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Studies on the functionalities of plant
growth-promoting rhizobacteria from wild dipterocarp
saplings naturally growing on medium-strongly acidic,
tropical peat soil in Central Kalimantan, Indonesia
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Tropical péat swamp forests are rich in biodiversity despite their unique ecosystem and
the world’s largest terrestrial organic carbon sink making it import resource regionally and
globally. The over-exploitation of tropical peat swamp forest by reclamation and peat fires
~ over the last few decades have drawn attention from the ecological and conservation expefts
for the revitalization and regeneration of degraded forest. Tropical peat swamp soil is
medium-strongly acidic, rich in humic substances and polyphenols, enough to inhibit better
establishment and growth of tree seedlings. The use of plant growth-promoting rhizobacteria
(PGPR) has long been practiced for better growth of field crops, and the use of PGPR in
complex forest ecosystem is increasingly drawing attention from researchers. In our
preliminary study, rhizobacteria isolated from rhizosphere of local dipterocarp seedlings and
saplings from Central Kalimantan, Indonesia, showed plant growth promoting activities. The
present study was done to understand the ability of phytohormone production by isolated
rhizobacteria in medium containing L-tryptophan, their polyphenol (tannic acid) degradation
and siderophore production under iron deficient conditions.

L-Tryptophan Metabolizing Activity of Rhizobacteria

Rhizobacteria isolated from collected wild dipterocarp seedlings and saplings naturally
grown in Central Kalimantan Indonesia were subjected to Salkowski’s reagent test, often used
for detection of indolic substances. Among the 69 rhizobacteria isolated from these seedlings
and saplings, approximately half of them showed positive color reactions to Salkowski’s
reagent and accordingly grouped them as pink-colored type, red-colored type and
intermediary type, and tentatively identified up to genus level using PCR technique. Among
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the rhizobacteria positive to Salkowski’s reagent, pink- colored type isolates produced
indole-3-acetic acid (IAA) as their characteristic product of L-tryptophan (TRP)
bioconversion, while red-colored types isolates were characterized by indole-3-ethanol (TOL)
production. Serratia sp. CK67 proved to be the most effective in producing IAA as the single
product from exogenous TRP under both aerobic and anaerobic culture conditions. On the
other hand, red-colored type rhizobacteria showed three distinct types of TRP metabolic
activity. Erwinia sp. CK12 produced TOL as the major product of TRP with little amount of
indole-3-lactic acid (ILA), representing it as TOL producing bacteria. Erwinia sp. CK10 and
CK24, Enterobacter sp. CK23, Pantoea sp. CK36 and CK53 produced TOL and ILA as the
major product of TRP metabolism (TOL-ILA-producing rhizobacteria). Enterobacter sp.
CK23 also produced O-acetyl TOL along with TOL and ILA.

Polyphenol Biodegradation by Rhizobacteria

Tropical peatland soils, mostly made-up of tree litters, branches and stems of forest trees
and other plant debris and are rich in polyphenols like tannins, and often take several years to
be decomposed and converted into humic substances. Salkowski’s reagent positive
rthizobacteria was investigated under tannic acid (TA) exposure. The pink-colored type
rhizobacteria produced only‘ gallic acid (GA) as the major product of TA biodegradation,
while some of them produced only traces or no pyrogallol (PY) when cultured in
TRP-containing culture medium under TA exposure for two days. Four pink- colored type
isolate, Pseudomonas sp. CK2, Enterobacter sp. CK13, Burkholderia sp. CK28 and CK43
produced catechol (CA) from TRP and suppressed the IAA production, indicating conversion
of TRP to CA via anthranilic acid. On the other hand red-colored type rhizobacteria produced
both GA and PY as major product of TA bioconversion. Thus, Salkowski’s reagent test might
also be used as a primary index for screening tannin-degrading rhizobacteria, along with its
use for screening IAA-producing rhizobacteria.

Bacterial Siderophore Production

Most of the microorganisms respond to iron (IIT)-deficiency by secreting siderophores,
high-affinity iron-chelators that selectively form complex with insoluble or sparingly soluble,
organically-bound iron (III) and increase their bioavailability. When tested for potential
siderophore production on CAS-agar plate assay, 3 rhizobacteria, Burkholderia sp. CK28 and
CK43, and Citrobacter sp. CK42, all pink-colored type rhizobacteria, showed strong
siderophore producing ability indicating that they can solubilize the scarcely available iron in
acidic peat soil and utilize them as siderophore-iron complex. '

Conclusions

Isolation and selection of PGPR with desirable characteristics, particularly those having
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high potential to produce phytohormone and siderophore in the rhizosphere and degrade the
tannins in polyphenol- and humic substance-rich peat soil are very important to reforest and
revitalize tropical peat swamp forest in ecologically sustainable manner. The use of
Salkowski’s reagent as a primary index for screening such potential PGPR was proved very
crucial in our studies and could be used to as a characteristic index to isolate more PGPR
from other native tree species of tropical peat swamp forest and their neighboring vegetation.
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BETERARIL, R TRORERERREOE LEFRETHY, 2=—2r AR
REELRNLEMESREICEAREZa VAT LATHD. 1BE 10 FEDOBEI2HEZ%
ERRAKIZE o THEINTZHZMROBEICKREREENEEZ > TWVS. BRI
B THY, R 7= ) AT IVEICEATRY, SEHOEFEEN
VIEBBSBTEDOKZ LV b THRART V. A T EEREHEITE S
SEBENTEY, ZFOREA V=X E2EOTEEENTWS. FIBHAETII,
AV RRVT BV B DEET ZANTXFEZRPHARN G B U REME
B, Ry VRBR TV INTXIFAZATZ2E L BETHIZLEZRVWELTWS.

