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Abstract: Apart from its well-known soil conservation properties, vetiver grass (Vetiveria zizanioides (L.) Nash) is reported to be repellent to many insect species. However, infestation of vetiver by pests of other crops has been recorded and concerns raised about vetiver grass being a refuge for insect’s pests. This paper addresses the benefits that vetiver may have in control of these pests. Chilo partellus, a lepidopterous stem borer of grasses is a pest. This insect is a serious pest of maize, rice and other grain crops in Asia and throughout East and Southern Africa where it can cause total crop failure. These observations prompted research on insect/vetiver grass interactions to determine the response of stem borer moths and larvae when they encounter Vetiveria zizanioides plants. The response of moths to vetiver grass, which could be either positive (attraction or arrestment) or negative (repulsion), would determine if vetiver grass could be used as trap crop for C. partellus in an integrated pest management system. Wild grasses such as Napier grass (Pennisetum purpureum) is successfully used in habitat management systems in East and Southern Africa. Review was undertaken to determine preference of female moths for vetiver grass compared to maize and to determine the suitability of vetiver, Napier grass and maize for survival of stem borer larvae. Two-choice preference bioassays and larval survival experiments were studied. Results indicated that vetiver grass is highly preferred for oviposition but that larval survival on vetiver grass is extremely low. Thus, vetiver has potential as trap crop component of an overall “push-pull” strategy to concentrate C. partellus oviposition away from the maize crop and reduce subsequent population development. This technology may also have application in rice pest management.       
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INTRODUCTION: -

Much anecdotal evidence exist that vetiver grass (Vetiveria zizanioides (L.) Nash) is repellent to insects. Grimshaw and Helfer reported that after 30 years of working with vetiver grass no pest or disease problem was found that was of practical or economic importance to the farmer. However, the National Research Council has raised concerns regarding the status of vetiver grass as host or refuge to insect pests and diseases of other crops. Vetiver grass technology is used globally as soil erosion management tool and in sustaining agricultural productivity. Vetiver grass technology, in its most common form, is the establishment of a narrow (less that 1 m wide) live stiff grass barrier, in the form of a hedge across the slope of the land. Apart from its use as insect repellent and soil erosion management tool, vetiver grass has numerous traditional uses such as root paste for headaches and leaf paste for rheumatism and sprains. Commercial uses of vetiver grass mainly pertain to the extraction of vetiver oil through distillation of the roots. Vetiver oil has extensive applications in the soap and cosmetic industries and is also used as anti-microbial and anti-fungal agent in the pharmaceutical industry. Stem borers and termites seem to be the most commonly reported pests of vetiver grass. Paddy stem borers have been reported to infest culms and midribs of leaves wherever vetiver grass was planted in Southern China. An interesting observation was that although the levels of mortality amongst stem borer larvae were high no pupae were ever found inside plants. In the worst case, the borer damaged approximately 39 % of grass stems but no pupae were found, indicating that no larvae survived in the plants. China reported that stem borers attacked a vetiver grass hedge planted in a tea plantation and that on average of 1.5 to 6 % of individual tillers was killed.

               In EI Salvador vetiver grass has been reported to be an alternative host plant to the cane borer, which is a pest of maize and sugar cane. However, although moths were reported to lay their eggs on vetiver grass, plants were not affected by borer larvae. If stem borer preference for vetiver grass is high, which seems to be suggested by these observations, the possibility exists that this plant could be used as a trap plant around crops on which stem borers are a problem. This technique of using wild grasses as trap crops for stem borers is used effectively in Africa in a push-pull strategy where Napier grass is used to concentrate oviposition away from maize crops and to reduce subsequent population development. This paper provides an overview of insect pests of vetiver grass and presents data on the preference of C. partellus moths for vetiver grass and survival of stem borer larvae on this plant species. The possible role of vetiver in pest management is discussed and compared with that of Napier grass, which is already used successfully to manage stem borers.

