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ABSTRACT

Stump planting is the commonly practised method ih teak
plantation establishment. 1In this method the teak seedling is raised
for up to 2 years in a nursery to produce a straight and unbranched
tap-root. At planting time, the seedling is lifted and the planting
stump prepared by cutting off the shoot and lateral roots, leaving
only the main tap-root attached to 3- to 5-cm of the lowsr stem.

The early productivity of teak plantations is, thersefore, dependent
largely on the potential of the stump to sprout and to regenerate
new lateral roots., In this study an investigation has been made
of.ths way environmental and physiological factors influence the
sprouting potential of the teak stump. A better unaerstanding of
the sprouting phenomenon, and of factors influencing ths sprouting
potential could bs useful in modifying techniques for teak stump
pianting and increasing the early productivity of plantations.

The thesis is in three main parts, a general background
to teak and theories dealing with the sprouting mechanism of plants,
field studies of stump planting, and controlled environment
studies to help interpret the field observations.

In the first part all available information is summarised
dealing with the natural 6ccurrence and phenological development of
teak and its artificfél regeneration by stump planting. Physiological
mechanishs cbntrolling stump sprouting are reviewed.

In a series of field studies carried out in Thailand the
effects of the following factors on the survival of the teak stump
and the growth rate of stump sprouts are examined : the time of

1lifting and stumping ( or the stage of phenological development at
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time of 1lifting ), the planting site condition and site and

tending treatments, storage of stumps, and time of planting. It

is shown that stumps lifted between mid-January and mid-April

( the period when the seedlings are at full dormancy or the early
budfbreak stage ) have a relatively higher sprouting potential

than those lifted earlier or later than this optimum lifting time.
Furthermore, it is shown that the optimum time for planting teak
follows the end of the hot-dry season ( late April ) and the end

of May. Since the optimum time for lifting and stumping teak does
not coinpids with the optimum time for planting, storage of stumps
with high sprouting potential is nsccessary. Studies on stump
storage show that teak stump can be kept safely for as long as 9
months in a dry underground sfore. The most appropriate storage
medium and method of storage of the teak stumps are examined.

Based on the field resuits, a series of controlled snvironment

‘studies was carried‘out fo detsrmine the physiologicalibasis‘for

the success of early lifting and stump storage. The effects of
temperature and soil moisture regime on the growth and development

of the teakvseedling, and physiological processes contributing to
enhanced sprouting potential are examined. Thesse include pHotosynthesis,
respiration, translocation of photoéynthates and the accumulation

of photosynthates in the tap-root of the seedling. The teak seedling
is very sensitive to the cool temperature and soil moisture stress. .
Growth of the seedling is markedly rest;icted where the groming‘
temperature is reducedrfrom warm ( 30/'250 C day/hight temperatufa )
to a relatively cool ( 18/13D c) tsmperétura. Likewise, growth

is markedly reduced where the supply of soil water is maintained at
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or below 40 percent of the difference between the field capacity

and the wilting point of the soil. However,neither cool tempsrature
nor severe soil moisture stressvreduced the sprouting potential

of the teak seedling following stump—replanting. Studies on
physiological processes in the teak seedling suggest that cool
temperature and possibly drought stress promote the sprouting potential
primarily through enhanced translocation of photosynthates and
mobilization of the stored starch to labile sugars in the tap-root

of the seedling prior to stumping. Plant growth subsances have also
been found to play a significant role in cbntrnlling the sprouting

of teak planting stumps.



TITLE PAGE

TABLE OF CONTENTS

ORIGINALITY OF THESIS

ACKNOWLEDGEMENTS

ABSTRACT

LIST OF TABLES

LIST OF FIGURES AND PLATES

CHAPTER 1

1.1

1.1.1
1.1.2
1.1.3

CHAPTER 2

2.1

2.2
2.2.1

2.2.1.1
2.2.1.2

2.2.2
2.2.2.1

2.2.2.2 .

2.3

INTRODUCTION

NATURAL OCCURRENCE AND GROWTH HABITAT

OF TEAK ( Tectona grandis L. )

Climatic Requiremsnts
Geology and Soil Requirements
Growth Habits

TEAK PLANTATION ESTABLISHMENT
PURPOSE AND SCOPE OF STUDY
TERMINOLOGY

LITERATURE REVIEW

" THE FORMATION OF SPROUTS IN PLANTS

PHYSIOLOGICAL BASES OF PLANT SPROUTING
Nutritional Theory
The role of mineral nutrition

The role of carbohydrate reserves

Hormonal Theory

" The basic mechanism of plant sprouting

in relation to plant growth substances

- Evidence for the hormonal control of

sprouting in woody plant .stumps

SUMMARY

Page

ii

iii

xiii

xvi

12

15

.18

20

23

23

24
26
26
28

31

36

38

viii



CHAPTER 3 FIELD STUDIES 41

3.1 INTRODUCTION 41
3.2 PURPOSES OF STUDIES 45
3.3 STUDY 1 ‘ 45

EFFECTS OF LIFTING DATE, STORAGE, STORAGE
MEDIUM AND PLANTING SITE ON STUMP SPROUTING

3.3.1 Materials and Methods 45
3.3.2 Results , 48
3.4 STUDY 2 67

EFFECTS OF LIFTING DATE, STORAGE, PLANTING
TIME AND WEEDING TREATMENT ON STUMP SPROUTING

3.4.1 Materials and Methods 67
3.4.2 Results : 71
3.5  DISCUSSION | l 93

CHAPTER 4 INTRODUCTION TO CONTROLLED ENVIRONMENT 102

STUDIES
4.1 INTRODUCTION 102
472 GENERAL NATERIALS AND METHODS 103
4.2.1 Controlled Environmental Conditions 103
4.2.2 Growing Materials 103
4.2.3 | Preparing of Teak Seedlings for the 104
Experiment o
4.2.4 Measurements and Harvesting 105
4.2,5 Analyses of Growth and Structural - 105
Parame#ars 14
4.2.6 - Translocation of C Photosynthatss 106
| in Teak Seedlings |
4.2.7 Determination of Carbohydraté Reserves . 108

in Dry Tissue of Teak Seedlings



CHAPTER & THE PHYSIOLOGICAL RESPONSES OF TEAK 112
SEEDLINGS TO TEMPERATURE

5.1 INTRODUCTION ' 112

5.2 STuDY 1 115

EFFECTS OF TEMPERATURE REGIME ON SEEDLING 115
GROWTH AND DEVELOPMENT AND SUBSEQUENT STUMP

SPROUTING IN TEARK

5.2.1 Materials and Methods 115
5.2.1.1 Experiment 1 116
5.2.1.2 Experiment 2 ‘ ‘ 117
5.2.2 Results 119
5.2,2.1 Experiment 1 119
5.2.2.2 Experiment 2 128
5.2.3 Discussion 133
5.3 5Tupy 2 . ‘ : 137

EFFECTS OF TEMPERATURE AND STORAGE ON
CARBOHYDRATE RESERVES AND SUBSEQUENT SPROUTING
OF TEAK SEEDLING STUMPS

5.3.1 Purpose of Study 137
5.3.2 Materials and Methods 137
5.3.3 Results ’ _ 140
5.3.4 Discussion 150

CHAPTER 6  EFFECTS OF SOIL MOISTURE AVAILABILITY ON 157
GROWTH AND DEVELOPMENT, CARBOHYDRATE

RESERVES AND SUBSEQUENT STUMP SPRDUTING oF

TEAK SEEDLINGS

6.1 INTRODUCTION 157
6.2 MATERIALS AND METHODS | 160

6.3 RESULTS 165



6.3.1
6.3.2
6.4

CHAPTER

7.1

7.2

7.2.1

7.2.2
7.2.2.1
7.2.2.2
7.2.2.3
7.2.3

7.2.301
7.2.3.2
7¢2.3.3

7.2.4

7.3

7.3.1
7.3.2

7.3.3

7.3.4

xi

Experiment 1 : 165
Experiment 2 172
- DISCUSSION 182

EFFECTS OF TEMPERATURE AND SOIL MOISTURE 195

" REGIMES ON TRANSLOCATION OF 14C PHOTOSYNTHATES

IN TEAK SEEDLINGS

INTRODUCTION 195
STUDY 1 - 196

EFFECTS OF TEMPERATURE REGIME ON PHOTOSYNTHESIS,
RESPIRATION AND TRANSLOCATION OF PHOTOSYNTHATES

Purpose of Study 196
Materials and Methods 197
Experiment 1 ‘ 197
Experiment 2 ’ 199
Experiment 3 200
Results e 201
"Experiment 1 201
Experiment 2 202
Experiment 3 | 212
‘Discussion , 216
STUDY 2 223

EFFECTS OF SOIL MOISTURE STRESS ON TRANSLOCATION

OF PHOTOSYNTHATES IN TEAK SEEDLINGS

Purpose of Study 223

Materials and Methods ‘ ' ' 224
Results- 225

Discussion 230



xii

CHAPTER 8 THE ROLE OF PLANT GROWTH SUBSTANCES IN 236

CONTROLLING TEAK STUMP SPROUTING

8.1 STUDY 1 236

EFFECTS OF EXOGENOUS APPLICATION OF PLANT

GROWTH SUBSTANCES ON STUMP SPROUTING

8.1.1 Introduction - 236
8.1.2 Materials and Methods | 238
8.1.2.1 Experiment 1 238
8.1.2.2 Experiment 2 239
8.1.3 Results | 240
8.1.4 Discussion | - 251
8.2 | STUDY 2 . 256

EFFECT OF TEMPERATURE REGIME ON TIAA LEVEL

IN STEM AND TAP-ROOT TISSUES OF TEAK SEEDLINGS

8.2.1 Purpose of Study 256
8.2.2 Nataria;s and Methods ‘257
8.2.3 . Results and Discussion 262
CHAPTER 9 GENERAL DISCUSSIDN AND CONCLUSIONS - 266
9.1 GENERAL DISCUSSION o 266
9.1.1 ' Occurrence and Growth Habits of Teak . 266
9.1.2 Physiological Bases of Teak Stump Sprouting 268
9.1.3 Physiological Implications in Field Studies 278

9.2 ~ CONCLUSIONS ‘ 284



Tables

1.1
1.2

1.3

ll4

3.1
3'2
3.3

3.4
3.5
3.6
3.7

3.8
3.9
3.10

3.11
3.12
3.13
3.14
3.15‘

3.16

LIST OF TABLES

Pége

The range of climatic conditions in the 3
tsak region in Thailand
Relationship between geological formation 8

and distribution of teak

Relationship between.geological fﬁrmation, -10
pH value of soil and the percentage of teak
in the natural forests

The average pH values and the amounts of 11
exchangeable calcium and phosphorus in the

soil derieved from different geological
formations of Madhaya Pradesh

Analysse of vafiancs for plaht survival 52
Analyses of variance for height growth : 54
Effects of storage medium on survival and 55

height growth of teak planting stumps

Average survival and height growth of sprouts56

produced by stored and routine stumps

Effects of 1ifting date and storage period 63
on survival of teak planting stumps

Effscts of 1iftingldate and storags medium 64
on survival of teak planting stumps

Effect of 1ifting date on height growth of 65
stump sprouts

Analysis of variance for plant survival 72
Analysis of variance for height growth 73
Effects of weeding treatment on height 77

growth and survival of teak stumps

Effects of planting time and weeding treatment 78
.on survival and height growth of teak stumps

Effects of 1lifting date and weeding treatment79
on survival and height growth of teak stumps

Effects of planting time on survival and 83
height growth of teak planting stumps

Effects of planting time and 1lifting date on 84
survival and height growth of teak stumps

Effects of‘weeding treatment on survival and 87
height growth of stored and routine stumps

Effects of planting time on survival and - 87
height growth of stored and routine stumps

xiii



Tables

3.17

3.18

5.3
5.4
5.5
5.6

5.7

6.2
6.3
6.4
6.5
6.6

6.7

6.9

Xiv

Page

Effects of 1ifting date on survival and gl
height growth of teak planting stumps

The differences between stored and routine 94
stumps in field performance after out-planting
at the same time ,

Experimental treatments 118

Effects of fluctuating temperature on 124
growth and development of teak seedlings

Effects of fluctuating temperature on 125
dry mattesr production of teak seedlings

Effects of fluctuating temperature on growth 127
parameters of teak seedlings

Growth parameters of teak seedlings at 131
stumping times as affected by temperature regime

Effects of temperature regime on the sub- 132
sequent production of stump sprouts

Effects of temperature regime and storage 142
on carbohydrate reserves in teak sesedling stumps

Effects of temperature and storage on stump 146
sprouting in an experiment to monitor
carbohydrate content

Moisture characteristics of the soil used in 160
the experiment

Effects of soil moisture regime on water 166
balance in teak seedlings

Effect of soil moisturs regime on height 170
growth increment of teak seedlings

Effects of soil moisture regime on growth 171
and dry matter production of teak seedlings

Growth and dry matter production of teak 174
seedlings as affected by soil moisture regime

Effect of soil moisture stress on carbohydrate 176
reserves in teak seedlings

Effect of pre-stumping soil moisture regime 180
on the subsequent stump sprouting

Transpiration rate of teak seedlings under 185
the unlimited soil moisture supply in relation

to the ratios of root/shoot and root/leaf

Effect of soil moisture regime on the rate and 191
amount of sugars and starch transperted to and
accumulated in the lateral roots of teak seedlings

*»



Tables

7.2
7.3
7.4
7.5

7‘6

7.7

7.8
7.9
B.1
8.2
8.3

8'4

Page

Effects of a reduction of temperaturs 202
on the rate of photosynthasis and respiraticn
of teak seedlings

Effect of temperature regime on the loss 204
of 14 C assimilate from leaves of teak seedlings

Effect of temperature regime on distribution 207
of léc assimilate in teak seedlings '

Distribution of 14c assimilate in seedling 209
leaves as affect by temperature regims

bEffect of temperature regime on distribution 210

of 14c assimilate in seedling stems

Time loss of 14C photosynthates from the . 214
leaves aof teak seedlings held at cool tempsrature
for 30 days

Distribution of 14C photosynthates with 215
time in different organs of teak seedlings
held at cool temperature for 30 days

Growth characteristics of teak seedlings 225
growh under the three soil moisture treatments

Effect of soil moisture regime on distribution 229
of 14C‘ photosynthates in teak seedlings

Growth characteristics of teak seedlings 240
used in the expsriment

Residual effects of plant growth substances 248
on stump sprouting in teak

Effect of IBA at different concentrations' 251
on stump sprouting in teak

Effect of temperature'on IAA levsls in 263
teak seedlings , '



Figures

1.3

1.4

3.1

3.2

3.3

3.4

3.5

3.6

3.7

xvi

LIST OF FIGURES AND PLATES

Page

Natural distribution of teak 4

Mean monthly maximum and minimum temperatures 65
in teak areas in Thailand

Mean monthly rainfall in teak areas in 6
Thailand

Mean annual rainfall, mean maximum and 7
minimum temperatures in the north of

Thailand

Effects of lifting date and storage medium 50
on subseguent survival of teak planting stumps
after out-planting to "wet" and "dry"

planting sites

Effects of 1lifting date and storage medium 51
on height growth of teak planting stumps

after out-planting to "wet™ and "dry"
planting sites

Effects of lifting date on survival and height58
growth of teak stumps after cut-planting to
"wet" and "dry" planting sites

Effects of lifting date and plantlng time 74
on survival of teak stumps after out-planting
ander the two weeding treatments

Effects of 1lifting date and planting time 75
on height growth of teak stumps after out-planting
under the two weeding treatments

Effects of planting time on survival and helghtBZ
growth of teak planting stumps

Effects of stump storage and planting time 88
on subsequent height growth of teak stumps
Effect of lifting date on height growth of 88

stored stumps
Effects of vegetative phenolegical stage 99
on sprouting potential of teak stumps

Schematic representation of gas 01rcu1t used 107
for 4CD assimilation



xvii

Figures Page

5.1 Effect of temperature on height growth 120
response of teak seedlings

5.2 Effects of temperature on dry matter 121
production of teak seedlings

5.3 Expsrimental schedulse ‘ 139

5.4 Effects of temperature and storage on 141

carbohydrate reserves in teak seedling stumps

5.5 Relationship between stored carbohydrates 149
in teak stumps and the vigor of sprouting

6.1 " Relationship between height growth and 162
plant fresh weight of teak seedlings

6.2 Effect of soil moisture stress on the 185
balance between root and shoot growth rate
of teak seedlings

7.1 Time course for the loss of 140 activity 203
from whole leaves of teak seedlings

7.2 Effe 2 of temperature regime on distribution206
of C photosynthates in teak seedlings

8.1 Effects of plant growth substances on 242
the production of sprouts in teak stumps

8.2 Effects of plant growth substances on 243
height growth of stump sprouts

8.3 Effects of plant growth substances on 244
diameter growth of stump sprouts

8.4 Effects of plant growth substances on 245
leaf area production of stump sprouts

8.5 Effects of plant growth substances on 246
dry matter production of stump sprouts

8.6 Effecfs of IBA on stump sprouting in 250
teak »

8.7 Diethyl ether partition schedule 259

for IAA extraction from plant tissue

8.8 Comparison of fluorescence intensity 263
scans of the IAA



Plates

1.1

l‘3

6.1

8.1

Teak seedling
Characteristics of teak planting stumps
Teak stump sprouting

Effects of soil moisture availability on
growth and development of teak seedlings

Effects of plant growth substances on
sprouting of teak planting stumps

xviii

Page

16
16
17

169

241a



CHAPTER 1

INTRODUCTION

1.1 NATURAL OCCURRENCE AND GROWTH HABITAT OF TEAK (Tectona

grandis L.)

Teak is one of the most importanf timber tree species
of the tropics. The species dccurs naturally only in the Indian
Peninsula, Bufma, Northefn Thailand, and Northwestern Laos; and
has a distribution from the longitudes of 73°E to 104°30'E (Troup,
1921; Mahaphol, 1954); The northern boundarywlimit of teak is
about ZSDSD'N lat., that is some distance outside the tropics;
while its southern boundary limit lies from 9°N lat. in India
through 15-16°N lat. in Burma to 16°30'N lat. in Northeastern
Thailand (Figuré 1.1) (Troup, 1927; Mahaphol, 1954; Kermode, 1957).
There is some doubt whether teak in Java and in the small islands
of the IndonesianArcEipelago,such as Moena and Bbetueng, is an
indigeﬁnus or imtroduced species.' According to Altona (1922a,

1922b), the species in these areas was introduced from India by

the | Hindus sometime from the 14th to 16th century.

1.1.1 Climatic Reguirements

Teak can grow over a wide range of climatic conditions,
from dry localities with annual rainfalls lower than 760 mm (e.g.
in some parts of Madras and Bombay in India) to very moist
localities with annual réinfalls higher than 3,800 mm (e.g.‘on the

west coast of India where the annual rainfall is 5,080 mm)



(Troup, 1921; Haig, Hubermann and Aung Din, 1958). This species
also occurs under a wide range of temperatures, for example, an extreme
low temperatufe of 1.7°C (during»the cqld séason)vand an extreme
high temperature of 47.8°C (during the hot season) (Anon., 1958;
Haig et al, 1958). Actually, teak grows best and reaches its
largest dimensions in a Warm—moist tropical climate with rainfall
ranging from 1,270 to 3,800 mm per annum, absolute minimum and
maximum temperatures of 13° and 40°C respectively and a marked dry
season of 3-5 months (Troup, 1927; Ker'mode,. 1957; Haig et al, 1958;
~ Champion and Seth, 1968). The climatic conditions in the natural
range of teak are mainly influencéd by the two"local winds: the
southwest monsoon and the northeast monscon (Sternsteinq 1962;
Kermode, 1964; Champion and Seth, 1968). In Thailaﬁd, for example,
the climatic classification is based oﬁ reversal of the monsoon
winds into four seasons as follows:
1. - the pre-monsoon season (the hot season), from March to
April;
2. the southwest monsoon season (the rainy season), from
mid-May to mid-September;
3. the post monsoon season_(characterized by changeable
weather), during October; and
4. the northeast monsoon season (the cold season) from
November to February (Sternstein, 1962).
The climatic conditions of the teak zone in Thailand are summarized
on the basis of mean monthly maximum and minimum temperatures in
Figure 1.2, monthly rainfall in Figure 1.3, isohyets and absolute
maximum and minimum temperatures in Figure 1.4, and the range of

climatic conditions thrbughout the teak zone in Table 1.1.



TABLE 1.1 The range of climatic conditions in ‘the
teak zone in Thailand. (Data represents

the average of records from 1951 to 1970).

Locality
Climatic conditions
Min. Max .
Annual rainfall (cm) 100.0 178.0
Mean temperature (DC) 25.0 - 28.0
Annual potential evaporation (cm) 143.0 215.0
Moisture index (P/T ratio) . 36.0 (dry) 72.0 (wet)
Extreme max. temp. (DC) ' : 41.0 44.0
Extreme min. temp. (°C) - - 2.0 7.0
~ Mean temp. during the wet period 27.0 29.0
(May — Oct. ) (°cC) :
Mean temp. during the dry period (DC) - 23.0 27.0
(Nov. - April or cold - hot seasons)

Source: Chunkao gt al (1972): Meteological and Hydrological

Summary of the 16 Northern Provinces of Thailand.
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Natural distribution of teak (Tectona grandis L.)
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FIGURE 1.4
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Mean annual rainfall (as shown by isohyetal map), mean
maximum and mean minimum temperatures (max/min) in the
north of Thailand (1951 - 1970)
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1.1.2 Geology and Soil RBequirements

Teak occurs on a variety of geolqgical formations such
as igneous rock, limestnng) granite, gneiss, schist, calcareous
crystalline robks) some sandstones, conglomerate, shale
But it occurs predomiﬁantly on the soils derived from trap and river
alluvia formed from this rock, even where the overlying soil is
shallow and. poor (Kulkarni, 1951; Puri, 1951, 1960; Bhatia, 1954;
Seth and Yadav, 1959). In areas where conglomerate or sandstone
underlies the soil, this species may be absent, or appears to be
‘stuntéd in growth and poor in quality (Hewestnn, 1951; Kulkarni, 1951;
Puri, 1951; Bhatia, 1954; Seth and Yadav, 1959).  Kulkarni (1951)
studied the relationship between geological formations and natural
distribution of teak in India and found that géoloéy plays the most
important part in the distribution of teak. The ﬁercent stocking
of teak and other tree species in relation to geclogical formation

in this study is shown in the following table:’

TABLE 1.2 Relationship between geologicgl formation and

distribution of teak .

Composition of forest

Geological formation - - Teak Non-Teak
% %
Deccan Trap (Igneous rock) 80 20
Granitic gneisses 75 v 25
Calcareous crystalline rock , 60 40
Phyllites and schists S 50 50
Bagra conglomerate a5 ' 55
Jabalpur conglomerate and haematite 15 85
Pachmarhi sandstone ' .0 100
Denwa sandstone ‘ 0 100
Jabalpur sandstone 0 100

Source: Kulkarni (1951)



Since teak had been known to grow best on soils derived from

igneous rocks such as trap, several attempts have been made at a
systematic study of soils and geological formations in relation

to teak distribution. Kulkarni (1951), for example, found
relationships between geological formation, pH value of soil,

and the stocking of teak in natural teak Foresté. He‘reported

that trap and alluvial soilé, to which the best teak stands in

the region are confined, are either nearly neutral or slightly
alkaline. He €°. found that teak occurs predominantly on soils
with pH values ranging from 6.5 to 7.5. The species is totally
aEsent from natural Forests where soils are more acidic than 6.0

pH. On the other hand, on alkaline soils with pH values ranging frdm
7.5 to 8.5, teak deteriorates in guality, and above a pH of 8.5

the presence of excess alkalies in soils seems to be definitelylthicj
towards teak growth. This has been supportep by the work of

Puri (1951, 1960), Bhatia (1954), Seth and Yépav (1959). The
relationships betweéh geological formation, spil pH, and the

stocking of teak in natural Fofests is shown in the following

tabie:
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TABLE 1.3 Relationships between geological formation, pH
value of soil, and the percentage of teak in

the natural forests.

