Incidence of sugarcane woolly
aphid and its effect on yield attributes and juice quality. Indian
Sugar, 1995, 44, 883-8835.

14, Ghosh, A. K., Aphids (Homoptera: Insecta) of economic impor-
tance in India. Indian Agric., 1974, 18, 135,

15. Tripathi, G. M., Biology of Conobathra aphidivora Meyr, Pyralid
predator of sugarcane woolly aphid in Nagaland. J. Appl. Zool.
Res., 1992, 3, 99-100.

16. Report on woolly aphid, Ceratovacuna lanigera Zehntner (Ho-
moptera: Aphidiidae: Harmaphidinae) on sugarcane in northern
Karnataka, University of Agricultural Sciences, Dharwad, 2002,

17. Patil, N. G., Spread of sugarcane woolly aphid, Ceratovacuna
lanigera Zehntner (Aphididae: Homoptera), in western Maharash-
tra, Insect Environ., 2003, 9, 74-75.

18. Nerkar, Y. S., Proceedings of All India Seminar on Sugarcane
Variety, Cane Quality and its Effects on Sugar Industry. STAI,
Lonavla-Khandala, 29-30 June 2003, pp. 1-7.

19. Anonymous, Status of sugarcane woolly aphid in northern Karna-
taka and its management, submitted to UAS, Dharwad, 2003.

20. Lingappa, S., Kulkarni, K. A., Patil, R. K., Tippannavar, P. 8. and
Shekharappa, K., Status of woolly aphid, Ceratovacuna lanigera
Zehntner on sugarcane in Karnataka. Paper presented at brain
storming session on sugarcane woolly aphid, MPKV, Rahuri, 10
June 2003.

21. Mote, U. N, and Puri, S. N., Present status of sugarcane woolly
aphid, Ceratovacuna lanigera Zehntner, a new pest problem on
sugarcane in Maharashtra, Paper presented at brain storming ses-
sion on sugarcane woolly aphid, MPKV, Rahuri, 10 June 2003,

22. Patil, A. S., Proceedings of State Level Seminar on Pest Manage-
ment for sustainable Agriculture, MAU, Parbhani, 6-7 February
2003, pp. 33-37.

23. Sunil Joshi and Viraktamath, C. A., The sugarcane woolly aphid,
Ceratovacuna lanigera Zehntner (Hemiptera: Aphididae): its bio-
logy, pest status and control. Curr. Sci., 2004, 87, 307-316.

24, Painter, R. H., Insect Resistance in Crop Plants, Macmillan, New
York. 1951, p. 250.

25, Pan, Y. S., Yang, S. L. and Shieh, H. L., Occurrence of sugarcane
woolly aphid, Ceratovacuna lanigera Zehntner, in relation to sug-
arcane varieties, Taiwan Sugar, 1984, 31, 6-13.

26. Rueda, L. M. and Calilung, V. I., Biological studies on the sugar-
cane woolly aphid, Ceratovacuna lanigera Zehntner (Hemiptera:

288

Aphidoidea: Pemphigidae) on five varieties of sugarcane. Philipp.
Entomol., 1974, 3, 129-147.

27. Mirzawan, P. D. N. and Irawan, Lamadji, S., Problems of pests
and diseases for sugarcane and the resistance breeding program in
Indonesia. In Sugarcane Germplasm Conservation and Exchange:
Report of an International Workshop Brisbane, Queensland, Aus-
tralia (eds Croft, B. I., Piggin, C. M., Wallis, E. S. and Hogarth,
D. M.), 28-30 June 1995, pp. 36-41.

28. Takano, S., The sugarcane woolly aphids, Ceratovacuna lanigera
Zehntner, in Formosa, Government Sugar Experimental Station
Report, 1941, p. 76.

29. Pan, Y. S. and Yang, S. L., Control of Ceratovacuna lanigera
Zehntner with ultra-low volume aerial application of insecticides.
Sugarcane, 1983, 3, 13-15.

30. Venkatraman, T. S., Sugarcane breeding in India, hybridization to
testing. Agric. J. India, 1925, 29, 173-176.

31. Thuljaram Rao, J., Sugarcane origin, taxonomy, breeding and varie-
ties. In Sugarcane Varietal Improvement (eds Mohan Naidu, K.,
Sreenivasan, T. V. and Premachandran, M. N.), Sugarcane Breed-
ing Institute, Coimbatore, 1989, pp. 83-113.

ACKNOWLEDGEMENTS. We thank staff of R&D unit and manage-
ment board of Nandi Sugars, Hosur (Bijapur Dist.) and Ugar Sugars,
Ugarkhurd, (Belgaum Dist.) for providing facilities to conduct clonal
trials.

Received 15 March 2004; revised accepted 20 September 2004

Role of planning strategies in success/
failure of joint forest management
plantation
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Joint Forest Management (JFM) relies on low cost option
for regeneration of degraded forest patches. We review
here criterion-based assessment of these community
developed carbon sinks in four villages of Narmada
district, Gujarat. Forest villages were ranked based on
primary and secondary plant analysis, carbon seques
tration rate, forest per houschold, landless families
and gochar land available per Animal Cattle Units
(ACU). Weightage was given to each criterion and chang-
ing the weightage value resulted in the changes in rank
of the villages. This study highlighted the significance of
planning strategy in success or failure of any JFM acti-
vity in restoration of forest areas of these villages.

FOREST policies like Wild Life Act 1972, Forest Conserva-
tion Act 1980 and the Forest Policy 1988, have contributed
significantly in conserving forests and have triggered
several afforestation programmes'™. Joint Forest Manage-
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