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Abstract. Anthracnose, a disease caused by Colletotrichum gloeosporioides
which affects chili, is difficult to control. Biological control with indigenous
rhizobacteria (RB) can be a solution as the bacteria are conditioned to their natural
habitat. The advantage of using indigenous rhizobacteria is that it is easy to adapt
to the target plant and multi mechanisms, i.e. not only to control plant diseases but
also to enhance the growth and yield of chili. The aim of this research was to
determine the isolates of indigenous RB capable of enhancing the resistance of
chili crops against anthracnose disease. Indigenous RB isolates were obtained
from healthy rhizosphere chili in endemic areas of anthracnose disease in West
Sumatera. Sampling was done by using a purposive method, based on
geographical conditions, namely: 1. Lowland (<400 m above sea level (asl),
Padang City, 2. Medium land (400-700 asl), Lima Puluh Kota District, 3. Highland
(> 900 asl),Agam district. This research consisted of two stages, 1. The selection
of 169 isolates of indigenous RB for their capability to enhance the growth of chili
seedlings and 2.The testing of selected isolates of indigenous RB in inducing the
resistance of chili against anthracnose disease. The parameters observed were:
time and percentage of germination, seedling height, number of seedling leaves,
root length of seedlings, wet seedling weight, dry seedling weight, incubation
period, attack intensity, percentage of infected fruits, plant height, number of fruits
per plant and fruit weight per plant. The resultsshowedthat19 the isolates of
indigenous RB were capable of stimulating the growth of chili seedlings, which
consisted of 7 isolates of indigenous RB from Padang city, 7 isolates of indigenous
RB from Agam district and 5 isolates of RB from Lima Puluh Kota District. Three
RB isolates were capable of controlling anthracnose disease, namely isolates of
RB B1.37 and P1.31 with 0% attack intensity, and B2.11 with 27.8% anthracnose
disease attack intensity.
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1 Introduction

An anthracnose disease caused by Colletotrichum gloeosporioides can be found in all types
of chilli crops planted in the lowlands and highlands[1]. This pathogen is difficult to control
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because it can be transmitted through seeds (seed-borne disease), infecting hyphae is shielded
within the plant's cuticle, and has high genetic diversity [2].

The recommended controls are using resistant varieties, practicing crop rotations, and
discarding the remains of chili plants after harvest. Chemical control was done by using
fungicides such as triazole and pyrimidine, but the results are not maximized. One of the
alternative controls is the use of biological agents from the rhizobacteria group [3] and [4].
Biological control using indigenous rhizobacteria is more effective when it is introduced to
related plants because of its higher compatibility and adaptability. Mechanisms of biological
agents are antibiosis, parasitism, competition, and induction of resistance [5] and [6]. The use
of biological agents, in addition to suppressing the development of plant diseases, can also
increase the growth and yield of plants. Several types of bacteria, as biological agents, are
known as plant growth-promoting Rhizobacteria (PGPR).

Fatimah[7] reported that the introduction of indigenous rhizobacteria in chili seeds
increased plant growth and was detected to produce [AA-producing hormones but not in
controls. PGPR treatment on chili seeds and seedlings could increase plant height, leaf number,
and yield. Several types of rhizo bacteria are able to induce plant resistance to pathogens such
as induction of tomato plant resistance to wilt disease (Fusarium oxysporum) using endophytic
bacteria [8]. The results of Saleem [4] showed that indigenous rhizo bakteria from the
rhizosphere of chili plants could induce chili resistance against bacterial wilt disease (Ralstonia
solanacearum). While the use of rhizobacteria for anthracnose disease control among others is:
the application of biocontrol agent Bacillus subtilis capable of inhibiting the growth of C.
gloeosporioidesas causes of anthracnose disease in strawberry, apple, pear and tomato plants in
vitro [9]. Related term of dry weight the Bacillus subtilus inhibited Colletotrichum
gloeosporoides up to 100% in dual liquid culture [10]

The purpose of this study isto obtain isolates of indigenous rhizo bacteria from a healthy
chili rhizosphere able to stimulate the growth of chili seedlings and induce chilli’s resistance
against C. gloeosporioides.

