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SUMMARY

Microbial communities usually have mixed populations, only in unique
environmental situations do microorganisms live entirely alone. Thus many types
of interactions are possible among the members of an ecosystem’s community.
In general, the constant association of different organisms in an ecosystem is
referred to as symbiosis, with the associates being called symbionts. One type
of a symbiosis is antagonism. Antagonism is a symbiotic relationship in which
one population of microorganisms has a harmful effect on the growth of another
microbial population (Batzing 2002: 696).

A number of microorganisms (bacteria, yeasts, fungi) which effectively
control postharvest pathogens have been identified as antagonists (Mari and
Guizzardi 1998:60). A variety of microbial antagonists were reported to control
several different pathogens on various fruits. The organism that suppresses the
pest or pathogen is referred to as the biological control agent (BCA) (Pal &
Mcspadden Gardener 2006: 1). Biological control may in simple terms be
defined as the use of one living organism to control another (Druvefors 2004: 4).

Often antagonists are isolated on the surface of plants; this natural presence
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makes them more likely to succeed because of their colonization ability and
environmental adaptation (Mari and Guizzardi 1998:60).

The use of yeasts as antagonists appears to be quite promising, although
the mechanism has not yet been fully elucidated. Some antagonist yeasts have
been reported as biocontrol agent of fungal pathogen on fruits. Zhao et al.
(2008: 115--116) reported that tomato fruit treated with Pichia guillermondii had
an infection rate of 25% which was caused by Rhizopus nigricans, which was
significantly lower than the control (41.67%). Kalogiannis et al. (2006: 72)
reported that Rhodotorula glutinis Y-44 significantly reduced disease incidence
caused by Botrytis cinerea on tomato by 52%, compared to the untreated control.
Zhang et al. (2004: 84) reported that the application of Cryptococcus laurentii
resulted in low average decay incidence caused by B. cinerea in fruit by 7.1%,
compared with 40% in the water-treated control fruit.

University of Indonesia Culture Collection (UICC) collected epiphytic
yeasts from plant samples of Cibodas Botanical Garden, and moulds from
decayed tomatoes and infected plants. The ability of the epiphytic yeasts as
biocontrol agents against tomato spoilage-causing moulds has not been
reported.

This study consists of two parts. Part 1 is The Antagonistic Ability of
Epiphytic Yeasts of Cibodas Botanical Garden on Tomato Plant Infected-Causing
Moulds. Part 2 is The Potential of Candida sp. UICC Y-328 as a Biocontrol

Agent of Aspergillus ochraceus on Postharvest Tomatoes.
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The purposes of this study were to investigate the ability of six species of
epiphytic yeasts in inhibiting the growth of tomato plant infected-causing moulds,
and the potential of Candida sp. UICC Y-328 as a biocontrol agent in reducing
postharvest tomato spoilage caused by Asp. ochraceus.

The media used for growing the yeasts was Yeast Malt Agar (YMA), and
maintenance for fungi was Potato Dextose Agar (PDA). The media used for
antagonistic test were PDA and Potato Dextrose Broth (PDB).

Antagonistic test by strip method was carried out by using the
concentrations of yeast cells at (0.7--4.45) x 10 CFU/ml, and Asp. ochraceus at
(7.0--8.1) x 10" CFU/ml, Asp. terreus Thom at (7.7--8.6) x 10’ CFU/ml and
Drechslera sp. at (0.45--3.5) x 10° CFU/ml. The yeast cells were inoculated 4
hours earlier before inoculation of mould spores on PDA in Petri dishes. Results
showed that Candida sp. UICC Y-328 has highest percentage of colony
reduction of Asp. ochraceus (56.45%), followed by Metschnikowia reukaufii UICC
Y-351 on reducing colonies of Asp. terreus and Drechslera sp. (25.42% and
51.28%, respectively) during 6-day incubation.

