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Comparison of photosynthetic characteristics among 14
Toona sinensis provenances
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Abstract ; [ Objective] Toona sinensis is a China endemic timber species of high quality and fast growth.
This study was aimed at investigating differences in photosynthetic characteristics among different 7.
sinensis provenances, and providing a theoretical basis for selection of superior provenances. [ Method ]
Five photosynthetic indices of one-year-old seedlings of T. sinensis provenances collected from 14 counties
in 11 provinces were measured with Li-6400 and analyzed. [ Result]There were highly significant differ-
ences among different provenances in five photosynthetic indices including net photosynthetic rate (Pn)
stomatal conductance (Gs) , intercellular CO, concentration ( Ci) , transpiration rate (Tr) and water use
efficiency (WUE). The variation coefficient of Gs was the highest (27.52% ), and that of Ci was the
lowest (4.24% ). The repeatability of Pn was the highest (96.08% ), and that of WUE was the lowest
(78.52% ). Pn was highly significantly positively correlated with Gs, Tr and seedling height (P <
0.01), and significantly positively correlated with ground diameter (P <0.05). Gs was highly signifi-
cantly positively correlated with Ci, Tr and seedling height (P <0.01). Ci was significantly positively
correlated with Tr (P <0.05). Tr was highly significantly positively correlated with seedling height (P <
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0.01) and significantly positively correlated with ground diameter (P <0.05). Provenances collected

from Xing’an and Napo of Guangxi Province, and Peng’an of Sichuan Province had relatively high Pn

compared to those from other counties, and provenances from Xing’an of Guangxi Province and Lechang

of Guangdong Province had relatively high WUE. [ Conclusion ] Two principal components were obtained

from five tested indices using the principal component analysis. Fourteen T. sinensis provenances can be

divided into three groups including the group with the lowest Tr, the group with relatively high Pn and

WUE, and the group with relatively strong photosynthesis and low WUE.

Key words: Toona sinensis; photosynthetic characteristic; provenance; seedling; correlation analysis;

principal component analysis
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Tab. 1 Geographic locations and climatic information of the seed collection sites of different Toona sinensis provenances

Gt s SRE(E)/(°)  HEN)/(°)  w#/m  FHE/C FERKE/mm JEHEN/d AESHBE/K
2z KT 117.63 24.50 19 21.0 1 600 330 2 060
les I HRERE 113.33 25.12 98 19.6 1522 300 1 500
np IiE8)7 105. 82 23.38 794 18.0 1422 332 1 754
nn IR T 108.35 22.82 100 21.6 1304 365 1537
xa I 110. 67 25.60 226 17.8 1842 293 1281
ds Sk L 107.53 25.82 1 000 15.0 1 346 294 1200
is Wb s 109.72 30. 60 1152 15.5 1 480 260 1332
cd Wirg & 111.68 29.02 234 9.2 1899 272 1510
fh R 109. 58 27.93 343 15.9 1308 277 1266
ak B PG 2 109.02 32.68 370 16.0 1050 253 1610
vnjs mEEK 102. 82 23.63 1323 18.7 800 307 2 302
ps KK 108. 15 29.28 422 17.5 1 104 312 1035
pa DU |5% % 106. 41 31.03 346 17.6 1032 291 1271
wd HfrakEs 104.92 33.40 1 002 14.5 500 240 1911

1.2 REEFUE

1E2014 47 A M H), EEE PRI, T LT
09:00 ~12:00 J] Li-6400 {450t & 1F M Hr R 450
(SR [E LI-COR) Xf 14 A~ 1 4524 7 i A I i 0 - e
WEF LA ER (Pn) AL TR (Gs) ] CO, ¥
JE(Ci) ZRME R (Tr) o BLilas IR RE AL A K
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WUE = Pn/Tr, (1)
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Tab.2 Growth status of Toona sinensis seedlings
i 142/ mm Hi 5 /cm Rl il

WM (22)  15.420.7  78.6+7.2  14.7 1.
PR E (les) 13.8+3.8  85.5+18.1 18.7 %5.
FVEARYE (np)  15.7 +2. 98.3£11.7 18.0 4.
P PR (nn)  15.6 £3. 76.5+15.3 18.3 £5.
JUPEE (xa)  18.3 £1. 63.3+2.0 14.7 +4.
BOMNAIL (ds) 8.3 x1. 54.3+12.4 11.3 1.
WHLHSG Gs) 12,4 23, 56.8 £15.9 12.7 +3.
W EE(ed)  14.4 £2. 65.7£5.7  23.7 2.
W RUEL(fh) 12,7 £2. 63.7+15.6 17.0 +3.
Bevi e (ak) 4.6 £0. 32.6£2.5 7.0 £0.
“HEK (ynjs) 9.5 +3. 35.3£16.3  11.0 £3.
EIRE K (ps)  14.9 +2. 85.5+18.5 23.3 2.
P22 (pa)  20.6 +1. 132.0£21.2  26.7 £4.
Hil 4B (wd) 6.0 £0. 27.8 £5.7 6.0 +0.

