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Abstract 
The leaf rot. ca used by a group of fungi (Col/elOlrichullI g/oeosporioides, Exserohilum rOSlra/UI11 . Fusarium so/alii etc.), is a 
part of coconut root (wilt ) disease complex. Extracts of seventeen plants were evaluated ill vitro against the major pathogens of 
leaf rot. and also their effect on two bacterial (Bacil/us sub/ilis and Pscudomollas f!llorescen s) and a fungal (Trichoderma 
har; ialllll1l ) antagonists by poisoned food technique in various experiments. All plal1ls tested inhibit.ed the major pathogens of 
leaf rot to various extents. Extract s of Adenocalymll1a allicea, Lawsonia il/ermis. Curcuma /01l8a, Cilll/amOllllll11 ~cylaniculII, 
Ucilllum sane/um, Aw dirac!J/a indira and Aliium sa/il'll1/1 inhihited the pathogens. Acetone extraction of the plal1ls expressed 
higher inhibition of the pathogens over alcohol and aqueous extractions. Fungicidal and fungistatic effects of plant extracts on 
the pathogens were also observed. The inhibitory effect of plant extracts on antagoni sts was generally less than that on the 
pathogens. B. sllb/i/is expressed relati vely 1110re tole rance to plant extracts. It is the first report on inhibition orIeafrot pathogens 
by plant extracts. 
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Introduction 	 botanicals against the pathogens of leaf rot disease in 
coconut is lacking. The results of the evaluation of 

Lear rot is a part of coconut root (wilt) disease 
botanicals agai nst the major pathogens of leaf rot disease 

complex. endemically prevalent in southern districts of 
and also their effect on certain bac terial and fu ngal 

Kcrala state. Its incidence in Northern di stric ts of Kera la 
antagonistic organisms are presented in this paper.

and in certain districts of Tamil Nadu, bordering Kerala, 

is also of concern (Srin ivasan,. 2002) . Leaf rot is due to a Materials and Methods 

group of fungi wherein Colletotrichum gloeosporioides, 
 Fresh cultures of C. gioeosporioides. E. 	 ros,tratllll1 
E.rserohilu!1l rostratuII! and Fusariul1l 	solani are the and F. solani, isolated from leaf rot affected palms and 
major pathogens (Srinivasan and Gunasekaran, 2000a). grown in potato dextrose agar (PDA ) med ium. and 
The leaf rot contributes significantly in the deterioration standard cultures of two bacterial antagonists (B acill/ls
of root (wilt) affec ted palms and thus the control of leaf 

S/lblilis and Pseudomonas jluoresc ens) and a fungal 
rot forms an integral part in root (wilt) management antagonist (Trichoderma harzianum) were utilized in the 
strategies. Though fungicida l control of leaf rot has been study. The plant species and the ir parts used in different 
recommended. the necess ity of eco-friendly meas ures in experiments are given in Table 1. 
the disease management has been widely recognized in 

The plant species were selected based on their view of environmental considerations (Srinivasan and 
known effic acy of inhibiting the fungal growth and the irGunasek ara n, 1998, 2000b; S rin ivasan, 2003; 
availability in the locality of study. Fresh and healthy Gunasekaran ct al., 2003; Joseph et a l .. 2003). Va ri ous 
bul bs of A. sativum , rhizomes of C. longa and Z.plant ex tracts have shown to inhib it the growth of 

differen t groups of plant pathogens (Dhaliwal et al., 2002; officinale, and oil of A. ilulica (neem oi l) were obtained 

MuraJid haran et al., 20(3). Information on efficacy of from the local market and utjlized in the study. To study 
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the effect of plant extracts on growth of leaf rot fungi 
and antagoni sts poisoned food technique was employed 
(Srinivasan and Gunasekaran. 1998). 

Table 1. List or plants and their parts used in a~say against major pathogens 
or lear rot d.isease and their antagoni~tic organisms 

S. No. Botanical name of plant Common name Part used 

O[ Cierodelldroll illjOrflllWlilll1 Pcruvilum Leaf 
02 Phyll(lm/llls lll1ru,.i Kilhanclii Entire plant 

(without root) 
03 Adenoca!ymll1(1 a/ficm Garlic climber plant Leaf 
04 Lawsonia inermis Henna p[unt Leaf 
05 Lellcasaspera Leucas Entire plant 

(without root) 
06 Glycosmis pelltaphvlla Punud Leaf 
07 A:;lldiracillo il/dica Nccm L .uflNeem oil 
08 OCiInUIIIS(I1IC/1II11 Sacred basil Leaf 
(f) Alldrographis pallicu/ata Kiliyathu Entire plant 

(without root) 
[0 ('{amy/oall mercurialis Kunukitlati Enlire p[am 

(without root ) 
II Aegle mal'lI/etos Lndian quinc Leaf 
12 Glll/alllOlllll1ll :eylal/iclIlII Cinnamon Leaf 
13 Allillll1 sOlil'llln Garlic Bulb 
14 Curcuma longa TUlmenc Rhizome 
15 AilI/Olla squalllosa Custard apple Leaf 
[6 lillgiber oj)icilla/e Ginger Rhi zome 

