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ABSTRACT

ln1t1a1 studles in thls the51s attempted to dellneate temperature
-jresponse of teak seedllngs of two dlfferent provenances under controlled,
";,env1ronment condltlons. These studles conflrmed anomalous results

_reported earller by other workers. *The‘causes of the anomalles were

considered There was ev1dence that a 11ght rad1at1on X temperature
_ '1nteract1on mlght have ‘been 1nvolved |
4ﬁv: Subsequent studles examlned the effect of 11ght.rad1at10n and temper-
ature on teak seedllngs of one of the provenances. The ex1stence of a
lllght radlatlon X temperature 1nteract10n has been demonstrated Seedllng
‘growth (e g total leaf area, dry matter productlon and helght) was
better'at hlgher temperature (33/28 C) than at lower temperature- (33/25 C)

under total radlatlon of 200 cal cm -2

day 1; In contrast there were no

: dlfferences in these parameters between temperatures under total radlatlon
of 100 cal €m day 1 h The results also showed very 1mportant effects

h'-of total dally radlation. Desplte the 1nteract10n effect seedllng growth

was better at the hlgher total radlatlon level.

Growth ana1y51s stud1es showed net a551m11at1on rate and 1eaf area
:*ratlo were both affected by 11ght radlatlon and temperature condltlons. :
:[:fThlS suggested the controls mlght act. through photosynthes1s, resp1rat10n
fiand leaf development
| Accord1ng1y, the effects of‘11ght radlatron and temperature on
f.seedllng photosynthe51s, resprratlon and leaf structure were examlned
-l-";__:'Ihe results showed.

Ty (1) Rate of photosynthesrs was 1ncreased with 1ncreased 11ght

1nten51ty from 200 to 800 uEm 2sec 1. The'llght response




_ curvedsuggested the light eqmpensatioh point would‘be at
‘.ahpdt Ss‘uEmfzsec'l{ahdltheflight_Satdratioh level at
FQOOrnEm-zsec-l.v.: | | o
"(2)lThe rates of photosynthe51s ahd resplratlon 1ncreased
| uwlth 1ncre351ng temperature w1th1n the range 25 to 31 c. ;:
"(3)'Teak seedl1ngs produced more and larger leaves at hlgh
| ‘ftemperature and hlgh l1ght radlatlon cond1t1ons.‘ Exam1n- .
i:atlon of ep1dermal cells on leaves 1nd1cated that at |
bhlgh temperature the larger leaves were due to both more
tand larger cells.- AI'hlgh llght radlatlon»level_there
‘were ‘more but smaller cells 1n leaves." ~
The results of photosynthe51s, re5p1ratlon and leaf character1st1cs
indlcated thevseedllng.performance recorded in the earlier studles could
generally be explalned in terms of responses in. photosynthe51s, resp1r-.

atlon and Ieaf structure to dlfferent temperature - and 11ght radlatlon

,reglmest‘_Interpretatlpn 1n-th15 way~removedvmany of the_anomalles.
ﬁ'V:.nbted‘in.preyiods studies.
The 1mportance of results of these stud1es for plannlng'phytotron

- experlments is dlscussed




iv
" ACKNOWLEDGEMENTS

I am extremely grateful tov.
_ The. Danlsh Internatlonal Development Agency (DANIDA) for grantin
vd»'me a scholarshlp to take th1s study, |
| Dr M.U. Slee and Professor ‘E.P. Bachelard Department of
:iForestry,vAustrallan Natlonal Unlver51ty, for thelr superv151on and
.'guldance,_j:‘ o '“ | |
| f Professor D M. Grlffln, Head Department of Forestry, for the :
:use of departmental fac111t1es, , -
Mr R L. Dunstone D1v151on of Plant Industry, CSIRO for hlS '
help in studles of photosynthesms and leaf epldermal cells
| Staff nembers of CSIRO CERES Phytotron, for the1r general help
»w1th.exper1menta1 work ‘ ' - ‘ '
| Mr H Keldlng, Danlsh/FAO Forest Tree Seed Centre, Denmark
. for the supply of seed materlal, | |
e My parents, brothers and 51ster, for thelr moral support and
encouragement,‘ |
o ~Last, but not least, my wlfe Maneerat for her con31stent

' enéburagementvand_se}f-sacrifice~thrpughout the period of.thls study,'



TABLE OF CONTENTS

-Pége
| STATEMENT OF ORIGINALITY i
ABSTRACT gty
fACKNOWLEDGEMENTS L [ 07
TABLE OF CONTENTS v
~ INTRODUCTION . Coxi
'-,PAR"I"_:'I'--'_»}__‘-""'.I‘EA‘K‘ RE-SPONsE"_TO, TEMPERATURE | o 1
CHAPTER 1 THE OCCURRENCE OF TEAK (TECTONA GRANDIS LINN, F) 2
AND PRDVENANCE VARIATION ‘IN THE SPECIES - - B '
EERY 'INTRODUCTION L 2
1.2 THE IMPORTANCE OF TEAK WITH PARTICULAR '3
S REFERENCE TO SOUTHEAST ASIAN COUNTRIES o
1. 2.1 The Importance of Teak to the Economy,' 3
1.2.2 The Role of Teak in Plantat1on : _ "3
‘ Forestry ‘ : R
-AI.SQINATURAL DISTRIBUTION AND FACTORS RELEVANT ::T 5
-~ .. TO THE OCCURRENCE ‘OF  THE- SPECIES D
. 1L3;1I Natural Dlstrlbution -5
: 1.3.2 Climatic Requlrements 5.
1.3,3 Edaph1c Requlrements . 7
1.4 VPROVENANCE VARIATION IN: TEAK L - “8'
*1,"4’;1 India .. %
1.4.2 Indonesia = _ ' ‘ 11
'1.4.3 Burma - ' h 11
1.4.4 Conclus1on ' o . 12
1.5 STUDIES OF PROVENANCE VARIATION UNDER 12
‘CONTROLLED ENVIRONMENT CONDITIONS '
1.5.1 Conc1u51on B - ;v T
1.6 TEMPERATURE ANOMALIES IN THE PROVENANCE 17

' RESPONSE




Page’bv
1.7 THE PUTATIVE IMPORTANCE OF LEAF AREA T
- AND PHOTOSYNTHESIS . . S

L8 CONCLUSION B

- cHAPTEElz' AN OUTLINE oF ‘GENERAL EXPERIMENTAL PROCEDURES 2
""’1251 PHYTOTRON FACILITIES o f’."';' o o 2z

A2.1 1. Glasshouses f o ';;j_ . L 21
2.1.2 - Growth Cablnets o 5 o - 21
” 2.21 GENERAL EXPERIMENTAL PROCEDURES S 22,
Establlshment of - Seedllngs B 22
- Grading of Seedlings for Experiments 23

.1

2.

3' " Maintenance of Seedllngs , ‘ 23
4 Harvests K o o - 24

2.3 GENERAL PLANT PARAMETERS MEASURED T
‘:2;4 ANALYSIS OF DATA "~‘1 N TR g

© CHAPTER 3 IDENTIFICATION OF ANOMALOUS RESULTS IN -~ 27
. TEMPERATURE RESPONSE OF TEAK SEEDLINGS - '

34 INTRODUCTION oo e R 1

jif3,2 PLANT MATERIALS AND EXPERIMENTAL PROCEDURE .28
‘Plent Materials 28
~“Experimental. Procedure _ - .28,
~Statistical Analysis - o 30

- wm_'ua.'
NN
w‘i\a_:—_-

s omEsOLTS S s

3.3.1 Effect of Temperature - the Presence - 32
' - .of Provenance: x Temperature 1nter- :
. action . . , ' C
- 3.3.2 -Provenance leferences ‘ o 43

3.4 ,DISCUSSION - e

. X . .
'3.4.1 The Anomalous Results-'in the = .45
’ 7Determ1nat10n of Provenance Response :
- to Temperature :
2. Effect of Temperature 46
.3 Growth:Analysis Parameters = - - 48
4.
5

Provenance D1fference ' ‘ .49
-Conc1u51on S ' ‘ . .. 50



- Page

CPART IT DEMONSTRATION OF THE EXISTENCE OF A RADIATION 51
X TEMPERATURE INTERACTION IN THE CONTROL OF
© TEAK SEEDLING DEVELOPMENT

CHAPTER 4 = THE INFLUENCE OF LIGHT'ON'PLANi GROWTH . 53
N ‘-,4;1'-1NTRODUCT10N s
42 ,PHOTOSYNTHESIS -7

, 4 2. 1 Effect of Light Inten51ty f R 54
- 4.2.2 ‘Effect of Daylength = . 57
4.2.3 Effect of Total Da11y Radlatlon . 57!

4.3 LEAF GROWTH AND DEVELOPMENT R s
| 4.3.1 Effect of nght Inten31ty ~; - . 58
© 4.3.2 Effect of Daylength . .. - .59
4.3.3° Effect of Daily Radlatlon . - . 60

'4.43'SHO0T GROWTH AND DRY MATTER PRODUCTION -6l

. 4.4,1 Effect of Light Intensity 61
'4.4.2 Effect of Daylength 63
4.4, 3 Effect of Total Daily Radiation B 64

4.5 THE INFLUENCE_QE.LIGHT ON GROWTH OF TEAK 65

- 4.6 THE NEED FOR FURTHER INVESTIGATION OF . 66
. THE EFFECT OF TOTAL DAILY RADIATION ON -
 THE (GROWTH OF TEAK

*j‘cHAPTBRAs EFFECT 'OF TOTAL RADIATION ON THE TEMPERATURE - 68
7 RESPONSE OF TEAK SEEDLINGS ' -

s  INTRODUCTION ﬂ“: IR . - 68
"',.S.Z!‘MATBRIALS AND METHODS | 7:: 68
Csscmsws . v o m

VS.S,I Effect of Total Radlatlon o f;: :‘_ 72
. 5,3.2° Effect of Temperature L 78
,5;4-.nIséussroN".v T . g0

4.1 Effect of Total Radiation. = - - 80
4. 2 Differences in Temperature Response - 80
under Differing Amounts of Total '
Daily Radiation , :
5.4.3 rowth Analysis Parameters - . 81

.
5.




_ ‘ _ Page'v
5.4.4 Chlorophyll Content . S‘4At o _ 82
YSS;SV.CONCLUSION , >‘ o
'cHA§§gR.6 EFFECT OF TOTAL RADIATION AND DAYLENGTH ON I84_-
. TEAK SEEDLING GROWTH AND DEVELOPMENT |

C 6.1 :INTRODUCTION -'i,.ﬂ '25 _:’ o l”? - 184‘
6.2 MMATERIALS AND METHODS - s
c Effect of Total Radlation o , - 87

1. v
.2 Effect of Daylength with the Same : : 93
o Total Radlatlon ‘

6;3,
6.3

6.4 DISCUSSION o D o es

1"Effect of Total Radlat1on } C - 95
2 Effect of Daylength a : . 95
.3 Growth Analysis Parameters 96
4 _Conclus1on S C o T 96

: pART_iriv"" THE ‘STUDY OF PHOTOSYNTHESIS, RESPIRATION AND e
B | LEAF DEVELOPMENT OF TEAK. SEEDLINGS L

"CHAPTER 7. AN OUTLINE OF MEASUREMENT OF PHOTOSYNTHESIS o 99
" AND RESPIRATION ' )

7.1 INTRODUCTION ' ,[{, - o o 99

7.2 MEASUREMENT OF PHOTOSYNTHESIS AND .~ 99
© RESPIRATION ~ ° » '

7.2.1 Aparatus : ' 99
7.2.2 Calculation of Photosynthetlc and o
B Resp1ratory Rates o _ 101
*'~7.33 LEAF AGE -~ 102
CHAPTER 8 EFFECT OF LIGHT INTENSITY ON THE RATE OF 104
' o PHCTOSYNTHESIS OF “TEAK SEEDLINGS ; o o
8.1 WNTRODUCTION 104
| 8.2 MATERIALS AND METHODS f o 104

‘8.3 RESWTS s




8.4
8.5

~ CHAPTER 9

9.1

9.2

9.2,
9.2

9.3

© 9.4

" CHAPTER 10

©10.1

. -10.2

DISCUSSION

,CONCLUSION

EFFECT. OF TOTAL RADIATION AND TEMPERATURE ON
“ TEAK SEEDLING PHOTOSYNTHESIS AND~RESPIRATION'

| INTRODUCTION

-MATERIALS AND METHODS'

1 Experlment‘l.- o
.2.2 Experiment 2

RESULTS

9.3.1 Photosynthesis
9.3.2 Respiration =

DIS'CUSSI.ON"

EFFECT OF TEMPERATURE ON. THE GROWTH AND
DEVELOPMENT OF LEAVES OF TEAK SEEDLINGS

'INTRODUCTION

'MATERIALS AND METHODS

' 10 2 1 Exper1ment 1

103

10.2.2 Experiment 2

'10 2 3 Statistical Ana1y31s

:RESULTS

: vE.M 10 3.1 Experlment 1

BT

0.5
 CHAPTER 1
T

112

© 113

10.3.2 Bxperlment 2

DISCUSSION

CONCLUSION

EFFECT OF TOTAL RADIATION AND DAYLENGTH.ON

“THE GROWTH AND DEVELOPMENT OF LEAVES OF
TEAK SEEDLINGS - '

_INTRODUCTION .

MATERTALS AND METHODS

RESULTS

11.3.1 Effect of Total Radiation

11.3.2 Effect of Daylength

. 1X

- Page

108
109

111

112

ESENE

ERY

112

114

114 -

119

119

121

121

121

122

124
125

125

125

j133

147

149

150

150
152

152
153

- 150



Page
11, 4 DISCUSSION - ;' R el

11,5 CONCLUSION OF PART IIT 162
. PART IV ‘iQENERAL DiSCUSSIONZANb coNéLﬂéiON e

“ CHAPTER 12 GENERAL DISCUSSION ﬂ_ji - ;;W 168

121 INTERPRETATION OF THE RESULTS OF THE. 165 -
STUDIES IN PARTS I AND IT. | SESR

"12-2 CONCLUSION oF THE INTERPRETATION - - 177

12.2. 1 Provenance leference in Optlmum S 177

‘ ' Temperature for Photosynthesis. s, .
-~ .12.2.2 Control of Leaf Development =~ - 178 -
. 12.2.3 Allocatlon of Photosynthcnz_ .+ .178

,”12 2.4 Absence of a Decline in NAR at - s 179

' ngh Temperatures o

"12.3"GENERAL DISCUSSION SRR '4_ 180
‘.12 3.1 Use of Phytotron Fa0111t1es  ' - 180
'12.3.2 Provenance Difference - D £:) §

. 12.3.3 - Allocation of Photosynthate 182
S Product1on : :

© CHAPTER 13 CONCLUSION -~ . . . 183
BIBLIOGRAPHY .~ 186

- APPENDICES 194




'INTRODUCTION

Provenance studres of teak seedllngs under controlled env1ronment'”
d cond1t1ons have demonstrated the ex1stence of provenance varlatlon in
many growth characterrstlcs, and have shown the. 1mportance of temperaturefr
llas a control of teak seedllng growth and development Delineatron-of
‘~,temperature responsesof 1nd1v1dual provenances has however not been
lpossrble because results obtalned have been anomalous and confused by a
,provenance x temperature 1nteract1on.
 The studles reported in thlS the51s attempted 1n1t1ally to clar1fy
'temPerature reSponse of teak~seed11ngsiof drfferent provenances:under
controlled env1ronment condltlons. : This7objectivefwas not.achieved
'because ‘the results were again . anomalous. ThefcauSea were»eramined
_‘There was - ev1dence of a 11ght radlatlon X temperature effect whlch could
: have been respon51b1e for the anoma11es..
Subsequent studles examlned the effect of light radratlon on temper-v
ature response of teak seedllngs. These studres demonstrated the
.,ex1stence of a 11ght rad1at10n x temperature 1nteract10n and 1nd1cated
- total light radlatlon was an 1mportant control of teak seed11ng development.
| There were indlcatlons from growth ana1y51s stud1es that net ass1m11-
'3: at1on rate and leaf area rat1o were both affected by temperature and

L‘radlatlon conditlonsa__ Th1s suggested these controls mlght act through

tafphotosynthesis, resplratlon and leaf development. The<effect of'
‘_temperature and l1ght radlatlon on seedl1ng photosynthe51s, resplratlon

'and leaf development were therefore examined.

The results indicated the seedllng performance in the earller studies



xii

of this thesislcould generallyfhe explained}as slmple‘responses of
photosynthesis, respiration and leaf dewelopment;under:different:temper-
ature and radiationdregimes. The.implication for stodiesuin the
.thtotronland for foture provenanCe stndies[underﬂcontrolled environment
1"cond1t10ns are dlscussed |

The the51s has been d1v1ded 1nto four parts._

Part I reviews the natural occurrence of teak and the studxes of
provenance varlatlon and empha51ses the need. for further studles. Before

‘detalllng experlmental ‘studies, phytotron fac1lit1es and general exper1—

: ._mental procedures used are outllned ThlS 1s followed by deta1ls of the

{'inltlal studles w1th ‘two teak provenances in whxch attempts were. made to
mdellneate the optlmum-temperatureffor*each o

In Part II a brlef Teview of the effect of llght rad1at1on on plant-
‘h growth is. presented followed by- studles of the effect of 11ght rad1at1on
and temperature together on teak‘seedlings, The relatlonsh1p oetween
total radlation and photoperlod is also examlned | |
o Part III outllnes studles determ1n1ng the effect of temperature
:iand radlatlon on photosynthesms, resplratlon and leaf development of
teak seedllngs. _
| Flnally Part IV Thecresults obtained from the studies in:Parts_I
.?and II are 1nterpreted u51ng the knowledge ga1ned from Part III. ‘Some

K wider 1mp11cat1ons_of the'results are,d1scussed.



PART I
~ TEAK RESPONSE TO TEMPERATURE

OUTLINE OF PART I

"'Studies of~provenance variation‘in=teak'under controlled,environment
,condltlons have conflrmed f1e1d observatlons of provenance d1fferences in
many growth character1st1cs Dellneatlon of optlmum temperatures for
partlcular provenances has been attempted but the results obtalned have -
’been anomalous and confused by provenance R temperature 1nteract10ns.
7In th1s part of the the51s, attempts haVe been made to clarlfy the
‘temperaturesresponse of teak seedllngS'of two provenances under'controlled
xenv1ronment condltlons. .

Inltlally (Chapter 1) :the 1mportance and natural occurrence of teak

’and the studles of provenance varlatlon are rev1ewed The need for.

.further study is’ con51dered based on-the.results of provenance studles_

-under controlled env1ronment cond1t10ns."

Chapter 2 out11nes the controlled env1ronment fac1lit1es and ‘general
'.'experlmental procedures used 1n the study |
Chapter 3 outllnes a series of experlments COnducted to determ1ne‘
' optimal temperatures for growth of each of two Indlan provenances.
5These ob3ect1ves were not completely achleved as.. the results were. also?

. anomalous, _P0551b1e'causes of these anomalles have been con51dered.




'CHAPTER 1

THE OCCURRENCE OF TEAK (TECTONA GRANDIS LINN f )

AAND PROVENANCE VARIATION IN THE SPECIES
bﬂl.lleTRODﬂCTION:

Teak (Tectona grandls L1nn fL) is one of the most. 1mportant trop1cal »
tree specres The species is a maJor commerc1al tlmber spec1es 1n
several Southeast A51an countrles 1nc1ud1ng Burma, Thailand and Indone51a,

'nand occurs over a w1de range of cllmatlc condltlons and varrous geolog-

1ca1 formations .

).Tree spe01es uith a wide'geographical distrihution»generally”showh:
-marked differentlatlon Hence ‘the geographlc or1g1n or provenance of the
seed source has a marked effect on the subsequent performance. Knowledge*
‘of varlatlon pattern of the species is therefore essentlal background
- fbr any W1de ranging commerc1ally 1mportant species.
| Provenance studies have shown the ex1stence of varlatlon in growth
*characterrstlcs of teak but the detarled pattern is not well understood
- ‘Attempts haVe been made to examlne the varlatlon under controlled
'”envmronment condltlons as well as ‘in the f1eld There were however no
1.'clearcut results from these studles and some results were anomalous.‘

B ~ This Chapter outllnes the. 1mportance and natural occurrence of teak
:and rev1ews the studres of provenance varlatlon T. Particular emph351s

is glven to provenance varlatlon dlsplayed under controlled env1ronment

V condltrons. The need for.further studies of‘thls nature 1s.empha51sed,




1.2 THE IMPORTANCE OF ‘TEAK WITH PARTICULAR REFERENCE ' TO

SOUTHEAST ASIAN COUNTRIES
1.2.1 The”lmpertance of_Teak to the Economy-

'Teakfisfa'major'commercial[timberptreevin severalpcOuntries in
SOutheastrAsia ineludingyBurma,ﬂThailandﬁand‘Indonesia. Exports of teak
are.a maJor source of government revenue in these countr1es

The productlon and export of teak from Burma, Thalland and Indones1al

”-are shown 1n Table 1. 1 The value of teak exports dur1ng the 19605 in
FH, Burma was approxlmately 20 m11110n $US per annum, in Thalland approx1mat-
ely 10 m11110n $US per annum. Indone51a began to export teak in 1970
‘(Samapuddhi 1973) and earned about 3 m1111on $US per annum, durlng 1970-

1972»~ The Value of teak exports in- 1974 doubled that of prev1ous years
although the quant1ty exported was less ThlS 1s due malnly to the
',_marked 1ncrease in pr1ce assoc1ated w1th 1ncreased demand
| Teak exports from Burma and Thalland decreased from late 1960
: A reduct1on in the mater1a1 available in the natural teak forests'

,:d'accompanled by an 1ncrease in domestlc consumptlon was largely respon51b1e

."f‘for the decrease
- 1?._:-.2..:7_"rhé Role of Teak in Plantation Forestry

Slnce the world demand for teak cont1nues to 1ncrease (Samapuddhl,'
: 1973), the productlon from natural teak forests alone will not be
”suff1c1ent to meet the demand Future consumptlon of teak will therefore

:*h';» be heavzly dependent on the productlon from plantatlons.

Teak plant1ng programmes have been planned for many countr1es

. throughout,the troplcs. For»example,pon the Indian subcontlnentnalone
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“. the annual plant1ng target is 20 000 ha (Keldlng, 1973), in Thalland
10 000 ha per annum - (Anon., 1973) and.ln Burma 1 200 ha (Anon , 1979)

: Plantlng schemes on- a smaller scale have also been carrled out in West
‘ ‘and East Afrlca (e. g Kenya, Tanzanla, N1ger1a and Ghana), and 1n ,
'-Central and South Amerlca (e. 8- Tr1n1dad Puerto R1co and Br3211)

'(WOod 1967 Kendlng, 1973 1977)

’1 3 NATURAL DISTRIBUTION AND FACTORS RELEVANT TO THE OCCURRENCE
ok THE SPECIES o |

'31,3;1;_Natufa1 Distribution

Teak has a scattered d1str1butlon throughout the Ind1an peninsula

and much of Burma, northern Thalland and northwestern Laos (Flgure 1. 1)'
(Troup, 1921 Mahapol 1954 Halg et al., 1958; Streets, 1962). The
_spec1es 1s also found 1n Java and some of the small 1slands of the-_‘

‘Indonesian Archlpelago, but is belleved to have been 1ntroduced to ‘these
l'areas by the Hlndus durlng the fburteenth and 51xteenth centurles
._(Altona, 1922, 1923). | | _ |
. The northern 11m1t of its. distrlbutlon 11es about 1at1tude 25030'

x-in Burma, and the southern 11m1t about 9°N in Indla. On the east, it

- ifdextends to a longltude of about 104 31'E and on the west to 73 W

i;fAi(Troup, 1921; Kermode, 1957)

| A W1th regard to a1t1tud1na1 11m1ts, teak extends from sea level ub -.
to 1200~m Or rather more as 1n-Coorg; Central Indra (Streets, 1962)

- In Burma and Thalland however, the speC1es is 11m1ted to 885 m (Ha1g |

'.et al., 1958 ‘Iman, 1970).
~‘1;3;2 Climatic Requirements

'1Teak.can grow over a wide range of climatic -conditions from dry to
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moist troplcalvw1th annual ra1nfa11 varylng from 625 mm,e.g. Madras and
'2Bombay in Ind1a to 5080 mm on the west coast of Ind1a (Troup, 1921',,
Anon.,,1958).4. Teak also grows under a w1de range of temperatures from
as low as 2 °C to as ‘high as 46 °c- (Haig et al., 1958 Streets, 1962)
However it cannot tolerate frost which causes 1t to die back (Troup,

- 1932; Kermode, 1964). “

| ‘Teak: reaches its largest d1men51on (average 25 to 30 n in he1ght and

3 m in glrth) in a farrly moist, warm trop1ca1 cllmate w1th annual rain-

o fall of 1270 to. 3800 mm, temperature range of 13 to 40% and a marked

i "dry season of 3 to 5 months period (Troup, 1921 Mahapol 1954°~Ha1g

et al., 1958 Streets, 1962) Unsatlsfactory results of plantrng teak

» in reg1ons w1thout a well-marked dry season ‘have been reported in areas :
of Malaysra and north_Borneo (Streets, 1962).
- 1;3.3 'Edaphic‘Reouirements
Teak is found on varlous geologlcal format1ons such as granlte,

»gnelss, sch1st calcareous crystallrne rocks, 11mestone, some sandstone,
;}"conglomerate and shale (Kulkanl, 1951 Pur1, 1951, 1960 Ban13bhatana,
1957; Takle and MuJumdar, 1957) In areas where conglomerate or sand-
bistone underlles the - 5011 the spec1es appears to be stunted Ain growth
and may be absent from such loca11t1es (Hewetson, 1951; Kulkanl, 1951
| :Kadambl, 1957 Seth and Yadav, 1959)

::g Teak grows best on deep, well dralned moist, sandy 1oams of moderate
to hlgh fertlllty (Anon., 1958 Streets, 1962) . . It w1ll~not grow on
waterlogged ground or on 51tes llable to prolonged 1nundatron (Haig
'_et al., 1958 Streets, 1962) Consequently, most teak forests are
.151tuated on slopes with good subsoil drarnage but the species w111 also

grow-well on flat alluvial ground provided the dralnage 1s~good.



| Teak usually grows on 50115 w1th1n the pH range 6.5-7. 5. Kulkani
f(1951) p01nted out that the spec1es is absent from natural forest where
- the 5011 pH 15 below 6 O ~ However, lower 3011 pH values have been
:; .reported 1n successful teak plantatlons 1n N11ambur, Ind1a where 5011 J

”.pH was 5 S 5 8 (Gupta, 1951), 1n Laos, 4.0- 6 0 (Stevens, 1970) and in

"northern Thalland 5.0 (Aksornkoae et al., 1972)

Max1mum 5011 pH sultable for teak growth is’ con51dered to be 8.5

"(Kulkanl, 1951)
1.4 | PROVENANCE VARIATION IN TEAK

- As teak ‘can grow over a w1de range of climatic condltlons and Varlous

h'vtgeologlcal formatlons varlatlon in growth characterlstlcs would be

expected to occurAln.the spec1es; Such varlation has been.recognlsed‘

- ;from several provenance tr1als e g. 1n Ind1a (Mathauda, 1954), Indone51a
‘(Coster and E1dmann, 1934 Beard 1943 Becklng, 1951; Alphen de Veer,

’”_1957) and Burma (Maung Gale and Nyunt Nalng, 1967) 'Thegresults ofethese.

tr1als are. detalled in the follow1ng sectlons
1".4.1. " India

Provenance trlals of teak were establlshed 1n.1930 at N11ambur '
';»and‘South C01mbatore using seed sources from Burma and Indla The results
: after 15 years are shown in Tables 1. 2 and 1.3.

