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Evaluation of Photosynthetic Characteristics and Growth Traits
in Teak Tectona grandis L.f Clones
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CHEN Tian-Yu ZHOU Zai-Zhi YANG Guang

Research Institute of Tropical Forestry Chinese Academy of Forestry Guangzhou 510520

Abstract This study was to analyze the genetic variation of photosynthetic physiology and growth trait among
teak clones and to select superior teak clones. The gas exchange chlorophyll fluorescence parameters and tree
height of 19 teak clones and one CK which selected from different provenances were measured based on a field
testing forest the photosynthetic characteristics and their relationships were analyzed. The gas exchange

chlorophyll fluorescence and growth traits had very significant difference among teak clones and provenances.
There were abundant genetic variation in measured traits in teak clones except maximum photochemical ef

ciency of PSTT F . /F_ . Photosynthetic physiology of P, had no significantly correlation with height growth at
early stage. The clones 71-7 and FS3 were selected with relatively higher photosynthesis rate and growth.
Emphasis should be put on the resources introduced from India in further breeding research that aims at high
photosynthetic efficiency in teak. Photosynthetic physiology and field growth should be evaluated to selected
superior teak clones.
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FOCSHONHER MR A & MR 1% 48 5w L
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1 #MEERE

1.1 ##H5REET
ARHIEFE R R} 2 DA EJDJEE 0 4 ) AN [ o e o %
PERS 2 85 BFA ) 19 MR TR I DI I8z
FFEP IR R R NAT F1 2016 4£3 H 29
HRH] T ARAEBTE) AR A8 S pE i ol B 27 0 5 i
113°76'51"E 24°24'77'N EE R BN ENK 584
BEDLIX 20T 9 B 3 x3 /NX 6 (REHE ik
WA AT B AR PRI TEE2 m x 2 m

FAE T EIEE 8 m 257 UA% 60 cm x 60 cm x50 cm
BB 1.0 kg FHEERRAC +1.5 kg AL

x1 SHMATERRERERER
Table 1 Information of teak clones and their original

provenances

BT R

Code  Clone

R NP IURAMERICE R. i 6601

Domestic Banna hotanical garden secondary provenance Myanmar 6601

AR

Provenance name

EIFE R 3071

India provenance 3071

E i 3071

India provenance 3071

B AR5 3071

India provenance 3071

E] RIS YA R i) 83044

Domestic Jianfengling secondary provenance Myanmar 83044

PR QUG PR A 83044

Domestic Jianfengling secondary provenance Myanmar 83044

T s ISR R 4D 83044

Domestic Jianfengling secondary provenance Myanmar 83044

2 711
3 7111
4 7114
5 7514

6 7544

] RIS Y R i) 83044

Domestic Jianfengling secondary provenance Myanmar 83044

B NRIGI YRR 4if 83044

Domestic Jianfengling secondary provenance Myanmar 83044

10 7663 PRI YA R Al 83044

Domestic Jianfengling secondary provenance Myanmar 83044

[ YRV Y AR i) 83044

Domestic Jianfengling secondary provenance Myanmar 83044

R NRIEI YRR it 83044

Domestic Jianfengling secondary provenance Myanmar 83044

3 Tm [ 2RI AR ) 83044

Domestic Jianfengling secondary provenance Myanmar 83044

B QUGS YA R i) 83044

8 7552

9 7559

11 7703

12 7165

14 s Domestic Jianfengling secondary provenance Myanmar 83044
P FRHEIA 5304

Domestic Jianfengling secondary provenance Myanmar 83044

FrrR% %
16 K Seed orchard pedigree
ElLBEFiER 3070

17 04 India provenance 3070
. PN CE R 5100 83044

Domestic Jianfengling secondary provenance Myanmar 83044
o s PSR 0 53044

Domestic Jianfengling secondary provenance Myanmar 83044

/N S N R

- AR B 9

Domestic Jianfengling secondary provenance India FS3

1.2 $EFRIZE
2016 4£9 A 21 H il iK%k 0.5 a A4
m OH ERSEWIN 2016 4£9 H 22 23 24 H
HAEME3 K L4 8 30 ~11 30 BATCIERM
X EREHLIERE 4 bk REPRGEPEAEARDUZF 7] AR5 2
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Xl A EEr i SR HHSE[E LI-COR 2\ ] Li-6400
RUEHEASE A O E BRI RS S AL A
HOR P SR G FIZEEHERE T, % e
A M2 B 3T EDEE 1000 wmol - m ™ 57!
TEE SR CO, ¥MREF 400 =15 pwmol- mol ™' By 451 F
HEAT A0S E M E R R 33 ~38C Ak E
BF At R 3 ke EBCTF-A(E