2 Material And Methods

The research consisted of 2 stages, 1) Selection of indigenous rhizobacteria isolates capable
of increasing the growth of chili seedlings. In this study, the treatments were arranged in a
Completely Randomized Design (CRD) consisting of 169 treatments and 10 replications. The
treatments were rhizobacterial isolates introduced to chili seeds. Data were not analyzed. 2).
Selection of indigenous rhizo bacterial isolates to induce chili’s resistance against C.
Gloeospoiroides as a cause of anthracnose disease in chili plants. This experiment was
conducted at Horticulture and Food Crops Plant Protection Agency, Padang, West Sumatra
Province. The experimental design used was CRD, which consisted of 24 treatments and 3
replications. The treatments were selected rhizobacterial isolates as the result from stage 1. The
parameters observed were anthracnose disease development, growth, and yield of chili. Data on
the number and weight of healthy chilies were analyzed by using the F test and followed by
Duncans Multiple Range Tests (DMRT) as presented in the table.
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.1 Working Procedure

[

.1.1  The exploration of rhizobacteria from the rhizosphere of healthy chili plants.

The exploration of rhizobacteria from rhizo sphere of healthy chili plants in endemic areas
of anthracnose disease was done by using purposive random sampling method with the
following criteria: chili production centers were located at different altitudes (low, medium and
high), the areas were endemic anthracnose disease and planted areas were 250 m? minimum.

2.2 Propagation of indigenous rhizobacterial isolates.

Rhizobacterial isolates were propagated in NA medium (nutrient agar). 48-hour pure
cultures were suspended in sterile distilled water until they reached a population density of 108
cells/ml based on the Me Farland solution [11].

2.3 Preparation of planting media

Planting media used were a mixture of soil and manure with a ratio of 2: 1 (v/v) and then
sterilized by tyndalisation(1 hour heating at 1000C) and incubated for 24 hours and repeated 3
times. Subsequently, the media were placed in polybags with a diameter of 22 cm(8 kg of media

per polybag)
2.4 Introduction of indigenous rhizobacterial isolates on chili seedlings

Indigenousrhizobacterialisolates used were the result of rhizobacteria from stage 1. Four-
week-old seedlings were transferred to polybags then splashed with 10 ml of indigenous
rhizobacterial suspension.

2.5 Maintenance

Maintenance included: fertilizing, weeding, watering and pest control. Chilli plants were
fertilized with artificial fertilizers, Urea 1.2 g/polybag (300 kg/ha), SP36 0.8 g/polybag (200
kg/ha) and KCI 0.8 g/polybag (200kg/ha).Fertilizers were given 2 times; 1) a half of Urea, all
SP36 and KCI were given an entire planting time 2). The other half of Urea was given 35 days
after planting [12]. Weeding was done mechanically. When it did not rain the plants were
watered 2 times a day. Pests were controlled mechanically.

2.6 Selection of indigenous rhizobacterial isolates capable of inducing chili’s resistance
against Colletotrichum gloeosporioidesas a cause of anthracnose disease in chili

Propagation of Colletotrichum gloeosporioides. C. Gloeosporioides isolates used were
obtained from the collection of Biotechnology Laboratory Department of Agricultural Faculty
Andalas University, then they were rejuvenated on Potato Dextrose Agar medium by using
Fungal mat with %> cm2 and incubated for 12 days and reproduced on Potato Dextrose Agar
medium.

Inoculation of Colletotrichum gloeosporioides. Chili plants were inoculated on fruits one
month after flowering by using the technique of[13]. Inoculation of C.gloeosporioides was done
by using a syringe. Ten chili fruits having uniform age and fruit size were inoculated with



conidia suspension (10%sel/ml density) by injecting 0.1 ml, then the fruits were wrapped with
wet cotton. To keep the plant's moisture they were encased with clear plastic for 3 days.

