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ABSTRACT

Vegetation cover, especially grasses, is provehatee a significant contribution for
slope stabilization. Nitrogen fixing bacteria supgome amounts of nitrogen (N)
required by slope grasses for proper growth aneldpwment. In this study, three slopes
were chosen based on their soil strengths namepesh (130-140 kPa), B (80-100
kPa) and C (50-70 kPa). This study showed thatrtbee stable slopes will also have a
lower soil saturation level. There was a positiglationship between sizes of bacterial
populations with soil saturation levef & 0.60, p<0.05). Similar correlations were also
observed between soil shear strength with soilratiti levels (7 = 0.58, p<0.05) as
well. Culturable nitrogen-free living bacteria waselated and enumerated from roots
of Axonopus compressus, a slope grass using Burk's nitrogen-free medidrhe
diversity of free-living nitrogen fixing bacteriaas initially determined by the REP-
PCR and ERIC-PCR fingerprinting method. Resultscagd that REP-PCR give better
variable. Hence, the method was used throughout stndy. Dendograms were
constructed from REP-PCR profiles of a total of &tains. The cluster analysis
indicated that the diversity of nitrogen-fixing Ibeaga on the grass roots was quite high
and closely related among the population. The mé&ion about the presence of
nitrogen-free fixing bacteria will greatly assisitire management of vegetation to

stabilise slopes.



ABSTRAK

Litupan tumbuhan, terutamanya rumput, telah dilkakti mempunyai kesan yang
signifikan ke atas kestabilan cerun. Bakteria peatginitrogen membekalkan
sebahagian daripada nitrogen (N) yang diperlukah aimput cerun untuk pembiakan
dan pertumbuhan yang sempurna. Dalam kajian ga,derun telah dipilih berdasarkan
perbezaan kekuatan ikatan tanah dan dinamakagaeberun A (130-140 kPa), B
(80-100 kPa) dan C (50-70 kPa). Kajian ini telamgukuhkan lagi kenyataan bahawa
cerun yang lebih stabil mempunyai aras ketepuaahtamng lebih rendah. Terdapat
hubungkait yang positif di antara saiz populasitéxé dengan aras ketepuan tanah (r
= 0.60, p<0.05). Hubungkait yang sama juga dapsrtatikan antara kekuatan ikatan
tanah dengan aras ketepuan tanah=(0.58, p<0.05). Bakteria pengikat nitrogen bebas
yang boleh dikultur telah diasingkan daripada akanput AXonopus compressus
menggunakan media bebas nitrogen Burk’'s. Pada gmjalkepelbagaian bakteria
pengikat nitrogen bebas ditentukan dengan mengaumnigkedah REP-PCR dan ERIC-
PCR Keputusan telah menunjukkan bahawa kaedah REPArRemberikan hasil yang
lebih baik. Justeru itu, kaedah tersebut telalurthgan dalam kajian selanjutnya.
Dendogram telah dihasilkan dari profil REP-PCERgy#erhasil daripada sejumlah 31
strain. Analisis kluster menunjukkan bahawa kepgdien bakteria pengikat nitrogen
pada akar rumput adalah agak tinggi dan mempunyaiirigan yang hampir dalam
kalangan populasi tersebut. Maklumat berkaitaralighn bakteria pengikat nitrogen

bebas adalah amat berguna dalam pengrusan tumbotheankestabilan cerun.



TABLE OF CONTENTS

Title Page
ACKNOWIEAGEMENT. ... I
Original Literary Work Declaration .............coooiiiiiiiiiiiiiiiiiieeee e I
ADSIIACT. ...ttt ——————————— i
ADSTIAK ... \Y
Table Of CONLENTS. ......uiiiiiiii e ee e eee e V-Vvil
LIST Of FIQUIES. ..ttt Viii-ix
LISE Of T@DIES....cceeieeiiteiie ettt e e e e e e e e e eeeeeaeeees X
(IS 0] N o o= [0 [ Tod =S PP UUTP Xi
LiSt Of ADDIEVIAtIONS .....uueiiiiiiiie e Xil-xiii
1.C CHAPTER 1: INTRODUCTION ....cooiiiiiiiiiiiiieeeeeeeee e 1
1.1 INEFOAUCTION. ...t e eeeaeees 1-3
1.2  Objectives Of StUAY.........uciiiiiiii e 3
2. CHAPTER 2: LITERATURE REVIEW ......ccccocviiiiiiiiiiiiiiieeeen, 4
2.1 NItrOgen fIXAtION. .....uueeieiiie e 4
2.2 Biological nitrogen fiXation ...........coceceeieieeiiiiiiieei e 5
2.2.1 Mechanism of biological nitrogen reduction................ 5-7
2.2.2 Regulation of nitrogen fixation........cccccccoeveeenieennennnnnnn. 7
2.3 Nitrogen fiXing DACeria...........uuuuuimiiiiiiieee e 7
2.3.1  SYMDIOUC....cciie e i e 8-9
2.3.2  Free living (NON-SYMDbIOLIC) .....cceeeeeeeiiiieieeeeeeeeeeeeeiiii 9
2.4 Plants and bacteria.............ooovviiiiiiiiiiii s 11
2.4.1 Nitrogen fixing bacteria and plants..............ccooevvvvnnnees 11
2.4.2 The importance of biological nitrogen fixti................. 12



