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ABSTRACT

Four plant products were evaluated in the laboyator their effect on the spore germination of eeffleaf
rust pathogenHemileia vastatrix Berk. & Br.) and in the field for its bioefficayndeaf rust disease incidence
with Coffea arabica L. cultivar Cauvery as test material. The studyswarried out at the Central Coffee
Research Institute, Coffee Research Station, Clgkina, Karnataka for a period of two years. Leadtru
incidence was recorded at fortnightly intervaledfr leaves ofdhatoda vasica, Azadirachta indica, Lantana
camara and Ricinus communis were used for extraction of plant based produ€fficacy of these plant
extracts was evaluated in the laboratory by pergentination of urediniospores of the coffee lesftifungus
and in the field the percentage of leaf rust ince The results indicated that inhibition of urédspores to
an extent of 73.86% with leaf extracts Af vasica, 61.40% withA. indica, 69.91% withL. camara and
50.94% withR. communis was possible at 15% concentration of all the exdrdn the field, leaf extracts éf
vasica at 15% concentration decreased the disease irteder84.75% while that &f. camara by 25.12% and
A. indica reduced the disease incidence to 19.60% wRileommunis could reduce the rust incidence to an
extent of only 8.35%. Though the management optituirsg chemicals were encouraging, the leaf exratt
plants could be incorporated as a tool in the gl disease management of leaf rust as an exwifyi
component.
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INTRODUCTION

Coffee belongs to the gen@offea of the family, Rubiaceae [1]. The two economicaihportant
species ofCoffea namely Coffea arabica L. (arabica coffee) ancoffea canephora Pierre ex
Froehner (robusta coffee) are commercially culddathroughout the coffee growing countries.
Coffee is one of the most important commercial sraqltivated in the Eastern and Western hilly
tracts of India. During the year 2008-09 the tqianted area of coffee in India was 3,94,352 ha.
The average production of coffee was about 2.68 MK with an average productivity of 765 kg
ha'. Average productivity of arabica and robusta affeas 624 and 874 kg haespectively [2].
Among the cultivated coffee, arabica coffee is meusceptible to diseases compared to robusta
coffee [3]. Coffee leaf rust (CLR) disease, incitgdthe Basidiomycetes fungudemileia vastatrix
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Berkeley & Broome, is the most devastating disedseoffee and is considered one of the major
tropical diseases of crop plants [4]. This folissedise was first found on cultivated coffee in #éndi
during 1869. The crop loss caused by the coffeé ilast fungus, as estimated by various
researchers from the coffee growing countries,edabietween 30 and 80%, if no control measures
are adopted [5,6]. In severely affected areas #thggen may cause foliage loss up to 50% and
berries up to 70% [7-9].

Plant protection against diseases continues tohefwily upon fungicides. India is the third
largest consumer of pesticides in the world andhédg) among the South Asian countries. In India,
consumption of insecticides is 60%, fungicides 219éibicides 14% and others 5% [10]. The
dependence on chemicals and indiscriminate usesifgides is associated with problems such as
environmental pollution, health hazards, destructiof biological communities, etc. Crop
improvement and disease management have to bevadhigth the use of bioresources such as
antagonistic microbes, plant based products, gteefplacing chemical pesticides and fertilizers. To
combat the problems and for protecting crops frangél pathogens, research on the development
of pesticides of plant origin (botanicals or phytivacts) and microbial antagonists (biopesticides o
biological control agents) which are relatively esdor use in agriculture and measures for
promoting rapid degradation of pesticides are betegped up in the recent times.

Use of fungicides is a regular practice for thetomnof diseases of coffee in all the coffee
growing countries of the world. Though, severalgeides have been tested for their efficacy
against coffee leaf rust disease in India, theceféd plant based products (leaf extracts) has not
been studied in detail. Given the current difficettonomic situation and market demand for
environment-friendly products, there are now goedsons to search for alternative control
interventions to replace the more hazardous chdsnica

Therefore, there is a need to explore the podssilili using eco-friendly and environmentally
safer formulations such as plant extracts whichfdanto Integrated Disease Management (IDM)
programme. Hence, studies were conducted to umahershe effect of phytoextracts (leaf extracts
from plants ofAdhatoda vasica, Azadirachta indica, Lantana camara and Ricinus communis) in
comparison with recommended fungicides (Bayletod 8ordeaux mixture) for the control of
coffee leaf rust disease.