Name of the parent rock Average pH - Percentage of
formation value of the . teak in the
resultant soils forest

Deccan trap (Ignecus rock) : 7.0 : 80
Alluvium ' . 7.0 80
Granitic gneisses | 7.5 75
"Phyllites and schists ' 7.2 50
Calcarecus crystalline | < 7.7 40
Bagra conglomerate 6.8 ¢ 45
; Jabalpur conglomerate i , 6.5‘,' 15
Bijori sandstone ’ 6.0
Pachmarhi sandstone 5.5
Denwa sandstone 5.5

Apart from soil pH, a number of minerals in soil such as
calcium'and phosphorus.have been found to play an important role in
controlling the distribution and growth of teak. Several studies
suggest that teak requires a large’amount.of calcium and phosbhorus
for its growth. For example, Purivand Gupta (1950) analyzed the

mineral content of teak and sal {Shorea robusta) leaves collected from

the same soil‘type. They reported that the amount of calcium in

leaves bF teak is nearly double that of sal, i.e. 2.91% (teak leaves)
and 1.46% (sal leaves). Similarly, Puri (1960) analysed the ash of
teak wood and reported thét the amounts of calﬁium and phasphorus in

teak wood ash are higher than those of any other mineral contained
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in the same wood ash, i.e. 31.35% (Ca0) and 29.6% (9205). Bhatia
(1954) studied the role of geology and soils in relation to the distri-
bution and growth of teak and reported that teak grows best on the
igneous rocks which contain higher amounts of exchangeable calcium

and phosphorus. Relationships between geological formations, soil

pH, and the amounts of exchangeable calcium and phosphorus in soils

are shown by Bhatia (1954) in Table 1.4. From this summary it can

be seen that teak is a "calciolous" plant Which‘normally grows on soils
containing high levels of exchangeable calcium, and on soils which are

alkaline, neutral or of relatively low acidity.

TABLE 1.4 The average pH values and the amounts of exchangeable
calcium and phosphorus in the soils derived from

different geological formations of Madhya Pradesh.

Geological formation _ pH Cal Mg2P2D7
*¥GBranites and gneisses 6.2 0.41 0.28
Vindhyan sandstones, shales and :
conglomerates 6.0 0.37 - 0.25
Quarzites B 6.0 0.26 0.25
Gondwana sandstones
Talchirs, Moturs and Barakars 5.8 -0.24 0.14
- Bagra conglomerates 6.6 0.37 0.33
Jabalpur sandstone 6.0 0.23 0.20
- Pachmarhi sandstone : 5.6 0.24 0.13
*¥Igneous rocks‘ v
Deccan trap : 7. - 0.73 0.32
Dykes and sills 6.3 - 0.50 0.38
Calcareous crystalline 7.6 0.76 - 0.54
*Alluvial soils
Calcareous 8.3 2.38 0.33
Non-calcareous 8.3 0.56 0.46

After Bhatia (1954) * High stocking of teak
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1.1.3 Growth Habhits

Teak is a deciduous tree species. It generally starts
shedding its foliage about the end of the cold season (mid-January)
and is completely defoliated by the middle of the hot séason (March -

April). New leaves start sprouting within a few weeks after leaf
fall is completed. The time of leaf fall and leaf renewal of teak
are variable depénding on locality and the climaté of the particular
year. In‘a long dry season year.the specieé may remain leaFless longer
than usual, while in a moist locality it may remain in leaf until
March or even later. For example, teak cultivated in the wetter

area of eastern Java behaves 1ike.an evergreen species, but in the
periodically dry region of western Java.this species lases its
leaves during the dry season (Walter, 1962 cited by'Alvim, 1964 ).
In a study of seasonal production of litter in teak plantations in
Thailand, Arksornkoae et gl, (1972) reported that leaf fall of teak
occurred from January to September, with a maximum in April (thé
hottest month) andAa minimum in September_(the mid of fainy season).
This summary suggests that soil moisture and atmospherit:; humidity play
aniimportant role in cohfrolling leaf fall and leaf production of
this species.

Teak flowers seasonally, and its flowering qually étarts

Within a few weeks after its leaves are full grown. In Thailand,
teak starts flowering in mid-July and continues‘throughout the rainy
season until November (Bryndum and Hedegart, 1969). Teak in
plantations normally commences flowering 5 - 7 years from planting;

however, in some places or some provenances it may flower as early
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as 2 years of age (Mahaphol, 1954; Boonkird, 1966). In general, the
large white inflorescences are terminal on the main stem as well as on
branches of the tree. An inflorescence of teak contains approximately
3,000 (1,200 - 3,700) individual flowers, and the flowering period for
individual inflorescences lasts fram 2 to 5 weeks (Bryndum and
Hedegart,‘1969; Hedegart, 1975). The teak flower (6-8 mm in
‘ diameter) isvperfect and it Eas an DVafy with 4 ovules and a style
with a forked stigma (Br‘ynde and Hedegart, 1969). The individual
- flower opens for one day only and if in that day pollination does
not occur the flower is shed either that evening or the following
morning (nyhdum and Hedegart, 1969). Teak is mainly a cross—
pollinating species and insects‘are‘the main agents of natural
pollination (Bryndum and Hedegart, 1969; Hedegart, 1973, 1976).
Fruit set after self pollination may still occur but germination of
seeds aobtained from this fruit is usually very poor compared with
that obtained from cross pollination (Bryndum and Hedegart, 1969).
Soon after a flower has been successfully pollinated'the
DQary develops rapidly intq a fruit. Teak fruits usually ripen
within 120 and 200 days after poliination and fall gradually through-
out the hot season (March - May) (Hedegart, 1973). The fruit of
teak is a hard, irregularly glébpse nut (1.0 - 1.5 cm in diameter),
and contains 4 seed chambers. In general, germination of teak seeds
(the term "teak §eed" means teak fruit) is poor (about 35%) and
sporadic (Bryndum, 1966; Boonkird, 1975). Ih teak nursery practice,
seed pre-treatments, such as alternate soaking and drying or removal

of the exocarp of the fruit, are normally reguired to improve the
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percentage and the rate of germination, in order to obtain
uniform seedlings.

After seed germination, the seedling of teak usually
develops a large and strong carrot-like tap-root with few, poorly
developed laterals (Plate 1.1). The establishment of a strong
tap-root during the‘seedlihg stage is an important adaptive trait
which enables the seediing of this species to withstand the
influences of periodic damage to its shoot. In the study of the
natural regeneration of teak in Thailand, Kittinanda (1963) found that
teak seedlings.less than 1.5 metres in height are usually burﬁt
back by running fire during the hot season (March - April), but the
underground parts of somé of these burnt seedlings still survive and
will produce the new shoots by the beginning of the next rainy
season. He also reported that with such periodic damage, it will
take about 8 to 20 years from the time of germination for teak to -
develop its root system (mainly the»tép—root) which  is capable of
establishing thé vigorous and fire resistant shoot(s) within one
growing season. Similar~Findings have been reportéd by Sono (1984),
who reported that it takes about 7 to 29 years from germination for
teak to develop a tap-root which enables it to produce within the
one growing season the fire resistaht shoot(s). Sbno also noted
that the minimum size of seedling tap-root which enables it to produce
the fire resistant shoot is about 2.5 cm in diameter at the collar

level.
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1.2 - TEAK PLANTATION ESTABLISHMENT

Teak is one of the high commercial value timber tree
species. For this reason the species has been introduced to several
éountries in the tropical and sub-tropical regions. |

The plantations of teak can be established either by the
direct dibbling of seed or by the stump-planting method. The
first method is rarely practised because the price of teak seed is
high and the germination of teak seed is usually poor and sporadic,
resulting in unreliable establishment_of the planfs. . The latter
method is theréfore more widely practised in teak plantation
establishment.

Teak stump plaﬁting was first successfully tried in Burma
in 1920 (Anon., 1921), and this method has been adopted as a standard
practice since 1932 (Champion and Pént, 1932). The term "stump"
in this planﬁing methbd refers to a "root-shaoot cutting"” of the
seedling. As noted earlier, teak seedlings usually develop a large
and strong carrot-like tap-root with a High sprouting potential.

The tap-root of the seedling qonstitutes the major part of the
planting stump. To prepafe the stump Forbplanting, the seedling

is first raised in the nursery for about 1 - 2 years tb produce the
straight and unbranched tap-root; it is then lifted for stumping one
or two days before out-planting. After 1lifting from the nursery,
the stem of the seedling is cut at about 3 - 5 cm above the root
collar level, leaving one or two pairs of buds in the stem part

for developing into sprouts of new shoots; the lateral roots are

entirely trimmed off close to the tap-root. If necessary the
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tap~root may be cut, the optimum length of stump being between
15 - 20 cm. Characteristics of teak stumps ready for out-
planting are shown in Plate 1.2.

Sfumps can be mare readily planted than whole seedlings.

In general, the stump is planted in a hole madé by a crowbar
slightly bigger in size than'the biggest stump (about 2.5 cm in
diameter). ‘The method of planting is as follows: The bar is
inser*ted into tﬁe ground at an angle, and pushed forward to the
upright position. The stump is inserted into the hole, leaving

its stem part above ground. THe bar is then inserted into the
ground at an angle about 5 = ﬂO cm from the stump, and pushed forward
to. the stump to firm the soil around the base and the top of the
stump. - The soil around»the stump is then pressed by the planter
using his feet.

Under favourable conditidns for growth, the stump usually
produces sprouts within a few weeks after planting. The biggest
sprout on the stump will dominate the smaller sprouts and subsequently
rit develops into a plant (see Plate 1.3). The ability of stumps
to produce sprouts and the mechanism of stump sprouting will be

discussed in more detail in Chapter 2.

1.3 PURPOSE AND SCOPE OF STUDY

While stump planting is a standard method used for teak
plantation establishment, information on the physiology of the
sprouting of teak planting stumps is very limited. In the

present study, a series of experiments dealing with some of the
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factors influencing the sprouting of teak planting stumps are
described. The first two studies made under field conditions were
designed to examine:

a. whether teak planting stumps could be kept for a long
period in an underground (uncooled) storage unit;

b. effects of lifting date'and/or the phenological
development of the parent seedlings at lifting on the
production of stump sprouts after out-planting;

c. effects of planfing date and weeding treatment on the
production of stump sprouts.

Bubsequent studies made under controlled environmental conditions
were designed to examine:

a. eFFedts of temperature and soil moisture regimes on

bgrowth and development of teak seedlings, and the subsequent
production of sprouts ﬁf teak planting stumps after planting
under the same conditions; |

b. effects of temperature and soil moisture regimes on the
activity of some of the physiological processes'invteak
seedlings, including photosynthesis énd respiration,
translocation and redistribution of photosynthates, carbo-
hydrate levels in seedling organs, and the level of auxin
content; |

C. the direct effect of carbohydrate reserves and plant
growth substances on the production of sprouts of teak

planting stumps.
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1.4 TERMINOLOGY

Before proceeding further it is necessary to clarify some of
the terms which will be used frequently in this study.
Dormant bud: The term dormant or suppressed or inhibited bud is
usually used to refer to the undeveloped bud in the axil of the
leaf or bud scale on the long shoot of the plant. Normally, this
bud is connected to the pith by a bud frace (Kramer and Kozlowski,
1960; Wilson, 1968, 1970; Kozlowski, 1971) and remains inhibited
and embedded in the wood or bark of the plant. Although this bud
is called dormant, it is still active and grows a little each year
to enable the tip or the scale primordia to keep pace with the
radially expanding cambium (Kramer and Kozlowski, 1960; Wilson, 1970;
Kozlowski, 1971). Dormant buds may develop into a number‘of dormant
shoots under the bark, or méy develop into new shoots or branches
within a few weeks after leaf fall or after the parent plant has
been damaged; but many of them may remain dormant indefinitely or
may Finally die.

Adventitious bud: The adventitious bud is the bud which originates

either from cork cambium, from phloem parenchyma, or from the ray
initials of the vascular cambium (Stone and Stone, 1943; Esau, 1960;
Kramer and Kozlowski, 1960; Kozlowski, 1971). This bud normally
forms on the older portions o% the root or stem of tHe plant, or
forms on the callus tissue near or adjacent to a wound. This bud
has no connection to the apical meristem.

Stump sprout: Stump sprouts mostly originate and develop from

dormant or inhibited buds buried in the bark on the lower part of

the stem or on the zone of rapid taper in the roots near the stem.
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(Kramer and Kozlowski, 1960; Smith, 1962; Wilson, 1968, 1970;
Kozlowski, 1971). Working with stump sprouting in red maple,

Wilson (1968) showed that there are two types of dormant (inhibited)
buds that grow out to form stump sprouts in this species. The |
most common type is buried in the bark, and the other type is a short-
- shoot Df an external dormant bud which is external to the bark.

(This external bud type appears to be very similar to that Found on
the stem portion of the teék planting stump.) : Wilson also reported
that both types of buds are inhibitedllateral buds that are derivéd
from the original lateral buds on the main axis of the plant.

Stool shoot: A new shoot thaf diFFerehtié?gs from the callus
tissue that develops at fhe cut surface of the cambial area is_oalled
a stool shoot. This shoot is normally short lived because it
confinues to elongate without bud formation and this new shoot is
finally killed by the frost or drought. This type of shoot is nat
so important in vegetative reproduction of Forest.tree species.

Epicormic shoot: - The term epicormic shoot, epicormic branch,

epicormic sprout, or water sprout? normally refers to the shoot or
sﬁrouf that develops from the dormant bud locafed on the upper

‘part of the clear bole stem (Kramer and Kozlowski, 1960; Smith, 1962;
Kozlowski, 1971). This shoot usually occurs when the tree is
artificially pruned or when neighbouring tregs are thinned, resulting
in sudden and excessive exposure which stimulates development of

the dormant bud on the stem.

Root sucker: The term root sucker or root sprout refers to

the shoot that develops from the adventitious bud originating on the

surface or in the periderm of the root_(Kramer and Kozlowski, 1960;
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Kozlowski, 1971; Zimmermann et al, 1971). Zimmermann et al, (1971)
noted that all buds on the roots are adventitious in origin and they
develop exogenously from tissues exterior to the stele. In

some cases, these buds may develop endogenously from the pericycle
as do lateral roots. In general, these buds become inhibited

and exist as dormant buds embedded in the periderm of the roots

for several years before being released. Occasionally these

buds produce short-shoots underground and leaf primordia annually
for several years. Finally they develop into lonQ-shocts above

ground (Kormanik and Brown, 1967; Kozlowski, 1971).

3prouting vigor: This term usually refers to the developmental
stage of spfouting whicﬁ includes the breaking of bud dormancy

as well as the subsequent elongation of the sprouts. Normally

it is expressed in terms of height and diameter growth and dry

weight of the sproutsv
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CHAPTER 2

LITERATURE REVIEW

241 THE FORMATION OF SPROUTS IN PLANTS

Sprouting is one of the most important types of vegetative
propagation for woody plants after cutting, girdling, or fire.
This also applies.to forest plantation establishment: , especially
teak, in which seedling stumps (root-shoot cuttings) are commonly
used as a method of planting. Sprouting may occur on the roots
and on the stems at ground level or within the upper bart of the.planf
stems. Different terms are applied to the sprouts depending on their
locations and origins (Seétimn 1.4).

-In general, plants produce sprouts when they are seriously
damaged, either by physioal or biotic agents, due to an upset in
the physiological balance within the plants (Kramer and Kozlowski,
1960). Stump sprouting in plantation establishments is simila% to
that of tree stumps after cutting. Under favourable growth conditions,
dormant buds or lateral buds on the.planted stumps develop into
sprouts and one or two of the biggest sprouts elongate rapidly and
become the leading shoots of the .new plants} The planted stumps
usually sprout within a few weeks of planting, but the capacity of
the stumps to produce sprouts with high sﬁrvival and growth potential
would depend on many factors, such as species and season of stump-
planting. In a study of the production of stump sprouts aFtef

planting of a number of tropical species, Champion and Pant (1932)

found that stumps of Terminalia tomentosa, teak, and Gmelina arborea

Note: Owing to the lack of recent publications ( 1975-76 )
concerning shoot grawth and development and stump
sprouting, especially of teak, only a few recent
references are cited in the Literature Review and
in the General Discussion of the thesis.



24
seedlings formed sprouts within 2, 10, and 15 days, respectively.
They also noted that both the survival and height growth of teak

sprouts were much greater than those of the other two species.

242 PHYSTOLOGICAL BASES OF PLANT SPROUTING

As stated earlier, sprouting of the plant is a result of the
interruption of physiological balance within the plant. Early
investigations on the physiology of plant sprouting showed fhat the
farmation and growth of sprouts along an elongating stem of the infaot
plaht'are strongly inhibited by an actively grqwing shoot of the plant.
If the ferminal shoot is removed one or more D%mthe lower lateral buds
are releaéed from inhibition and.develop into %Erouts (Snow, 1925, 1929;
Thimann and Skoog, 1933, 1934). This type ofiéorrelative inhibition
is known as "apical dominance". Phillips (1969, 1975) classified
apical dominance as follows:

i complete or almost Complete inhibifion of lateral bud’

growth by the presence of apical buds;

ii. = inhibition of the,growthAbf one shoot by the presence of
another shoot; and
iii. the influence of the apical part of the shoot on the

Dfientation and development of lateral organs, such as

branches, rhizomes stolons,

The capacity of plants to produce sprouts, or in Dther words,
fhe degree of apical dominance in plants‘varies considerably with several
factors, such as season, species, age, and sizé of the plant. In
"studies on seasonal variation in stump sprouting and root suckering

of a number of woody plants, it has been shown that the season of
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cutting and girdling has a marked effect on the Forﬁatioﬁ of stump sprouts
and root suckers; more sprouts are formed on stumps or roots of plants
cut or girdled during the inactive growth period than on those cut or
girdled during the active shoot growth period (Buell, 1940; Stoeckler,.
1947; Wenger, 1953; Stoeckler and Macon, 1956; Sterrett et al, 1968;
Eliasson, 1971a; Hook and Debell, 1970; Brown, 1971; Cremer, 1973; Schier,
1973) . This evidence demonstrates that a high capacity to produce
sprouts is associated with‘the dormant season of the plant. Similarly,
the capacity of teak stumps to produce sprouts is high during tﬁe
imactive growth period (the dry season) and low dUring the active
growth period (the rainy season) (Bose, 1909; Hole, 1910; Troup, 1921).
Troup (1921) noted‘that trées cut during the period of leaf fall and
bud break' produced more sprouts with better growth than those cut_
during the peribd Df‘active shoot growth. Likewise, through their
work on the production of epicormic branches in teak plants Briscoe
and Nobles (1966) reported that trees pruned during the inactive growth
period (February) produced more epicormic branches than those pruned
during the active shoot grdwth period (May - August). In experiments
on the use of teak seedling stumps in plantation eStablishmentm, a
number of workers have shown that teak stumps lifted and planted during
the bud break period hroduce more vigorous plants (sprouts) with a
higher survival rate than those lifted and planted during the rapidly
growing period of the parent seedling (Champion and Pant, 1932; Griffith,
1938; Anon, 1971; Mathur, 1972). | |
'The physiological mechanism of plant sproyting.has béen

widely studied since 1925 when Snow demonstrated the inhibition of



lateral bud growth by the rapidly groWing leaves in or near the

terminal shoot of Phaseolus vulgaris seedlings. Many theories have
\

been proposed to explain the basic mechanism(s) of this phenomenon.
The two main theories involve nutrition and plant growth hormones and

are discuséed in the following sections.

2.2.1 Nutritional Theory

2,2.4.1 The role of mineral nutrition

Mbst early investigations, as described in the excellent
reviews of "apical dominance by Phillips (1969, 1975), demonstrated
that the inhibition of latefal»bud development ip the intact plant is
due to competition for a limited supply of plant nutrients between
the apical and the lateral bud heristems. Upon the removal of the
apical meristem, which is assumed to be the gfeater sink for |
nutrieﬁts, the lateral buds are released from inhibition and develaop
into shoots or branches. Following the diécovery of auxin, like IAA
and its inhibitory effect on the development of lateral buds (Thimann
and Skoog, 1933, 1934; Skoog and Thimann, 1934), the potential role
of plant nutrition was ignored until the work of Gregury.and Veale
(1957). Bregqry and Veale demonstrated that the degree of lateral

bud inhibition in flax seedlings (Linum usitatissimum) could be

controlled-by varying the supply of nitrogen and carbohydrate to the
plant. They reported that under nutrient deficiency, growth and
development OFvlateral buds in this plant‘were entirely inhibited.
In support of the wﬁrk of Gregory and Veale, MclIntire (1968) showed

that lateral buds in flax seedlings could be released from inhibition

26
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by increasing the supply of soil nitrogen. This author also reported
that there was an increase in the total nitrogen content in the

suppressed buds within 12 hours after the removal of the terminal

shoot of the plants. Working with Agropyron repens McIntire {1965,
1969, 1971, 1972) concluded that the inhibition OF lateral bud |
development in the rhizome of this species is due primarily to
competition for water, nitrogen, and carbohydrate supply between
the apical and the lateral buds. In woody plants, several studies
have also shown that there is an important effect of some mineral
nutrients, particularly nitrogen, on plant sprouting. For example,

Stirling (1973) showed that the growth of lateral buds on Eucalyptus -

obligua and E. diversicolor seedling stems cogld be stimulated by

i

increasing the concentration of nitrogen and phosporus supply.

Similarly, the lateral buds in tea seedlings (Camellia sinensis)

could be released from inhibition by the application of high 1eve1_of
AN.P.K. fertilizer (Kulasegaram and Kathiravetpillai, 1972). |
Theré}is evidence available which is at variance with
the above hypothesis. A number of studies hayé shown that levels of
NPK, aﬁino acid, and carbchydrates in suppresséﬁ’buds are not lower
than those in the rapidly growing buds (cf., Phgllips, 1969, 1975).
Likewise, direct applications of plant nutrients to suppressed buds
have not released them from inhibition (Goodwin and Canfield, 1967;

Cutter, 1972a, 1972b). Working with Eucalyptus obligua, Blake (1974)

reported - that withholding nutrients from the seedlings of this'species

had no effect in reducing the number of sprouts that developed following

decapitation of the seedlings.
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From the above evidence it can be seen that a purely nutritional
factor cannot be the sole factor governing the production of plant
sprouts. Phillips (1975) has stated that plant growth substancés
and the interaction between them and nutrients might be the most
important factors controlling plant sprouting. The role of plant
growth substances, particularly auxin, will bé‘discussed in more

detail in Section 2.2.2.

' 2.2.1.2 The role of carbohydrate reserves

As stated by Kramer and Kozlowski (1960), plants use-
photosynthates in two ways:—~ ‘(a) in respiratiqn, and (b) iﬁ the
production of new tissues by assimilation. The surplus products
after utilization is then accumulated in vegetative éfructures (or in
fruits and seeds) and subseguently used at a t1me when it is not
supplied directly from photosynth851s. In deciduous plant species
a number of studies have shown that the levsl QF carbohydrates,
especially in the roots, increases 1n late summar to a peak in autumn,
declines slightly during the winter, and drops rapidly during spring
and reaches a minimum in eérly summer (dones and Bradlee, 1933;

Smyth, 1934; Ishibe, 1935; Wenger, 1953; Wood et al, 1959). Th}s
evidence suggests that the early stages of bud opening, leaf |
expansion, and internode elongation during spring growth of the plant
may utilize a large amount of food accumulated during the previous
growing season (Wood et al, 1959; Kramer and Kozlowski, 1960;
Kozlowski and Keller, 1966; Quinlan, 1969; Kozlowski, 19?15).

The role of carbohydréte reserves in sprouting (which includes
stump sprouts and root suckers) in woody plants remains uncertain at

present. Severai studies have shown that the patterns of seasonal
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variation in sproQting parallel the levels of plant carbohydrate
TESErves. This evidence leads to the helief that carbchydrate
reserves may play an important role in sprouting; that is, the
production of plant sprouts is positively related to the level of
carbohydrate reserves (Aldous, 1929; Buell, 1940; Stoeckler, 1947;
Kramer and Kozlowski, 1960; Chattaway, 1958; Cremer, 1965; Hook and
Debell, 1970). Gﬁ the Dther.hand, there is evidence that the pro;_
duction of plant sprouts is not primarily dependent on the level of

carbohydrate reserves. Wenger (1953), for example, studied the

sprouting of sweetgum (Liquidambar styraciFlua) in relation to season
of cufting and carbohydrate content. This author repofted thét

the stump sprouting in thié'spécieé véried with'the séason'of cutting |
but not with the level of carbohydrate content in the stumps.