 MATERIALS AND METHODS: -

Van den berg conducted a few experiments out of which two experiments can be conducted in the laboratory and greenhouse to determine oviposition preference response of C. partellus moths when presented with a choice between vetiver grass and maize. 

 A] Laboratory Bioassay

In this experiment, one pot containing an actively growing vetiver plant and the other containing a four-week-old maize plant. Two-day old moths should be collected from oviposition cages in a mass rearing facility. Ten female and ten male moths released into the centre of each cage and are allowed to oviposit overnight. The number of eggs on each plant are determined.

 B] Green House Bioassay

This experiment is conducted to determine moth oviposition preference and subsequent larval survival on vetiver and maize plants growing in the soil in a commercial green house. Two rows of maize are planted on one side of a row of established vetiver grass while one row is planted on the other side. The inter-row spacing is 0.5 m. The vetiver grass row can be one year old and should have dense stand of tillers. Six muslin cloth cages (3.0 x 1.5 m x 1.5 m) are placed transversely over the three rows of maize and one row of vetiver grass when the maize plants are five weeks old. Each cage forms a replicate and enclosed within it are 14 maize plants and a 1.3 m long row of vetiver grass. Twenty male and twenty female moths are released in each cage and allowed to oviposit on plants for two nights. The number of eggs on maize plants are determined by carefully inspecting the foliage of each plant. One half of the vetiver row in each cage is removed from the soil in order to inspect each leaf for eggs. Leaves are removed from slips and checked for eggs. An assumption is made that the numbers of eggs on the remaining half row in the cage are similar to that in the part of the row that is removed from the soil. In order to determine larval survival, maize plants and the remaining one-half of the vetiver row in each cage was left to grow normally. Twenty-eight days after egg hatch, all the maize plants and the remaining half of the vetiver row were removed from the soil and the number of surviving larvae determined. This is done by dissecting stems and leaves. It takes approximately 30 days for C. partellus to complete its life cycle on maize. Percentage larval survival is calculated in terms of the number of eggs that is found on maize plants and the vetiver plants that are removed from cages.

 C] Larval survival on vetiver and Napier grass

Larval survival can be compared among maize, Napier and vetiver grass in a screen house using potted plants. This is done to compare larval survival on vetiver grass with Napier grass, which is currently used in habitat management for control of stem borers of maize. This experiment can be eplicated five times with two plants of each of maize, vetiver and Napier in each replicate. Plants are then infested with a known number of eggs and dissected later to recover larvae.

 RESULTS: -

 A] Laboratory Bioassay

Results indicate that C. partellus moths preferred to lay eggs on vetiver grass as compared to maize (Fig. 1). Of the total number of eggs, only 18% are laid on maize. Vetiver plants receive a larger number of eggs as compared to maize plants.

Fig. 1 Mean number of eggs per plant laid by Chilo partellus moths in two-choice tests with maize and vetiver plants under laboratory conditions (Bars indicate Standard Error)
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 B] Green House Bioassay:-

In the green house where plants were grown under more natural conditions than in pots, by far the majority of eggs were laid on vetiver grass (Fig. 2). Significantly more eggs were laid on vetiver grass from which a total of 5094 eggs were recovered compared to the 684 from maize. This indicated that only 13.4% of the total number of eggs was laid on maize. The total number of maize plants in each replicate received an average of two egg batches while an average of 49 egg batches were laid on each vetiver row.

A clear preference for vetiver grass compared to maize was therefore shown.

Fig. 2 Mean number of eggs per replicate laid by Chilo partellus moths on plants in two-choice tests under green house conditions (Bars indicate Standard Error)
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Results indicated that more larvae were recovered from maize than the number of eggs actually laid on plants. The number of larvae recovered from maize plants in the green house was 132% and that on vetiver grass 0.56%. The high numbers on maize can be ascribed to the non-preference of larvae for vetiver and subsequent emigration of larvae from these plants to maize. The total number of larvae that could have been recovered from maize and vetiver in the experiment, if 100% of larvae survived emigration off vetiver to maize, would have been 5778, but a total of only 986 larvae were recovered.