3 Result And Discussion

3.1  Selection of indigenous rhizobacterial isolates for growth of chili seedlings

The ability of indigenous rhizobacterial isolates to stimulate the growth of chili seedlings
varied among isolates. Nineteen indigenous rhizobacterial isolates (7 from lowland, 6 from
medium plain and 6 from highland) showed the ability to increase the height of chili seedlings
(10.30-11.90 cm) with the effectiveness 0f45.0-67.6% compared to control (6.7 cm)(Table 1).
The ability of some other rhizobacterial isolates was the same as controls while some others
were lower than controls. Rhizobacterial isolates able to cause the highest increase in height of
seedlings were P2.11 (11.90 cm), Y1.15 (11.80 cm), Y1.21 (11.78 cm), and B1.37 (11.77 cm).
In this case, it was seen that there was no effect of different altitutes as sources of rhizobacterial
isolates on the increase of the height of chili seedlings.

Table 1. Growth of chilli seedlings introduced by rhizobacterial isolates from endemic areas
of anthracnose diseases with different altitutes.

Isolate Length of germinating Seedling
No Code Altitute day Effec % Effec Height Number Root length Wet weight Dry weight
tive tive leaves
ness ness Cm Eftv leafl Eftv cm Eftv Gr Eftv Gr Eftv
et
1 p2.11 LL 51 239 100 0,0 11,90 67,6 79 920 216 950 135 2648 0,13 225,0
2 Y115 ML 6,2 74 100 0,0 11,80 66,2 78 900 170 530 150 3054 0,16 300.0
k

3 Yizl ML 6,5 2,9 100 0,0 11,78 659 73 780 169 520 067 81,0 0,07 75,0

4 BL37 HL 6,5 2,9 100 0,0 11,77 657 63 540 170 530 0,60 62,0 0,08 100,0

5 B2.20 HL 6,2 74 100 0,0 11,23 58,2 7,5 83,0 17,4 57,0 0.71 92,0 0,10 150,0

6 B2.11 DT 60 104 100 0,0 11,22 58,0 74 80,0 173 560 0,76 1054 0,10 150,0

7 Y1.6 NL 6,0 10,4 100 0,0 11,21 57,8 7,1 73,0 17,1 54,0 1,39 275,7 0,09 125,0

8 B2.9 HL 6,5 2,9 100 0,0 10,93 53,9 66 610 171 540 0,63 71,0 0,06 50,0

9 B1.29 HL 6,5 2,9 100 0.0 10,90 535 64 560 173 560 0,67 81,0 0,09 125,0
10 P2.3 LL 52 223 90 -10,0 10,70 50,7 71 730 210 890 0,78 1108 0,07 75,0
11 Y24a ML 6,6 14 100 0,0 1060 493 6,2 510 178 60,0 057 54,0 0,06 50,0
12 P1.31 LL 59 119 100 0,0 10,55 48,6 70 710 168 510 0,66 78,4 0,08 100,0
13 Y214 ML 6,6 14 100 0,0 10,51 48,0 60 460 161 450 0,59 59,0 0,06 50,0
14 P2.10 LL 58 134 90 -10,0 1050 478 62 510 168 510 1,13 2050 0,09 125,0
15 P2.14 LL 58 134 100 0,0 1050 47,8 71 730 173 560 0,71 920 0,07 75,0
16 P1.10 LL 6,5 2,9 100 0,0 1050 478 64 560 173 560 0,57 54,0 0,08 100,0
17 Y2.7 ML 6,5 2,9 100 0,0 10,40 46,4 62 510 171 540 0,65 770 0,06 50,0
18 p2.1 HL 6,3 5,9 100 0,0 10,30 451 65 580 175 580 0.79 1135 0,09 125,0
19 B1.7 HL 6,5 2,9 100 0,0 10,30 45,1 67 630 169 520 0,79 1135 0,10 150,0
20 Kntrl 6,7 100 7,10 4,1 11,1 0,37 0,04