Wenger noted thatvthe carbohydrates in the stumps increased continuously
during the accumulation period whereas sprout growth fluctuated

during this perimd. This author suggested that undef conditions of
non-limiting carbohydrate reserves other factors such as plant hormones
" may be more ihportant in controlling the stump sprouting in this
species. Similar results were obtéined in eucalypt stumps (Bachelard
and Sands, 1968; Cremer, 1973; Blake, 1974), oak stumps_(Vogt and Cox,
1970), eucalypt lignotubers (Blake, 1974), and aspen root ﬁuttings
'(Tew,‘1970; Schier and Zasada, 1973). Kozlowski (1971a) has pointed
out that the supply of carbohydrates and other nutrients in plants

for shoot growth is often adequate but growth is still inhibited
because the utilization of these reserves is controlled by other
internal regulatory mechanisms. Similarly, Cremer (1973) concluded

that the production of stump sprouts in eucalypt might be controlled by:-



30

i. the existence of buds or the ability of the stumps to form
buds; |
ii. growth substances which regulate the buds;
iii. reserves which enable buds to start growing into shoots; and
iv. seasonal and other environmental factors which influence

shoot growth,

In teak, there is no direct evidence for the effect of
carbohydrate reserves on the production‘of stump sprouts. However,
a number of studies on stump size and on split stumps in relation
to their subsequentvsurvival and height growth after out-planting
could be used to relate thé'effect of reserves on the pianted stump
to the capacity of the stump to produce sprouts (Champion and Pant,
1932; Griffith, 1938, 1939, 1942). Thesé authors showed that the
optimum diameter of the teak stump for the prpduction of sprouts with
high sgrvival and growth potential after planéing is bétween 1.D‘and 2.0
cm. Stumps outside this diameter range prodﬁce less vigorous sprouts
with low survival rate. Likewise, in studies on split stumps
Mathur:. (1972, 1973) reported that there was no difference in the capacity
for sprouting (in terms of survival and height growth of stump sprouts)
between the half split and the entire stumps; However, when guarter
split stumps were planted, sprouts produced were much poorer. From
both stump size and split stump studies, it is suggested that under
conditions where food reserves are not limiting (as determined'by
stump size) there is no correlation between the amount of food

reserves and the production of stump sprouts.
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2.2.2 Hormonal Theory

2.2.2.1 The basic mechanism of plant sprouting in relation to

plant growth'substances

The role of plant growth substances in the inhibition of
plant sprouting has been extensively studied. Early investigations
by Snow (1925, 1929) showed that the inhibition of lateral bud

development in pea plants (Phaseolus vulgaris) wéslcguseqiby a diffusible

.substance pronced in the apical bud and in the rapidly growing
young leaves. When these growing regions were removed the lower
lateral buds were released from inhibition.‘ Later, Thimann and Skoog
(1933, 1934) and Skoog and Thﬂnann‘(1934) demonstrated that the
applications of auxin like’IAA could replace the apical bud in
inhibiting thé growth of lateral buds in broad bean plants (yigig jggg),
in that repeated applications of auxin to the out surface of decapitatéd
ﬁlants suppréssed lateral bud growth in much the same manner as the
apical bud. Furthermore, Thimann and Skoog (1934) found that auxin
was synthesized in growing apical buds and in the rapidly growing young
1eaves, and the amount of auxin decreased markedly with the age_of the
leaf. These workers suggested that the development of lateral buds
in broad bean is inhibited by auxin produced at the apical bud and
transported down the stem.

Since this classic work of Thimann and Skoog, there have
been many theories proposed, involving many growth substances, in an
attempt to explain the basic mechanism of the action of plant hormanes,
especially auxin, in the inhibition of plant sprouting. The three
possiblé theories based on the fundamental rolé of auxin‘propounded

at the present time are:
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i. the direct theory of auxin inhibition;
ii. the indirect theory of auxin inhibition; and
iid. the blockage of translocation of metabolites.
These three theories will be discussed in more detail in following

sections.

2.2.2.17.1 The direct theory of auxin inhibition

This theory proposed by Thimann (1937) assumeé that roots,
buds, and stems of a plant reguire auxin for optimal growth at
differént concentrations in the following order: stemsy buds $ roots.
Growth and develﬁpment of these organs are inhiﬁited when the auxin
concentrations fall béyond the optimal levels required for growth.
Thimann (1937) first explained the phenomenonwgf lateral bud inhibition
as Fpllows: auxin produced by the terminal sﬁﬁot is transported
basipetélly along the plant stems and enters 1§£eral‘buds from the stems
at concentrations similar to those pertaining ;n the shoot; thié
concentration although optimal for stem growth is much too high for bud
growth and consequently lateral bud_development is‘inhibited. This
assumption is supported by the works of Skoog (1939), Thimann (1952),
Kuse (1954)Vardar ‘(1955) aﬁd Eliasson (1971a{b).> However, evidence
contradictory to thisAhypothesis indicating awhbre indirect role of
auxin in lateral bud inhibition were obtained (.Snow, 1937; van Overbeek,
1938; Champagnat,.1955; Jacobs et al, 1959). This is discussed‘in

“the Following Section.

2.2.2.1.2 The indirect theory

The two theories dealing with the indirect effect of plant
growth hormones, particularly auxin, on the inhibition of plant

sprouting are:
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A. the hormone-directed transport of metabolites; and

B. the formation of plant growth inhibitors by auxin stimulation.

A. The hormone-directed transport of metabolites

This theory was first proposed by Went (1936, 1939) as the
"nutrient diversionf theory, and subsequently modified to the hormone-
directed transport of metabolites theory as described by Philliﬁs (1969,
1975). As discussed in Section 2.2.1.1 the inhibition of lateral bud
growth could be due primarily to competition for the limited supply
of plant nutrients between the apical and‘the lateral meristems
(Gregory and Veale, 1957; McIntire, 1965, 1969, 1971, 1972).‘ In the
hormone—directed”theory, it is assumed that metabolites in'plants

are predeinantly moved to the actively growing regions such as the

i

apical bud, thé young developing leaves, and %5? cambium, in response
to a stimulus provided by plant growth hormongéi(mainly auxin)b(Phillips,
1969, 1975). Early investigations made by M;échell and Martin (1937)
and Sturt (1938) showed that both nitrogenousﬁﬁbmpounds énd
carbohydrates moved to and accumulated at high‘concentrations in the
auxin applied regions of stems in bean. Recent studies using isotope
elements such as 32P and 148 have produced evidence7supporting this
theory. Booth et al, (1962) found that 140—assimilates accumulated
at high concentrations in auxin treated stumps of peé and potato-
plants within a few hours of auxin application.' Similarly, working
with\ﬁoplar plants Davies and Wareing {1965) showed that 35 moved

towards and accumulated in‘the region where auxin was applied exogenously.

Apart from auxin, a number of studies have shown that gibberellins
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and cytokinins also play an important role in stumulating translocation
of metabolites to actively growing fegions in the plant (Seth and
Wareing, 1964, 1957; Davies gt al, 1966; Wareing and Sefh, 1967).

These workers also showed that_gibbefellins or cytokinins alone seemed
to have little eFFect‘Dn the accumulation of plant hutrients (32P),

but when applied together with auxin the accumulation of nutrients

was effectively doubled, compared with that obtained with auxin alone.

B. The formation of plant growth inhibitors by auxin

stimulation

In direct contrast to the‘direct theo?y of auxin inhibition
(Thimann, 1937}, Snow (1937) proposed that auxin acts indirectly in
inhibiting the development of lateral buds. In his two-shoot pea
study, Snow showed.that auxin moving down along the stem of the bigger
plant stimulates cambial éctivityvand s;bsqquently stimulates (or
synthesizés)'the production of plant growtﬁ“inhibitors which can move
upwards and inhibit growth and developmentﬂﬁf the smaller shoot and
lateral buds in both shoots. The author assumed that the auxin and the
inhibitory substance act antagonistically sorthat lateral buds are

inhibited. Subsequently, Snow (1939) produced evidence to support

his previous assumptibn that the suppressed leafy lateral shoots of

Pisum sativum contained a growth inhibitory substance whereas the

growing shoot did not. Similarly, Hemberg (1949) found that growh

inhibitory substances in Fraxinus pendula buds decreased markedly as
the buds were released from inhibifion. In the meantime, the phenolic:
compounds and the abscisic acid (ABA) were identified as natural

plant growth inhibitors, and several work;rs - proviﬁed evidence

supporting the theory proposed by Snow. (cF, KozloWski, 1964, 1971;



35

Phillips, 1969, 1975; Wareing and Phillips, 1970; Steward and

Krikorian, 1971). Tucker and Mansfield (1972, 1973) observed that

the level of ABA in the suppressed buds of Xanthium strumarium plants,
was between 50 and 250 times greater thaﬁ in any other parts aof the
plant. These authars also reported that the level of ABA iﬁ the
inhibited buds of this plantrdecreased markedly after the removal of

the terminal shoot.

2.2.2.1.3 The blockage translocation of metabolites by auxin

This theory assumes that auxin at high concentrations blocks
the transport of plant nutrients from the main stem to the inhibited
- buds in plants. This theory was first proposed by van Overbeek
(1938) and subsequently modified by Gfegory and Veale (1957). Gregory
and Veale studied the differentiation of vascular tissues‘in relation
to the development of lateral buds in flax seedlings. They found
that the inhibited buds‘lacked properly-developed vascular connexions
with the vascular strands of the main stem. - Further they found that
auxin plays a role in preventing the'Formatiqn‘DF the vaspular traces
to the auxillary buds in this plant which reéQlts in tHe starvation
and inhibition of these buds. Further eQiﬁénae in support of the
.above theory comes from Sachs (1968, 1969, 197é) who studied the
control of bud growth by the differentiation of vascular tissues in
a number of plant species. He concluded that:

a. the formation of direct contacts between new and pre;existing
vascular étrahds can be inhibited if the pre-existing

vascular strands are<artificially suppliedAwith auxin or if
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the pre~-existing vascular strands are in the procambial
stage and lead to the growing leaf primordia;

b. the growth of lateral buds released from inhibition is
associated with the formation bf new vascular connections;
and

c. an actively growing shoot inhibits the formation of contacts
between the vascular strands of a new apex and its own
vascular system.

Sachs (1970) suggested that the control of vascular tissue is a major

mechanism for control of lateral bud growth by the growing shoot.

2.2.2.2 Evidence for the hormonal control of sprouting in

woody plants

| The previqus section (Seotimn ZﬂZ.Z;ﬁ) has been concerned
with the theories of the mechanism of plant sprbuting in relation to
plant growth hbrmpnes. Although most theoriaé proposed are based on
studies carried out on herbéceious plants, the basic mechanism of
inhibition foplant sprouting waulq be similar in both herbaceous
and woody plants (Phillips, 19693 .

It was noted earlier that trees cut or girdled dufing the
inactive growth peridd, usually produce a higher number of sprouts
and also more vigorous sprouts than those cut or gifdled during the
‘active growth period, Wenger (1953) demonstrated that stump
sprouting in sweetgum is seasonal but not related to the amouht of
food reéerves in the stump. He suggested that a hormone system

related to that controlling apical dominance, is the main factor
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governing the seasonal trend of stump sprouting in sweetgum. This
suggestion was later supported by the work of Eliasson (1969, 1971a,
1971b) and Schier (1973). In studies on the relation of auxin

content to the capacity of root suckering in Populus tremula,

Eliasson (1969, 197%a, 1971b) found that there was a negative
relationship between the amount of auxin content in the root and. the
capacity of the root to produce sprouts. He concluded that auxin
transported from the growing shoot into the root, prevents the
formation and development of root suckers. Eliasson (1971a) showed
that roots of the intact plant collected in early spring and summer
contained greater amounts of auxin than those.qollected in the autuﬁn.
Similarly, Schier (1973).rep0rted that the capacity of root

suckering in Populus tremuloides was high when auxin content in roots

of the intact plant was low. Reducing the amount of auxin content

in roots either by (a) removal of the growing shoot; (b) girdling the
stem with an application of triocdobenzoic acid (TIBA) to block the
basipetal transport of auxin; or by (c) stopping shoot growth by short
day treatment, resulted in an iﬁcrease in, or stimulation of the

. formation and development of root suckers in aspen plants (Eliasson,
1971b). In studies on the effect of exogenous auxin on stqmp sprouting
and root suckering, a number of workers have sthn‘that an application
of auxin onithe'cut surfaces of stumps and root cuttings had a marked
effect on the inhibition of stump sprouting and root suckering of
many species (Farmer, 1962; Steerett and Chappell, 1967;‘Bowefsox and
Ward, 1968; Bachelard, 1969a; lLoan, 1969; Vogt and Cox, 1970;

‘Blake, 1974; Smith, 1975). Bachelard (1969a) for example, found that
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low concentrations of auxin (1 = 10 ppm) markedly inhibited the

production of sprouts on stem segménts of Eucalyptus polyanthemos

and stimulated cambial activity. He suggested there was a
competative relationship between cambial activity and the production
of sprouts, such that theiproduction of éprouts is inhibited at
times when the caﬁbium is active. This assumption was later
supported by the work of Smith (1975) who studied the direct effect
of plant growth substances on the production of sprouts and cambial

activity in the decapitated seedlings of Eucalyptus viminalis and

E. regnans. She noted that auxin, gibberellin, and the interaction
between them inhibited the prqduction DF sprouts and at the same time
stimulated the activity ﬁF cambium in these decapitated seedlings.
She suggested thét there was a negative relationship between cambial

activity and plant sprouting.

2.3 SUMMARY

Plants usually;sprout when they are seriously damaged.
Under normél émnditions, lateral buds along the stem are usually
inhibited from developing into sprouts or shoots by the rapidly
growing terminél shoot. Two main theories (namely nutritional
" theory and hormonal theory) involving plant nutrients and plant
hormones have been proposed to explain this inhibition.

According to the nutritional theory, the inHibitiDn of
1aterai bud development‘is due primarily to the oompetition for the
limited supply of plant nutrients betwgen thé inhibited lateral buds

and the rapidly growing terminal buds . Removal of the growing
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terminal buds {assumed to be a bigger sink for nutrients) would
release nutrients for the development of the suppressed buds.
However, there are evidence to suggest that this theory could‘not
totally explain the inhibition of lateral bud development. Studies
in a number of woody plants suggest that the production 0? both stump
sprouts and root suckers is not totally dependent on the amount of
food reserves in the stumps br roots; rather stump sprouting ahd/dr
root suckering depends largely on (a) the existence of buds or the

» abilitylof stumps or roots to Form.buds, (b) growth hormones which
regulate bud development, (c) food reserves which enable buds fo start
growing inta shoots; and (d) seasonal and other environmental factors
influencing shoot growth;

Plant growth hormones, especially auxin, have been_Found»to
play an important role in controlling the produbtion of stump sprouts
and root suckers. Early investigations showed that auxin
prodgced primarily in the terminal shoot and in the rapidly growing
leaves is transported baSipetally along the stem and inhibits
the development of lateral buds. Removal of the terminal shoot
wouldvresult in one or more of thé lower lateral buds being released
from inhibition. Subsequently, there have been a number of theories
proposed to explain the role of plant growth hormones in the inhibition
6? lateral bud development. The three main theories are:

a. direct auxin inhibition;
b. indirect auxin inhibition; and

C. the blockage of translocation of metabolites by auxin.
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The direct theory of auxin inhibition assumes that roots,
buds, and stems have a different optimum auxin concentration‘
requirements for their development and that growth and development
of these three organs are inhibited at nonébptimal auxin concentra-
tions. Lateral buds have a smaller auxin concentration optimum than
stems and hence concentrations which stimulate stem growth are
inhibitory to lateral bud growth. In other words, the observed in-
hibition of lateral bud development is due to the supra-optimal auxin
concentration reaching the lateral buds from the apical meristems.

There'are two main assumptions for the indirect theory
of auxin inhibition : (a) metabolites predominantly move to the
rapidly growing regionskin response to stimulus provided by plant
hqrmoneé, gspecially auxin, and result in thevstarvation and
inhibition of lateral’buds; and (b) auxin moving down along the
plant stem étimulates the production of plant growth inhibitors which
enter the buds and inhibit development.

The third theory of auxin inhibition proposes that high
conceﬁtratiohs of auxin inhibit the Formation or differentiation of
‘vascular connections between the Qascglar ;trands of the main stem
and the vascular supplies of the lateral puds, resulting in the

starvation and inhibition of lateral bud development.
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CHAPTER 3

FIELD STUDY
EFFECTS OF LIFTING DATE, STORAGE, PLANTING TIME,
AND PLANTING SITE CONDITION ON FIELD PERFORMANCE

OF TEAK PLANTING STUMPS

3.1 INTRODUCTION

The success of the establistment of Fbrést plantations
depends on several factors: (a) the nature and condition of
planting stock; (b) the condition of planting site; (c) the time‘
or season of planting; aﬁd (d) cultural practices maintained during
the growth of the plant. During the past two decades the effects of
lifting date, storage, and planting time or planting season on the
establishment and survival of forest tree seedlings after out-
planting to the field have been intensively iﬁ;éstigated. The 1lifting
date or the stage of phenological development;é% time of liFtinQ from
nursery beds of seedlings has been found to infiuence their field
performance. ‘Seedlings lifted during the inactive growth (dormant)
period often perform better, in terms of subsequent surinal and
growth after out-planting than those lifted during the period of
active shoot_grcwth (Stone and Schubert, 1939; Stone et al, 1962;
Winjum, 1963; Lavénder, 1964 ; Hermanﬁ, 1967; Hermann and Lavender,
1967; Lavender and Hermann, 1970, 1976; Hocking and Nyland, 19?1;
Hermann et al, 1972). These differences are due largely to the

physiological ddrmahcy or physiological botential in establishment
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and survival at the time of lifting of the seedling. Seedlings
lifted during the inactive growth period or at the time just before
the bud break dormancy usually have a relatively higher physiological
potential than those lifted during the period of active shoot growth
(Stone and Schubert, 1959; Stone et é;, 1962; Winjum, 1963; |
Lavender, 1964; Hermann, 1964, 1967; Krueger and Trappe, 1967;
Zaerr, 1967; Hermann and Lavender, 1967; Hocking and Nyland, 1971;
Lavender and Hérmann, 1976).  Several studies have demonsfréted that
planting stocks lifted or prepared during the inactive growth period
often have a relatively higher root regeneration potential (Stone
and Schubert, ﬁ959; Stone et al, 1962, 1963; Winjum, 1963; Lavender,
1964; Lavender and Hermann, 1970; Stone and Jenkinson, 1970, 1971);
higher ability to withstand exposure of the root system (Jobling,
1960; Hermann, 1962, 1964, 1967); higher carbohydrate and other
nutrient reserﬁes (Winjum, 1963; Kruger, 1967; Krueger and Trappe, 1967);
and lower auxin content (Zaerr, 1967; Eliassdh,1971a;80hier, 1973)
than those lifted or prepared during the acéive shoot growth period.
Lavender and Hermann (1976) have investigatea the role of seedling
physiology in the productiﬁn of Fﬁfest planting stocks and plantation
establishments. These authors concluded that the ability of conifer
seedlings to survive and establish after lifting, storing, and
subsequently out-planting increases through the autumn to a‘maximum'
in the period December until‘the buds begin to enlarge in the
following sﬁrihg, and then declines thereafter.

In pradtice, the time when nursery seedlings have reached

a peak in physiological potential for establishment and growth may
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not coincide with the most favourable time for field planting. To
maintain this physiological quality, the seedlings may be lifted from
nursery beds and stored under suitable conditions and then sub-
sequently out-planted when site conditions afe Favourable for plant
growth. Studies have shown that the physiological qualitylof plant~
ing stock can be maintainedvlonger by storége of nursery seedlings
than by retention of the seedlings in nursery beds (Stone and
Schubert, 1959; Aldous énd Atterson, 1963; Brown, 1971; Hocking and
Nyland, 1971; Stone and Jenkinson, 1971)«

Storagé of planting stpék Gén bé done by several methods:
cold storage (Aldous, 1964, 1972; Mullin, 1966; Brown, 1971; Hocking
and Nyland, 1971; Hocking, 1971); underground or pit storage (Ursic,
1960; Dierauf and Marler, 1972); and storage in moisture proof
materials at normal room temperature or under shade ( Pamay , 1966;
Aldous,1972 ). Aﬁart from maintaining the physiological quality
of the pianting stock, additional benefits of plant storage include:

as efficiency in 1lifting, preﬁaring, packing and shipping

of planting stock;

be possibility of holding over the surplus stock after
out—planting;

c. the provision of an areaAin the nursery for early
operatiqns; and

d. improved planning for the distribution of planting‘stock
because the amount of available planting stock can.be

determined accurétely.
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The establishment of teak plantation by stump planting
method has been practised since 1920 (Champion and Pant, 1932),
but the role of seedling physiology or the role of lifting date;
storage, and planting time in the establishment and survival of the
planting stumps after out-planting to the field has not  yet been
recognized. Several studies have shown that teak planting stumps
could not be stored or kept longer than two weeks after 1lifting from
nursery beds (Champion and Pant, 1932; Venkéteramany, 1956;‘Maung Gale
and Soe Tint, 19689; Anon, 1970; Mathur, 1972). But these investi-
gations were carried out with unprotected routine étumps. In
contrast, more critical studies have indicated that teak planting
stumpé may be‘early lifted and stored safely foria period of nine
weeks either in sealed plastic bags or in sewdust boxes kept in a
room at 22-32°C (Louridsen, 1973). This gqthor.also reported that
stumps lifted and stored during the bud breék period. performed better
in both survival and growth than those 1iFted'and stored when they
had already sprouted. Louridsen suggested that the lifting date
or -the stage of phenological deve;opment of seedlings at the tihe
of lifting and storing might have an important influence on the field
performance of téak pianting stumpé. In this chapter, the effects
of lifting date, planting time, and planting site condition on
subsequent survival and growth of teak planting étumps after out-
planting, and the method of storage of teak planting stumps will be

discussed.
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3.2 PURPOSES OF STUDY

Very little information is available on teak planting stumps
dealing with the effects of lifting date,.storage mefhod, and storage
period on the field performance of the stumps after out-planting.

This study has been carried out to examine:
1. the effects of early lifting time and long storage period
on the field performance of teak stumps;
2. the effects of the lifting time or the stage of phenological
- development of teak séedlings at the time of 1lifting on
the field performance of the planting stumps; and

3. the most favourable time for planting of teak stumps.

.3.3 STUDY 1 : EFFECTS OF LIFTING DATE, STORAGE, STORAGE

MEDIUM AND PLANTING SITE

3.3.1" Materials and Methods

3.3.1.1 Materials

A. Plant Material:’_ Teak.seeds collécted from Mae Sai Kam
natural Fofest,fLampang, weré sown in the Noftbern Teak Nursery Center
(N.T.N.C.) in Ngao, Lampang on May 27-28, 1975. The experiment was
sﬁarted in January 18, 1971 when the first seedlings were lifted
from nursery beds. Climatic conditions at tHe N.T.N.C. during
the'expériment afe given in Apbendix 2.

B. Underground Store and Storage Medium: An underground

(uncooled) store was constructed at the Teak Improvement Center
(7.I.C.) about 2 km from the N.T.N.C., by excavating a 1.0 x 3.0 x 1.5 m
(width x length x depth) trench. A cross section of the store is

illustrated in Appendix 3.
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Three different materials were used as a storage medium :

dry sawdust, dry rice husk and the clear plastic wraps.

3.3.1.2 Experimental Treatments and Procedures

A. Lifting: Seedlings of about 1.5 cm diameter at the
root collar level were lifted, stumped énd immediately placed in the
store at 15-day intervals from January 18 to May 3, 1971 giving a
total‘of 8 lifting/storing dates. At each 1lifting date, aont 350
seedlings were lifted from nursery beds at random throughout the
50 x 50 m nursery plot. 0f these 240 uniforﬁ seedlings with un-

branched tap-roots were selected’ for the experiment.

B. Storage and Sforagg Mediums At eéqh lifting date, 240
seedlings were divided into 30 grdups of 8 seeqiings.v The seedling
groups-were assignea at random according to thé?out—p}antimg
experimental design (Appendix 4) to 30 treatmepé.combinations (3 X 2 X 5);
i.e. 3 storage media, 2 field trials,‘and 5 blocks. The seedlings
from all groups were then stumbed and afranged\in the store

following the storing design given in Appendix 3.

C. Storage Period: Stared stumps were out-planted at the
same time as the routine (control) étumps which were lifted one day
! before ‘ oUt—planting. Both stored and routine stumps were out-
planted on June 16, 1971; the.longest period of storage was about
5 months and the shortest was 45 days.

D. Planting Site and Planting: The effects of lifting date

and storage on subsequent survival and growth of teak plantiné stumps
were examined on two different sites : one wet and one dry. The

"wet" site was located approximately 50 km north of the T.I.C., and
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the "dry" site was located approximately 250 Em south of the T.I.C.
(Appendix 1). The average annual rainfall and the mean temperature
at the "wet" site were 1,715 mm and 25°C respectively; and those at
the "dry" site were 1,048 mm and 27°C.  The climatic conditions
in both sites during the experiment are given in Appendix 2.

A split-plot design with 2 factors (storage medium and
lifting date) and 5 blocks was applied to each planting site.
Within each block, three main piots were allocated for three storage
media and each main plot was divided'into 9 sub-plot for 9 lifting
~ dates (8 for stored stumps and 1 Fdr the routine stumps). There
were 27 (3 x 9) treatmentkcombinations in each Plock, and each of
these treatments contained 8 stumps. The total number of stumps
planted at each site was 1,080. The experimental layout after
randomization at each site is shown in Appendix 4.

The planting espacement used in this experiment was 1 x 1 m,
Both planting sites were kept continuously free of weeds throughout

the first growing season.