17 Mimosa plldiea Touch me not plant Leaf 

In the fi rst experiment 14 species of plants besides 
neem oil (Tables 2-5) were us d to study th ir effect on 
C. gloeosporioides E. m stratum and F. solani. All 
plant extracts were made in acetone as extraction 
medium. Plant parts (leaves, bulbs. rhi zomes or entire 
plant without roots, as the case may be) were thoroughly 
washed with sterile distilled water and air dried. One 
gram of plant tissue was ground and macerated with one 
m1 of ace one u ing pe tie and mortar. The macerate 
was squeezed through a muslin cloth and fi ltered through 
Whatman No. 1 filter paper. The ac tone was evaporated 
by keeping the extract in the laminar flow chambers. Each 
plant extract at 1% 2% and 4% concentrations was tested 
for its efficacy. Each plant extract was added separately 
to steri lized and cooled PDA mediu m in such a way to 
arrive at required concentration. The medium was gently 
shaken fo r un iform distribution of the plant extract 
poured into 90 mm size sterile petri plates (15 mt/petri 
plate) and solidified . 

Mycelial discs (5 mm diameter) were cut from the 
periphery of fi ve day old cultures of each fungus and 
inoculated onto cen tre of th pl ates containing the 
medium with plant extracts. Three repl ications were 
maintained for each concentration for each fungus. The 
plates inocu lated with the fungus but without plant 
extracts in the medium served as control. The inoculated 
plates were incubated at 30±2°C. The radial growth of 
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the fung al colony in each plate was recorded each day 
for five days by measuring the di ameter of the colony in 
two directions at right angles and average was taken as 
the colon y diameter. The fung al growth in plant extract 
treated pla tes was compared with control and the 
inhibition of growth of fungi patticularly aft r 5 days of 
incubation was computed using the following formula. 

C-T 
1 = ----- x 100 

(where I =Percent inhibition of growth. C =diameter of 
fungus in con tro l and T = diameter of fungus in 
treatment). Mean inhi bit ion effect of the concentrations 
of plant Xlracts after 5 days of incubation was analyzed. 

In the second experiment ten plant species were 
used (Table 6). Plant extracts were made in three solvents! 
extraction med ia viz., acetone, alcohol and distilled water 
follow ing the proced ure described earlier. Acetone and 
alcohol were e vaporated by keepi ng the extracts in 
laminar fl ow chambers. The ex tract prepared with 
distilled water wa used directly. The plant extracts at 
1 %. 2%, 3% and 4% concent ra tions were tested for 
inhibitory effect on leaf rot fungi. Three plications were 
maintained for each extract and each concentration. The 
inoculated plates including control were incubated. The 
fungal gro wth in plant extract treated plates wa5 
compared with contro l at 24 h. interval for successive 
fi ve days as described earl ier. Mean inhibition effect of 
the conc ntrations of plant extracts particula( y after 5 
days of incubation was analyzed after compillation of 
per cent inhibitions of grow th of the fungi. 

T he effect of these extracts on growth of 
antagonistic bacteria and fungus was al 0 studied (Table 
7). In the case of antagonistic bacteria nutrient agar was 
used as basal medium. B. subtilis and P jluorescells were 
individually streaked onto the medium. previously mixed 
with extracts in four different concen trations, in petri 
plates. Three repl ications were maintained for each 
treatment and control. The inoculated petri plates were 
incubated at 30±2°C. Observations on growth of bacteria 
upto 5th day was qualitatively recorded in comparison 
with re levant control and grotlped as (-) : No growth. (+): 
Lo w growth. (++): Moderate growth, (+++): Good 
gro wth and (++++): Abund ant growth . For the 
antagonistic fungus. T. harzianum. PDA was used as basal 
medi um. The fi ve day old mycelial discs of the antagonist 
(5 mm diameter) were inoculated onto centre of petri 
pl ates containing the medium. previously mixed with 
p lant extracts in four differe nt concentra tions . The 
inoculated plates (three replications) includi ng control 
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Botanicals against coconut leaf rot disease 

Table 2. Efk'Ct or acetone based plant extracts in various concentrations on growth ofColletotriclllllll gloeosJlorioides in different days ofincuhation in preliminary 
expcrimcnr' 

Colony diameter in dil'[erellt Per cent 
S.NO. l'lan! species Conc. of days after illwbation (IIUIl) inhibition aft~r 

extr~ct 5du)'s of 
2 3 4 5 incuhation 

CielO!klldlOlI illjO/'l Il(/(/lIl/II 13.00 2100 42.50 5200 5900 28,05 
2 13 ,00 26 ,00 40.50 5100 5900 28,0:1 
4 12.00 2350 40 ,00 4850 59 ,00 2805 