The trlal at Nllambur was assessed at the age.of 4, 9 and 15 years.
The materlals from south Bombay and south Burma were superlor to the
.Q;hers in height, diameter and volume}productlon. The materials from
'»nnamalaisband north Burma were always the poorest'in‘these parameters"
'dThe rema1n1ng provenance (Nllambur and Travancore) were 1ntermed1ate

. ,(Table 1 23
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Table 1.3 Results of teak provenance trial in South Coimbatore,

India
S 5- -year - . 11- year L | _15-year
Provenance Helght Dlameter Vglume Helght Dlameter‘ ~ Height
e om o Cm /ha  0m o om0 oom
_ Mount Stuart 7.9 7.9»,;' 467 131 14,7" 162
 Mysore 7.0 7.4 336 12.5 137 152
" Nilambur 7.3 7.4 346  12.5 - 14.0  15.2
- South Burma: 6.1 6.4 20,3 10,1  11.9° .  12.5

'{j“sOureé; Mathauda;11954.ih

i

Another tr1a1 at South Cormbatore was'assessed at 5, 11 and 15 years
R after outplant1ng. The mater1a1 from Mount Stuart showed promlslng
growth being the best 1n a11 growth parameters measured The South
Burma provenance on the other hand was. 1nfer10r to the other provenances
(Table 1. 3) : o | -
| “Thus- the results of the trral at South C01mbatore 1nd1cated the local
;‘,‘fmaterlals gave the most promrslng performances ' The exot1c seed source
i o from South Burma showed the poorest result Th1s Was contrary to 1ts
performance at Nllambur 1nd1cat1ng the pOSSlble exlstence of provenance X
51te 1nteract10n |

Wood propertles were also tested at age 36 years in the South Coimbatore

- tr1a1 (Purkayastha et al., 1972) Assessment was made of wood dens1ty

(welght/length) Wood from Mount Stuart and Mysore was 51gn1f1cant1y

V‘heavrer than that from N11ambur and South Burma
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”:,1;4t2vj1ndonesia, -

ProuenaneE_triaistwere estahliShed at several iocalities in'

‘fIndonesia in 1932 Seven provenances from Indochlna, Burma, Tha11and

-_Malabar (Ind1a) Central Prov1nce (Indla), Godavarl (Indla) and from '
”‘flocal stands were-lncluded The results have. been"reported by Coster

. and” Eldmann (1934), Beard (1943), Becklng (1951) Alphen de Veer (1957)
‘»‘and Anon. (1958)

| There were marked d1fferences 1n growth and tree form after 21 years{‘"
7:.The local and Malabar (Indla) provenances showed the best helght growth :

ﬂThe Tha1 provenance had the stralghtest stems w1th small branches ‘and |
"the Burmese provenance was only sllghtly 1nferlor to the Thal in these -

characterlstrcs The trees from Central Prov1nce and Godavarl (Indla)

showed poor growth and bad shape W1th heavy branchlng
_51.4;3"TBurma'

Provenances from four exotlc and n1ne Burmese seed sources were
compared “at three locatlons in: South Burma (Zlgon, Pylnmana and North
"h_Toungoo)-(Maung Gale and Nyung Nalng, 1967) The exotlc materlals were_
Tfrom Indone51a and Indla (locatlons unspec1f1ed) and also from Togo -
z(Dahcnney) and Papua New Gulnea. The Burmese materials were from three
- northern provenances (Myltkylna, west Katha and Mongmlt) and six
';'southern proyenances (Pyinmana, South Toungoo,'Thayetmyo, Z;gon, Tharrawaddy
and'Kawkareik). | |
N vAt agensikdyears,.survival'varied cOnsiderably hetween.provenancesA

at all test sites. The Burmese materials always had_a higher‘Survival

- percentage than the exotic materials. The southern Burmese provenances

(local at the test sites) also had better survival rates than the -
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'northern provenances
Height growth was not statlst1cally analysed but there ‘was: ev1dence“

of dlfferences between provenances and of provenance X s1te 1nteract1on

.No detalls were reported
1.4.4 conclusion

The results fr0m var1ous provenance trlals.outllned above 1nd1cate
' the ex1stence of provenance varlatlon 1n teak ' Thls varlatlon has been
found 1n volume productlon, tree form, wood property and surv1va1
*»vAlthough local provenances have generally proved to be superlor to ‘exotic:
‘rsources, the exlstence of provenance x 51te 1nteract10n has been demonstrated

':vpart1cu1ar1y in Ind1a and Burma.‘

»>1 5. STUDIES OF PROVENANCE VARIATION UNDER CONTROLLED

ENVIRONMENT CONDITIONS

There have been some studles of teak performance and variation
‘pattern under controlled env1ronment condltlons

“Ko Ko Gy1(1972) and Kanchanaburangura (1976) both demonstrated the
-ex1stence of provenance varlatlon in teak seedllngs in response to
z'day/nlght temperatures under phytotron condltlons , They.also attempted .
';to deflne opt1ma1 temperature and daylength condltlons fOr the growth
":.of teak seedllngs. Effect of daylength was however found to be less »
‘7>_1mportant than temperature. : Development of teak seedllngs was generally-

" not’ affected by daylength eXCept at. very short day (i.e. at 8 hours)

- This is well below the daylength under natural cond1t10ns 1n the troplcs,
"ul;e,l'about l2 hours;* B

- Ko Ko Gyi,(1972)Hcompared7seedlings of_five provenances from



'dPati.(Indonesia) Toungoo (South Burma)-rMyithyina (North Burma) Sungum,r
errala State (Indla) and Pakse (Laos) (see Flgure 1 2) under six temper-
ature reglmes The reglmes were made up ‘of the comblnatlon of three day

- vtemperatures (30 33 and 36 C) and two nlght temperatures (22 and 31° C),
t:f‘and the seedllngs were grown under these cond1t10ns for four weeks.
Therewwas clear:eV1dence.of provenance dlfferences; Myltkylna
provenance (North Burma) was always amongst the best in helght and dlameter
bgrowth The Indlan provenance (Sungum) was always the poorest.
Even more 1mportantly, provenance x temperature 1nteract10n effects.
‘zdpwere demonstrated 1n dlameter and helght 1ncrement Typlcal flgures
for dlameter 1ncrement are glven in Flgures 1.3A and B. In this exampie 1
~,.a11 provenances grew best at the hlghest day (36 C) and nlght (31 C)
: temperatures but there were 51gn1f1cant dlfferences in the ranklngs at

other temperature reglmes The-Indonesran-provenance grew well at 33 C

but. relatlvely poorly at 30°C day temperature. The southern Burmese
hprovenance (Toungoo) was as good as the northern Burmese provenance at
33 and 30 C but 51gn1f1cant1y poorer at 36°C. . The Laotlan provenance
Awas amongst the best at 30 and 36°C but performed relatlvely poorly at
1~1'33~C..v The Indlan provenance was not poorer than the southern Burmese
:h'provenance at 36 c but was signlflcantly poorer at the lower temperatures
h'(so and 33%0). . ' '
Slmllarly w1th n1ght temperature (Flgure 1 SB) the Indone51an and

'Th,fLaotlan provenances were as good as ‘the northern Burmese at 31 °C but

”6;51gn1f1cant1y poorer - at 22 C. The southern Burmese provenance on the
5.other hand exhlblted a reverse trend . This provenance was not 51gn1f1c-

V'i‘,fantly poorer than the northern Burmese at 22 C but was. at the hlgher

nlght-temperature. Furthermore the southern Burmese was poorer than the

-Indonesian and Laotian at.the~h1gh nlghtrtemperaturei(Sl °cy but better
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:fFlgure 1.3 Effect of day and n1ght temperatures on diameter increment -
; - of teak seedlings from North Burma (0), South Burma (a),
~ Laos (n), Indonesia (&) and India (o) (Source Ko Ko Gy1 (1972))
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~ than these provenances ‘at the low nlght temperature (22 C)
o Kanchanaburangura (1976) 1nvest1gated provenance var1at10n u51ng
: five Tha1 and two Indlan provenances. ; Of the Thaa provenances two
1“came from the central reglon and three from the north. The two Indlan
‘ provenances were’ Sungum, Kerala State (as also used by Ko Ko Gyl) and
.Masale Valley, Mysore State (see Flgure 1. 2) .-Development‘of seed11ngs .'
'l.of these provenances were compared in the phytotron glasshouse under
varlous temperature regimes of 24/19 30/25 33/28 and 36/31 C; 30/13
d-33/25 and 36/19 C and 30/19 30/22 and 30/26 C day/nlght temperatures.
' There was clear ev1dence of provenance dlfferences w1th1n the Thal'
d-materlals. Slgnlflcant dlfferences were found 1n helght growth
' ~:;:d1ameter growth,vdry matter productron and'leaf ‘area productaon, .However,»
_ there was:no clear'regional‘dirferences and‘the northern provenances were =
'not‘clearlvvdifferentiated'from»thOSe.ofhthe central provenances. |
:"There‘waa however avclear‘difference between the Thai.and Indian-
”"provenances In mOSt of the. parameters studled the Thal provenances
;were superror to the Indlan provenances.
| The growth ana1y51s studles of Kanchanaburangura (1976) were of
' *jrnterest because the Tha1 provenances had lower net a551m11at10n rate
;ebut greater leaf area ratlo than the Indlan provenances The greater
leaf area: gave the Tha1 materlals an overall advantage in relatlve growth
. rate. }"'. | | | | |
| There was some - evidence of provenance X temperature interaction in
helght and d1ameter growth All provenances had best growth at day

i temperature between 30 and 33 °C in comb1nat10n with nlght temperature

b“}j“between~25¢and 28 C;' At the hlghest temperature applied (36/31 C) the

" . Thai provenances[performed slgnlflcantly better than the Indian provenances.
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‘f-1;5.1. Conclusion

N Studies.Of‘Ko ko”Gyi‘(IQTZ)tandakanchanabUrangura:(1976)»under
'controlled environment conditrons~confirmed'the:field observation of
"provenance varlatlon 1n teak Thls Varlat1on was found 1n helght growth

";dlameter growth leaf area. productlon, dry matter productlon and growth
rana1y51s parameters.» - | |
Furthermore the provenance X temperature 1nteract10n drsplayed in
'vthe studles of Ko Ko Gy1 was in accord w1th the results reported for the
f1e1d trlals in Indla by Mathauda (1954) (see Sectlon 1. 4 1)
L The presence of provenance X temperature 1nteract10n in teak.
5;{ 1nd1cates 1t would be de51rab1e to be able to spec1fy optlmum temperature '
| ranges for 1nd1v1dual provenances. For example thls mrght have some
'”‘”,dlrect practlcal beneflt in a110w1ng ranklng of best sulted provenances
to hlgher temperatures _ It may also grve an 1nd1cat1on of the physro-_‘

loglcal processes 1nvolved in the Ainteraction.
1.6 TEMPERATURE ANOMALIES IN THE PROVENANCE RESPONSE

thDeitneation'of optimum temperatures for partitular;provenances'has :
:'1f35notdhoweVer been possible" ‘Both Ko Ko Gy1 (1972) and Kanchanaburangura :
'7-”(1976) demonstrated the 1mportance of temperature as a control of the

r”growth of teak seedlings but the results were not in accord

The 1n1t1a1 studies of Ko Ko Gy1 (1972) u51ng a 51ng1e provenance
:a'(Papua New Gurnea) found growth (e. g helght leaf area productlon and

nfpdry‘matter productlon) was better at h1gher temperatures within the ranges

,:‘. 15/10 - 27/22 C and 33/22 - 33/28 C day/nlght temperature.v ~In aulater

L study w1th‘the add1t10na1 provenances deta;ledlrnuSectron 1.5; all
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f_r_provenances showed anvinerease‘in these growth parameters with temperaturesv
'from 30:to sé°c dayband'QZ’to 31bC night |

‘ In Kanchanaburangura s study usrng materrals from Tharland and Indla,
‘growth (e g. leaf area product1on and dry matter product1on) 1ncreased
hW1th an 1ncrease in temperature from 24/19 C to peak at 30/25 to 33/28 C 1

"'but decllned w1th further 1ncrease in’ temperature at 36/31 C . One of

’_"the provenances used by Kanchanaburangura was the same as used by Ko Ko Gy1.

“f'Indeed the materlal came from the same seed batch.

The temperature response of teak seed11ngs as deflned by Ko Ko Gyi -
i (1972) and Kanchanaburangura (1976) therefore dld not agree although both
.p01nted out ‘the teak seedllng preference for hlgh temperatures in growth

‘and development;. ;In:Ko Ko Gyr:sestud;es growth~1ncreased.steadlly w1th |
increasing temperature within'thevranée'15/10-36/31°C daY/night temperature. ‘

"In contrast in Kanchanaburangura s studles growth 1ncreased wlth

'1', »temperature from 24/10 to peak at 30/25 to 33/28 c and decllned at 36/31 C.

Thus, here was no clear agreement in the temperature response of
_teak seedllngs.- HoweVer, the temperature reglmes used by Ko Ko Gyi and
;5ubKanchanaburangura d1d not allow pre01se 1nterpretat10n of temperature

‘feffects.j It is. thus worthy of further study us1ng a more precrse range .

)rof day and nlght temperatures
. 1.7 THE PUTATIVE IMPORTANCE OF LEAF AREA AND PHOTOSYNTHESIS

 Growth analysis studies suggested leaf area ratio and net assimilation

~ -rate were impertant in-determining provenance response .to temperature

"‘, in both Ko Ko Gy1 s and. Kanchanaburangura's studles.‘ These parameters

'vfmay be 1nterpreted as 1nd1cat1ng ‘the area of photosynthetle material and
‘the rate'of;photosynthe51s areﬂlmportant determrnants of the temperature

- response. .
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- Ko Ko Gy1 (1972) -found growth of the provenance from Ind1a was

‘51gn1f1cant1y poorer than the provenance from Indonesia at 36 C day

'-,,but was not 51gn1f1cant1y poorer at. 30 C day temperature. : Growth |

H.analy51s studles showed leaf area ratlo of the Indlan provenance was"b
'jSlgnlflcantly smaller than the Indone51an provenance at 36° C but not p
‘at 30 C In contrast net assrmllatlon rate of the Indlan provenance
_ tended to be greater than the Indone51an provenance although the dlffer-‘

h'ences were not 51gn1f1cant |
Slmllarly Kanchanaburangura (1976) found growth of the Indlan
' provenances was poorer than the Tha1 provenances at 36/31 C but not at

3.,the lower-temperatures (e g 24/19 and 30/25 C) Kanchanaburangura also

S found the Indlan provenances had smaller leaf area ratlo but greater net -

L ass1m11at10n rate than the Tha1 provenances

Thus the studles of Ko Ko Gyl and Kanchanaburangura suggested leaf .
"area mlght play -an 1mportant part in determ1n1ng the provenance perform—
A~ance. The results 1mp11ed that the Thal and Indones1an provenances had
"a lower rate oprhotosynthe51s than the Ind1an provenances.a, But~the
bgreater leaf area produced by the Tha1 and ‘Indonesian gave these materlals“

-15greater overall photosynthet1e productlon than the Indlan.
1.8 ',_-CIONCLUS-ION

BotthO‘Ko'Gyi;(1972)‘and Kanchanaburangura (1976) demonstrated
the existence of-prOVenanCe‘variation in teak under»controlled environment‘
‘conditfons;', Thls varlatlon was found in a number of characters e.g.

” he1ght growth d1ameter growth; leaf area productlon, dry: matter productlon

' 'vand growth analys1s parameters.

There was also evidence of provenance X temperature interaction .

._;1;effeCts;_vSuch effects were found in various growth parameters e.g. height

in"fgrOWth and-diametér_gTOWth’
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”vGrowth’analysiSIStudies suggested'leaf area ratio and net assimilation

trate were 'important in’determining provenance performance. 'The.results‘

- also- suggested that seed11ngs w1th greater Ieaf surface area. had greater

overall photosynthet1c product1on resu1t1ng in more dry matter accumul-
-atlon.

" The 1mportance of temperature in the control of teak seedllng growth

- and development was clearly demonstrated. However, there was no. clear

"agreement in def1n1t10n of the optlmum temperature. The temperature
'ranges used in these studles ‘were large and complex and did not allow
prec1se 1nterpretat10n of the temperature response. |

From the above ev1dence more detailed study is needed of teak

» provenance response to temperature and ;ndeed of teak response to 'f?

_ temperature 1n general

As leaf area ratlo and net a551m11at10n rate have been shown to be

_‘1mportant 1n determlnlng the provenance performance, growth analys1s
:parameters are therefore worthy of berng 1nc1uded in such further

'-'1nvest1gat1ons.
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'CHAPTER 2
AN OUTLINE OF GENERAL EXPERIMENTAL. PROCEDURES
The experlments descrlbed 1n th1s the51s were conducted 1n the-

CSIRO 'CERES' phytotron in Canberra (Morse and EVans 1962) Before

detalllng the exper1ments it is necessary to out11ne the fac111t1es

' -used ' ThlS Chapter descr1bes these fac111t1es and outlines the

experlmental methods and technlques generally used throughout the

vstudy,. Where spec1f1c techn1ques were used these are dealt w1th 1n
releuant.sect1ons.
2;1'_PHYTOTRON FACILITIES

'CERES' phytotron contalns glasshouses and cablnets 1n which

' temperature and photoperlod were controlled
f‘z.1.1 Glasshouses

1In glaséhousesfday and~night temperature‘regimes alternated in -

‘ﬂ.ja square wave pattern with day temperature held at one level for elght

‘3'hours (0830 to 1630 hours) and n1ght temperature held for the rema1n1ng
16 hours : Temperatures were held w1th1n +1.5° C of the spec1f1ed
' 1evéls}, Relatlve humldlty was malntalned above’ 40% The llght source
»was natUral dayllght Incandescent lamps pr0v1ded 111um1nat10n of

o aboutsuE'mfzsec-} at planthelght to extend the daylength to 16 hours

'“~.f,;'(o4oo to zooo hours) .

-2.1.2 Growth Cabinets

NaturallyvlitlBT»cabinetsland artificially 1lit LB cabinets (Morse
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and.Evans, 1962) were used in some experrments
| Naturally lit- BT cablnets were used 1n51de the glasshouses
Temperatures were held ‘within 0. 25 C of the spec1f1ed levels. PhotOi
.jper1od was 16 hours of which elght hours was from natural dayllght
’..(0830 to-loﬁg hours),audoelght hours from;low 1nten51ty 1ncandescent
htlight (1630.t0;6030ihours) | The time control settlngs for temperature,
R dayllght and photoperlod llght cycle were accurate to about 3 mlnutes. B
o Art1f1c1ally 11t LB cab1nets prov1ded mean. air temperature control
. ttb wrth1n-+0 25 °c of the speclfled levels nghtlng was supplled by

V.H. 0 (140 watt) warm wh1te fluorescent tubes, Ph111ps T.L.M.F. 140/33 RS

augmented by four 1ncandescent lamps - Light 1nten51ty‘at_the cab1net
base was 850 uE m 2sec™’ (4000 f.c) and at mid-height 1065 uE m 2sec™l.
(5000 £.¢). | - |

2.2  GENERAL EXPERIMENTAL PROCEDURES-

2.2.1 Establishment of Seedlings

o 2.2.1.1 " Pretreatment of seeds

Seeds were’ pretreated by alternate soaklng in runnlng tap water for
; V:T'24 hours, followed by drylng in a 33/28 c day/nxght temperature glass-
“dahouse for 48 hours Thls process was repeated flve tlmes before the

 seeds were sown.

.ﬁ2d2;1;2 sowing_of‘seeds

. Seeds were sown in shallow germlnatlon trays contalnlng equal parts
of perlite and vermlcullte in a 30/25 c day/nlght temperature glasshouse.

Durlng germ1nat10n the seeds were watered tW1ce da1ly w1th tap water

-
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2.2.1.3 Transplanting.of seedlings:

s When%seedllngs hadtho pairs of leaves aborevthe cotrledon‘thef
'blwere transplanted 1nto 10 cm pots contalnlng equal parts of perllte
‘-fband verm1cu11te The seedlxngs were watered w1th mod1f1ed Hoagland'
vﬁim_nntrient,Solution (Append1x 1) in the mornlng and tap water 1n,the.
o ‘afternoon;*;AdditlonaIAmid-day application’of tap nater'was necessary'H
'whenythe seedlings had reached:the:$;6hleaf-pair stage.‘“The seedllngs
"?‘were ma1nta1ned 1n a 30/25 C day/n1ght temperature glasshouse untll the

exper1menta1 treatments were applled
?’2,2,2 Grading of Seedlings.for:Experiments»

N The:grading,procedﬁre'ﬁsed7in‘all exPeriments:was>asAfollowsgw The
:mcSt»unifoimfseedlings based on height and number of leaf pairs were

' ‘,chosen from'the'seedling stockutransplanted - These seedlings were snb-'

'_fd1v1ded 1nto size classes based on helght and 51ze of leaves Seedl1ngs"
from each s1ze class were randomly allocated so var1at1on in seedllng

:51ze was evenly dlstr1buted between treatments
“‘2;2.3f~Maintenancerf Seedlings

eﬁegular:cheCRing-was'done for’fungal or'insect infestation;f ~Seed-

. 11ngs were subJected to attack by two spotted mite (Tetranychus urtlcae)
”-.and aphld Two spotted mite could cause severe damage to the seedllngs |
*_ resultlng 1n abnormally poor development Two spotted m1te was controlled
%'tEblologlcally W1th1n ‘the phytotron uslng the predator mite (Typhladromus
-‘ii#’OCCldentallS) and chemlcally by spraylng w1th omlte and p1r1mor. Aphld

'wwas controlled by frequent spraylng w1th DDT and Llndane.

Seedl1ngs were re-potted 1nto larger pots when they outgrew the pots
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o used orlglnally Any 51gn of roots be1ng exposed due to wash out of the

. perllte/vermlcullte mlxture durlng watering was qulckly remedled by
eaddlng_more;of the_same mlxture. P051t10n effect was. mlnlmlzed through
'ﬁ.periodic'Changing_of,pot‘position. In addltlon,-seedlrngS'were carefully

':'spacedrto‘aroid.heavy'mutualVShading.‘
~:2.2;45'Harve5tsm

In order to calculate growth analy51s parameters two destructlve
harvests were,carr;ed out.  The flrst harvest was two weeks after the
_h'seedlingsrhad'been'under'treatment' the second'after a further two.or

dmore'weeks. ‘The dlverse seedllngs of each provenance and treatment were
~ranked forms1ze at the f1rst harvest. They»were matched 1nto_the;requ1red
.numberiof‘pairs. One of each pa1r was selected at random for the flrst
fharvest 1eav1ng the other to. grow on to the second -

. At each harvest helght dlameter, total leaf area and dry we1ght

of leaves, stem and roots were recorded In harvest1ng, the leaves were

‘"; removed and leaf area measured the stem was cut off at the cotyledon

level the roots were carefully washed free of the rootxng medlum. fThe.

= var1ous plant parts were dr1ed in an oven at 80 C for at least 48 hours

f'ai,fﬂbefbre-we1gh1ng.

2.3 GENERAL PLANT PARAMETERS MEASURED
"»The parameters measured  in most experiments are discussed here,

- while those specific to some experiments are discussed in the pertinent
| sectlons.::f

(1) Seedllng height: Def1ned as. the dlstance from the cotyledonary

~ scar to the hlghest v151b1e node on the stem.
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S @iy Stem;dianeter:>Measured with a Vernier Caliper at midapoint L
1betWeen’cotyied0n and the‘first node}vao measurements were
made at rlght angles and the mean calculated
' t(111) Dry we1gh : Leaves, stem and roots were welghed separately at
| v’.groom temperature after oven drylng for at least 48 hours.
" (ivj Leaf area’ Measured w1th an 'Automatlc Area Meter' Type AAM-S
Hayashl Denko Co. Ltd., Tokyo | |

':(V)"fGrowth ana1y51s parameters Relatlve growth rate (RGR), net

‘ assamllatlon rate~(NAR) and'leaf.area-ratlo-(LARJ were
: 'calculated using the usual formulae (see Sestak et al. 1971;

. ~Evans, 1972 and Ledlg, 1974) -

- ," LW, - LW,

RGR - = _.tz — L
S 27 1
~ I e B e
NAR = AR X — P
- 2" 27
o . A
R = R
. ]

o where 'Wl' and Wz' and 'Al' and 'Az' represent total plant dry weight
' and total - leaf area at tlme 'tl' and 'tz' respectlvely. L
‘ 'tz-tl' is the time 1nterva1 between harvests

| i'Ln‘ indicates the natural logarithm.

' 2.4 ANALYSIS OF DATA

- The,data-Were subjected to standard analysis of variance. For the

“‘:comparisontof the significanee of the differences betweenAtreatment

» means;,DuncanTS'multiple range test (Duncan, 1955 outlined in Steel and

Torrie, 1960) or the standard least significant differencef(LSD) procedure
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(Steel and.Tdfrie,>1960) was'uséd. "Cbmputation'was_conducted using

programmes from SPSS'(Statistical}?aqkage”forvthengcial Science)

. by Nie et al., 1972.

In the Figures throughout this thesis the differences necessary for

significance at the 5% level are shown by means of a bar line.
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CHAPTER 3

 IDENTIFICATION OF ANOMALOUS RESULTS IN -

"TEMPERATURE RESPONSE OF TEAK SEEDLINGS

3.1 INTRODUCTION

V'h'It is known (Chapter 1) that hu-growth and development of teak
. "seedllngs are strongly controlled by day and nlght temperatures. The
"4growth (e. g helght dlameter, leaf area and dry matter production)
5'has been shown to be poor at both low day (e.g. 24 C) and low nlght (e. g
- 19° C) temperatures. However, growth response under hlgher temperatures
:Lg?;htk'over the range 27 - - 36°C day and 25 - 31 C night is unclear, and appears
o o to be confused by a provenance b temperature interaction. The studies

' vioutllned in thls Chapter have therefore examlned the response of teak

hseedllngs from two provenances over the ranges of day and n1ght temper-

" ;ﬁatUres mentroned above -' The obJectlves were‘» o

| (1) to determlne the opt1ma1 day and night temperature for growth
and development of seedllngs of each provenance,

(2) to -examine p0551b1e provenance dlfferences in response to
varylng day and night temperatures

As before, i.e. in the studles of Ko Ko Gy1 (1972) and Kanchanabur-

’ 5::1an§nra‘(1976), the results were-anomalous..; In thrs Chapter the anomalles

are detailed and poSsible_Cau5e5~considered.
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3.2 PLANT MATERIALS AND EXPERIMENTAL PROCEDURE
'3.2.1 Plant Materials

. Two seed sources frovandia'were-ﬁéed" Sungum, Kerala State ‘and
Masale Valley, Mysore State (see Flgure 1 2). Details.of'the seed sources

"are given in Table 3. 1 :

Table 3.1 Information of seed sources

1Pr0venance s - Latitude 'Altitnde » Annual rarnfalth Seed stands
o : . : Longltude. , m - " . mm : ‘

Sungum S %N 70ﬁ21f . 2540 " Plantation -

~Kerala State (K) '76931‘Euf-* o - : o -

Masale Valley . 11°ss'N- . 823 1270 - . Natural

- Mysore State (M) 76010'E . - - - forest

The seed from.Sungum, Kerala State had been used in the studles of
Ko Ko Gy1 (1972) -and . Kanchanaburangura (1976)

Establlshment malntenance and gradlng of seedllngs for the experl-

”i?fd.'ments were as descrlbed in Sectlons 2. 2 1- 2.2.3, The number of seedllngs

used for each treatment varled w1th the experlments depending on the

: number of un1form seed11ngs avallable and also on space ava11ab111ty
o 3:2;21-Experimentei Procedure

Flve experiments were conducted Detaile-of the.erperinentai )
-'trtreatments are summarized in. Table 3.2. | |

o The - flrst erperdment exam1ned the growth of seedllngs of both proven-
'h'ances under four night temperature reglmes (19, 25 28 and 31 °c) with a

'1~:2common day temperature (33 °0). The second examlned the response of
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.hof seedllngs also from both provenances under a range of day tenperaturesv
 of 24 27, 33 and 36° c, each w1th a common night temperature of 28°C.
uAs one treatment in the first. experlment (Kerala provenance under 33/28 C)
was,destroyed by 1nsect (Tetranychus urtlcae) attack a portlon of the .
~exper1ment was repeated as a th1rd experlment u51ng the three nlght
'temperatures 25 28 and 31°C w1th a 33 C day temperature.

These exPerlments 1nd1cated a provenance X temperature 1nteract10n }'
»Was present W1th the Mysore provenance performlng best at 33/25 C and the .d
Kerala provenance at 36/31 C. To ver1fy the. presence of thlS 1nteract1on,
,development of the two provenances was examlned (Experlment 4) under the
two temperature reglmes con51dered optlmum for each provenance 33/25 and
36/31 C. Surprlslngly, the results differed from those obta1ned 1n the
' earller experlments.f Both provenances grew better at 36/31 than at 33/25 C;
7_Consequent1y, thlS experlment was repeated 1nc1ud1ng an 1ntermed1ate
-A;temperature reglme of 33/28 C but w1th the same result
' The experlments outlined abOVe (except Experlment 4) 1nc1uded growth

;ana1y51s studles. ' The flrst harvest occurred after the seedllngs had

d'fibeen under treatment for two weeks, and the second two to four weeks- after

ﬁl:-“the flrst At harvest, seedllng helght, stem dlameter, total leaf area

'“djiand dry we1ght of leaves, Stem and roots were noted

S.ZQSJ%StatistiCal Analysis :

! Data were subJected to standard ana1y51s of varlance.v Duncanfs'

MRS multlple range ‘test was used to determlne the 31gn1f1cance of the dlffer—

' :ences between treatment means,
In Experiments 1 and 2 there were definite differences between uniform

seedling blocks created in«eStablishing the.experiments. These were
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.,thereforeiinciuded»as a main sourcedofhvariation in the anaIYSis; In. later
'hexperlments more seedllngs were used g1V1ng much smaller dlfferences

‘ between blocks and thus block-block variation was dlsregarded B

| In Experlment 1 the Kerala seedllngs at 33/28°C were - destroyed The
J‘33/28 C treatments were therefore not 1nc1uded 1n the statlstlcal ana1y51s,
-7eand the exper1ment was analysed on three temperature reglmes X two proven—
f’ances. However, data were obtalned from the four temperature reglmes for

L the Mysore seedllngs and these were also analysed and separately summarlzed’

vlvln Append1x II
33 .RESULTS |

There were 51gn1f1cant d1fferences between provenances and temperature
"f treatments for many growth parameters (Table 3 3) Cr1t1ca1 study of
h:;nd1v1dua1 results u51ng Duncan's mu1t1p1e range test 1nd1cated a trend

'toward awprovenance.x temperature'lnteract1on. ThlS is cons1dered-;n more
Af.detall 1n dlscuss1on of each parameter. | '

The flrst three experlments 1nd1cated the presence of a provenance b

o .temperature‘1nteract1on 1n'many growth'parameters e.g. dlameter dry matter

'efproductlon and total leaf area. Growth of the mater1a1 from ‘the Mysore

f*lprrovenance generally peaked at about 33/3&»to 33/28 °c whllst that of the

77{'fKera1a provenance was. greater w1th the higher temperature, ‘with no indic-

:fi;atlon of a peak be1ng present over the range used (Table 3. 4 F1gure 3 1)
| The results obtarned in Experlments 4 and 5 were very dlfferent.A In‘ -
"these experlments both provenances showed a tendency for increased growth

'?i”of all parameters w1th 1ncrea51ng temperature desp1te the significant

'»fgtlnteractron (1 e. in Experlment 4) (Table 3.4; Flgure 3. 1)

The response of helght growth was however 51m11ar for both provenances'

7’1n all experlments, and appeared to be favoured by hlgh temperature rather

ﬂﬁj'than Tow temperature (Table 3.5; Flgure 3 2).
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- 3.3.1 Effect of Temperature - the presence of provenancehx

- .temperature interaction

33,3.1;1 Diameter growth, dry matter prcdnction, total leaf -

_area, RGR, NAR and LAR
3.3.1.1.1 ’Experiment§51-3

'vaor:the'Mysore orovenance,.the‘pattern~demon§tratedA(Table 3. 4"Figure;
3. 1) (see also Appendlces II and III) was for 1ncreased dlameter, dry ’
,edmatter productlon, total leaf area, RGR.amd NAR W1th 1ncreased temperature
ieup to a peak at 33/25 C (Experlment 1) and 33/28 C (Experxment 2). At
. hlgher temperatures values recorded were 1ess , Thus in Experlment 1, the
u"*»givalues recorded for d1ameter growth dryAmatter production and total leaf:
| ‘--area were 5.3 mm, 3 88 g and 6 10 dm respectlvely at 33/19 C, srgnlflcantly'
hlgher at 33/25 C (7 5 mm, 9.29 gAand 18 41 dm ) and Iower at’ 33/31 c
' u(6 7 mm, 6 48 g and 14 08 dm ) (Flgure 3 1) Slmllarly in Exper1ment 2

the values recorded for dlameter growth dry matter productlon and total

B a'vleaf ‘area were 51gn1f1cant1y greater at 33/28 C than at 24/28 C (11. 2 mm,

3H[Lf1s 08 g and 27.47 dn® vs. 9. 1 mm, 14. 19 g and 20.10 dn? respectlvely), and
i”ffarlower at 36/28 c (9 9 mn, 15.49 g and 24.30 dm ) (Figure 3. 1) |
. Slmllarly there was an increase in RGR and NAR wlth temperature from
”*ﬂf"'33/19 C (Experlment 1) and 24/28 o (Experlment 2) to a peak at 33/25 c
fﬂ‘i:and 33/28 C respectlvely At hrgher temperatures the rates were lower

‘uf;A(Table 3. 4 Flgure 3. n. ;j' I L - " | 'V | o

In contrast to the patterns of RGR and NAR LAR of the Mysore provenance

'”-];vincreased.wlth,lncrea51ng temperature‘ln all experiments (Table 3.4,

ﬁ;f‘Flgure 3. 1)
| ' In the Kerala provenance, the values recorded for all parameters were

*Agenerally'greater the higher the temperature (Table 3.4, F1gure 3.1). In
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Table 3.4 Effects of temperature on dlameter growth dry matter pro-
: : ,ductlon, total leaf area, RGR, NAR and LAR of teak seedlings.
Within each experiment data which do not have the same affix

are significantly different at the 5% level accordlng to

Duncan s new multiple range test

Experlment '

:Températuré regime EQC-daY/hight'température)v

TNo. 33/19" 74728

27]28

"33/25

33/28

33/31

Mysore Provenance

D1ameter (mm)

1 ;-;{_,5.3 Y
2 et

.1>4g:;f
5

hDry Matter Productlon (g)

1 s
2 o149

-

',Total Leaf Area (dm )
1 6. 10

i]}:_RGR (gg 1week )

1029
2 0.20

,AS k

. NAR (gdn” lweek™ )

1 0.18%

9.2

2 - 20.10 27.20

b

7.5

9.29

17.88°

b

6.?3

0.16%

-1.50

10.36

a,b

18.41

0.46
0.53

0.25

1.98

1.42

11,2

118.08

0.17

0,40

1.52

61

5.912

. 14.08
27.47

8.69%

0.25°
0.59
a,b- '

-°2.20

1.47% b

36728

6.7

6.48. .
15.49%

0.35
0.23°

0.17%

0.16%

- 1.56

736/31

9.9 -

RN
W

24.30

12.93
12.32

a, b

- 75,'0.69 |

.44

1.57
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© Table 3.4 (cont.)

