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Table 1 Geographical location and climate conditions of the provenance and cultivated sites

PR AR i N I E Wihm ERIORC R mm K
Sites Latitude Longitude Elevation MAT MAP Climatic zone
JLEEA PG 40°16’ 117°07' ~ 300 10.3 556 R YL 7T
RSN £ NX 33°29' 111°54' ~ 900 10.9 851 R YL
WILFRIE Z2G 30°46' 110°20' ~ 950 12.6 1241 Bl %2%:3
LGk fE YX 29°05’ 115°35’ ~ 820 15.8 1 290 rf 7 By
WA CB 26°18’' 110°07' ~1 050 13.2 1 540 Y
J RS 1L HS 22°41' 112°54' ~50 22.4 1 462 2% %

2 R %

St i R i 2%
FIH Li-6400 {8 4% 2064 & £ 4t (LI-COR,
USA) I 2 18 K AR it %) e oz it 4k ( 24058 — X
) FIH CO, FEARS (CO, /NN S L=
CO, HREEHEHIAE 400 pwmol + mol ™" ; I 55 I 2 4% i 78
25 ~ 30°C 5 A A I TE 45% ~ 65% , I 5E I
M 2 000 pmol - m~* - s IREE R IRIE R 1500,
1200 .1 000,800,600 .400.200,150,100.75.50 .25,
0 wmol » m™ « s™' XTI E, KR
U0 3 ~ 4 dk, BOE B DGR AR B R AR INF ] 2y 80
s, 30 25 R AR B BRI L B RS S T
2016 47 H T ARG RAY L7 9:00—12:00 7Eia{55 1
SEHB I AE S
2.2 CO, N £

JEEVERT CO, i i Hh £ fiff ] 1i-6400 £ #5565
23005, S5 E ) 1200 wmol + m ™2 -+ 57! G i
HEA I CO, TEA RGOSR CO, MR, BE CO, ¥
FE#R A 400 300,200,150 ,100 .50 ,400 600 800 .

2.1

1 000.1 200 mol - mol ™', A [A] CO, e 5 1% B4t
SRARIE] R 160 s, M E A [F] CO, YT & il fe
BRADCE S8 W3 IR ] AR B2 42 i 0
PRFI 2 s 8] 7] _E o
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Fe R E M EE (56AE R —20) , AR I
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s (Fo/Fm) SGACFTER (gP) TG 22T K
(NPQ) %%,
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P, N E 3R s o D i Hh £k 10 4k
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LSP = (Pmax —n)/m
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(Rp) 2%, 14K CO, e (<300 wmol - mol ")
T P, HHEE] CO, W (C) RAERG TR, R
HRLIZE 5 X I REBER A CO, A2 (CCP) ™,

i R %44 (version 3.4.3) (R Core Team,
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Fig.1 Light response curve of Q. variabilis leaves

among different provenances
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Table 2 Fitted photosynthetic parameters of Q. variabilis leaves among various provenances

RN S NX WALFRIE ZC W CB
0.057 +£0.002ab 0.045 £0.009b 0.055 +£0.009ab
25.934 +4.035ab 17.716 +0.347b 29.653 +4.446a
3.535 +£0.223a 2.659 +0.298a 2.410 £0.448a
LSP/(pmol - m =2 - s~ !) 582.124 +64.83a 697.669 +91.75a 591.42 +105.571a  563.932 +149.35a 718.241 +62.139a
LCP/(umol - m~2 + s 1) 78.145 £24.571a 74.99 +£5.329a 71.474 £23.884a 59.17 £36.011a 47.701 +4.328a
VE Notes: AQY . KM T3 Apparent quantum yield ; Pmax : iz K+ 443 Maximum net photosynthetic rate ; Rd : 5P 3 # Dark respiration
rate; LSP: JEHfIFI . Light saturation point; LCP: St AM2 i Light compensation point, Bfii y FIE + Friflfi 22, I8 — AT 8 A ARG FRERIR

JEHTEA PG
0.059 +0.003ab
19.938 +0.787b

LGk fE YX
0.069 +0.002a
22.089 +3.255ab
3.179 +1.439a

F541 Parameters
AQY/ (pumol + wmol ~1)
Pmax/ (pmol + m=2 - s71)
Rd/(pmol - m~% - s71) 3.536 £0.732a

