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Studies on Root-associating Nitrogen-Fixing Bacteria
Isolated from Tropical Palms Metroxylon sagu,
Elaeis guineensis, Nypa fruticans and Cocos nucifera
- Growing on Estuary or Peatland of Mukah,
Sarawak, Malaysia
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Peatland and mangrove of Sarawak state, Malaysia are among the problematic areas
with limited utilization for agricultural use due to their acidity, salinity and nutrient deficiency.
Nevertheless, some tropical palm species - sago (Metroxylon sagu), nipa palm (Nypa
Jruticans), coconut palm (Cocos nucifera) and oil palm (Elaeis guineensis) - are found thrive
abundantly, both as wild stands or cultivated palms with minor fertilization management in
these ecosystems. We speculated that a complex plant-microbe associative system may
involve nutrient cycling and management in the palm trees. The thesis is a preliminary study
of exploration of BNF in tropical palm species. Root-associating nitrogen-fixing bacteria (and
other endophytes) from root tissues of tropical palms, their phylogenetic positions and
behaviour in physiology and potential functionality to these host plants were investigated.

1. Isolation and identification of root-associating nitrogen-fixing bacteria

Using nitrogen-poor Winogradsky’s mineral mixture-base soft gel medium solidified
with 0.3% gellan gum and containing 0.2% sucrose (w/v) as trapping culture medium, 341
culturable bacteria were selectively isolated from surface-sterilized roots of 20 palm
specimens (sago, nipa, coconut and oil palms). Nipa palm roots recorded the highest apparent
frequency of diazotrophic bacteria with higher average ethylene production performance than
other palms studied, in which fifty-eight bacterial isolates (17%) from nipa demonstrated
acetylene reduction (0.2 - 97.2 nmol h™* ethylene production rates). Oil palm root-associating
diazotrophic isolates were mainly y-Proteobacteria while nipa palm associating isolates were
of diverse bacterial groups.

— 304 —



2. Tentative genera and species identification of root-associating bacteria and discovery
of novel strains . ,

All 304 root-associating bacteria were tentatively identified to genera or species levels
based on partial 16S rRNA gene sequences (V6 region) homology against published
sequences in DDBJ database using BLAST algorithm. These bacteria were affiliated to 6
major groups of the bacterial domain, the gram-negative a-, f- and y-Proteobacteria and
gram-positive Acidobacteria, Actinqbacteria and Firmicutes. The subclass of -Proteobacteria

was prominent in all palm species except for oil palms, and with Burkholderia as most
frequently isolated genus (94/112). Host specificity was demonstrated by certain genera while
others were ubiquitous and had broad host range, including Burkholderia spp.,
Herbaspirillum spp., Klebsiella spp., Pseudomonas spp., Rhizobium spp., Stenotrophomonas
spp. and novel isolates of Sphingomonadaceae bacterium.

3. Phylogenetic analysis of nipa root-associating diazotrophs and characterization of
Burkholderia vietnamiensis NES group

Phylogenetic analysis on Burkholderia spp. from root tissue of N. fruticans was
conducted, emphasized on a-- and S-Proteobacteria and phylogenetic tree constructed using
bioinformatics software, MEGA software (version 4). Nitrogen-fixing Burkholderia spp.
isolates distinctively grouped into Burkholderia cepacia complex (Bcc) sub-cluster and
non-Bec sub-cluster. The 7 isolates of nipa palm-specific Burkholderia, namely N421, N442,
N445, N449, N459, N464 and N466 with relatively high and stable nitrogenase activity, were
ubiquitous in all nipa specimens. They were micro-aerobes with moderated motility, tolerant
1.75% NaCl containing N-poor Winogradsky’s medium and exhibited relatively high AR in
high sucrose 0.2% - 0.5% (w/v).soft gel medium.

4. Effect of carbon sources and salinity on acetylene reduction

Selected sago and nipa root-associating diazotrophs had exhibited distinct sugar
preference at different concentrations and preferred simple sugars, sugar alcohol and organic
‘acid for nitrogen-fixation activity. All diazotrophic bacteria cannot utilize complex
carbohydrate (0.2% starch) aside from sago palm 4. amazonense M81 in the presence of
0.05% sucrose. The 3 different species of Burkholderia had portrayed different preferences of
carbon sources. Sucrose was consistently preferred by 4. amazonense M81, K. pneumoniae
N443 and B. vietnamiensis NES N459 for acetylene reduction.

Conclusion

The largely unexplored tropical palms species of Sarawak flourish naturally in
oligotrophic environments, and their roots harboured diverse array of root-associating bacteria,
with genus Burkholderia of p-Proteobacteria as the most prominent group. In particular, B.
vietnamiensis and other Bcec sub-cluster were found as effective nitrogen-fixing
endosymbionts in nipa palm (nipa endosymbiont, NES). Physiological properties of B.
vietnamiensis NES indicate its high potential as bacterial biofertilizing agents for
economicially important sago and oil palms, due to possible aquirement of their habitart in
aerenchyma of the palm tissues.
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Isolated from Tropical Palms Metroxylon sagu,
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FERLIIEX T8 H, K16, R 12, 4 BN LD, BERIL2EWHLA ST D,

U= T YT U I NOBERRHMAR OV b bRE~ T a—T i
BREBEOTHEREICL > TEBENRICKERFIREHIHIBTHD. ITb bbb
T, RFRTRAWZABEOREN2Y Y, $72bb Y I¥ L (Metroxylon sagu),
= 3% 3 (Nypa fruticans), = 27 /(Cocos nucifera) BELOT 75 ¥ L (AN
s3—U2, Elaeis guineensis) 21X, ZD & 5 2t TEWAEMS BT 5 BAE KR
LN BHEEEIRO oD, AL, ¥ ORANITELRNAZESRE EMEIZE
T DB L TN DD 168 RNA EinTELSI & AV RFEBHART, 72 b TNTHeEEZ
EDHEEEICOVWTORFEZITY, REROFA -BREZAS LY ENANMAE
¥ & DHEKFEOBEBREIZOWTHLNZLELDTHS.