EXperiﬁent ‘;.;r ”_Temperature‘regimeﬁ(ocvdéy/night fempeiature)'
.NO.WV ‘ 33/19 '.24/28 27/28 v 33/25 ‘33/‘28 - 33/31  36/28 36/31

Kerala'Provenance

Dlameter (mm) D _”;ﬂ R e

1 R U 1 2

2 o 9.6 9.8% ~ 10.02 S 11.2
3 | - | 8 8.6% -

N
o~

<

'Q'Dr Matter.Pfoduction (2) |
s 983 C9.102
 15.36 17 e6®P T 17.m® '19.06°
| 12.28%  13.00% 13.92%

y S ~ 15,99,
7.96-  9.20 o 9.98

v
.m'
(5]
(o]

..’fofTotal Leaf Aréa'(dmz) _
1 ) ;10;19"f' S 17.32 a 20.51 o
2 . - 20,60 25,12 . 25.00° ©28.10

3 . . 16.68%  18.46%  21.83

o4 e T 21T
s o C11:14 0 13.347 L 15.20

'"}QRGR‘(gg-éwéekfl)'

1 02 é b‘ 0.37 o 0.36%
2 0.22 0.26 | 0270 - 0.31
30 S 0.3t  0.33%  0.40% -

s C0.59% 0.65%P o

" NAR (gdn” Lweek™ 1) | | |
o a0 S ‘n oapd ‘ a ..
S 0.16% : 0.20 0.16%
2 017 0.18®® T 0.20%C . 0.21°
3 e | -~ 0.22* - 0,22  ‘0.24
s 0a42® oaas® 0.47
R (dm“g™") | -
1. 1,67 . 1.77% . - 2.28
2 1.34 1. 44a b 1. 46b
I S | 1,37 1.42%° 1.57

1.57

s o 140 1.es®  1.58
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‘Mysore ' ) o Kerala

A "Di.émete,r‘_..-v .

BDry 'Matte‘r Production | o L S :

,-f C Total Leaf Area
:-_dmz e

v - /. B y . ’ ,"\_. o -‘ .'ﬂ—".a_.,—..nff°'

33/19 24/23 27/28 33/25 33/23 33131 36/28 36/31 33/19 24/28 27/28 33/25 33/28 33/31 36/28 36/31
Temperature ( °c day/nlght)

Flgure 3.1 Effect of temperature on the growth and development of teak
‘seedlings of Mysore and Kerala provenances.
Symbols v, 0, 0Osvand m represent Experlments ‘1-5 respectlvely
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Kerala

E NAR

. gdm 2week 1

. - - -
- - e -t

. - D”'.

3:}'19 24/28 27/28 33/25 33/28 33'31 36/28 36/31 33/19 24/28 2728 33/25 33/28 33/31 36/28 36/31
. Temperature ( c day/nlght) .

Flgure 3. 1 (cont )
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Experlment 1 growth of these parameters at the Iowest temperature,
._33/19 C averaglng 6 1 mm, 5.77 g and 10. 19 dm for d1ameter, dry
.pmatter product1on and total leaf area respecthely Was lower than at
:j_33/25 c (7 0 mm, 9. 83 g and 17,32 dm respectively) and at 33/31 C

' »(7 3 mm, 9 10 g and 20. 31 dm respeetlvely)

‘ The temperature response of the Kerala provenance overbthe range
',33/25 - 33/31 C examlned in Experlment 3 supported the results obtalned
fvefor Experlment I The values recorded for these parameters 1ncreased
:f w1th an 1ncrease 1n temperature from 33/25 to 33/31 C (Table 3. 4 Figure
':3;1){ Slmrlarly 1n Experlment 2 dlameter, dry matter\productlon and

total Ieaf area were. greatest at 36/28 C (11 2 mm, 19 06 g and 28.10 dm )

~and poorest at 24/28 c (9 6 mm, 15 36 g and 20 60 dm ) The growth

o _:iat 33/28 and 27/28 C was . also . better than that at the lower temperature

. except for dlameter where the values recorded at 24/28 and 27/28 C
Adld not dlffer 51gn1f1cant1y (Table 3 4, Flgure 3. 1) B

| RGR NAR and LAR were greater at the higher temperature in all "’
"experlments although the pattern in Exper1ment T was somewhat confused

:-(Table 3 4 Flgure 3. 1) The 1ncrea5e in NAR w1th temperature was -

- *however-sllght . For example in Experlment 3 the values of NAR recorded

A'fat 33/25 33/28 and 33/31 C were 0 21 0 22 and 0 24 gdm week -1

L respectlvely

3.3;1;1.2' Experiments 4-and 5

| The.pattern‘demonstrated in ﬁxperiments 4'and 5 Was for an increase"

A'h in.aliﬂgrouth parameters with increaSing temperature in;hoth-Kerala-j
',and-Mysore'provenanCes (Table 3.4;pFigure 3.1).

:mlnibothuexperimentsvthe two prouenancés exhibited significantly

greater‘diameter growth, dry matter»production, total leaf area, RGR,



v

NAR»and LARdat 36/31:than-at.33/25°C lnhExperiment.S the>Va1nes _
recorded at 33/28 C were 1ntermed1ate between those at 36/31 and 33/25 C B
B (Table 3. 4 F1gure 3.1).
- In the Kerala provenance the dlfferences in these growth parameters
| between 33/28 and 33/25 ¢ and. between 33/28 and 36/31°C were generally -
: not 51gn1ficant ‘the- except1on be1ng dry matter productlon and total
11eaf area. it o
'f In the ease'of theiMysore provenanoe‘there*were no'eignificant ,'.
drfferences between 33/28 and 33/25 C. but 51gn1f1cant d1fferences between
‘,i33/28 and 36/31 C except in NAR -and LAR (Table 3. 4 F1gure 3. 1).

- 3. 3. 1 2 Helght Growth

Seedling,heightiwas favoured'by:higher.temperature for both proven— :

":ijances 1n all experlments up to 33/28 C w1th no 51gn1f1cant decllne at
bb't:“fhlgher temperatures (i.e. 36/28 and 36/31 C) (Table 3.5, Flgure 3.2).
v:In Experlments 1 and 3 height growth 1ncreased with 1ncrea51ng nlght
: :>temperature withln the range 19 25, 28 and 31 C. Simtlarly in- Exper1ment
“4 he1ght growth at 36/31 C was . markedly better than at 33/25 C.
In Exper1ment 2 although seedllng helght increased from 39. l cm
Jr(Mysore)-and 36. 8 Cm (Kerala) at 24/28 C»to~reach the peak- 50. 3 cm
: gy (Mysore) and 53 5 cm (Kerala) at 33/28 C the values recorded at 36/28 c
:”hf;;(48 3 and 50 8 cm for Mysore and Kerala respectlvely) were not 51gn1f1cant1y
‘ihpoorer (Table 3 S, Flgure 3.2). -
U There were no 51gn1f1cant dlfferences in. he1ght growth between the
: ;temperature regimes in Experlment S. | However, ‘the values recorded for
':?q: both provenances tended to be greater at 33/28 C and this was followed by

' i7]thecva1ues recorded.at 36/31 and 33/25 C»respectlvely (Table 3.5, Figure

o 3.2).



t:: Table 3.5 Effect ofAtemperatﬁre on héight:growth~ofﬁteak_seédlings.

Within each~experiment, figures thaf-do'not_have>the'same

: ~affix are:$ignificaht1y differeﬁt:at the 5% 1eybl-according

,nfoiDunéan's new mu1tip1e_range.test'

Expt.

~ Temperature regime (°C day/night témpératurg)

. No. 33719 . 24728

‘Mysore Provenance

1 LS

.. Kerala Provenance

1 17.8

'2[. ,fi]' . 36.8

46.8%

46,9

©26.9

‘9.9

28.2

15.0

21.92

- 25.8

50.3°

14.3%

,.53:5?

32.4%

24.6%

37.6

~27/28 3325 33/28  33/31  36/28  36/31

. ' .a,b :
© 48.3
13.7

13.5

42.4

- 50.8% -

39,7

24.4

- 23,02
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. VFIgure; 3;2

33/19 24/28 27/28 33/25 33/28 33/31 39/28 34/31 33/19 24/23 2723 3;’75 3:)’28 33/31 39/28 36/31

‘Effect of temperature ‘on he1ght growth of teak seedlmgs
_~of two provenances. _

. Symbols v, @, o, v a.ndl represent Expenments 1 5
: ',‘.;respectlvely : : :



‘jf3.3.2' Provenance Differences

There were 51gn1f1cant d1fferences in the growth parameters studled

L between the two provenances W1th the Kerala provenance generally be1ng

.‘f"better than the Mysore provenance. However,~there were'except1ons-e~g

RGR and NAR in Experlment 1 and ‘LAR- 1n Experlment 2 1n wh1ch the values
of these parameters recorded for ‘the Mysore provenance were greater
o (Tables 3.3 and 3. 6) | o |
| Analy51s of varlance did show 51gn1f1cant4provenance X temperature
1nteract10n occurred-ln some-parameters. Desplte the 1nteract10n,growth
lfof these parameters in- the Kerala provenance was always superlor to the
| Mysore provenance.l. | | N
| Dlameter growth dry matter product1on, total 1eaf area and helght
.growth of the Kerala seedllngs were generally 51gn1f1cant1y greater than
";the Mysore provenance CTable 3.6). The'dlfferences 1n~d1ameter in

’hExperlment 1 and 1n total leaf area and helght growth 1n Experlment 2

V ”~f'were not . 51gn1f1cant but nevertheless ‘the- values of these parameters

recorded for the Kerala provenance were always greater than those for the
»‘Mysore provenance. For example in Experlment 1 the pooled value of
. dlameter growth for the Kerala provenance was 6.8 mm as compared w1th

6. 5 mm for the Mysore provenance. Slmllarly 1n Experlment 2 the pooled

"‘ value of helght growth for the Kerala provenance was 47. 0 cn and for

';the Mysore provenance was’ 461" ‘cm.
RGR and NAR of the Kerala seedllngs were generally greater than those

f_of the Mysore seedllngs.. In Experrment 1, however,-the values of these

“'"_parameters recorded for ‘the Mysore provenance were greater than those

:”V?for the Kerala provenance.

LAR tended to be greater in the mater1a1 from Mysore provenance than
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v,}that.from the Kerala provenance.» InIErperiment 2, the values of LAR
recorded for the Mysore provenance were 51gn1f1cant1y greater than those
;efor the Kerala provenance. The dlfferences in LAR in other experlments
“were not 51gn1f1cant ‘but the - pooled values for the Mysore provenance
:hh were sllghtly greater than those for the Kerala provenance..i In Experiment
1 however the ratlos at the lowest temperature (33/19 C) and at the

: hlghest temperature (33/31 C) of the Kerala provenance were greater than

the Mysore provenance.

3.4 DISCUSSION -

3 4 1 The Anomalous Results 1n the Determlnatlon of Provenance

Response to- Temperature

; The results 1nd1cate a pattern of provenance X temperature 1nteract10n
in the flrst three experlments.- ‘Both provenances showed 1ncreased

vvvalues of dlameter, dry matter productlon, total leaf area, RGR and NAR

'iup to. 33/25 to 33/28 C. Above these temperatures the Mysore provenance
',showed a; tendency for decreased growth of these parameters whilst: 51m11ar
'Vafvalues for the Kerala provenance 1ncreased »

“The above,pattern was, however,; not repeatedvin the last two.experi-
ments whereVno.decline at high'temperatures occurred in the Mysorei
provenance} N:In hoth:provenances the’values recorded for‘diameter;idry‘

3 E ~maft§? production, total,leaf area, RQR and NAR increased'with'increase
' 'tuin temperature.1

| The contrasting response of the Mysore material between the eXperiments
:.;is of interest. The d1screpanc1es could have been -due to the fact _that

- the experlments were conducted at dlfferent times of the year (see Table

‘ 3;z)Q Although most env1ronmenta1'factors (e.g; temperature, photoperlod

* and nutrition) were controlled in the phytotron others, such as the
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vquantlty of 11ght radlatlon, could not be oontrolled
: Inc1dent light rad1at1on received da11y on the roof of the Canberra
'pbphytotron,varles seasonally (Flgure 3.3). Bxperlments 1, 2 and 3
4conducted durlng May to August colnc1ded W1th the perlod of low. radlatlon,
‘;averaglng about 300 cal cm” day -1 whllst Experlments 4 and 5 conducted
-during September to March coincided w1th the perlod of h1gh rad1at10n,

: averaglng about 400 600 cal cm 2day 1,:‘ It was-thus possrble that the .
’f dlfferent response patterns between experlments were due to the var1at10n
;,'1n the supply of 11ght energy to the glasshouses.ld"
| Anomalous results between exper1ments in the’Canberra phytotron :

':fhave been reported in: studles of Hamzah (1975) and Awang (1977) - -Hamzah

o _(1975) grew seedllngs of Eucalgptus decalsneana Blake under three day

: :(24 27 and 30° C) . and three nlght (18 21 and 24 C) temperatures under
: glasshouse fac111t1es 1n January and in July. Desplte 51m1lar experlmental

:proeedure, there were dlfferences in the growth response of the seedllngs

,:? between experlments s 81m11ar1y, Awang (1977) found growth response to

“<I.temperature shown by - seed11ngs of Eucalyptus pllularls Sm, varled

1:_ con51derab1y between experlments Both Hamzah and Awang suggested that

yrb'seasonal varratlon in total daily rad1at1on could be respon51b1e for these

‘ﬁgdlfferences
The eX1stence of 11ght X temperature 1nteract10n would make 1t

‘d1ff1cu1t to dellneate optlmum temperatures for part1cu1ar provenances

”ru‘and.would«hlnder comparison of_provenance'performances unless the pattern

- .of the'interaction is understood Therefore before further study of

e temperature effect of teak seedllngs 1t is essent1a1 to clarlfy the effect

"fvvof llght rad1at10n on the temperature response.

' 3.4.2 Effect of Temperature

-{.Despite the possibility of a light radiation x temperature'interaction
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~1t 1s posslble to draw some conc1u51on as ‘to the effect of temperature
;on teak seedllng development. _ _

It has.: ; been shown in the stud1es of Ko - Ko Gy1 (1972) and
Kanchanaburangura (1976) that low day and Tow nrght temperatures inhibited
'.helght growth dlameter growth dry matter productlon and total leaf area.

Thls is cenf1rmed by the results from the present study. - The results
-clearly 1nd1cate the seedlings of the two provenances grew. best under
'warm to hot day and nlght temperatures A warm day assoc1ated w1th a
:fcool nlght (e.g, 33/19‘C)Aor vice versa (e.g. 24/28 C)_reSulted in poor
"growth | | h . | |

Best growth was attalned at the temperature range 33 36°C day and
28 31 °c nlght desplte the anomalous results between the experlments
' The present study thus conflrms the temperature 'suitable for good growth
and development of teak seedllngs in the phytotron be within the- range

' 33-36 C day and 28—31 C nlght.
:3,4;3ffGrowth Analysis Parametersz

'3; RGR is an important index'of productivity;» It is a function of

- both the phy51ologlcal and structural components of plant growth The

v*:_phy51olog1ca1 component is measured in terms of net’ assrmllatlon rate

(NAR). The structural component is measured in terms of leaf area ratio

- tbhk); ‘The components, NAR and LAR are related to RGR as RGR NAR x LAR.
"t;TheSe.components may operate,independently; ,Consideration of the responser

H'of;ﬁAR and LAh in'the-different temperature regimes may indieate‘whether
the causes of.growth ditferenees are‘due to ph&siological or struttural
hdifferences.

. The»pattern of variation of NAR with temperature was similar to that
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' reéorded for diameter.growth and dry'matter production althoughvthe |
dlfferences were generally not statlstlcally s1gn1f1cant. In the-Mysore'
. provenance the values recorded peaked at 33/25 to 33/28 C and were lower '
'at hlgher temperatures in Experlments 1 and 2, Whllst in the Kerala
:1, provenance the values showed a steady 1ncrease w1th temperature in all’
.experlments except Experlment 1 In later experlments the values for
‘,dthe.Mysore;material inereased,throughout at hlgher temperatures and there
ﬁ‘was no decllne. | | o | |
The pattern of Varlatlon 1n LAR d1d not vary In alldeXperiments
;'_and.for both provenances “the values recorded were greater the hlgher the -
‘temperature." |
| These results suggest the ma1n agency cau51ng the patterns observed
:15 NAR or puttlng it. another way, varlatlons in the rate of photosynthe51s
';5_mayybe.an‘1mportant determ1nant of teak seedlrng response_to temperature .
'varlatlons.p, | | '
The varlatlon of LAR w1th temperature may however also be 1mportant
:,1“ exp1a1n1ng the response patterns observed Although in both proven-
"Tiances there was an 1ncrease 1n LAR w1th temperature, the 1ncrease recorded
'b:for the Kerala ‘material was much greater at hlgh temperatures than for
}‘ﬁfthe Mysore materlal.--Thls suggests the Kerala provenance may be better
:f.sulted to’ hlgher temperatures than the Mysore mater1a1 because it
iﬁ» produces proportlonately more leaf area at h1gh temperatures. Therefore
:eln explalnlng the response patterns observed the rate of the area of
vdphotosynthetlc materlal produced should not be overlooked |

. 3.4,4-Provenance,leference

 There was evidence of provenance differences despite the significant

provenance x temperature interaction. These differences were found in'



50

';v,helght growth, dlameter growth; dry matter productlon, leaf area product-
ion and growth ana1y51s parameters AIn_general, the material from

'Kerala,provenance proved to be superior to that'from‘Mysore~provenance.
3.4.5 -Conclusion

The results obtalned from the present studies suggest that temperature

v iﬁymay not operate 1ndependent1y of other env1ronmenta1 factors in controlllngAi
:,the growth and development of teak seedllngs and that the effect of light

lt’1s 1mportant. There 1s some ev1dence that seasonal varlation in- 11ght :

hy radlatlon could be 1nvolved in the anomalous results recorded for provenance
X temperature response.; Thus the role’ of llght in the control of teak
L Aseedllng development is worthy of detalled study © In any further studles‘

"7l:it will be 1mportant to examine seed11ng photosynthes1s ‘and leaf growth,
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'PART'II
DEMONSTRATION OF THE EXISTENCE OF A RADIATION X TEMPERATURB

INTERACTION N THE CONTROL OF TEAK SEEDLING DEVELOPMENT
© OUTLINE 'oF éART’ o

_‘;The:studies»reported inifart.I indicated'that temperatUre'might

o not operate independentlv of other‘environmentaI factors5indinf1uencing'
huf teak seedllng growth and development Indeed the effect of 11ght
Tfi'radlatlon mlght be 1mportant and there was some ev1denoe from Part I
v»that a radlatlon X temperature 1nteract10n m1ght exist.

'; In thls sectlon of the thes1s total dally radlatxon is shown to be o
},Ie an 1mportant contr01~of teak seedllng growth and the-ex1stence of a

ﬁif rad1at1on x temperature 1nteract1on 1s demonstrated

| In1t1a11y (Chapter 4) the general 1nf1uence of light on plant
ff;growth is brlefly reviewed W1th partlcular empha51s glven to the effects,
fﬁjof total rad1at1on as we11 as 11ght 1nten51ty and duration on (a) photo-
ﬂdﬂsynthe51s, (b) leaf growth ‘and development and (c) shoot growth and dry
' ':Qmatter~product1on. Avallable information on the effect of - 11ght,on
“”fj'gr0wth of teak is. 1nc1uded L

- '>3 The flrst experlment reported (Chapter 5) examlned teak seedllng
lvldevelopment under two dlfferent cond1t10ns of total dally rad1at10n (100
"'i;and 200 cal cm day ) at two dlfferent temperature reglmes (33/25 and
"'?133/28 C) There was ‘a commion photoper1od of 16 hours for all treatments.
' Subsequent studles (Chapter 6) extended the coverage to 1nc1ude a
if'lowerplevel‘of total radiation (50 cal cm” day~ } in comparlson w1th one
vvpreVIously-used (100:ca1‘cm'2day'1).j‘ The relationshipvbetWeen total

L radiation.and photoperiod was also examined because earlier reports
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.ﬁ ' o£vph6topefiodic'effécts.on teak“seedlings (Ko Ko Gyi, i972; Kanchghabur-

angura, 1976) had taken no account of possible seasonal variations caused

.“ﬁ’ﬁ;'bysﬁariationé in total radiation.
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CHAPTER 4
“THE INFLUENCE OF LIGHT ON PLANT GROWTH -
4.1 INTRODUCTION ~

nght is an 1mportant env1ronmenta1 factor 1nfluenc1ng the growth
and development of plants.._ L1ght performs two functlons for plants,

' 'flrstly it prOV1des the fundamental source of energy for photosynthes1s,

o hand secondly it regulates plant act1V1ty and development (Treshow 1970)

The 1nf1uence of 11ght on plant growth and development may- be cate-
fgorised as the effect respect1ve1y of 1nten51ty, duration and quallty
1These_three parameters are all vital to normallplant development, fUnder
naturalucondltions, however,‘the'infldence of light quality appears to
~be less 1mportant than 1nten51ty and duratlon of 1llum1nat10n (Kozlowsk1,

'“1'1971} In addltlon, many stud1es have empha51zed the effect of 11ght

ﬁ's'_lnten51ty and duratlon more than that of light quallty

~In natural condltions the 1nten51ty of dayllght together W1th the.
'ilperlod of dayllght produce the total da11y light radlatlon the plants

'4_drece1ve The total da11y radlatlon has also been shOWn to be an A

i ;tlmportant parameter 1n 1nf1uenc1ng plant growth and development regardless
jgof actual intensity levels or periods of 111um1nat1on produc1ng it.

-_Intthls Chapter the general 1nfluences ofpllghtvlntenslty, daylength
' .and7tota1 radiation on plant'growth and development are reviewed-wlth:

‘~}part1cular reference to photosynthesis, leaf growth and development

shoot growth and dry matter productlon.b Finally and separateIYs the .

slnfluence‘of light on growth of teak is discussed.
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Much of the reported work on light 1nten51ty has used the measurement
d‘junlt foot candle (f.c:). This un;t cannot be converted-to the units,

e:gr.watt/m (Wm ‘) or’Joule/mZ/Sec (Jﬁazsec-l) used~at”the present

'VV’utlme due to 1nsuff1c1ent 1nformat10n of the 11ght source Thus the '

k uor1g1nal unlts by the various workers have been retalned in th1s rev1ew
4.2 PHOTOSYNTHESIS
4.2.1° Effect of Light Intensity . -

. The effect of light intensity on-photosynthesis‘is cbmpllcated o

sf,f:because of the fact that in nature an increase in light intensity is

*f;usually acc0mpan1ed by an 1ncrease in temperature and consequently by

"an 1ncrease in resp1rat1on and transplratlon (Kozlowskl, 1971 Zelitch,

o 1971)

However, measurements of photosynthe51s by gas exchange procedures
‘;under controlled env1ronment cond1t10ns w1th light the only varlable have'
7-been able to demonstrate the 1mportant effects of light 1nten51ty The '

- ;rate of net photosynthe51s (gross photosynthe51s mlnus resplratlon) 15
:fhgenerally 11m1ted by low 11ght 1ntens1t1es or by shading, and is 1ncreased
%;fby hlgh llght 1nten51t1es (Treshow, 1970) : |

Low 11ght 1ntenslty has been shown to resultlln a low rate of

'fphotosynthe51s in many 5pec1es For example, Kramer and Decker (1944)

o ;determlned the rates of photosynthe51s in seedllngs of Quercus alba L.,

5;”\0. rubra L. X Cornus flornda L. and Plnus taeda L at . llght 1nten51t1es_

':hfvarylng from 300 to 10 000 f.c. prov1ded by prOJector-type Mazda lamps.
All specles,showed the lowest rates of photosynthesis at the lowest llght B
.f fintensitx- _Similarly and more recently, Woledgel(1971) fbund that

‘;}within‘the-range:lo to 121 Wn ™2 the rates of net photosynthesis of plants.
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of I FEstuca arundlnacea Schreb were lowest at 10 Wm K and h1ghest at

. 121 Wm 2; Awang (1977) also obtalned 51m11ar ‘results for seedllngs of

several eUcalypt spec1es 1nc1ud1ng Eucalyptus MlGrOCOIyS F .Muell.

»hE' pilularls Sm , E. acmenloldes Schau , E. panlculata Sm..and E. sallgna
'Sm w1th1n the range of 11ght 1nten51t1es 125 to 685 uE m 2sec ;}f

‘ However, plants may perform dlfferently at low 11ght.1nten51ties.
d; Schaedale (1975) p01nts out that 11ght compensat1on p01nt (i.e. 11ght
7"f,1nten51ty at whlch photosynthe51s and resp1rat1on balance each other) is
Va useful 1ndex of the ab111ty of plants to ma1nta1n net photosynthetlc
‘rate at low llght 1nten51t1es Character1st1cally, shade tolerant plants
;usuaily have 1ower llght compensatlon p01nts than shade 1ntolerant plants

(Baker, 1950) Bohnlng and Burn51de (1956) showed that net photo-

'wvsynthes1s of shade tolerant herbaceous spec1es e. g. Oxalls rubra,

3hnephroleprs‘exaltata_var. bostonzen51s, Salntpanlia 1onantha Wendlf andt
'éhllodendrOnjcordatum-Koch. waS~not zero until a light intensity as'low

’*_as ébvf c. 'was reached' ' In shade 1ntolerant spec1es e. g Phaseolus ;

’hh‘vulgarls L i Lycoper51con esculentum M111 s Hellanthus annuus L.,

:.Nlcotlana tabacum L., Glyczne max (L ) Merr., R1c1nus communis L R Gossypzum

'.7L;h1rsutum'L, and Coleus blumel Benth., photosynthe51s was zero at h1gher

| »"{-‘_1ight 1nten51ty levels (100 - 150 f.c. - (Bohnmg and Bumﬂde’ 1956)

Loach (1967) reported 51m11ar results for woody plant spec1es e.g.
:h-vshade tolerance and low compensatlon p01nts in Fagus grandszlza Ehrh.,

o Acer rubrum L. and Quercus rubra L., and shade 1ntolerance and h1gh
'rbcompensat10n~p01nts 1n'L1rlodendron tul;plféra Lf’ ‘and Populus tremuloides‘
a Michx ~Bourdeau.and Laverick (1958)'fonnd the light compensation points

of the two. strong llght demandlng spec1es of Pinus stzobus L. and P.resinosa

'.Azt “to be at about 175 and 215 f.c. respectlvely
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The 1eve1 of 11ght 1ntens1ty at wh1ch the maximum rate of photoe
synthe51s is. attalned Varles greatly w1th specles.. Max1mum photo-
‘synthe51s at low 11ght levels is another character1st1c of shade tolerant
dspecaes (Bourdeau and Laverlck 1958 Loach 1967) ' For example seedllngs.
of Acer saccharum Marsh ‘and Quercus macrocarpa Mlchx both shade tolerant
attalned thelr max1mum rate of photosynthe51s at 11ght 1nten51t1es below
2000 f c. (Wuenscher and Kozlowsk1, 1970) Kramer and Decker (1944)

"showed that seedllngs of Quercus rubra and Cornus florrda attalned

=:rmax1mum photosynthe51s at llght 1nten51t1es about 3000 f c. whereas Plnus
'v_'taeda, shade 1ntolerant did not- show 11ght saturatlon even at 10, 000 £. c.
L Ronco (1970) found Picea engelmannlr Parry seedllngs reached a maximum
’rate at about 5000 £.c. whlle in Prnus contorta Dougl. the rate of . photo-
_synthe51s 1ncreased rap1d1y as 11ght 1nten51ty 1ncreased from 1000 to
",';7000 f c.; The 1ncrease contlnued but more slowly with 1ncrea51ng 11ght
f 1nten51t1es above 7000 f.c. The maxlmum rate d1d not appear to be
;:7‘atta1ned even at 12, 000 f. c. |

- The measurements mentloned‘above also indicate that broadleaf spec1es

“;(e g. Acer sacoharum, Quercus rubra and Cbrnns florlda) may attaxn

max1mum rates of photosynthe51s at lower light 1nten51t1es than pine (e‘g.
3 fhPlnus taeda and P. contorta) Thls 1s 1n~accord w1th the measurements
?if obtalned for other broadleaf specles e. g Acer rubrum L. and quurdambar
.>astyrac1f1ua L (Kozlowskl, 1949 Bormann, 1953)

It is also noteworthy that the broadleaf spec1es listed above attain
h'fmax1mum photosynthe51s at 11ght 1nten51ty 1eve15 (1 e. at 3000 f. c. and lessj
‘-t which are we11 below that of natural full dayllght (about 10, 000 f c.).

- Thus under natural condltlons photosynthe51s will not generally be - 11m1t1ng

- to fully exposed leaves

’ Effects of light 1nten51ty on 1nd1V1dua1 plants may be confused by
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thevshading effects of the plants themselves. Treshow (1970) has p01nted
‘out that whllst opt1ma1 1ntens1ty may be known for 1nd1v1dual leaves,

theiactual requlrements of whole plants*are more complex. In,extreme‘j,

"5a5cases"the outer Canopy of Leaves may-hevreceiving ample-light whilst

~at the same t1me photosynthe51s of the 1nner, shaded leaves is 11m1ted by

e 1nadequate llght In contrast under very brlght natural condltlons

”‘-_the inner leaves may be rece1V1ng opt1ma1 11ght Whllst the 11ght recelved

by the out51de leaves is so 1ntense that 1t decomposes the chlorophyll

:and suppresses photosynthe51s.
©4.2.2 ‘Efféét of Daylength

Daylength does not appear to affect rate of photosynthe51s There
- have been few studles of this hut results have been clearly demonstrated

5Bohn1ng (1949) exposed ‘'young plants of Malus pumlla Mill. to. continuous

A'»1111um1nat10n at a 11ght 1nten51ty of 3, 200 f.c. He found that the rate

~of photosynthe51s was falrly unlform for a perlod of 18’days. ,
, Muller (1928) has reported that at Godhavn, Greenland (latltude 69 N) '

_ arctlc plants e.g. Salix glauca L. and Chambaenerlum latifolium (L ) Spach'

"5,'carry on photosynthe51s throughout the 24 hours in summer.