MATERIALSAND METHODS
Experimental site

Laboratory and field experiments were conductednduthe years of 2006 and 2007 at the Central
Coffee Research Institute (CCRI), Chikmagalur, kaéaka, India located at 13° 22' North Latitude
and 7528' East Longitude at an altitude of 914 metervalddSL.

Plant materials

The plant material used for laboratoiy gitro) and field (n vivo) studies was twenty years old
Coffea arabica cv. Cauvery. The urediniospores of the coffee teaf fungus were collected from
the infected leaves of Cauvery fiorvitro studies. In the field experiment, to assess thefficacy

of plant products, twenty years old Cauvery plamése used as test material. Four angiospermic
flowering plants, viz., Adhatoda vasica Nees. (Acanthaceae)pzadirachta indica A. Juss.
(Meliaceae),Lantana camara Linn. (Verbenaceae) andicinus communis Linn. (Euphorbiaceae)
were used for extraction of plant based productsifihe leaves.
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Preparation of plant extracts

Plant extracts (cold water) were obtained fromldeves ofAdhatoda vasica, Azadirachta indica,
Lantana camara and Ricinus communis as described by Gerard et al. [11]. Fresh leave® we
collected and washed with tap water and then inleteater. It was then pulverized with sterile
distilled water at the rate of 1 ml per gram oftis (1:1 v/w) with a mixer grinder, filtered and
centrifuged at 6000 rpm for 10 minutes. After céagration the supernatant was collected and
stored in the refrigerator at 5°C till further wmed this formed the standard plant extract solution
(100 per cent). All the above phytoextracts westeie at 15% concentration forvitro andin vivo
experiments.

Laboratory bioassay of plant extracts on urediniospor es ger mination

For the evaluation of antifungal effect of planbgwcts on the germination of urediniosporesiof
vastatrix, phyto extracts were obtained from the leavedé.ofasica, A. indica, L. camara andR.
communis as described by Gerard et al. [11]. Water agar amed{2%) containing 15% phyto
extracts were prepared. Fifteen ml of the mediuns waured into 90 mm sterile Petri-plate
(Corning make) and allowed to cool and solidifytdra one ml of urediniospores suspension was
pipetted out, poured and spread evenly on to thdiume The water agar medium without any
phytoextract served as control. The different treatts were F A. vasica leaf extract, 3- A. indica

leaf extract, T L. camara leaf extract, I R. communis leaf extract all at 15%,sT Bayleton 25 WP

@ 0.02% a.i., & Bordeaux mixture @ 0.5% and-TUntreated control (sterile distilled water). Five
replicates were maintained and all the Petri platese incubated overnight in the dark at room
temperature (22+2°C); observations were recordest 48 h of incubation. The count on total
number of urediniospores present and the total eunadd germinated urediniospores in each
microscopic field were recorded using stereoscapicroscope (SMZ-800, Nikon, Japan). The
values were expressed in percentage by using thaufa: percentage of germinated urediniospores
= number of urediniospores germinated x 100 / nurabarediniospores in the microscopic field.

Field evaluation of plant extracts on coffeeleaf rust pathogen

The leaf extracts of four plants were evaluateccomparison with the two standard fungicides
along with water sprayed control for their effeetiess in reducing the rust disease incidence in the
field. The plant extracts were applied as foliaragpwith high volume ASPEE - Rocking or Gator
sprayer [12] on the most susceptible variety obiga coffee-Cauvery during June (season | or pre-
monsoon) and September (season Il or post-mons@bgr)different treatments werg-TA. vasica

leaf extract, - A. indica leaf extract, I L. camara leaf extract, T R. communis leaf extract all at
15% concentration, sF Bayleton 25 WP @ 0.02% a.i.g-TBordeaux mixture @ 0.5% and-T
Untreated control (water sprayed). Treatments wendicated five times with 15 plants per
replication. Randomized Block Design (RBD) was usethe field experiment with optimum plot
size [13]. Standard agronomic practices were falidwn the experimental plot. The percentage of
CLR disease incidence was assessed in the fielthétyods suggested by Muthappa [14] and
Srinivasan [15]. Four secondary/tertiary branchesaadom in all the four directions and at top,
middle and bottom of the plant were selected andkethin each treatment for uniformity. Pre-
treatment count on rust incidence was recordecrAdpplication of treatments, the coffee leaf rust
incidence was scored once in fifteen days stafftiom fifteenth day till ninety days in both the
seasons (season | and season ll). The effect of @ldracts was compared with standard fungicides
and also with water sprayed control. The total nembf healthy and infected leaves from the
marked branches was counted and the percent disksses were worked out using the formula:
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PDI = TNDL x 100 / TNHDL, where PDI = per cent dise incidence (percentage of infected
leaves), TNDL = total number of diseased leavemamked branch, and TNHDL = total number of
healthy and diseased leaves in marked branch.