Note : LL = Low land, ML = Medium land, HL = High land

Selected P2.11 isolate could promote the growth of seedlings. It accelerated germination 5.1
days after planting (dap) (23.9%) compared to control (6.7 daps), the percentage of seedling
height increase was67.6%, the leaf number was92%, and the root length was95%.
Rhizobacterial isolate Y1.15 could increase the percentage of the wet weight of seedlings by



226% and dry weight of seedlings by 225% compared to controls. It is assumed that
rhizobacterial isolates P2.11 and Y1.15 better increase the growth of chili seedlings and could
better adapt to the experimental location compared to other isolates. [14]arguesthat antagonistic
microbial ability is often different in increasing plant growth in areas due to complex
circumstances.

Increased growth of chili seedlings applied with indigenous rhizobacterial, is assumed to
have the ability to increase the plant growth known as Plant Growth Promoting Rhizobacteria
(PGPR). The mechanism of plant growth-promoting is one of the added value of the application
of biocontrol agent either bacterial or fungi group. PGPR is reported to stimulate plant growth.
The results of [15]which treated chili seedlings with PGPR isolate Neist-2 to increase their
growth at the age of4 weeks old, i.e. seedlings height 9,25 cm, root length 15,25 cm, which is
significantly different from the control (seedlings height 5,25 cm and root length 8,25 cm). [16]
reported the effects of 3 types of PGPR (B. pumilus, B. licheniformis, and P.fluorescens) on
chili and tomato seedlings germinated in sterile and nonsterile conditions. All PGPRs were able
to increase the height of seedlings and the number of leaves in sterile and nonsterile conditions,
and there was no difference between sterile and nonsterile conditions. This was due to the
competition between microorganisms as rhizobacteria inoculation and the effects of auxin
growth hormone produced by plant roots.

3.2  Incubation period

All indigenous rhizobacterial isolates were able to prolong the incubation period of C.
gloeosporioidesby 11.1-39.8% compared to control (Table 2), and chili plants introduced with
isolates B1.37 and P1.31 showed no symptoms of anthracnose disease until the age of 9 days
after inoculation (dai). In primary infection, almost all indigenous RB isolates were able to
decrease the intensity of C. gloeosporioides on chili from 80% (control) to 0-75% and
simultaneously to increase chili’s resistance from highly susceptible on control to susceptible
highly resistant. In fact, 2 isolates of RB (B1.37 and P1.31) showed no symptoms at all or the
attack intensity of C. gloeosporioideswas 0% and was categorized as highly resistant.

The incubation period of C. gloeosporioides in primary infection was generally longer in
chili crops introduced with indigenous RB isolates, especially 2 isolates (B1.37 and P1.31).
Introduction of indigenous rhizobacterial isolates on chili seedlings decreased the primary attack
intensity of C. gloesporioides to 9 days since 2 isolates (B1.37 and P1.31) showed no symptoms
at all or attack intensity of C. Gloeosporioides was 0% and it was categorized as highly resistant.
This was caused by isolates B1.37 and P1.31 had plant resistance inducer indicators

Table 2. Development of anthracnose disease in chili plants introduced with indigenous
rhizobacterial isolates (primary infection 9 days after inoculation)

Isolates Incubation period Disease Intensityandcategory
No Code Altitute Day Effectiveness Intensity Effectiveness Category
(%)

1 B1.37 HL ~ ~ 0.0 100.0 Heigly resistant
2 P1.31 LL ~ ~ 0.0 100.0 Heigly resistant
4 B2.9 HL 47 30.6 20.0 75.0 Resistant