This indicated that in spite of having a suitable host plant (maize) next to the vetiver plants, larval mortality was still very high with 83% of possible larvae not accounted for at the end of the experiment.

C] Larval survival on vetiver and Napier grass

Larval survival on grasses was low compared to that of maize. On average there was 63.0%, 2.8% and 0% larval survival on maize, Napier and vetiver grass respectively (Fig. 3), a distinct show of 100% mortality of larvae on vetiver grass. These results corroborate those of the studies above with an indication that C. partellus prefers vetiver grass for oviposition with subsequent insignificant rates of larval survival.
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Fig. 3 Percentage survival of Chilo partellus larvae on maize, vetiver and Napier grass, egg hatch (Bar indicates Standard error)
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DISCUSSION:-

Results showed that C. partellus moths preferred to lay eggs on vetiver grass compared to maize. Larval survival on vetiver plants was low, indicating high levels of larval spin-off and mortality on this plant. These behaviors of C. partellus moths to lay eggs on host plants that are not suitable for feeding and development of their offspring have been reported for other crops. It was reported that C. partellus moth preference for sorghum varieties with high levels of antibiosis was high. Observations was made on high numbers of infested vetiver plants but low or zero larval recovery from plants do in fact show that it is not suitable as larval host pant in spite of it being attractive for egg laying.

This principle of attractiveness for egg laying but low larval survival observed on certain grasses was exploited in the development of habitat management systems for stem borers in maize in Africa. The identification of alternative trap crops that could be used in cropping systems with maize, sorghum and rice, where stem borers are economically important pests, would be a significant contribution towards sustainable crop production. The strong attraction of vetiver grass for C. partellus moths makes this grass species an option as a trap crop in cropping systems where C. partellus is a pest. The strong preference of C. partellus for vetiver grass could possibly be ascribed to an old association of this insect with this plant during the period before its current primary host plants (maize, sorghum and rice) were domesticated. Although it has not yet been evaluated the possibility exists that C. partellus moths may also prefer vetiver grass to other crops such as rice (Oryza sativa). If this is the case vetiver grass could be used as

trap crop around paddy rice fields where it is used as field boundaries and as a soil conservation measure, to protect rice from flood damage during the rainy season. Many Chilo spp., including the notorious C. partellus, are pests of graminaceous crops such as maize and rice in Asia and East and Southern Africa. The Napier grass push-pull technology used in Africa could serve as a model for vetiver grass in ecosystems where it is already used on a large scale or where Napier grass technology is not applicable. It has been reported that technologies such as vetiver grass or Napier grass as soil conservation measure will only be adopted significantly if there are added benefits to the technology other than a single benefit such as soil erosion protection. Forage value of the grass may also play a role in adoption of the technology. Vetiver grass technology is already applied in countries where stem borers are important pests of maize. In Costa Rica, vetiver grass is used principally as conservation hedge for the protection of maize, beans, coffee and tobacco. Similarly, vetiver grass technology was introduced and adopted by many farmers in East and Southern African countries such as Malawi, Zambia, Zimbabwe, Tanzania and South Africa. Carr (2000) in Malawi reported that small-scale farmers in 290 major water catchments areas used vetiver technology and that vetiver nurseries were established in 2038 villages in the country. From these nurseries approximately 20,000 farmers have planted vetiver grass on their farms. Part of the technology to manage stem borers therefore already exists on thousands of farms. This technology would have an even greater impact and possibly an even higher adoption rate if it could also be marketed as trap crop for stem borers. This benefit would however only realise if the correct spatial arrangement of the vetiver grass trap crop is used, and the target stem borer species, C. partellus, is present.

