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ABSTRACT

In this project, a barren slope was bioengineered by planting a combination of
plant species and monitoring some facets of its stability. This technique was observed to
accelerate the establishment of vegetation cover on the barren slope. The combination
of plants comprised legume, vetiver grass and three species of shrubs, namely Justicia
betonica, Lantana camara and Thunbergia erecta selected based on their extensive root

profile and good plant water relation characteristics. The latter include drought

resistance cha ristics and positive effects of pre-treatment. A survey was also
conducted on root and soil water profiles of five type of slopes along the NSE,
arbitrarily called type A, B, C, D and E to distinguish the characteristics of stable slope
from unstable ones. These characteristics were used as basis to assess the bioengineered
slope.  Plots with either L.camara or J.betonica or T.erecta along with legume and
vetiver did not show any significant difference in terms of the ccophysiological
parameters studied. But, when they are present together, biomass and biodiversity
increased significantly.  Concomitant to these increase, root length density, soil
penetrability and shear strength of the bush ecosystem plot were observed to be
enhanced.  These attributes of the vegetation in the bush ecosystem plot revealed strong
positive relationship with slope stability parameters.  Hence, it is suggested that these

characteristics be used in monitoring and assessment of cut slope.



ABSTRAK

Di dalam projek ini, satu cerun yang gersang telah di biojuruterakan dengan
menanam beberapa gabungan spesis tumbuhan dan mengawasi beberapa aspek
kestabilannya. Teknik ini dapat mempercepatkan proses penumbuhan litupan vegetasi
di atas cerun yang gersang ini. Gabungan beberapa spesis tumbuhan adalah terdiri
daripada legum, rumput vetiver dan tiga spesis renek, iaitu Justicia betonica, Lantana
camara dan Thunbergia erecta, yang telah dipilih berdasarkan profil akar yang meluas
dan pertalian air pokok yang baik. Pertalian air pokok dilihat dari aspek rintangan spesis
terhadap kemarau dan kesan positif pra-perlakuan.  Tinjauan juga telah dijalankan ke
atas profil akar dan air tanah di lima jenis cerun di sepanjang NSE, secara rambang
dipanggil jenis A, B, C, D dan E untuk membezakan ciri-ciri cerun yang stabil daripada
yang bermasalah.  Ciri-ciri ini digunakan untuk menilai cerun yang telah di
biojuruterakan. Plot yang ditanam samada dengan L.camara, J.betonica atau T.erecta
bersama-sama legum dan rumput vetiver tidak menunjukkan perbandingan yang jelas di
dalam parameter ekofisiologi yang dikaji. Tetapi, apabila ditanam bersama, biomasa
dan biodiversiti jelas meningkat. Seiringan dengan peningkatan ini, kepadatan panjang
akar, penetrabiliti tanah dan kekuatan shear di plot “bush” ekosistem dilihat meningkat
dengan  bererti. Sumbangan vegetasi di plot “bush” ekosistem menunjukkan
perhubungan positif yang kuat dengan ciri-ciri parameter kestabilan cerun. Maka
dengan ini dicadangkan supaya kriteria tersebut digunakan di dalam pengawasan dan

penilaian cerun-cerun yang dipotong.
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ABBREVIATIONS

ABA Abscisic Acid
ACa & ACi Carbon Dioxide Response Curve
Amax Light Saturated Assimilation
ATP Adenosine Triphosphate
cm Centimetre
DW Dry weight
FC Field Capacity
Fig. Figure
FSK'TM Faculty of Computer Sciences and Information Technology
FW Fresh weight
i Mesophyll Conductance
km m™ Kilometre per Cubic Metre
kPa Kilo Pascal
LAI Leaf Area Index
mm? Metre per Cubic Metre
MPa Mega Pascal
NADPH Nicotinamide Adenine Dinucleotide Phosphate
NSE North-South Expressway
PAR Photosynthetically Active Radiation
PPC Plant Propagation Centre
PPM Part per Million
QE Quantum E ency
Ico, Carbon Compensation Point
I Light Compensation Point
RLD Root Length Density
RuBP Ribulose Bisphosphate )
R Legume
RV Legume and Vetiver
RVL Legume, vetiver, L.camara
RVJ Legume, vetiver, J.betonica
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RVT