The above ev1dence thus suggests that trees w111 accumulate more
::if'total photOsynthateflf:exposed tova~10ng day than 1f exposed to a short

 day.
. 4.2.3 Effect .of Total Daily Radiation

‘No information has been reported dealing With'the‘direct'effect of
total dally radlatlon on photosynthe51s Tota1~dai1y’radiation varies

,'seasonally as 11ght 1ntenS1ty and photoperlod vary greatly from season to-
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.season.’ Thusboverall photosynthesisvéi.e vthe rate of net photosynthesis
X the perlod of llght avallable for photosynthe51s) would be expected to
‘vary w1th seasonal varxatlon in total da11y radlatlon

| There is ev1dence of seasonal varlatlon 1n photosynthe51s - Under
. fleld cond1t10ns 1n Japan, Neg151 (1966) noted that photosynthe51s of
'lseedllngs of Plnus denszflora‘Sleb'. crgptomerla Japonlca D~Don and
,~”Chamaecyparzs obtusa Sleb was hlgher 1n the sprlng than 1n the w1nter
.The effect of these dlfferences in product1on of photosynthate would be
.magnlfled by the seasonal dlfference in daylength ' Thus the overall
" effect would be substantlally lower growth 1n the W1nter due to the low

,itotal radlatlon as well as the low_photosynthetlc'rate.

4.3 LEAF GROWTH AND DEVELOPMENT
© 4.3.1 Effect of Light Intensity

o hight'intensity influences the grOWth and deveiopnent of leaves.
ingh 11ght 1nten51t1es encourage growth of smaller but denser and heavier
_jleaves whllst low 11ght 1nten51t1es prodUCe larger and thlnner leaves
%’ht (Mllthorpe,11956}.«~ |
: e The'grOWth oflleaves is:determined'by the two fundamentalvproeesses'
L:‘of cell d1v151on and cell expan51on wh1ch dictate the number and size of
| acells present (Sunderland 1960) However, Ashby and Wangermann (1950)
- suggest»that leaf area 1s.re1ated more closely tovthe numbex of.cells produ
"h.frather'than.to the‘size'ofocells} I

| Highilight.intensities result in a'greater number of ceilsrof leaf
'h-blades Milthorpe and Newton (1963)'Studied the change in the rate of
' productlon of cells in leaves of a varlety of Cucumis sativus under

o three 11ght intensities of 1, 3 and 7 cal cm 2hr 1._ The plants were
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»initiallylinfdarkness:SQ that cell productionvin‘allldeveloping'leaVes ‘
was very similar  After beinghekposed to light there‘uere marked

' dlfferences w1th a greater number of . cells belng produced at the hlgher
.llllght 1nten51ty Mllthorpe and Newton (1963) also agreed w1th Ashby and
Wangermann (1950) that the number rather than the 51ze of cells was the
chlef determlnant of leaf size. :

-There_are, howerer,almportant effetts-of cell size'difference.l At

Tlhightllght'intenslties,_individual.célls#of'the»leaf blade_are smaller‘>_

1rthan-atrlow.light intensities-(Treshow;‘1970) ’.Production-of‘small

’:b.cells results 1n smaller but harder textured and thlcker leaf blades

w1th denser and smaller stomata, a thlcker cutlcle, smaller vein 1slets,
andsmore conductlng and mechanrcal t1ssue,_ The.lndlvldual cell walls arei

: generally thicker and-intercellular snaces are . smaller; Treshow. (1970)

' .p01nts out that these morphologlcal modlflcatlons help make the plant

) lmore_reslstant to extreme envrronmental~cond1t1ons, 1nc1ud1ng hlgh :
temperatures. . . |
;drAlthough:surface area of.individual leaves is»smallerjunderdhigh
j{;ight"intensfties,.total_leaf'area'nroducedvperbplanteis,generally larger.
'Thls{is4dueftolnlants'growing'undervhigh light intensities producing
{:‘ substantlally more leaves than those growxng under low 1zght 1nten51t1es
'.fiTh1s was. ev1dent in. the study of Milthoxpe and Newton (1963) who found

thatvplants‘of CucumlS'SathUS produced more leaves at.a faster rate

irﬁunder‘high'lightlintensities - The rates of leaf productlon recorded

'u':l: were 0. 66 1. 00 and 1.14 leaves per day at 1nten51t1es of 1,3 and 7

’ »'cal cm

zhrf; respectively.

',4.3.2‘dEffect of Daylength

‘_ljDaylength markedly influences leafbdevelopment.(Milthorpe,.1956).
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Ind1v1dua1 1eaf area and total leaf area of plants are affected by change
in daylength

Newton (1963) compared individual'leaf area produced'by.Cucumis'

S sativus grown under four different daylengths of 7. 5 10 15 and 20 hours.

?-."Flnal areas of leaves observed were generally smallest at 7 5 hOurs and

'largest at elther 10 or 15 hours. -The area at~20~hours waS'smaller than
'at 10 or 15 hours although larger than at 7.5 hours Newton also'observed
uthat there was a. tendency for fewer leaves to be produced under ‘the longer
days..

Total leaf area of plants appears to ‘be 1ncreased by long days under

»lcondltlons of the same total da11y rad1at10n.» Awang (1977) compared total

’-fg leaf area produced by seedllngs of several Eucalyptus spec1es under the

o range of daylength of 8 to 16 hours. Total leaf area was generally greater

‘:-at 14 and 16 hour days

Leaf absc1551on 1s also regulated by length of day Downs-and

xi'Borthw1ck (1956) have reported that under long day cond1t1ons some dec1duou'

B plants e. g. Salix glauca L. and Syrlnga Vulgarls L. keep the1r leaves

'talmest a11 W1nter and become essant1a11y evergreenv Kramer and. Kozlowskl

;hf_ (1960) have p01nted out that leaf abSC1551on in dec1duous trees is delayed

: gf‘when normal daylength is: supplemented by added 11ght. When exposed to

’ffjshorter daylength than normal these spec1es shed their leaves earller
4;3.3‘:Effect_of Total.Daily]Radiation A

Total dally rad1at10n has been shown to be more 1mportant than 1ts

B 1components, llght 1nten51ty and daylength, in contr0111ng leaf growth

. and development Newton (1963) grew plants of Cucumis sativus underb
:lvarlous 11ght intensities of 2,3,4 and 6 cal en ?hr! for d1fferent photo-

o per1od:(7.5, 10, 15 and 20 hours) giving a.rangevof‘total daily radiation
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B from 15 to 120 cal cm 2day 1.' The rate of'leaf production was'greatest
t w1th the hlghest amounts of ‘total da11y radlatlon but the rates of
’d"expan51on of 1nd1v1dua1 leaves and max1mum area each attalned were
v‘.greatest w1th 1ntermed1ate amounts of total rad1at1on.v Newton (1963)
suggested the 1nh1b1tory effect on leaf expan51on and size of high total
.'radlat1on could be due to 1nadequate supplles of nutrlent avallable for
[.H} large plants 1n small pots | o
In a consequent study, Mllthorpe and Newton (1963) therefbre exam1ned
the development of leaves underfthree dlfferent amounts of ‘total rad1at10n
,(15 45 and 105 cal cm’ day ) and two condltlons of nutrient supply. lt
S was found that the rate of expan51on and max1mum area of 1nd1V1dua1 leaves
':f’fxtoccurred W1th the greatest amount of. total radlatlon provided the nutrient
'.supply wasunotfllmrtlng. When nutrlent supply was restrlcted the.d1v1510n"
”?‘n andienpansiOnAofncells_wereAredueedbconsiderably;f ’fhe smaller leayes on
- fpiants reteiVing,hléh rather than medrum.radiatlon,wereddue"to their cells

?‘being_much’smallertand fewer.

4.4 SHOOT GROWTH AND DRY MATTER PRODUCTION '

-*4;4,15 Effect‘of.Light Intensity;"

Low 11ght 1ntens1t1es generally retard sten elongatlon and reduce
dry matter productlon'; Numerous studles, some of wh1ch are outlined below,
vohave~shown that shoot growth -and dry matter product1on of several tree' '
"n spec1es are. better at high 11ght 1ntens1ty than at low 11ght intensity.
| .Shrrley [1929)-examaned the effect of shad1ng on’ growth_of seedlrngs
of Sequ01a semperv1rens (D. Con) Endl. and Pinus taeda L. Dry matter product-
“ion was almost. d1rect1y proportional to the 11ght 1nten51ty, there be1ng

. an 1ncrease in dry matter productlon w1th an 1ncrease in the proportion of
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'tota1‘SUnlight‘availabie to the plants from 1 to 70%. 'Strothmann‘(1967)‘
working with Pinus resinosa Ait. found height growth~and'dry‘weight of
unshaded seed11ngs was far better-than heavy shaded (80 of full llght)

seedllngs. Pra3apat1 (1977) with. Plnus roxburghrz Sarg reported that

e there:was a 470% 1ncrease in total dry welght when light 1nten51ty was

t?yincreaSed~from 0 9 to 5.4 mW cm’z. Slmllar results have been observed for '

other‘species e g. Quercus 1yrata Walt (Kozlowsk1, 1949), Pznus strobus L.

ay:’_(Logan, 1966) and Plnus ponderosa Laws (Treshow, 1970) .

The effects-of<11ght‘1nten$1ty on dry matter productlon however varies

) w1th spec1es and, as would be expected appear to act in a 51m11ar manner

‘ htothoserecorded for photosynthe51s. Some spec1es grow satlsfactorlly

Tnfv' under:very low' 11ght levels or_heavy shadlng,whrlst others need substant—'

‘faiiyvhigher levels. Bates and Roeser (1928) grew ooniferous seedlings

for a Period‘of'niné months under*artificialzillumination.and‘10 hour

”}ff!‘photoperiod ‘Variation in llght intensity was effected by havlng the

'-plants at varylng dlstances from the llght source. chea engelmannl Parry

and Pseudotsuga men21651l (erb ) Franco were found to requlre tw1ce as

'/i‘much llght to produce the same dry welght as Sequoza sempervrrens

‘“d151m11ar1y, Shlrley (1945) reported that Plnus vzrglnlana M111 and Pinus
ifh:strabus L. attalned maX1mum dry welght 1n 45 of full sun’whlle Pinus .
f"presznosa and Plcea glauca (Moénch.) Vosa requ1red 98 | .. |

:1 Some spec1es are capable of toleratlng very low light levels ‘whilst
f:f_others w111 d1e at the same levels. ' Shlrley (1929) reported that under. a

very low 11ght 1ntens1ty of 40 f c. seedllngs of Sequoza sempervirens and

d'~]p Plnus taeda were able to survive for a perled of six months although

ifa111ng to 1ncrease 1n dry welght during thrs time. In contrast Hellanthus

:, cucumerlfollus Torr. & Gray d1ed w1th1n three weeks under the same condltlons.
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. 4.4.2 Effect of Daylength

A';Vegetatiwe growth of many woody plants is knownito'be'COntrolled by
:the relatiwe lengthsaof dailydlight and«dark periods |
- There may be a dlrect control of shoot growth and dry matter pro-
duction and also an indirect control of bud and shoot dormancy . Dormancy
control is a COmplex top1c (e. g. Romberger, 1963) and is irrelevant:to
B the studies in thls the51s and has thus not been dlscussed further here.
Shoot growth and dry matter productlon have .been shown to be generally
- | better at long than at short days- (Kozlowskl, 1971) Downs and Prrlnger
‘ (1958) reported height and dry'matteriproduction of Pinas wirginiana'and
TLJ.PinnsbponderoSa increaSed;markedly with‘inCreasing dayiength from 8 to 16
'h'houré't SeediingSVOf Acer rubrun L and Pinus sylvestris L. made'eontin-<

ﬁlluous shoot growth at 14 and 16 hour daylength but stem elongatlon ceased

:after two to four weeks under an 8-hour daylength (Downs and Borthw1ck
f1956) d Slmllar results have also been reported for other spec1es e. g

f”ﬂg ‘Plnus ellzottlz Englm. (Downs, 1962), Sequora sempervurens (Hellmers and

R Pharls, 1968), P1nus roxburgh11 (Bhatnagaf et al., 1970) and Eucalyptus
[acmen;oldes &wang, 1977)
In some spec1es growth 1ncreased w1th daylength up to a partlcular

leVel*and did not. 1ncrease-further at higher levels Longman (1972)

*dughas shown that helght growth of the troplcal spec1e5 e.g. Termlnalla
superta Engl. and Dlels., Celba pentandra (L1nn ) Gaertn., Chlorophora
i5f;,~'excelsa (Welw ) Benth: and Bambax buonopozense P. Beauv. 1ncreased markedly

lhf(up to 200%) when daylength was 1ncreased from 9 to 13 hours. With
L'fnrther ;ncrease in daylength to 17-h0urs Chlorophoxavexce;sa was.greatly'
'aStimulated; there beingbaHSSS% increaae{ Terminalia superta was also

. stimulated showing a 59% increase. Ceiba pentandra and Bombax buonopozense,



‘”'onvthe‘other hand;:sheued no further geeponse7'
d'Thus‘inrtropical regiens where‘uatiationdin daylengthuis relatively
”.v:smailg there are a nunberiof speciesfii,e; ferminaliaﬁeuuerha; Ceiba
‘v'»éentand;a;’chlerephora excelsa and‘Banba?’buenoéeéenee) Whichuhave'been
'shOWh todbe sensitive to change‘in daylength. However,4the response -

o variee’greatly.with species.

' 4.4.3 Effect of Total Daily Radiation

V'A‘nunbe'r of studi.es_hav_ejshown that ‘\‘raria»t'ion in sh.oet-‘growth’ and :.
K ;dr? mattetvpredudtiOn may'be.attrdhuted to the~amount‘o£ total daily
»fadiatidn present ifrespéctiVe of iight'intensity and length of daYlighté
_iNewton (1963) demonstrated that dry matter productlon of the plant of
A':'_i_Cucumls satlvus was 1nf1uenced most by'the amount of radiation recelved
"per day.-~ . |

The flndlngs of Newton (1963) were conflrmed by the work of Hughes A

i":;and Cockshull (1971) and Hughes (1973) Hughes and Cockshull 1n1t1a11y
d;found growth of Chrysanthemum morlfollum cv. Brlght Golden Anne ‘under
chonstant llght 1nten31ty d1d not dlffer from growth under fluctuatlng
;7~, i‘llght 1nten51ty but w1th the same total da11y rad1at10n. Hughes (1973)
':;'then compared growth 1n two 11ght 1nten51t1es (22 and’ 33 Jm 2sec ) and
¥”:8- and 12- hour days g1v1ng three levels of total rad1at10n of 63, 95 and
| ;42 J cm 2day 1.2 Total plant-dry,we;ght was.markedly better at the
’iVhigher‘total’radiation‘irfespective ef ;hé dayiength being'S or 12
‘1hours | | - | o o

Newton (1963) with Cucumis satlvus and Hughes (1973) with Chrysan—

themum morlfollum found net assimllatlon rate was .a linear functlon of
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total radlatlon In contrast, leaf area retio was,greater at the lower

.u:vtOtal radlatlon.~
4.5 THE INFLUENCE OF LIGHT ON GROWTH OF TEAK -

Teak is a strong 11ght demandlng spec1es (Troup, 1921 Anon , 1958)
 But surpr151ng1y, 1nformat10n deallng w1th the effect of llght on the
bvfspe01es 1s very 11m1ted Avallable 1nformat10n of the effect of llght

'appears to be 11m1ted to the reports of Bhatnagar (1966) , Ko Ko Gy1 (1972),

f:cd4Nwobosh1 (1972) and Kanchanaburangura (1976)

' Varlatlon of light 1nten51ty by shadlng has been 'shown to affect

‘:growth of teak Bhatnagar (1966) grew germlnated teak seedllngs under

-;};_varlous 11ght 1ntens1t1es at Dehra~Dun 1n Indla. He found helght growth

,v».i was greatest at 94% of full sunllght (14 3 “cm) followed by 1006 (13 0 cm),

T22% (10 8 cm) ‘and 9% (7. 8 cm) reSpectlvely

Nwobosh1 (1972) also studled the effect of shadlng on growth of

1ltrteak but the results were amblguous., He- compared plants ralsed from

"';fstump plantlng w1th ‘those from d1rect seed sow1ng grown at varlous 11ght

?Ci:5;1nten51t1es of 25, 53 75 and 100% of full sunllght in Ibadan N1ger1a

~leferent responses were recorded in d1fferent growth parameters.’ Total

. dry welght of both seedllngs and stumps 1ncreased ‘with an increase in

rrllght 1nten51ty to peak at 750 and declined w1th further 1ncrease to 100%
‘d;"fHelght.of teak stump material was best_at_SS%‘whllst.for seedlings, it
:_ was=best at>1009 Meximum leaf areaiof'teakistump material was produced
at. 53% whllst there was no definite response in the leaf area of seedllngs
'although the smallest area was recorded at 25% of full sunllght.“"

: The‘effect of shad1ng may be of partlcular 1mportance in the young
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seedling when the plant has to ootgrow weed-competition Negllgence of

hlS fact has caused fallure for teak plantat1on estab11shment. ,Inv

" %i_Thalland young teak plants in many plantatlons have fa11ed to thrlve and,

:ﬁ;1n some cases, d1ed pr1mar11y because of heavy shadlng by weeds . »
Ko Ko Gyi (1972) and Kanchanaburangura (1976) studled the effect of
,J»photoperlod on teak seedling growth 1n naturally 11t cablnets type C
":(Morse and Evans, 1962) at the Canberra phytotron
Relatlve growth Tate of the whole plant was not affected by photo-~
perlod over. the range 8 to 16 hours. NetAa551m11at10n rate was,greater at
Ifthe longerjdays whilst leafrarea ratio erhibiteo a reverse'trend.
,.fﬁeight'growth waeﬁgreatervat the‘longer'daye; "However the differences
were{denonstrated between 8 and'12 hoars and between¢9.5 and 14 h0urs.“'
“There.were no.differences in‘the'responee.above 12>honrs ' Furthermore
"tdlfferences in helght growth were eV1dent only when long days were
| assoc1ated W1th warm n1ght temperatures (1 e. 22°C and above)
No other 1nformat10n has been reported
It ‘has been shown in the studles descr1bed in Chapter 3 that the
fp response of teak seedllngs to varylng temperature condltlons dlffered
‘ft.con51derab1y between experlments. Ko_Ko_Gy1:(1972) and Kanchanaburangura |

I";(1976) reported s1m11ar results It was suggested that seasonal variation

IIJVﬁiof llght, partlcularly 1n«totalrdaily'radiation,'conld have caused the

. anomalies since the experiments were conducted at different times of

: "fffthe'year} H

73.4 6 THE NEED FOR FURTHER INVESTIGATION OF . THE EFFECT OF TOTAL

DAILY RADIATION ON THE GROWTH OF TEAK -

. This review shows that the effect of light onlplant growth'andv
. _?deyelopment ean be caused by light intensity,"daylength and total daily

‘ ;radiation,' All these,parameters‘are important in-influencing life



functlons of plants. v
The 1nf1uence of 11ght on the growth of teak has recelved little
.attent1on.. The results of previous studles and of those out11ned in:

"Chapter 3 1nd1cate 11ght may substantlally affect development of teak

seedllngs and ‘there may be the ex1stence of 11ght b temperature inter- -

*actlon. The effect of 11ght on. the growth and development of teak is~
”‘thus worthy of further 1nvest1gat10n 1n order to achieve a better

: understandlng of climatic reqU1rements of;the»spec1es,

O/
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'CHAPTER 5
EFFECT OF TOTAL RADIATION ON THE TEMPERATURE
'RESPONSE OF TEAK SEEDLINGS
5.1 INTRODUCTION

' The stud1es 1n Chapter 3 suggested that total rad1at1on mlght be
1mportant in the control of teak seedllng growth and development and a
;,total rad1at1on X temperature 1nteract1on mlght exlst

The experlment out11ned in thlS chapter demonstrates the effect of

”1i>total radiation as a-control of the growth and development of teak seed-

- lings.. The 1mportance of total rad1at10n levels in determlnlng

:~temperature response is also shown..
5.2 ‘MATERIALS AND METHODS

 The experxment was conducted in art1f1c1ally 1it cab1nets (LB type,,

-‘ievMorse and Bvans, 1962) u51ng two temperature regimes. (33/25 33/28 C)

d"~e_and two levels of total rad1at10n (200 and 100 cal cm 2day ) w1th a

ll‘common photoperlod of 16 hours. ‘The llght'cycles used to achlevehthe
'Vdde51red radlatlon levels are 111ustrated in F1gure 5 1. N o

| | Day temperature was held for elght hours (0800 1600) and nlght
ttemperature for the rema1n1ng 16 hours.

- The measurements of total radiation in'thevcabinets;were made with a
“Klpp solarimeter. The light levels were maintained by frequentbehecking
w1th a L1 Cor quantum meter whlch had been- callbrated under this llght
sourte w1th the solarlmeter (i.e. about 800 uEm'zsec ! for 1rrad1ance of

12.5 cal cn?hr ! and 5 uEm%sec”? for 0.05 cal cm'zhr;lp‘v



69

) A.,Tbtalfradiationeczoo eal'em—ZQQy’;)v'

SDay'temperature B

"uNight temperature -

"'1-12;5~éa1 cm “hr”

-2 -1

. B. Totelirédiation.(loo.cal cm-zdayfl)-

DaY'temperatﬁie

Night tempeféture

12.5 cal Cm’zhr-»

1

10.05 cal cm hr

- Figure 5.1

1600 . 2400 © 0800 hours

Dlagrams show1ng temperature and llght dark cycles 1n
‘the experlment :
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R The higher‘totalyradiation level-(ZOO cal cmfzday'lj used in the
:-experlment was con51dered the maximum p0351b1e in standard LB cablnets
under a. 16 hour photoperlod At this’ level fluorescent tubes had to be
1replaced frequently (often weekly) to malntaln the 11ght level

Seedllngs of the Kerala provenance were used in. the experlment Six

vy-;weeks after germlnatlon, forty selected seedllngs were d1v1ded into four

',:groups of ten ’ Each group was allocated at random to one of the four

L treatments.;=’

Two harvests were carrled out the f1rst after two weeks in treatments

"1and the second three weeks after the flTSt F1ve seedllngs from each

“f‘_treatment were_rncludedvln‘each harvest.t Assessments-were‘made of height,

Adiameter,'leaf?area and dry weightnof”leaves, stemwand'roots. In’addition,

- ¢jat the second harvest f1ve leaf dlscs of about 1 cm2 each were taken at- the

“5rbt1p, m1dd1e and base of the last fully expanded leaves and used to estimate

l’“lt>chlorophy11 concentratlon._ Procedure for chlorophyll extractlon and

ff estlmatlon of chlorophyll concentrat1on is summar1zed in Appendlx IV.

Data were: subjected to analy51s of varlance W1th total rad1at10n >

'-"temperature belng the major sources of var1at1on. Duncan s. mu1t1p1e range

'Jf:ntest was used to determlne the s1gn1f1cance of dlfference between treatment

. means.

53 RESULTS

There were marked dlfferences in the plant appearance between 11ght
’treatments (see Plate 5 . Plants'grown under the hrgher-total daily
frad1at10n were'taller than those‘grown~under>the‘lower total daily

‘radiation, and their leaves were abnormal, in comparison with usual field

‘ubhgrown'plants; They were very-thick‘ uery dark ‘green in colour and

'-wrlnkled at the margin. This contrasted with the leaves of the plants

‘grown under the lower radiation. These were a’ llghter green 1n colour
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cal cm “day”

Plate 5.1 Effect of total radiation on the growth of teak seedlings
grown at (A) 33/28°C and (B) 33/25°C
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bw1th flat unwrlnkled leaf blade -and appeared similar to teak in natural

condltlons in the field.in Thalland
' There was no dlfference in those characterlstlcs between the
temperature treatments
| There~were.rndlcatlons of avtemperature'x‘total radiation‘inter- '
.actron 'vThe.statistical'analysis reVealed'significant interaction only
‘1n totaI leaf area but the F values recorded for the 1nteract10n term
'ffor herght and dry matter productlon were h1gh (Table 5. 1). Appllcatlon
- of Duncan s multlple range test can be used. w1thout a s1gn1f1cant F value
: '(Streettand‘Torrle, 1960). This. test 1nd1cated that under the total
Ad:radlation~lereliof 200 cal cm day the values recorded fOr total leaf
| area, helght growth and dry matter productlon differed 31gn1f1cant1y
| in. the d1fferent temperature reglmes (33/25 and 33/28 C) ' In contrast,'
ﬂjunder total radlatlon of 100 cal cm day -1 the values of these parameters

’fwere very 51mrlar between the two temperature regimes‘(Tablé 5.2,

" Figure 5.2).
f_f45;3.1-‘Effectrof Total Radiation
There were marked dlfferences 1n all growth. parameters studled
rbetween thertwo levels of total;radlatlon._ In general, desplte the inter-

ﬁ'action‘effectﬂthe values recorded were éign1f1cant1y greater at the

'hlgher total radlatlon 1eve1 than at the lower., The'excention was LAR

“whlch exhlblted a reverse trend (Tables 5.2, 5 3 Flgures 5.2A- H)
The values recorded for total leaf area, helght dry matter product-
.1on, d1ameter, RGR, NAR and chlorophyll content ‘were slgnlflcantly
greater at 200 cal cm 2day -1 than at 100 cal cm 2'day 1, and thls was
evidentvat both temperature regines. For exanple.total leaf area under
200 cal cn”%day™! was 26.39 and 35.98 cn’ at 33/25 and 33/28°C.respectively

~ as compared with 20.69 and 21.27 dmz.atvthe.same temperatures UHder

100 cal <:bm‘.'2‘day'1
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Table 5.1 Summarized results of analysis of variance of the data in
SR Tables 6.2 and 6.3. _*, ** and *** indicate significance
at the 5, 1 and 0.1% levels respectlvely .
‘ns’ 1nd1cates 'not significant' at the 5% level

‘ <- ;Source of"bfi_'v:- . Degrees of - = Mean squares - F ratio
- variation - _freedom : :

 Height ) S
 Temperature (T) 1 o as0s 337"
" Radiation () < 1 358705 27.462%**
TxR 1 s0.880 3.805"
Error }ixj 16 N o 13,062 o L
~ Diameter ‘} o IR L | - - o
o Temperature (T) - 1 - si724 o 7.522%
©Radiation (R) 1 s5.445 72,857
TxR 1. 05 006"
© Error 16 .71 | |
Dry méttef Productibn . _ o ‘ o :
 Temperature () 1 70.87%6 . 3.979"
_ Radiation (R). 1 1669.513 . 93,738%*x
oTxR 1 e0.448 3.304™°
- 'J.Bfrdr 1. o780 -

 T6tal'1eaf'aiéa S _ o ‘
. Temperature (T) . 1. . 120.134 . - 6.293%
" Radiation () . 1 . 520.608 L 25.370%%x
T x'R*'? 1 107000 ~ 4.956%
Byror 1 20521 S

iRelau:;we growth rate = ‘ ‘ o , _ . _
Temperatuxe (T) 1 | . .006. o 1.08395
" Radiation (R) ~ 1 . los2 . 8.695%*
‘Jf__T'x'R o  ”__ o | o 004 o u’»7$2ns
bnff.Error 11 '-4 1. .006'f~' '

 Net assimilation rate .

 Temperature (T). 1 . 001 l199™
Radiation (R) 1 .32 51.001%
TxR 1 | .00 .0s0™
Error _ _" 16 - _r b.OOG ﬁ
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‘Table 5.1 (cont)

" Source of - Degrees of  ~ ~ Mean squares: .~ F ratio
- .variation freedom o : : :

Temperature (T) 1 o .016 o 1.635
Radiation (®) 1 1.008  101.434%e

TXR . 1 - 02 - .22"
C Brror 16 010 | -

Chiorophyll content | S o | o
. Temperature (1) . 1. 9.316x 1076 20.151%%*
 Radiation () 1 - 38226 x 107 82.685%*

CTxR 1 rasx10° 2u7s8™)
Error 16 4.6 x107° -




"Table 5. 2 Effect of temperature and total da11y radiat1on on total "

lcaf area, height growth and dry matter production of .
teak seedlings. Within each parameter figures that do not
have the same affix are significantly different at the 5%
level according to Duncan's multlple range test

, S : a Total da11§ radlatlonf‘
'Parameter S Temperature . cal cm’ d

R Mean
oc 100 - _zoo,.v~

ST 33/25 20,69 26.397 2354
Total leaf area . 33/28 - 21.29° 35,98 28.63
“an® . Mean 20,98 .  31.19
L s32s 22,0 2730 247
‘Height  33/28  21.8* 334 27.6
“em - Meam . 21.9 30,4
| | 3325 - 15.26® . 30.06 - 22.66
' Dry’matter;prOduct} 33/28 . ”.15:55?“. _37;30 , ©26.43
Aon o : : : : , .

PR Mean 15.41  33.68

32 7.8 1.8 9.2

- piameter . 3328 s8s5*  11.9° 102

. Mean 8.0 11.4
e 33/25 ~0.50% 0.58%b 0.54
SRR 3328 0517 0.64> 0.58

- gg7Tweek T "Mean - - 0.51 . 0.61
R Cosaes oo 03 0.9 0.47

CNARC 3328 0.36% 0.6° 0.50
'"‘;;gdm‘Zweekfl ~ Mean 0.3  0.61

AR 3325 1.36° 0.8 1.3
Cagt s328 139 0 o9 0 1.8

' ' Mean  1.38 0.93

T 33/25 4,017 S 7.28 . 5.65
Chlorophyll - 33/28  3.15% © 5.41 © 4.28
_ SR |

© mgon2x107° Mean © 3.58 © 6.35
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A Total leaf area . B. Height

a0 T

30 L

cm
4

’ ) .2'0 L o _

20} om0

10

| 20F

. 30;55,4—”"””"u-

C. Dry matter production ° D 'D.u'Di,a.meter

‘i"‘ 12.‘1 o i" '

10}

  ; 10}

0“[ . .
1 33/25

©33/28 - - . 33/25 33/28

' . Temperature(®°C) - . Temperature (°C)..

»Figure 5.2
(a).

Effect of total radiation and temperature on the growth
and development of teak seedlings.
. 1 _

o o 200 cal cmnzday'

o____o 100 cal cm—zday-1
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E.RGR . F. NAR 6. LAR

T 3%/25 . 33/28  33/25-  '33/28 33/25 33/28

H. Chloxophyll content
o 3

>

mg em%x 107"

33/25 . 33/28

[Temperatufé &)

Figure 5:?~ Effect of total radiation and temperature on the growth
“'tb)f'and development of teak seedlings..
(d) :

- o .0 200 cal cm 2day

o._

o .100 cal cm day
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’ In contrast to. the other parameters, LAR was greater at the lower
total radlatlon.. The values were 1. 35 and 1. 39 dng 1 at 33/25 and 33/28°C
ﬂrespectlvely under 100 cal cm day 1,-and were 51gn1ficantiy smalier’under

200 cal cn 2day (0.89vand»0.97‘dm 2g™! at 33/25 and 33/28°C respectively).