P/irllalllllUs nil'llri I 12,00 25 .50 4150 62,00 72.50 11.5 8 
2 12,00 24,00 39.50 57 ,83 70,00 14.63 
4 12 ,00 2350 3800 57.00 69 ,50 15,24 

ildcllocaly/lllllQ al/icea o o o o o 100,00 
2 o o o o o 10000 
4 o o o o o 100,00 

4 LawsOllia ill eTlIlis 09,00 1400 18,00 2500 35,00 5731 
2 o o o o o 10000 
4 o o o o o 100,00 

5 U{(cas aspera 17.50 33.00 4500 54,00 65 ,00 20,73 
2 1600 30.00 42.50 51 ,00 60,00 2(] ,82 
4 14,00 26.00 36.50 45,00 53.00 35.37 

6 Glycoslllis p!' lItaphylia I 15,00 32.00 48.00 57.50 57.50 30.48 
2 13.50 28.50 45,00 5150 56.50 3170 
4 10,00 25,00 37 00 45.00 50,00 3902 

7 Azadirachta indica I 10,00 18,00 26,00 35,00 4450 45.73 
2 08 ,00 16,00 25.50 3450 42,00 48.78 
4 06,00 14.50 24.00 3J.()() 38,00 53. 65 

Ocill/l/I/l sCJllctW/l I 10.00 20,00 32()() 40.00 47,00 42,08 
2 05.00 LiOO 26,00 33.00 40,00 512 J 

4 o 1000 18, 00 24,00 32,00 60.97 
9 Andrographis palliculata I 16.00 2&.50 3950 56,00 68,00 17.07 

2 15 ,00 27,00 38.50 56,00 67 ,00 18,29 
4 14.50 27,00 34,00 53.00 60.50 26,21 

10 Ciao.\)'/oalllllercurialis I 15.50 33.00 50,00 61.00 58 ,00 17.07 
2 15.50 3200 47,00 6000 67.50 17 .68 
4 15,00 3000 41.00 57.50 63.00 211 7 

II Aeg le manne/os 20.00 32.00 5000 65,00 75.00 0853 
2 17.00 30,00 4900 63.00 70,00 14.63 
4 1000 30,00 34,00 39,00 4800 41.46 

12 Cillllalllolllum ~eylani(,ulll I o 19,00 29 ,00 40,00 48.00 41.46 
2 o 08,00 15,00 2700 38.50 51 05 
4 o o o o o 100.00 

13 Allilll/l salivulIl I 09.00 15,00 35,00 45,00 56,50 31.10 
2 06 ,00 12.50 34,00 44,00 52.50 3510 
4 o 12,00 3000 4000 52,00 36.59 

14 Curcullla /o/lga I 0600 12,00 20,00 26,00 3000 63.14 
2 o 08,00 16,00 2000 24,00 70.73 
4 o o o o o 100.00 

15 Neel11 oil 11.00 20,00 29,00 3800 48,00 41 46 
2 11.00 1900 29 ,00 38,00 48,00 41 .60 
3 09.00 17.00 2600 36 ,00 39.50 51.82 

Control 15 .00 28.00 4100 60.00 82.00 

'Mean orlhree replications 

were incu bated and pe rcent inhibition of the fungus Tables 2-5. E xtracts of all plan t species and necm oil 
comp Ll ted as described earlier. tested resulted in the growth in hibition of a ll the three 

pathogens at differential levels. Among these plants A.Results aDd Discussion 
a/Licea extract was fo und to in hibit the fu ng i up to 100%. 


T he results of the evaluation of plant extracts on The extracts of L. inermis, C. tonga, C. z,eyZolliclIlII, 0. 

leaf rot pathogens in the fi rst experiment are given in sanctum and A. sotivul1l were a lso very effecti ve in 
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TahIr 3. Ellect \I f acetone based plantl'xtl1lcl, ill Yll ri'Jus concl'ntrations on growth of Exseruhilum rostratllm in dilTerent day. of incu hation in pre! imina~ 

e.xpcrimcnt' 

S.1"o. I'lanl spcci c~ COile. of 
ex tract 

Colony d
days afte 

iameter in different 
r incuhation (m m) 

4 5 

Per cent 
inhihition arlt':· 

5dar~ of 
incul)ation 

3 

6 

7 

8 

9 

[0 

II 

12 

[3 

14 

15 

Cicl'udelliliOll ill! orlll/l llll/l11 

Phl·lIl/lI l/lIi .\' II i l'll I'i 

Adcl1ora/\'JI /lI/a allirl'll 

1£1 I1'.I'<IIlio il/(' l'lII i.1 

LC/lca.\ ilspera 

Glyw lll1is /) f llillflhsi/a 

k;ar/imchra indica 

OCill1iilli sallctllill 

Andrograph il panic/(/{I!a 

CioUl),/nonlllerClIl'ialis 

Aesle manlle/os 

Cil]l/(I1110 11 111/11 ~erl(llli(, lilii 

A/l iIlIllSllli l'lIlII 

CllrCilII/(I fOl/gll 

Ncem oil 

2 
4 

I 
2 
4 

2 
4 

I 
2 
4 

2 
4 

4 

2 
4 

1 
2 
3 

16.00 
1300 
13.00 
1:150 
15.00 
1100 
o 
o 
o 
o 
o 
o 
18.00 
15.50 
12.00 
15.00 
14.00 
1100 
[2.00 
1000 
09.00 
09.00 
06.00 
o 
19.50 
[9.50 
17.00 
18.00 
17.50 
16.50 
IJOO 
15.00 
10.00 
o 
o 
o 
o 
o 
o 
10.00 
0800 
o 
18.00 
[4.00 
12.50 