RVLIT

RWC
SwC
WAC
WUE

Legume, vetiver, T erecta

Legumes, vetiver, L.camara, J.betonica and T.erecta
Relative Water Content

Soil Water Content

Water Absorption Capacity

Water Use Efficiency



TABLE OF CONTENTS

page
ACKNOWLEDGEMENT. i
ABSTRACT il
ABSTRAK iii
ABBREVIATIONS iv
TABLE OF CONTENTS. vi
LIST OF FIGURES i
LIST OF TABLES xiii

CHAPTER 1 THE ROLE OF VEGETATION ON SLOPE STABILITY
1.1 Introduction : 1

1.2 Literature Review

1.2.1  Slope Instability 2
1.2.2 Vegetation And Slope Stability: Water Relations and

Root Reinforcement 3
1.2.3  Influence of Vegetation Type. 7

1.3 Philosophy and Objectives : Monoculture vs. Mix-culture 7

1.4 Screening of the Species of Shrubs 9

CHAPTER 2 PLANT SCREENING : ROOT LENGTH DENSITY

2.1 Introduction R 11
2.2 Materials and Methods
2.2.1 Plant Materials 11
2.2.2  Measurements__ . 12
2.3 Results and Discussion

2.3.1  Photosynthes ranspiration Rates, and Stomatal

Conductance . 13
2.3.2  Root Length Density (RLD) . 15
2.3.3  Water Absorption Capacity (WAC) 18
2.3.4  Dry Weight Partitioning and Biomass 21
2.3.5 Root/Shoot Ratio 21

2.3.6  Correlation between RLD and Physiological

vi



CHAPTER

CHAPTER

3

4

Parameters 24

2.4 General Discussion . 27

PLANT SCREENING: DROUGHT STRESS
3.1 Introduction 28

3.2 Materials and Methods

3.2.1  Plant Culture 28
3.2.2 Water Stress Treatment . 29
3.2.3  Measurements 29

3.3 Results and Discussion

3.3.1  Species Performance 30
3.3.2  Visual Observations 32
3.3.3  Leaf Water Potential 34

3.3.4  Relationship of Stomatal Conductance and Leaf Water
Potential . 34
3.3.5 Influence on Leaf Water Potential on Photosynthesis
Rate . . 34
3.3.6  Photosynthesis Rates and Stomatal Conductance 38
3.3.7  Transpiration Rates and Stomatal Conductance 38
3.3.8 Recovery from Water Stress 38

3.3.9  The Effects of Water Stress on Leaf Area 42

3.4 General Dis 47

FIELD EXPERIMENT: PLANT WATER RELATIONS
OF SHRUB ON SLOPES

4.1 Introduction 48
4.2 Materials and Methods
4.2.1 Plant Materials 49
4.2.2  Experimental Design . 49
4.2.3  Measurements i 49

4.3 Results and Discussion

4.3.1  Water Relations of the Shrubs

(a) Photosynthesis Rate B 52
(b) Transpiration Rates .52
vii



CHAPTER

CHAPTER

5

6

(¢) Stomatal Conductance
(d) Water Use Efficiency (WUE)
4.3.2  Gross Measurement of the Shrubs

(a) Leaf Area Per Plant _

(b) Dry Weight Partitioning and Above Ground

Biomass

4.4 General Discussion

SURVEY ON SOIL WATER AND ROOT PROFILES OF
SLOPES ALONG THE NORTH-SOUTH EXPRESSWAY

5.1 Introduction_

5.2 Materials and Methods
5.2.1  Description of the Sites
5.2.2  Measurements

Results and Discussion

5.3.1 Root Length Density (RLD)
5.3.2  Soil Water Content (SWC)
5.3.3  Penetrability

»n
w

5.3.4  Shear Strength

5.4 General Discussion

FIELD EXPERIMENT: MONOCULTURE VS. MIX-

CULTURE
6.1 Introduction

6.2 Materials and Methods
6.2.1  Plant Materials

6.2.2  “Bush Ecosystem™ Experiment

6.2.3  Experimental Design
6.2.4  Measurements___
6.3 Results and Discussion
6.3.1  Physiological Performance of the Shrubs