A] Grasses as Refugia for Pests

Although wild host plants of stem borers play an important role in the carry-over of pest

Populations from one season to another, the destruction thereof may not be as advantageous as reported in earlier studies. Destruction of wild host plants of stem borers has been advocated by many researchers. Timely burning of vetiver grass was also recommended to rid it from pests. However, as was already mentioned, wild host plants play an important role in the ecology of stem borers, and the fact that they harbor pests, may actually be beneficial to the farmer. Using selected grasses of economic importance in an integrated technology for stem borer management is the way towards sustainable pest management since these grasses can provide natural control of stem borers. It has been established that several wild grasses, such as Napier grass, commonly growing near farmers’ fields in tropical Africa provide important refugia for stem borers natural enemies such as Cotesia flavipes (Hymenoptera: Braconidae) and Cotesia sesamiae (Hymenoptera: Braconidae), after the. Cereal crops are harvested. Some species of borers, such as Bactra stagnicolana, Phragmataecia boisduvalii and Poeonoma sp., associated with these perennial wild hosts can be important hosts for Cotesia spp. and other natural enemies of crop pests. These host plants can therefore be very important in the ecology of natural enemies. No extensive study has been conducted on the insects that occur in vetiver grass refugia. Personal observations show that many insect species occur on this grass. It can be said this plant species provides shelter, not only to a few potential insect pests, but also to a large number of general predators and parasitoids of insects that occur in the agro-ecosystems where vetiver grass is planted. Insect biodiversity in case of vetiver could be high. Several pests of vetiver have been recorded. The most notable of these were stem borers (Chilo sp.) white grubs, termites and cicadas. In the Mekong delta in South Vietnam patches of dead vetiver on a canal bank adjacent to rice fields were ascribed to stem borers, possibly a Chilo sp. Very high infestation levels of the cicada, Amphisalta zelandica, were reported on vetiver in New Zealand where they affected plant growth. Another vetiver species, V. nigritana, have been reported to harbour large numbers of egg pods of two grasshopper species, Hieroglyphus daganensis and Cataloipus fuscocoeruleipes. Both these grasshopper species are major pests of sorghum, rice and millet in northern Benin. Armyworms, Spodoptera sp., are also reported to damage vetiver in Australia. However, this damage does not seem to be of economical importance since only the tips of vetiver leaves were damaged while the rest of the plants were untouched. Field observations indicated that sugar cane plantings adjacent to vetiver plantings were severely damaged, indicating that armyworms possibly preferred sugar cane to vetiver.

B] Vetiver Grass as Insect Repellent

Anecdotal evidence exist that vetiver roots per se is repellent to insects. Vetiver roots for example are used to repel cloth moths, head lice and bed bugs. Scientific reports do however exist of repellent compounds present in vetiver oil extracted from roots of vetiver grass. Vetiver oil is a complex essential oil that consists of several hundreds of compounds of which six are reported to possess insect repellent properties Bioassays with vetiver oil, was found to have topical irritant activity on cockroaches and flies. Which indicated presence of zizanal and epizizanal as the most active repellent compounds against these insects. It was indicated that one of the components of vetiver roots, nootkatone, was a strong repellent and toxicant to Formosan subterranean termites (Coptotermes formosanus (Isoptera: Rhinotermitidae)) and suggested planting of a barrier of plants that manufacture a termite repellent could potentially provide repellence to this pest.

 C] Napier Grass, Vetiver Grass Technology and Soil Erosion

Expanding agricultural production in rain fed areas in Africa has been accompanied by a