[E A} % FH 22 E OPTI-sciences 2> & 4E 771 OS-
30P + 5 MR R DS E 44T PS 1 e foefhae
BeR F/F, PSTSEBmtfb2agc® ®PST HE
HAERK ZE NPQ P KSR Rl
R s i Te) b D wE T R e 4T 20 min g
FEALH DLRAIE R R 58 Ak A 15 RS
1.3 HESH

KRR WUE $3X WUE =P, /T, it
wY mRRBERARX C=S/X 5 X S b
2 X AR —HRR A AP I(E R SPSS 18.0
A 77 22 0 AT AT Duncan 288 LU AT IEXDG
GSE KSR KRR TR M5 B

2 ER5H5H

2.1 WHAREALTHRSHFERR HERKAEE
K AFIE
AR ToPE RS 4 3R 98 Mk
KRR T 22 P G5 R L3 2 S 8LL Bk 73 il
FRCRAE TN R M AEER B 2R AR
Ttk RS S ERIK 3 R FRCR A L H L
BUWHRS FESHEP, 6T, B-FEHEEE A
9.61 £4.54 ~19.53 £3.40 0.02 £0.01 ~0.09 +
0.05 F11.25+0.76 ~3.39 £1.51 mmol- m™>- s~'
T KRR WUE 7E4.69 + 1. 69 ~
15.26 +7. 15 pmol - mmol ™' ML E VB
F4 FEUSHOPSI F/F, A1 NPQ {-F-#41E
JEFEIM 0.50 £0.05 ~0.63 +0.02 0.77 £0.04 ~
0.81+0.01 F10.38 £0.19 ~0.85 +0.44 0.5 a /i
W Bl R 0.43 £0.26 ~0.92 +0.36 m
SAFE 6 ZEBHERE T, ARG FER KR
NPQ FUKIF R WUE 7857 RECECR TR
0.511 ~0.670 PSI L RIEALERCR F /F, A5t
ZEEUN AU 0,033 DL CK HZ R[] i 45 ik
20% My N LR 8 H R AR KA A AR Tt R
FS3 St B B AR Jo Pk & oy 71-7 1 FS3 K
3R AR 8 0 Rl AR TPk & R 7703 7024 7552
17813

R2 MARELERSEZE HERERSE kaRAE
REKSEMAEDHT

Table 2  Variance analysis of gas exchange chlorophyll
fluorescence water use effciency and growth parameters

among teak clones

R ZH
stk it i Pl ok
ariation
Category Parameter Fvalue P value .
coeffcient
HOLaER P, 40.523  <0.0001** 0.318
1A
U AR G, 32.508 <0.0001*" 0.670
Gas exchange
WA T, 34.729  <0.0001** 0.511

o PSIEIIEHFHER F/F,, 12,668 <0.0001 % 0.033
MR RO
Chlorophy Il PS Il 5zbri 774 OPSI  11.829  <0.0001 ** 0.115

fluoresence

ALK ZBNPQ  4.413  <0.0001 **  0.612

SR ES
Water use WUE 24.082 <0.0001** 0.548
efficiency
H:K: Growth W H 4.446  <0.0001 " 0.335

E " RREFLFE 0.05 KF
G

Note * indicates a significant difference 0. 05 level

CFRINEFNEE 0.01 KF

** indicates a

very significant difference 0.01 level . The same as below.

x3 HASELERSEZHRSHIKSD P ALESHEE
Table 3 Mean values of gas exchange and water use eff-