3.3.1.3 Measurements

A. Phenological Development Stage of Séédlings at the

Time of Lifting: The stages of phenological deﬁelopment of the

seedlings at the time of lifting were recorded in terms of bud
‘dormancy and ieaf development. The following information were |
recorded at each lifting date:

1.  the number of mature leayeé (pair) ¢ full size leaves with

firm, upper surfaces glossy;
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2. the number of dormant buds (pair);

3. the number of leaves (pair) in the following categories:
a. less than 5 cm in length,
b. between 5 and 10 cm in length, and

C. greater than 10 cm in length.

The degree of seedling dormancy or seedling sprouting
was determined as a percentage of the total number of leaf and bud
pairs in each seedling, as given in Appendix 7.

B. Suirvival and Height Growth: The number of live or

sprouting stumps and height growth of stump sprouts were tallied
and measured at the end of the first growing seéson - January 25,
1972 for the "wet" site and February 26, 1972 for the "dry" site.

C. Statistical Analyses: The methods of Cochran and Cox

(1957) and Snedecor and Cochran (1971) were used. The analysis of
variance for stump survival was calculaéed using the ArcSinv/T%*
ft:ansfo;med values, while for sprout héight the analysis was based
on height in centimetres. Least significant difference values
‘(L.S.b.) were calculated Fof individual factors and interactions
when variance ratios suggested that significaht différences existed
between méans at the 5% level.
JNota: The test of homagenaity_of variances of data is shown in Appendix 11.
3.3.2 BResults
Experimental results of the relative survival (%) and
the height growth (cm) of sprouts produced by stumps which»were lifted -

at different times, stored in different storage media, and out—pléntéd
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at different sites ("wet" and "dry" sites) are presented in
Appendix 8 and illustrated graphically in Figures 3.1 - 3.2. The
analyses of variance for relative survival and height growth afe

presented in Tables 3.1 and 3.2, respectively.

3.3.2.1 GStatistical Analyses

A. The analysis of variance for plant survival (Table 3.1)
shows that:- |
a. there was no significant difference between storage media
at either planting site;
b. there were highly significant diFférepces,between lifting
dates at both pianting sites; and
C. there was no significant interaction between lifting date
and storage medium at the "dry" site, but there\wés a highly
significant interaction at the "wet" site.
B. For height growth, the analysis of variance (Table 3.2)
shows that: ‘
a. there was no significant difference between storage media
at either planting site;
b. there were highly significant differences bétween lifting
dates at both planting sites; and
C. there was no significant interaction between lifting date

and sforage medium at either planting site.
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FIGURE 3.1a
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FIGURE 3.1 Effects of 1lifting date and storage medium on subsequent
survival of teak planting stumps after out-planting to
"wet" and '"dry" planting sites.
(All stumps were out-planted on June 16, 1971)
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FIGURE 3.2a
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FIGURE 3.2

Lifting Date (1971)

Effects of lifting date and storage medium on subseguent
height growth of teak planting stumps after out-planting
to "wet" and "dry" planting site

(All stumps were out-planted in June 16, 1971; height
growth at the "wet" site was measuréd on dan;25; 1972, at

the "dry" site was measured on Feb.25, 1972).
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TABLE 3.1 Analyses of variance for survival of stumps after
out-planting for one growing season at "wet" and "dry"
planting sites. (Data represent the ArcSinv' %

transformation values).

Source of Variation df 5.8 m.s F
"Wet Site"

Blocks ' a 516.4  129.1 1.1 ns
Storage medium : 2 201.0 100.5 0.8 ns
Error (a) | 8 969 .1 121.1
Lifting dates (8) (2231.9) (279.0) 4.8 ok
Stored vs Routine 1 2.7 2.7 0.1 ns
Among stored stumps (7) (2229.2) (318.4) 5.4 - *%
Linear . : o1 709.9 " 709.9 12.1 *3%
Quadratic 1 25.5 25.5 0.4 ns
Cubic 1 217 .1 217.1 3.7 ns
Deviations 4 1276.6  319.2 5.4 %

" Lifting x Medium (16) (=2080.9) (130.0) 2.2 *
Stored vs Routine 2 49.4 24.7 0.4 ns
Among stored stumps (14) (=2031.5) (145.1) 2.5 *3

Sawdust vs Rice husk 7 437 .3 62.5 1.1 ns
Sawdust + Rice husk vs 7 1594.1  227.7 3.9 *®
plastic .
Error (b) 95  5635.5 58.7
Total 134 11634.6

Among stored stumps + Int. (21) (4260.6) (202.9) 3.5 *3

Among plastic stored 7 487.9 69.7 1.2 ns
Sawdust vs Rice husk int. 7 437.3 62.5 1.1 . ns
Sawdust + Rice husk (7) (3335.3) (476.5) 8.1 ¥
Linear 1 803.2 13.7  *%
Quadratic 1 204 .1 . 3.5 ns
Cubic -1 193.8 3.3 ns
Deviations a 2134.2 533.6 9.1 #¥%

(Cont'd)
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Source of variation df S.s ms F
"Dry Site"
Blocks 4 443.3 110.8 1.4 ns
Storage medium 2 ©0.3 45.2 0.6 ns
Error (a) 8 617.2 77 4 ,
Lifting date (8) (8779.6) (1097.4) 8.1 *k
Stored vs Routine 1 6541.6 6541.6 48.0 %
Among stored stumps (7) (2238.0) (319.7) 2.4  *
Linear 1 68.2 0.5 ns
Ruadratic 1 682.0 5.0 %
Cubic 1 3.0 0.02 ns-
Deviations 4 1484.8 371.2 2.7 ns
Lifting x Medium 16 1351 .1 84.4 0.6 ns
Error 95 13076.9 136.2
Total 134 24358 .4

* gsignificant difference at the 5% level
** gignificant difference at the 1% level
ns no significant difference at the 5% level
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plants on "wet" and "dry" sites

Analysis of variance for height growth (cm) for
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Source of Variation d.f Sum square mean sqguare F
"Wet Site"
Blocks 4 5,345.4 1,336.4 8.5
Storage medium 2 588.3 294 .2 1.9 ns
Error (a) 8 1,263.4 157.9
Lifting date (8) (9,124.2) - (1,140.5) 14.7 *%*
Stored vs Routine 1 7,368.6 7,368.6 95.2 **
Among stored (7) (1,755.6) (250.8) 3.2 %
Linear g 525.5 525.5 6.8 *
Quadratic 1 850.5 850.5 11.0 **
Cubic 1 125.2 125.2 1.6 ns
Deviations 4 254 .4 254 .4 0.8 ns
Lifting x Medium 16 977.4 63.6 0.8 ns
Error (b) 96 7,433.5 77 .4
Total 134 24,732.3
‘"Dry Site"
Blocks a 3,879.1 969.8 2.7 ns
Storage medium ) 664.4 332.2 0.9 ns
Error (a) 8 2,890.0 361.2
Lifting date (8) (=d,941.0) (2,617.6) 9.9 **
Stored vs Routine 1 12,826.4 12,826.4 48.6 ** -
Among stored | (?) (8,114.6) (1,159.2) 4.2 **
Linear (-) 1 4,410.1 4,410.1 16.7 **
Quadratic 1 908.0 908.0 3.4 ns
Cubic 1 0.5 0.5 ns
Deviations 4 2,795.9 699.0 2.6 *
Lifting beedium 16 5,029.7 314.4 1.2 ns
Error (b) 96  25,363.3 264.2
Total 134 58,767 .6
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3.3.2.2 Effects of Storage Medium

There were no overall significant differences in both
survival and height growth of stump sprouts between the three storage
media - sawdust, rice husk, and plastic wraps (Table 3.3); This
suggests that there was no diFferenbe in the gualities of maintaining
the survival and growth potential of teak planting stumps during storage
in the underground store between these three different types of
materials. However, the analysis of variance for stump survival at
the "wet“Asite shows that there was significant ihteraction between
storage medium and lifting date (Table 3.1). ‘Itvindicétes that the
effect of storage medium on stump survival vahiea significantly with
liFting date and planting-site;’ Alternativeiy;‘the effect of liFting‘

date on stump survival varied with storage medium and planting site.

These findings will be presented in detail in the next section.

TABLE 3.3 Effects of storage medium on survival and height
growth of teak planting stumps
(Data represent:.: the mean ofHB 1ifting/storing dates
and 5 blocks)

Storage "Wet" Site 1 "Dry" Site
Medium Survival Height 4 Survival Height
' ArcSin | ArcSin
% % om N % cm
Sawdust 7M. 89.4 39.8 | 66.7 B82.5 55.3
Rice husk - 72.4 90.3 43.0 | 68.0 84.7 57.8
Plastic wrap 74..1 92.8 45.6 | 68.5 B85.6 5.1
ns ns | ns . ns
S.E. (8df) + 2.3 | +2.72 1 +1.9 + 4.0
L.5.D.05 5.3 . 6.1 | 4.3 9.2
]

ns = no significant difference at the 5% level
% = the observed mean values
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3.3.2.3 Effects of Lifting Date and Storage Period

A. The Difference Between Stored and Routine Stumps

There is clear evidence that stored stumps performed as well

as or better than, routine stumps in terms of survival after out-b
planting to the field at the same time. Stored stumps were also
superior to routine stumps in terms of the height growth of sprouts
produced (Table 3.4). On the "wet" site there was no difference in
survival between stored and routine stumps (90.8% for stored stumps
and 90.7% for routine stumps); whereas on the "dry" site the survival
of the stored stumps (84.2%) was much greater than that of the routine
stumps (50.7%). The overall height growth of sprouts produced by
the stored stumps was about twice as great as that of sprouts produced

by the routine stumps for both "wet" and "dry" planting sites.

TABLE 3.4  Average survival and height gfowth of sprouts produced
by stored and routine stumps after out-planting at
the same time l
(Data represent the mean of 8 lifting dates, 3 storage
media, and 5 blocks for stored stumps; and represent

the mean of 120 plants for routine stumps)

"Wet" Site i "Dry Site"
‘Survival 1 Height Survival " Height
ArcSin | ArcSin
% 9 ' cm [ % v % cm
Stored 90.8 72.6 42.8 |, 84.2 67.8 54.8
Stumps . ns e | ¥ 3
Routine 90.7 72.2 19.3 l 50.7 45.6 ‘ 23.7
Stumps :
ns no significant difference at the 5% level.

¥ significant difference at the 1% level.
% observed mean
ArcSinV % = ArcSin transformed mean

o




57

B. The Differences Among Stored Stumps

While stored stumps performed better than routine stumps,
especially in terms of sprout height, the lifting date (and hence the
storage period) was found to have some influences on the performance
of stored stumps. The analyses of variance show that there were
highly significant differences in bhoth éurvivai and height growth of
stump sproutsvbetweén lifting dates of the stored stumps (Tables 3.1
and 3.2).

The survival of stored stumps after Dut—planting at the
same time varied with lifting date from 77.5% (mid-February lifting)
to 95.68% (early April lifting)’ at the "wet" éitt?, and from 70.0%
(mid_.January 1lifting) to 92.5%(ear1y March ylifting) at the "dry"
site (Table 3.5). The trend analyses showed significant linear and
quadratic effects of lifting date on étump survival at the "wet"
and "dry" sites respectively (Table 3.1). This suggests that the
effects of lifting/storing date on stump survival were variable and
would depend on site conditions. The fitted curves (Figure 3.3a)
showed that the survival of stored stumps at the "wet" site increased
progressively with the date of lifting and storing. In other words,
the survival of stored stumps increased progressivély with the decrease
in the storage period. The effects of lifting date on the survival
of stored stumps were more variable at the "dry" site (Figure 3.3a).
THis increased progressively with 1ifting date from mid-January,
reached a maximum at mid-March lifting, and then declined markedly
to early May lifting. |

While -the above results demonstrate the effects of lifting
date on stump survival, there was significant interaction between

lifting date and storage medium on stump survival at the "wet"
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FIGURE 3.3a
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FIGURE 3.3 Effects of 1lifting/storing date on subsequent survival and
height growth of teak planting stumps after out-planting

to "wet" and "dry" planting sites
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planting site (Table 3.1). This suggests that the differences in
stump survival between lifting dates, at least in the "wet" site,
varied significantly with the storage medium.  Alternatively, the
difference in stump survival between the three storage media varied
with lifting date and planting site. - The results summarized in Table
3.6 show that there was no significant difference in survival between
the 8 lifting dates when the stumps were stored in pléstic wraps,

but there were highly significant differences between lifting dates
wﬁen the stumps were stored either in sawdust or in rice husks.

At the "dry" site, on the other hand there was‘no significant inter-
action between lifting date and storage medium. This clearly suggests
that the differences in stump.survival between lifting dates at this
planting site were not influenced by the storage medium. These
Fiﬁdings_suggesﬁ that the influence of lifting date oh stump survival
could be ignored only when the stumps were kept in plastic wraps

in the underground store and subsequently out-planted to the "wet"
site.

The above evidence suggests that the overall survival of
stored stumps would depend on the influence of both the lifting date
and the interaction between the lifting date and the storage medium
in the "wet" site. However, the relative influence of these factors
and the interaction between them on stﬁmp survival is not determined.
In contrast, the survival of the stored stumps in the "dry" site was
influenced only hy the lifting date.

| In terms of height growth, there were highly significant

differences in sprout height between lifting dates at both planting
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sites (Tables 3.1 and 3.2). At the "wet" site, thelheightof stump
sprouts varied from 36.6 cm (éarly May lifting) to 47.6 cm (early
February liFtiﬁg), with an overall average of 42.8 cm. At the "dry"
site, it varied from 39.8 cm (early May lifting) to 65.1 cm (early
February lifting)}, with an overall average of 54.7 cm. There was no
significant interaction betweén lifting date and storage medium at

both the "wet" and "dry" sites (Table 3.2). This suggests that the
differences in the height growth of sprouts produced were due

primarily to the influence of the lifting date rather than to the
influence of the storage medium. The trend analyses showed that there
was a highly significant guadratic effect of 1ifting date on sprout
height at the "wet" site,>but a highly significant negative linear
eFFgcf at the "dry" site (Table 3.2). Again, this would suggest an
interaction effect between the liftihg date and:planting site A
condition on the subsequent growth of stump spraats. The fitted
curves (Figure S.Bb) showed the reiationship ﬁé#ween the sprout héight
and lifting date of stumps afterrout—pianting gt the same time. There
was clear evidence that the height gtowth of sfgmp sprouts decreased
progreésivelylfrom 63.8 cm (mid-January lifting) to 45.6 cm (early

May 1ifting) with the lifting date at the "dry" site. At the-"wet"
site, the height growth of stumb sprouts also tended to decrease with
progressive lifting date, but the_rate of decrease, however, was not
constant. Based on the guadratic effect of lifting date, tﬁe height
growth of sprouts at the "wet" site increased progressively from
mid-January lifting (42.1 cm), reached a méxiﬁum at early Marchblifting‘

(46.3 cm) and then declined markedly to early May lifting (35.1 cm).
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These results suggest that there was a negative relationship between
the 1lifting date and the height growth of sprouts after out-planting to
the field at the same time. That is, the height growth of stump

sprouts tended to decrease progressively with the date of lifting.

3.3.2.4 Summary of the Results

The results of the present study can be summarized as
follows:—

1. Teak planting stumps can be lifted early from nursery beds
and kept in the underground (uncooled) store for a period of 5 months
(i.e. from mid-January to midjdune) without deterioration until the
time nf planting. -

2. The field performance (in term of survival) of the stored
stumps was equal to or better than that of the routine stumps; height
growth of sprouts produced by the stored stumps was much greater than
that of sprouts produced by the routine stumps after out-planting at
the same time under the samé planting cqndition.

3. There were no significant diFferenbes between the three
storage media - sawdust, rice husk,_énd plastic wraps - in their
abilities to maintain tHe survival and growth potential of the stofed
‘stumps; dn the "wet" planting site the evidence suggsst that the |
survival of stumps kept in the plastic‘wraps did not vary significantly
with the date of.lifting/storing whereas the survival of stumps kept
in both sawdust and rice husk varied significantly with the date of

lifting/storing of the stumps.
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4. The survival of stumps after out-planting tended to increase
progressively with lifting/storing date whilé sprout height, in
contrast, tended to decrease progréssively with the date of 1lifting/
storing.

These findings will be discussed in further detail in

Section 3.5.
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TABLE 3.5 Effects of lifting date and storage period on survival
of teak planting stumps after out-planting at the same
time. (Data represent the mean of 3 storage media
and 5 blocks)

i

Lifting Storage Observed Mean ( Y )

! Adjusted Mean
Date _ Period | ('? )
|
(1 971 ) (Month) "Wet" Site ! "Dr.y" Site 1] "wet" "Dr.y"
ArcSin ArcSin ArcSin

% T%H % T% IVE %

Stored stumps: | | N

Jan. 18 . 5.0 86.7  69.1 75.8 61.5 68.9 63.0
Feb. 2 a5 | 9.2  75.2,90.0 71.8 70.0 66.5
Feb. 17 4.0 | 77.5  62.976.7 62.2 : 21.0 68.9
Mar. 4 3.5 9N.7  73.3,92.5 73.9 ' 72.1  70.3
Mar. 19 3.0 | 0.8 72.685.8 69.3 |73.1 70.6
Apr. 3 2.5 | 9.8  76.4 85.8 68.8 | 78.2 69.9
Apr. 19 2.0 9.0 75.9 8.3 70.5 | 75.3 8.1
May 3 1.5 | 5.0 75.7 79.2 64.1 76.3 65.0

Routine stumps: ' l l

June 15 0 90.8  72.2 {50.8 45.6
. 3 ¥
| l |
Standard error (96 df) | + 2.8 L + 4.3 !
LSD .05 56 g.a |
.o | 7.4 1.2 |

#% gignificant difference at the 1% level.

A
Adjusted mean ( Y ) :

"wet" site Y = 72.6+0.53X%,
"dry" site : Y = 67.8+0.16 X, + 0.53 X,
where X1 and X2 for n = 8 read from Table A 17 in Snedecor and

Chochran (1971).
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TABLE 3.6 Effects of lifting date and storage medium on the
percentage of stump sprouting on the wet planting site

(Data represent the mean of 5 blocks)

B;zZing ‘ Saw—StDrggieMed;TZS—] Mean
(1971) dust husk  tic Sawdgst +

! Rice husk

Survival (ArcSinfj%)

Stored stumps:
Jan. 18 - ns 64.0 71.6 71.6 J'-ns-- 67.8
Feb. 2 ns 77.7  77.7 70.3 +ns—  77.7
Feb. 17 *3 62.7 54.3 71.6 | % 58.5
Mar. 4 * 70.1  70.1  79.8 :*-‘ 70.1
Mar. 19 * 65.8 72.2 79.8 | * 69.0
Apr. 3 " hs 79.8 77.7 7.6 Las—  78.7
Apr. 19 ns  75.6 77.7 74.3Llns- 76.6
May 3 ns 75.6  77.7  73.7 —:ns —_ 76.6
W3 ¥ ps | *¥

\

|
S.E. (96 df) +4.8 +4.8 +4.8 + 3.4
L.S.D. .05 9.6 9.6 9.6 | 6.8
Ko 12.7  12.7 : 9.0

|

Difference between two mean of storage media:

S.E.

3%

ns

=1-—:—5.1, LISOD. -DS 10-4
101 = 14-0

significant difference at the 5% level
significant difference at the 1% level

no significant difference at the 5% level
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TABLE 3.7 Effects of lifting date or storage period on height
growth (cm) of teak stump sprouts after out-planting
at the same time. (Data represent the mean of 3

storage media and 5 blocks)

Lifting Storage Observed mean (Y) Ad justed mean (ﬁﬁ .

Date Period "Wet" “Dry" . . "Dry"

(1971) (month) Site Site  Wet" Site Site
' Linear Quad. Linear

(cm) (cmj (cm) (cm)  (cm)

Stored stumps:

Jan. 18 5.0 39.8 58.8 | 46,3 42.1 63.8
Feb. 2 4.5 47.6 65.1 ; 45,3 44.7 61.2
Feb. 17 4.0 46.4 53.1 ’ 44,3 46 .1 58.6
Mar. 4 3.5 46.3  64.6 | 43.3 46.3 56.0
Mar. 19 3.0 42 .8 57.9 | 42.3 45.3 53.4
Apr. 3 2.5 a4.6 a5.9 | a1.3 43.1 50.8
Apr. 19 2.0 38.5 s2.9 | 40.3 39.7 48.2
May 3 1.5 6.6 39.8 | 39.3 35.1 45.6
4 |
Routine stumps: I
June 15 0 19.3 23.7
¥ 336 * H¥ I3
|
}
Standard error + 3.2 + 5.9
.L.SQD. '05 6.4 11 l8
‘ .01 8.4 15.6
* gignificant difference at the 1% level
*#% gignificant difference at the 5% level
-
Adjusted mean (Y) :
P
"wet" site : linear function Y = 42.8 - 0.5 X1
quadratic function ¥ = 42.8 - 0.5 X, - 0.6 X,
' -~
"dry" site : linear function Y = 54.7 - 1.3 X,l
where X1 and X2 for n = 8 read from Table A 17 in Snedecor and

f Cochran (1971).
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3.4 STUDY 2 : EFFECTS OF LIFTING DATE, STORAGE, PLANTING TIME

AND WEEDING TREATMENT

The previous study (Study 1) on the effects of lifting date
ahd storage on subsequent survival and height growth of teak planting
stumps after out-planting to the field indicated:

1. that teak stumps can be lifted early and kept safely in
the underground (uncooled) store;

2. that the survival and height growth of the stored stumps
were generally greater than that of the routine stumps
after out-planting at the same time.

This second study further investigates and re-examines the
effects of lifting date, 1ong‘term storage, plagting time, and weeding
treatment on the field performance of teak planting stumps. In
this study, teak stumps were lifted from nursery beds and kept in
the underground store at one month intervals from mid-October (the
end of the rainy season) to mid=March {the beginning of the following
rainy season). These stored stumps were out-planted together with
the routine or the freshly prepared stumps at four different times,
starting from the end DF'April to hid—dulyhgt approximately‘one
month intervals, and under two different weeding treatments (slashing
and scraping). The loﬁgest period Df the storage of teak planting
stumps in this study was about 9 months, that is; the stumps were
1ifted and stored in mid-October and out-planted in mid-July.

The main purposes of this study are:-

(a) to re-examine thé effectiveness of the underground (uncooled)
store which provided satisfactory results in maintaining
the survival and growth potential of teak planting stumps

in Study 1;
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(b) to examine the effects of long term storage, thé effects
of lifting date on the field performance of teak planting
stumps;

(c) to determine the optimum time for planting of teak stumps;
and

(d) to examine the effects of weeding methods on both survival
and height growth of teak stumps. |
The experimental detail and the experimental results obtained

in this studyiare described in the following sections.

3.4.17 Materials and Methods

This study was conducted in Thailandvin 1971-1973.

3.4.1.1 Materials

A. Plant Materials: Teak seeds collegted from natural forests

in Lampang were sown in the N.T.N.C. on April 10-13, 1971. The

first seediingsvwere lifted for the experiment on October .15, 1971.
The climatic conditions at the N.T.N.C. while this study was conducted
are given in Appendix 2.

B. Underground Store and Storage Medium: The underground

store wés the same as that used for Study 1 (Section 3ﬂ3‘1'1 - B).

The results in Study 1 showed that there was no significant difference
in fhe ability to maintain the survival and growth potential of the
stored>stumps between storage media (i.e. sawdust, rice husk, and
plastic wfap); Consequently sawdust ( the cheapest storage material)

was used as the storage medium.
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C. Site for Field Trial: The trial was established at about

48 km north of the T.I.C. Climatic conditions of this site during

the experiment are given in Appendix 2.

3.4.1.2 Experimental Treatments

A. Lifting Date: Seedlings of about 1.5 cm diameter at the
root collar level were lifted, stumped, and immediately stored at one
month intervals from Dctobef 15, 1971 to March 15, 1972, giving a total
of 6 lifting and storing dates. The stored stumps were out-planted
with the routine stumps (the control) which were lifted and brepared

one day| before out-planting.

B. Planting Date: The stored Stumpa'Were out—planted together
with the routine stumps (the control) at four different times ranging
from the endbof the hot season to the middle of the rainy season
i.e. April 27, May 22, June 15, and July 11, 1972.

C. Weeding Treatment: Two weeding methods -~ slashing and

scraping or hoeing - were applied to the trial. Slashing is the most
common method used in teak plantation establishment in Thailand. The
weeds were slashed'at approximatel} 5 - 15 cm above ground. In the
scraping plots, the weeds were scraped out and the ground was kept

free of weeds throughout the duration of the experiment.

3.4.1.3 Experiment Designs and Procedures

This experiment used a completely randomized design for
1ifting the seedlings from nursery beds and a split-split plot design

with 3 factors and 4 blocks for field trial.
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A. Lifting: The nursery beds were divided into 125 plots of
size 1 x 25 m. Five plots were selectéd at random for 1lifting the
seedlings at each iiFting daté and 120 seedlings were lifted at random
from each plot -~ a total of 600 seedlings were lifted at each lifting
date. Only 512 uniform seedlings with good form and unbranched tap-
roots were selected for the expériment.