'3v;5g5.2 :Effect of Temperature
'5.3.2.1 ‘Oyerall grthh
5 3 2 1, 1 Total leaf area, he1ght and" dry matter

. product1on o

The pattern demonstrated under 200 cal cm day 1 was~for increased
.total leaf area, helght growth and dry matter productlon w1th an 1ncrease
1n temperature from 33/25 to 33/28 C. : In contrast the values of these

parameters were very 51m11ar ‘between the two temperature reglmes under
<2,

*'3 100 cal cm” day (Tablens.z,'Prgures 552A¢C)v

,_:Thus,:under total.radiationwzoo ‘ca'l_cm"zday'1 the values offtotal
A-leaf>area; height'and dry matter>produotion recorded at 33/25°C'were
"26 39 dm . 27 3 cm and 30 06 g respectlvely, and were 51gn1f1cant1y

| greater at 33/28°C (33. 98 an?,

33.4 cm and 37.30,g:respect1ye1y) (Flgures
"';s 24-0). | | | | |

Under total radxat1on of 100 cal i 2day ; the values recorded at

: 33/25 C (20 69 dm 22 0. cm and 15.26 g for. total leaf area, he1ght and

';'dry matter productlon respectlvely) were not s1gn1f1cant1y d1fferent from
those at 33/28 C (21 27 dm 21.8 cmAand_ls.SSIg respeetlvely) (Flgures

-S-ZArC)w
| 5;3.1;1.2"Diameter growth

- Diameter growth was better at the highervtemperature under both -
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: total radlation condltlons (Table 5.2, Flgure 5.2D)..
Under 200 cal cm'-day -1 dlameter at 33/28 C (11 9 mm) was 51gn1f1c-
. antly greater than at 33/25 C (10 8 mm) Slmllarly under 100 cal cm -2

:day'; the value recorded at 33/28 C (8 5 mm) was 51gn1f1cant1y greater

vthan at 33/25 C (7. S mm)
:'f§;3;2;2';Growth.analysis:parameters-V

RGR, NAR and LAR were not srgnlflcantly affected by temperature,

but nevertheless the temperature response followed a pattern similar to

‘ ’that in total leaf area, helght and dry matter productlon (Table 5. 2

. Flgures 5. 2E G)

. Thus under total radlatlon 200 cal cm 2day 1 the-valuee of RGR; ﬁARV

and LAR recorded at 33/28 C (0.64 gg~ week 0. 63 gdmzweek-l'and 0.97 |

.dmggf respectlvely) tended to be greater than those at 33/25 C (0.58

.:gg 1week , 0. 59 gdm week -1 and 0. 89 dng -1 respectlvely) (Flgures 5 2E G).
~Under total radlatlon of 100 cal cm day “the values of these |

»'parameters recorded at 33/25 and 33/28 C were very similar (Table 5.2,

' .Flgure 5. 2E -G).
/5.3.2.3 Chlorophyll content

A.Chorophyll content'wasugreater at the lower than' the higher temper-

“'-iature (Table 5.2, Flgure 5. 2H)

- ‘Under both radlatlon levels chorophyll content at 33/25 C was greater
'than at 33/28 C." The decreased chlorophyll‘at hlgher temperature was

"however more pronounced under higher total radiation.
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5.4 DISCUSSION
© 5.4.1 Effect of Total Radiation

It is clear that height growth diameter growth dry matter product-
‘1on and total leaf area of teak seedlings were better at the higher
e» total radlatlon - Indeed» the response to‘variatlons 1n total radiation
’ Qg’was S0 large as to suggest that thlS factor may be a very 1mportant
.bcontrol of teak seedling development.;‘ |
The results are 1n agreement w1th those reported for other epec1es eAg.
‘Seqo01a sempervzrens (Hellmers and’ Phar1s, 1968), Chrysanthemum morifolium"
i_(Hughes, 1973) and Helianthmsannuuscv Pole Star and Phaseolus vulgaris cv
' Canadian Wonder (Eze, 1973) Height growth and dry matter production of

:_these spec1es were found to be greater at the higher total radiation than

‘ at the 1ower, o

5 4.2 Differences in Temperature Response under Differing Amounts

4 of Total Dally Radiation .

v7r.The resnlts indicate'a-marked'difference in the.temperature reeponee
ﬂlt”w1th dlfferent amounts of total da11y radiation >Under'200'Ca1 cm-zday'i,
'pthe growth (e g. total leaf area, height and dry matter production) of teak
":'seedlings 1ncreased with anvincrease 1n.temperature from 33/25 to 33/28 Cc.
viIn“eontrast underaloo caldem'zdayfl‘the‘values of these parameters'were
‘ _Veryrsimilar between the temperature regimes;
The resultsvthue»indicatevthat‘variation in total radiation has.a
. markeddeffect on the temperature response of teak seedlingst ‘This»supports ,
‘the_enggestion nade previously (Chapter 3) that.seasonal variation in

'total radiation could have caused the anomalous results in earlier studies.
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5.4.3 Growth Analysis'Parameters

Varlatlon 1n total radlatlon ‘has a marked effect on the growth
rana1y51s parameters of teak seedllngs For RGR, the rates were greater
fat_the hlgher.total radlation. gOfvthe"COmoonents of:RGR; NAR-was

ll'greater’at-the higher;total radfatiOn Whilst-the position'was‘reversed :«'

‘ .ifor LAR Thus ‘the h1gher RGR at the h1gher total radlatlon was due to

.the hlgher value of NAR

| " These results are in accord w1th those observed both under controlled
enV1ronment condltlons and in the f1e1d for other spec1es.h Newton (1963)
‘-w1th Cucunus Satlvus and Hughes w1th Chrgsanthemum morlfbllum, under

: controlled env1ronment condltlons, found NAR was proportlonal to the
amount of total radlat1on whllst the reverse was true for LAR. RGR Was.l~
’;found to be favoured by the higher ‘amounts of total radlatlon.‘

‘ Eze (1973) examlned the effect of seasonal variation in total radlatlon

""on the vegetatlve growth of Hellanthus annuus and Phaseolus vulgarls under

natural condltlons in Freetown S1erra Leone (West Afr1ca) " There was
a_def1nrte_seasonal pattern of var1at1on in RGR, NAR and LAR. In both

: species the values of RGR and NAR obtained during the dry season. (total -

' stl radlatlon 400 500 cal cm 2day ) were much greater than those obtained -

ﬁ“durlng the ralny season (total radlat1on 100- 200 cal cm day ) The
ﬂvalues of LAR on the other hand were greater durlng the rainy season.

:~581m11ar results have also been reported for the Hellanthus spec1es under

.’U_,‘natural condltlons in Ibadan, ngerla (NJoku, 1959) and 1n Accra, Ghana

 (Okali, 1971).
| ThelresultS'suggest that the plants grown under higher total radiation
‘may have an advantage due to their having a more efficient means of

capturing, converting and conserving energy in the process of photosynthesis
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- than those grown under lower radlatlon. Accordlngly thls results in the

greater photosynthetlc productlon by the plants rece1v1ng the hlgher

- “Vtotal radlatlon.v

" The plahts~receiving'higher radiation produced much greater leaf
area than thoee'reoeiyihgblower.radiatioh;although_LAR was smaller. The
f'fsméller'LAR Et‘highervrediation waS»lergeiy'due'to the heevier'plents o

' .'and to thlcker and heav1er leaves (small leaf area/leaf we1ght) The'

o hlgher rad1at10n grOWn plants therefore also beneflt from the larger

.leaf area g1v1ng “them a substantlally 1arger a551m11atory surface.
“_‘5.4.4 'ChlorophyIIACohtent -

7“Ae noted previouely thelleaves oftseedlings reeeiring the higher

o ,radlatlon were very dark green 1n colour but those rece1v1ng the lower

' Au'radlatlon were 11ghter in colour. Thls was due to the h1gher amount of

fct.chlorophyll present in the leaves of the h1gher—rad1at10n seedllngs

| Chlorophyll plays a vital role by enabl;ng plants to absorb llght
"for photosynthe51s. The greater amount of chlorophyll under the hlgher
‘?‘.total rad1at1on could therefore reflect in more photosynthe51s. ‘Thls ‘

 was ev1dent in the hlgher NAR at the hlgher radlatlon
5.5 CONCLUSION

~The effeet of total<radietion on teek'Seedling growth was quite.

~dramatic. In general, the grOwth,was better at the higher‘total radiation.

"df The growth analeisvstudies indioated this could be due primarily to an

“overall greater rate of photosYntheSis; Also leaf chiorophyll content
;;was'increaeed at high light levels and this could be part.of}the ,
mechaﬁism‘by'which photoéyhthesis was increased at these levels. But

there were also-differenceS'in 1eaf°appeerance and possibly structure.



_Anvef-fect of ‘variat‘ion in total '-radiatibn or‘ilbth‘é temﬁeré.turé |
r‘éépbﬁse .ovf. teak see;liings-was also c‘ielﬁonstrate;d'thr()ugh a total
‘:“r‘a.diativonz_ x ’vc.emperatur'e_ i_riteracﬁion. 'Bétt_;,'er gr:olwth‘ (eg rvheight,
"'vdia‘mveter ‘an'd‘.dry» xﬁatte,r pro_duétjidn) aj:‘, the }ivi‘ghér‘-temperat‘ui'.e was
- 6bs'eﬁ'ed under t>he‘ fotai radi;atibn of200 cal ‘cnfzday'l but not iinder

Rk

100 cal cn 2day™.
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 CHAPTER 6

- EFFECT OF TOTAL RADIATION AND DAYLENGTH ON

TEAK SEEDLING GROWTH AND DEVELOPMENT
6.1 INTRODUCTION -

In Chapter 5 ‘total radlatlon ‘was shown to be an. 1mportant control

) of teak seedllng growth and development In general growth (e.g.-

”_h_helght dlameter, dry matter productlon and total leaf area) was better

~ the hlgher the"total radlatlon.
Total»rediatien'Varies.greatly”Wdth season and the variation is

n*determined;by the period of daylehgth, together with irrediance levels.

ﬁr}e:This effect of totel'daily radiation could modify~phetoperiodic'effects

o 'and ViCe rersﬁ. . Ko Xo Gy1 (1972) and Kanchanaburangura (1976) have :

o reported effects of photoperlods on teak seedllngs between 8 and 12 hours.

'when the total dally rad1at1on level approx1mated to 8 hours of natural

o dayllght in each treatment However,,the effects mlght‘have;been differ-

f{fhent w1th d1fferent radlatlon Ievels In'this Chapter the‘relationship

'between total radlatlon and photoper1od is- examlned Seedling growth

":.;Vwas determrned under a total radlatlon level lower than those used in

' the_prevrouspexperlment (Chapter,S).
6.2 MATERIALS AND METHODS

© The experiment was conducted in artificially lit cabinets, LB type.
Six combinatiohsvofndayiength and irradiance made up two groups of total

"radiatibn.{ These are summarized in Table 6.1.



© Daylength 8 hours

|Day ﬁémperature

|12.5 cal enghe”l
- {(100 cal cm “day )

: G;ZTCal chzhf:i
(SO‘cal.cm “day. )

- Night temperature‘v

85

0800 1600

"DaylengthilZ-hours

'Day_temperature

0800 hours

Night temperature

8.3 cal cmfzhril
(100 cal cm‘zday -1)

4.2 cal em “nr-t

(50 ca1<cm'zday_1) , “‘A

0800 . 1600

o Daylength 16 hoﬁr$

- |Pay temperature

> o w »

2000 0800 hours

Night temperature

6.2 cal en %hr!
. (100 cal cﬁ'zdayﬁl)

3.1 cal em *hr-

1

(50 cal cm-zday’I)

0800 - 1600

2400 '  ,0800 hours

:]'Figure 6;1 ‘Diagram showing details of experimental treatments.
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s Tahle-oglivDetails of Experimental Treatments

~ Total radiation*" ‘Daylength Irradiance , 'V;V ' :Quantum Flux
'calgcm'zday“l hours cal.cmfzhr‘ . :  uEm-Zsec-l
Cos0 | 8 62 . 400
s .12 a2 265
Cs0 16 31 200
‘100 8 125 800
100 12 . 83 " 530

w00 - 16 62 400

The 11ght cycles used are shown in Flgure.G 1. In all treatnents
llght perlods commenced at 0800 hours and were held for 8, 12 and 16
'hours at varying irradiance to produce two levels of total radiation of
50 and 100 cal cm 2day . | | |

As before the 11ght levels were malntalned by frequent checklng w1th
“the quantum-meter. In th;s»experlment,the quantum meter.readlngs~ranged
:'from'ZOO'to 806 uEm_zs ¢! (Tahie 6-1) There was a common. day/nlght
‘temperature reglme of 30/25 C 1n a11 cablnets. o A

Seedllngs of the Kerala provenance were used 132huniform Seediinés
J‘at 51x weeks old were d1v1ded 1nto six groups each of 22 seedllngs. The
“;seedllng groups were allocated at random to the six treatments.
| For each treatment six seedllngs were harvested at weeks 2 and 4
’f_‘after transfer to treatments for growth ana1y51s studles The remaln1ngv

”,dten seedllngs were harvested at week 6 . Height, drameter, leaf area and

o ~dry welght of leaves, stem and roots were notedJat‘the-harvest.

Data were subjected to analysis of variance as total radiation X
daylength. Comparison of the significance of the difference between

_treatments was made using Duncan's multiple range test.
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6.3 RESULTS

There were S1gn1f1cant dlfferences 1n several growth parameters ‘among the

, dlfferent total radlatlon and daylengthytreatments Stat15t1cal analyses ‘also showe

'-"f‘parametersr(Table 6.2} Desp1te the 1nteract10n effect, the values
recorded at the hlgher total rad1at1on were always greater than those at

the lower (Table 6.3, F1gure 6 2)
6.3.1 Effect of Total Radiation

6 3.1, 1 Dlameter, dry matter productlon, total leaf area

‘and hezght |

L]

.The;resultelindicated growth:of'diameter, dry matter production,r
»total leaf area ‘and height was generally better at the hlgher rad1at10n
:_}desplte the 51gn1f1cant 1nteract10n effect in dlameter and dry matter
_‘dproduct1on (Table 6.3, F1gure 6.2)..
l' : The values of diameter, dry matter product1on and total leaf area y
,recorded for 100 cal cm” day -1 were generally S1gn1f1cantly greater than
5those recorded for 50 cal cm day |
| -.The dlfferences in helght growth between the two levela of radiation

. were however not 51gn1f1cant but the values were always greater at the

v‘.hlgher rad1at10n (Table 6.3, Flgure 6. 2).
6,3,1.2' Growth'analysis parameters

. 'RGR and NAR were significantly greater at the higher total radiation
V:‘k-whilst LAR showed a reyerée trend (Table 6.4, Figure 6.3). NAR and LAR

were also affected by significant interaction_between daylength and total



Table 6.2 -SUmmariied results of analysis of variance of the data
~~ in Tables 6.3 and 6.4. *, ** and *** indicate significance
at the 5, 1 and 0.1% levels respectively. '
- ns 1nd1cates 'Not s1gn1f1cant' at the 5% level

-Source of ©  Degrees of = Mean ~  _ F ratio
~ . variation . = “freedom . ‘ - squares.

Height}

. Radiation (R) . 1 22,571 193"
_ Daylength (D) - 2 7 118.001 ©10.117%%%
RxD 2 U366 - . .031
Error o 54 - 11.663 ' ‘ '
o Diamétef i i 4
. Radiation (R) . 1 68.054 - 155,604%*x
" Daylength (D) 2 7.413 o 16.950%%*
RxD 2 2.026 T 4.634%%%
Error ' 54 437 c o
v"»Dry matter productlon '
 Radiation ()  1° . 815.089 = 150.835%**
“* Daylength (D) . 2 o . 65.354 12.816%**
»J_wR xb - 2 : " 26.518 o 5.200%*
- Error. e 54 5.099 : :
»i%Total’leaffarea
 f]i Rad£at1bn'(R) 1 180.822 16.949%»
.. Daylength (D) - 2 . ~16.651 1.561°°
CRXD | 2 . 14.498 - 1.359
Error . - 54 - -10.668. ' :
A‘1;’Re1at1ve growth rate |
..>  Rad1at1on (R) 1 _.146‘ ; ' , 25 639***
“gﬂ;Daylength (D) 2 = j .006 o - 1. 051
“RxD 2 . .003 , .526"°
Error 30 B .006-
'uiNéi.assimiIé;ion rate . L _
~Radiation (R) 1 .253 © 198.962%**
Daylength (D) - 2. 044 34.374%%x
" RxD 2 .015 : 11.848%**
Error - 30 .001 -
"Leaf area ratio » » . _
~ Radiation (R) 1 2.040 . 199.719%*
Daylength (D) 2 386 37.801%xx
RxD 2 .088 N . 8.636%**
Error : _ 30 .010




: "Table 6 3 Effect of total da11y radlatlon and daylength on dlameter,
L dry matter productlon, total leaf area and height of teak

- seedlings.

Within each parameter, figures that.do not have

the 'same affix are significantly different at the 56 1eve1
accordlng to Duncan's multlple range test

= Parameter~

Total raglatl n Daylength (hours) ) ~ Mean
cal cm day :8 : 12 ' 16 - "
50 6.5% ;6;9?' 74 e
' Diameter (mm) 100 7.9 9.s®  9s® . 9.0
. mean 7.2 8.2 8.3
500 - 8.04%  9.12°  9.30% 8.83
 Dry matter 100 12.81 18.33%  17.56°  16.20
‘“;productlon (g) o Lo _ : o
T - mean 10.43  13.68 13.43
50 17.45%  17.56*  17.69° 17.57
‘“_fi‘Total leaf area 100 - 19.20% b 22;719 21,20 21.04
mean ‘ 18.23 20.15,-A 19.95
o 50 15.1% 17, g% b 19.7% 17.5
‘Height (cm) 100 16.00  19.6®  21.0° 185
: - mean. . | 15.6 -18.7. 20.4

oY



' 'Table 6. 4 Effect of total radiation and daylength on RGR, NAR and

"LAR of teak seedlings. Within each parameter, figures ‘that

do not have the same affix are 51gn1f1cant1y different at
=the 5° 1evel accordlng to Duncan's multlple Tange test

Parameter

Daylength (hours)

1.67

: Total rad1at10n L ‘Mean
cal cm” 2day 1 8. 12 16

o 50« 0.57% 0.59% ;o,ezafb 0.50

RGR (gg tweek)) 100 0.78°¢ 0.76%  0.745  0.73

. mean 0.64 0.68 = 0.68

50 ©0.26% 0.38°7 0.31°  0.20

o NAR (gdmlweek™ly 100 0.36  0.47 0.5  0.46
| ‘mean . 0.31  0.39  0.43

| 50 217 2.04% 1. 98%° 1.99

LAR (dn’ghy 100 1.87° 1.55  1.35 1.59

L mean . | 2.02’ YI.SQ: ’

90
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A, Diameter . ~ B. Dry matter production

C. Total leaf area ~ D. Height
24w S 2 _em
- 22 = 20}
20 18 |
8 A : A - 16¢
16L s L - i Y » . 14 L w - 1 | 2
8- 12 16 8 12 16

‘ Photéperiod-(hr) S o ‘Photoperiod (hr)

Figure 6.2  Effect of total radiation and photoperiod on (A) diameter,
S - (B) dry matter productlon, ) total leaf area, and (D)
height of teak seedlings
o o 100 cal cm'zday

A_____A 50 cal cm Zday -1
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. B. NAR (gdn 2week 1)

8 12 16
Photoperlod (hr)

. v

2.2

2,0

1.2

1.8A!

S 1.eb

1.4

: 16
. Photoperiod (hr) -

C. LAR (dm’week™l)

[

8 12 - 16
Photoperiod (hr)

"j} Flgure 6.3 Effect of total rad1at10n and photoperlod on (A) RGR

"(B) NAR, and (C) LAR of_teak seed11ngs

o0 100 cal
A A 50 cal

cm 2day
cm”™ day



J9

@

radlation. The values recorded however'were neyer poorer at.the,higher
'total radlatlon at all daylengths | .

“For RGR pooled values for 100 and 50 cal cm” day were Q.73fand
10 59 gg week ~1 respectlvely. ' Similarly for NAR the values were 0.46
v'._and 0 29° gdm 2week respectlvely (Flgure 6. 3) |
LAR on: the other hand was . always greater at the lower rad1at10n

Pooled values were 1 99 and 1 59 dm2 -1 for 100 and 50 cal cm day -1

"-"respectlvely (F1gure 6 3).
'6.3;§>-Effectfof'Daylength‘with the Same Total Radiation |
. 6;3.2.l'yDiameter, dry matter_production,and total leaf area
The pattern demonstrated under 100 cal cm 2day ; was - for 1ncreased
dlameter, dry matter productron and total 1eaf area ‘with an ‘increase in
y daylength from 8 to 12 hours w1th no 51gn1f1cant decrease at 16 hours.

In contrast under 50 cal cm’ day s there were no 51gn1f1cant dlfferences

in the values of these parameters over the range of daylengths used

. :::(Table 6. 3 F1gure 6. 2)

Thus under total radlatlon of 100 cal cm~ day -1 the«yalues recorded
"“for d1ameter, dry matter productlon and total leaf area at 8 hour day

(7.9 mm, 12 81 g and 19 20 dm2 re5pect1ve1y) were poorer than those at

.,fﬁ*i"12-hour-day (9 5 mm, 18. 23.g and 22.73 dm respectlvely)' The values

‘ 'recorded at 16 hour day were smaller;but not 51gn1f1cantly;than at 12 hour

day (Table 6 3 Flgure 6 2)

~In contrast, under total radlatlon of 50 cal cm. day =1 the valueS'
of the three parameters were very similar. over the daylength range
= 8,- 16 hours. For example the values recorded at 8, 1? and 16 hour day

 for diameter:were 6.5, 6.9 and 7.1 mm respectively, and for total leaf
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~ area were 17.45, 17.56 and 17.69 dm® respectively (Figure 6.2).
) ;6.’3_.-2_.2 Height growth

Helght growth 1ncreased w1th an.lncrease rn daylength from 8 to r6
_hours under both total radlatlon cond1t10ns (Table 6.3, Figure 6.2).
Response of helght to daylength was the same for both 100 and 50
cal cm Zday 1. The values recorded were<greatest at 16 hour day
followed 1n decreasing order of magn1tude by those recorded at 12-and 8e
- hour day respect1ve1y The dlfferences between daylengths of 12 and 16

, hours were however not 51gn1f1cant
1 6.3.2.3 “Growth'analysis_barameters :

'y,RGR waS'not‘affected_by:daylengthbbut'its components, NAR and LAR:
. were'(Table 6.2)}"The response'of NAR and LAR was also affected by a
. 51gn1f1cant daylength X radlatlon 1nteractlon.

Desplte a non-s1gnif1cant d1fference, the response of RGR followed

-a pattern simllar to that for dry matter product1on Under 100 cal cm -2
’day 1, RGR tended to 1ncrease from daylength 8 to 12 hours and decrease
”‘4at 16 hours | Slm1lar1y under 50 cal cm day -1 there were no dlfferences in
isithe values recorded over the daylength range 8- 16hrs (Table 6.4 Frgure 6.3).
| NAR was greater at long day than at short day but the variation with
i:f daylength'wasamore pronounced under 100 than 50 cal cm 2day 1. The
thalues recorded were 0.36, 0.47 and 0 55 gdm 2week 1 comnared to 0.26, .
:.'f0 30 and 0. 31 dm g -1 respectlvely under 50 cal cm zday"~1 (Figure 6.3).

~ In contrast to NAR LAR ‘'was greater ‘at short day rather than at long

hday; The varlatlon w1th daylength was however 51m11ar ‘to that for NAR.

There was a marked decrease in LAR at each longer day under 100 cal cm -2

day"1 and the decrease was sllght under 50 cal cm” day (Table 6.4,'



. Figure 6.3).
" 6.4 DISCUSSION
:H'6.4;1‘ Effect of Total Radiation

It is clear the growth (e g dlameter, dry matter produetlon ‘and total
.'lleaf area) of teak seedllngs is better the h1gher the total radiation level
‘1rrespect1ve of varylng.daylengths. v It was shown 1n Chapter 5 that growth
rwas much better at 200 cal cm 2day than at 100 cal cm 2day “but w1th
the same photoperlod of 16 hours. In the present study using twoﬁlevels
of*total radlatlon of 100 and 50 cal cn’l_‘vz‘da'yi1 over a range of daylengths

rof 8 to 16 hours, seedllng growth was . always better at the hlgher total

".'.rad1at10n regardless of the length of day

The results thus 1nd1cate total rad1at1on effect is 1mportant and
_7that:the-gr0wth and_development of teak’seedllngs are better the hlgher,.

h;thebtotal3radiation'within-the"rahge:tested,(i;e. 50-200 oalhcm;zday'l).
6.4.2 . Effect oftDayiength

- . There ‘were differeaoes ih‘the daylength‘response with the same total

. radiation. . The values recorded at 50'ca1.cm;2day"1 were not significantly

"fdifferent'overvthe range of davlength uSed‘ This eohtrasted'with the
vf{pattern observed at radlatlon of 100 cal cm~ day 1 At-this Ievel the -

-~ values of. all parameters recorded at the shortest day (8 hours) were
a"generally s1gn1f1cant1y poorer than that recorded‘at the longer days.

a There were however no 51gn1f1cant d1fferences between values recordedvat
-!daylengths 12 and 16 hours although the values at 12 hours were greater than
e at 16. hours. ,:

“The . results 1nd1cated growth of teak seedllngs was not’ affected by



daylength:atva low levelbofﬂtOtal_radiatiOn (50 cal_cm'zday-l)lbut there‘
waS-an”effeCt'at lOO'cal cm-zday—l. This effect of daylength was however
pronounced only at very short days (i. e. 8 hours)

. Thus photoperlodlc effect may be 1mportant only above critical levels -
: ofttotal.rad1at10n. However, the daylength-ln-natural.teak zones normally
.excééd§~12?houfs” Under natural condltlons therefore daylength appears

"to be of mlnor 1mportance as a control of growth of teak
 6.4.3 Growth Analysis Parameters

“'RGR was significantlyigreater the higher the total radiation,

haindicatingvthat the'seedlings receivingﬁhigher:radiation were growing at

:1' a faster rate than thOSe receiving lower radiation. " The greater RGR at

""the h1gher radlatlon was due malnly to the hlgher NAR under the same

'condrtlons. x Thls conf1rms the results obtalned from the study outllned
uhln Chapter 5.
Effect of daylength was less marked in 1nf1uenc1ng teak seed11ng

growth rate. RGR was not affected by daylength but the components, NAR .

7.'frand LAR were. The response of NAR and LAR were opp051te and appeared '

- to be in balance thereby ma1nta1n1ng RGR at a relatlvely unlform level

.'_:Ko Ko Gy1 (1970) and Kanchanaburangura (1976) obtained similar results
6.4.4 'Conclusion .

The study outllned in Chapter 5 1nd1cated total rad1at1on was a very
tvimportant control of teak seedllng development In thls study of the
feffect of dlfferlng total radiation levels over a range of photoperlods
.has conflrmed thlS 1mportance |

| 'Photoperlod appears to be lesscimportant than total radiation in the

'*controlfof.teakrseedling development._jPhotoperibdic‘effects may only be



1mportant above cr1t1ca1 1evels of total radiation. .

' There was an 1nd1cat10n from both studles that photosynthe51s (an
shown by NAR) mlght play an 1mportaﬁt role in determ1n1ng the response of
futeak seed11ng development to total radlatlon.A There ‘was ‘also an 1nd1cat10n‘
'v_(Chapter S) that varlatlon in. leaf structure mlght be assoc1ated with -

v'these putative dlfferences in photosynthe51s
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PART 111

THE STUDY OF PHOTOSYNTHESIS RESPIRATION

'AND LEAF DEVELOPMENT OF TEAK SEEDLINGS
OUTLINE QF PART I1I

‘-dThe studies repcrted.in Part II inditated'the rate~of'photcspnthesis
and the type of leaf development under varlous cond1t1ons of temperature r
‘band radlatlon were 1mportant determfnants of the response of teak seed—
llngs to these condltlons. The: effect of temperature and rad1at10n levels
on’ teak seedllng photosynthe51s and leaf development is ‘studied in thls
-fpart of the thesis. | | |
| ' Inltially in. Chapter 7 the apparatus used for measurement of photo-
:synthe51s is descrlbed and- details glven of the prellmlnary studies which
'1hshowed ‘the 1mportance of leaf age on the rate of photosynthe51s The
results of this study aided selectlon of the leaves to be used for the
lzelater stud1es. |
| Chapter 8 outllnes the studies of effect of light 1nten51ty on the
-frate of photosynthe51s, 1nc1ud1ng determlnatlon of the 11ght ‘compensation
point and the light saturation level for teak
| Chapter 9 compares the rates of photosynthes1s and resplratlon of teak
,.seedllngs under dlfferlng levels of total radlatlon and temperature.

‘ The leaf structure (i.e. “cell size and number) of teak seedllngs are
examlned under different temperature,cond1t1ons_(Chapter 10) and different

';1eve1550fltota1 radiation and daylength (Chapter 11).