Antagonistic test by co-culture method was carried out by using the
concentrations of yeast cells at (0.7--4.45) x 102 CFU/ml, and Asp. ochraceus at
(6.0--8.6) x 10" CFU/ml, Asp. terreus at (4.6--9.5) x 10’ CFU/ml. The yeast cells
were inoculated 8 hours earlier before inoculation of mould spores on PDB.
Results showed that Candida sp. UICC Y-328 reduced the size of conidial heads
(5.52%) and hyphae (8.29%) of Asp. ochraceus, at 3-day incubation.

Cryptococcus laurentii UICC Y-379 reduced the size of conidial heads and
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hyphae of Asp. ochraceus (15.07% and 11.60% respectively) and Asp.terreus
(12.35% and 24.47% respectively) at 3-day incubation. Antagonistic test by slide
culture method showed that the yeast cells of four strains (Candida rancensis
UICC Y-326, Cr. laurentii UICC Y-319, Cr. laurentii UICC Y-379,and M. reukaufii
UICC Y-351) attached to hyphae of Drechslera sp. after 3- and 4-day incubation.
Cells of Candida sp. UICC Y-328 attached to hyphae of Drechslera sp. after 4-
day incubation. Cells of Cr. laurentii UICC Y-385 was not able to attach to
hyphae of Drechslera sp.

Candida sp. UICC Y-328 was potential in reducing the growth of
Asp. ochraceus, and was investigated further for its potential as a biocontrol
agent. Wounds on postharvest tomatoes were inoculated with 25 pl of yeast cell
suspension and 25 yl of mould spore suspension. The yeast cells were
inoculated 24 hours earlier before inoculation of mould spores on wounds of
tomatoes. Biocontrol study showed that incidence of spoilage in postharvest
tomatoes which were wounded and inoculated with Candida sp. UICC Y-328 and
Asp. ochraceus, were reduced by 20% after 15-day incubation at room
temperature. All postharvest tomatoes which were wounded and inoculated with
Asp. ochraceus as control, were spoiled (100%). Synthetic fungicide Dithane M-
45 at a concentration of 0.08% reduced spoilage incidence by 70%. Candida sp.

UICC Y-328 was not effective as biofungicide in reducing spoilage incidence.

xi + 132 pp.; plates.20; tables.14.

Bibl.:27 (1978-2008).

iv

Pengujian kemampuan..., Handarini, FMIPA Ul, 2009



KATA PENGANTAR

Alhamdulillahirobbil’alamiin, segala puji bagi Allah SWT penulis panjatkan
atas hidayah dan kasih sayang-Nya, sehingga penulis dapat menyelesaikan
penelitian dan penulisan tesis ini.

Ucapan terima kasih penulis sampaikan kepada Departemen Agama Rl
yang telah memberikan beasiswa selama penulis menjalani pendidikan
pascasarjana di Program Studi Biologi FMIPA-UI.

Ucapan terima kasih sedalam-dalamnya penulis sampaikan kepada
Ariyanti Oetari, Ph.D. selaku pembimbing | dan Dr. Andi Salamah selaku
pembimbing |l atas segala kesabaran dan limpahan ilmu pengetahuan yang
diberikan selama penelitian dan penulisan tesis ini.

Ucapan terima kasih juga ingin penulis sampaikan kepada Wellyzar
Sjamsuridzal, Ph.D. dan Dr. Nisyawati, MS. selaku penguji yang telah memberi
banyak masukan dan bantuan dalam penulisan tesis ini; kepada Dr. Wibowo
Mangunwardoyo, Dr. Luthfiralda Sjahfirdi, M.Biomed. dan seluruh staf pengajar
Pascasarjana Program Studi Biologi FMIPA-UI atas dorongan semangat dan
limpahan ilmu pengetahuan yang diberikan selama penulis menjalani pendidikan
pascasarjana.