1) &P #AE A T3 £ 4 RR,

1.3 HiEgItONm

B R H Excel2007 %23, Spss19. 0 #5475 2543
B AHSE I Br L o 3 Mo 7 22 90 B R [ 5 A6
T o O T MRS PR AR A Ao 108 T ) 25 S R 3 A5 A 2 1

()W eRiNe NN e SHNV BN S BN I L e N |
A0 AN NN RO O W

WL T AR R RE(CV) MIER T (R)
CV =SD/MIN x 100% , (2)
R=1-1/F, (3)
2, SD PR bR fEZE , MIN SRR 3958, F
2T R ) S R 22 A J5 28 HE o

2 HRE5SH

2.1 FEMERMNXLESEEERTRSIT

TG R A 25 A R I O B AR B A A8 S 45 2R DL
23,8 MR EF IR BIAAAE AR 50 5 MNMRIRI A F
REEENMEE R 4.24% ~27.52% , Hr,Gs 57
Z OB B Kk, Gs AR SBlE BE R 0.175 ~ 0.467
pmol - m - s LA FE AR O A A BEAE B AE Bl ]
MESEWH R, m G WA S R &N, N
4.24% 75 St BE 247. 856 ~292.717 pmol + mol ™',
VI RAE YR 18] 1) 22 587N

250 (£ 4) R, B S AEEEHETEFRTE
b (B BB AFAE AR S 2 22 S50 F [ K/NIF 4 Po
(25.497) >Gs(19.133) >Tr(13.380) > Ci(8.089) >
WUE (4.656)., 5 ™S8 MW E K J1 242 3 Bl N
78.52% ~ 96.08% ., H b, Pn EE HEE, N
96. 08% , H:Yk & Gs Tr, ¥k 90% L |-, WUE &
T A%, HL A F] 78.52% , I ULI, Y EE S E
BRI I, ATAE R A R R s R 2 AR T
P A B AR A ) FE EE AR

R3 BEREMEEIEXGEEERERSIT

Tab. 3 Summary of variation in photosynthetic physiological indices of different Toona sinensis provenances

HobEER SALEE Jfla] CO, ¥k 7 R KGR
it i (Pn)/ (Gs) / (ciy / (Tr) / (WUE) /
(pmol-m_z-s_]) (pmol-m_2's_l) (Mmol-mol_l) (pmol-m_z-s_l) (Mmol-mol_])
e /IME 9.006 0.175 247.856 3.551 2.445
e KAE 19.513 0. 467 292.717 7.266 3.416
M + ARdEIR 14.083 £0.738 0.283 £0.021 273.803 £3.105 5.205 £0.239 2.797 £0. 065
s Z B %o 19.62 27.52 4.24 17.19 8.68

x4 TRMEEENRGEBERTEST

Tab.4 Analysis of variance of photosynthetic physiological indices of different Toona sinensis provenances

iy A5 SR S5 i v B F P BE I/ %

L AR (Pn) ol ¥ ) 2 679.283 13 206. 099 25.497 <0.01 96. 08
PR 2 942. 630 364 8.083

KILFPE(Gs) i a] 2.129 13 0.164 19.133 <0.01 94.77
R 3.116 364 0.009

fiiifa] CO, YREE(Ci)  Fpifsija] 47 363.337 13 3 643.334 8.089 <0.01 87. 64
PR 163 947.951 364 450. 406

PSR (Tr) T 3 280. 901 13 21. 608 13.380 <0.01 92.53
PR 587.829 364 1.615

KRR (WUE) Fhiga] 20.705 13 1.593 4.656 <0.01 78.52
PR 124.512 364 0.342

http://xuebao.scau.edu.cn
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2.2 BHEMBEESNEEE ERKEBREXEST
FRERPIOL G 2R B AR K AR P A R 2 A &5

