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variabilis seedlings

WANG Xiaofei', GAO Wengiang', LIU Jianfeng"*, NI Yanyan', QU Lu’, ZHAO Xiulian', YANG Wenjuan',

DENG Yunpeng', JIANG Zeping'

1 Key Laboratory of Tree Breeding and Cultivation of State Forestry Administration, Research Institute of Forestry, Chinese Academy of Forestry, Beijing
100091, China

2 Zigui County Forestry Bureau, Moping Forestry Station , Zigui 443600, China

Abstract; To explore ecophysiological variances and their sources among different geographical origins of Quercus variabilis,
a reciprocal transplanting experiment was carried out at its northern ( Beijing) and southern ( Kunming, Yunnan Province )
distributed edges at the end of April 2013. The seedlings were bred from seeds collected from three provenances; north
(Pinggu in Beijing, NP) , central ( Huanglong in Shanxi Province, CP), and south ( Anning in Yunnan Province, SP) in
the autumn of 2012. After three months of acclimation, we measured two response curves, A-Par and A-Ci. More
specifically, A-Par calculated light response parameters, including apparent quantum yield, AQY; maximum net

photosynthetic rate, P ; light saturation point, LSP; light compensation point, LCP; and dark respiration rate, Rd. A-Ci
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CO

measured CO, response parameters, including carboxylation efficiency, CE; maximum net photosynthetic rate, A )

max 9

compensation point, CCP; and photorespiration rate, Rp. The proceeding values were all measured using the Li- 6400 gas
analyzer. Relative chlorophyll content was calculated with the SPAD-502 analyzer, and chlorophyll fluorescence parameters,
including primary conversion of light energy of photosystem II, F /F ; potential activation of photosystem II, F /F ; the
non-photochemical quenching coefficient, NP(Q; and photochemical quenching coefficient, P(Q, were measured with the
Fluropen-FP100 at the two distinctive habitats during the mid—growing season ( August 15-30). In addition, growth rate
(height and ground diameter) was measured. Our results showed that (1) the seedlings growing in the north habitat
s LSP, CE, PQ, and Rp than in the south habitat (£<0.05). (2) In both habitats, the
SP had higher CE, LSP, F /F , F /F,, with an order of SP, CP, and NP, while the NP had higher NPQ, with an order
and LSP. Furthermore, the
highest A, occurred in the local provenance over the two habitats. The CP and the NP exhibited the highest LSP in the

presented significantly higher P

of NP, CP, and SP. (3) The interaction of habitats and provenances significantly affected A

max

north and south habitats, respectively. Between the two different habitats, there were significant differences in AQY, CCP,

Rd, F/F , F/F , and NPQ. There was no interaction of habitats and provenances found on AQY and Rd, which may
indicate the determination of species genetic background. (4) Relative growth rates were significantly different between the
two habitats with a higher growth rate in the north habitat for all tested provenances, and the SP consistently had the highest
relative growth rate. In conclusion, our results suggest that, to varying degrees, the two distinctive habitats and the
interaction of habitats and provenances affected the growth and photosynthetic characteristics of Q. variabilis seedlings. We

preliminarily deduced that the SP could be well adapted to the northern habitats.

Key Words: Quercus variabilis; reciprocal transplant; habitats; photosynthesis; growth
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28 22 9 ESECR T Mini P8 2028 2 2% 564 ( Fluropen—FP 100, Photon Systems Instrument , Brno , Czech
Republic ) #EA T ", 3 FH A4 R 55 5 A2 TR iy (4300 52 30052 SR TS P9 8 NPQ & 3 TGRS A B I . 15
TGN 30 min J5, < 0.1 pmol m™s™ (55 E RSN E W LRDEE (F,) , FFREST 3000 wmol m™s™" (1 s) fR Ak if
JEMAS F KRAEN(F,) SRIGTEIEIE (300 wmol m™s™") T iHEAT 5 URAR AR b (RFUR BB 12 s ) KGR B 3
YAk b RS (B2 R IIBE 26 s) (http://www.psi.cz/) o Geitdehs T BRI DO E(F =F ~F,) PSIL I 1E
WE(F,/F,) CRGRWDCREHACR(F /F,) ,FEEK R PQ=(F,'-F,) / (F,'-F,") FEE AL 225
REBNPQ = F /F '-1'"7
1.2.4 M-SR SEANE