Kepada rekan-rekan di Lab. Mikrobiologi: Allein, Rahany, Putra, RYVi
(Maryanti, Suryani, Novita), Putri, Prima, Dafina, Hifziyah, Diana, AbDi (Wahab,
Rendy), d’NiNo (Syarifah, Norvan), BaVia (Bangga, Novia), dan Mba Dalia;

rekan-rekan mahasiswa pascasarjana: Mba Aulia, Mba Devin, Mba Henik, Bang

Pengujian kemampuan..., Handarini, FMIPA Ul, 2009



Andre, Bu Nur, Pak Eko, dan Pak Tarjono penulis ucapkan terima kasih atas
kebersamaan, persahabatan, dan dukungan yang diberikan selama penelitian
dan penulisan tesis. Penulis juga menyampaikan banyak terima kasih kepada
Kak Fitri, Kak Hisni, Kak Tryana, Mbak Reno, dan Pak Priyadi atas segala
bantuan dan semangat yang diberikan kepada penulis selama ini.

Untuk Mama, Papa, Wa Euis, Wa Cecep, Wa Ayi, Arief, Teguh, Teh Eva,
A lyan, Teh Evi, dan A Ando hanya ucapan syukur sebesar-besarnya kepada
Allah SWT atas limpahan kasih sayang dan do’a yang selalu diberikan kepada
penulis. Akhir kata, semoga tesis ini dapat bermanfaat bagi para pembaca

khususnya dan bagi dunia ilmu pengetahuan pada umumnya.

Penulis,

2009

Vi

Pengujian kemampuan..., Handarini, FMIPA Ul, 2009



DAFTAR ISI

Halaman

SUMMARY et e et e e e e e e e e e e e e e e e nees [
KATA PENGANTAR ...t v
DAFTAR IS et e e vii
DAFTAR TABEL..... ettt viii
DAFTAR GAMBAR. ...ttt ettt e e e e e eeens iX
PENGANTAR PARIPURNA L. ettt ettt et e e 1
MAKALAH I: PENGUJIAN KEMAMPUAN ANTAGONISTIK KHAMIR

EPIFIT ASAL KEBUN RAYA CIBODAS TERHADAP

KAPANG DARI TANAMAN TOMAT

TERINFEKSIL.... ... et 7

Pendahuluan. ..........ooooeeeoiiiiiieeeeee e e 7

Bahan dan Cara Kerja..........ceeeeiiieiiiiiieieeeiiee e sesiraeeea e 11

Hasil dan pembahasan...........cccocoriiiiiiiiiiee e 19

KESIMPUIAN. ...t 43

RS 7= T = L PSR 43

Ucapan Terima Kasin..........ccoo i 44

Daftar ACUGN ... ..ttt ceeeeeeeteae e s e ssaaas e eeeee e 45
MAKALAH 1I:POTENSI Candida sp. Berkhout UICC Y-328 SEBAGAI

AGEN BIOKONTROL Aspergillus ochraceus Wilhelm

PADA TOMAT PASCAPANEN.......cc.ccoiiiiiii e 85

Pendahuluan ... it 85

Bahan dan Cara Kerja ... 89

Hasil dan Pembahasan ..o 95

KeSIMPUIAN ..o 106

SANAN . 106

Ucapan Terima Kasih ... 107

Daftar aCuan .......cooooeeee e 107
DISKUSI PARIPURNA ...ttt 119
RANGKUMAN KESIMPULAN DAN SARAN .. ..ot 127
DAFTAR ACUAN. ...ttt 129

Vii

Pengujian kemampuan..., Handarini, FMIPA Ul, 2009



.10

.11

.12

DAFTAR TABEL

Halaman

Khamir epifit asal Kebun Raya Cibodas koleksi UICC
yang digunakan dalam penelitian...........ccccooiimiieeiiiniiiieeeeee e 51

Hasil penghitungan menggunakan metode Total Plate Count (TPC)
pada jumlah sel khamir epifit umur 48 jam yang ditumbuhkan
dalam medium YMA ... ... ettt 51

Hasil penghitungan menggunakan metode Total Plate Count (TPC)
pada jumlah hifa/spora kapang umur 48 jam yang ditumbuhkan
pada Medium PDA ...ttt e 52