]500 
30.00 
26.50 
28.50 
2100 
20.50 
o 
o 
o 
1100 
10.00 
o 
37.50 
32.00 
25.50 
30.00 
28.00 
30.00 
2400 
19.50 
18.00 
20.00 
13.00 
o 
31.50 
31.00 
30.00 
32.00 
29.00 
28.00 
3200' 
28.00 
20.00 
20.00 
o 
o 
06.00 
o 
o 
[8.00 
16.00 
o 
24.50 
23.50 
2200 

42.00 
38.00 
3().00 
41.50 
31.00 
28.00 
o 
o 
o 
18.00 
15.00 
o 
4000 
46.50 
38.00 
40.00 
35.50 
39.00 
28.00 
25.00 
24.00 
32.00 
19.00 
OR.OO 
3300 
35.00 
3400 
40.50 
39.00 
36.00 
45.00 
39.00 
30.00 
29.50 
08.00 
o 
18.00 
o 
o 
2.400 
20.00 
o 
33.00 
30.00 
29.00 

52.00 
44.50 
4100 
47.00 
45.00 
39.50 
o 
o 
o 
24jO 
:WOO 
o 
57.50 
56.50 
52.50 
50.50 
50.00 
42.50 
38.00 
35.00 
34.00 
40.50 
27.00 
1100 
49.50 
48.50 
45.00 
48.50 
48.00 
40.50 
57.00 
49.50 
35.50 
3100 
11.50 
o 
22.00 
o 
o 
36.00 
26.00 
0600 
45.00 
42.00 
38.50 

7::' 00 
WOO 
5100 
60.50 
49.00 
44.50 
o 
o 
o 
3050 
25.00 
o 
66.50 
60.00 
61.50 
67.50 
54.00 
54.00 
47.50 
45.00 
45.00 
MOO 
34.00 
18.00 
52.00 
5100 
48.00 
52.00 
54.00 
48.00 
61.50 
53.00 
36.50 
55.00 
18.00 
o 
2500 
o 
o 
40.00 
3000 
10.00 
5050 
47.00 
46.00 

0-+.00 
2133 
32.00 
10.33 
34.66 
30.50 
100.00 
100.00 
100.00 
59.33 
66.66 
100.00 
11.33 
2000 
13.50 
[0.66 
18.66 
[8.66 
3733 
40.00 
40.00 
4133 
54.66 
76.00 
30.66 
32.00 
36.00 
30.66 
28.00 
3600 
18.66 
2933 
51.60 
26.00 
76.00 
100.00 
[4.2.0 
100.00 
100.00 
46.66 
60.00 
86.66 
3320 
3733 
38.66 

Control 2100 40.00 57.00 68.00 75.00 

~Mean of three replications 

inh ibiting the mycelial growth of the fun gi . Moderate 
inll ibi tory effec t has been observed also in cases of other 
plant speci sand In neem oiL As such very hioh inhibition 
(more than 50%) in mean fungal growth has been noticed 
with 5i ' species of plants. The ability f the e plant 
species in inh ibiting all the three major pathogens of leaf 

rot in a higher order is a point of importance Crable 5). 
Concent rations of the extracts of some plants also 
infl uenced the extent of inhibition of fungi (Tables 2-4). 
For example, at the level of 4% concentrat ion of L. 
il7 crnlis and C. :eyfalliclIlIl all the three fungi were 
inhibited upto 100%; simi la rl y C. fonga on C. 
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Tahle 4, EITet'tllf H('N une has~d plant ~:\trac t s in larious culll'l'rllralion<; on gn)\\ th of Fusariulll solani in din'frenl da)"s of incuhatiol) in prelill1illar~ ex perimell t!' 