3 B2,20 HL 4.6 27.8 23.3 70.8 Moderate resistant
5 P2.1 LL 5.0 39.8 26.6 66.8 Moderate resistant




6 p2.3 LL 4.7 30.6 26.6 66.8 Moderate resistant
7 p2.14 LL 4.7 30.6 30.1 62.3 Moderate resistant
8 p2.11 LL 48 33.3 325 59.3 Moderate resistant
9 B2.11 HL 5.1 32.7 325 59.3 Moderate resistant
10 Y2.7 ML 45 25.0 35.0 56.3 Moderate resistant
11 Y2.1 ML 45 25.0 38.0 52.5 Moderate resistant
12 B1.7 HL 4.6 27.8 40.0 50.0 Moderate resistant
13 p2.10 LL 4.3 194 40.0 50.0 Moderate resistant
14 P1.5 LL 4.3 194 435 45.6 Moderate Susceptible
15 Y1.15 ML 4.6 27.8 43.6 45.6 Moderate Susceptible
16 Y1.6 ML 4.3 194 45.0 43.8 Moderate Susceptible
17 B1.18 HL 45 25.0 45.0 43.8 Moderate Susceptible
18 Y214 ML 43 19.4 47.6 40.5 Moderate Susceptible
19 Y2.4a ML 4.1 13.4 50.0 375 Susceptible

20 B2.25 HL 43 19.4 60.0 25.0 Susceptible

21 P1.10 LL 4.0 11.1 65.0 18.8 Susceptible

22 Y1.21 ML 45 25.0 75.0 6.3 Heigly susceptible
23 B1.29 HL 3.6 0 97.0 -21,3 Heigly susceptible
24 Control + 3.6 80.0

Note : HL=Highland, ML= Mediumland, LL= Lowland.~ =No symptom until 9 days after
inoculation

such as: increase enzyme activity of aminloase penilalanase, peroxidase, polyphenol oxidase,
phytoalexin production, antimicrobial, besides having biocontrol mechanism (production of
salicylic acid), chitinase enzyme production, and PGPR mechanism (IAA growth hormone
production, and phosphate solvent).Similar results were reported by [4] who indicated that 13
isolates of indigenous rizobacteria from different altitudes (Medium land : Solok District; and
highlands: Agam District) could increase the resistance of chilli plants to bacterial wilt disease
R. solanacearumup to 33,3%. Furthermore, [17] reported that the antagonistic test of
rhizobacteia to Fusarium oxysporum f.sp.lycopersici effectively controlled Fusarium wilt
disease to 31 %. The results [10] the treatment of the seed with co-inoculation of the pathogen
with Bacillus sp. culture showed a 65 % reduction in disease incidence by the treatment as
compares to the seed treated with pathogen alone (77,5%). Furthermore, the appearance of
anthracnose attack on chili with and without the introduction of rhizobacterial isolate is shown
in Figure 1.
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Figure 1. Comparison of primary attack symptoms of C. gloeosporiodes on chili introduced
with rhizobacterial isolates. A. Without the introduction of rhizobacterial isolates. B1.
Introduction with indigenous rhizobacterial isolates B1.37 and B.2. P1.31. C. Symptoms of
anthracnose disease in chili plants introduced with isolate B1.29.

3.3 The results of chili introduced with indigenous rhizobacterial isolates in secondary
infection of Colletotrichum gloeosporioides

The introduction of indigenous rhizobacterial isolates on chili seeds decreased the number
of fruits(2.1 — 27.4%) and the weight of the fruits (2-35.4%) (Table 3). The introduction of chili
with indigenous rhizobacterial isolates B2.11 could decrease the number and weight of
diseased chili fruits to a lower point of 5.7 fruits(2.1%) and 4.3 grams (2.0%), and these were
not significantly different from the chilies introduced with indigenous rhizobacterial isolate
B1.37 that were 4.8 fruits (2.2%) and 4.1 grams (2.0%). Chilies introduced with indigenous
rhizobacterial isolatesY1.21 showed the highest decrease in the number and weight of diseased
chili fruits, i.e 50.2 fruits (27.4%) and 46.3 grams (29.1%).