Hasil penghitungan menggunakan metode Total Plate Count (TPC)
pada jumlah hifa/spora kapang umur 72 jam yang ditumbuhkan
pada Medium PDA. ... . et e 52

Persentase reduksi lebar koloni kapang genus
Aspergillus oleh khamir epifit asal Kebun Raya Cibodas....................... 53

Persentase reduksi lebar koloni kapang Drechslera sp. D1.3MC
oleh khamir epifit asal Kebun Raya Cibodas...............cccccvviiieineiiiieens 55

Pengamatan pertumbuhan koloni khamir epifit pada kontrol
dan perlakuan dalam pengujian co-Culture............c..ccccoeccouveeieninncnnnnnn. 56

Morfologi sel khamir epifit pada kontrol dan perlakuan
dalam pengujian Co-Culture........... ..o 59

Ukuran sel vegetatif khamir epifit pada kontrol dan perlakuan
dalam pengujian Co-CUMUre.................uuueeeieiiiiiiiiiiiiiiiiiieeeeeeeeeeee 61

Pengamatan pertumbuhan koloni kapang Asp. ochraceus
D1.22.5S.M3 pada kontrol dan perlakuan
dalam pengujian Co-CUMTUre..................uuuuueeeiiiiiiiiiiiiii e 62

Pengamatan pertumbuhan kapang Asp. terreus D2.2.MC pada
kontrol dan perlakuan dalam pengujian co-culture .............cccccccceeeeeannn. 65

Reduksi ukuran diameter kepala konidia dan lebar konidiofor
Asp. ochraceus D1.22.SS.M3 oleh khamir epifit pada
PENQUJIAN CO-CUMUIE. .....ccevviiiiiiiiiiiie e 68

viii

Pengujian kemampuan..., Handarini, FMIPA Ul, 2009



[.13 Reduksi ukuran diameter kepala konidia dan lebar konidiofor
Asp. terreus D2.2.MC oleh khamir epifit pada
PENQUJIAN CO-CUMUIE. ...ttt 69

[I.1  Diameter kebusukan sampel buah tomat pada pengujian
Candida sp. UICC Y-328 sebagai biokontrol
Asp. ochraceus D1.22.SS.M3 ... 113

DAFTAR GAMBAR

Gambar Halaman

[.1 Khamir Candida sp. UICC Y-328 menghambat pertumbuhan
koloni kapang Asp. ochraceus D1.22.SS.M3
pada pengujian Strip MEtROQ.............coociiiiiiiiiiie ettt 71

.2 Khamir M. reukaufii UICC Y-351 menghambat pertumbuhan
koloni kapang Asp. terreus D2.2.MC
pada pengujian Strip MethOd..............coii i 71

1.3  Khamir M. reukaufii UICC Y-351 menghambat pertumbuhan
koloni kapang Drechslera sp. D1.3.MC
pada pengujian Strip MEtNOA ..ottt et e 72

[.4 Khamir Candida sp. UICC Y-328 dan Cr. laurentii
UICC Y-379 menghambat pertumbuhan hifa atau miselium
dan sporulasi kapang Asp. ochraceus D1.22.SS.M3
pada PeNQUJiaN CO-CUMUIE. .............iu it 73

[.5 Khamir Cr. laurentii UICC Y-379 menghambat pertumbuhan hifa
atau miselium dan sporulasi kapang Asp. terreus D2.2.MC
pada Pengujian CO-CUMUIE. ..........cccoua i 74

.6 Khamir Candida sp. UICC Y-328 mereduksi ukuran diameter
kepala konidia dan lebar konidiofor tanpa mengakibatkan perubahan
morfologi kepala konidia Asp. ochraceus D1.22.SS.M3
pada pengujian co-culture (perbesaran 400X)........ccccevveveeeeevrueniiiee e, 75