Statistical analysis

Data recorded from laboratory and field experimentse statistically analysed using methods
suitable for completely randomized or randomizedckl design. The percentage values were
subjected to arc-sine or square root transformafibe treatment means were compared with LSD
or Duncan’s multiple range test (DMRT) for theigsificance [16].

RESULTSAND DISCUSSION

With more than six billion people in the beginniafythe third millennium, the governments are
confronted with a herculean task of providing eorimental and food security to the expanding
population, particularly in the developing courdri§his necessitates reorientation of strategies in
agriculture to minimize the use of hazardous eseimputs and so dependence increases on eco-
friendly approaches to sustain food production auithcausing disruption to the fragile agro-
ecosystem. In the recent years there is a shifidrcontrol of plant diseases from the regularafse
pesticides to an alternate and more eco-friendipdsticide and plant based products. Use of plant
based products in the cultivation of field cropg dor controlling pest and diseases are well
documented, but their effects on a perennial cilap doffee have not been studied in detail. Thus
the present work is the first attempt to understifnedeffect of these botanicals on the contrdHof
vastatrix, the causal organism of leaf rust disease on eoffe

Mayee [17] stated that disease management in digiriglicrops involves various strategies
such as legislative, cultural, biological, biopeistes of plant origin, chemical, host resistant
sources, breeding for resistance, etc. These metmay be practiced either individually or one or
more methods may be followed as an integrated apprto tackle the disease problems. Vyas [18]
stated that extensive use of systemic fungicides ted to several problems of toxicity, hazards to
living beings, development of resistance in patimoged non target effects of broad spectrum
fungicides on associated soil micro flora.

From the present study, percentage spore germinatiocontrol treatment and percent
inhibition of urediniospores of CLR in other treanis over control are presented in table 1. There
was 56.34% urediniospores germination in contreatiment. Inhibition percentage was highest
(89.48%) in Bayleton 25 WP treatment at the dosdde02% a.i. followed by 79.44% in Bordeaux
mixture at the dose of 0.5%. Statistically all theatments were significantly superior to control
(P=0.05). Germination of urediniospores was inkibito an extent of 73.86% in the leaf extracts of
A. vasica, 61.40% inA. indica, 69.91% inL. camara and 50.94% irR. communis all at 15% test
concentration. Statistically, there was no diffeein the inhibition of spore germination between
the leaf extracts oA. vasica andL. camara. Among the leaf extracts the property of inhilitithe
urediniospores germination was moreAnvasica and L. camara followed by A. indica and R.
communis. Field data recorded at fortnightly intervals e effect of plant extracts were pooled.
The per cent disease reduction over control basethe mean percentage of rust incidence of
individual seasons of the year 2006 and 2007 aedttimulative mean data pertaining to season |
and Il of years 2006 and 2007 are presented ie @bl

During season |, the pooled mean data indicatedamum disease reduction (63.83%) in
Bayleton treatment at 0.02% a.i. when comparedatatrol. Followed by Bayleton, there was
38.33% disease reduction in Bordeaux mixture treatnat 0.5% concentration. Among the plant
products, leaf extract k. vasica reduced the disease incidence to an extent ob3d¢ while leaf
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extract ofL. camara recorded 25.12% disease reduction @ndndica leaf extract reduced the
disease to 19.60%. The aqueous leaf extraB® obmmunis at 15% concentration could reduce the
coffee rust disease to an extent of only 8.35%. dikease reduction during season Il in different
treatments were: Bayleton 54.68%, Bordeaux mixiB8el6%, A. vasica 28.63%, L. camara
21.50%,A. indica 17.24% andR. communis 8.42%.

Table 1. Effect of leaf extracts on germination afdiniospores ofl. vastatrix.

Treatment details % germination % inhibition oventol
. 14.73 73.86
- 0,
T, - A. vasica leaf extract @ 15% (22.125 (57.26
- 21.75 61.40
- 0,
T, - A. indica leaf extract @ 15% (27.28)’ (49'57)1
16.95 69.91
0,
T5_L. camara leaf extract @ 15% (23.70° (56.70°
. 27.64 50.94
- 0,
T4 - R. communis leaf extract @ 15% (31.30 (46.545
. 5.93 89.48
0,
Ts. Bayleton 25 WP @ 0.02% a.i. (13.27§ (70.08}
. 11.58 79.44
- 0,
Te- Bordeaux mixture @ 0.5% (19.46:" (63.60jb
T - Un-treated control 56.34 )
(sterile distilled water) (48.50
S.Em. (= 1.32 2.1
CD (P=0.05) 2.69 472

*mean of five replications; figures in parenthesesaacesine transformed values; in a
column, means followed by same letter(s) are not fsgmitly different as per LSD.