(a) Photosynthesis Rate

(b) Transpiration Rate

(¢) Leaf Area Index (LAI)

viii

55
56

56

61

64
66

67
71
74

74

77

83

83
84
84
84

87
88
88



CHAPTER 7

BIBLIOGRAPHY

APPENDIX 1

6.3.2

(d) Shrubs Performance in the Mix-culture - December

1996 vs. December 1997
(e) Component of Photosynthesis
(i) Light Response Curve
(i) Carbon Dioxide Response Curves
(ACa and ACi)

Performance of the Plant Community

89

89

91

(a) Leaf Area Index (LAI)
(b) Diversity

(¢) Biomass

96
96
99

(d) Relationship between Diversity and Biomass 100

6.3.3  Stability of the Slopes
(a) RLD on the Slopes
(b) Soil Penetrability
(¢) Shear Strength
(d) Soil Water Content (SWC)

6.4 General Discussion

100
104
106
106
109

VEGETATION AND SLOPE STABILISATION - AN

EPILOGUE

7.1 Introduction

7.2 Vegetation Role on Slope Stability

7.3 Plant Screening : 3 Ways of Selection
7.4 “Bush” Ecosystem Model

7.5 Contribution of the Project

7.6 Challenge and Conflict of Interest

7.7 Conclusion___

114
114
115
115
116
116
117

119

APPENDIX 2

APPENDIX 3




APPENDIX 4

APPENDIX 5

APPENDIX 6

APPENDIX 7

APPENDIX 8




Fig. 2.1

Fig. 2.2
Fig. 2.3
Fig. 3.1
Fig. 3.2
Fig. 3.3
Fig. 3.4
Fig. 3.5
Fig. 3.6
Fig. 3.7
Fig. 3.8
Fig. 3.9

Fig. 4.1

Fig. 4.2

Fig. 4.3

Fig. 5.1
Fig. 5.2
Fig. 5.3

Fig. 5.4

LIST OF FIGURES

Page
Physiological criteria of 5 species in (a) photosynthesis rate
(b) transpiration rate (¢) stomatal conductance 14
Root profile 5 species of shrubs 17
Dry weight partitioning of the shrubs studied 23

Relationship between stomatal conductance and leaf water potential.....36

Relationship between photosynthesis rate and leaf water potential......... 37

Relationship between photosynthesis rate and stomatal conductance..

Relationship between transpiration rate and stomatal conductance.......... 40
Photosynthesis rates in well-watered and water-stressed shrubs.............. 41
Transpiration rates in well-watered and water-stressed shrubs................43
WUE in well-watered and water-stressed Shrubs..............cccocoirinininns 44
RWC in well-watered and water-stressed shrubs..............cccceveiuriinennne 45
Leaf area of well-watered and water-stressed of the plant studied........... 46

Comparison of stomatal conductance between controlled and

pre-treated shrubs. 54
Comparison of leaf area per plant of the shrubs studied between controlled
and pre-treated shrubs 57
Comparison of biomass of the shrubs studied between controlled and pre-
treatments shrubs, 60
Root length density of the NSE slopes . 69
Soil water content of the NSE slope: 72
Penetrability of the NSE slopes. 75
Relationship between penetrability (MPa) and SWC (%).......ccocunnnenn. 78

xi



Fig. 5.5
Fig. 5.6
Fig. 5.7
Fig. 6.1

Fig. 6.2

Fig. 6.3
Fig. 6.4
Fig. 6.5
Fig. 6.6
Fig. 6.7
Fig. 6.8
Fig. 6.9
Fig. 6.10
Fig. 6.11
Fig. 6.12
Fig. 6.13

Fig. 7.1

Relationship between penetrability (MPa) and RLD (km m™)..................79
Relationship between SWC (%) and shear strength (kPa)......................... 81

Relationship between shear strength (kPa) and RLD (km m™).