Colony diall1d ~r in dill('rrnl j'{'1' , ent 
:" .. ,n, ('Ianl species Conr. of da~'s after incubation (null) inllihili on nfter 

e.\lract 5 dals of 
1 3 4 5 illl'uhali t)1) 

('icru(/rlldrOIl ill(()r//fl/(//IIIII 22.00 39.50 52.00 S350 5~jO DO.OO 
2 2100 36.00 4-1.50 .)s.su 52.00 on o 
4 2~ 00 29.00 3-1.00 .I~50 :;0.00 07.10 

2 1'11\1luIIIIIII.l lliruri 0700 1-1.50 30 00 .1000 51.00 OS5) 
2 o 13.00 2 ~.OO ·:1000 50.00 07..10 
-I o 1100 2200 38 .00 42.5 0 21.59 

3 .'l ri(,1I0CIIlrlll/!/(/ a/licl'll I o o o o o 100 00 
2 o o o o o 100.00 
-I o o o o o 10000 

4 ul\I'Wllia illerlllis I o 1000 1.< .00 16:10 30.00 -W.-W 
2 o os 00 1000 I ~ . OO 2-1.00 5555 
4 o o o o o 100.00 

LeliellS IIJJlCI'(] 1300 20.00 28.50 1750 43 50 2037 
2 ILOO :WOO 27.00 ".'.00 4 1.00 2·t07 
<I 0600 ossu T.OO 32' 0 38.00 29.96 

6 (j/lCUJlll is pl'IItal'In1111 I O~jO I~.OO 2~ . 00 3450 ,soo 29.% 
2 09.50 1800 27:i0 31.00 36.00 33.3 
4 0800 17 00 2600 JOOO ].j-SO 36. 11 

7 lI:lIIlirachlll in!iim OS.OO 15.50 1900 25.67 32.00 -IU.7-1 
2 0700 1200 16.50 22.50 275 0 4907 
4 OS.50 1050 11.50 1850 24.00 55.55 

8 OCilllllll1 SOIiC/1I1II 09.00 20.00 2700 33.50 :1 300 29.62 
2 0750 17.50 23. 16 31.00 30.00 -1-144 
<I o ILOO 17.50 ~2.00 2150 SS 13 

9 ,l lIdrographiJ {laniculatll I IOOD 1650 2600 34.67 5900 00.00 
2 1000 17.00 2-100 3200 4000 ~59,} 

4 OS.OO 1650 2000 2700 35.00 35. 18 
10 Oao.nlol/nlllercurialis 11.50 2l.S0 29 .50 ]]50 4050 13.50 

2 lOOO IgOO 2600 2800 41 5 0 23. 15 
4 0750 17.50 23.50 2350 235 0 5(i.48 

II /Irgic lIIamlrios I 12 .00 20 00 3200 42 .00 45.00 16.66 
2 08.00 20.50 30.00 36.00 38.50 28.70 
4 o 12 .00 2100 2300 23.00 .~7 .-I O 

12 ('ill/Ill/IIOIIIIII}} :.ryioilicuIII o 15 .00 2300 3200 HOO 18.50 
2 o 0600 12.00 :W.OO 2900 46.29 
4 o o o o o 10000 

13 Allillllls((/iI'llJII I 1000 3200 4100 4800 5400 100,00 
2 1600 29jO 3400 -1000 46.50 1188 
4 0600 2800 30.00 36.00 -1100 2-1 .07 

J4 CurcuJlla IOllga I o 1000 2000 26.00 3000 44.4-1 
2 o 0800 16.00 21.00 26.00 51.85 
4 o o o 6.00 1000 &1. -1 8 

15 Neel1l oil I 12 .00 20.00 2900 41jO 4900 09.25 
2 ILOO 1800 28.50 <1000 <l600 1·181 
3 1000 ISOO 2600 )500 3900 27.77 

Control 1200 21.00 3000 4000 54.00 

"Mean ofl hrce repl ications 

g/oeosporioides and A. sati1 'UIJI on E. rostrotll/ll as followed by re-incubation, and recovery of (be fun gus, 
compared to lesser effect of ex tract s in low er if any, recorded. Leaf extraclS of A. nlliceu and L, illem lis 

concentrat ions , The natu re of fungi toxicity of plant at 4 % con ce ntrat ion we re fun gic ida l to C. 
extracts was also tesled in certain cases where no fungal g/oeosporiuides whereas C. zey/alliel/JII and C. IOl/ga 
growth was observed, For this the inoculum discs were were fungistalic. Like wise the leaf extracts of A, allicea, 
retrieved at the completion of required observalions from A. Sath'lIl11 and C. zey/oniclln/ at 4% concentrati on were 
the po is oned medi um and placed on normal PDA found to be fungicidal to E. rostratuIII, while the extract 
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Tahle 5. Mean effect of acetone based plant extracts on growth of major incubation (data not shown) . The mean effect of 
pathogens of leaf rot in pre liminllry experiment (Mean of three 
replications) 

i\'1ean percent inhibition in gro\lth 
S. Plant species on 5~ day or incubation* ~lean 

No. Col/elOlrichlllll ExserohilulII FI/saril/I/I (CD. at 
gloeosporioides roslr(l(/111/ .I OIOlli l o/c: 17.2) 