The routine stumps (the control) were lifted at each planting
time. A total number of 128 routine stumps were used at each planting
time. |

B. Storage: At each lifting date, tﬁé 512 seedlings were
divided at random into 4 groups - one for each‘of the four planting
dates - of 128 seedlings,each.> The seedlings were stumped and placed
in the underground store as illustrated in Appendix 5. |

C. Planting: A 4-block split-split plot design for 3 factors
{i.e. weeding, planting, and 1ifting) was used in the field trial
(Appendix 6). Each block was divided into 2 main plots for 2 weeding
methods; each main plot was divided into 4 sub-plots for 4 planting
times; each sub-plot was divided into 9 sub-sub-plots for 7 lifting
dates (6 for stored stumps and 1 Fér the routine stﬁmps or the control)
plus 2 blénks. All main plots, sub-plots, and sub-sub-plots were
allocated at random and the experimental layout after randomization
is illustrated in Appendix 6 .

There were 16 stumps béing planted in each sub-sub-plot and
the total number of stumps used in this experimént was 3,584. The

planting espacement was 1 x 1 m.
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3.4.1.4 Measurement

A. Phenological Dévelgpment Stages of Seedlings at Lifting:

The stages of phenological development of the seedlings at each lifting
date were recorded in terms of size, coiour, and the maturity of
seedling leaves. The number of seedlings at each lifting date, were
recorded in the following classifications:

1. seedlings with fully matured leaves;

2. seedlings with old or brown or yellowish leaves;

3. leafless seedlings;

4, sprouting seedlings.

The data on the phenclogical development of seedlings are

given in Appendix 7.

B. Survival snd Height Growth: The ﬁpmber of live or
sprouting stumps and height growth of stumplsérouts were tallied and
measured at the end of the first growing seashh, i.e. January 22-23,
1973.

C. Statistical Analyses: The analysis of variance of the

split-split plot design for both survival and height growth were

calculated as in Study 1 (Section 3.3) on the ArcSiny % and the
| logarithmic transformation values, respectively. |

One 1lifting date (November 15, 1971) has been deleted from

fhe analysis of stump survival. - During packing of the stored stumps
for out-planting it was ohserved that a number of stumps lifted and
stored in mid-November were dry and had decayed during storage. This
was probably due to some error in storing technique. The surviVal
of these stumps_Was extremely low in comparison with that of stumpé

lifted and stored at any other date (Appendix 9). The results for
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November 1ifting were considered to bgbiased and were not included
in the analysis of variance for plant survival.

| Note: The test of homogeneity of variances of data is shown in Appendix 11.
3.4.2 Results

All experimenfal data are summarized in Appendix 9 and

illustrated in Figures 3.4 and 3.5. This shows the mean values for
survival (%) and height growth (cm) of sprouts produced by stumps
which .were 1lifted and stored at differenf dates and planted at

different times in plots where different weeding methods were used.

3.4.2.17 GStatistical Analyses: The analysis of variance for

survival (ArcSin\/ﬁ%j and height gfowth (leg cﬁ) are presented in
Tables 3.8 and 3.9 respectively.

A.‘ The analysis of variance for p?ant survival (Table 3.8)
shows that:- | |

(a) there was no significant difFerenéa between the two
weeding methods;

(b) there were highly significant differences between planting
times and between lifting dates;

(c) there were no significaht interactions between planting time
and weeding me'thod, and among lifting date, weeding method
and planting times; and

(d) there were significant interactions betwéen lifting date and
weeding method, and between lifting date and planting time.

B. The analysis of Variance for Height Growth (Taple 3.9)
shows that:~

(a) there were significant differences between the two wéeding

methods, between planting time, and between lifting dates;



TABLE 3.8 Analysis of variance for survival (ArcSinV%) of

teak planting stumps.

(Excluded November lifting)
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Source of variation df S8 MS F
Blocks 3 2,046.4 682.1 1.5 ns
Weeding method 1 1,989.8 1,989.8 4.4 ns
Error (a) 3 1,353.1 451.0
Planting date (3) (2,843.7) ( 847.9) 6.4  **
Linear 1 1,186.6 9.0 *¥#
Quadratic 1 1,150.0 8.8 *x
Cubic 1 207.1 1.6 ns
Planting X Weeding 3 326.0 108.6 0.8 ns
Error (b) 18 2,365.0 131.4
Lifting date (s) (1,668.5) ( 333.7) 3.5 %=
Stored vs Routine 1 1,144.7 1,144.,7 6.8 *
Among stored stumps 4 523.8 130.9 1.7 ns
Lifting x Weeding (8} (1,08a.4) - ( 216.9) 2.3 ns
Stored vs Routine 1 875.4 875.4 5.2 *
Among stored stumps 4 209.0 52.3 0.7 ns
Lifting x Planting (15) (2,706.1) (180.4) 1.9 *
Stored vs Routine 3 978.8 326.3 1.9 ns
Among stored stumps 12 1,727.3 143.9 1.9 ns
Error (c) (120) (11,353.0) (9a.8)
Stored vs Routine 24 - 4,052.6 - 168.9 2.2 *¥
Among stored stumps 96 7,300.4 76.0

ns no significant difference at the 5% level

3 significant difference at the 5% level

¥ gignificant difference at the 1% level
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TABLE 3.2 Analysis of variance for height growth (1og cm)
of stump sprouts. (Included November 1ifting)

Source of variatioh ' df 55 MS F
Blocks 3 0.6486 p.2162 1.0 ns
Weeding method A 1 6.3416 6.3416 30.4 *
Error (a) 3 0.6248 0.2083
Planting date (3) (2.8550) (0.9517) 10.0  **
: Linear 1 2.2099 2.3 ns
Quadratic 1 0.5198 5.5 *
‘Cubic 1 0.1253 ' 1.3 ns
Planting x Weeding 3 0.2570 0.2244 2.4 ns
Error (b) 18 1.7084 0.0%49
Lifting date (6) (2.1230) (0.3572) 22.9  **
Stored vs Routine 1 1.0818 1.0818 69.3 W%
Among stored stumps (5) (1.0812) (0.2133) 13.7  *¥
Linear : _ 1 0.4756 30.9 #*3
Quadratic ' 1 0.0238 1.5 ns
Cubic 1 0.2690 17.5 ¥
Deviation 2 0.2928 0.1464 9.5 *%*
Lifting x Weeding (6) (0.2570) (0.0428) 2.7  *
Stored vs Routine : 1 0.0612 0.0612 3.9 ns
Among stored stumps 5 0.1958 0.0392 2.5 *¥k
Lifting x Planting (18) 0.6508) (0.0362% 2.3 ¥
Stored vs Routine (3) 0.2164) (0.0721 4.6 #*
Linear 1 0.1525 9.8 L
Quadratic 1 0.0005 0.03 ns
Cubic 1 0.0633 4.1 ns
Among stored stumps (15) (0.4334) (0.0290) 1.9  *
Linear - B *0.1349 0.0270 1.7 ns
Auadratic 5 0.1602 0.0320 2.0 ns
Cubic 5 0.1393 0.0279 1.8 ns
Error (c) (144) (2.2432) (0.0156) "
Stored vs Routine 24 0.3983 D.0166

Among stored stumps . 1e0 1.8449 0.0154
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(b) there were no significant interactions between planting
date and weeding method, or amoné lifting date, weeding
method, and planting time; and

(c) there were significant interactions between 1lifting date
and weeding method, and between lifting date and planting

date.

3.4.2.2  Effects of Weeding Treatment

A. Survival: The results summarized in Table 3.10 show
that there was no significant effeot of weeding treatment on stump
survival: the survival of teak stumps grown in the "slasﬁ" weeded
plot was 66.6% and those Qrown in the "scrape" weeded.plot was 75.%h.
Moreover; the analysis of variance for plant survival shows that there
were no significant interactions between weeding treatment and planting
“time, between weeding treatment and lifting date, and among weedingk
treatment planting time and 1lifting date. These results clearly
indicate that at any planting time or lifting daﬁe there was no
difference in stump survival between‘the two wéeding treatments
(Tables 3.11 and 3.12). In other words, the éurﬁival of teak stumps
during fhe first year afteriout—blanting to the field was not

dependent on the method of weeding practice.
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TABLE 3.10 Effects of weeding treatment on survival and growth
of teak planting stumps

(Data represent the mean of planting times, lifting
dates, and 4 blocks)

Weeding Method Survival ! Height Growth

=
ArcSin v % % 1 log cm cm
| .

Slashing - 55.5 66.6 1.32 22.1
. | , |
Scraping ' _ 62.0 75.91 1.65 49.9
ns { 3%
[
. : 1
S.E. (3 df) 1 3.1 | +0.06
L.5.D. .05 o : 9.8 : 0.19
.01 - , 0.36
{

(%) and (cm) : the ohserved value means
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TABLE 3.11 Effects of planting time and weeding method on

subsequent survival and height growth of teak planting

stumps

(Data represent the mean of 7 lifting dates and 4 blocks)

+

Planting Weeding Method

Time . . . : .

(1972) Slashing Scraping S;ashlng Scraping
ArcSinV % | log cm

, - ! :

"April 27 56.2 ns 62.1 1.30 o 1.82
May 22 62.4 ns 64.9 | 1.6 * 1.76
June 15 54.8 hs 62.6 | 1.m * 0 1.57
July 1 48.6 ns 58.2 ! 1.17 * 1.46

3¢ ns l ¥ 3¢
|
: ' ‘)
e
L.8.D. .05 7.0 7.0 0.17 0.17
.01 9.5 9.5 ‘,, 0.24 0.24
8.E. (18 df) + 3.3 e + 0.08
|
1

-Comparisons between
time:
Survival :

Height

two means of weeding method for

S.E.

l
+
o

105 =

.05

.D1

]

the same planting

1.2

0.23
0.39
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TABLE 3.12 Effects of lifting date and weeding method on the
production of sprouts of stored stumps

(Data represent the mean of 4 planting dates and 4 blocks)

Lifting Date ‘ Survival ' Height Grawth

(1971-72) Slashing Scraping ! Slashing Scraping
I
ArcSin Vv %7 log cm
|
Stored stumps: |
October 15 55.8 ns 58.2 |‘ 1.26 ¥ 1.70
November 15 - C - ‘ 1.26 #* 1.48
December 15 60.1 ns 64.9 | 1.40 * 1.70
January 15 56.5 ns - 62.8 1.38 #% . 1.73
February 14 57.0 ns 64.6 I 1.44 * 1.75
March 15 58.5 ns 60.0 | 1.39 ¥* 1.70
. ]
Routine stumps: 45.3 * 61.3 | 1.1 *¥% 1.52
¥* ns ' 336 I3
i,
L.S.D. .05 6.8 5.8 | 009 0.09
.0 _ , I 0.1 0.17"
S.E. + 3.4 (120 df) : + 0.04 (144 df)

L

Comparisons between two means of weeding methods for the same 1lifting

date:
Survival : S.E. = + 4.4, L.S.D. .05 = 11.3
| .01 = 18.4
Height : S.E. = + 0.07, L.S.D. .05 = 0.21 -

.01 = 0.35
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B. Height Growth: The results obtained in this study show
that the weeding treatment had a marked influence on height growth of
stumps sprouts.- On the average, height growth of sprouts grown in the
"scrape" weeded plot (49.9 cm) was about twice as great as that of
sprouts grown in the "slash" weeded plot (22.1 cm) (Table 3.10). The
analysis of variance for these results shaw that there was significant
interaction between weeding treatment and lifting date, and there were
no significant interactions between Qeeding treatment and planting time
and among weeding treatment, planting time, and lifting date. The
significant interaction between weeding treatment and 1iFting date -
implies that the difference in sprout heightlbetWBen the two weeding treat-
ments varied significantly with fhe date of liffiné stumps, or alternatively
the difference in sprout height between the seven lifting dates varied
significantly with weeding treatment. The results summarized in
Tables 3.11 and 3.12 show the differences in sprout height between the
two weeding treatments at each planﬁing time and each lifting date.
There is clear evidence that, at any planting time (Table 3.11) and any
lifting date (Table 3.12) the height‘growth of stump sprouts grown in
the "scrape" weeded ‘plot waé significéntly greater than that of sprouts

grown in the "slash" weeded plot.

3.4.2.3 Effects of Planting Time

The analyses of variance for both survival and height growth
show significant effects of planting time on the field performance of
teak planting stumps. Within the four planting times, the overall

survival and height growth of stump sprouts were both maximal at the

May planting (78.3% for survival and 46.3 cm for height), and minimal



81

at the July planting (63.3% for survival and 29.9 cm for height)

(Table 3.13). The trend analyses (Tables 3.8 and 3.9) indicate highly

significant linear and quadratic effect of planting time on stump survival,

and a significant guadratic effect of planting time on.sproﬁt height.

The fitted parabolic curves for both survival and height growth of stump

sprouts inArelation to planting time are shown in Table 3.13 and

Figure 3.6. The survival of stumps increased markedly from the April

planting to a maximum at the May planting, and then declined progressivély

with the time of planting to the July planting {Figure 3.6a). Similarly,

height growth of stump sprouts was maximal when planting was done between

the end of April and the end of May, and it declined progressively with

the time of planting from the end of May to mid—ddly. The differences

in both survival and height growth of stump sprouts obtaingd in this sthy

may be due either to the conditions of climate at the time of planting

or to the length of the growing period, i.e. from the time of planting

to the end of the experiment. However, these factors affecting the

performance of the teak stumps after out-planting Would not be determined.
The analyses of variance show that there were significant

interactions between planting time and 1ifting date for both survival

and height growth of stump'sprouts, and there were no significant

interactions between plénting time and weeding treatment, and among

plantihg time lifting date and weeding treatment for both survival and

height growth. The significant planting time and lifting date inter-

actions suggests that the differences in both survival and height of

stump sprouts between the four planting times varied with the date of

lifting stumps. Alternatively, the differences in both survival and
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TABLE 3.13

Effects of planting time on survival and height
growth of teak planting stumps

(Data represent the mean of lifting dates, weeding
methods and 4 blocks)

83

Planting

Parabolic adjusted

. 1
. Height
Time Survival Growth | mean values
(1972) : | _Survival Height
- _ ]
‘ ArcSinV % % log cm  cm ArcSin  log
: : v % cm  (cm)
I
April 27 59.2 72.2  1.56 45.3| 49.7 1.57 (37.2)
May 22 63.8 78.3 1.61 46.3' 62.4 1.58 (38.0)
June 15 58.7 71.3  1.46 28.7' 60.1 1.49 (30.9)
July 11 §3.4  63.3 1.32 23.9, 52.9 1.30 (19.9)
#k . . |
!
-
8.E. (18 df) + 2.3 + 0.06
L.S.D. .05 4.9 0.12
.0 6.7 0.18
#* gignificant difference at the 1% level,
AréSin V% and log cm : the means of the transformed values

% and tm

f the means of the observed values,

Parabolic adjusted mean valués:

where X,l

Survival : ¥ = 58.8 - 1.12 X, - 2.47 X,
N\
Height Y = 1.49 - 0.04 X1 - 0.05 X2
and X2 are fram theqrthogonal set of multipliers at 4 n

(From Table A17, Snedecor and |Cochran,, 1971)
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TABLE 3.14 Effects of planting time and lifting date on survival

and height growth of teak planting stumps

(Data represent the mean of 2 weeding treatments and

4 blocks)
Planting Date [19/2)
%?;$$2%9EZ§B April May  June July
27 22 15 1

Stored stumps:

Survival (ArcSinV %}

|
i
|
October 15 59.6 63.6 56.3 49.1 %% |
November 15 - - - - : S.E. +5.0
December 15v 63.6 63.3 62.9 60.1 ns | L.5.D
January 15 52.5 68.3 59.7 58. *¥% l.05 = 10.3
February 14 63.7 . 62.1 64 .1 53.4 * | .01 = 13.4
March 15 64.2 61.5 63.1 48.3 ¥ '
Boutine stumps: 51.5 64.0 46.1 §1.6 ¢
*¥% ns ¥ *3% |
1
S.E. = + 4.9 (120 df)
L.S5.D. (.05) = 9.6, L.S.D. (.01) = 10.5
Heiéht Growth (log Dm) :
Stored stumps:
October 15 1.63 1.55 1.45 1,27  **
November 15 1.38 1.49 1.5 1.5 ¢ ls.E. = +0.08
December 15 1.63 1.64 1.50 1.43 |L.s.D.
January 15 1.60 1.62 1.58 1.43 | (.05) = 0.17
February 14 1.66 1.77 1.55 1,39 %% I(uo1) = 0.22
March 15 1.56 1.69 1.48 . 1.45 %
Routine stumps: 1.46 1.52 1.20 1.08 ¥
33 3¢ IO 336 l

S.E. = + 0.06 (144 df)

L.5.D. (.05) = 0.12,

L.s.D. (.07) = 0.6
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height of stump sprouts between the lifting dates varied with the time

of planting. The results given in Table 3.14 show the differenbes

in both survival and height growth of stump sprouts between the four
planting times at each lifting date. It appears that there was no
significant effect of planting time on stump survival at the mid-December
lifting, whereas the survival of stumps which were lifted at the
remaining dates differed significantly between planting times. At any
lifting date, there waéasighificantvdiFFérence in sprout height between

planting times.

3.4.2.4 Effects of Lifting Date

Although the analyses of variance show Highly significant
differences between lifting dates, the effects aof lifting date on the
field performance of teak planting stumps may be oversimplified becaﬁse
there are many factors such as planting time, weeding method and stump
storage involved in these differences. v Therefore, comparisons of
stored and routine stumps, and of lifting date among the stored‘stumpsv
in both survival and height growth are described separately in an
attempt to explain the effect of liFting date on the perfofmance of teak
stumps after out-planting.

A. The Differences Between Stored and Routine Stumps: The

Dverail field performance (in terms of survival and height growth) of
the stored'stumps was significantly better than that of the routine
stumps. The average survival and height growth of the stored.stumps
were 73.0% and 37.7 cm, respectively; whereas those of the routiﬁe
stQmps were 62.5% and 25.8 cm (Table 3.15). For these comparisons,

the analyses of variance shoW@signiFicant interaction between 1lifting
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date and weeding treatment for stump survival and sho”asignificant
interaction between lifting date and planting time for height growth.
These imply that the difference in survival between the stﬁfed and
routine stumps varied significantly with the method of weeding practibe,
and the difference in sprout height between the stored and routine
stumps varied with.the time of pianting. Alternatively, the difference
in survival between weeding treatments varied with stored and routine
stumps, and the difference in sprout height between the time of planting
varied with stored and routine stumps.

From comparisons of stored and routine stumps at each weeding
treatment (Table 3.15), there was no shgnificant d}Fference in survival
between the stored and routine stumps in the "scrape" weeded plot
(76.1% for stored stumps and 74.8% for routine stumps), whereas in the
"slash" weeded plot the difference between thesé two types of stumps
was significént (69.9% for stored stumps and 50;3% for routine stumps).
Idtérmsof height growth, the performance of the stored stumps was
much better than that of the routine stumps under both weeding treatments.

From comparisocns of stored and routine stumps at each planting
time (Table 3.16), there were no significant differences in survival
between the stored and routine stumps which were out-planted at the
same time in April, May and July fespectively. Stumps planted in
June provided the one exception to this pattern, that is, the survival
~ of stored stumps was significantly greater than that of the routine
stumps. Since there was no significant interaction between 1ifting
date and.planting time in the comparison of stored and routine stumps

(Table 3.8), the difference in survival between the stored and the
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TABLE 3.15 Effects of weeding treatment on survival and height

growth of stored and routine stumps

Weed ing Survival : J Height Growth
Method '
SEho Stored Routine | Stored Routine
Stumps Stumps | Stumps Stumps
( % ) ArcSin v % ( % ) I'em) . log cm (cm}

Scraping ( 76.1) 62.1 ns 63.3 (74.8)”52.2) 1.68  ** 1.52 (36.6)
Slashing (69.9) 57.6 *  45.3 ( 50.3)“23.3) 1.35 % 1.11  (15.0)

L

Average  73.0 59.8 ¥  53.3 62.5 '37.7 151 = 1.32 5.8

Difference between stored and routine stumps for the same weeding method:

Survival : -~ SE = + 4.6 (24 df) Height growth:- SE = + 0.05 (24 df)
L.S.D. .05 = 9.5 L.8.D. .01 = 0.13
-D’] = 12-8 :

TABLE 3.16> Effects of planting date on survival and height growth

of stored and routine stumps

Planting Date ' __Survival ' Height Growth
Stored Routine ' Stored Routine
, ArcSian%__- | | log cm
April 27 | 60.7 ns 51.51 1.58 ns 1.46
May 22 ' 63.7 ns 63.91 1.63 ns 1.52
Jure 15 et o asal o e 120
July 11 53.8 ns 51.61 1.35. ®= 1,08

. Difference between stored and routine stumps for the same planting date:-

Survival:- SE = + 6.5 (24 df) Height growth:- SE = + 0.06 (24 df)

]

L.S.D. .05
ID1

13|4 L-S-Dl -DS = 0113
18.2 .01 = 0.18
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routine stumps at the June planting can be ignored. Id&ermé'of height
growth, the results summarized in Table 3.16 show that there were no
significant differences between the stored and routine stumps at the
April and May plantings. However, the difference in sprout height

was highly significant at the latter planting times : the June and

July plantings. A trend analysis (Table 3.9) shows highly significant
linear effect of planting time on height growth of sprouts produced by
the stored and the routine stumps, that is, height growth of sprouts
produced by both types of stumps decreased progressively with the time

of planting (Figure 3.7). However, the rate of decrease in sprout
height with progressive plénting time of fhe’fout;ne stumps was con-
siderably greater than that ﬁf tHe stored stumﬁs (Figure 3.7), that is,
the difference in sprout height between the stored‘and the routine stumps
increased progressively with the time of planting, The later the plant-

ing was done the greater the relative advantage for the étored stumps.

B. The Differences Among Stored Stumps: While stored stumps
clearly performed better than routine stumpé, especially in termslof
height growth, it is importaﬁt to determine the effects of early lifting
and storage Dnithe performance of teak stumpé after out-planting to
the field.

The analysis of variance for plant survival shows that‘there
was no significant difference between lifting dates of stored stumps,
and there were no significant interactions between lifting date and
weeding treatment and between lifting date_and planting time (Table 3.8).
These findings clearly suggeét that at any weeding treatment and any
planting time there was no significant differences in survival between

stumps lifted and stored during the period of mid-October to mid-March.
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In other words, there was no significant effect of lifting/storing date
(and hence storage period) on the survival of teak planting stumps,
and this applies particularly when the stumps were liftéd and kept in
the underground store between mid-October and mid-March and subseguently
put—-planted between the end of April and mid-July. The results pre-
Senteq in Table 3.17 show the survival of the stored stumps at each
lifting/storing date. |

In terms of height growth, the>analysis of variance shows that
there waé highly significant difference in sprout height between the
1ifting/storing dates. However, the results given in Table 3.17
show that there were no significant differences in sprout height between
stumps lifted and stored during the period mid-December to mid-March,
and these stumps 1lifted - , - and stored during this period

grew much better than those lifted and stored in the period mid-October

mid-November. Although the results given in Table 3.17 do not show the
significant difference in sprout height between stumbs lifted and stored
between mid-December and mid-March, the trend analysis shows that there
was a highly significant linear relationship between sprout height and
the time of lifting/storing of the stumps (Table 3.9), thét is, height
growth Df the sprouts tended to increase progressively with the time of
lifting from mid-October to mid-March (Figurea.B).v The results presented in
Table 3.17 show the adjusted value of the sprout height at each lifting date.
Since the analysis of variance shows significant interaﬁtions between
lifting date and weeding treatment and between lifting date end planting
time for the stored stumps, it suggests that the differences in sprout

height between lifting dates varied significantly with the method of
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TABLE 3.17 Effects of lifting date on survival and height growth
of teak planting stumps after out-planting at the same
time.  (Data represent the mean of 4 planting times,

2 weeding treatments, and 4 blocks)

A

Lifting/Storing Height Growth

Date Survival | Ad justed
(1971-1972) Obser%‘gd Mean  mean <
|
ArcSinVeh % log cm cm | log cm
Stored stumps: , |
October 15 ' 57.0 - 69.2 1.48 37.3 | 1.45
November 15 : - - 1.37 26.6 | 1.48
December 15 62.4 77.0 1.55 38.7 ‘ 1.50
January 15 59.6 72.4 l ﬂ.56 40 .1 1.53
February 14 - 60.8 74.5 |75 1,59 44.9 : 1.56
March 15 59.2 ' 72.0 ’ 1.55 38.8 | 1.59
ns o R [
: !
S.E. (96 df) +2.2 +0.03 (120 df)
L.5.D. .05 0.06
.01 0.08

Adjusted mean (Y) for height growth:

-~

Y = 1.52 + 0.0146 X1

where X, for n = 6 reads from Table 17 A Snedecor and Cochran (1971).
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weeding practice and with the time of planting. Alternatively, the
differences in sprout height between weeding treatments or between

planting times varied significantly with lifting date of the stumps

(Table 3.12 and 3.14).