Table 2. Effect of leaf extracts on coffee leaf instdence in the field (cumulative mean of two year
and four seasons).

Per cent disease reduction over con Pooled mean of years
Treatment details Year 2006 Year 2007 2006 and 2007
Season| Seasonll Season| Seasonll Season!| Season ll
T, - A vasica leaf extract  33.25 28.22 36.24 29.04 34.75 28.63

@ 15% (35.26f° (31.86§° (36.70f (31.92f° (35.53f  (31.92f
T,- A indicaleaf extract  19.85 18.70 19.34 15.77 19.60 17.24
@ 15% (25.84  (25.10§ (25.71f (22.78)  (25.87}  (24.87f
Ts- L. camara leaf 26.64 20.81 23.60 22.18 25.12 21.50
extract @ 15% (29.86f  (26.86f¢ (28.42f (27.16}" (28.17f  (26.96f
T, - R communis leaf 9.71 11.29 6.99 5.55 8.35 8.42
extract @ 15% (15.32f  (19.34f (1428 (13.17F (14.72f  (15.14f
Ts - Bayleton 25 WP @ 63.95 53.80 63.71 55.56 63.83 54.68
0.02% a.i. (52.50f  (46.70f  (52.49}  (47.70f  (52.36]  (46.82f
T - Bordeaux mixture @ 35.76 31.99 40.90 34.33 38.33 33.16
0.5% (36.247  (33.84F (39.167 (35.03f (37.18f  (35.06f

*mean of five replications, figures in parenthesesaacesine transformed values; in a column, means
followed by same letter(s) are not significantly diéet at =0.05 as per DMRT.
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The insecticidal properties of the neem trandica A. Juss (Meliaceae) and its products have
been well described by Jacobson and Schmuttereal.ef19,20]. While studying the seed
germination of infected tomatoes, Shekar and Ddrwial] described the antioxidative and
antifungal activity of azardirachtin derivativesoping and Menn [22] has reported that many of
the insect pest and fungal pathogen are contréethe compounds derived from the neem tree.
The most important active ingredient, azadiractitira complex and highly oxygenated compound
belonging to tetranor triterpenoid class and mostincentrated in the seeds [23]. Dubey [24]
reported that extracts from the plants of Datturd meem did not inhibit the growth Bhizoctonia
solani. The antimicrobial activity of ZimmuA{lium cepa x Allium sativum) leaf extract againgR.
solani underin vitro conditions was described by Satya ef2®]. Studies were conducted by Devi
and Paul [26] by integrating plant extracts andcbidrol agents where ten plant species were
selected and the plant extracts were evaluatedhformanagement of pea wilt/root rot complex
caused byR. solani. In horticultural crops, phytoextracts and funges were evaluated by Meena
and Shah [27] against fruit rot disease cause®@Hmymopsis citri in Mandrin orange var. Nagpur
Santra.

At present, fungicides are recommended for usepaaysfor the control of rust disease,
especially when the incidence level builds up eithe spraying prophylactic Bordeaux mixture or
one of the systemic, curative fungicides. But thisralways a risk of residues tainting the coffee.
Coffee being an export oriented crop, use of fudgg and chemicals in plantations is subject to
tight scrutiny in view of the strict minimum resigldimits (MRL) of pesticide prescribed by
different consuming countries. The coffee importauyintries can use the MRL's as trade barriers
at any time. Therefore, there is a need to exptbee possibility of using eco-friendly and
environmentally safer formulations such as plantraests which can fit into integrated disease
management programme.

As expected, the inhibition of urediniospores geation by the fungicides was much more
than obtained using leaf extracts. Apart from graield tolerant arabica coffee cultivars such as
Chandragiri, SIn.5B, SIn.6 and SIn.9, use of ledfaets of plants are the alternate tools available
for integrated management of coffee leaf rust. Jtuely using leaf extracts for the management of
coffee leaf rust has shown some positive resuftehé molecules inhibiting germination are
identified, they could be synthesized in the labmsaand exploited commercially. Further studies
are required to refine the method and time of apgithn of the phytoextracts to improve their
effect.
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