(F5) £ W :Pn 5 Gs Tr Ml 2 A% 835 IE ARG,

Pn 54 5 0 3 IE A G5 Gs 55 Gi T RIRT i 2 4R

BEIEMK ;G Tr 2 W F EA; Tr 5 H m 25K
WA IEARSE, Tr 5 A0 5 W35 IEAR OG5 i o 5 A |
P B R 2 TR G s AR S P B AR 3
LEES

£5 HAERIERIEKISRIEERY

Tab.5 Correlation coefficient between photosynthetic physiological indices and growth indices

12N Pn Gs Ci Tr WUE e Hif%
Gs 0.817*

Ci 0.385 0.742"

Tr 0.863 ™ 0.960 0.637"

WUE 0.351 -0.133 -0.456 -0.138

HE 0.687 ™ 0.665 ™ 0.365 0.737* 0.018

otz 0.591" 0.511 0.159 0.571°* 0.176 0.909 ™

S 0.451 0.380 0.089 0.468 0.080 0.908 ** 0.921*

1) # A48 0.05 KF (M) ERFAK, s Rm420.0L RF (M) ERBHAIK

2.3 AEMEEENHALEEEERERLER
HF 6 AT LA ) P24 PR L a1 3%
LA Po 20K, 7305353 7 19. 513 (17. 641,
16.543 pmol « m™* « s™', Z G HK 51 S A H R
FHERFR VR P #5708, 4 5k 9,006 10. 415, 11. 837
pmol + m™ 57" Gs F KAGSES PEARYL ) Pu %% Py
JI| 3% 22 RO, 4y Bl OSh 0.467. 0.372, 0.356
s /MR R AR CHIRERER R
R, 43514 0.181.0.175 0. 208 wmol - m™> + s7';

pmol - m 2

Ci {BLAY 22 S AR AL/, B PG 22 B L ) PG IR 3B Ao Y
By Ci ek, 4391k 292,717 .291. 837 wmol = mol ™',
HR AR Ci Fe/h, 2 247. 856 pumol + mol ™' ;
Tr f R VAR VU T 22 P8 XL R, o
WK 7.266.6.081.6.044 pmol - m™ - s f/NEY
S @K H A R ER AR, 2Bl Dy 3.551.4.128
pmol + m™* « s7's WUE e KA VY%%K IR
EVRPE 23 914 3.416.3.038 wmol + mol ' /MY
SETTPUARI AR, Dy 2. 445 pmol

-1
*mol ™,

*6 TEMEFHENMARXEGEEERERILE"

Tab.6 Comparisons of photosynthetic physiological indices of different Toona sinensis provenances

- Pn/ Gs/ Ci/ Tr/ WUE/

LA (pmol m™ +s™")  (pmol -m™ +s7") (pmol + mol ™") (pmol - m™ - s7") (pmol - mol ")
BTN (2z)  14.740 +3.349de 0.275 £0.101de 270.126 £15.280bc 5.188 +1.137cd 2.848 +0.245bc
J &R ERE (les)  15.316 £3.148cd 0.254 +0.057ef 269.707 £16.832bc 5.116 +£0.762cd 3.038 +0.706b
FPEARYE (np)  17.641 £1.526b 0.467 £0.058a 291.837 £12.034a 7.266 +0.577a 2.445 +0.304d
JTPEEE T (nn)  13.775 +1.242def 0.269 +0.040de 279.692 £11.541b 5.067 +0.641cd 2.752 +0.356bcd
STV (xa)  19.513 £1.048a 0.372 +0.080b 274.968 +13.108b 6.044 +1.397b 3.416 £0.875a
Tl (ds)  13.441 +2.276ef 0.252 +0.032ef 276.506 £11.277b 5.209 +0.480cd 2.577 £0.347cd
WALEELR (js)  14.994 £5.729cde 0.289 +0. 139de 270.997 £33.137bc 5.133 +1.241cd 2.919 +0.895bc
M (ed) 10.415 +3.119hi 0.208 +£0. 124fg 258.507 £41.176c¢d 4.422 +2.283de 2.765 +0.986bcd
WE RUEL(fh)  13.632 £3.360def 0.300 £0. 119de 279.795 £22.961b 5.533 +1.540bc 2.556 £0.561cd
PP 22 (ak)  12.275 + 1. 896fg 0.311 £0. 108cd 292.717 £21.532a 5.039 +1.264cd 2.554 +£0.549cd
ZTEEK (ynjs)  9.006 £3.317i 0.181 +0. 124g  271.192 £25.146bc  3.551 +1.938f 2.788 +0. 538bed
HRFK(ps) 14.032 £1.994de 0.253 £0.071ef 270.298 £16.924bc 5.099 +1.207cd 2.834 +0.424bc
PUJIE L (pa) 16.543 £2.825hc 0.356 +0. 113be 279.049 £13. 145b 6.081 +1.270b 2.754 £0.233bed
HRRA(wd)  11.837 £1.221¢gh 0.175 £0.022¢ 247.856 +18.330d 4.128 £0.515¢f 2.907 £0.461hc