2.5 = (01T o] o FHUTTTT TP 13

2.5.1 Vegetation COVEN.........uuuuuuiiiiieeeeeeieiaeeeeeeeeeeeeeeereeeeannnnens 13-14
2.5.2 Hydrological role of vegetation........ceeeeeeeecicinnnee... 16
2.5.3 Mechanical role of vegetation........ccccccevvvvvvveiiiinnnnnnnnnn. 16-17
2.6 Microflora and slope stability............ccuuvviieiiiiiiiiiee e, 17-18
2.7  Characteristics of slope gragsonopus COMPressus.................... 18
CHAPTER 3: MATERIALS AND METHODS ......ccocvveieeen. 20
3.1 Description Of the SIteS.........coiiiiiiiiiiiiiiie e 20
3.2 Yo R (=T 110 0[]0 PR PRRR 22
3.3 Y ST T B L= 1 0TS 1 22
3.3.1  Soil water profile.............uuuiiiiiiiiee 22
3.3.2 Shear strength............ooovviiiiiiiii e 24
34 Isolation and purification Medium........coveeeveiiiiiieeeeeien, 25
35 Isolation of nitrogen fixing bacteria.........ccccccceeveiiiiiiiiiieeniennnnn. 25
3.6 Purification and preservation of iSolateS.......ccccvvvvviveniinnnn.. 25-26
3.7 Enumeration Of DACIEIIA. ........oven et 26
3.8 Colonial characterisation of bacterial strains..........cc.ccovvceveen... 26
3.9 Molecular characterisation of bacterial sgain..............cc.ccn...... 26
3.5 1 DNA &XIrACHON. ...t e 26
3.5.2 Agarose gel electrophoresis.........cccceevveevvveeenniiiiieenennnn. 27

3.5.3 Amplification of DNA fragments using REP primers... 27
3.5.4 Amplification of DNA fragments using ERIC primers.. 27-28

3.10 PCR fingerprint @analysis.............uceeeeiiiiiieeeeeeeeeeeeeeeevven 28
CHAPTER 4: RESULTS ... 29
4.1 Profile of SIOpe SOIl........ooovveeieeeeec e 29
4.1.1 Soil water profiles...........cooiiiiieeeemiiiiie e 29
4.1.2 Shear strength...........couvviiiiiiieiieeeer e 29
4.1.3 Correlation between shear strength andpsaiiles.......... 32

Vi



50 CHAPTER5: DISCUSSIONS......oiiiiiiiiiiieeeeeee e 56
5.1 SOl Profile.....coeee e 56-57
5.2 Culturable bacterial populations.......cveiiiiiiiiiiiii e 57-59
5.3 DNA fingerprinting as a measure of diversity...........cccccc.uuueee. 59-62
6.C CHAPTER 6:CONCLUSION .......cuttiiiiiiiiiiiiiieeieeee e 64
6.0  CONCIUSION......uuiiiiiiiiiiiiiiiie e 64-65
REFERENGCES.......ootiiiiiiiiieie et e e e et e e e e e e e e aaeeeae s 66-73
APPENDICES. ...ttt 74-81

4.2 Isolation of nitrogen fixing bacteria...............cooooviiiiiiiciiiinnnenn. 35

N R €1 = 1 = 1 1] o T 35
4.2.2 Colonial and cultural characters.....cccccc.ooveeiiiiiiiiienennn, 37
4.2.3 Enumeration of bacteria (cfu/Q) .....ccceceeeeeiiiieeiiiiiiiiinns 45
4.2.4 Correlation between mean number of cfutysml
L (0 11 46
4.3 Molecular characterisation.............cceeeeeeeiiiiiii e 48
4.3.1 DNA extraCtion.........ccccoevuuiiiiiieieeeeeiiiiee e 48
4.3.2 DNA fingerprinting profile.........cccoeeiiiiiiiiiiiiin e, 49

4.3.3 Fingerprint analysis and dendogram. ...........cccceeeee. 53

Vil



LIST OF FIGURES

No. Title Page
Figure 2.1 Summary of the biological nitrogen figatmechanism............. 6
Figure 3.1 The sampling site which have three dbfierange of