This study showed that the introduction of chilli seeds with indigenous rhizobacterial
isolates B2.11 against C. gloeosporioides attack resulted in the percentage of primary infection
and the intensity of attack 50% and 32.5% (moderate resistant), and introduction of indigenous
rhizobacterial isolate B2.9 resulted in primary infection and attack intensity respectively 20%
and 20% (resistant) (Table 2).



Table 3. Decrease of chili production due to secondary infection of Colletotrichum
gloeosporioidesas a cause of anthracnose disease in chilli crops

No Isolat Number fruits Fruits Weight
Code  Altitut Total Sick Healthy Eftv % Total Sick Healthy Eftv %

1 B2.11 : HL 2323 a 57 2266a 3811 21 2177a 43 2134a 507, 2,0
2 B1.37 HL 230,2 a 48 2254 a 378,5 2,2 2134a 41 2093a 496% 2,0
3 P1.31 LL 2213 b 54 2159 b 3584 24 2025b 46 1979b 4632, 2,8
4 P2.3 LL 2078 ¢ 71 200,7c 326,1 34 2026b 6,7 1959b 4588, 33
5 P2.14 LL 192,1 d 9,0 1831d 288,7 4,7 1700c 80 1620c 3611, 4,7
6 P2.1 LL 181,3 efg 21,1 160,2e 240,1 116 1722c 14,2 1580c 3505, 8,2
7 P2.10 LL 184,4 de 35,9 1485f 215,3 195 1781c 355 1426d 3061, 19,9
8 B2.25 HL 180,0 efg 335 146,5fg 211,0 186 163.3 d 280 1353 e 2852, 171
9 p2.11 LL 1745 g 33,6 140,9 fghi 199,2 19,3 167.1 d 33,7 1334 e 28(;1, 20,2
10 B2.20 HL 180,6 efg 40,7 139,9 fghi 1384 22,6 157.3 efg 246 1327 e 2490, 22,0
1 P15 LL 183,3 efg 44,4 139,4 fghi 132,9 249 163.5 408 1227 f 2475, 254
12 Y21 ML 1795 fg 456 1339 ] 138,9 26,0 22?5 def 425 1220 f 2205, 13,3
13 Y121 ML 183,5 ef 50,2 1333 132,3 27,4 1589 ef 46,3 1126 g 2207, 29,1
4 Y1.15 ML 183,5 ef 35,2 148,3f 1473 19,2 1487 g 36,8 1119 g 2187, 25,2
15 II;>1.18 HL 178,3 efg 429 1354 j 134,4 135 1463 ¢ 376 1087 ¢ 209? 27,9
16 B29 HL 1749 ¢ 425 132,4fgh 131,4 10,6 1493 ¢ 42,1 1072 ¢ 205? 32,7
17 B1.7 HL 162,7 h 36,5 126,2 ki 125,2 13,7 1382 h 31,1 1071 ¢ 20; 22,5
18 B1.29 HL 160,2 h 39,1 1211 | 120,1 152 1463 ¢ 40,0 106,3 ¢ 2021, 27,3
19 P1L10 LL 1598 h 486 1112 m 110,2 190 1423 ¢ 444 979 h 1788, 31,2
20 Y16 ML 151,2 i 398 1114 m 110,4 174 1378 h 42,2 95,6 h 172 30,6
21  Y24a ML 149,7 i 488 1009 n 99,9 218 1336 h 46,4 87,2 i 148% 34,7
22 Y214 ML 1455 i 46,8 98,7 n 97,7 22,1 1306 h 46,3 84,3 i 14(;1, 354
23 Y27 ML 1365 36,2 1004 n 99,4 194 1187 i 350 837 i 1381, 29,5
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Note: Numbers in a column followed by same lowercase letters were not significantly
different based on DMRT 5 %