ciency among teak clones

Tz EOLHEEP, SAFEG,  ABEET,  KAFIHRCE
Clone Jumol: m2 57! jumol- m 2 5! Jumol: m2 57! WUE
6601  15.55+4.36e 0.05 £0.02def 2.28 +0.89¢cde 7.43 +2.54fjh
717 19.53 £3.40a  0.05 £0.0lbed  2.64 £0.67b  7.67 £1.45efjh
7111 16.95+3.33cd 0.05£0.01bed 2.74 £0.72b  6.37 £1.39h
7114 17.15+£4.77cd  0.04 £0.02efg  2.10 £0.90e 8.96 +£2.54cde
7514 14.90 £3.00e  0.04 £0.01gh  1.79+0.64fg 9.32 £3.29cd
7544 12.87 £4.76fg  0.03 £0.02gh  1.76 +0.90fg 9.05 +4.36¢de
7549 15.45+4.86e 0.06£0.03b¢  2.61 £1.13b  6.81 £3.07jh
7552 9.61 £4.54i 0.02 +£0.011 1.25£0.76h 10.31 +8.57¢
7559 12.79 £3.72fg  0.05 +£0.03def 2.12+1.07¢ 6.79 +2.03jh
7663 17.89 £3.0lbc  0.05 +0.02de 2.48 +0.88bcd 9.06 +8. 18cde
7703 14.97 £3.5le 0.03 £0.02gh  1.35+0.79h 15.26 +7.15a
7765  11.23+2.99h  0.03 £0.01hi  1.45+0.62h 8.93 +3.6lcde
7772 11.75 £4.54gh  0.03 £0.02gh 1.81 +£0.84f 7.27 £2.84fjh
7773 17.14 £3.76¢d  0.05 £0.01bed  2.18 £0.52de 8.25 +2.07def]
7886  13.26 +4.41f  0.08 +0.06a 3.11+1.38a  4.69 +1.691
CK 18.89+4.75ab 0.06+0.04b  2.53 £1.12bc 8.47 +2.61def
7024 15.88 £2.89de 0.04 £0.02fg  1.49+0.71gh 12.78 +4.6b
7551 15.46 £2.64e  0.05+0.03cd 2.24 +1.11cde 8.34 +3.59def
7813 11.95 +4.02fgh  0.03 £0.01hi ~ 1.38 £0.58h  10.30 +4.70c
FS3  18.89 +4.84ab  0.09 £0.05a 3.39+1.5la  6.59+2.91h

E RPFHMFAWEAZR ALY FHARLRZREHE 0.05
K¥ R

Note Same letters indicate that the difference is not significant and

different letters indicate a significant difference 0.05 level . The same

as below.
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Table 4 Mean values of chlorophyll fluorescence and tree

height among teak clones

sz DSIERE PIAOEE ol -
Cloma TEoFRCR £ O EY I n'?
PPS I F/F, NPQ

6601  0.51 £0.05ghi  0.79 £0.01b  0.53 +0.29cdef 0.67 +0.37bed
71-7  0.54 £0.04defg  0.81 £0.0la  0.50 £0.21ef 0.62 +0.43dce
7111 0.54 £0.03def 0.78 £0.02bed  0.45 +0.16ef  0.43 +0.26e
7114 0.54 £0.04defgh 0.81 £0.0la  0.54 +0.36cdef 0.85 +0.44ab
7514 0.52 £0.05efghi 0.8 £0.02a  0.56 +0.31cdef 0.67 +0.41bcd
7544 0.50 £0.08hi  0.78 £0.02bed 0.73 +0.47abc 0.88 +0.44ab
7549 0.58 £0.04bc  0.78 £0.03bed  0.41 +0.21ef 0.53 +0.37cde
7552 0.50 +0.05i 0.76 £0.02f  0.53 £0.31def 0.66 +0.37hcd
7559 0.53 £0.09defgh 0.77 £0.03def 0.57 +0.35bedef0. 68 +0. 35bed
7663 0.54 £0.04def  0.80£0.0la  0.45+0.22ef 0.46 +0.24de
7703 0.60 +£0.04ab  0.77 £0.04f 0.70 +0.32abed 0. 62 +0.31cde
7765  0.51 £0.04fghi  0.79 £0.03b  0.43 £0.2lef 0.60 +0.31cde
7772 0.55+0.06cde 0.78 £0.01bc  0.46 +0.34ef 0.55 +0.33cde
7773 0.63+0.02a 0.77 £0.03cdef  0.38 +0.19f 0.58 +0.36cde
7886 0.56 +0.06cd 0.77 £0.02def  0.45 +0.33ef 0.53 +0.39cde
CK  0.58+0.06bc  0.77 £0.02ef  0.41 £0.28ef 0.86 £0.45ab
7024 0.59 £0.07b  0.78 £0.02bcde 0.76 £0.5ab 0.70 +0. 33abc
7551 0.53 £0.07defghi 0.77 +0.03def  0.85 £0.44a 0.84 +0.46ab
7813 0.51 £0.06ghi  0.79 £0.02b  0.61 +0.34bcde 0.72 +0. 38abc
FS3 0.56£0.03cd  0.79+0.01b  0.55 =0. l4cdef 0.92 £0.36a