SOIl Shear Strength.............ooiiiii i 19
Figure 3.2 Soil sampling for water profiles andteaeal identification was

obtained by using soil-coring apparatus..........cccccceeeeeeeeennn. 23
Figure 3.3 A vane tester used to measure soil gteargth........................ 24
Figure 4.1 Soil water content and field capacityhef studied slopes.......... 30
Figure 4.2 Shear strength value (kPa) at 30 crnoibtispth........................ 31
Figure 4.3 Correlation between shear strength &g S...................... 33
Figure 4.4 Correlation between shear strength andation level of

the SOIIS....ce . 34
Figure 4.5 Selected strains isolated from slope &p................c.c...... 42
Figure 4.6 Selected strains isolated from slope 8p........................ 43
Figure 4.7 Selected strains isolated from slope 9p...........cccvevneen. 44
Figure 4.8 Correlation between mean numbers ol SWC........... 46
Figure 4.9 Correlation between mean number of cindd) saturation

level Of SOIl.......oe 47
Figure 4.10 Agarose gel electrophoresis (0.8%)hef groduct from DNA

EXEFACTION. ..ttt e 48
Figure 4.11 Agarose gel electrophoresis (0.8%)ivad DNA sample from

different strain.............ccooiiiiii i e 49
Figure 4.12(a) REP- PCR profile of strains from slope type A.................. 50
Figure 4.12(b) REP- PCR profile of strains from slope type B.................. 51
Figure 4.12(c) REP- PCR profile of strains from slope type C.................. 52
Figure 4.13 Dendrogram obtained from cluster amalysREP-PCR profile

of strains from slope type A.........ccceeeiii i iiiiciiiiiieenn...53
Figure 4.14 Dendrogram obtained from cluster amalySREP-PCR profile

of strains from slope type B.......c.coovi i, 54

viii



Figure 4.15

Figure 4.16

Dendrogram obtained from cluster amaysREP-PCR profile

of strains from slope type C.........cooviiiiiiiiiiiii e e,

Dendrogram obtained from all of 31liB8a.......................

55

63



No.

Table 2.1

Table 2.2

Table 2.3

Table 4.1

Table 4.2

Table 4.3

Table 4.4

Table 4.5

Table 4.6

Table 4.7

Table 4.8

Table 4.9

Table 4.10

Table 4.11

LIST OF TABLES

Title Page
Some of nitrogen-fixing organisms................ccceceenennn. 10
Vegetation species for erosion control........................ 15
Characteristics Akonopus compressus (Sw.) P. Beauv......... 19

Soil water content (%) and field capaityparentheses) of
the slopes studied. ..o, 30

Shear strength of the three soil slopes..............coeviiiiiiiiiis 31

Soil water content (%) and shear strefkfPa) of the slopes

StUAIEA. .. e s 33
Shear strength (kPa) and saturationl @@ of the slopes

studied.. PP RPTPPPRRG
Colonies grown on N-free medium.....................ceceeeee. 36

Distribution of Gram-positive and Grangatve n-free fixing
bacteria in the slopes as a comparison....................c.oeueus 37

The observation of 22 Gram-positive aliaphs................. 38
The observation of 51 Gram-negative diapbs ................
Mean number of cfu/g from triplicate pkbf isolate medium 45

Mean number of cfu/g (>?10 and SWC (%) of the slopes
studied.. : : . e . 46

Mean number of cfu/g (X10and level of soil saturation (%)
of the slopes studied.............coooiiiiiiiiiii e 47



LIST OF APPENDICES

No. Title Page
Appendix 1 SWC determination of the soil samples...cuu.vcvvvenenen... 74
Appendix 2(a)  Soil profile of slopetype A.......cc.ooviieiii i, 75
Appendix 2(b)  Soil profile of slope type B........c.cooiiiiiiimee e 76
Appendix 2(c)  Soil profile of slope type C.......ccvoviieiii i e e 77
Appendix 3 A total of 77 plates are shown in fig@ag (b) and (c)......... 78-80
Appendix 4 Bacterial strains in which genomic DNA&n& successfully
EXEFACTEU. .. ...t 81

Xi



LIST OF ABBREVIATIONS

% percent sign

°C degree Celsius

ATP Adenosine triphosphate
bp base pair

Ca Calcium

cm centimeter

Cfu Colony forming unit
DNA Deoxyribonucleic acid
ddNTP Dideoxynucleoside triphosphate
ERIC Enterobacterial repetitive intergeneric camus
etal. etalia

EtOH ethanol

FC Field capacity

g gram

i.e id est

kPa kiloPascal

m meter

M molar

Mbp Megabasepairs

MgSOy Magnesium sulphate
min minute

mi milliliter

Max Maximum

Mg Magnesium

MgSQO, Magnesium sulphate

Xii



MRNA

NaCl
NaOH
No.

PCR

RC

REP
RNA

Sp

SWC
TBE buffer
TE buffer

uv

ul

Messenger ribonucleic acid
Nitrogen

Sodium chloride

Natrium hydroxide
Number

Polymerase chain reaction
Rojo Congo red medium
Repetitive extragenic palindromic
Ribonucleic acid

species

Soil water content
Tris-Borate-EDTA buffer
Tris EDTA buffer
ultraviolet

micro liter

Xiii