Clerodcndroll 
illjonlllwl llI l1 281 19.1 03.7 16.9 

2 Plnllolll /i m nimri 13.8 18.2 11.5 17.8 
Adenoealrnlilia 

allieea 100.0 100.0 100.0 100.0 
4 l.(jllsollia inennis 85.8 753 66.7 75.9 
5 i .el/({]j aspera 27.6 14.9 _~. 8 22A 
6 Circoslllis 

pel/lapiI1'l/a 33.7 15.9 331 27.6 
7 A~adirachra indica 49.4 39, I 48.5 45.7 
8 Oeillllllll SUl10!l11i 51.4 573 44.1 50.9 
9 Alldrogmphis 

paniell iara 20.5 329 204 24.6 
10 (/00\1'10(111 

IIIcrcurialis 19.3 31.6 31,0 27.3 
II i\eg le manlle/os 21.5 33.2 34.3 29.7 
12 ('illnaillolllilin 

ccylonicllIll 64.8 67.3 54.9 62.3 
13 Allil/l11 salirll/n 34.3 71.4 45.9 50.5 
14 Curcullia longa 77.9 644 59.3 67.2 
15 cern oil 44,9 364 173 32.9 

44.9 45.8 39.7 

'Mean of three concentrations (I %. 2% and 4%). 

of L. inermis was fung istatic. The extract of A. all ice a 
was fungic idal to F solani at 2%-4% concentration, but 
the extracl of L. illermis and C. zey!anicum expressed 
fungistatic effect on the fungus even at 4% concentration. 

Th e effect of p la nt ex tra cts in different 
concentrations, made out in d ifferent solvents on growth 
of the pathogens , was recorded in different days of 

concent rat ions of the plant extracts computed for 5,11 day 
of incubation is g iven in Ta ble 6 . Inhibitory effects of all 
plant extracts under di ffe rent medium of extraction were 
cons istently observed . However, the relative efficacy of 
plant extracts depended on the species and also solvent 
involved in the extraction of the probable inhibitory 

principle. All plants tested and whose extracts made out 
in acetone medium generally lead to higher levels of 
inhibition of fungi, followed by alcohol and distilled 
water medium of extractions. Among the plants the mean 
percent inhibitions of fungi were higher with acetone or 
alcohol based extrac ts of A. allicea and L. inermis, 
followed by that of C. zeylanicum, 0. sanctum, M. 
pudica, A. indica etc. Except L. aspera a ll other plants 
in ace tone extrac tions effected more than 50% inhibition 
of fungi. In alcohol-based extrac ti ns the le vel of 
inhibition was relatively lesser than thaI in acetone based 
extractions. In water based extraction of A. indica also 
h igher mean inhibi tion of the fungi was observed an 
interesting feature. Thi s was followed by L. inennis , A. 
allicea and 0. sanctum. Moderate inh ibition could be 
observed in water-based extractions of other plant 
species. In acetone and alco hol based extrac ts of A. 
allicea or L. inermis only cent percent inhibition of the 
fungi could be observed at least in their h ig her 
concentrations as compared to water extractions of 
various plants. 

The results of the in vitro effect of plant extracts 
on antagonistic organisms are given in Table 7. The effect 
of plant extracts on the antagonists was less than their 
inhibi tions of pathogens . The extent of inhibi tion of 
antagonists also depended on the medium of extrac tion, 
as relatively a higher inhibition with acetone followed 

Table 6. Mean effect of plant extmcts under different solvents of extraction on growth of major pathogens of leaf rot (Mean of three replications) 

S.No. Plant species Mean percent inhibition in gro\\1h on 5" day of incuhation under di fferent solvents of extraction* 
Acetone Alcohol Water 

Cg Er Fs Mean (C.D. at Cg Er Fs Mean (C.D. at Cg Er Fs fean (C.D. at 
1%: 10.7) 1%: 10.3) 1%: 8.4) 

Adcnocainmna a/liaa 64.7 89.8 883 80.9 62 8 82.4 856 76.9 52.8 61.7 57.9 57.5 
2 kadiracl7la indica 56.2 63.5 59.2 59.6 514 55.9 57.9 55.7 73.6 68.9 68,2 70.2 
3 Cil1l1(JfIIOIIIIIIll zeylaniclIIl1 603 719 736 68.6 572 68,6 67. 1 64.3 49.S 63.5 51.9 55.1 
4 Ll/II'sol/ia il/erlllis no 94.4 69.4 78.6 703 714 66.7 69.S 67.9 57.4 52.1 59.1 
5 OcimulIl S(lI1CI/IlIi 663 71.4 64.4 67.4 65.S 67.1 6S.1 67.0 5S.9 64.3 53.5 58.9 
6 AI/Ilona squamosa 39,9 53.5 68.5 53.9 37.6 40,8 54.8 44.4 353 31.1 41.S 36.1 
7 Zingiber officiI/ale 4S.4 643 72.8 61.8 47.2 57.1 55.5 53.3 53.9 45.9 50.3 50.0 
S Curcllma ionga 52. 1 53.8 CJ15 56.5 50.5 39.S 46.5 ·C6 413 31.2 39.4 37.9 
9 Mimosa plldica 525 633 82.2 66.0 51.7 60.9 63.6 58.7 44.0 . 49.2 44. 8 46.0 
10 i .fIICaS aspera 33.0 43.6 595 45.4 31.8 38.7 55.9 42.1 24.S 249 49.2 32.9 