3.4.2.5 Summary of the Results

The results obtained in the present study can be summarized
as follows:-

1. | Weeding treatment had no effect 6n the survival of teak plant-
ing stumps during the first yearlafter out-planting. Héight growth
of the stump: sprouts, on thenother hand, was markedly influenced by
the weeding treatment, that'is, éprouts of teak séumps planted in the
"scrape" weeded plot were much greater than those of stumps planted in
the "slash" weeded piot.

2. Planting time had marked effects on the field survival and
height growfh of teak stumps. There were parabolic relationships
between the time of planting and both stump survival and height growth.
Both survival and height growth‘increased markedly from the April
planting to the Mayr,planting, and then declined progressively from
the iNaY| planting to the July planting. However, there is evidence
té suggest that fhe differences in both.survival and height growth
between the four planting times weré partly influenced by the date of
1ifting/storing of the stumps.

3. In term of field survival; stored stumps generally performed
as well as or better than the routine or the fresh-dug stumps. Height
‘grawth of sprouts produced by the stored stumps was much greater than

that of routine stumps. There is evidence to suggest that the



93

differences in sprout height between the stored and routine stumps
varied markedly with the time of planting. There was no significant
difference in sprout height between the two types of stumps when
planting was done in the period April-May, but this diFFerence was
highly significant when planting was done in the period June-July.

4. There was no significant effect of the date of lifting/storing
on the survival of the stored stumps after out-planting at the same
time but height growth of sprouts varied significantly With 1lifting/
storing date. Furthermore there was a linear rslationship between
sprout height and tﬁe date of liFting/stofing of the stuhps. Height
grbwth of the sprouts increased progressively with lifting date from
the mid-October lifting to the mid—MarcH lifting.w However, the
difference in sprout height between étumps lifted and stored in the
period of mid—dangary and mid-March was not significant.

The effects of liFting date and starage an the field performance
in terms of both survival and height growth of teak planting stumps

will be discussed in further details in the following section.

3.5 DISCUSSION

3.5.1 Possibility of Storage of Teak Planting Stumps

It has beéh shown that teak planting stumps could be stored
in dry sawdust in thevundergrouhd (Uncooled) store without any deterioration
for as long as 5 to 9 hcnths. Evidence has been provided that under
any planting condition the field survival and height growth of the stored
stumps were at least as well as or gréater than those of the routine
stumps after out-planting at the same time. These Finaings suggest that.
the stored stumpsare generally superior to the routine stumps in both

survival and height growth potential.
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TABLE 3.18 The differences between stored and routine stumps in

field performance after out-planting at the same time

Experimental Condition . Survival Height Growth
(%) (cm)
Stored Routine Stored Routine

STUDY 1:

"Wet" Site 90.8 ns 90.8 42.8 - ¥¥% 19,3

"Dry" Site 84.3 *%* 50.8 = 54.8 %% 23,7
STUDY 2: .

Overall 73.3 ¥ 62.6 37.7 ¥&% 25,8

Weeding Treatment:
Slashing 69.9 * 50.4 i 23.3 *¥# 15.0
Scraping : 76.1 ns 75.0 2.2 **%  36.6

Planting Time:

April 27 76.4 ns 60.1 47.1.  ns 34.6
May 22 78.3 ns 78.0 ' 47.7 'ns 37.4
June 15 75.2 * 52.0 30.9 *x¢ 15.9
July 11 64.5 ns 60.1 25.3  ¥* 15.3

STUDY 1: Stored stumps were lifted between 18 January and 3 May, 1971.

Routine stumps were lifted in 15 June 1971.

STUDY 2: GStored stumps were lifted between 15 October 1971 and
L 15 March 1972. '

Routine stumps were lifted between 27 April and 11 July, 19 72.

ns = no significant difference at the 5% level
* = significant difference at the 5% level
** = significant difference at the 1% level

##% = gignificant difference at the 0.5% level
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Among the stored stumps, the results obtained in the Study 1T
have indicated that the type of the storage medium did not affect the
field survival and growth potential of the stumps. The success of
storage of teak stumps in this study is therefore believed to be due
largely to the 2 factors:

(1) The influence of the underground store in reducing

temperature Fluctuation during storage.

(2) The influence of storage medium in preventing stump desiccation.
These findings are consistent with the results obtained in the work of
Louridsen (1973) who found that teak stumps could be stored safely
either in sawdust or in plastic bags in a room at 22 - 32°C for a period
of nine weeks. This author alse reported that under similar conditions,
the stumps kept "open" or without any special protection even for
3 Weeks could not survive when out-planted to the field. In the same
study, the overall fresh weight of the "open" stumps and stumps kept
in sawdust and plastic bags at the end of the storage period.were‘
reduced by about 53% (44-59%), about 42% (18-55%), and about 6%

(2-12%), respectively. Louridsen has suggested that the extremely

high mortality of stumps kept "open" would be due primarily to the
‘desiccation of the stumps during storagei and teak planting stumps should not
be kept without any special protection even for 3 weeks at normal room
temperatufé or under shade. Unfortunately, the experiments reported

in this study did not detérmine the desiccation of the stumps after

storage and the store temperature. However, the stored stumps used

in this study were likely to suffer less desiccatimnvthan those reported

by Louridsen, because the stumps kept in this type of store were more

protected or isolated than those kept in the ordinary room.
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3.5.2 Effects of Lifting Date

A. The Differences Between Stored and Routine Stumps: The

results summarized in Table 3.18 v show the differences between
stored and routine stumps in field performance after out-planting at

the same time in both Study 1 and Study 2. It has been clearly

shown that under any planting condition, e.g. site and weather
conditions, the survivel of the stored stumps was at least as great

as, but mostly greater than that of the foutine stumps. Height

growth of stump sprouts, on the other hand,‘was much greater for the
stored stumps than for the routine stumps after out-planting at the same
time in the same site. This suggests that these stored stumps had

a relatively higher physiological potential in field survival and growth
than the freshly dug or the routine stumps. It is not known whether
this difference was due to the influence of tee date of lifting or to
the influence of storage or to both -of these Facfors. ' Hewever, in the
following sectien the effects of lifting date on field performance of

the stored stumps will be discussed in detail.

B. The Differences Among the Stored Stumps: In term of stump
survival, it has been shown in the Study 1 that there were differences
between stumps lifted and stored at different dates (between mid-

January and early May) at both "wet" and "dry" planting sites. In
contrast, in the Study 2 the differences in survival between stumps which
were lifted and stored during the period mid-Octoper — mid-March were

not significant. There was evidence suggesting that the significant
differences in stump survival between lifting/storieg dates exhieited

in the Study 1 were not due mainly to the influence of lifting date,

but these differences also varied significantly with storage medium

and planting site. For example, the field survival of stumps, which
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were stored in plastic wraps and subsequently out-planted to the "wet"
planting site, did not differ signficantly between lifting dates. The
above evidence haé suggested that the effects of lifting/storing date
on the field survival of teak planting stumps could be ignored when
these stumps were kept under suitable stprage conditions and subsequently
oput-planted to the relatively wet planting site.

Studies on the effects of lifting and storing of seedlings of
a number of coniferous species including.Douglas—Fir, Norway spruce,
Sitka sprouce, ponderosa pine, red pine, Scoth pine and others,
similarly, emphasise the flexibility in the liFtihg time of nursery
seedlings where the seedlings are kept in cold storage and subsequently
out-planted when environmental conditions are favourable (Walters and
Soos, 1961; Winjum, 1963, Aldhous, 1964; Lavender, 1964; Novotny, 1966;
Bunting, 1970; Nyland, 1970; Hocking and Nyland, 1971). Winjum (1963],
for example, lifted Douglas-fir seedlings from nursery beds at 4 week
intervals from October to May and héﬁ??%r 4 weeks at 2°C before out-
planting. This author reported that there were no differences in
field survival between seedlings lifted and stored during the period
October-April.  Similarly, Lavender (1964) showed that 1ifting date had
little effect on the field survival of Douglas—Fif seedlings when these
seeﬁlings were lifted and stored between mid-November and early March;
‘however, the survival of seedlings lifted in September, October and
April was considerably lower than those lifted in the remaining months.
This author has suggested that the relatively lower survival of seedlings
lifted prior to Deéember, or after buds start to enlarge in the spring
(April) is due to the disruption of the seedling physiology, and seedlings
lifted from December until buds begin to enlarge the following spring

| . i .
|are more resistant to adverse environment



98

Interms of height growth, it has been clearly shown in both
studies that the time of lifting/storing teak planting stumps had an
important effect on their field performance after out-planting at the
same time. Height growth of stumps spfouts differed significantly
between 1lifting timeé. The results presented in the following figure
(Figure 3.9)'show the general patterns of the growth response of teak
planting stumps in the field to the time of their lifting/storing in
the nursery in both studies at the same planting site (i.e. the "wet"
site). Within the limit of lifting times in both studies, the optimum
time for teak stump lifting was betwen mid-January (the first lifting
date) and mid-April for Study 1 and between mid;danuary and mid-
March (the final lifting date) for - Study 2 (Fiéure 3.9). 1In
Study 2, the decrease in sprout height would be gxpected when the stumps
were continuously 1iFtéd and stored further from mid-March because there
was evidence showing that the routine stumps which were lifted in the
period April - July produced much smaller sprouts than the stored
stumps (Figure 3.9).

The above evidence has suggested that there was a marked
response in height growth of stumpwspfouts to the time of lifting/storing
of teak planting stumps. Height growth of stump sprouts‘increased
progressively in stumps lifted from mid-October, reached a peak in mid-
February to mid-March, and then déclined progressively in étumps 1lifted
after mid-March. However, the optimum time for teak stump lifting and
storing was in the period mid-January and mid-April. In&ermsoﬁ the
relationship between height growth of stump sprouts and the stage of -

‘phenological development of the seedlings at the time of lifting'and
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storing, the results summarized in Figurei3,9 show that stumps lifted
during-the dormant or inactive growth period (i.e.‘betmeeh the period
of leaf fall and bud break) in the dry season months were superior to
those lifted prior to the leaf fall period, or after the buds had
sprouted in the beginning of the rainy season months.

The findings of these present studies are consistent with
those of Louridseh (1973) who worked with the same spebies. Louridsen
(1973) reported that teak planting stumps lifted and stored during
the bud break period.(March) produced more vigorous sprouts than those
lifted after the leaf flushing period in-May after out-planting at the
same time, Several other studies on season of cutting in relation
to thé ability of the cut sﬁumps.to produce sproués have shown that
there is a close relationship between the time of cutting and the vigor
of stump sprouts. Stumps cut during the inactive growth (dormant)
period often produced more vigorous sprouts than those cut during the
period of active growth (Addous, 1929; Stoeckler, 1947; Clark and Liming,
1953; Wenger, 1958; Wilson, 1968). Stoeckler {1947), for example,
related the ability ogastump to produce sprouts following éutting to
the stage of phenoclogical developmenf in aspen and cherry plants and
found that boﬁh aspen and cherry stumps cut when their leaves weré
nearly full size in 1&fe spring produceleess vigorous sprouts.than
those cut earlier. Working with red maple (Acer rubrum), Wilson
(1968) found that the rate of leaf expansion and leaf production,
internode elongation, and the final size of leaves and internodes were
all greater in sprouts produced by the winter—cut stumps than in éprouts .

produced by the spring-cut stumps.
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The differences in height growth of teak planting stumps caused
by the influence of the time of lifting/storing obtained in these two
studies may be explained in two ways. Firstly, stumps lifted during
the inactive growth or dormant period (i.e. between mid-January and mid-
April) may contain - relatively higher carbohydrate and other food
reserves than those lifted after the leaf flushing pefiud (i.e. after
mid—April), resulting in the productionnoF more vigorous sprduts
after out—plantingu This assumption could be supported by the results
obtained in the work of Aldous (1929), Buell (1940), Stoeckler (1947),
Chattaway (1958), Cremer (1965) and Hook and Debeli (1970).  Secondly,
stumps lifted during the dormant period may have a relatively weaker
degree of the apical dominance (Eua inhibition) than those lifted during
the period of active shoot growth, so that the lateral buds on‘the
stumps are readily released from inhibition after out-planting under
Favourabie conditions for shoot growth. Conseguently, the sprouts take
advantage of the most favourable climatic conditions for rapid expansion
of the leaves and elongation of the new shoots. It has been shown in
Study 2 that the most favourable time. for rapid growth and development
of the teak planting stumps appear tn be 6nly during the beginning
of the rainy season (May). = This second assumption has been supported
by the work of Wenger (1958), Eliassion (197%3),and Schiar (19723).

The respective role of food réserves and plant growth substances in the
production of stump sprouts have already been discussed in detail in
Section 2.2 in Chapter 2.

In fhe case of teak; there is clearly a.neéd'For mnre research .
into the effects of envirommental and internal factors dufing seedling
development on the subsequent productinn of stump sprouts after out—
planting. This research is developed‘in the Follow;ng Chapters inb.

this thesis.
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CHAPTER 4

INTRODUCTION TO CONTROLLED ENVIRONMENT STUDIES

4.1 INTRODUCTION

The general background of teak in terms of its natural distri-
bution, growth habit, artificial regeneration by'stump planting, and
the basic mechanism of stump sprouting have been described in Chépter 1
and Chapter 2. In Chapter 3, the field studies have demonstrated the
technigues of iiFting and storage of teak planting stumps. They also
illustrated the importancelof the time DF 1ifting/storing of teak
stumps on the field performénce éfter out-planting under different
planting conditions and at different planting times. Stumps_lifted
‘and stored during the dormant or the inactive shoot growth period (i.e.
between mid—January and mid—April) were, generally, superior in terms
of both the field survival and growth potential to those lifted before
or after this optimum period. But very iittle is known about factors
or mechanisms contributing to these observations. Therefore, it is_
very appropriaﬁe to examine the physiﬁlogical basis of sprouting
phenomena in a more controlled environment.

The studies reported in the following chapters (Chapter 5 -
Chaﬁter 8) were designed to examine the effects of temperature and
spll moisture on the.Following,:

1. growth and development of teak seedlings;
2. the subsequent sprouting of teak stumps after replanting;
3. photosynthesis and respirétion, tfanslocation of photosynthates

and the accumulation of carbohydrates in seedling stumps; and
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4. the amount of plant growth substances and their inFluencss

on sprouting ability of teak stumps.

4.2 GENERAL MATERIALS AND METHODS

The following sections outiine the general methodology and

controlled environment facilities.

4.2,1 Controlled Environmental Conditions

Most of the experiments reported in Chapter 5 to Chapter 8
were carried out in the Canberra Phytotron, a unit of the C.S5.I.R.O.
Divisioq of Plant Industry. Inside the phytotron, the fifteen
naturaliil;lasshouses were 6pera£ed at 15° - 36°C temperature in the day
(9 hours) and 10° - 1% temperature in the night [iS hours). The
mean temperature throughout the area in each glasshouse was within
1.8°C of the controlled temperature. The relative humidity was kept
above‘40%, ranging between 50 andVBS%. L.B.H. growth‘chambers (1it by ,
fluorescent and incandescent lightS) were al;o used faor phptosynthesis
and translocatiﬁn of photosynthates studies. Témperature in these
growth chambers were ranged from 4 ta a5°c. Light sources were provided
by V.H.0. (140 watt) fluorescent tubes supplemented by incandescent

bulbs. The total radiation was 4,000 f.c. at the bottom and 5,000

f.c. at mid height.

4.2.2 Growing Materials

A. Pots: Cylindrical pots were used in most studies in this part.
The pots were made from 9 and 11 cm diameters P.V.C.|Tubing. The

length of the smaller tube was 22 cm, and that for the bigger tubes
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was 25 cm. The smaller tubes were closed one end with cloth shade
screens, while the bigger tubes were closed with a cap. Drainage
holes were made in the bhigger tubes.

B. Growth Media: The growth media used in most experiments,

except the moisture experiments, was a mixture of an equal part of

vermiculite and perlite.

C. Water and Nutrient Solution Supply: The seedlings were

water twice daily: once in the morning with a modified "Hoagland's"
nutrient solution, and once in the afternoon with ordinary tap water.
The composition of the modified "Hoagland's" nutrient solution is given

in Appendix 10.

4.2.3 Preparing of Seedlings for the Experiment

Teak seeds were obtained fram the C.5.I.R.0. Division of Forest
Research, Canberra. The seeds were pretreated before sowing by
alfernately soaking and drying. The seeds were soaked in the running
Eap water at room témperature for 24 hours and qried in the 36/310C
déy/night temperature glasshouse For 48 hours. This process was
repeated Fivé times before the seedsjwers sown .

Thé seeds were sown in the germination trays containing equal
parts of vermiculite and perlite in‘the 30/2508 glasshouse., After
germination, when the radicle emerged from the seed éoat, they were
transplantgd singly in the pots containing a standard growth mixture.
All seedlings were grown at day/night temperature of 30/2500 for
approximately 8 weeks, in most cases, before‘they were used for the

experiments.
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4.2.4 Measurements and Harvesting

Height growth of the seedling was measured from thé[qotyledonv
to the apex of the stem. Stem diameter was measured at the pnint Just
below the lowest node.

When harvesting was commenced, all leaves of the seedlingv
were removed first by cutting at the top of the petiocles. | Sprouting
1ea§es with brown colour at the épex and_léaF petioles were included
as part of the stem (Evans, 1972). Leaf fresh weight and leaf area
of each seedling were determined immediately after harvesting. Leaf
area was measured by an automatic area meter. After measuring the area,
‘the leaves were placed in ﬁaper bags for drying. The rest of the
- seedling was removed from tHe po£ and the stem was separated from the
root system at the root collar level. The stem fresh weight was
determined and subseguently cut into small pieces and placed in paper
bags for drying. The root system was carefully washed free of growth
media (vermiculite and perlite or soil) and the lateral roots were then
separated from the main tap-root. Leaves, stem, lateral roots and tap-
roofs of the harvested seedling were oven dried at 85°C for 3 days,

then weighed.

4.2.5 Analyses of Growth and Structural Parameters

Where comparisons were required of growth and structﬁrelof
seedlings, at different stages and different treatments under the study,
analyses of growth parameters (RGR and NAR) and structural pafameters
(LAR, LWR, SLA, and root/shoof) were|calculated using the formula

given by Ledig (1974) as follows:
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RGR = (1Ew2 - low,) / (t2 - t)
NAR = (w2 - w1) (1n LA, - In LA1) / (LA2 - LA1)(t1_ - tq)
LAR = LA/W
LWR = Lw/w
SLA = LA/LW
where RGR is the relative growth rate, which is the index of

productivity of an overall growth;

NAR is the net assimilation rate, which is aﬁ inde* of
physiological activity or the photosynthetic efficiency;

LAR is the leaf area ratio, which is an index of leafiness
expréssing the proportinn of assimilatopy surface to respiratory
mass; |

LWR is the leaf weight ratio, which is an indication of the
productive investment in photosynthetic tissues;

SLA is the specific leaf area, which is an index of leaf
structure;

W, and W, are the total plant dry weights at times t, and't2 |
respectively;

LA,l and‘LA2 are the total leaf areas of plahts aftfimeé t,

and t2 respectively;

LW is the total leaf dry weight, and 1n is natural logarithm.-

4.2.6 Translocation 0F14C—Photosynthates in Teak Seedlings

Two studies (described in Chapter 7) dealing with the effects
of temperature and soil moisture regimes on the translocation of photo-
synthates in teak seedlings were made. The methods used in those

studies are described as follows:
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FIGURE 4.1 Schematic representation of the gas circuit used

for 14002 assimilation
A » 9
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#
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Legend
A.C = Assimilation Chamber
P = Pump
G - = Generator
F = Flow Meter

A = Column Absorber (soda lime)
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A. 14902 Assimilation:  The seedling to be exposed to 140‘02
was placed in a 30 (wide) x 61 (long) x 40 (tall) cm assimilation
chamber . The chamber was placed in the LBH growth chamber in which

the light was supplied by 28 x 140 W VHO daylight influorescent tubes,
supplied by 4 x 1,000 W incandescent bulbs. The assimilation chamber

was connected to a closed circuit apparatus as shown in Figure 4.1.

14002 was generated from 10 mg'BaMCD3 (Sp.Act. 1.06 mCi/mM)

14

or from 0.05 ml Na "GO, (Sp.Act. 1.0 mCi/mM) by 50% (v/v) lactic acid.

The seedling was exposed to quDZ for 10 minutes and then transferred
4 o

dit
to the naturally glasshouse for the experiment.

B. Determination of.14C-activity: At‘the"ehd of the experiment,

the seedlings were harvested and leaves, stems, tap-roots, and lateral
roots were oven-dried separately. The dried materials were weighed and
subsequently ground separately in a Wiley mill, A 30 mg powder sample
. was. taken from each seedling component, placed in a 1 cm diameter
planchet, and counted For‘the radioactivity on a Tracerlab-Omni/Guard
Scaler Model S5C 520 M, using the method modified by O'Brien and Wardlaw
(1961).  The results were expressed .in terms of relativeAspeciFic |

activity (cpm/mg) and percentage distribution (Wardlaw, 1965).

4.2.7 Determination of Carbohydrate Reserves

Two studies dealing with effects of temperature and soil
moisture regimes on carbohydrate levels in teak seedlings were presented
in Chapters 5 and 6. In those studies, the amount of carbohydrétes,
as described in terms of soluble sugars and starch, were determined
using the anthrone colour reaction method as modified by Fasternack
and Danbery (1968) ard Blake (1974). The proﬁedures of extraction

are as follows:
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A. Preparation of Plant Material for Extraction: Teak seedlings

were harvested and oven-dried at 70°C ‘fbr 1 day as an initial drying
and then the temperature was increased to 105°C and the specimens
dried for 2 days at this temperature. After drying the specimens
were weighed, and then ground to pass a 150 mesh sieve in.a micro-
Wiley mill, and held in a desicator until extraction.

B. Extraction of Water Soluble Sugars: Two independent extrac—

tions.were carried out on 0.2 gm each DF the ground tissues. The sample
was transferred to a 100 ml volumetric flask and 50 ml of distilled

water was added.  The samplé was frozen in a deep freeze (at —2500)

for 18 hours. The purpose was to achieve bursting of cell walls and

more efficient subsequent extraction. After thawing, the flasks were
sealed with rubber caps dipped into toluene to prevent fungal contamina-
tion and extracted for 1%‘days in a water bath at'BDOD, with occasional
shaking. The contents were %ilteréd, the residues dried, and stored

for starch extractian. The filtrates were deproteinized using the

method of Somogyi (1945)modified by Blake (1974) ms follows: to 10 ml _.
of the filtrate was added 1 ml of zinc sulﬁhate and D.SIN barium hydrpxide
was added to neutralize the excess zinc sulphate. The precipitate was
filtered and the clear filtrate was deionized using the method of Lewis
and Harley (1965), modified by Blake (1974), by shaking with a small
quantity of a mixture of Amberlite IRA-120 and Amberlite IR-45(0H) ion
exchange resins. The concentration of sugars content in the filtrate

was determined using the procedure given in Section 4.2.7D.

C. Extraction of Starch: The method adopted was that oFienzyme
hydrolysis of starch in the left-over residue from Sactiod4«7.2 B and
extraction with warm water. The method, as described by Pasternack

and Danbery (1968) and Blake (1974) is as follows:



110

A sample of 0.1 gm of the oven-dried residue was transferred
to & 100 ml volumetric flask containing 50 ml of distilled water,
1 ml of acetate buffer pH 5.3 added then boiled for 3 minutes. The
acetate buffer pH 5.3 was prep?red from.a mixture of 18 ml 0% 0.2 N
acetic acid and 82 ml of 0.2 M sodium acetate. After cooling, 1 ml
of 5%>diastase was added to hydrolize: the starch and the flask was
placed in a hot water bath of 50°C for 3 hours. The flask was cooled,
the content wés filtered and the filtrate was made up to 500 ml with
distilled water. The determination of starch content in the filtrate
was given in the following Section.

D. Determination of glucose Eguivalent: A reagent was prepared

from 0.2 gm of pure anthrone in 100 mi of sulphuric acid at the
concentration of 5 : 2 (v/v‘ of conc. acid/water). The reagent was
prepared 30 - 40 minutes in advance and used within 12 hours.

1 ml of the filtrate from the sugar or starch extraction
(Sections 4.2.7B and 4.2.7C was bipetted into a test tube containing
5 ml of the anthronereageﬁt standing in an ice bath. At the same time,
17 ml of distilled water and 1 ml each of standard glucose solutions of
known concentrations were pipetted into test tubes containing the
énfhrone reagent. Test tube; were loosely stﬁppered, the solutions
were mixed by shaking, and placed into boiling water for 13.7 minutes
to allow full colour development (Yemm and Willis, 1954) and then
immediately cooled in icy cold water for 5 minutes.