HL= High land, ML= Medium land, LL= Lowland and Eftv = Effective nes

Furthermore, the introduction of isolating B2.11 at the age of5 weeks after inoculation was
able to decrease the percentage of secondary infection, 4.3%, and decrease the number of
diseased chili fruits to 4.3. While chili seeds introduced with rhizobacterial isolates B2.9
resulted in a greater percentage of secondary infection, 34%, and the decreasing number of
fruits10.6%, and the weight of fruits with the disease to 327%. According to [18], C.
gloeosporioides is a weak parasite that infects chili fruits through injury, so that in a secondary
attack, chili is able to avoid C.gloeosporioides attack. This is possible because there is an
accumulation of metabolites in chili plants due to microbial introduction or because of the
physical barrier that limits the growth and distribution of pathogens. This is in contrast with the
results of research by [13]that indicates that a high incidence of C. gloeosporioides on chili
crops as a cause of anthracnose disease is based on the intensity of primary infection attacks.

3.4  Growth and yield of chili

(1) Plant height (cm).The introduction of indigenous rhizobacterial isolate in chili seeds
could increase the plant height from 27.3 t035.6 cm. IsolateB1.37 was able to increase the height
of chili plantsby35.6 cm, which is not significantly different from B2.11 and P1.31, but
significantly different from other treatments. The effectiveness of chili plant height increase
after the introduction of the indigenous rhizobacterial isolate was 0.4 to 30%. This is due to the
fact that rhizobacterial isolates are capable of producing IAA growth hormones to stimulate
plant growth. The results of Klement [12] and Gowtham[18] indicated that rhizobacterial
isolates strain Bacillus spp had the ability to increase the height of chili plants37,40.cm
compared to control (36,34 cm). Saleem [4] found that inoculation Sunflower with 3 PGPR.

According to Semangun [19], several types of bacteria as biological agents have multi-
functions: producing antibiotics and chitinase enzyme, capable of competing, increasing
nutrient availability for plants, promoting plant growth, and inducing plant resistance.

(2). Results of chili plants. All the indigenous rhizobacterial isolates introduced in chili
seeds were able to increase the yield of chili crops from 99.1 to 491.5% compared to controls.
The introduction of indigenous rhizobacterial isolateB2.11was the best method in increasing
chilli crop yield by 213.4 gram/crop, which was equivalent to 6.92 ton/ha and not significantly
different from the introduction of indigenous rhizobacterial isolate, B1.37, with the result of
209.3 gram/crop, which was equivalent to 6.71 tons/ha. The treatment that resulted in the lowest
yield was positive control with a yield of 35.1 grams/plant, which was equivalent to 1.17 tons/ha
(Table 4). Chili seeds introduced with indigenous rhizobacterial isolates, B2.11, had the highest
amount of crops which resulted in the highest yield of chili crops. In addition, the introduction
of indigenous rhizobacterial isolate, B2.11can improve the status of chili’s resistance due to
anthracnose disease caused by C. gloeosporioides. The severity of primary infection was 50%,
and the disease severity of secondary infection was 4.3%. There was a decrease in attack
percentage from primary infection to a secondary infection that could be caused by a smaller
number and weight of chili fruits with the disease. On the other hand, the number and weight



of healthy chili fruits increased . Furthermore [12] showed that the application of rhizobacterial
strain Bacillus spp in chili seeds was able to increase the weight crop yield by 223,33 gram/crop
compared to control (65,0 gram/crop). The result of Baker [20] reported that Pseudomonas
flurescens strain WCS374 on radish crop could increase radish yield by 40%, and to suppress
Fusarium wilt diseases. [17] reported that introduction rhizobacteria isolate Bacillus
amyloliquefacien CS1 showed significantly higher fungal growth inhibition of 31%, followed
by Bacillus amyloliquefacien PCfs (28%) toward Fusarium wilt deaseas in tomato. This was
caused isolate Bacillus amyloliquefacien CS1 and Bacillus amyloliquefacien PCfshaving
biocontrol mechanism (production Hydrogen cyanide, antifungal secondary metabolister),
production of enzymes aminocyclopropane carboxylic acid, chitinase and cellulase and PGPR
mechanism (IAA growth hormone production, and phosphate solvent).