1) R PR A FIME £ AFER =3 R W5, LEREA MR DS FEE, KT ZFREF (P >0.05, Duncan’s

%) o

2.4 AEMEEENEGEREREINSSH
Xf 14 AT MR IR ) O & AR BRAE R 2T
http://xuebao.scau.edu.cn
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Tab.7 Characteristic vectors and characteristic roots from the principle component analysis of the photosynthetic physiologi-

cal indices of Toona sinensis provenances

RAAIE 7]

oy i TR/ % B TiEE %
BN %a FRAEAR - o ™ WUE TIRR/ % BTk %
PRIN1 3.247 0.931 0.966 0.661 0.964 0.055 63.397 63.397
PRIN2 1.407 0.335 -0.194 -0.621 -0.142 0.964 29. 686 93.083

XA ARG S A BAE AR UE AT T e
o, AR 1o mHE 14 AR 3 258 1 2K
D H R AR (wd) IR R TE (ed) FIZFIEEK (ynjs)
BT TR R I 2 R e E S0k Tr (|
/N3 2 JOATRIRE (les) (BIAL R (js) (AR
N (z2) ELPREZIK (ps) I P44 (xa) , BTG E
FRF AR 1S 2 B, Pn Tr WUE {H
BOR, BIEA BRI A RCRAR B 5 26 3
RIAE 6 AR, EATHY 32 28R MU Ty 2 B0
ERIr 1R, DG A 8, 7K 73 FHRCR AR

0.6 -

g2

02 -

00 1 1 1
2 3 4 5

E gl
wd: HN EAFNIE 5 ynjs - 25 KRN od : 8 R AR IR  xa: TG 2%
LR s les: AR B AN js WAL AR GA RN IR s ps . T IR KPP s 222 18
AN RO o0 ) PG TG AP s s« SO LA ; h 380 T XU I 5
ak : B PG L FREFP IS s pa: DO SE LN s np : T PEAR RN
E1 14 NEHFMIEN 4T LR HE

Two-dimensional principal coordinate analysis dia-

Fig. 1

gram of 14 Toona sinensis provenances

35 4R

TS C G FEAR LRI IR B AR B2 22 57,
L EB S MBI, 5 A TRIRINAE R R
ARSI E R 4.42% ~27.52% , H i, Gs IR R
Bk, 28 g B 0,175 ~ 0. 467 pmol - .S 1
E%%‘%%Aiiﬁi’ﬁﬁfﬁ/ﬁIﬂﬂ’]%ﬁ%@iﬁﬂ’] ﬁ'ﬁ

Ci B972% 5 R8N, N 4.24% , 7% S i@ & 247. 856 ~
292.717 pmol - , VLI AR TE o 8 1) 1) 22 S
BN RHRMESIHTEEREH, Pn 5 Gs T B = i Wik
FIEAHSG, P 5 AR 1 3 EAROC, Gs 55 Ci T i
W TEADE, Gl Tr B EASE, Tr 5 8 &k i
FAEAHDC, AR B35 B A OC, 1 9 AR B 4L
PR TEAH G, A 5 2P B 35 IR A G . A OG
P A RS ERB S PRI 45 ARG & I
HEB) P (BB, H: WUE 800N, 300l & i
VEIK R AR A . S 1 A B2 it Bl 1) 5 A ol
U5 Gs B AL L 7 RO RN IR, 31X Al BE -5 R 7 7K BT I
BEREEA K TR AR R IR Tr (B BOR T
At 4 AR, U3 5l O B PCSZ K AR A RN L W
i RUJEL 5 M ok ch o ) P S A e v R U Y
WUE {E 4K, SN 38 pg USRI Y WUE (B4
KRR WUE (B b, Ud B O v 5 79 7
FE AR 23 ) PR EAR, A J7 /9 F s K 23 F)
OB R o X — &5 2R 5 HAWA R A 58 2 AR ], e
K Pistacia chinensis Jif% Cinnamomum bodinieri
5 Castanopsis tibetana Al
JUPERZE T PR Y1 3 2 A AR RN IR A Po
B K, 43 38 8] T 19.513 17.641, 16.543
wmol « m ™2« ™' ZEFHEAK I R WA H A R b
B Pn %N, 43 5 N 9.006, 10.415, 11.837
pmol + m o WUE i RIYZ) PE 4% )RR
5, A 3.416.3.038 pmol - RN R
VYIRS AP, Oy 2. 445 pmol - A 14
FERNI Y N 3 285 1 2RO HREUAR (wd) (1T 1
(cd) . FHK (ynjs) TR, B AT E2AF R0& F
OF 2 R SEESECD Tr (/N 5 2 N RIRE
(les) WIHLEELR (js) ARALEM (22) HIKREZK (ps) |
JTVPEREE (xa) TR, BT 2R S M 1L E
53 2 BAH Y, Po Tr WUE B0, RIDG S 3R FK 73
ISR AR R 56 3 RNRIRR) 6 DRI, BEATHY
TR R A 2 BN AU 1ECR, DA
http://xuebao.scau.edu.cn