The{opﬁicall density of the solution was read at 630 milli-
microns {Yemm and Willis, 1954) with a spectrophotometer.

Equivalent glucose content of the filtrate was determined
Ffom a reference curvé prepared by using the optical densities of‘’a range

of glucose solution of known concentrations.
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In the case of starch determinations, to calculate the amount
of starch from the reference curve of glucose the optical density reading
af the unknown sample was multiplied by 0.9 to account for the hydrolysis
as réported by Somogyi (1945) and Pasternack and Danbery (1968).

The level of sugars and starch content in the dried tissue

was calculated as follows: -

. 2
Sugar content mg glucose equlgalent x {50 XY ) x 10

(% o.d.w.) . 107 x 0.2

. ' 2
Starch content mg glucose equivalent x 500 x 10°

(% o.d.w) : S 10° x 04

where Y is the amount of zinc sulphate and barium hydroxide (ml.).



CHAPTER 5

THE PHYSIOLOGICAL RESPONSE OF TEAK

SEEDLINGS TO TEMPERATURE

5.1 INTRODUCTION

It has long been accepted that growth and development of
plants is dependent on a temperature regime suitable for metabolic
activity in plants. Acbording to Kramer and Kozlowski (1960),
temberature plays an important role in céntralling plant growth and
development by altering rates of and relations emong several physiological
processes including at least phofosynthesis, raspiration, cell division
and elongation, and absorption of water and minerals. Every plant
has tempsrature limits (upper and lower)‘FDr growth and developmsnt;
and the optimum range of temperaturs for maximum growth varies markedly
from species to species and even among populations and individuels of
a single species.

Teak is one of the most valuable timber tree species of the
tropics but surprisingly little is kriown about the effect of temperature
on its growth end development. As notéd garlisr, the species occurs
-naturally over a wide range of climatic conditions, varying from ons
locality where the maximum temperature may be as high as 48°C for the
hottest month to a locality where the minimum temperaturs may be as low
as ZDC for the coldest month. It appears to grow best in the localities
with the mean monthly maximum temperature of about 40°C and mean monthly
minimum tempsrature of about 13°C. A study on growth and dsevelopment

of teak seedlings under controlled temperatures made by KokKoGyi (1972)
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showed that there was a marked trend for all grthh parameters measured
to increass with an increase in day/night tempsrature regimes from
15/10° to 27/22°C; and that teak sesdlings grew best under day/night
temperature ranging from 2'7/22D to 36/310C. KoKoGyi has suggested
that the critical maximum and minimum déy/ night tempsratures for growth
and dsvelopment of teak seedlings are about 36/31°C and 21/16°C,
respsctively; above ar bslow these tempsrature limits growth dF the
seediing ceases. This suggestion was later supported by the work of
Kanchanaburangura (1976). Night temperature has been found to play
an important role in influencing growth and dry matter production of
teak seedlings (KoKoByi, 1972; Kanchanaburangura, 1976). KoKoGyi
(1972), for example, reported that under the favourable day temperaturs
of BDD, 33° and BBDC, growth and dry mattsr production was better at
the high night temperaturs of 31°C than at the law night temperaturs
of 22°C. Similarly, Kanchanaburangura showsd that under thes
favourable day tempefature of 30°C growth and dry matter production of
teak seedlings increassed markedly with an increase in night temperature
Frdm 19° to 26°C. Furthermors, when grown undsr the day/night tempera-
tures of 30/13°%, 33/25° and 36/19°C seedlings growth was best at 33/25°C
and poorsst at'30/1300. Kanchanaburangura has suggested that the |
-optimum night temperature for teak sesdling growth would bs bestwesn
25° and 28°C. |

The effect of growing températura on the production of sprouts
of teak planting stumps is still unknown at the present tims. It was
noted in field studies pressntsd in Chapter 3 that teak stumps 1lifted
and stored during the cold season (January - February) psrformed

better in terms of sprouting vigour than stumps lifted during the rainy
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season after out-planting at the sams time. Similar behaviour has
been found with several other woody speciss. Working with Eucalyptus

polyanthemos, Bachelard (1969a) reported that there is a marked seasonal

variation in the production of sprouts of stem segments under controlled
conditions; the production of sprouts was greatest on stem segments
collected in winter and least on stem segments collected in summer.

Similarly, Blaks (1974), who worked with Eucalyptus obligua, showed

that thers is a seasonal variation in fhé sprouting of decapitated-
sucalypt lignotubers, with a maximum in winter and minimum in late
spring and summer. . In a further study, Blake provided evidence that
the production of sprouts in eucalypt sesdlings cou1d be stimulated by
cold night pretreatment, and the degree of day/night temperaturse
variation might be important invthe seasonal variation of sprout pro-
duction in eucalypt seedlings. Accordihg to Bachselard (1969%a) the winter-
increase in sprouting of eucalypt stem segments appsars to bs associated
with a tims when cambial activity of ths parent tres is expeoteq to be
minimum. In a further study, Bachelard found that applicafions of
sucrose, water alone, and a variety of plant growth promoting substances,
all inhibited thé éprOUting of stsm ssgments; and the sprouting Df stem
segments was negatively related to the cambial activity in stem segments.
From these results Bacﬁelard has intérpreted there is a' competative
relationship'between the production.qF_sprouts~ahd cambial activity in
eucalypt stems; that is, the Fnrﬁation of sprouts ‘is favoured at times
when the cambium is dormant, -'He has suggested that_the supply of any
factor which stimulates cambialﬂactivify could inhibit the‘produétion'>
of plant sprouts.  _This suggestion~was.léter supported by the.wbrk of
Smith (1975) who Studiéd the spmuting of decapitated Eucalxgtus '
viminalis seedlings in3relétinn to the activity.of cambium aftér the

supﬁiy of a variety of plant hormones.
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From evidence provided above, it has been suggested that there
are relationships between environmental factors, cambial activity, and
the production of sprouts in plants} such that the restriction of
cambial growth by any Factor.such as law temperatures might stimulate
the production of sprouts under the favourable conditions for plant
growth. If this hypothesis is accepted it might be abplied to the
éprouting of teak planting stumps.

in the pfesent Chapter, the éffects'OF fluctuating temperatures
on growth and development of teak seedlings and on subsequent sprout
production of stumps have been examined. The upper temperature
regime used was 30/2500 which is close to the average mean temperature
duriﬁg the active growth period of teak in itslnatural range; the
lowest temperature was 18/130C which is close to the average mean
temperature during the cold season or the inactive growth period of

teak.

5.2 STUDY 1: EFFECTS OF TEMPERATURE ON SEEDLING GROWTH AND

. DEVELOPMENT AND SUBSEQUENT STUMP SPROUTING IN TEAK

5.2.1 Materials and Methods

Teak seeds from trees introduced to Melville Island,
Australia were used for the experiments. The seeds were pretreated
and sown (see Section 4.2.3), and tHé seedlings were grown singly in
9 cm diameter cylindrical ths containing & mixture of equal parts of
perlite and vermiculite. All seedlings were well supplied with water
and ﬁutrient solution and grown in the 30/25°C day/night temperature

glasshouse until the gxperimental treatments were epplied.
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5.2.1.17 EXPERIMENT 1:

Eight weesks after germination, 60 uniform seedlings were
selected for the sxperiment. The seedlings were divided into 3 groups
geach of 18 seedlings.‘ The remaining 6 seedlings were harvested
immediately. The éeedling groups were allocated at random to 068
‘'of the following tempsrature treatments:

A. Control: Seedlings were grown continuously under a

/
I

day/night temperature of SD/ZSDC throughout the duration of experiment.

B. Gradual Change in Temperaturs: The temperature was
lowersd gradually from 30/25° to 18/13°% (3°C per week) during the 9th
to the 12th week, and subsequently returned graﬁually from 18/1BD to
30/25°C (3°C per week) during the 13th to the 16th week.

C. Abrupt Change in Temperaturs: The temperature was lowered

abruptly from 30/25° to 18/13°C at the end of the B8th week, and
subsequently rstumed abruptly from ﬁ8/130 to 30/2500 at the end of the

12th week.

Measurement and Harvesting: Height and diameter‘growth of
seedlings were assessed at one week intervals from seedling-germination
to ths final harvést 16 weeks aftef ggrmination;

Seedlings were harvested at 4 week. intervals from germination
to 16 weeks after germination. Six seedlings were taken from each
treatment at each harvest. | The procedures have already been given
in Section 4.2.4.

Analysis of Plant Growth and Statistical Analysis: Mean

‘relative growth rates (RGR), net assimilation rate (NAR), leaf area
ratio (LAR), leaf weight ratio (LWR), and specific leaf area (SLA)

were calculated using formulae given in Section 4.2.5. Comparisons of
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the treatment means for all plant growth parameters were based on
analysis of variance. Where the variance ratios indicated significant
differences between treatment means at the 5% level, L.S.D. values

were calculated.

5.2.1.2 EXPERIMENT 2:

On the basis of the results of the Experiment 1 all
temperature treatments were repeatéd in this experiment. Eight
weeks éfter germination, 112 uniform seedlings were selected for the
experiment. Ninety six of these seedlings were divided into 3 groups
each of 32 seedlings. @ The remaining 16 seedlings were stumped (81)
and immediately replanted singly in the same pbts containing a mixture
. of equal parts of vermiculite and perlite in the 30/2500 day/night
temperature glasshouse. The groups‘were allocated at random to
treatments A, B, and C as shown in Table 5f1.

As shown in Table 5.1, 16 uniform seedlings from each
treatment were selected for stump-replanting at'12 weeks (82) and
16 weeks (83) respectively. The selected seedlings were harveéted,.
stumped, and immediately replanted singly in the same pots containing
a mixture of equai’parts of vermiculite and perlite in the 30/2508
day/night temperature glasshouse. The procedures used for preparing
teak stumps for planting was desbribed in Section 1.2. Replanted
stumps were allowed to develop sprouts for 10 weeks at 30/250C, and they
were well supplied with water and nutrient solufion.

Parameters Measured: Ten weeks after stump-replanting sprouts

were harvested. The following measurements were made on sprouts;
height and diameter growth, leaf area, leaf, stem, and total shoot

of sprouts dry weights.
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TABLE 5.1 Experimental Treatment

End ot week
from Temperature Treatment Operation
germination A B C Expt. 1 Expt. 2
4 30/25° 30/25°  30/25° Harvest*
| (H;) |
8 .o" " " Harvest  Stumping*
| (Hy) (s,)
9 " 27/22°  18/13°
10 " 24/1 90 "
11 " 21/16° "
12 , " ’18/13D oo Harvest Stumping
| | | ) (5)
13 " 21/16°  30/25"
14 - " 24/19° "
15 o 27/22° "
16 . " 30/25° " Harvest Stumping
() (sy)

"% Harvest for growth analyses (H1, HZ’ H3 and Ha)

¥ Gtumps were immediately replanted and allowed to develop sprouts
under the day/night temperature of 30/25° far 10 weeks.

S1 = B-week-0ld :stump.
82 = 12-week-old stump .
5 = 16-week-old stump
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5.2.2 Results

- 5.2.2.1 EXPERIMENT 1

5.2.2.17.17 8Seedling Growth:

The response of teak seedlings to fluctuating temperatures
in terms of height and diameter growth and leaf area production are

presented in Table 5.2.

A. Height Growth: The height of seedlings grown under the
constant warm condition (Treatment A)Hwas much greater than that for-
seedlings grown under the fluctuating temperature treatments
(Treatments B and C). The results shbw guite clearly that the teak
seedling is very sensitive to cool conditions (Figure 5.1). As the
temperature was lowered either gradually or abfuptly from 30/250 to
18/1300 height growth of the seedlings declined markedly. Four weeks
later the height of seedlingg in treatments B and C were 23.7+ 0.7
and 19.% 0.8 cm, respectively, while the height of seedlings in
treatment A was 36.3+ 1.5 cm.

Hedight growth of seedlings increased markedly when ﬁhe
temperature was raised from 18/13D to 30/2500; particularly when the
temperature approached 30/2500. At final harvest mean height of
seedlings was 27.0+ 0.9 cm for treatment B, 29.0+ 1.0 cm for treatment
C and 41.5 cm + 1.9 for treatment A.

B. Diameter Growth: The diameter respaonse was similar to thét

of height growth. The diameter of seedlings grown under treatment A
was significantly greater than that of seedlings grown under both
B and C treatments (Table 5.2).

C. Leaf Area Production: The treatments had a marked eFfect

on leaf area production (Table 5.2). The total leaf area of seedlings
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grown under treatment A was much greater than that of the seedlings
grown under treatments B and C. Seedlings in treatment B produced
more leaf area than seedlings in treatment C during the temperature
reduction phase but returning to 30/2500, the diffefence between

these two ﬁreatments in total leaf area was not significant. 1In
fact, the abrupt change in temperature from 18/13° to 30/25°C produced
a marked stimulus in leaf area production (Table 5.2).-

From observation, under the cool day/night temperature of

18/1300 all leaves of the seedlings becaﬁe‘yellowish indicating
fincipient senescence . The leaves appéared to be thicker than those
of seedlings grown at 30/25°C, and this was confirmed by the SLA
~values given in Section 5.3.1.3. When the teéperature was raised
ebruptly to SD/ZSQC, seedling shoots flushed rapidly; and new leaves

expanded rapidly. The old leaves did not recover and some of them

fell at this stage.

5.2.2.1.2 Dry Matter Production

For all plant components, dry matter production of seedlings
grown under treatment A was considérably greater than that of seedlings
grown under treatments B and C (Table 5.3 and Figure 5.2). When
the temperature was lowered progressively from 30/25O to 18/1300 dry
matter production decreased, but at 12 wéeks (HB)’ total dry matter
production did ndt differ from seedlingé grown at 30/2500. When
the temperature was changed abruptly from 30/25D to 18/1300, dry
matter was markedly reduced (at the 1% level of significance).

However, at the end of week 16 of the experiment there was little
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difference between the two fluctuating temperature treatments

(Table 5.3) and both were significantly less than for treatment A.
The dry matter producfion patferns for the individual plant

components are generally similar to total dry weight production.

For all components, recovery after a period of 4 weeks at 18/1300

was rapid with the exception of tap-root production.

5.2.2.1.3 Growth Parameter

A. RGR: Under treatment A the RGR of seedlings decreased
as is usual with age from germination (Table 5.4). This applied
to the total dry weight and the weight of each of the plant components.
HGH decreased significantly with the reductionwin temperature from
30/250't0 18/1300, and this decfease was gfeater where the temperature
was changed abruptly. ’

As the temperature was raised from 18/13° to 30/25°C, there

was a marked difference between treatments in RGR. In treatment C,
there was an increase in RGR but for both tréatments A and B, RGR
continued to decline. The increase in RGR under treatment C reflected
the rapid growth récovery of plants in the 12-16 week period ndted
earlier.

‘B. NAR: NAR patterns were similar to those for RGR‘(Table
5.4). The NAR of seedlings grown under freatment A decreased
with seedling age through the greater part of the experiment. The
NAR of seedlings grown under treatment B also decreased significantly
through the experiment. Under treatment C there was a partiﬁularly
marked decline in NAR following reduction in temperature from 30/25D
tb_18/1300, but this was followed by a marked increase in NAR when

temperature was abruptly raised again to 30/25°C.



TABLE 5.2 Effects of fluctuating temperature on growth and

development of teak seedlings

(Data represent the mean of 6 seedlings)
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Day/Night Temperature Treatment

Age 'Fr'Dm LnStDc
Germinatipn A B C .05 .01
(week)
(mean + s.e)

Height growth (cm):

Hy 4 7.1 + 0.4

Hy 8 16.8 + 0.5

Hy 12 3.3+ 1.5 23.7+0.9 19.9+ 0.8 3.1 4.2
H, 16 4.5+ 1.9 27.0+0.9 29.0+1.0 3.9 5.2
Diameter growth (mm):

H, 4 5.0 + 0.0

H, 8 6.8 + 0.2

Hy 12 1M.2+0.2 9.8+0.2 8.44+03 0.6 0.9
H4 16 15.4 x 0.3 4.4 e 0.6 13.4 + 0.3 1.2 1.6
Leaf area production (dmz):

Hy 4 2.0 + 0.1

Hy 8 1.9 + 1.3 |

H3 12 32.2 + 3.4 23.5 ¢ 2.4 14.5 + 1.3 7.6 10.5
H4 16 49.8 112.5 31.2 + 3.4 A.4 + 1.5 7.8 10.8
Leaf area increment (dmz):

a-8 9.9 + 1.2

8 - 12 20.3+2.3 1M.6+1.1  2.64+0.5

12 -16 17.6 £+ 1.5  2.7+1.3 19.9 + 0.6
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TABLE 5.3 Effect of fluctuating temperature on dry matter
production of teak seedlings
(Data represent the mean of 6 seedlings)
Age from Day/Night Temperature Treatment L.5.D.
Germination A B C .05 .01
(mean & s.e.)
Leaf dry weight igm):
H, 4 0.7 + 0.1
H, 8 4.5 + 0.7 |
Hy 12 16.2 + 2.0  13.3 + 1.6 8.0+ 0.7 4.6 6.4
H4 16 28.3 + 1.0 18.7 + 2.4 19.1 + 0.6 4.5 6.3
Stem dry weight (gm):
H,, 4 0.1 + 0.0
H2 8 1.2 + 0.2
H:3 w12 6.1 + 0.8 3.8 + 0.5 2.4 + 0.3 1.7 2.3
H, 16 11.2 + 0.3 6.1 + 0.9 6.2 + 0.3 1.7 2.3
Tap-root (stump) dry weight (gm):
H1 4 0.04 + 0.01
H2 8 0.7 + 0.2 |
Hy 12 4.0 + 0.6 3.6 + 0.3 2.0+ 0.3 1.2 1.7
‘Hd 16 9.6 + 0.6 6.9+ 1.0 5.0 + 0.5 2.3 3.2
* Lateral roots dry weight (gm): ‘
H 4 0.01 + 0.01
H2 8 0.32 + 0.09
H3 12 1.7 + 0.2 1.1 + 0.2 0.55 + 0.07 0.5 0.7
H, 16 3.3 + 0.1 2.2 + 0.2 2.3 + 0.2 0.6 0.8




TABLE 5.3 (Cont'd)
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Age for Day/Night Temperature Treatment

. . L.S.D'
Germination A B c
(week) : .05 .01

(mean & s.e.) .

Total shoot dry weight {gm):
He 4 0.78 + 0.07
H, 8 5.7 + 0.9
Hy 12 22.3 2.7 17.0+2.2 10.4+0.9 6.3 8.7
H, 16 39.5+ 1.0 24.8 + 3.1 25.2+ 0.8 5.9 8.2
Total roots dry weight (gm):
H, 4 0.14 + 0.01
H, 8 1.06 + 0.32
Hy 12 5.7+ 0.7 5.0+0.5 2.5+03 1.6 2.2
H, 16 2.9+ 0.7 9.0 +1.2 7.4+0.6 2.6 3.6
Total plant dry weight {gm):
Hy 4 0.94 + 0.07
Hy 8 6.8 + 1.2
Hy 12 28.0 + 3.4 21.8 +2.5 12.9+ 1.2 7.6 10.6
H, 18 52.5 + 1.5 33.9+4.2 32.7+0.9 7.810.9




TABLE 5.4 Effects of fluctuating temperature on growth

;pafameters of teak seedlings

(Data represent the mean of 6 seedlings)
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16 175.6 + 6.2

N

Age from Day/Night Temperature Treatment L.5.D.
Germination A B C 05 01
(week) .
Leaf relative growth rate (LRGH) (cmz/cmz/week):
a- 8 0.45 + 0.0 |
8 - 12 0.25 ¥ 0.01 0.17 + 0.01  0.05 + 0.01 0.03 0.04
12 - 16 0.1 + 0.0 0.07 + 0.01 0.22 + 0.01" 0.04 0.05
Shoot relative growth rate (SRGR) (mg/mg/week)
4a- 8 0.49 + 0.0
8 - 12 0.35 + 0.01 0.28 + 0. 01 0.16 + 0.02 0.04 0.06
12 - 16 Q.15 : 0.02 0.09 ¥ 0.01 0.23 E 0.01 0.05 0.07
Root relative growth rate (RRGR) (mg/mg/week)
4- 8 0.47 + 0.04
8 - 12 - 0.45 0.03 0.42 + 0.04 0.25 + 0.03 0.1 0.15
12 - 16 .21 + 0.02 0.15‘i 0.02 0.27 + 0.0 0.06 0.08
Relative growth rate (RGR) (mg/mg/week):
4 - 8 0.48 + 0.02 » |
8 - 12 0.36 + 0.02 0.30 + 0.02 0.17 + 0.02 0.05 0.07
12 - 16 0.17 + 0.02 0.1 i.O.U1 0.24 + 0.02 0.05 0.07
Net assimilation rate (NAR) (mg/cmz/week):
8 - 12 . 2.59%¥0.06 2.23+0.09 1.21+ 0.1 0.27 0.37
12 - 16 1.61 ¥ 0.25 1.09 % 0.11 2,21 £0.19 0.57 0.79
Leaf area ratio (LAR) (cm@/gm):
Hy 4 201.4 + 1.6
H, 8 186.0 + 13.4
Hy 12 116.4 + 3.6 108.4 + 1.7 113.0 + 4.3 ns
H4 16 94.9 + 4.1 92.8 + 2.3 105.0 + 3.2 9.9 -
Leaf weight ratio (LWR):
H 4 1.72 + 0.16
Hy 8 1.08 + 0.14
Hy 12 0.58 £0.01 0.61 £0.01 0.62 + 0.02 ns
H, 16 0.54 + 0.01 0.55 + 0.00  0.56 + 0.01 0.03 0.04
Specific leaf area (SLA) (cmz/gm):
Hy B 277.6 + 18.5
H3 12 201.5 + 5.5 179.4 + 5.1 182.3 + 2.4 13.7 19.0
H 168.2 + 3.4 179.9 + 4.6 ns
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C. LAR, LWR, and SLA: Under treatment A the LAR, LWR and

SLA of the seedlings decreased with age: When compared with treatment
A, either the B or the C treatment did not have a pronounced effect

on the LAR, LWR and SLA of the seedlings in this study.

5.2.2.2 EXPERIMENT 2:

5.2.2.2.17 Browth of Seedlings Before Stumping

The growth of teak seedlings under the three temperature
treatments was similar to that obtained in Experiment 1 (Table 5.5).
Seedlings grown under the constant warm condition (treatment A)
performed better in all growth parameters than seedlings grown under
the fluctuating temperature treatments B and C: In treatment B
only the stump size at 82 did not differ significantly from those
of seedlings from treatment A. In treatment C the seedlings at 82'
were markedly affected in all growth parameters. They were significantly
smaller than seedlings from treatmenfs A and B. At final harvest
(83), the seedlings grown under treatments B and C did not diFFer
significantly in any growth parameter. This clearly showed that,

under treatment C recovery of thebseedlings was rapid in all growth

parameters when the temperature was raised from 18/13° to 30/2508,

5.2.2.2.,2 Stump Sprouting

A. Number of Sprouting Stumps: In treatment A the number of

'sprouting stumps increased markedly with seedling age.' Only 6 out
of 16 of the B-week—old stumps produced sprouts, whereas all stumps

in all three treatments produced sprouts when prepared at 12 and 16
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weeks after germination (82 and 83). The difference in sprouting
capacity between the 8-week and older stumps may have been due to the
difference in stump size.

B. Sprouting Vigor: The cool temperature treatments had

significant effects on seedling growth as well as on the subsequent
production of stump sprouts. The developmenthof éprouts on the 82
stumps from treatment A for all parameters of sprout performance are
recurded}in Table 5.6. At this stage, sprouts produced by the 82
stumps of treatment C were superior to those produced by the stumps
ofﬁreatment B in leaf area and leaf dry weight and ih stem as well
as total shoot dry weight, but not in height gnd.diametér or lateral
fuot dry weight. Since the 82 stumps from treatment C were much
smaller than those from treatments_A_and B, it is clear that the
abrupt temperature reductiﬁn greatly enhanced the potehtial of these
plants to produce vigorous sprouts when returned to the 30/25DC
regime following stumping.

The pattern of sprout response on the 83 stumps was very

much diFFerent from that on the 82 stumps. The sprout performance

on stumps from treatment C was siénificantly reduced for all
parameters recorded (Table 5.6). This marked change in response is
the reverse of What was found in the previous experiment. This
will be discussed later.

Under treatment B, there were significant differences in
growth parameters of sprouts between the 82 and the 83 stumps‘(Table
5.6). The height of sprouts on the S, stumps was smaller than for
the 82 stumps, but leaf area and both leaf and shoot dfy weight

increased. Stem dry weight was almost the same, but new root pro-

duction of the S3 stumps declined.
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Under treatment A, the sprout performance of stumps tended

to remain more or less constant with stump age (81, 5. and S3

2
stumps). New rbot production tended to increase with stump age and

sprout height to decrease with stump age.