'ChAPTEh’?
AN OUTLINEZOF MEASURhMENT of bHorosYNrHEsis.r
o ANDnesPiRATIoN o
“ | 71 . iNrRopocT.ioNv -
ThlS Chapter outllnes the procedures used for the measurement'of

| photosynthesrs and resplratlon reported in Chapters 8 and 9 The 1mport—

'ance oflleafnage-rn selectlng materlal for.measurementils demonstrated.
7.2 MEASUREMENT OF PHOTOSYNTHESIS AND RESPIRATION -
'7.2.1 Apparatus

o The rates of photosynthesis and respiration were-meaSured using the
-,apparatus shown in Figure 7'1- Air waS'drawn~into the‘system’from the

o roof of the- phytotron burldrng and short term fluctuatrons in. CO2 concentrat—

. ion were e11m1nated by'pa551ng the a1r through a large (200 &) stlrred

~?m1x1ng drum. The air. comlng from the drum was splrt into two streams. One
’lewas passed through a calcrum chlorlde dry1ng column and a 'Gapmeter' 2 2
":flowmeter to a Grubb Parsons SB2 Infra Red Gas Analyser (IRGA) and used as
'7~reference air. f The other stream-was-passed through a 'Flostat' regulator _
and a 12 2 flowmeter to the perspex a551m11at1on chamber. The air return-
A'1ng from the. assimilation chamber was passed through a 12 2 flowmeter, a
‘t'fcalcrum chlorlde drying column and a 2 % flowmeter to the IRGA as sample
{ ,“Aifté Return a1r not be1ng-passed}through theVIRGA was vented to the
f’_atmospheretb The air flow rates used varied from 6 2/min.'to 12 2/min.
l »;The'assimilationichamber (18 cm x 56 cm x 2 cm) was in an artifrcially |

v 1it LB growth cabinet. Temperature inside the assimilation chamber was
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reéulated'hy‘manipulating the temperature centrol‘of the LB Cabinet and

‘ 1nside the chamber was measured. underneath the 1eaf w1th a thermocouple.
connected to ‘a Honeywell potent10metr1c recorder

vf‘ The IRGA was callbrated to ‘measure the CO d1fferent1a1 between the

_-sample air and reference air agalnst a background of 300 ppm CO2

L nltrogen " The SWltCh on the IRGA was arranged S0 that the 1ncom1ng a1r

‘f_ vsubsample could be spllt to pass through both tubes of the IRGA to g1ve |

a zere. Wlth the switch in this p051t1on the air contlnued to move -
: .thfough the“assimilat10n~chamber in‘a_nermal_manner s0'that the equilibrium
1;§ffthé.le#fjto ﬁhe:COhditiOns innthe”assimilatien chamherrwas net disturbed
whrle the rero'was being:taken:h Durlng measurement the IRGA readlng wasv

‘ arelayed onto a Heath Servo- Recorder (Model EUW 2 OA) ThlS alded in |

-determlnlng the steady p051t10n befbre the f1na1 readrng was taken.
: 7.2,2;.Calcu1ation of Photosynthetic and Respiratory Rates

The rates of photosynthe51s and resplratlon were calculated us1ng

7‘¥the formulae modified £rom Sestak et al. (1972)

ACXF x 44 x273xPx105 l2. -1

PH RS A x 22 414 x T, X 1013 P 106 o mg C02dm hr

Where‘PH, RS -rate of photosynthe51s and resplratlon

o . AC ,"'=Vthe dlfference in CO, concentratlon of the air stream

. _ before and after the“assimilation chamber. measured at,
' -~ the same temperature ‘and pressure (PPnO

- F l = a1r flow rate through the ass1m11at10n chamber (2/m1n)
- A “ ?'leaf area (cm b}
T = absolute temperature (K) at which the: flowmeter was

calibrated and the temperature of the flowmeter at.
t1me of measurement

} P “‘= barometric pressure (mb) at the time of measurement,
' usually the same as normal atmospherlc pressure (1013 mb).
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7.3 LEAF AGE

| The rate of photosynthe51s varies con51derab1y with age of leaves
.a(Kramer and Kozlowskl, 1960) The rate generally 1ncrea5es with
.1ncrea51ng leaf age up to some: cr1t1ca1 level of maturlty, and then
f’decllnes; AVIn ordet to obtaln unlformlty for the measurements 1n-the :>
' eiperimeuts;.the'pattern of change iﬁ‘ratesdof photOsynthesds withlleaf
age of teak seedllngs was determlned | o
. Five seedlxngs on which the 51xth leaves had Just unfolded wete
selected from the seedllng stock for the measurements of photosynthes1s |
and leaf area development Photosynthe51s was measured on single intact
“leaves at a tempexature ofISS;C.and a»levelaof light 1ntensxtyvof 800 uEm -2

(3700 fc) The measurementsiweie made daily over a period of 30

" ddays.
: Chahges in uet photOSynthetic_rate and Teaf'area over the period'are
dd plotted in Flgure 7 2 Thefrate of photosyutheéis iucteaSed'as leaf
:area 1ncreased and reached a maximum when the leaves fully expanded
e about days 13 14 The rate then decllned at day 15 and remalned falrly
;iconstant unt11 day 20 before beglnnlng to drop off substantlally |
| The results 1nd1cated the rate of net photosynth651s in teak seed11ngs
*fNVarled w1th age of»leaves. Howevet, the rate was falrly stabTe for 4-5
'»-dayefaftet the‘Teaves‘attained their‘finallsize.
T’Qn the'basiS'of}the abote'evidence, allvmeasutemehts,of photosynthesis
'~ and resoifation'reported'in Chapters 8 and.Q‘were made oueTeavee.within
vflve days of thelr becomlng fu11y expanded |
| The sixth to elghth leaf palrs above the cotyledon were used for
the measuremente. For the experlment reported in Chapter 8 leaves of the
‘seventh pairs were used. In Chapter»Q, those of the 51xth_pa1r-were used

in Experiment 1 and the eighth pair in Experiment 2.
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CHAPTER 8
'EFFECT OF LIGHT INTENSITY ON THE RATE OF

PHOTOSYNTHESIS OF TEAK SEEDLINGS -
8.1 INTRODUCTION

ln the eerlier:stndies'repertedrlnAthis thesis tParts-I'andle)v'

‘ there were 1nd1cat10ns that responses ‘to variations in l1ght radlatlon _
could be caused by dlfferences 1n rates of photosynthe51s at d1fferent
levels of 11ght 1nten51ty The ev1dence was. c1rcumstant1al and- based
prlmarlly on calculation of net assimllatlon rate

The study reported in thlS chapter has (1) determlned the rate of

"photosynthe51s of teak seedllngs at dlfferent levels of" llght 1nten51ty,
iiv(11) determlned resprratlon rate in the dark and ‘(iii) established
B -;approx1mate 11ght compensatlon p01nt and 11ght saturat1on level for
“‘wphotosynthesls in the species. " The relevance of thls to teak seedllng
'[;performance is dlscussed - Its relevance to the 1nterpretatron of the

t,results of the controlled env1ronment studles W111 be d1scussed later 1n

[f‘ Chapter 12
s ‘MATERIALS.AND METHODS

, Seed11ngs used were part of the experlment outllned in Chapter 6
::C'ln wh1ch the seedllngs were grown at various llght 1nten51t1es, i.e. 200,

‘-1

5265 400 530 and 800 uEm~ 2 . (There were two treatments at 400 nEm” -2

secf1 under the two dlfferent total radlatlon cond1t10ns, 50 and 100 cal cm -2

- day” )'(See.Tab1e>6.1). Measurements ofﬂphotosynthe51s and resplratlon
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were made hhder'all_six'conditions.
- .jfThe;measurements_cqmmenCed when the:seediings had heem in the
btreatmeﬁts'fer four weeks. At this stage the seedlings had aeveloped
'vapbrerimately‘miﬁe_pairsvof‘leaves."Six>Seedlimgs'mith.the~seventh.,
‘_‘ieaf pair'jUSt fully expah&ed were Seiected‘in‘each treatment.
| The measurements of photosynthe51s and resp1rat1on were madevon

the seventh ‘pair of leaves of the selected seedllngs u51ng the apparatus

’x;'outllned in Flgure 7.1 (Chapter 7). Photosynthet1c rates were

<

:determ1ned at a temperature of 30 c, and dark resplratlon rate at a
Ltemperature of 25 C These were the day and nlght temperatures at
3  which the seed11ngs were'grow1ng The seedllngs were well watered
".before belng taken to the measurement chamber
“Data were subJected to a 51mp1e ana1y51s ef variance with six.
- seedllngs at each 11ght 1ntenslty level Comparlson of‘the,51gn1f1cance
~of the mean differences_between‘photosynthetic rates and.hetween respire

" ation rates were made using Duncan's multiple»range.teSt.
8.3 RESULTS

The rates of photosynthe51s were slgnlflcantly affected by d1ffer~ :
 1ng levels of 11ght intensity but there were no dlfferences in the dark
exiresplratlon rates between the seedllngs (Table 8.1).

"”The llght’response curverof photosynthe51s_1s 111ustrated in'Figure
8.1, ‘in‘geﬁerai, the rates of photosyhthesis;increased.with'an increase
in light intehsity within the range 200-800 uEm 2sec™! (Table 8.2,
,_Flgure 8. 1) V | o |
The response however showed a tendency for rap1d rise in photo-

synthetic rate with increased light intensity at’low levels -of light
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Table 8 1 Summarlzed result of ana1y51s of varlance of the data
S presented in Table 8.2.

- **%* jndicates’ 51gn1f1cance at the 1% 1eve1

;ﬂns indicates not significant at the 5% level

‘Source of © Degrees of .. Mean -

. variation = freedom ~ squares - ‘F-ratio

‘“_Nét'phOtosynthesis - .
Light intensity 5 126.206 . 109.140%**

. Erfor 0 © o 1.187

_ Dark resplratlon

._nght 1nten51ty s .0028 S 733"

e Errpr _ ’: 30 : . .0038

 4 Table 8. 2 Bffect of llght 1nten51ty on- the rate of photosynthes1s -
' . and respiration. Data connected with a vertical line
- are not 51gn1f1cant1y dlfferent at the 56 level

3 Light'intenéity 'Net photbsynthesis o Dark resplratlon
 uEm 2sect! Mg €O,dm~2hr-1 Mg CO,dm~2hr~1

200 7',A5 Coass S 129
400 ,-f A: f‘ .10.76.> o o S ‘1.31
"vl ',4oo, ‘ o ' Comes | E "f' 1.30

530 1464107

800 - 1736 1,29
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1 [ 1 1 I 2

. 0" ; o " . o _—
0/ 200 300 400 500 600 700 ‘ 890 900 ‘1000
' Irradiance (uEm'zsec‘l) .

Figure 8.1 Values for net photosynthesis.of teak seedlings recorded at
different irradiance levels.

O Trepresents estimated values
A Tepresents mean respiration of the six treatments



‘intenSity‘easing to a more.gradual rate'of increase at the‘higher
: ihtensities An 1ncrease in llght 1ntens1ty from 200 to 265 uEm 2sec -1

’(336) 1ncreased the rate of photosynthe51s by 58% whllst a larger (51%);

;ncrease 1n the 11ght 1eve1 from 530 to 800 uEmzsec 1 resulted.ln only

h_'a 19 increase in the rate of photosynthe51s

The max1mum 11ght 1nten51ty posslble in the'exper1menta1 apparatus
 was 1nsuff1c1ent to maximize the rate of photosynthe51s, 1nd1cat1ng that.‘
the llght saturatlon p01nt for the spec1es 1s above 800 uEm 2 cfl, (N.B;
This is about 3700;f.c, under the.lrght<source in the.LB_cablnets)Q
:Extrapolation‘of the corve in Figure 8;1:indicate5-1rght seturation'WOuld
i occur .at approx1mate1y 900 uEm2 sec (4000 f.c. }‘ |

, L1ght compensatlon p01nt as estlmated by 1nterpolat1on was reached
at.about 55 uEm*zsec (200 f c.) (Flgure 8. 1)

There were no dlfferences 1n dark resplratlon rate between the

. ._seedllngs grown ‘at dlfferlng levels of light 1nten51ty The rate recorded

"varled sllghtly from 1.25 to 1.31 mg €0,ydm” 21 (Table 8. z)
8.4 DISCUSSION

~The‘re$u1ts demonstrate a marked effect of 1ight intensityhon'the .

) .: rate of photoeyhthesié of teak seedlings. The rates of photosynthesis

vincreasedAWith,increasing light_inteﬁsities-within the rangeAZOO—BOO-uEmhz

sec;;.

Slmilar results in wh1ch plants showed 1ncreased photosynthe51s w1th
'llncreased 11ght 1nten51ty w1th1n the same range as- that used here have
been reported in Chapter 4, e. g Pinus taeda, 300~ 10000 f.c. (Kramer |
and Dicker, 1944; Bormann, 1956), Festuca arundinacea, 10-121 W%
(Woledge,'1971);‘Trificum boeoticum Boiss., T. spelta h‘and*T. aestivum L.,

v,50—350 Wm"2 (Dunstone et al., 1973) and several eucalypt species, 125-685

-uEm;'zsec"1 (Awang, 1977).
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The rcsults 1nd1cate that the max1mum llght intensity, 800 uEm 2sec 1
(3700 f c.) possible in the experimental cond1t1ons was insufficient
: ,for the seed11ngs to- attaln thelr max1mum rate of photosynthe51s The‘
. The putatlve saturatlon level of 11ght 1ntens1ty for teak 4000 f.c., .
.:1s hlgher than that of some other broadleaf spec1es such as Acer saccharum,‘
»b_A; rubrum,‘ouercus macrocarpa M1chx., Q velutina Lam QI alba,L.nand
Fagus grandszlla :' ‘These spec1es have saturatron 11ght intensities
" below 3000 f.c., and are elaséified ae shade tOIeraht.species (Kramer .
b‘:ahd Dicker, 1944* Loach, 1967' Wuehscher and'Kezlewshi, 1971). -The
?higher level in teak seems to conflrm that the spec1es is 11ght demandlng
~ The putatlve 11ght compensat1on p01nt for teak (200 f.c.) is higher

'than that generally observed for- shade tolerant 'species wh1ch have been
. »shown to be as low as 50 f. c (sectlon 4 2.1, Chapter 4)y. ThlS again

'conflrms that teak is a shade 1ntolerant spec1es

“However, ‘there was some ev1dence that'the Species'couid tolerate‘

some degree ef shading " The results showed a relatlvely steep rlse'
in the rate of photosynthe51s at low 11ght 1ntens1t1es. A steepvrlse
' fof-photosynthetlc rate at low light lnten51t1e5'1nd1eatee.a high.efficiency
- of lightbabsorption and utiliiatien by leaves‘at‘10w“light intensities

i(Loach' 1967) ._ The resbits‘thus suggeét that teak seedlings ceuid

:grow and- surv1ve under some degree of shadlng desplte its 11ght demanding
'h.eharacterrstlcs. Thls agrees W1th the observatlons in the f1e1d

" (Kadambi, 1957; Takle and MuJumdar, 1957; Wyatt.melth,- 1967) .
8.5 CONCLUSION

An impertant effect of light intensity on . the rate of,phetosynthesis ,

Qf'teah seedlings has been demenstrated,A The rate of photesynthesis
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iin@reaéed with iﬁcfeaSing light.intensity within fhehrange 200-800
 uEm2sec™! (800-3700 £.c.). | |
"ffheréwere-indications thaf light éoﬁpensation pbinf wduld'be‘at -
‘vébbﬁfiss'pﬁm'?sécfl (200 f.c.j>and>1ighﬁbsaturation.ﬁou1d~QCCUr‘at
’:éboﬁt'god.ﬁﬁm'?Sec'l (4000 f;c}).. Thellight’cdmpensétiqh épiﬁt and
light §a;Uratioﬁiievéi confifﬁ.fhat teékis:é light demander. Howeygr '

there is ‘évidence that the species can grow under some degree of shading.

P
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Throughout this chapter the term 'Light Respiration' %s used. This refers
to the respiration occurring during the period uhen.the cabinets have‘closed and )
the only illumination is provided by low intensity incandescent 1lights which continu
the illumination to provide the necessary length of photoperiod. Thus during this
period there will be a net loss of energy due to respiration even though the trees
are illuminated and this has been referred to as 'Light Resplratlon' This should
not be confused with 'Photorespiration', ie. the respiration which occurs during
‘perlods of active photosynthesis.

LHAPII:R 9

EFFECT OF TOTAL RADIATION AND TEMPERATURE ON TEAK

SEEDLING PHOTOSYNTHESIS AND RESPIRATION
RN 'INTRODUCTION N

The study outllned in Chapter S 1nd1cated the presence of an 1nter-

actlon between total 11ght rad1at10n and temperature as controls of
‘teak seedllng growth. The growth ana1y51s studles in the same - experlment
-1nd1cated dlfferences 1n net 3351m11at10n rate and thus suggested the

-effects could have been caused pr1mar11y by varlatzons in rate of photo-

:synthe51s at dlfferent 11ght ‘and temperature levels.
| The experlments reported in this’ Chapter ‘have compared ‘the rate of

photosynthe51s and resplratlon of teak seedllngs under dlfferlng levels

of total radlatlon and temperature

9.2 .v‘,MATERIALS AND METHODS

Two experlments were conducted in art1f1c1a11y 11t LB cablnets

) The flrst compared performance of teak seedlings under total radlatlon

- :of 100 cal cm day 1, and the second under 200 cal cm 2day 1. The - 11ght
' Alevels were the same as for the experlment reported in Chapter 5. ‘The
Tphotoperlod in both experlments was’ 16 hours : Three temperature regimes
dwere used for both experlments (33/25 33/28 and 33/31 C)..
‘The t1m1ng of the temperature and da11y 11ght/dark cycles d1ffered
Tsllghtly from that normally used in the phytotron. This was possible

becaUSe‘artificially lit cabinets were used and facilitated measurement
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of photosynthesis and respiration.. Thus these parameters could be

lb"‘ recorded.ferneach seedling on the same day, Timing details of the

regimes are illustrated in Figure 9.1.
. 9.2.1 -EXperimeht‘I .

Thlrty seedllngs at the fourth leaf ‘pair stage were selected for
vun1form1ty and divided into three groups of ten.. Each group was allocated

p.at random to one of the temperature reglmes. »The seedlings were grown

'l.falunder theSe cond1t10ns unt1l the s1xth leaf pa1r had fully expanded

._about four weeks after transfer

In each temperature reglme, f1ve seedllngs each w1th the 51xth leaf
‘pair just fully-expanded were-eelected. Measurements of photosynthes1s
- andArespiration were'made en'these seedlings Qh'the leaves:of the sixth ‘
pairt | | o |

Net photosynthe51s was measured durlng perlod 1 (day temperature -
. full 11ght) and llght and dark resplratlon durlng per1od 2 (n1ght temper-
‘ature - low 11ght).and per1ed 3 (n1ght temperature.- dark) respectlvelyA

(see Figure 9.1A).
9.2;2>:Experiment 2

-f FolIOW1ng Experlment 1, a further 24 unlform seedllngs from the
~ same sow1ng and at the 51xth leaf pa1r stage were Selected Elght

seedllngsbwere placed in each temperature treatment under 200 cal cm'.2

“”-b day71 cenditions.f These seedlings were allowed to grow for about four

.weeks at Which four seedlings with the eighth leaf pair jUSt fully
_expanded were selected for photesynthesis and respiration measurements.

Net photosynthesis and respiration. rates were determined during the
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A Exgprlment 1 (Total. radlatlon 100 cal cm” day )

———

“Day : ‘ H;nght Temp
Temp i : :
. ‘ S
Photosynthe31s : ReSPirationi
| 1 -
ngh nght 1 : -:A
12.5 calen 2haf ! Low Light 1
e =2 -1 s
0.05 calcm “hr . :Dark

B Experlment 2 (Total radlatlon 200 cal cm 2day )
. Day o N1g,ht

' i . | .

Photosynthesis iDark respiration |

L . _

Bl
]

: PhbtoSynthesis

12.5 cal cm ?hr ]

1000 1800 0200 1000 hours
-Period 1 - ‘~>Period 2 .~ Period 3

Flgure 9.1 T1m1ng details of temperature and light- dark cycles
used for the measurements of photosynthe51s and -
resplratlon
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same periods as in the .first experiment However, the light level ‘in.

o perlod 2 was much hlgher than in the correspondlng perlod in the first

o experlment (see Flgure 9 lB)

'_,subJected to standard ana1y51s of varlanceJ

”'f‘multlple Tange test was used

The data for each of the three periods imAeaeh experiment were

. were five seedlings

'1n each treatment in Experlme

»'f1betweenvth9 temperature treatmen
9.3 RESULTS

: There Were ne'eighificantfdifferehees“ih the‘rateevof:photosynthesie
measured durlng the perlod of day temperature, presumably because a11
‘materlal was at the same day-temperature (33 °0). - The rates durlng the
‘perlod of 'nlght' temperature, and 11ght and dark resp1rat10n rates-

'_dlffered 51gn1f1cant1y at the dlfferent temperatures (Table 9. 1)
'_9.3.13-photo;ynthesis; -

There'uere no'difteremceéiih.the ratesfefhphotosynthesie meesured at
r*;the common day temperature of - 33 C in both exper1ments. The valuee r

uf recorded were 18 11, 17 86 and 18 51 mg CO dm” hr -1 in Erperiment 1, and

'{:fwere 18 56 18 01 and 17 98 mg CO dm 2hr : rn.Experimentxi,(Table 9.2,

.*n;Flgures 9,2 and 9.3). Thus the,dlfferent nlght temperatures had no effect

*I: on. the rate of photosynthe51s durlng the day o |

| The rates of photosynthe51s measured durlng the perlod of nlght

: temperature (1 e. Period 2 of Figure 9.lB) werezgreeter the higher the

htemperature (Table 9.2, Figure 9. 3). The veluee recorded-were greatest

.'at 31 C (18. 21 mg CO dm” hr ) ‘and 51gn1f1cant1y lower at 25°C (16 09

-2, -1

mg CO2 dm “hr “). The values_recorded'at 28 C were 1ntermed1ate'

\



s Tablefgri Summarlzed results of ana1y51s of varlance of the data

_ presented in Table 9.2. :
Sk, %% x%* jpndicate significance at’ the 5, 1 and 0.1%
*levels resPectlvely, ns indicates 'not- 51gn1f1cant at

1the S/ level'

\;Source'Ofi C Degrees of Mean F-ratio

- variation 'v'freedom . squares. . | -

' EXPERIMEN

. Photosynthe51s (day temperature)

 Temperature 2L 2490 0 1.770™
 Error . 12 1.409 ' '

‘Light'reSPiratidn.

Temperature 2 .057 5,70

'xdErrorﬁ:.‘ﬂ h -12,1 ‘ 0,010

' Derk-ReSpiration
'eTemperatﬁre S d2 700 7.731%
" Brror 12 . 022

EXPERIMENT 2

Photosynthe51s (day temperature)

" Brror ,’7 9 o 1.094

:Photosynthe51s (nlght temperature)

o Temperature - 2 | fﬂA o 4;495_ o 5.619*
Error»z'_'_,i*‘-_' 9 800

" Dark reepiratiqn

Temperature . 2 211 13.854%%

3 Error - - ”=: . 9 _ .OISj




50 SR | tzst o |se'sT o as/ss
lser . |srer - jrost o se/ss 00z T

725 S . Jooter os'st . sz/ss.

CeLT w0 st 1s/ss

60T o lezo o festut - sz/es 0T T

T | _ow.o__ . et se/ss

jaeq o . p:maq o Jnso* ppwﬂz u .NEUw.xna.., . :mﬁ:\%dv u Aep,_ wd TEd  ‘ON
_.ﬁﬂaa: Emmou msu :oauwaammmm - ,mﬁyn:muiuwou Su) siseyaudsozoyd _ _onﬁumamnﬁo& =0mum~vma dmuoh *qdxg

pmop 0&:«& oﬁmapﬂzs

s cmocsa 03 m:awaooum ﬁo>mH %5 ayj 1e u:ouommﬂv zﬁuﬁmoamﬁamam sxe OUTT TEDTIISA B UYITM PIIOSUU0Dd 30U
B31EP mnp mmcaﬁvwom xmup mo cOHumHammwh pue mﬁmmsuchm0po£m uo mu:ummomsup pue :oHumavwa prou 30 uUQMMm z°6 oapmh.




20}

19l

18}

17¢

e

16

AN\
AN Y
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, ‘Temperature (°C) o

Flgure 9. 2 Effect of temperature on the rates of photo--
synthe51s and respiration of teak seedlings
- grown under total radiation of 100 calcm™ day
. conditions (Experiment 1).

PD = Photosynthesis durlng day temperature
- (period 1)

RL = Light respiration (period 2)

RD = Dark respiration (period 3)
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_ mg CO,dn” st
20, S ‘
o
19}
R — 1 _APN
184 B o -O— ———-===0pPD
17 . o ‘.".‘:’ ,.».Af
16 a-""
F
) s ——O— — — .
1 ! D—.T"—.—'— N . P
33/25 - . -33/28 : ',33/31

Temperature (OC)

Flgure 9.3 Effect of temperature on the rates of photosynthe51s
S -~ and respiration of teak seedllngs grown under total
‘radiation of 200 cal cm™ day 1 conditions (Experiment 2).

PD = Photosynthesis during day temperature (period 1)
PN = Photosynthesis during night temperature (perlod 2)
RD = Dark resplratlon (perlod 3)
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v(17 13 mg CO dm hr ) and d1d not dlffer 51gn1f1cantly from those at
'25 and 31 c |

:v9,322V4RespiratiOn

The rates of light resplrat1on (Perlod 2 Exper1ment 1)-and dark
'lresplrat1on (Perlod 3 Experiments 1 and 2) were greater at the hlgher |
‘temperature (Table 9.2, Flgures.Q 2 and:9 3)-

In Exper1ment 1, the rates of- 11ght and dark resp1rat1on recorded
at Sl_C were s1gn1f1cant1y greater than those at 28 and 25°C. There were‘
fﬁé eignifieant differences between the values.recordedvat‘zs andf28°C'

: but the values at 28 °C were always greater than at 25°%C (Table 9.2,

:Cﬁd'Flgure 9.2).

Slmllarly in Experlment 2, dark resplratlon rate at 31 C was higher
than at 28 and 25 C. Agaln, although the dlfference between the values '
"‘recorded at 25 and 28°¢C was not 51gn1f1cant the rate at the hlgher

temperature tended to be_hlgher'(Table 9.2, F1gure 9.3).
9.4 DISCUSSION

o The results denonatrateianiimportant effect Of.temperature4on the
:hrates of:photosynthesis,and respiration of'teak,seedlings.; The-rates ofv-
hphotosynthesisvand'respiration'increase:at higher temperatures within the

© ramge 25 to 31%. | .

| The rates of photosynthes1e determlned at the day temperature of
-33 C,were very similar in both experlments. Although ‘there was no
d1rect comparison between experlments, 1nd1cat1ons are that the d1fferent
levels of.total da11y radiation had no effect on rate of photosynthes1s.
The results suggest seedlings receiving hlgher total radiation

' (Exper1ment 2) would have greater overall photosynthetlc productlon than
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.these reteiving lower'radiation (Experiment 1 soieiy Because the.lignt-

'1ng arrangement permltted photosynthe51s to be malntalned longer.
Furthermore,ln Experlment 2 although the seedllngs experlenced the

' same total radlatlon of 200 cal cm 2day 1; thoseAgrown atrthe hlgher'

.'n1ght’~temperatures (e g. 31 C)uwould have-greeter photesynthetic

‘productlon than those grown at the lower 'n1ght' temperature (e.g. 25 C).

Thls obv1ously had 1mpertant 1mp11cat10ns for 1nterpretat10n of theA‘

results of the other exper1ments Thls is dlscussed 1n more detail in

"Chapter 12
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_CHAPTER 10

EFFECT OF TEMPERATURE ON THE GROWTH AND -

~ DEVELOPMENT OF LEAVES OF TEAK. SEEDLINGS .

©10.1  INTRODUCTION

The experlments reported in thls chapter have examined the growth
"'and development of leaves of teak seedllngs grown under dlfferent

f >temperature reglmes, and the effect of a change in temperature on later

leaf development

10.2-‘MATERIALspANDAMETHons

TwovexPeriments were-conducted in'artifieially 1it LB cabinets

The first. experlment examlned the effect of three temperature regimes

, (33/25 33/28 and 33/31°C) on the leaf development of seedllngs In this
h-experlment there was- a common photoperlod of 16 hours made up of e1ght
"fhours of hlgh ;ntens1ty_(800 uEmizsec ) and elght hours of IOW»lnten51ty.'
',hfZ(S.nEmfzsecﬁl); vTemperature and'iight/darh‘cyeles were as_shown.in |
»figure S;IB;dhapter 5; with day_temperature'held for'the period-of.high‘
1nten51ty llght Night temperature was held for the'remainder‘of'the 24

hour perlod, i. e. the perlod of low 1nten51ty llght and the dark perlod

‘ The seeond exper;ment examlned_the effect of a,change 1nrtemperature
 from the higher regimes (33/28*and:33/31°¢) to the lover regime of 33/25°C
on:ia;er leaf develOpmentvunder.the samediight conditions.

N.B.tThis experiment as reported was~a11 that couid.be,salvaged fromla

. more detailed study intended to.compare leaf characteristics under different
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g temperature'regimes of 33/25 33/28 and'33/31°C. The experiment'could not
v»'be proceeded w1th because the seedllngs kept under the 33/25 C reglme
fk-were destroyed from a severe shock at 4 °c overnlght due to a breakdown

”'of temperature control in the cablnet
10.2.1 _Experimentvl,

Twentvone unlform seedlings (Kerala provenance) germrnated and grown
.: in a phytotron glasshouse at a 30/25° c temperature regrme were selected
:on each of wh1ch the flfth leaf pa1r had Just unfolded. The seedllngs
;were transferred to grow under three temperature reglmes (33/25 33/28
‘and 33/31 C), i.e. seven seedllngs to each reglme. The seed11ngsrwere
grown under. these cond1t10ns for a perlod of six weeks | Measurements of
',the fOllOWlng leaf growth characterlstlcs were made on the ‘seven seedllngs
durlng thrs period. |
| ‘t(l).Development of individual leaf area;‘k
ft2}:Rate of'leaf”exoansion; B
(3){ﬁumber of.epidermalvcells in leaves;3
<(4)‘Mean:epidermal cell size;' o - H

. (5) Frequency of leaf production,
' 10.2.1.1 Development in area of leaves of the seventh pair’

Development of 1nd1v1dual 1eaf area was determlned u51ng leaves of
hvthe seventh pa1r._ Measurements commenced 1mmed1ate1y after the lamina

” ‘had fully unfolded from the ap1ca1 bud, and contlnued da11y unt11 f1na1
’.leaf 51ze was attalned after about two weeks The length and w1dth of
the 1am1na of each leaf in the pa1r was recorded and the mean of each pair

on each seed11ng calculated. Leaf length.wasAdefrned as the distance
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.fromdStem-tolleaanpex inclnding petiole; and leaf width was taken at

the midestdpaft acro$s‘the lamina at right‘angles to the,mid rib.
'The‘meanvarea'of'each leaf pair.wastalcuiated-using aveimple,correle

_ation equation'eStablished by‘meaeurements of leaf area,'leaf length

'fandlieaf'width‘ovev ahpfevioushsamp;e:of fifty'leaves, _The equation

__uSed'nas_:‘ S

| v - 0.5697 + 0.6432X

: whe:e:_;n'Y. = vleaf area ,

| _Axv.é leaf length X leaf.width,product.