Table 4. Results of chili crops introduced with indigenous rhizobacteria isolate against
C.gloeosporioides

Isolat Number healthy fruits Chili Production
No Code Altitute Fruit Eftv Fresh fruits Tons/ha Eftv
(%) weight (gram) (%)

1 B211 HL 226,6 a 3785 2134 a 6,92 4915
2 B1.37 HL 2254 a 362,0 209,3 a 6,71 473,5
3 Pl131 LL 2159 b 358,3 1976 b 6,33 441,0
4 P23 LL 200,7 ¢ 326,1 1959 b 6,29 437,6
5 P214 LL 183,1 d 288,7 1622 ¢ 5,20 329,9
6 P21 LL 160,2 e 240,1 1580 ¢ 5,03 329,9
7  P210 LL 1485 f 2152 1426 d 3,82 226,5
8 B225 HL 146,5 fg 211,0 135,33 e 3,98 240,2
9 P211 LL 140,9 fghi 199,2 1334 e 3,68 214,5
10 Y21 ML 139,9 fghi 197,0 1327 e 3,06 161,5
11 B2.20 HL 139,2 fghi 1955 1227 f 3,52 200,9
12 P15 LL 133,9 ijk 184,2 122,0 f 3,17 170,9
13 Y121 ML 133,3 ijk 183,0 1126 g 2,83 141,8
14 Y115 ML 148,3 f 2148 1119 g 3,12 195,0
15 B1.18 HL 135,4 hij 187,5 108,7 g 3,03 159,0
16 B2.9 HL 142,4 fgh 202,3 107,2 g 3,57 205,1
17 B1.7 HL 126,2 ki 167,9 107,1 g 3,13 167,5
18 B1.29 HL 1211 I 157,1 106,3 g 2,92 149,6
19 P1.10 LL 1112 m 136,1 97,9 h 2,63 124.8
20 VY16 ML 111,4 m 136,5 95,6 h 2,98 154,7
21 Y24a ML 100,9 n 1142 87,2 i 2,39 104,3
22 Y214 ML 98,7 n 109,6 84,3 i 2,33 99,1
23 Y27 DS 100,4 0 113,2 83,7 i 2,57 119,7
24 K.Pos 47,1 p 35.1j 1,17

Note : Numbers in column followed by same lowercase letters were not significantly different
based on DMRT 5 %

LL = Low land, ML= Medium land, HL= High land, Eftv=Effective ness



According to Prasath [21], the anthracnose-resistant chili genotype has high phenol content
and active enzymes (ortho dihydroxy phenol, peroxidase, polyphenol oxidase, and
phenylalanine ammonia-lyase) compared to non-resistant chili genotypes. So the reaction
between the phenol content in different genotypes with the fungus Colletotrichum spp.will
produce different effects that are reflected in the intensity of the attack.

4  Conclusions

Isolates B1.37 obtained from highlands and P1.31 obtained from lowland were able to
control Colletotrichum gloeosporioides with an intensity attack of0 % through resistance
induction mechanism. Isolates P2.11 was able to promote the growth of chili seedlings on the
parameters time is taken to germinate, seedling height, number of leaves and roots length of
chili seedlings, while introduction with isolates Y1.15.k resulted in high increase of wet and dry
chili seedlings. Isolates B2.11 caused the higher yield of chili cropsby213.4 gram/crop
equivalent to 6.92 tons/ha which is not significantly different from the introduction with isolate
B1.37 that yielded209.3 gram/crops equivalent to 6.71 tons/ha.
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