mol ™'

mol

1
mol ™ o



56

ﬁg

MoKk ok

S

A

{1 %37 &

S, KA R, X — o 28 5 a2 >
XTRRBRE Chukrasia tabularis FhIR B 43 ZSAE AL, 76 52 bR
Az 7 R R 7 ik 38 DRI el B, A R AT O
JEIK PRI IR B R rg 7 AR, AL Dy FoRs U 75 25

R

PR EEG B 3 N S e T A R

S5 3Lk -

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

INIAT, MG K, DT Ik, SF A B S R R
B WMz, 1992, 9(3) : 4-12.

CHIA Y C, RAJBANSHI R, CALHOUN C, et al. Anti-
neoplastic effects of gallic acid, a major component of Too-
na sinensis leaf extract, on oral squamous carcinoma cells
[J]. Molecules, 2010, 15(11) . 8377-8389.

ZHEN H, ZHANG Y, FANG Z, et al. Toona sinensis and
Moschus decoction induced cell cycle arrest in human cer-
vical carcinoma HeLa cells[ J/OL]. Evid Based Comple-
ment Alternat Med, 2014, 2014 1-8 [2015-12-09 ]. ht-
tp://dx. doi. org/10. 1155/2014/121276.

WANG C C, TSAI'Y J, HSIEH Y C, et al. The aqueous
extract from Toona sinensis leaves inhibits microglia-media-
ted neuroinflammation[ J]. Kaohsiung J Med Sci, 2014,
30(2) . 73-81.

SKAOTT, ETT, VPRI, % B MR ARRE A S R B
Py (], A e 2R S R R, 2013,35
(5): 641-646.

Bewmw M, R, A BN TR R
FARAPE R B RCAT I [T ], UL AR e 2 4l , 2003, 18
(2):77-79.

WIRE , M, EAR. B AN AR RN £F
E S A o AT ST LT ] WA ) ) o
2003, 32(3) . 35-37.

TWIRE . Aid A 3 A MRS L], Mol B

http://xuebao.scau.edu.cn

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

F %, 2004,18(5) : 61-63.

WRIRE. kst 3 MRS EARBT TS [T 1. PP )

£, 2011, 103(4) . 54-56.

JE/NES R, 2 O 4 B R EOR B 5T

[J]. HEaespesadle, 1997, 17(4) : 64-69.

SRE. ARG E BN T ] bR

W BR2AIEST, 2002,15(4) « 432-436.

(ZERZN Sy W=7y ki e RO R NEIE LR iy i)

ANCERHERIF M LT ], bRl R 22244, 2011,33

(1) 44-48.

TRHIRT 250, 207, 5. S [R)Fh 57 M 22 i i A

JOCE R LT Ml BT %, 2012, 26 (4) -

48-52.

W AR BT, 4, T g V5 YR A i gt

R RN R ]. KR, 2013,

27(5) : 240-243.

R R 3 Mk BEAT Z2 A8 PR 2 5 PR I T

ARIRELT]. GEitiise, 1992, 48(4) . 67-68.

WMED, BOER, 205 ARIFEFIR A H B A& R

PR [T ], MOl BT %, 2008, 22(4) : 62-64.

R EFEOL, i, AR ERIEACE SRR

LRI oA T]. mdegel K24k, 2012, 35(3)

58-62.

FAL /NI, G A R B R AR Y AL S

PSR ] SN AR, 2011, 39(6) : 39-

42.

FE 2, VRRERR, Sk, 45 B SATRR IR IR 4y A KRB AN

ARO[ ], dLIrhd 2, 2014, 38(5) : 20-

25.

B, RS, S B8, 4. RRBRAE RADE A 1R SR I

ST [I]. A fEeEdie, 2014, 35(3) : 509-514.
(REHE Foeir]