Mean 54.5 66.9 70.1 52.8 58.3 62.2 50.4 49.8 51).9 
C.O. at 1%: 05.9 C.D. at 5%: 05.7 

*Mean of four concentrations (I %. nc, 3% and4%1; (g - Col/elO/{'ic!/li1l/ glo(osporioides. Er - ExserohilulI1 romaillm, Fs· FlisariulI1 solani , 
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Table.7. Effect of plant extracls on growth of anta!;OniSlic orgilnl<;ms under different solvents of extraction on 5' h day of incubation (Me~tn of three replications) 


S. Plant sped Level of bacterial growth * Mean perce nt inhibition in growth ofT. harzialllllll ,,* 
No. Cvnc. of Acetone Alcohol Water Acetone Alcohol Water f>lean (c.n. 

ext ract Bs PI Bs PI Bs PI at l~: IOJ ) 
.ldC/l oC{llr lllllla al/ieca +++ ++ +++ ++ ++++ +++ 

2 ++ + ++ + +++ ++ 72.8 63.5 44.0 (iO.l 

3 + +++ + 
4 + + 

k llclimcilla illdira +++ ++ ++ ++ ++++ +++ 
:2 ++ + + + +++ ++ 633 49.2 35.1 49.2 
3 + + ++ + 
4 + + 

Cilll1alllollll/(/l :ryianic/oll +++ +++ +++ ++ ++++ +++ 
2 +++ + + + ++++ ++ 53.8 54.9 41J 50.6 
3 +++ + +++ + 
4 + +++ ++ 

11I1I'.10Ili(l incrlllis I +++ ++ +++ +++ ++++ ++++ 
:2 ++ ++ +++ + +++ +++ 73.6 62.1 49 .6 61.8 
3 + + ++ + ++ ++ 
4 + + ++ + + ++ 

OCillllll/l sanrllllll I ++++ +++ +++ +++ ++++ +++ 
2 +++ ++ ++ ++ +++ +++ 58.9 54.3 44.2 52.5 
3 ++ + + + +++ ++ 
4 + + + ++ ++ 

6 Annona sqllalllosa +++ +++ +++ ++ ++++ +++ 
2 +++ ++ +++ + ++++ ++ 56.4 46.6 383 .t7.l 

3 +++ + ++ + +++ ++ 
4 + + + ++ + 

Zingiber oifieinale +++ ++ +++ +++ ++ +++ 
2 ++ + ++ + ++ ++ 49.7 41.3 38. 1 ·no 
3 ++ + ++ + + + 
4 + + ++ + + 

CUf(lllllO lunga +++ ++ +++ ++ +++ +++ 
2 ++ + ++ + ++ +++ 64.3 59.1 53.2 58.9 
3 ++ + ++ + ++ ++ 
4 + + + ++ ++ 

9 Mimo.mpodico I +++ ++ +++ ++ +++ +++ 
2 ++ + ++ + ++ +++ 45 .4 42.8 40.3 42.8 
3 ++ + ++ + ++ ++ 
4 + + + ++ ++ 

10 1~'lIca5aspera I +++ ++ +++ +++ ++++ +++ 
2 +++ + +++ ++ +++ ++ 69 8 52.8 49.6 57.4 

3 + + ++ + +++ + 
4 + ++ + ++ + 60.8 52.7 43.6 {Mean (c. o. 

al 1%: OS.)} 

/J; - /Joci/lIl .1 wblili5, Pf - PSfodo/l lll/l(Jsf!1I0rl' .ICCns; *( -): No growlh. (+ ): LOll groll lh , (++): MOUCrJlCgrowlh. (+++): Good growth. (++++): Abundant growlh, 
FGro\\ lh in conlrob: (++++) I: "'Mean of four conccl1lr;Jlions ( I %. 2'A: . 3% and 4';1,.). 

by alcohol an d di stilled water. In water ext racts. no 
complete inhibition of bac terial and fungal antagon ists 
was seen. even as their growth generally decreased with 
increase in concentration of extracts. T /wrzianlllll was 
not completely inhibi ted in alcohol extracts in a similar 
manner. irre spective of pl ant spec ies. but at 4% 
concentrat ioll of acetone extracts of A. al/irea and L. 

il/CT/llis it was completely inhibited. The mea n inhibitory 
effect or pl ant spec ies/ mcd i um of extraction on r 
/l({rz;onull/ were significant. Both R. sliul i/is and P 
flllorescell s survi ved ina Icohol extro:lcts of L. inermis, A. 