2.2 WMAARMBESEZHR HERRAESER
FHE

WS BoR ASH R RIOCERS
R AAS [ b D 18] A0 A7 fE A 10 8 22 5 Ik
6 ~ 7\ ARIEFENIKAERPR EIEE FS3 Al CK Y

RS MAREFHESEZR HEEWRE KSMARK
ERSHNFEST

Table 5 Variance analysis of gas exchange chlorophyll
fluorescence water use effciency and growth parameters

among teak provenances

EiE Ae sV Ei=1 FA{H PE
Category Parameter F value P value
HOLAHEAR P, 63.772  <0.0001 **
[z fhe R ”
,T%*}ﬁ SILRE G, 38.207 <0.0001 **
Gas exchange
RMHEAT, 45.012  <0.0001 **
PSR IO F /F,  13.598  <0.0001 **
MR IO
Chlorophy Il PST SZfrfE ¥/~ # ®PSIT  7.379  <0.0001 **
fluoresence )
et K R ENPQ 3.331  0.006""
KA R
Water use WUE 19.520 <0.0001 **
efficiency
H K Growth W H 3.636  0.003"

HOLE AR P, frm YRR 3071 = 257
A RUERENUARE B FS3 /Y G, T,
{EA0 H T ER R FRUE 3070 11 K 43 1 R00R
PS ISP fbor bR e ENJERFIE 3071 (19 PS 1T
IO RO e QUG [ AR R B
FS3 BE R WFPIEUKFRE QU E M
AR EIREE FS3  EREERPIR 3071 #13070 A%
BRI AR DA [7] [ 5 A Al A o Joi %
BORF Ok A EDEE AR A BT DL S BRI TR A
a0 ] PRI A B IR

£ 6 MALREMESEZ GRS EMAKSFARUEFEE

Table 6 Mean values of gas exchange and water use effciency among teak provenances

AR WREERP,  RILREC, BBHET, KRR
Provenance wmol: m~2+ 7! pmol- m~2+ s7! pmol- m 2ot WUE
.Eﬂﬁi“ﬁl‘(ﬁ 3070 15.88 +2.89b 0.04 +0.02d 1.47 £0.71d 12.78 +4.6a
India provenance 3070
FNEEFHI 3071 17.88 +4.05a 0.05 £0.02¢ 2.4940.82b  7.67 +2. 14bed
India provenance 3071
ZINIEIAS Y Y
. E]W%mjfmé\a\/}:ﬁ{ﬁ EE FS3 . 18.89 +4.84a 0.09 +0.05a 3.39+1.51a 6.59 +2.91d
Domestic Jianfengling secondary provenance India FS3
RIS Y A P i) 83044
Domestic Jianfengling secondary provenance 13.78 +4.52¢ 0.04 £0.03cd 1.96 +1.06¢ 8.75 +5.29b
Myanmar 83044
] P PG SO AR 4 ) 6601
Domestic Banna botanical garden secondary provenance 15.55 +4.36b 0.05 +£0.02¢ 2.28 £0.89b 7.43 £2.54¢d
Myanmar 6601
CK 18.89 +4.75a 0.06 +0.04b 2.54 +1.14b 8.47 £2.61bc
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Table 7 Mean values of chlorophyll fluorescence and tree height among teak provenances
R PSTI Sehiotefbp i PS IUIRAOLRR AR bk R 5L e
Provenance OPS I F./F, NPQ H m
4EBE%W% 3070 0.59 +0.07a 0.78 £0.02b 0.76 +0.5a 0.71 +£0.34bc
India provenance 3070
,EWEWYE 3071 0.54 +0.04c¢ 0.80 +0.02a 0.50 +0.26b 0.66 +0.43¢
India provenance 3071
ZIN I IA Ve He Y i
. _@WLFQQU\&LW/& EHEE FS3 . 0.56 +0.03bc 0.79 £0.01b 0.55 +0. 14b 0.92 +0.37a
Domestic Jianfengling secondary provenance India FS3
Pl A AU U A R 4 ) 83044
Domestic Jianfengling secondary provenance 0.54 £0.07¢ 0.78 £0.03b 0.55 +0.34b 0.67 £0.42¢
Myanmar 83044
FE P XU AN A AR 4 ) 6601
Domestic Banna botanical garden secondary provenance 0.51 +0.05d 0.79 +0.01b 0.54 +0.3b 0.67 +0.37¢
Myanmar 6601
CK 0.58 +0.06ab 0.77 £0.02¢ 0.41 +0.28b 0.87 +0.45ab