1£0.05 K E22 5 .3 (P <0.05) s R I

3.1.2 CO, "am4a# KM FvCB BB 5 4
e F BRAR IR I Rt B s 3 CO, i i (45 4k
(P,-C,)(E2)%H. 761200 wmol - m™* - s™' %
SR, AR P, BIBELE] CO, WREE (C,) W3 i
AN, feJ5 BT IR B . FvCB BRI )
P, - C, B 56 v f e AR, B B 9 43 Bt
P BLZ RN —B B, 404k CO, BRI B BL i
HOLA R (Ac) s B Z G M A W B, 414 i

RHL 7 4% 328 38 3 (Jmax ) FR ] B B i) e O 4 8 3
(A7) o MEANE 2 DB BUBRFE R 2 —Br By
P, B C B30T S 2 PR N, e O A 2
Rubisco [ PR/ N BRI 5 56 —BrBery P, B C; 19
B4 ST ZE 0 H 2N, G A1 32 RuBP
FHAE AT NABR T EEAL C; B IX 2 AR
il b Be iyl S E] CO, WS (Ac_Af) o
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Fig.2 Photosynthesis CO, response curves(P, —C;) of Q. variabilis leaves among various provenances

M3 F A BRI E 1 Rubisco [ KR AL
R (Vemax ) FfEE B2 19 T T2 A (CB > YX >
2G> NX > PG) , H 4% Ff P [0] 22 5 AN 3% (P >
0.05) , XK IR IR B AR Fr it P2 Rubisco

R ALRE T A 22 AR Ko A, S R TG i
(Jmax) \ JEIF W H A (Rp) (A _Aj FI CO, AT
(CCP) fERR R IR A] 1 25 S 3 KR .35, (H ZG Fp i
1) Ac_Aj WA T HoAt 4 FR

®3 TREMIFEREAEM R CO, MEKIESH

Table 3 Fitted parameters from P, — C; curves of Q. variabilis leaves among various provenances

f5 45 Parameters R4 PG TEIA 2 NX BALRRIR Z2G L7 K YX iRk CB
Vemax/(pmol + m~2 « s~") 39.87 +17.10a 43.15 +11.33a 48.96 =£12.72a 49.60 +0.20a 58.01 £6.10a

173.29 +2.15a
1.170 +0. 360a
434.46 +200. 64a
72.922 +12.905a

5 S*I)
<571
Ac_Aj/ (pmol + mol =1)
CCP/(pmol + mol ~1)

Jmax/ ((wmol + m =2
Rp/ (pumol - m 2

190.95 +77.41a

1.020 +0.080a
404.17 £17.73a
66.343 +4.467a

226.59 +58.08a

1.140 +£0.410a
290.06 +74.50a
74.541 +11.537a

221.37 £31.11a

1.140 +£0.490a
371.95 +£20.97a
74.110 £1.774a

212.86 +14.71a

1.130 +0. 060a
374.47 £57. 64a
65.557 +4.513a

7 Notes: Vemax: Rubisco i KFR 1L # % Rubisco enzyme maximum carboxylation rate ; Jmax ; fi K Hi 714 1% # % Maximum electron transport
rate ; Rp : 20 Ri ALE 6 IR T 1 I 3% Respiration rate of mitochondria under light ; Ac_Aj: Rubico R il i Bt 5 RuBP Rl B Bl 5t S i g E] CO, e

J& Intercellular CO, concentration of the transition poin thetween Rubisco carboxylation-limited and RuBP regeneration-limited state; CCP:CO, Mz 5

CO, compensation point.

3.2 FAEAMBEERRFHETERESERRAESH
AR S AR R 4k R DO S Bk AT
Gttt 48R (R 4) R DL RSN (PSTD) 5t
REHE AR (Fo/Fm) (PS TS AETH M (Fo/FO) I PS
1 S2PRYGARF BERER DPS T 2 507E AN Rl P ] 22
FARE (P >0.05), HAEF IR B HR7E ARGk
FHERFIBL(NPQ) S K R K (P ) FIAHRS
TAEH AR (ETR) B8 L2 wH /(P >0.05)
-2k KA & B (SPAD {H) J5 i, NX F JiLf1 CB Fif
T YXBIE(P <0.05) , M5 HAh 2 AR