5.2.2.2.3 Root Regeneration

The root regenerating potential of stumps in treatment A
was poor at 8 weeks from germination (81),but increased markedly with

age (Table 5.6). The 82 stumps of seedlings grown under treatments

B and C had a much greater root regeneration capacity than treatment

A,similar to the capacity of the stumps for shoot production.  There

was no difference between.treatmEnts B and C in the root regenerating.

potential of the S, stumps. Root regnerating potential of these

2

stumps decreased markedly after the seedlings were returned to

the high temperature of 30/2500, particularly in treatment C.
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TABLE 5.5 Growth parameters of teak seedlings at stumping

times as affected by temperature regime

(Data represent the mean of 16 seedlings)

Temperature Treatment

Stumping L.S5.D.

Time A B c .05 .01
Parent stumps (seedlings)

Height growth (cm):
8,l 25.8 + 1.0
82 42.7 + 1.8 33.6+ 1.6 28.9+ 1.1 4.4 5.9
83 5.9+ 1.8 41.6 + 0.9 43.2+ 1.9 4.6 6.1
Diameter at collar (mm):
S,I 8.6 + 0.3 ‘
82 ” 12.5 + 0.2 11.7 + 0.2 10.3+ 0.6 1.2 1.6
83 14.7 + 0.2 13.9 + 0.2 13.8 £ 0.2 0.5 0.7
Leaf area (dmz):
S,| 15.8 + 1.3' ‘

82 34.7+1.5 272.4 +1.1 20.9 + 0.5 3.1 4.2,
S‘,3 47.3 + 0.6 33.4 + 1.1 32.9+ 1.5 3.3 4.4
Leaf dry weight (gm):
81 5.9 + 0.5 |
82 17.4 + 0.7 15.6 + 0.6 11.5 + 0.3 1.7 2.3
83 29.4 + 0.4 22.1 £ 0.7 20.4+ 0.8 2.0 2.7
Stump fresh weight (gm):
S1 8.9 + 0.7
82 2.8 +1.7 22.8+1. 15.3 + 1.3 4.0 5.4
83 3.8&1.8 28.4 +1.2 26.3+1.0 3.9 5.2
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TABLE 5.6 Effects of temperature regime on the subsequent
production of sprouts of teak planting stumps

(Data represent the mean of 16 stumps)

Harvest4(1D Temperature Treatment L.S.D.
weeks after .
stump & planting A B | C .05 Naj

i

SErDutsA(1D weeks after planting)
Height growth Icm):

H- 8, 8.4 + 0.7

H - 82 6.9 + 0.7 9.4-_}-_1.1 1.9+ 1.0 2.8 3.7
H -8, 6.2+0.5 6.9+0.5  4.840.3 1.6 2.1
Diameter (mm):

H-8, 7.2 + 0.5 |

H -8, 8.0+ 0.4  B8.9%£0.3 9.6%0.2 0.9 1.2
H - 8, 9.1 +0.4 9.6+0.3 7,8+0.2 0.9 1.2
Leaf area [dm?):

H -8, 10.6 + 1.6

H - 8, 10,4 £1.1 14.8+ 1.4 18.27+0.9 3.3 4.4
H - 84 1M1 +1.9 17.0+1.2  7.0+£0.8 3.7 4.9
Leaf dry weight (gm):

H -8, 5.8 + 1.0 |
H- 8, ' 6.0+0.7 8.6+0.8 11.0+£0.5 1.9 2.5
H - 83 6.5+ 1.0 10.3 + 0.8 4.4 + 0.5 2.2 3.0
Stem dry weight {gm):

H -8, 0.81 + 0.16

H - 8, 0.90 + 0.14 1.42 + 0.18 2.00 + 0.15  0.44 0.59
H-8, ~  0.92+0.18 1.40+0.16 0.51 £0.07 0.41 0.55
Total shoot dry weight of sprout (gm):'

H -8, 6.6 + 1.2

H -8, 6.9 + 0.8 10.0 + 0.9  13.0 + 0.6 1.4 1.5
H - 8, 7.5+1.1 11.7+0.9 4.9+0.6 2.6 3.5
New lateral root dry weight (gm):

H -8, 1.1 £ 0.2

H - 82 1.6 + 0.2 2.4 + 1.2 2.6 + 0.2 0.5 0.8
H—83 1.8 + 0.2 1.9-1_-_0.1 1.3 +£ 0.2 ns
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5.2.3 Discussion

A. Seedling Growth and Development

The results obtained in this Chapter have clearly shown
that teak seedlings require a relatively warm climate (about 30/2500
temperature) for rapid gfowth and development. This was in agree-
meht with the results obtained in the work of KDKoGyi (1972) and |
Kanchanaburangura (1976) who studied the effects of day/night
temperature regimes on growth and dfy matter production of teak
seedlings. In the present study, it was shown that where the growing
' temperatﬁre was lowered from 30/25° to 18/13°C, either progressively
or abruptly, all growth parameters of the seedlings Were reduced.

The height growth of seedlings, for example, declined a little

where the temperature was reduced from 30/25D to 27/2200 (for 1 week)

and declined markedly where the temperature was reduced further to
24/1900. Seedlings ceased height growth when the temperature approéched
18/1300. The reduction of seedling growth under the cool treatment

in this study is consistent with that observed by KoKoGyi (1972) and
Kanchanaburangura (1976).

The NAR of seedlings was reduced markedly when the
temperature was lowered from 30/25° to 18/4300, particularly when
lowered abruptly. This suggests that the capacity of the seedling
leaves to. photosynthesize and distribute the photosynthate within
the plant was apparently.curtailed quite suddenly. This finding
has been supported by the work of Kanchanaburangura (1976) wﬁo studied
the effects of temperature regime on rates of photosynthesis and
fespiration in teak seedlings. Kanchanaburangura showed that both

photosynthetic and respiratory rates of the teak seedlings decreased
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markedly with a reduction of temperature from 30° to 2400; and the

rate of photosynthesis of seedlings at 30°C was twice that of seedlings
at 24°C. Reduction of NAR in plants under low temperatures has been
reported by a number of workers. Warren Wilson (1966), for examble,
found that cold climate reduced both NAR and RGR but increased the leaf
~carbohydrate content in seven herbaéeous plant species. He suggested
that low temperatures reduce the NAR through a process that decreases
the rate at which photosynthates are utilized in respiration and new
growth; - this causes photosynthates to accumulate in the leaves to
levels at which they depress NAR. This hypothesis was later supported
by the work of Neales and Incoll (1968). Thus, the results of this
study and those obtained by Kanchanburangura (1976) for teak, where

. growth and respiratory rate of seedlings decreased markedly with the
reduction in growing temperatures, could be explained using the
hypothesis proposed by Warren Wilson (1956). However, mdre studies
dealing with the effects of low temperatures on photosynthesis,
translocation of photosynthates, and levels of carbohydrate content

in teak seedlings are reguired.

Growth of the seedlings increased again when the temperature
was raised from ’18/13D to 30/2508,_either progressively or abruptly,
but there was a marked difference in the rate of increase between
treatments. Growth of seedlings increased rapidly when the temperature
was raised abruptly from 18/13D to 30/2508, but only slowly when the
temperature was raised progressively from 18/13O to 30/2500. Both
RGR and NAR of the seedlings in tréatment C increased harkedly,-while
that for seedlings in treatment B continued to deolinef This suggestsk

that all the physiological pfocesses for growth were stimulated very
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rapidly and that utilization of photosynthates proceeded almost
immediately resulting in rapid growth and increase in dry weight.

From the results of this study, it can be concluded that
teak seedlings require a relatively high tempefature (about 30/25°¢)
for rapid growth and development. The seedlings are very susceptible
to the cold conditions. Under the cold conditions, all physiological
activities in the seedlings are depressed armd reductiﬁn of growth
and dry matter production results. These processes, howsver, can

recover rapidly when the temperature is raised to the warm condition of

30/25°C.

B. Stump Sprouting

The results of this study have shown that femperature has a
marked influence not.only on growth and development of teak seedlings
but also on the capacity of sprouting of teak planting stumps.
Evidence has been provided that seedlings maintained at 30/25D con—
tinuously do not sprout vigorously after stumping and planting under
favourable conditions for growth. By contrast, where the seedling
growth was restricted by cool tempefature the sprouting cepacity of
the stumps increased markedly. These results are consistent with those
obtained from the field studies (see Chapter 3) where stqmps lifted
during the cold season, when the seedlings were nearly fully dormant,
prodﬁced more vigorous sprouts than stumps lifted in late spring or
during the_rainy season. As noted in Chapter 2, the sprouting of
lateral buds in plants is mainly controlled by the hormonal and
nutritional status of the plant; increasing auxin levels or lowering

photoassimilates in the plant resulting in the inhibition of sprouting
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(Phillips, 1969a, 1975). According to Larson (1964) and Brown (1971),
there are close relationships between environmental factors, plant
growth, and auxin production; any factor that enhances fapid shoot
growth and continued leaf production results in high levels of auxin
praduction and increases stem auxin. Conversely, low temperatures,
drought, and short photoperiods that adversely affect shoot growth
and leaf production lowers the levels of auxin production and

subsequently reduces stem auxin. Working with Eucalyptus obligua,

Blake (1974) found that a reduction in stem elongation of eucalypt
seedlings caused by both too wérm and too cold conditions stimulated
the formation of epicormic shoots on the seedling stems. Furthermore,
he concluded that environmental factors stimulaéing’elongatidn of the
main stem (i.e. light and temperature) reduped the sprouting, while
environmental treatments inhibiting height grcwth_qf the main stem
stimulated bud release. | From the results of the present stﬁdy, it
could be interpreted that temperature through its direct effect on
net assimilation and shoot growthbinfluences the levels of auxin
and/or other plant hormones and subsequently affects the capacity of
stump sprouting; such that lowering of the temperature reduces net
‘assimilation, shoot growth, and alters the hormone balance in the stump
and subsequently increases the capacity of stump sprouting of teak.
Further investigations into the effects of a lowering of temperature
on some of physiological processes such as photosynthesis, respirafibn,
translocation Df-photosynthates, and the hormone balance in teak

seedlings are required.
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5.3 STUDY 2: EFFECT OF TEMPERATURE AND STORAGE ON CARBOHYDRATE

RESERVES AND SUBSEQUENT SPROUTING OF TEAK SEEDLING

STUMPS

5.3.17 Purpose of Study

The previous study clearly showed that temperature has a
marked effect on the growth and subsequent stump sprouting of teak
seedlings. There.was elear eQidénce that growth of teak is strongly
inhibited at a low day/night tempefatufe regime (18/1300). In
contrast, the stump sprouting potential increased markedly after
seedlings had been transferred from 30/25°C to grow at 18/13°C for
4 weeks prior to stump-replanting. . -

There are a number of factors which4miéht explain the en-
hanced potential for stump.sprouting after a period of temperature
induced growth inhibition. These have been reviewed in Chapter 2.
In this Section, a study is made of the effect of the'temperature
treatments and stump storagelon the reserve carbohydrate content in
teak stumps, and the relationship between carbohydrate content in the

stump and its capacity for sprouting.

5.3.2 Materials and Methods

A. Plant Materials: Teak seeds from Laos were used for the

experiment. The seeds were pretreated and sown (Section 4.2.3),

and the seedlings were grown singly in 9 cm diameter cylindrical pots
containing a mixture of equal parts of vermiculite and perlite.A All
seedlings‘were grown under the day/night temperature of 30/2500 and

were well supplied with water and nutrient solution'until.the experiment

treatments commenced.
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B. Experimental Treatments: Eight weeks after germination,

104 uniform seedlings were selected for the experiment. This stage
will be referred to as "time zero".  The experimental treatments
and experimental procedures are scheduled in Figure 5.3 and details
of the experimental procedures are as follows:

Ninety nine of the selected seedlings were divided into 2
groups. The first group of 47 seedlings was retained at 30/2508,
and the second group of 52 seedlings wére transferred abruptly to grow
at 18/1300. The remaining 5 seedlings were harvested and oven-dried
for carbohydrate extraction (i.e. at time zero).

Four weeks from time zero, 5 seedlings from each of the two
groups were harvested and oven-dried for carbohydrate extraction. The
remaining 42 seedlings in the first group (30/25°) were divided into
2 sub-groups, each containing 21 seedlings. The first sub-group
continued to grow at 80/2500, and the second suﬁ-group was stumped

(Section 1.2) and stored in a metal box containing dry perlite at room
temperature (about 25°C)., In the second group (at 18/13°), the re-
‘maining 47 seedlings were divided into 3 sub-groups. vThe first sub-

group containing 21 seedlings continued to gfow at 18/130C; the
second sub-group containing 21 saediings was stumped and stdred in a
box containing dry perlite; and the third sub-group containing 5
seedlings were transferred abruptly back to 30/2500.

Eight weeks from time zefo, 5 seedlings from each intact
sub-group and 5 stUmps from each storage group were harvested and
oven-dried for carbohydrate extraction. The remaining 16 seedlings
from each intact sub-group were stumped and replanted together with
the remaining 16 stumps from each storage group. Stumps From“all
treatments were replanted singly in 9 cm diameter prs containing a

. Note: The use of dry perlite furi;goraga of QBQQ séumps in

this study ie to simulate the dry sawdust and/or dxy
rice husk as used in the field experiment.



Time Zero
(Commencement of Treatment)
(8-week-seedlings)

(30/25°C)

()

139

stumping
and
storage

|
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30/25°C 18/13°C

(4 weeks) (4 weeks)

| - !

Stumping and Replanting at 30/25°C

for 10 weeks

FIGURE 5.3

v

Harvesting

(Time zero plus 18 weeks)
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(4 weeks)
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mixture of vermiculite and perlite, placed in the SD/ZSDC controlled
day/night temperature glasshouse, and supplied with water and nutrient
solution.

Ten weeks after stump-replanting (iQe. 18 weeks. after time
zero) all stump sprouts from each treatment were harvested. Height
growth, leaf area, and dry weight of the sprouts were determined.

Determination of Carbohydrates: Water soluble sugar and starch

.Contents in stumps were extracted using the methods described in
Section 4.2.7. To prepare the material for extraction, 5 oven-dried
stumps from each treatment were ground individually in a Wiley mill

to pass a 150 mesh sieve and held in a desiCGator. An 0.5 gm sample
was takeh from each ground stump and these were bulked within a
treatment to give a 2.5 gm sample of dry material per treatment. Two
0.2 gm'sub-samples were then taken from each bulked sample, and were
extracted for water soluble sugaré and subsequently extracted for
starch.

_!S#atistical Analyses i Four weeks after stump-replanting, stump

sprouts were attacked by red spider mites (Metatetranychus ulmi)

causing a relatively large variance in all growth parameters and
treatments at final harvest. 1In ofder to minimise the effect oF"
 variance due to this factor, the analyses of variance were carried out
using a logarithmic transfiormation of the 5 biggest stump sprouts

from each treatment.

5.3.3 Results

5.3.3.1 Carbohydrate Reserves

A. Sugar Reserve: Under constant conditions, the level of

stump sugars increased with time from initiation of the experimental

treatments (Figure 5.4a). However, the rate or change in stump sugars
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FIGURE 5.4a
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A Dry matter weight
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FIGURE 5.4 Effects of temperature and storage on carbohydrate

reserves content in teak seedling stumps (see text)



142

TABLE 5.7 Effects of temperature regime and storage on the
level of carbohydrate reserves in teak seedling
stumps. (Data represent the mean of 2 x 4 extractions)

1 A 3
Treatments Sugars Starch Total

ol ofpt ¢ % gt

Freshly prepared stumps: (% of dry matter weight)
Time zero at_30/25C 0.32 + 0.00 20.13 + 0.10 20.4  0.40
(8 weeks old) '
4 weeks at 30/25°C 0.49 + 0.01 22.58 + 0.12 23.1  0.98
8 weeks at BO/ZSOC 1.59 + 0.03 24.90 £ 0.38 26.5 2.66
4 weeks at 18/1300 _ 0.74 + 0.01 .23.54 + 0.43 24.3 0.79
B weeks at 18/13°C 0.78 + 0.01 26.11 + 0.16 26.9  1.47

4 weeks at 18/13006
+ 4 weeks at 30/25C

Stored'stumps:

4 weeks at 30/25°C

1.48 + 0.01 27.31 + 0.39 28.8 1.25

0.70 + 0.01 22.23 + 0.21 22.9 0.97

+ 4 weeks storage -

4 weeks at 18/13°%C
+ 4 weeks storage.

1.26

I+

0.02 21.86 + 0.30 23.1 0.75

%% sugars

]

mg glucose equivalent x dilution factors (50 x 1.3) x 102

10° x 0.2 (gm dry material)

. 5 5
. . :
#%9% starch = mg_glucose eqylgalent x dilution factors (5 x 10%) x 10
| 10° x 0.1 (mg)
% gm _ stump dry weight x carbohydrate content (%)
100
Note:- Standard error of the MEéh"aéiﬁ;egéﬁféd shows reliability

; of extraction technique rather than that of treatment mean.
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at 30/250C differed markedly with the growth pattern of the seedlings
as measured by RGR. At the constant temperature of 30/2500, the
concentrations of stump sugars were 0.32 (time zero), 0.49 (4 weeks
from time zero), and 1.59 (8 weeks from time zero) % of dry weight
of stump. According to the result of Experiment 1 (Section 5.2),
the RGR of seedlings at time zero and 4 weeks frbm time zero was
much greater than that of the seedlings at 8 weeks from time zero.
This suggests that at the constant 30/2500 there was a small increase-
in stump sugars during the rapid continuing growth of the seedlings;
but as the relative growth rate of seedlings declined there was a
marked increase in stump sugars.

Stumps of seedlings transferred from 30/2500 to grow atv
18/1300 for 4 weeks exhibited é marked increase in the sugar concentra-
tion (Table 5.7). The concentration of stump sugars in seedlings
held at 18/1SDC for 4 weeks was D.74%; whereas that in seedlings
maintained at 30/2500 for 4 weeks was 0.4%h. However, the level:of
stump sugars in seedlings held at 18/1800 remained relativelyvstatic
when the seedlings were maintained at this temperature beyond 4 weeks
and at 8 weeks was 0.768%. The increase in stump sugars during the
first 4 weeks after reduction of tehperature from 30/25° to 18/13°C
might be the result of the decreased_RGR of the seedlings as reported
in Section 5.2, and this will be discussed in Section 5.3.4. Surprisingly,‘
where seedlings held at 18/1300 Fdr 4 weeks were transferred back to
30/2500 for 4 weeks, the stump sugar concentration doubled, to about the
same level as in stumps of seedlings grown continuously for 8 weeks

at 30/25°C (Table 5.7).
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Storage of stumps caused an increase in stump sugars
associated with a decrease in stump starch (Table 5.7). The concentrations
of sugars in stumps QF seedlings held at 30/250 and 18/1300,
respectively, for 4 weeks from time zero prior to stump storage.were
0.49 and 0.7¢%. FDur'weeks‘after storage, the concentrations of
sugars in these stumps rose to 0.70 and 1.26%, respectively, almost
twice the concentration in stumps prior to storage. It will be shown
that an increase in stump sugars as a result of storage for 4 weeks
was accompanigd by a decrease in stump starch; and the amount by
which sugars increased was approximately equivalent to that by which
the starch decreased. This clearly suggests that storage of stumps
may cause hydrolysis of starch to| sugars, and this will be discussed
_iﬁ detail in Section 5.3.4.

B. Starch Reserves: Under constant conditions the concentrations

of starch in teak stumps also increased progressively after initiation

of the treatments (Figure 5.4b). For example, at constént 30/2500

the concentration of starch in stumps increased from 20.1% (time zera)

to 22.6 and‘24.9% at 4 and 8 weeks respectively from time zero.
Temperature had a marked influence on the level of starch

in stumps of teak seedlings._, There is evidence that an abrupt

reduction of temperature from BD/ZSD to 18/13°C caused an increase

in starch concentration in stumps [Figure 5.4b), Starch concentration

at time zero was 20.1%. When transferred fo 18/1306 the concentration

.oF starch rose to 23.5 and 26.1% at 4 and 8 weeks, respeotively.

The concentration of starch in stumps of seedlings grown continuocusly

at 30/2500 rose to 22.6 and 24.% at 4 and 8 weeks respectively.
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Interestingly, where seedlings held at 18/130C for 4 weeks were
transferred back to 30/2500 for 4 weeks, the concentration of stump
starch increased substantially from 23.5 to 27.3% that is very similar
to the starch content of seedlings kept for the whole 8 week period

at 18/13°C.

Storage of stumps obtained from seedlings which had been
grown at 30/2508 faor 4 weeksvhad no effect on; or caused a slight
decrease in stump starch concentration; However, storage resulted
in a dedrease in the stump starch of seedlings which had been held
for 4 weeks at 18/13°C (Table 5.7). The starch concentrations in
stumps of the "30/25°" and "18/13°"C seedlings prior to storage were
22.6 and 23.5%, respectively. After 4 weeks of stump storage, the
concentrations of starch were 22.2 and 21.%h, respectively. As
suggested above, the decrease in starch as a result of storage might
be the result of the hydrolysis of starch to éugars as there was
an approximately equivalent increase in sugars. This will be discussed

in detail in Section 5.3.4.

5.3.3.2 Stump Sprouting

A. Effect of Temperature: Temperature had an important

influence on the subsequent sprouting of teak seedling stuﬁps.
Conditioning of seedlings by cool temperature (18/1300) prior to
either stump storage or stump replanting caused an increase in the
sprouting ability of seedling stumps (Table 5.8). For example, in
comparing the sprouting ability of the two sets of stored stumﬁs,
it is clear that stumps of seedlings which had been held at 18/1300

for 4 weeks performed much better than sprouts produced by stumps of
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TABLE 5.8 Effects of temperature and storage on stump sprouting

in an experiment to monitor carbohydrate content
(Data represent the mean of 5 stump sprouts,

10 weeks after stump-replanting)

1 o X Y ! 1

30/257C Stumps 18/13%C_Stumps L.S.D.
Stored Fresh- -, Stored Fresh
(4 + a4 weeks) prepared (4 + 4 weeks) prepared .05 .01
8 weeks) (8 weeks)
see text)
Sprouting stumps ‘ ‘
(% of 16 stumps) 36 100 100 100
Height *0.50 + 0.04 0.59 + 0.03 0.86 + 0,02 0.78 + 0.05 0.11 0.15
(cm) **  (3.16) (3.89) (7.24) (6.03)
Diameter 0.72 + 0.02 0.81 + 0.01 0.88 + 0.02 0.86 + 0.02 0.05 0.07
(mm) (5.25) (6.46) - (7.59) ° (7.24)
Leaf area 2.17 + 0.23 2.54 + 0,06 3.06 + 0.06 2.87 + C.10 0.39 0.54
(cm®) (14779) (346.7) (1138.1)  (747.3)
Dry matter production Klog mg, and gm]:
Leaf 2,79 + 0.25 3.27 + 0.06 3.76 + 0.05 3.50 + 0.09 0.41 0.57
(0.62) (1 86) (5.75) (3.76) .
Stem 1.93 + 0.17 2.38 + 0.08 2.85 i 0.07 2.61 + 0.11 0.34 0.48
(0.085) (0.24) (0.71) (0.41)
Tatal 2.85 + 0.24 3.33 + 0.05 3.81 + 0.05 3.56 + 0.09 0.40 0.55
_ (o. 71) (2.7a) (6.46) (3.63)
New Roots 2.32 + 0.18 3.07 + 0.04 2.76 + 0.33 2.68 + 0.07 0.30 0.42
(0.27) (1.77) (o. 56) (0.48)

¥ log x

#* (anti log x)
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seedlings which had been held for 4 weeks at 30/2500. This applies
both to survival and growth of sprouts. In respect to the fresh

ar unstored stumps, sprout production by stumps of seedlings which

had been held for 8 weeks at 18/1SDD was as great in leaf area and
total dry matter production, and significantly greater in height and
diameter growth than sprout production by stumps of seedlings which
had been held for 8 weeks at SD/ZSDC. In the previous study (Section
5.2), there was a similar effect of low temperature on sprouting'
ability of teak seedlings stumps. That is, stumps of seedlings which
had been held at 18/130C for 4 weeks prﬁduced hore vigorous sprouts
than stumps of seedlings which had been held at 30/25D for 4 weeks.

The findings of the present study are therefore consistent with
previous results.

B. Effect of Stump Size: Stump size had no effect on the

sprouting potential of the stump. For example, the estimated dry
weight of stumps of seedlings which had been held for 8 weeks at
30/2508 was about twice that of stumps of seedlings which had beeﬁ
held for 8 weeks at 18/13°C, and about three times that of stored
stumps of seedlings which had been held for 4 weeks at 18/13°C. The
estimated dry weights of these three sets of stumps'were 9.9, 5.5

and 2.6 gm, respectively. Despite <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>