Substantial increase in soil erosion. Increasingly, conventional approaches to soil and moisture conservation such as bunding check dams and terracing, which are both cost and labour intensive, is inappropriate to marginal farms. Alternative low-cost approaches are needed to control soil erosion. While the major agricultural application of vetiver grass is soil erosion control, the major application of Napier grass is forage production. These two plant species should not be seen as “either/or” options but rather as two similar technologies of which the application is largely affected by environmental conditions and adaptations thereto, as well as specific constraints to sustainable farming (such as pests, forage availability and soil erosion). There are many similarities in characteristics and possible uses of these two plant species. Added-on benefits of vetiver grass technology is its use as insect repellent, its use in manufacture of building material, its slight use as animal feed and its possible use as a trap crop for C. partellus. The added-on benefits of Napier grass, apart from its role as trap crop, are soil erosion management, large-scale use as forage and subsequent increased milk production as well as protection of crops against wind damage. There are only a few number of grasses that are worthy of investigation regarding it’s efficacy in prevention of soil erosion. These included Lemon grass (Cymbopogon citratus), several Vetiveria spp. and Napier grass. Research in India showed that vetiver grass technology reduced rainfall run off by 57% and soil loss by over 80%.(Rao et al) .In a study on vetiver grass and Napier grass in Kenya, following data was obtained that vetiver grass was more effective in reducing run off and soil sediment loss than Napier grass.  Vetiver grass reduced run off by 40 and 70% in two subsequent years while 88 and 96% in the same years reduced soil sediment loss. 

CONCLUSION

An increased understanding of the influence of plant- and associated arthropod-species diversity on pest populations will lead to the development of recommendations for utilizing grasses such as vetiver and Napier grass and their associated arthropod-diversity resources for pest management. There are many similarities between the vetiver grass technologies as it is used for soil erosion management and Napier grass push-pull technology which is used for stem borer control. Vetiver grass has potential as trap crop component of an overall “push-pull” strategy to concentrate C. partellus oviposition away from the maize crop and reduce subsequent population development. Future studies should evaluate the effect of vetiver grass on other Chilo species to determine whether this plant species could be of use as trap crop in rice cropping systems.

References:-

1] Rao RR, and Suseela, M.R. 2000. Vetiveria zizanioides (Linn.) Nash – a multipurpose eco-friendly grass of India. Proceedings of the Second International Conference on Vetiver. Office of the Royal Development Projects Board, Bangkok. 444-448.

2] Rao KPC, Cogle AL, and Srivastava KL. 1991. Conservation effects of porous and vegetative barriers. ICRISAT, Annual Report 1991, Resource Management Program. International Crops Research Institute for the Semi-Arid tropics, Patancheru, A.P. 502 234, India.

3] Seshu  Reddy KV. 1990. Cultural control of Chilo spp. in graminaceous crops. Insect Science and Its Application, 11: 703-712

4] Shangwen C. 2001. Insects on vetiver hedges. Www.vetiver.org.

5] Van den Berg J, Rebe M, de Bruyn AJM, et al. 2001. Developing habitat management systems for graminaceous stem borers in South Africa. Insect Science and Its Application, 21: 381-388

INDEX

1] INTRODUCTION

2] MATERIALS AND METHODS

· LABORATORY BIOASSAY

· GREENHOUSE BIOASSAY

· LARVA SURVIVAL ON VETIVER AND NAPIER GRASS

3] RESULTS

· LABORATORY BIOASSAY 

· GREENHOUSE BIOASSAY

· LARVA SURVIAL ON VETIVER AND NAPIER GRASS

4] DISCUSSION 

· GRASSES AS REFUGIA FOR PESTS

· VETIVER GRASS AS INSECT REPELLENT

· NAPIER GRASS , VETIVER GRASS TECHNOLOGY AND SOIL EROSION

5] CONCLUSION

6] REFERENCES

Threshold-2004

A

Paper Presentation

On

“Vetiver grass” 

Submitted By:

Mr. Kishore Satpute

(Final Yr., Chem.)

E-mail:  kishoresatpute@yahoo.co.in.
Mr. Pankaj D. Barlota

(Final Yr. Chem.)

E-mail:  pankajbarlota@yahoo.com
Jawaharlal Darda Institute Of Engineering & Technology

Yavatmal
� EMBED PBrush  ���





� EMBED PBrush  ���











PAGE  
5

_1133808799