() SPAD {25 R B3, 3% 4 0 W A [l Fh bk
B MR R 25 R 2 {F PG I £ bk
RS
4 i

ABRIE BN, 5 A B AR A0 25 135 ) Ik
R PR IR A% (Pmax) 55, AT 7
I 6 A Y B 7 P O 12, 336 5 ) e e )
I /INIE 2T S A i 3 e e AR S22 T 1 S M 5
GER—B B RIS T A AT
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Table 4 Chlorophyll content and chlorophyll fluorescence parameters of Q. variabilis seedlings among different provenances

WALHHIE ZG

TLPE K& YX

R CB

=4
i#5 Parameters JLnt-F4 PG A 2 NX
D(mm) 13.50 +£0.890a 10.77 £3.745a
H(cm) 112.0 +£42.48a 80.00 +14.54a
SPAD 48.00 +2.50ab 50.73 +4.84a
@PS I 0.228 +0.034a 0.221 +£0.027a
ETR 78.25 +11.85a 76.20 +9.18a
qP 0.437 +0.040a 0.410 +£0.070a
NPQ 2.738 £0.519a 2.347 £0.521a
Fv/Fm 0.800 +0.029a 0.797 £0.038a
Fv/FO 4.071 £0.727a 4.057 £0.948a

11.61 +3.337a
77.75 +20.19a

12.25 +2.865a
90.00 +26.24a

12.51 £2.094a
93.25 +23.37a

47.56 +1.75ab 44.25 £2.28b 49.05 +2.76a
0.228 +0.018a 0.227 +£0.026a 0.223 +0.009a
78.45 +6.17a 78.08 £8.95a 76.60 +3.09a

0.423 +0.047a
2.583 +0.364a
0.807 £0.033a
4.276 +0.833a

0.416 +0.045a
2.595 +0.364a
0.810 £0.031a
4.365 +0.771a

0.420 +0.017a
2.642 £0.165a
0.805 +0.007a
4.133 +0.188a

{12 Notes: D: 1% Basal diameter; H: & & Height; SPAD B : AHXF M 4% K & 8 OPS 1 . PS 1T S PR 64k 2% W 0% Effective quantum yield of
photosystem [l photochemistry ; ETR : ¥4 %} B, 1% 3 3 2% Rel. electron transport rate; qP: Ya/k -4 K Photochemical quenching; NPQ ;4 YAk 2218 K
Non — photochemical quenching; Fv/Fm ;PS Il JRH]GREF4 %7 % Primary conversion of light energy of photosystem I ; Fo/FO . PS Il #7154 Potenti

al activation ofphotosystem I ;FE& 4 %,

P T2 (AQY) 0. 03 ~ 0. 05 pmol -
wmol =120 BT S B, 5 IR B R AN 1 AQY
J90.04 ~0.07 wmol + wmol ™", 5 | AR KA —
B, - AR A A MRS B S
i TN E K B2 BRAEAS RGBS T 1 AQY AHALL, PS
ISR ERE R AR (Fo/ Fm ) —RAEAS G i Y
FAF TN, B S B Z YR A A AR Y
M R 0. 75 ~ 0. 85" A 5 4% R UEL ity
Fo/Fm AT IGIE L. 458 Bk AQY {E, Ui A
FEW PR AN [R5 B AR AE 3 6 A K R 2R (R
TAMEHL) RS TS HOARBES IR AR K, ABEE S
RWR, &R R OPS T A6k K (NPQ) At
AR Z R (qP) 27N B3E RS PRI K
PR&HE PS IOGREM AR B4  PS I Wy 715386 15 14 (Ol
BT PFERADGIR BE A

FvCB BRI 2 PR P, - € iR R
SrBMERIRHE . KL 2 ATE Y, M RO AR 2 3
CO, BRI A1 RuBP P A s R A IR 5, 97 %
H LR ER OB ) 2 (TPU) e i it 2 BR A B BE , ik
MTRE S AR FEAR B BB R CO, WA G, MR
%[26] YA W A ME( Betula platyphylla Suk. ) [ A-C,
MR AT, I IE] CO, ¥ EE (C) 7E > 1 000 pmo
1 mol "' Iif A" 2x Hy B TPU % 328 e A< BR 4 5 B2 [+ ok
T L COL YT (2 000 ol + mol ) ik
Brh Bl T TPU 28, 1 FvCB BEAIEALY CO,
i 7 (R 4Eh 5 S50 b AN TRl R E] Rubisco B KR 1L
AR (Vemax ) Flf KL 715385 A (Jmax ) 22 5748 8
& X R T AR R A 20 Rubisco Y
B SORABE 1 FOG G v 115 1 BE ) #R T BEAH 22
AR,