1. REZEREEHEOSEER D RIZRE

BEREH TH D Winogradsky’ s EHEBRKE X—RIT LTz 02% ¥ 3 FEHRM
TV T NENVERMERY, 4EEOY UMY, B 20 BELY EREN
BERLUFBOEEEEEZG»D N v B IV F ¥y —%5 R T 341 DEEkYE
7o, = o XY VORI, MDY VIR TEWERTT 5 LV VBT (BREER,
0.2-97.2 nmol CoHy hlin22.6 ml ~v KR~—2R) ZR+HE (58 BrD S BEME A
HHIREK 17%) e, $IXIRT7 7 v Tk, RICEATIEAERE
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EHEDIT L A Xy - Proteobacteria Th o728, =y PV OBREEHMEOE
< IX B - Proteobacteria & > & LTz ZARRMEBEEN DR o TV,

2. ¥ IORNMBEREOEEM RN

B 341 BROMBE 2T % 16S IRNA BIZFOBEEEFIFTICEL, IEFERTH S
V6 Bk E &SSP D, TRODBHDIVIEE VAV TOREZIT>72. Z
N DERTTREAAMERD > BB LV CRETE /= 304 BiZERLD 6 S 1—F,
Thbb 7T LEBEMED a- - B XL vy -Proteobacteria, 2T AR
Acidobacteria, Actinobacteria 33 JX T} Firmicutes {Z KB X417z, B -Proteobacteria 1%
ELEBCOBMINZEEMEOY 7V AT, T7I3¥ VR ETOY VT
HEBEEICRWE &, B -Proteobacteria & LT, B L~/ THRLEEMIZEW
72 &= b DX Burkholderia T, 112 ¥R 94 ¥&HS Burkholderia JBHIE ThH - 7=,
Burkholderia spp., Herbaspirillum spp., Klebsiella spp., Pseudomonas spp., Rhizobium
spp., Stenotrophomonas spp. I3 & O Sphingomonas spp. TILfE £ EMEIMEV DIzt
L, BONDORBRMBEME CIIBRIINBERE 2 5EYEICRO .

3. ZuRYUVORADPLODMINT-ANLEEREEME Burkholderia
vietnamiensis NES # D [F] 7 & £ D Z8) .
SHEREROLRIZE T, =y AP UORNSEMEL LTEREET
Burkholderia cepacia complex (Beo) B3 BfIN B Z & ZRWEL, a- BLWY
B -Proteobacteria (Z-2V T, 16S rRNAE=F DRI & D RFFEF LT 2 MEGA
software (version 4)% AV THEAT L7z, BAZBREEM Burkholderia 53BERRIZE D
[E & A YD B. cepacia \ZFRRIMED B 16S rRNA BRFEFIZ OV T 7 F A F—
ThHDHERUTHEEE (B cepacia complex (Bee)) 2V, STRANCIHEE R T HEE
(non-Bec) Tidk, HEbDIIEEEZ LD, HDHDITEL b RWARHA L F
— U ER L. =y 3 UIRICER D ERBAIIZ BV E &7z Burkholderia Bl
B, N421, N442, N445, N449, N459, N464 35 LT N466 D 7 EHK% B. vietnamiensis
PRELE. Shbid, RN TR TR B. cenocepacia & i genomover
DE AT EI2Y (B. viemamiensis T3 genomovar V), B. cenocepacia (genomovar IIT)
® virulent < — 3 —"T& 5 rec A —specific primer % F\ 7z PCR TiX 7 B2 Tt
Thole. ThbidEl, HIFKHR LTV EEMEEZRL, V7 ABRARED
REECANAE 7 A VEER L. E£72, 02% ValBRRBRE LY 7 MoV
HT, HBAUZENOBWERBEEEEEZR L. &5IT, 1.75% NaCl IZfiE%E
RUTEFT LY, BHEETHEIL 1.0% NaCl T95% Ll bmfil s, REMEE L
TOBREICISH LTV EEL LR, foT, T bOKEE% nipa endosymbiont
(NES) & £ HH7 7z

4. *EWR
2 L—T7 B TZUZIICT, BRERECHDITBICEE TS Y VEHORIZHN
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ATHMEOBREZIT, bot bEHEE CHETLMERELE LT Burkholderia J&
MELZEELL. By VU T, XV THELRINME 2 ZERETH
BELTRHEL, ZhZ2EEBETMITFIRICLY B viemamiensis LRELZ. =
XY H3R B vietnamiensis DEIRE L RBEHEEND, AEKROBIEEFT~0F 5%
# U7-. B. vietnamiensis NES ¥REHIBEMBNARE L ¥ VIR 5 A AERE
BMELTORRERELDHY, SBROILRAIMERFT-ND.
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