~{I[((I/I IOS{/ , C. lo ngo , M. pudico a nd L. aSjJf'rG (in 

decreas ing order with increase in concentration), A 
similar trend cou ld be observed in acetone ex tracts of L. 
i/l erlllis. O. sa ll ctum and Z. officina/e . H igher 
concentration of acetone and alcohol extracts of A. allicca 
and A. indica completely inhibited both the bacterial 
antagonists . While 8. sllbti/is could relati ve ly grow in 
diHerent concen trations of aceton e ex tra cts of C. 
zcy/allieliln. A. squalllosa. C. /ollgo . M. jJlIdica and L. 
mpera, the growth of P. flil orescells was less in such 
extracts amended medium. Further, P jlllorescens lost 
its viability in higher concentrations ofthese extracts. A 
s im il ar t rend was seen in alcohol ex tracts of C. 
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zeylan iClI nt, O. san ctll m nd Z. offi iI/ ale on th ese 
bacterial species. Hence B. sllbtifis was less affected by 
plant ex tract than P. f/ llo re scens and consequen tl y 
rel ative tolerance of B. sllbtil is to pl ant extracts cou ld be 
inferred. 

It is evident that al l plants tested in the stud y 
inhi bited major pathogens of leaf rot. The inhib itory 
potential among the plants differed and variations were 
observed in terms of thei r effecl on species of path genic 
fung us, medi um of extract ion and concentrat ion of 
extract. The differences in activ ity among plant extmcts 
may be due to differentia l ant ifungal compounds of the 
plants and the concen tration effect as a can equence of 
the leve l of inhibitory princ iple in volved . Acetone 
extractions of plants lead to higher inhibitions over 
alcohol and aqueous extractions. A vast number of rep rts 
have emerged out in literature about the inhibitory effect 
of various plant extracts on fungal pathogens of crop 
plants. Ethanol extract of the leaves of A. indica in hibited 
Sclerotinia sclerotiontm (Qais. K. Zewain et al., 2004) 
and application of even the aqueous extract of the plant 
leaves lead to reduced level of nion blight caused by 
Stemphyfium botryosum (prasad and Baranwal , 2004). 
Prarni la Tripathi and Dubey (2003) reported fungi toxic 
effect of the extracts of A. allicea, A. man ne/os. 0. 
sanctum tc. in d ifferen t solvents against Penicillium 
italicwrz . Ancy. P. George et al. (2003) found inhibitory 
effect of A. sativum, A. cepa etc. in checki ng the in vitro 
growth of C. capsici. Water extTacts of the bulbs of A. 
sa tiv um effecti vely inhi bited the growth of 
BotryodipZodia theobromae (Deepa et al., 20 3) and C. 
capsid (Chidananda Swamy and Srikant Kulkarni, 2003). 
Naik et aZ. (2003) fou nd 0. sanctum as an effective 
inhibitor of A lternaria sesame. Inh ibitory effect of 
different plant species on a number of plant pathogenic 
fungi (e.g., L. inemlis on Rhi"locton ia solani; 0. sanctum 
on sugarcane fungal pathogens; C. inf ortunatum on 
Ganodenna lucidllm ; A. allicea and A. marmelos on 
Peni ilfium spp. and Aspergillus spp.), as observed by 
various other workers, also have been reported elsewhere. 
Higher inhibitory potential of A. allieea, L. inenllis etc. 
as observed current ly is illustrative of the inhibitory trend 
of va ri ous species of plants on the pathogens and th is 
study forms the fi rst report of inhi it ry role of plant 
extracts on leaf rot pathogens. 

Scant informatio n is available about the sensitivity 
of antagoni st ic organisms to botanicals. However, 
rel atively lesser sensiti vit y. particularly the bacteri al 
antagon is ts to plant e x.tracts (aqueous extracls ), as 
observed in the current stud lends scope for combining 
plant derivati ves with antagoni sts as a possible potential 

V. K. AnishkurnaL S. Jyothi Ral na and N. Srin ivasan 

consortium for the di sease contro l. Inh ibitory ro le of A. 
indica on leafrot pathogens. but insensitivity or re latively 
low sensitiv ity of an tagonistic bacteria to the plant ex tract 
may be ci ted as a point of importance. Toxic effect of 
neel11 or its formulations on pla nt pathogenic fu ngi have 
been widely documented. Hence plam produc ts derived 
through minimal processing. common organics (neem 
cake. marot ti cake) etc. could be availed as hase/can·ier 
for antagon i ts' preparation. Importance of eVOlving 
induced system ic resistance agains t root (wilt)-leaf rot 
compl ex has been suggested, there lies a scope for 
applicati on of biocontrol t chnology (SIi ni vasan 2004; 
Srinivasan and Roh ini Iyer, 2004). The plant growth 
promoti ng rhiz bacteria (PGPR) havi ng the potential to 
induce systemic res istance against diseases has received 
attention in recent years. Bio pesticides bearing such 
potential disease control mechanism are likel 10 be more 
use ful in eco- fr ie ndly mann r for the integrated 
management of the disease complex. Further work is 
progressing on such li nes. As plant extracts , besides 
bacte ri al an tagon ists, are also inhi bitory L leaf rot 
pathogens strategic techniques are also being evolved 
fo r combin ing these biocon trol meas ures to gain 
synergIsm. 
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