Six plots at the experimental slope. 86

Performance of the shrubs in the mix-culture treatment

(December 1996 — December 1997). 90
Carbon response curve (ACa) of the species studied..............cooovvvven.... 94
Carbon response curve (ACi) of the species studied.................cooovvnnn..... 95
Biomass of the plots studied at FSKTM 101
Relationship between biomass and diversity of the plots studied.............. 102
Root length density of 6 plots studied at FSKTM slopes......................... 103
Penetrability of the soil at FSK'TM slopes 105
Soil water content of FSKTM slopes. 108
Relationship between penetrability (MPa) and SWC (%).........ovovvrennn... 110
Relationship between penetrability (MPa) and RLD (km m™).................. 111
Relationship between SWC (%) and shear strength (kPa)........................ 112

Relationship between shear strength (kPa) and RLD (km m"‘)

The negative and positive interaction among some of the parameters
studied 118




Table 1.1 :

Table 1.2 :

Table 1.3 :

Table 1.4 :

Table 1.5 :

Table 2.1 :

Table 2.2 :

Table 2.3 :

Table 2.4 :

Table 2.5:

Table 2.6 :

Table 3.1 :

Table 3.2 :

Table 3.3 :

LIST OF TABLES

Beneficial effects of vegetation and grasses on slopes stability
(Gray, 1995)
Hydro-mechanical influences of woody vegetation on slopes
stability (Greenway, 1987)

The values of nutrients measured at different soil samplings
(Rosli et al., 1994)

Plant types for different functions and applications (Coppin
etal., 1990)

Introduction to the species of the shrubs studied (Graf, 1992)

Correlation coefficient between (a) photosynthesis rates and
stomatal cond: and (b) piration rates and
conductance of 5 species of the shrubs studied

Root length density of the 5 species studied.
Water absorption capacity of root in the 5 species of shrubs studied

Biomass of stem, leaf, and root, total root length and total

leaf area of 5 species of shrubs (each value represents the mean
of 6 determinations except total root length).
Root/Shoot ratio of the species studied (2 ways). Each value
represents the mean of 6 determinations.
Correlation coefficients of other physiological parameters and
RLD (n=6).

Species performance at the beginning and the end of the
treatment (n=7-10) Highlighted species was much affected by
the stress.

Visual observations of 4 species during the water-stressed
treatment within 40 days (n=7-10).

Leaf water potential of the species during the experiment
(W=well-watered, S= tressed) with n=7-10.

xiii

Page

6

25

26

31

33




Page

Table 4.1 : The physiological parameters studied during the pre-stressed treatment
(n=10). . 50

Table 4.2 : Description of the experimental plot. B 51
Table 4.3 : Comparison of performance of the shrubs in controlled and pre-treated shrubs in
December 1997. Each value represents the mean of 6-10 replications

Table 4.4 : Dry weight partitioning of the shrubs studied in the two treatments. 59

Table 4.5 : Overall results of plant water relations and gross parameters studies
of the pre-treated shrubs as compared to the controlled shrubs.
( T = significantly higher than the control, 4 = significantly lower

than the control and N.S. = not significant). 63
Table 5.1 : Description of the slopes. . 65
Table 5.2 : Information of the measurements on slopes. 68
Table 5.3 : Root profile of 5 type of slopes. 70
Table 5.4 : Soil water content and field capacity ( )* of the slopes studied. 13
Table 5.5 : Shear strength value (kPa) at 4 inches of soil depth of

theNSE slopes(n=8). 76
Table 6.1 : Description of the plots. e 85

Table 6.2 : Some parameters related to photosynthesis components of
the species studied. 92

Table 6.3 : Plant performance in terms of Leaf Area Index (LAI) of the plant community

in December 1997. 97
Table 6.4 : The percentage of increment in diversity at the experimental

plots from December 1996 to December 1997 (summarisation

of Appendix 6and 7) . . .98

Table 6.5: Shear strength value (kPa) of the plots studied at FSKTM slopes 107