Detailshof‘thelestahldehment of‘thisfcorrelation arehgiven'in

Appendix V.
a 10.2.1f2: Rate of leaf expansion _--"

' The rate of leaf expan51on was calculated from da11y increment of the
mean area of ‘the seventh leaf palr. Data were recorded‘for each seedlfng

"over the per1od of leaf development (i. e. 15 days)
‘10.2.1.3 ,Epidefmalpcell number,andjdimensiOn

v'The.totalvnumber:of epidefmal cells on the upper. surface of leaves

" and the mean.size'of these epidermal cells were determined at three

':_dlfferent stages of leaf development for the seventh palr of leaves of .
‘each seedling. Data were obtained . |
'efn(ij durlng the perlod of rapld leaf growth (day 5),.
A[11) as the leaves approached full expansion (day 10), and
:(111) when 1eaves were fully expanded (day 15).
IThe technlque for cell-number estlmatlon was adapted from that

4descr1bed by Sampson (1961) and modlfled by Dunstone (1972) ‘ The procedure

.. was as follows.
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H-. IMpressions about 1 cmz in area were’made}at the base middle and
tip of the upper surface of leaves W1th a fast. sett1ng, low v1sc051ty
:’5111con rubber compound (Dow Corn1ng RTV 583 with No.4 catalyst)

Repllcas of the rubber 1mpre551ons were made by palnt1ng ‘the rubber |

»w1th clear na11 pollsh and aIIOW1ng 1t to dry The dry lacquer waS’

e peeled off u51ng a plece of clear cellulose tape mounted on-a m1croscope

' sl1de
| ’Cell'counts mere'takenudlrectlyvfrom.tne_screen of a 'keichhert'
~olanameter (screen m1croscope) The sCales or fields used wereﬂcalibrated
j;t:wlth a 'Zelss' stage mlcrometer. |
Counts were made of the number of epldermal cells falllng W1th1n a
measured fleld of 0.15 mm dlameter (0 02 mm ) Ten flelds were counted
bfromaeach sampling and the»mean number of cells-per mmz,calculated fromf
¥_three sampllngs (base, middle. and tip) for each leaf For each stage ofA
.leaf development total number of cells in each leaf was calculated from
the mean number of cells per:mmz of the lamina. . Mean srze of cells
i(squaré micron _ uz)dwnsncalculated,directly fromvthe number.of cells
'bfalling'injthe meaSured;field:of 0.02';mm2;}

10;2,1;4; Fréduency'of'1eaf:production

The t1me 1nterva1 between ‘each succe551ve leaf pair commenc1ng to
unfold was noted for each seedllng over the perlod of six weeks. Mean

~ values were calculated for each seedllng from this perlod.
110.2.2 Experiment 2’

Seed11ngs used in this experlment were from the same - stock as those

“_used forfExperlment 1. Twenty seed11ngs of uniform development in wh1ch

,»lthe fourth leaf pair had just unfolded were divided into two groups, each
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ijten seedlings,'and placed in”LB_cabinete.under the two temperature
regimes of‘33/28'and 33/31°C. ) The'seedlings remained under these
cond1t1ons for four weeks until they had developed approx1mate1y seven
dpa1rs of Ieaves
_vAfter the_fourfueek period‘five eeedlings.from each reglme uere
lbtraneferred toa 33/i5°C regime._ Over a four week per1od the same leaf
;data were recorded as in Experlment 1. Leaves of the eighth pa1r were
used for deta1ls of 1eaf development and epidermal cell data.

...v e o . -/

1Q.273 AStetistical.Analysis
' The.data,were subjected to'enelysle‘of'varlanee; Individual leaf area
"béhdvrate of leaf expansion had tempereture and leafiage.over a period of
' 15 days from leaf unfoldlng as the maJor source. of varlatlon. Epidermal
' ,cell number and size had temperature and three - stages of leaf development
(days 5, 10 and 15) as the major sources of varlatlon. The data»for

“»bfrequency of leaf productlon had temperature as the only ma30r source of

- r.;“varlatlon._ Duncan s. multlple range test was used to determlne the

signifiCance-of dlfferences between treatment means.

. 10.3 RESULTS

10.3.1 Experiment 1

‘There were significant effects of temperature on leaf size, rate of

'”b.leaf'development,and the‘number of epidermalucells per leaf and mean size

- of the epidermal cells (Table 10.1).

],10.3;1:1 Individual leaf area development and rate of leaf

"expansion

.rThe change inlleaf area and the ratelof eXpansion'of leaves of the



f‘Table 10. 1 Summarlzed results of ana1y51s of variance of the data
recorded in’ Experlment 1 and presented in Tables 10.2 -

10.4.

*

~levels respectlvely

"'the 5% level

s ¥ and Hoxk 1nd1cate 51gn1f1cance at the 5, 1 and O. 1%
Ns indicates not 51gn1f1cant at

1£0

. _fSource of Degreeé of -, Mean squares F-ratiol
o var1at10n - freedom ' S .
fvv‘Tﬁe-seventh leaf area development -
. Temperature (T) . 2 12187.417 4.110%**
© Leaf age (A) 14 45808.775 . 86.062%**
T xA .28 636.462" ~ 1.196 7S
- Error : 270 - 532.279 :
~,Rate of 1eaf‘expansioh
" Temperature (T) = 2 252,060 | 14.895%%*
" Leaf age (A) - 14 - 1095.122 64.712%%x
T XA 28 34.670 2.049%*
 Error 270 16.923 |
- Number of‘cells. o
- Temperature ) 2 12.773 x 1013.’ 224.088***
Leaf age (A) 2 -16.46 x‘1011  288.772%x*
- T xA ' 4 3.26 x 1010' - 5.719%*
Error 1: . 54 5.7 x 107 ‘
{ Ep;dermal ce11 size
j Temperature (T) 2 206588.713.v : A115‘204***
Leaf age | 2 12875672.344  1603.612%**
TxA 4 . 12305.759  6.862%%*
~'Eerr~'” .~ 54 - 1793,247 L
FfequenCy‘bfﬁleaf‘prOductibn
' Temperature 2 3.964 5.115*
-+ Error- -~~~ '18 0.775 : :
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,seventh pa1r with age are plotted in Flgures 10 1 and 10. 2 : For all three
treatments the graphlcal curves followed very s1m11ar courses. ,Leaf

expanslon and growth rate in the early.stages ofgdeyelopment, days‘lfz

L after 1eaves unfolded were comparatlvely low ~ This was followed by a

- perlod of rap1d growth unt11 days 7-8. Aftervthis the leaVes oontinued

: to 1ncrease in 51ze but at a very much lower rate until the f1na1 sizé was

h Jatta1ned about 13~14 days from unfold1ng

The f1na1 size attalned was larger at the hlgher temperatures
{(Table 10,2),-- The area of leaves grown at 33/31 °C was 51gn1f1cantly
‘fe larger than:those grownvat 33/28 and 33/2$-C. | The area recorded(at 33/28°C
‘:was.also~larger than at 33/25°C althoogﬁ this dlfference:wasxnotvsigﬁificant.
B iThebrate'of leaf’expanSiOn'was greater'at the higher temperatures
f-desplte a 51gn1flcant 1nteract1on between temperature and leaf ‘age (Table

Q10 2 F1gure 10.2). The leaves at 33/25 and. 33/28 C atta1ned the maximum

. rate of expan51on at day 6 and those" at 33/31 C at day 7. The expan51on ;

. rate was 51m11ar at all temperatures after day 9 w1th the leaves at 33/28
.f'and 33/31 C‘fullyzexpandediat day 13 and those_at 33/25-C at day«14.

| It wasfevidentgthat'the larger'leaf area at the'higher temperatures'
Was_due'primarily to the hlgher rate'of eXpansioo~during the'rapid,growth

'l:period'and,not to erpansion,being.continued for a longer period.
'l0t3ﬂ1,2. Number and.sizevof'epidermal cells :

The number and size]of cells was greater at the‘higher temperatures

- (Table. 10.3, Figure 10.3).

At a11 stages of leaf development the number of cells was greatest

Vat 33/31 o followed in decrea51ng order of magnltude by. those at 33/28

~ ‘and 33/25 c respect1ve1y (Table 10.3, Flgure 10.3).

The epldermal cell size was generally'51gn1f1cantly larger at higher
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~ Table 10.3 Effect of temperature and leaf age on the number and mean
~size of epidermal cells of leaves of the seventh pair of
teak seedlings. Within each parameter the data that do not
have the same affix are significantly different at the 5%
‘level according to Duncan's multiple range test. =

'-Par:ameter; : o bT'e'mperaturé - . Leaf age (day)

S oc o 5. 10 - 15
iNumbér*of:ceils‘ o 33/25 . ,“'~ 4.3 v‘_‘ 6.2b"-  | "é.ia'b
per ieaf'g w0 sy 5.4 et 6.sC

R Csym st L 7.6 7.l
 Mean epidermal 3325 N 607 1}88‘:ﬁ‘ . »iz4zbf
;lééll'siie ﬁzv - 33/28 ”,1. ‘ 700* 12745éF | J;1305°.

| st 720 1418 s
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A ’ Leaf age (days from unfolding) ' ‘

Flgure 10. 1 Change in leaf area w1th age of leaves of the seventh pair
of teak seedllngs grown at different temperatures
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- Rate of'leaf'éxpénsion o

28 cm?day-1
24b
A :o-‘33/31
a 33/28
16 o 33/25
12k
8} :
4& “.' 3 .. | '.
-.DN .
(0] — . R . By N " L _l‘ _ ) I . i%\gg ..... 5 .
1 2 3.4 5 6 7 8 9 10 11 12 13 14 15

' Leaf age (days from uhfoiding}

‘Figure 10.2 Change in rate of leaf expansion with age of leaves of the
..seventh pair of teak seedlings grown at different
temperatures o i



of cells x 1

" No.

132

;Sizé of”epiderma1 cells

5 10 .15
Leaf age (dayS'from unfolding) o

Flgure 10 3 Change in number and size of ep1derma1 cells with
age of leaves of the seventh pair of teak seedllngs

grown at dlfferent temperatures
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~ temperatures than at lower temperatures. 'The oniy'éXception was the
dlfference at the early stage (day 5) between 33/28 and 33/31 C where
although the cell size at 33/31 C was larger the d1fference was not
':statlstlcally 51gn1f1cant (Table 10.3, Flgure 10 3) |
| Changes ‘in- the number and 51ze of cells w1th leaf age 1nd1cated ‘that-
'cell d1v151on was complete well before leaf expan51on was complete
._There was a con51derable 1ncrease in both the number and’ 51ze of cells
B from day 5 to day 10. After day 10, the number of cells was unchanged but
-‘1nd1v1dua1 cells: contlnued to expand. |
Analy51s of varlance revealed a 51gn1f1cant 1nteract10n bEtween

temperature and leaf-age,.: It was noted that the 1ncreased size of ceils
‘.'from day 10‘totday 15'in'the leaves grown at 33/28 was<sllght and not
- 51gn1f1cant compared w1th ‘those grown at 33/25 and 33/31 c (Table 10.3,
Flgure 10. 3) V

1Q.3.153 Frequencyvof leaf production

Seedllngs grown at higher temperatures produced leaves at a faster '
c,rate than those grown at lower temperatures The time 1nterva1 between
the commencement of unfoldlng of'succe551ve leaves was shorter at 33/31 c
' (7 3 days) and 51gn1f1cantly longer at 33/25 C (8 8 days) “The value
irecorded at the 1ntermedlate temperature, 33/28 C was, 1ntermedlate

A:(8 0 days) but d1d not differ 51gn1f1cant1y from each of the ‘other temper—

By atures (Table 10.4, Flgure 10.4).
'10[3;2 EXperiment 2

 Leaf growth.of teakvseedlings was.changed after the seediings had
,been:transferred from both 33/28 and 33/31°C'to 33/25°C (Table 10.5).

Statistical analysis also revealed a significant interaction between the



Table 10.4v“Effe¢t of  temperature on frequency of leaf prodﬁction of
teék-sgedlings, The data which do not have'the4same[affix
' »are‘Significantly different at the 5% level according to

' :DunCan's.mUItiple'range test

Parameter = - _' €1 ’ o vTemperature_(oC)' L
- ’ 33/25 - .- 33/28 ‘ 33/31
Frequency oflleaf»produétion ~ g.8% -~ g,0%P B 7,3b'
(day) -
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"FreQﬁénéy of leaf production

. day

sl —_—
33/25 - 33/28 ~  33/31
Temperature (9C}

Figufe'10.4 Effect of‘témperatﬁre on frequency .

of leaf production
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growing temperature and leaf age in some leaf-characteristics but never-
theless there was a tendency for the growth to be depressed as a result

of decreased temperature (Tables 10 6 - 10.8).

‘}3'1033.2,1 ”lndiViduallleaf-area dewelopment”and rate of‘leafvi

expansion’

The patterns of the e1ghth leaf area development and the rate of

- expan51on are shown in Figure 10 5 Lo -.i o :

' There was a srgn1f1cant 1nteract10n between the growlng temperature
‘andtleaf age. Although the growth curves of leaves followed a 51m11arl
":pattern, they dlffered in the steepness of slope; Leaves kept under

33/28 and 33/31°%C throughout developed faster than those transferred to

. 33/25°C during the early stages. While the leaves kept under constant

».temperature'conditions approached_the fully expandedletage and the growth
Tirate;began to'decline (at days 6-7) thoSe.transferred to'SS/ZSQC just
.‘entered-the most_rapid growthkperiod} H |

| .re:The_decreased temperature resulted in arlower rate'of development and
- the eubsequent leaf area was smaller than under>their~orlgina1 temperature
' 2

conditibns The area of leaves kept contlnually at 33/31 C was 432. 72 cm

.‘and was reduced to. 347 79 cm2 at 33/25 C. Slmllarly, the area of leaves '

'1-kept contlnually at 33/28 C was 326 62 cm2 and was smaller at . 33/25 Cc

"f(302 54 cm ) It ‘was noted that the area recorded for'leaves transferred
dv:'from 33/31 to 33/25° C was still larger than that for leaves kept under
‘33/28 C throughout. | |

As for Experlment 1, the larger leaf area produced was due primarily

vvto the hlgher rate of expansion (Table 10. 6 Flgure 10. 6)



- Table 10.5 Summarized results of analysis of variance of the data
' ~ recorded in Experiment 2 and presented in 10.6-10.8.
*#,%% and *** jndicate significance at the5,1 and 0.1%
levels, ns indicates not 51gn1f1cant at the 5% level

_Source of  ~ Degrees of

'5.21 x 1011

‘variation - freedom , Meaﬁlsquare§  ,AFQfatio'
”>g Lea£'8rérea BGVelopﬁént . o
Established tém,'(ET). 1 136517.791 40,957%**
' Growing temp. (6T) 1 - 284608.965 '85,387*%
 Leaf age (A) TS 408194.332 122.465%%*
BT xGT 1 17677.317" 5,303
ETxA - 14 5064.902 1.520 "
GTxA 14 6596.308 1.979%
CETxGTxA 14 11113.818 .334 1S
 Brror 240 3333.164 |
‘~'R5te of leaf expansion , .
‘Established temp. (ET) 1 2008.555 | 18.299%*
Grow1ng temp. (GT) 1 1062.833 © 9.683%*
Leaf age (A) | 4 © 9392.480 85.570%**
CET x GT S | 249.725 2.275 ™S
ET X A 14 144.824 1.319 "
GTxA 14 - 1128.080 10.277%%*
CETxGTxA. 14 107.403 .978 PS
,Error‘.‘ o - 240 ' '109.764b
i Numbér_of gellé
" Established temp. (ET) 1 156.494 x10"2 300.228%%%
~ Growing temp. (GT) 1 80.042 x10}2 153.631%%*
Leaf Age (A) 2 141,681 x10'° 271.940%%*
CETxer 1 26.799 x1012 51.438%%*
ET x A 2 11,06 x 1011 2,123 ™8
GT x A 2 6.54 x 1001 1,255 78
BT x GT x A 2 3.4 x 100 ~ .065 1S
:Error . 48

137
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Table 10.5 (cont)

- Source of S : . o ‘
variation = = Degrees of freedom  Mean squares F-ratio

' ;Epidefmél‘ceii size |
. 20451.067  12.603%**
151403.266 - 93.255%%%.
2926850.937  1802.759%**
3168.267  1.951 ™%
1293.007 796 "%
. GIx AL 27806.517 - 17.127%%*
L ETxGTxA ) S 280i717 . 173 ™
Error = 48 - 1623.540 |

Established temp (ET)
 .'Gr§wing‘temp. (GT)
et g

ETxGET
ETxA

RN N B N B e

Freqﬁency of leaf production
'~ Established temp. (6T) 1 -~ 1.0s8 =~ 2.103
. Growing temp. (GT) 1 .. 13.778 - 27.392%%*
. ETxGT 1 L2e2. 0 s ™

"Error - . 16 - . .503
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Leaf area
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®—33/31 throughout

,;,A | 9----033/31t033/25
/},,,  - g‘____,;A33/28 throughout
i s/ . 8----A33/28 t033/25
_ ) o ' : .
N
50|
AO‘L“!“,’. ‘l 1 1 - L P A d —d 3 I 1. ‘. ]
' 0 1 2

3 4 s 6 7 8 9 10 11 12 13 14 15
Leaf age (days from. unfolding) ' -

Figure 10.5 Effect of ‘change in temperature from 33/28 and 33/31°C to
33/25 C on leaf area of the eighth pair of teak seedllngs
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‘Rate of leaf expansion

_emday™t

- °- e 33/31 throughout

| \ " o<i_—o0 33/31 1033/25

A A 33/28 throughout

. Ae---a 33/28 t033/25

: : - - 1 : —
0 .12 3 4 5 6 7.8 9 10 11 12 13 14 15
o T '7_ Leaf age (days from unfoldlng) SO

Flgure 10.6 Effect of change in temperature from 33/28 and 33/31 C
~ to 33/25°C on rate of leaf expansion of leaves of theA
~ eighth pa1r of teak- seedllngs



142

f10.3.2}2 Number and_eize of epidermal cells

The decreases in temperature reduced the number and size of epidermal

dcells in the leaves (Table 10.7, Flgure 10 7)
Desplte the s1gn1f1cant 1nteract10n effect the number of cells was

v reduced on leaves transferred to ‘the lower grOW1ng temperatures H_For

"'.example the number of cells Tecorded on leaves retalned at 33/31° C were

,18,6, 23.1 and 23.3}m1111on_oVer.days.5 10 and 15 respectlvely, and were

" reduced to 14.4, 19.9 and 19.8 milion respectrvely at 33/25°C (Table_10.7, '

:J_<Figure'10'7) * It was noted that the reduction in'material subject to a
Achange from 33/31 to 33/25 C was greater than that from 33/28 to 33/25 C.

‘Mean ep1derma1 cell 51ze was also’ reduced in seedllngs transferred -

”:{1‘to 33/25 C. The 51ze of cells recorded on leaves retalned at 33/31 C

B throughout was 810 1385 and 1456 uz at days 5, 10 and 15 respectlvely,
 and was smaller at the same . days, 620 1283 and 1400 u2 when transferred
'to 33/25 C.. There were no d1fferences 1n the cell 51ze of the 1eaves

g at: 33/25 C between those transferred from 33/28 and 33/31 C (Table 10.7,
: 1F1gure 10. 7) - A .

-{'10;3;2,3 Frequency ofrleaf.produCtion ‘

The frequency of leaf productlon was delayed as a result of the
'_'decreased temperature. " Under 33/28 and 33/31 C throughout the time -
1nterva1 between two successive leaves becomlng unfolded was 8.7 and

8 0 days respectlvely, and was longer after transfer to 33/25 C (10.1 andj

‘:9 9 days respectlvely) (Flgure 10.8).
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Table 10.7 Effect of change in temperature and leaf age on number and
size of cells of the eighth leaves of teak seedlings.
~ The data which do not have the same affix.are significantly
different at the 5% level according to Duncan's multiple
range test. TT = Temperature throughout; TC = Temperature
-changed to 33/25°C S : o 3

Parahetefs ' ' Established' Growing — 'Leaf age (day) -
o = “temp. : temp.. = - '
S ) IR 6% N ) 10 15
sy Tr 14.4% 18.4°F 1850
No. of ge11s~x‘ 1 132 17.PC q7.sP
. . : . e
o 33/38 Tr 18.6°  23.1  23.3°
| ¢ 14.4% 1998 10.8¢
3328 ot 7a® o 1sas? agmrd
cell size(wdy - Tc - 602 1269 13679
- | 33/31 ot 810 138s® 1456
¢ 620% d

1286 1400
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24

o 22

201

16

141

" No. of cells x 10°

124

. 'S

®— @ 33/31 thrdughout
0= ---0 33/31to 33/25
N _a 33/28 throughout

A- ==~ 33/28 t0 33/25

L 400 - .
: 5 C 10 ' - 15
Leaf age (days from unfoldlng) ' '

Figure 10.7 Effect of change in" temperature from 33/28 and 33/31 c
g to 33/25°C on number and size of epidermal cells of
leaves of the elghth palr of teak seedlings
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Table 10.8 - Effect of change in temperature on frequency of leaf product—

. » ion of teak seedlings. Data which do not have the same affix
are significantly different at the 5% level according to
Duncan's multiple range test.

TT = Temperature throughout TC = Temperature changed to 33/25 C

‘Parameter =~ =~ . Established  Growing temp.. ‘Mean
ST temp. °c.
. o¢ ST TC
R . 4 e -
Frequency of - 33/28 - 8.7% 0 10.17 9.4
- leaf production e b : ‘
~ (day) o 33/31 . 8.07 9.97 9.0

‘Mean 8.4  10.0
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vFreqﬁency'offieaflpfddﬁctioh

: 11—'day
10} I‘» -4
9t
8t
7}
6] - ' s A
R - Temperature ~ Temperature
. o ‘ ~ throughout o i changed to 33/25 c

o Flgure 10 8 Effect of change in temperature from 33/28 -and 33/31 C .
' to 33/25°C on frequency of leaf productlon of teak
' seedllngs o

° 33/31 throughout
0 33/31 to 33/25

A 33/28 throughout

A 33/28 to 33/25




147

10.4 ° DISCUSSION

'.;.Thepresuits obtained from the two‘experiments'indicate an important

. effect of‘temperature'in‘influencing the'grouth and development.of leaves.
570f teak'seedlinge- | Within the temperature range studled (33/25 33/28

~and 33/31 C) individual leaf area, rate of leaf expan51on number and size
 of cells and rate of leaf productlon appeared to be favoured by hlgher
temperatures rather than lower temperatures,

Lower1ng~the temperature from 33/28Aand 33/31 to 33/25°C resulted in

_1poorer development The decreased growth'waa more pronounced in the

' seedllngs transferred from 33/31 C than those from 33/28 C. However the
area of ‘the leaves or1g1na11y at 33/31 C was still larger than that at 33/28 C.
:Thls 1nd1cates hlgh temperatures stlmulate leaf growth and development,
- and that leaves of. teak seedllngs are sen51t1ve to change in temperature.
Temperature does not appear to affect the perlod of‘leaf development.
" In both experlments and at all temperature reglmes, the period of leaf

-development from unfoldlng to f1na1 size was about 13-14 days. -HoWever,-‘

"’.'temperature does seem to affect emergence - of new. leaves as shown by

'the.frequency'of leaf production.  The higher the temperature, thelhigher
.the frequency of leaf productlon | | .

Ind1v1dual leaf area was greater at the h1gher temperatures.
'Eétimation of the number and size of epldermal cells present'ln the leaves
indiCate‘thatjthe.larger area of 1eaves_at higher temperatures was'largely
- due to increased cell numher and increased cell size. |
’ 1 The patternvof change with time in fndividual 1eaf area showed the
'rate of leafnexpanSion during the rapid growth period was important«in_
determining the:fina1~area. Thevrate‘of expansion during this period was

' greater.at_higher temperatures than at lower temperatures and there were
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~only small differences at other stages of developmenta

. Total leaf_area'of individual seedlings would be 1arger atpthe
higher temperatures.‘- There were more leaveS'prodUced and these individual
leaves~were'larger.v‘: |
| Leaves are the most 1mportant photosynthetlc mater1a1 of a plant
"Greater leaf area generally prOV1des more photosynthetlc material which

B 1n turn generates hlgher photosynthetlc productlon Thus 1eaf area

"1pr0duct10n may be of partlcular 1mportance in determlnlng teak seed11ng

’Jn‘performance particularly at hlgh temperatures.

Changes in cell size and number with leaf age were 51m11ar 1n all

temperatures desp1te the srgnlflcant»lnteractlon effect The results

~r1nd1cated that ce11 d1v1s1on and cell: expan51on were concurrent in the

'l::early stages of leaf development there was increase in both size and

AR gnumber of cells w1th leaf age. Cell productlon ceased before leaves

”attalned flnal area but expansion contlnued The 1ncrease in cell size
after the cessatlon of d1v151on was however comparatlvely small
Effect of temperature on the growth and development of leaves of

teak seed11ngs appears to be 51m11ar to that generally observed for other

i

o fvhspec1es. : M11thorpe (1959) reported that rate of leaf expan51on and

':}number of leaves produced by plants of Cucumls~sat1vus were.generally'
‘ greater at the h1gher temperature w1th1n the range 12 24 C. When the
v'plants were transferred from 24°C to a lower temperature of 18 °c, the

'rate ofvleaf expan51on decreased substantlally. Blackman (1956) reported:

. that leaves of plants of Hellanthus annuus, - Lemna ‘minor and Salvinia.

l"natans developed better at the higher temperature within the range 20 30°c.
Njoku- (1957) compared the development of leaves of Ipomoea caerulea

grown at low (22 C) and high (30 C) nlght temperatures The area of
' .
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.1nd1v1dual leaves was- found to be larger at the hlgher n1ght temperature.

~ He p01nted out that the occurrence of larger leaves at the hlgher night

- temperature was due to both more and larger ep1derma1 cells. Mllthorpeu
'(1956)-elsoifound‘ce11 expansion in.leaves of Cucumis satives was retaided

-2by IOW~temperafure (12°C).

10.5 CONCLUSION

The impoxtance of temperature as a control of leaf grbwth énd-develop-'

“"ment.ef teekiseedlings has been demonstrated. Within the temperature i
B rangetétudied (33/25, 33/28 and 33/31°C) teakvseedlings pfoduce larger

" and more leaves w1th more and larger-51zed cells at - hlgher temperatures

‘than at lower temperatures. The larger leaves at higher temperatures were

‘:.due to the hlgher rate of leaf expan51on during the rapld growth perlod

and not to expan51on belng contlnued for a longer perlod
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CHAPTER 11
- EFFECT OF TOTAL RADIATION AND DAYLENGTH ON THE GROWTH
AND DEVELOPMENT OF LEAVES OF TEAK SEEDLINGS
11.1 INTRODUCTION

'Ih‘this.chapter; the effect of total'radiatien and-daylength.on leaf

-.Bgrowth{is)eXamiﬁed.
. 11.2 MATERIALS AND METHODS

~The seedllngs used were part of the experlment outllned in Chapter 6.
_There were two levels of total radlatlon (50 and 100 cal cm day ) and
.three daylengths (8, 12 and 16 hours) with a common temperatuxe regime

of_30/25 C.. Detalls of the light levels in these treatments are shown

-”:' in-Figufe'll.l (Flgure 6.1 repeated_for convenience of reference),

'~. Measurements 6f-1eaf growth'wefe made on ten Seedlihgs from each
. treatment. These were germlnated and grown in a 30/25 C day/night
ftemperature glasshouse. The ‘seedlings had developed three palrs of leaves

when the exper1mental treatments commenced. Frequency of leaf productlon

"‘was noted for each seedllng over a perlod of six weeks.

The 1eaves in the eighth pa1r were used for the study of individual
leaf develqpment.. As before, measgrements commenced when the lamina
, ‘ﬁnfo1ded>from the terminal bud and continued for 15 days when the‘leaves
'fhadiettained their final size. Leaf length and width were recorded daily

deﬁd meanlleef area of each pair calcﬁlated usihg.the:procedute'outlined

“in seetion-lO.Z.lmi. Data for rate of leaf expahsion were‘obtaiﬁed from
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Figﬁrc ]j.] Diagram showing'dEtails of experimental treatments.
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fdaily‘increment of the mean,leafvarea>over the period of leaf development.
Epidermal cell number and size in the eighthfleaf pair”were determined
- at day.15.  Leaves of six seedlings were taken at random for these

1mpre551ons The:procedure used was identical with‘that described in

e section 10. 2 1.3 except that the data were collected once only Number

',;of cells in each leaf was calculated from the mean number of cells per |
v"mm2 -of the 1am1na, and mean size of’ cells obtained from the ‘number of cells
in the measured f1e1d of 0. 02 mmzt

All‘data_were subJected-tovanalysia-of variance} | Daily‘figures weree
1availabletfor leaf area andlfqr rate of'expansion.‘ These were analyeedﬁ
nithitotal radiation X daylength x leaf ageAat tne majer_sonrces.of
E fvariatien- d The data for the'final'area éf leavea 6f the’eighth pair,"

'cell number and size and for frequency of leaf production had total radiat-

ralion and daylength as the maJor sources of variation Duncan s multiple

; r.,range'test was used tO'determlne the,51gn1f1cance of differences=between

~“treatment means.

 11.3 RESULTS

~ Growth of leaves was affected by totalxradiaticn'and daylength. Values
vfor rate.of development of-individual-leaves showed a significant total

éradiatiOn-xldaylength interaction‘(Table 11.1).
. :11;3;1_,Effect,bf Total Radiation

11 3 1. 1 Individual - leaf area and rate of.leaf expan51on
Effect of total radiation on development of 1nd1v1dua1 leaves appeared
~ to be masked by a Significant and consting total radiation x daYlength
v.interaction{ There was a tendency‘fer the'leaves‘atdIOO cal cm-z'day—1

to be larger than those at 50 cal cm"zday"1 levels. This was due to
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Athese leaves having a slightly greater rate of expan51on and maintaining
development for slightly 1onger (i.e. after day 10) (Table 11.2, Figures

11.2, 11 3) This resulted in a 511ghtly greater f1na1 area of these

,leaves (Table 11.3).
. 11.3.1.2 Number of cells and mean‘epidermal cell size

S Leave5>of seedlingsfgrowing.at the higher‘total radiation had more .
. but smaller cells: than those growing at the lower total radiation (Table

11, 8 F1gures 11. 4A-B) .

Pooled values for the number ‘of cells of leaves‘grow1ng at 160 cal
cm day -1 was 20.3 m11110n ‘and was s1gn1f1cantly greater than at 50 cal
cm_ day 1, 15 8 million (Table 11 3, Flgure 11 4A) .

In contrast to the number of cells, mean ep1derma1 cell size was
smaller at the hlgher total rad1at10n. The pooled values were 1335 and
1§§l,u2‘for 100 and 50 cal cm Zday'v respeetively (Table ll,S,.Figure
: i1{4B),; o o A ' ‘

711J3.1.3'.Frequency of leaf production
The t1me 1nterva1 between two success1ve leaves unfold1ng was shorter

at the hlgher total radlatlon than at the lower (Table ll 3 Flgure 11 5).