RS MALMRSELZHR HERKE kAT ARERSERSHMBEX TS

Table 8 Correlation analysis among gas exchange chlorophy Il fluorescence WUE and growth parameters of teak clones

AGFIEE p

RS -2k KU

el eIty Gas exchange Chlorophy I fluoresence W;?l?r u,se Growth
Category Index etheiency
P, G, T, OPS 1 F./F, NPQ WUE H
P"
= ik
< 6 oo
Gas exchange
T 0.641%  0.947**
. ®PS I 0.482" 0.416 0.234
MR R
Chlorophy 11 F./F, 0.39%4 -0.063 0.15 -0.268
fluoresence
NPQ -0.144 -0.29 -0.383 -0.185 -0.135
AN S hr 2
7KJ}A:IJ}H§(.&% WUE  -0.123 -0.617"" -0.748"" 0.172 -0.103 0.522"
Water use efficiency
H: 4 Growth H 0.121 0.047 -0.042 -0.161 -0.027 0.513" 0.144

.

2.3 MALERXEGHEE KSFIARESEK
LRSIk

—2K g CK FS3 71-7 58 — 282 7114 7663
7111 7773 % =

=28 7514 7703 7551 6601

RATCHE &R % S B R i kW] %
8 WOLEHERGRITE RBERENEEIE
K 5 PSITSEhri 7 i 5 R IEASE (SR
1R A A IR AR O

RARTCE 2 LT B MR i R A 1 35 0E
X WAL ER AR TRBAEN HE
KA FIHRCRE GRS TR 2806 3R AR 0 3

7549 7024 U B 7544 7559 7886 7772
7813 7765 RIS T7552 HFE WIUEH H—
AR TCME: R AEOL A #R SR E Y s

R9 HMALHREXGERSHEREINER
Table 9 The result of P, and tree height Cluster analysis

among teak clones

W BEITL G A e s PR FH 35 1 b A 5 U o N e
HOKAFIHBCRAE 48 MR TGP R K43 F) H 1 19.106 0.803
i W T AEE B S AT ST S ) 253 0 555
2.4 HATM RS S E RIS HRE S . 5 oo

I SPSS LRk FC B 9 R 20 /il AT ) o oo
PER B A B AR B LT R 4R . s oo o o

P T4 Aokt 20 AR TCIER 738 5 26 & 1
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Fig.1 Cluster analysis of Pn and tree height among teak clones
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FKFE R T B A A A o o 9% Y5 5L A A 6

YA ReE XS EHAES " PR |
J& AR TN 45 20 7 36 1 4 o A A b 54
JCME R FEPE S8 AR AR R i I T2k B ED 2
MJCTER  EDE 5 4 f) B AR 3 40 T il 2= X<
i AEHC i HRA, B AR 22 B0 52 AN TR R I ) 52 T
RGFMARF IF BRI S a6 e
AP A R AR 22 5 R R Z IR
A AR TE 2 MR R ot R JT R
ANFSE AR 2 S E N SE AR B
SEHIR AT SRS A R AT AETST S T AT
GE N —BORIL K AR EAAIA 1 e A R
B TR ATCE 2Ot G 3R AU R R AR
TERR R 25 [8] FK 20 F B 52 31 1 — %6 72 /Y B
AW AR MA R SIS AT
A PSIEIAAHR F/F, 825 R
XA A PR bR/ 33X 5 W A7 0T &
(A5 A B AE AR AL

FHRAE T W] AW 58 K Al AR 0l 45
RENHSHE MR EA BFIEMC maE
ARSI T I AR A TEVE RO A R
W IEARSC T[R4 JC 1 2R R H AR s B
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FHICE I3 B 30 2 WY 7K 73 1) JH 25 0 2 1 3l %
RERFOMIELR YW HAR — KRB ERG
IS KRR RES F R X S ekhaess ©
TE]H 8 A AN 10 H 454k A Jo M &R ot & R
4 AR A S LI it 2t B AR BB AW &
AP ZERG R AL IR R R 2 T E
B ORI R AR A e B

ARWFTEA GG 5 R AL T B2 1E
MG BB SETHIRFSE " DAl &
RN RERI RS R — 20 (H RN 3h &
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