AR, FRY Y~ F U OBERREBIIEAET D7 X AT XIRES OFELE
ZARRLEARIR D B U7 AREME 69 #RiCOWT, HHuzimEhiz -~ 7+
Ty Unb DA Y F—3-BER (AA) ERBEEDRIEL, ¥ =0, SbiT
IR T ST TOSKAEL L RIC b ES T 2 7 + 7T EREEE R
HLDTHD., REICYUZ-T, JIAA RHRIETH 5 Salkowski’s REITH T2 26

(B 7B LUNIHER) OBWVR EROMBEEMEIZY V73508 5 0ERIET S
Z & T, Salkowski's RIEB SHEREMRBMEO— kA7 ) — v 7RI HWEL L
THEZDIDENERHFIIRFT LD THS.
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1. BEMEOL-FY 7 7 7 VRBHEEOKRSH

BB AT F AN HXFEZNOHBELT-REMEE, (N —VEEBROKRBIZILAX
5 Salkowski’s BRIEZ AV EARBRITH U7, LBEWHE 69 BtkH, BLEEEOb
DD Salkowski’s RIERBELZRL, TNETNOEAOEENLEY U 7EEILHERID2
TN—=TIC KRBT BZERTE. ThBIZOWT, % 16S rRNA B F 0O EEF 47T
2TV, BUNAVTORIEEZRAT. B2 L-N 7 N7 7o RBIEMIEERHINE
MR-, 78 (pink-colored type) DD ELERAJIELHC IAA ALK
—L-3-ENLEUEE (IPyA) ZAERRLTWADIZRTL, #EAR (red-colored type) TiX
AR —)-3-x2~-1-F—/)V (tryptophol, TOL) A1’ HEFHLL TRENT-. —ED
RV —= T DOFER, RSN L-N T N7 7o RS S #RITARD TEVER
PEERL, BMED L-N 7T 72 BIRIZ JAA ICE B TEAEREL T, B rail
I FRED Serratia sp. CK6T # RN 2 LT,

2. ZENRHXREMBICLEIRY 7= /) — NV fR

RV7 )= NVEBEILEURRERRADOISY—iL, 2O LBHRICT7IVEEREIC
FFDIAATND. EIRD Salkowski’s REBHEDMEREIZOWVT, F=UBRIZIESHL
TE OISR TR Tz, 7 BRI OREME LY = B D gallic acid AR T3H0D
MBIIEAETHT=D, T a2 EHIT pyrogallol £ THLREET LD o0 BUVWZEh -,
v @R D 4 ERk (Pseudomonas sp. CK2, Enterobacter sp. CK13, Burkholderia sp.
CK28 BX U Burkholderia sp. CK43)iX, L-NJ7'r7 7% catechol £ THHEL, IAA
DEATZFLIMEIEINT. —F, FEEOBEMREROIZIEES TR, Fr=ris
pyrogallol IZF CHAELT=DS, L-RI KNI 7% catechol F THHET BDHLDII o7, T
DI, Salkowski’s REIZLDRARRIL, [AA EEMEDORI)—= 7 HEITM
Z, BV RRE DA ) — = THIEL L THEIZ LA TELEE RO,

3. ¥YFurZ7xT—EABELOMEBEOREREL L TO Salkowski’s BRI

ZL DWEMIT, FELLIERR N T3 — VB LRE OOV R F 2 FIAEL T
BARNIZZIRIRYIAL T, MDA LSRETER T 5L 7 0747 — %55
T 5. CAS-FART L — e WS T v ALY, Salkowski’s BRIEBMED 31 #idb 3
#k (Burkholderia sp. CK28, Burkholderia sp. CK43 38X TN Citrobacter sp. CK42) %, &
DTHEAA T = BRERELTHELEZ. Zhb CAS RERIBMEKIT, £TH
Salkowski’s BEEICHLE L Z7BEDBEEEZRT I N —FIZBLTEY, Salkowski’s 3
' %GCJ:E.’)%@%ﬁ%ﬁ?ﬁ%ﬁﬂ%‘fﬁy‘?'jﬂ'?'j'T*—i_%E%fH%UDX?U.“—:‘/?\‘GC%ﬁf{_E)C&ﬁ%}
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4. WEER

BERRTIETOEMET, HICHHABT I, BREBEVOFENEEREE L
B I ERNRENTWAD, FNHLDEREMEIZ DS IAA BEAERE, RIT7 /) — IV 55fE
BE, SRAIIB(LEED 3 TEBIZOWT, B FlEAI)—=7 F{5EL T Salkowski’s
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RBROEAHRINEIDERH L. BREICHTI26 (Cr7alBlUHaR)
5 2 FN—FISHTERICOWT L-NT N7 7o KRR RIS EH ORI EL
HPLC IZEAEMSITICEALEEZITVY, ZHEFETU T OB REE LSBT R,
Salkowski’s BRI LSRR RIGEL L CHEA TEXATREM AR UIZ. ZOFIEIL, He
WA DA )= TICB O THE ThALFE TE5. :

Lo TEEE—RIX, 77471V TF—<2EL (BF) OFEMNEZITHDIZ
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