‘Thus there were more leaves produced by seedllngs grown at the h1gher

. total radlatlon
 11.3.2 Effect of Daylength
11.3.2.1 Number of cells and mean epidermal.cell'size

: The number of cells in the leaves did not dlffer s1gn1f1cant1y
between daylengths with the same total radiation. However the values

recorded at daylength 16 hours tended to be greater than those at 8 hours.
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: Table 11 1 Summarized results of ana1y51s of variance of the data
’ ,presented in Table 11.2.

ke
3

** and *** jndicate significance at the 5, 1 and 0. 1%

- levels respectively; ns indicates not 51gn1f1cant at. the '

- 5% level

~ Source of variation

Degrees of freedom

"~ Error

810

72.606

Méén squares F-ratio
f Lééf'8 aféé development o
ii Total radlatlon (R) 1 4864295 v312.741“5
4"-, f Daylength (n) 2 7116. 715- | 4.010*
';‘Leaf age (A) 14 651521 383 367.111%%%
RxD 2 ' 9902.844  5.580%
f»Rﬁx;A 14 j988;583 , 557
DxA 28 378.328 21378
RxDxA 28 276.307 15678
Error . 810 1774.728
=fR§te'§f_Ieaf expansion |
“Total radiation (R) | 1 39211 4.397%
1?Day1ength (D) 2 | .15.121‘ » ,250™°
..:&Leaf age (A) ‘ 14 11528.810 108.786%*
"f-R_x D - 2 82.256 1.133"
' R3X'A:'E'Jr | 1 83.311 1.147"8
« 6 x A 28 89.833  1.237S
CRxDxA 28 44.558 .614"°
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Source of variation -

Degrees'of freedom

Mean squares

F-ratio

 Léaf:8 area
. Tofal fédiéfibn.(R) 
’f,nayiengfg-(n) |
ff:R x‘D~. :

“Error

" Number of cells

" Total radiation (R)

'i':Dayiength )

; RxD

_Error

Mean epidermal cell size

.  Total'radiatiqn (R)

- Daylength’(D)2 

.'f_R XZD o »

 Error

' “ -Ereqpency.6f’1eafiproduetion

~ Total radiation (R)
- Daylength (D)
RXD

Error

54

54

54

54

4324.64
95.835
- 781.27

 4117.035

17.689x10
28.511x10

118.126x10

13

12

12

- 13.377x10"2

418606.996

148989.086

553.083

2,773

11.350

.066

.512

12316.153

1.05

ns

023"

.190™°

13,223%%*

2.131™

.981"%

33.988%**
12.097%%*

.045™°

5.416*

- 2.637"

.129
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' 'Table 11 3 Effect of total radiation and daylength on leaf 8 area,
o number of.cells, mean epidermal cell size, and frequency
~of leaf productlon of teak seedlings.
Within each parameter, the data which do not have the same
affix are significantly different at the 5% level according
‘to Duncan's multiple range test

Parameter B Total radiation Daylength (hr)  Mean
o ' cal _cm"zday‘1 : 8 . .12 16
- Leaf_g area 50 -~ 256. 2ea 244.20% 254.30% 251.62
- (em®) 100 - 260.93% 273, 953 270.93%  268.60
~ Mean ~ 258.60 259,12' 262.62
B . ' : : ' e a3 ,a a ‘
- Number of cells 50 1522 151 17.1*  15.8
SooXe 00 17521 216 2003
Mean 16,4 18.4  19.4
" Mean cpidemal so  .1657®  1560%7 1435%¢ 1551
Ccell size () 100 1450°:¢  1329%>¢ 1226% 1335
| Mean 1554 1445 1330
o o o ' a " cd,b a,b :
-~ Frequency of leaf 50 7.9 7.5 7.5 7.6
- .‘production (day) 100 , 7 53 b 7.0° _7.2b" 7.2

Mean 7.7 7.3 7.4
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250

Leaf area
’27%, cm?
2254
17sp
C1sob
. NI
125¢ - (1 i ’
o 100/12'
~'/' a——a  100/16
100+ : e----e 50/12
- A——a  50/16
< .100/8 = total radiation 100 cal
75T ' cm”4day~1 and 8 hour
: daylength ’
50 .
el
0 . N N " 1 .. " |A i 4

01 2 3 4.5 6 7 8 910 1112 13 14 15
. _ Leaf age (days from~unfolding): .
Figure 11.2 Change in leaf area with agé_of leaves of the
‘ ~ eighth pair of teak seedlings grown under different
conditions of total radiation and daylength
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Rate of leaf expansion
-1

50 ‘cm day

40

I

300 .

- 20F

10k

S 7 8§ 9 10 i1 12 13 W 5
Leaf age (days from unfolding) '

'F1gure 11 3 Change in rate of leaf expansion with age of leaves of
' the eighth pair of teak seedlings grown under dlfferent
- total radiation levels '
- o__o 100 cal cm” day 1
”.'A_u_A' 50 cal cm” day 1







. Figuxé 11.4

Figure 11.5

~ A. Number of cells x 10° “B. Cell size
1700.1°
22 1600t
20} 1500t
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'Effect of total radiation and" daylength on number and

size of cells of leaves of the e1ghth pair of teak
seedlings’

o o 100 cal cm” day
A———~A 50 cal cm” day -1

Frequency of leaf production

g _day

8 12 .16
Daylength (hour)

Effect of total radlatlon and daylength on frequency of

- leaf production of teak seedlings

0——o0 100 cal cm 2day

A——~A 50 cal cm 2day -1
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' For example, under 50 cal cm 2day , there were 17.1 m11110n cells in
- the leaves at 16 hours and 15.2 m11110n cells at 8 hours.’ Simllarly
vunder 100 cal .cm 2day -1 there were 21 6 m11110n cells at 16 hours
v’“compared w1th 17.5 million cells at 8 hours (Table 11 3, Figure 11. 4A)
‘There were 51gn1flcant differences in the size of cells between
’ daylengths Under both total radlation 1evels cells were smaller at
‘longer day than at shorter day. The values recorded were 1657 1560

'and 1435 u2 at 8, 12 and 16 hours re5pect1vely under 50 cal cm 2day -1

’

' 'and were 1450, 1329 and 1226 u2 respectively under 100 cal cm” day -1
(Figure 11, 4B)

' 11.3.2.3 Frequency of leaf production |

There were no d1fferences 1n the frequency of leaf.production between
-vdaylengths._ However there was a tendency fOr the seedlings grown at

the shortest day (8 hours) to produce fewer leaVes than those grown at

. the longer days. For example under total.radlation 50 cal cm day ,
' the t1me 1nterva1 required for two successive leaves to unfold was 7.9 days

“:at 8 hours compared w1th 7.5 days at 12 and 16 hours (Table 11.3, Figure:
11.5).

114 .DlSCUSSION |

| The results showed both total radiation and daylength had a small
bj effect on -the growth of leaves of teak seedlings. | |

_ There was no clear.difference‘in the.development of indiVidual 1eaves
vof.seedlings grown'under=different light'conditions.._However there was a
: tendency for‘the leavesbgrowing at the higher total radiation to be
'slightly larger. This wasiduevto'these leaves havinga slightly greater

‘expansion rate and maintaining development for a slightly longer period.
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A eount of epidermal cells present in eachhleaflsuggested that
Variations ih leaf size were due to bothvnumber andhsize of cells. At
~ higher total radiatioh there were more but smaller ee115‘in the leaves.

"Slmllarly, ‘the size of cells was much smaller at 1onger days g1V1ng
-;more cells in the leaves |

The larger number but smaller 31ze of cells present 1n the leaves |
;at'h;gher total radlat1onufound in thls studyjlsmln'accerd with the
h‘fihdings;of Milthorpe and Nehtbn'(1963) in_thensthdy ofveXpansionnof
i.leaves oijucumis-setivus. ‘Milthorbehahd Newton reported that cell
rdivisien?Was éreeter.at higher total'radiation ‘and accordingly number
hof cells 1ncreased sharply as leaf area 1ncreased :bTheseicells wefe'

: still 1n the early stages of expan51on at the tlme cell division stopped

',;Because the rate of cell expan51on was low after the cessatlon of cell

diviSion, these - cells st111 remalned at a small size by wh1ch time the

It_leaf reached the fully expanded stage

'11.5 CONCLUSION OF PART III

o The-studies reportedhin~Cheptersv8-11 have demohstrated that

(1) The rate of phetpsynthesis:of teak seedlings is increase&
| by,én ihcreese ihAlight intensity within. the renge 200-800
'uEm 2sec (800 3700 f.c.). It appears.light cohpehsation

] p01nt and 11ght saturatlon level are 55 uEm 2sec (200 f.c.)

and 900 uEm~ 2 (4000 f.c. ) respectlvely (Chapter 8). ’

i(Zj The fate of photosynthe31s and resplratlon qflteak seedlings
‘iherease with an increase in temperature within the rahge

ZSQSIQC (Chapter 9).
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Within a day-temperature of 33°C'and‘night'temperatures of

25, 28 and 31°C the teak seedlings at.the higher night

_ temperatures produced more and larger leaves with a faster

(@)

rate of expansion than those at the lower night temperatures.

:These”lérger leaves_contained more and 1argér cells (Chapter 10).

Teak séédlingsngQWn at total radiatibn-of 100 ca17cm-2day'1and

at 16 hour day produced more and slightly larger leaves than

those grown at total radiation of 50 cal cm 2sec”! at 8 hour

: day.  There were more but sméllervcells in the leaves at the

higher total radiation 1evei'and at the 1oﬁger'day (Chapter 11).
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PART 1V

GENERAL DISCUSSION AND CONCLUSION.

The studies in Part III have demonstrafgd.ﬁow broad ranges of

temperatﬁre and light radiétioh-affeét'photosyntheSis, respiraﬁién ?
and leaf de&élopmenf of teak seedlings; ‘In this_part of.the,thesié;
3{thé»performance of seedlings recofded in fhe earlieflsfudies in Pérté.

I and 11 aré interpreted based 6n:know1edge.obtained.from tﬁé sfudigs.7 '
in Part 1117‘ | |

| Chapter 12'oﬁflines iﬁterpxetation of the results of the studies
Vin Parté I gnd_II'using'the'résults df‘ﬁhotosynﬁﬁésis;frespiraﬁion and
leaf develépment in Parﬁ”iII. ” |

A conclusion of the studies inlthis thesis is given in Chapter 13.
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CHAPTER 12

GENERAL DISCUSSION

12,1 INTERPRETATION OF THE RESULTS OF THE STUDIES IN PARTS 1 AND II

The studies repprted in Part III-have demonstrated how]broad-ranges_v
of.temperature and radiatien affect the pﬁotosyhthesis;'respiration and
Ieaf structure and development of teak seedlinge. The performance of
the seedlings in the studies detaiIed earlier}thParts'Imamd IT can
nowiiargely‘be‘explained in terms of simple response to temperature and
”radietion effect;‘pmder phytotron cenditiens. vInterpretationvin this :
,way remeves many of the anomalies noted previously.

. The resuIts of the experiments detailed in Parts I and II have
' -been-SUmmarized-in Iables 12.1-12.11. These tables imclude‘estimates
;of mesults_which weuld be anticipated on the basié of the knbwledge of.
. Verietion of photosynthesis, respiration and leaf characteristics‘gained '
| in Part III | |

In presentlng the summarles.account has been taken of" the seasonal
variation of photoperlod in the open glasshouses. In summer, the
| natural photoperlod is about 14-15 hours and suff1c1ent llght for photo-
synthe51s is malntalned well into the perlod of nlght temperature (1630 -
‘:A0830 hours) In contrast 1n winter daylengths are shorter and much
less photosynthe51s will take place durlng the period of nlght temperature.
‘These seasonal differences would be accentuated particularly‘during the
pefibd of night temperature by the lower light intensities prevalent

in winter. : ' ’ _ -
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The patterns of photosynthesis, respiration. and leaf area productlon
determlned in Part III were based on the mater1a1 of Kerala provenance.

Thevresponse of the material from Mysore provenance couldvbe different.
- 12.2 . CONCLUSION OF THE INTERPRETATION

The sﬁmheries'detailed'in>Tables 12.1F12;li inoicatefmany resolts

- can be 1nterpreted as 51mple responses ‘to different temperature and

_radlatlon condltlons." These condltrons_control seedllng'development

by direct control of'photosynthesis,greSpiretionVand_leaf deve1opment.
Therdegree of ohotosYntﬁesis wﬁichitakes plece.during the_period"

of night temperature in the phytotron is'ﬁow seen.to~be a major feetor

'coﬂfusing tﬁe interpretatioh of temperature.effeets | This . probably
: accounts for many of the anomalles deta11ed in the. studles of temperature

‘-effects on teak seedllngs reported in this the51s and by previous workers

f:hn(Sectlon 1 6 Chapter 1)

However when due allowance is made'for>interactive effects of
' .different regimes 1t 1s possible to make deductlons about teak seed11ng
~perfbrmance in the experlments reported in thls thesis. -

~ 12.2.1 Provenance Difference in.Optimum Temperatures -

for'Photosynthesis

It is p0551b1e to hypothe51ze a dlfference between the Kerala and

. Mysote provenances in the optimum temperature level of net photosynthe51s.

In the Kerala provenance»the rate of net photosynthe51s is known
"to increase with an increase in temperature within the range 25 -31°¢
(Chapter 9). However, in Experiment 2, Chapter 3 (Table 12.5) the

rate of net photosynthesis of this,provenance,las‘reflected”by the NAR
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o pattern, increased up to 36°C.  Since the NAR at'36°C was not'significantly*-

-dlfferent from that at 33°C, the opt1mum temperature for NAR and for

_photosynthesxs may be at about 36°C.

In the Mysore provenance, the optimum temperature for photosyntheSis

appears lower, at about 33°C. In Experlment 2, Chapter 3 (Table 12 3)

NAR 1ncreased w1th temperature up to 33 C and was lower at 36°C.
12.2.2 Control of Leaf Development

The degree of control exerted by_temperature'and light on theAleaf

- development of material from Keraia~provenanCe “is known (Part'IIi)

',Slmllar control appears effectlve in determlnlng 1eaf development of
: ‘Mysore provenance materlal. Wherever dlrect comparlson of leaf develop-

- ment in the two provenances was p0551b1e (Table 12, 1) the response under

' drfferent_reglmes was 51m11ar,. In a11 cases the 1nterpretat10n of leaf '

development-of Mysore,seedlings'as if they wereerrala materlal proved.

satisfactory.
VAIZ,Z.S Aliocation of_Photosynthate

The allocatlon of. photosynthate w1th1n the plant ‘may dlffer at

- dlfferent temperatures and 11ght 1nten51t1es.

"~12.2,3§1~,Temperature effect

At hlgh temperatures, the teak seedllngs d1str1buted proportlonately

i more photosynthate to leaf productlon The;effect of this was to give

""1fh1gh LAR values at the high temperatures

o The increase 1n LAR occurred despite an associated decrease in NAR
due presumably to constant rate of photosynthesls (Kerala provenance,

Table 12.4) or declining rate of photosynthesis (Mysore provenance,
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Tablesv12.2 and 12.3) and increased respiration losses at these temper-
atﬁres ' . The increased LAR was often'able to maintain or even increase
,dry matter productlon at the high temperatures desp1te the decllne in

'NAR{ The 1ncreased leaf productlon thus prov1ded a mechanlsm for

maintalnlng product10n~at high temperatures.
12.2.3.2 Light intensity effect

At h1gh 11ght 1nten51t1es there was a dec11ne in LAR. (Tables 12. 8, -

12 11) B Thls indicated the- greater photosyntha&aproductlon at hlgh
'illght levels (Part III) must have been utilized to construct parts of
fplants other than the leaves. | }

| Under condltlons -encouraging rates of hlgh photosynthate productron

;the parts of the plant wh1ch benefit are not necessarlly the photo-
synthetlc:areas- The 51tuat10n is not qulte as. clear as the LAR values
indieate’because theﬁleavesvthemseIVes became denser and thus heavier
underfhigh light intenSities:(Chapter 5). Nevertheless~it“does indicate
- that'stem‘and root growth will benefit underdthe‘nere'active photo-

- synthesizing conditions. -
12.2.4 Absence of a Decline in.NAR at High Temperatuges

| A predicted decline‘in NAR at:highvtemperatures didAnOt occur in

‘ twdtexperinents;beth in cabinets and with light period strietly controlled
(Tables 12. 4 12. 7) ’ There'is no obvious explanatien for this.: ‘The
con51stency of the occurrencevln two experlments suggests some other

_ factors apart from photosynthesis, resplratlon and leaf character1st1cs

mlght have been involved. | ThlS needs_morevdetalled study.
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12.3 GENERAL DISCUSSION

'12.3.1 Use of Phytotron Facilities

Studies of teak seedling‘growth and‘development using phytotron
‘fac111t1es must con51der carefully the llght and temperature reglmes
.and their 1nter-re1at10n Under open glasshouse cond1t10ns there will
'hvbe an effect of photosynthe51s durlng the perlod of night temperature

due to suff1c1ent llght for photosynthesms be1ng malntalned into this

o period ThlS effect will be partlcularly pronounced under summer con-

g d1t1ons when plants at the h1gher nlght temperatures will be at an
- advantage. Under winter ‘conditions the effect may still be present but’
',of lesser 1mportance because the natural photoperlod 1s much shorter.
Thus nrght photosynthe51s and seasonal variations in photoperlod can
cause erroneous’ 1nterpretat10n of temperature effects

The seasonal effect of photoperlod has proved important in the

:f} studles reported in Chapter 3 (Tables 12 1-12. 3) in wh1ch the mater1a1

from Mysore provenance showed different responses to temperature between

experlments. : The Mysore mater1a1 showed steady increase’ in growth~w1th

o temperature up to 36/31 C under summer condltlons (Table 12.1), and

MShOWed a decllne in growth at thlS temperature level under wxnter conditions
' (Tables 12. 2-12.3). | |
Furthermore-the anomalous results observed.between the studies of

wao Ko.Gyi'(1972) and Kanchanaburangurar(1976)‘(Section 1.6, Chapter 1)
fj‘could haVe been due to seasonai effects.: It is'possible.that the study

of. Ko Ko Gyi was carrled out in summer (i. e. growth'increaSed with
temperature up to 36/31° C) and ‘that of Kanchanaburangura was carrled out
'1n winter (i.e. growth declined at 36/31 C) | |

Slmllar reasonlng can also be applled to the anomalous results
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betmeen.experiments observed-by Hamzah t1975) fer seedlings of EuCalyptus
décaisneana:ahd by Amahg (1977) for seedlingstof EucalythS pilularis.
Both'ﬂamzah and Awang fohnd'different results’betWeen'summer and wihter
"hcondltlons u51ng phytotron open glasshouse fac111t1es.
Thus the open glasshouses in’ the phytotron appear to be surtable
only for general studles of temperature effects Cab1nets prov1de
prec1sepcontrol of 11ght and temperature perlods*and‘are better;surted

. for studles of these parameters than open glasshouses. ' However in using

icablnets there must be con51derat10n of - 11ght 1nten51ty levels wh1ch can”

- be attalned

Naturally 11t cablnets have an advantaée over artlflclally 11t

cabanets because the natural dayllght‘ls of much hlgher intensity than
>artificial light. The llght saturatlon 1eve1 for photosynthe51s in
' 'teah'is-abeat'goo‘uﬁm “sec” (4000 f c.). (Part III). It is difficult
gto prov1de 11ght at this level of 1nten51ty for long periods in artific-
1a11y lit cablnets of the phytotron type To attaln this level .in such
cab1nets there~must be-none of'the du111ng of the reflective interior
surfaces Wthh takes place w1th usage of such cabinets and to ma1nta1n
- the level the fluorescent tubes have to be replaced frequently
| In contrast naturally 11t cabinets sultably 51ted prov1de light

A"'1nten51t1es above the saturatlon level
, 12.3.2»,Provenance Difference

There was evidence (ChapterYBi oflprovenance difference in many
growth characteristics despite the anomalous results between the
experiments.  These differences were found in height growth, diameter

growth, dry matter production, leaf area production and growth analysis
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parameters In general mater1a1 from Kerala provenance proved to

be super1or to. that from Mysore provenance | Thusvthe results confirm

those reported by Ko Ko Gyi (1972) and Kanchanaburangura (1976) that

;provenance,variation in growth characters of:teakloccurs at seedling

A stagegv |

Dellneatlonvof temperature responses for a partlcular provenance

. has not been p0551b1e because of the photoperlodlc effects. Nevertheless
l these.studres have shown provenance,dlfferences.1nltemperature response
~can bepdetectea given suitable=safeguards‘and conditions. -Detailed

- study Of'teak.provenance performance under different'temperature regimes

~is now possible.
12.3.5‘;_'i Allocation of Photosynthate'Production

v-:'There appears to be a delicate control-of photosynthate diStribution
| within‘teah seedlings. Under condltlons of hlgh photosynthate product1on
.plant parts other than the leaves w111 beneflt from thls productlon. On
the’ other hand, under conditions of~dec11n1ng photosyntheslsrthe allocation
“p of more photosynthate to the‘leaVes’takes place_giving a‘larger area of
4photosynthetic material. = | -
Re—allocatlon of photosynthate was also evident in the studles .
.reported by Ko Ko Gy1 (1972) and Kanchanaburangura (1976) Both ‘used
‘phytotron naturally l1t cabinets and found LAR values 1ncreased and NAR
Tvalues decreased with increasing nlght temperatures. ThlS mechanlsm thus
enables.the seedllng to ma1nta1n dry matter productlon_levels at high

temperatures.
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CHAPTER 13

‘CONCLUSION

The,studiesvreported in this.thesiSQinitially attempted to define
the.temperature,controi of teak seedlingsAof_twoldifferent provenanCes
usiné controlled environments. The absence of clear conc1u51ons con- -
firmed prev1ous anomalous results and 1ed to con51derat10n of p0551b1e

»factors involved. There was evidence that a light radiation x_temperature
‘interactioanQuidvhave‘been_involved.”. This was examined in subsequent
studles. | o

“The results demonstrated the ex1stence of a 11ght radiation x temper-

ature interaction and showed very.important‘effects of light,particularly

. total daily radlatlon undexr phytotron - cond1t1ons. Furthermore, growth

‘.h~ana1y51s studles 1nd1cated net a551m11at1on rate and leaf area ratio were

7 both affected by both light radlatlon and temperature. ThlS suggested
,-photosynthe51s resplratlon and leaf development mlght be 1mportant
' determ1nants of teak seedling performance.
. Subsequentvstudies therefore examined how 1light radiation andfteupere
, ature affeéted.teak seedling photosynthesis,’respiration and leaf.structureL
The results indicated’many of the resu1ts of earlier studies could be
' 1nterpreted as 51mp1e responses of photosynthe51s resp1rat10n and leaf
development to different temperature and rad1at10n conditions. ane
anomalies in results recorded earlier were due simply to differing effects
of 1dght radiation at different times of‘tne‘year.

. The foilowing:conclusions are drawn from the studies in this thesis.
’ (1) There is a need to be very careful in planning phytotron erperiments.

All factors have to be considered. Seasonal variation in total light
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radiation has proved particularly.important as a control of:seedlings
in thtotron,open glasshouse conditione.a Ignoring this~control can
1ead‘to>erroneous interpretation of tenperature effects. In particular
under:SOme condltionalseedlings will maintaln photoeYnthesis into period
of lnight‘ tenperature. Under'thesepcOnditlons the plants growing
at thehhiéher night'temperature-are.at~an advantage. |
Cablnets are better suited for studles of temperature ‘and 11ght

effects because temperature and llght perlods are prec1se1y controlled
However, naturally 1it cablnets have an advantage over art1f1c1a11y lit.
cablnets.because-the light source, natural“daylrght, provrdeslllght-
t'intenslty-levels higher than artificialllight. :,The intensity of‘artificial
light ialgenerally.below the.putative Saturation‘level for teak'(see
below). VThia.is generally not so in the naturally lit cahinet.

(2) Provenance d1fferences in teak seedllngs have been demonstrated
under dlfferent temperature and light condltlons The materlal from’
Kerala provenance has proved to be superlor to that from Mysore provenance,
‘partlcularly at high temperature reglmes (e. g 33/31 and 26/28 Q.
However, clear dellneatlon of the temperature control for particular
. lprovenances has not been p0551b1e. Further study on this aspect is needed.
| (3) That teak is a llght demand1ng spec1es is confirmed by the putatlve
'11ght.compensat10n polnt (55 uEm z_sec"1 or 200~f.c.) and the putative
fﬂlightfsaturation_leveln(900 uhmnzsec'; or 4000 f.c.), However.the 1lght~
curve of photosynthesis showed a rapidhrise in the rate of photosyntheeis
at low‘light-intensities suggesting that teak can survive and grow under
some degree of shading. |

(4) The rate of net photosynthesis and_respiration is increased with an

increase in temperature from 25 to 31°C. Optimum temperature for net
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photosynthe51s appeared to differ between provenances. vThe”optimnm level
for the Kerala provenance*was at 36°C and for the Mysore provenance at
33 C approx1mate1y

' (5) Leaf growth and development of teak seedllngs are strongly controlled
‘by temperature w1th1n the range studied (33/25 - 33/31 C) » At hlgher-
htemperatures teak seedllngs produce,more and larger leavest .These_

. Iarger leavesvare due to hoth more and.larger epidermal:cells

: (6) Leaf characterlstlcs also dlffer at dlfferent levels of l1ght radlat--
iont There are more and. larger leaves at light rad1at10n levels of

’v,-100 cal cm day -1 than at 50 cal cm 2day 1 There are more but’ smaller

f";cells in these larger leaves.

| LeavesAreCeiving light'radiatior:l-o'f:ZI()O-_cavl-cm-zda.)'r-1 have been shown
to have more chlorophyll content than_thosefreceiving,IOO cal cm;zday-ll
(N Leaf_development and net photosynthesiShof”teak-seedlings'are inter-
]‘ related in.allocation of photosynthatebproduction. Under eonditions of
] hlgh photosynthate production plant parts other than leaves benefit from
this productlon. “Under COHdlthﬂS of reduced net photosynthe51s at h1gh

temperatures-there is an 1ncrease in the leaf area ratlo. ThlS 1s

o 1nterpreted as an attempt by the plant to maintain dry matter productlon

as condltlons become adverse.‘
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APPENDIX I

~ COMPOSITION OF NUTRIENT SOLUTION

ai'NUtrien§>solﬁtion iS»Hoagland (No. 2) solution (Hewitt, 1966) with some

:. 'm0difiéétion to the minor elements.

"~ Composition . : : o Elements

e

.

Ca(NO;) ,.4H0 " esomgt NG 211.7 mg/l

' ";(NHA)H2P04 o 120 v P 3220

o KNO, . 610 " B o K 2359 "
- MgS0,.TH,0 490 0o S _t Ca 160.9 "
‘:_H3503 . | 0.6 " . Mg 48.3 "

. MACL,.4H0 } 04 v  Na 3.61 "
ZnS04.7H20 . 0.09 v | ,.l E  66.7 "
Cus0,.5H,0 . 0.05 " - 1 0.143
H,MoO, o2 Fe  5.007 "
g, o
 FéS04L7H2O4(éhe1ated . a - _’ Co -0.005 "
Cwith EDTA) 249 " o Mn  0.111 "

-6H0 0.025 " o B 0.105 "

CoNaOH- . 6.3 M ~ Cu  0.013 "
| | Zn-  0.02 "

Mo 0.012 "
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APPENDIX IT
- Summarized results‘of'analysis of variance Of-the data in Appendix III.

* and *** indicate significance at the 5,1 and 0.1% levels réspectively

Source of variation  Degree of freedom Mean squares F ratio .Significance

 Diameter

Temperatufe» ‘ - 3 , ' 2.625 B ‘4.847 .

" Error - 8 - 542

Dry matter production

' Temperature 3 - 15.222 41,941 *ax

Error - 8 363

‘   » Total léaf area

| .V.Temperatﬁre. o 3 | V_ 88{032 | _ 35.SOi e
Error o . 2.480
vHéigﬁt o | |
Temﬁeratdre - . 3 378.316  328.967 - . %
V Erroiv - o 8 : "17150" .
. Temperature. = - j 5 : ' 015 11.812 **
 Error :: ?,A‘. . l 8 4 - .061
tvgégv]' - |
- 'Températ§re  | 3 o .004 10.349 ok
. Er£or ; o | A> v 8 I 000 |
"-Tempéfétﬁfé.. | 3 .266  11.978  **

Error. , g f .022
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APPENDIX IV

~ THE EXTRACTION AND ESTIMATION OF CHLOROPHYLL

- CONTENT OF LEAVES OF TEAK SEEDLINGS-’
V_IEXTRACTION OF CHLOROPHYLL

’ ‘The procedure outllnedvbelow is adapted from the method descrlbed
T Y :
Aﬁbby Wood (1969)
’ (i) _The fresh 1eaf discs were finely-maceraféd with a mortér
and pestle and, after washing with 80% écetone, the
» mécératéd material and soiVént'were transferred to a
ﬁéentrifuge'tube; |
(ii) Centrlfuged ‘at 4000 rpm for 30 mlnutes
‘(iii) Decanted off the supernatant 1nto a 10 ml Volumetrlc flask.

(iv)  Added 80% acetone to the volumetric flask to bring them to

volume.
ESTIMATION OF CHLOROPHYLL CONTENT

Thé'ébsorbance of the solvent was determined at 645 and 663 mu with
a Pye uﬁicam’SP 1800 Ultraviolét Spectrophotometer‘ ‘The concentration of
: ;chlorophyll (chlorophyll a . b) was estimated using a nomogram for

o determlnation of chlorophyll from- the absorbances as detailed in Kirk

- (1968)
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Table V.1 Leaf area (Y) and leaf length and width'productv(x) of fifty

‘Jeaves of teak seedlings

A :Leaf aféa~(cm2) Length x width

Leaf area (cmz)

.Length x Width

12

14

Y X No. - Y X
1 se.a 91.76 26 . 11.09 17.60
2 23.07 13671 27 15.95. 123.80
3 39.09 58.24 28 12.08 17.11
4 6.38 934 29 15.79 22.61
s 41,47 160.90 30 12.76 18.45
6 57.66 89.79 ‘,31 10,79 15.96

7 6L5L 94.38 32 8.73 12.87

8 56;19 | 102.98 33 24.49 36.52
9 15.39 24.42 34 26.20 _ 38.70
10 35.32 51.52 33 16.34 23.00
| 11 38.22 60.48 36 13.81 19.87
26.34 - 41.13 37 © 6.59 9.30

13 48.30 74.58 38 5.68 8.51
47.25 66.56 39 10.65 15.05

15 ' 26.77 42.88 40 5,77 8.71
16 22.89 35.67 a1 7.7 9.14
17 4194  66.64 42 11.27 16.61
18 40.33 63.56 43 40.10»_ 61.33
19 21.73 33.21 44 43.94 66.40
20 19.82 30.02 45 23.72. 136.96
21 9.42 14.58 46 29.00 43.20
22 1 9.76 15.54 47 26.30 39.82
23 39.92 63.25 48 29.44. 44.26
24 ‘42.13 66.39 49 12.47 17.84
25 16. 80 26.40 50 13.35 “19.20



199

APPENDIX V (cont)

Cofrelatidn'coefficient (1)

= .998
 ,Regré$si§n‘cde£fi§ient (b) = .6432
N Y-iﬁpéigept (@) o= ©.5697
) Regfessioﬁ eduatiqn;i Y = .5697_{‘.6432 X.

Analysisjbf variance of the dété in Table V.1 is shown in the table

,*Jbelow.'i"
Source. of variation Degrees;ofv Sum of .~ Mean - F-ratio
- ' freedom = squares . squares
regression. 1 13156.4  13156.4  14734.4%%*
error 48 42.8594 .8929
‘total 49 13199.3

*** Indicates significance at the 0.1% level '
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