[.7  Khamir Cr. laurentii UICC Y-379 mereduksi ukuran diameter
kepala konidia dan lebar konidiofor sekaligus mengakibatkan

perubahan morfologi kepala konidia Asp. ochraceus D1.22.SSM3
pada pengujian co-culture (perbesaran 400X) ......cccceveeveiieieeiiiiiiiiinnnn 76

iX

Pengujian kemampuan..., Handarini, FMIPA Ul, 2009



.10

.11

.12

.13

.14

.15

1.1

1.2

1.3

1.4

Khamir Cr. laurentii UICC Y-379 mereduksi ukuran diameter

kepala konidia dan lebar konidiofor tanpa mengakibatkan

perubahan morfologi kepala konidia Asp. terreus D2.2.MC

pada pengujian co-culture (perbesaran 400X)..........ueeeeeeeieeeeiirieeeeeeenninnnnns

Kemampuan sel-sel dari empat spesies khamir epifit melekat
pada dinding konidiofor Asp. ochraceus D1.22.SS.M3
mulai hari ke dua inkubasi (perbesaran400X)...........uueuceeeeieeeereeeeeeeeeeeeennns

Kemampuan sel-sel dari empat spesies khamir epifit melekat
pada dinding konidiofor Asp. terreus D2.2.MC mulai hari ke dua
inkubasi (perbesaran 400X)....u...uuueuueeeieeeereireeee it

Kemampuan sel-sel Candida sp. UICC Y-328 melekat

pada dinding konidiofor Asp. ochraceus D1.22.SS.M3

dan Asp. terreus D2.2.MC mulai hari ke tiga inkubasi

(PErbeSaran 400X).. «ueeeeiiiuuiiiiieieiiiin e iaaeatreee et e e e e et st aara e s s e e e aaaaeaa s nnnnnnnreeee

Sel-sel Cr. laurentii UICC Y-379 tidak melekat pada dinding
konidiofor Asp. ochraceus D1.22.SS.M3 namun melekat pada
dinding konidiofor Asp. terreus D2.2.MC (perbesaran 400X)........cc...........

Kemampuan sel-sel Cr. laurentii UICC Y-319 dan C. rancensis
UICC Y-326 dalam melekat pada dinding hifa vegetatif Drechslera sp.
D1.3.MC (perbeSaran 400X) .....uuueeeeserrrmeeereenmmnnnneessaanneeeeresseamassseeeeeeeeanns

Kemampuan sel-sel M. reukaufii UICC Y-351 dan Cr. laurentii
UICC Y-379 melekat pada dinding hifa vegetatif Drechslera sp.
D1.3.MC (perbesaran 400X).......c.ceeieeeaiurmmeesiianeeeeeaneaaasneeeeeeesesssnneeeeeeens

Hasil pengujian antagonisme Candida sp. UICC Y-328
dan Cryptococcus sp. UICC Y-385 terhadap Drechslera sp
D1.3.MC menggunakan slide culture (perbesaran 400X)........cccceeerueeeeeen.

Grafik persentase buah tomat busuk pada tiga
VariaSi PENQGUJIAN ...ttt e e e e e e e e e e e e e e e e e e e s ene e e e eeeeeee s

Buah tomat busuk dan tidak busuk pada tiga
variasi penguijian (pengamatan hari Ke-15).......ccccoeveiiiiiiiiiicicciccceeeeeeee

Buah tomat tidak dilukai dengan aplikasi suspensi sel Candida sp.
UICC Y-328 tidak mengalami kebusukan serupa dengan
buah tomat tanpa perlakuan (pengamatan hari ke-15)..........ccccceeeeeeeeeen.n.

Buah tomat dilukai dengan aplikasi suspensi sel Candida sp.

Pengujian kemampuan..., Handarini, FMIPA Ul, 2009



UICC Y-328 mengalami kebusukan
(pengamatan hari Ke-15) ...

[I.5 Buah tomat dengan aplikasi luka dan akuades steril
mengalami kebusukan (pengamatan hari ke-15).......cccceeeeevriiiiiiiiiiinin e,

Xi

Pengujian kemampuan..., Handarini, FMIPA Ul, 2009