2R T T E I ROEREY) i, HAE AR YY)
AR RERERI A o ABFS LI, R 2
) P SR R AR ARG I 2 285 1 (SPAD ) 25 =
FALPEAAE TR, 6B AT 3% A RE I S5k . BR
EIRAR B A A B S RO, A [ Rl R B2 AR 4l Y
Rd \LSP LCP .Rp .CCP il ETR 22 5{E ] RS 11X
—AMRVAESE N 22 5 A W3, UL T B B s AL 4
P, X EE SR IR T r B RGR . NERE A
[l bl B MR AE B 2S04 b bR B 22 5% (LA
REBOCEEBAR IR AR K ME B2 R A RE, X
AT S e A B2 AR IO BE 7 568 R 23 Y L AR
PRSP AT L DX PR R A BRI 2 P A A B AR
FRIE N7 L FEL, SR T, 5 22 7 A ARG 1 i 3 I 114 BIR 1
PF- i Fp it — 25T

5 #Zib

AN TR B MR A A 443 2 22 S 0K, {HL 4% ol
5V K BRI X Pl 5 A0 1A 365 L E 0 5 , 7 2R B AR
i bR H B2 i i A5 R IR B, HLHOE A i
RIOCHENRZEOC S EMBHER A NE . 45
R, AT LI AT A B ARAE AR IR PR A A Y
BT N A B R PRSI W RE T, HLIE R , e A
HERIVEIR R 2B T — 2
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Comparison of Photosynthetic Physiological Traits of Quercus variabilis
Seedlings among Various Provenances after Southward Movement

HUANG Yue-ning' ,NI Yan-yan® ,LIU Jian-feng' ,LIN Yong-biao’
ZHANG Yu-ting' ,YAO Ning' , JIANG Ze-ping’

(1. Key Laboratory of Tree Breeding and Cultivation, National Forestry and Grassland Administration, Research Institute of Forestry, Chinese
Academy of Forestry, Beijing 100091, China; 2. Research Institute of Forest Ecology, Environment and Protection, Chinese
Academic of Forestry, Beijing 100091 ,China; 3. Key Laboratory of Vegetation Restoration and Management of Degraded
Ecosystems, Chinese Academy of Sciences, Guangzhou 510650, Guangdong, China)

Abstract: [ Objective ] To explore the differences in photosynthetic physiological traits among Quercus variabilis
provenances responding to alternative habitat, and to provide reference for introduction and cultivation of excel-
lent germplasm of Q. wvariabilis. [ Method | Five Q. variabilis provenances coming from Pinggu of Beijing, Neix-
iang of Hehan Province, Zigui of Hubei Province, Yongxiu of Jiangxi Province and Chengbu of Huhan Province,
were collected and cultured in the region beyond the species”southmost range ( Heshan of Guangdong Province)
to determine the photosynthetic physiological indices of different provenances. [ Result]The potential maximum
net photosynthetic rate of Chengbu provenance was significantly higher than the provenances at mid — high lati-
tudes (Zigui and Pinggu) (P <0.05). Yongxiu provenance showed higher apparent quantum efficiency, while
Zigui provenance showed the lowest. The relative chlorophyll content of Neixiang and Chengbu provenances was
significantly higher than that of Yongxiu provenance. Primary light energy conversion efficiency of PSII ( Fv/Fm)
and potential activity of PSII ( Fv/FO) differed slightly among provenances, indicating that all these Q. variabilis
provenances did not sustain obvious stresses and could adapt to the new habitat. Moreover, dark respiration rate ,
light saturation point, light compensation point, Rubisco enzyme maximum carboxylation rate, maximum electron
transfer rate, photorespiration rate, as well as growth parameters and chlorophyll fluorescence parameters such as
electron transfer rate, photochemistry quenching coefficient and non — photochemistry quenching coefficient were
comparable. [ Conclusion | The similarities and differences of photosynthetic physiological traits of Q. variabilis
from different provenances are related to their own genetic factors and strong environmental adaptability to new
habitat.

Keywords: Quercus variabilis; seedling; geographical provenance ; photosynthetic fluorescence characteristics;

FvCB model
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