f#i H SPAD-502 Plus M4¢Z 11 ( Konica Minolta Optics, Japan) FE47 0 %2 M-2% £, I 5 200 R AH X ih 2 %
B, SPAD /R, W3 FEAR S 8 PO it e A TE | B9 b3 45 4—5 A S0 TR — AP
PIE, BAFENE 6 ¥R, L 12 4NEE
1.2.5 M4 KR

[ 2013 4F 6 J1 15 2 9 H vdy xR FR g BT A a8 2l i (60 #R) AT A4 sh A WL, &5F& 30d i
PR R CRE#3) 0.01 mm) FIE R CE#IE] 0.1 em) T2 FEAE (mm ) FIFRE (em) 3% F 20 HEAIRAE KR,
RCR. zln(dghz) ~In(d?h,) 0

o (1, —t,)

K, d, S — RN E B B B AR FURR (&1, dy by, SR 58 U A B A AR R /35, 1, — o, SR R S ) ) i) 22
(H)s

http ; //www.ecologica.cn



4 2 R

2
He

Eild 36 &

1.3 Hdnib g

T A AR X 6T CO M R 2 5 5, AR U3k FH B AR OBLIR 2R A8 IEASE RS20 SR A 5 XA A S T L
EHAT AR BRI A B KOG G 5 SEINME S o 40 T LR RO R ST RO R S T
fe e 7 [ 220 Sl R SR S Bk 2N
1 -8+ PAR
I +y-PAR
K, Pn MEGEEE (umolCO, m™ « s7') | o JECI N # £k AR IR AR KA 2 & F 0% AQY ( wmol
CO,/ wmol photons) , B Fl v A REL(FAANLN wmol m™ 7)), PAR HEEBERERS (wmol m™ - s7") | Rd N5
W (mol CO, - m™ - s7") . MREKB= 0HEL y=a/P,, , W(2) BB N B AR R B
RV R AL 3 AT 38 5 B AU 2 IE AR 3R,

RREOCEHEP,, ) THEITE:

Pn=a PAR - Rd (2)

P =« [V"“ f] - Rd (3)
Y
S AN SR Tk
LSP :W (4)
HK, CO,miR SHUG R R FR h
~ 1 - bC,
Pn—a1+CCl-—Rp (5)

P, Pn EOEEER, Ci A MLIE] CO, KL, o JHAEYDEA VRIS CO, MR fHZETE Ci=0 BFEIRLR, B CO, M
o7 R BRI R R R AR IR AR b Al ¢ o B AL (FAAEN mol/ wmol ) , Rp S YEIFIRGH R (1 Tt F 5P
MEAR/IN, AT LUK T i 1) 25 SRR CO, IR A ARG IEI# ) ) iEah M =8 b=0,H c=a/P,,
i, (5) FORHR ALY B RUIMZAETY il ad 25 R AT AR AR A E] CO, e B BT X B DG & RE T, Bl iR

KPR (A, 12 -
.
T 2 2 ik
A =a (M] - Rd (6) 10 - éra o ¥4
C
R 1 4 GETHHE AR, B R BAE (version 3.0.3 5 o |
http : //www.r—project.org/ ) AT W ER 0 S A %‘5; Ba
R two-wayANOVA SPHTAEBE ML AR HAe |, # 2 00 f 7 .
AP KB A 2 B =2 0
2 ZER54H
02 | Ab
21 AR R o
KRR R AL A HA R 3 A R, AR K 2 S R — B9 Kunming

B AR, AU AT 3 SRR A BRI A K
RPEETHEITALE (£ 1) (P<0.05), LU =M% T
ﬁjﬁikﬁ:%ﬁj\j% ILH 7,:H XT&EJ& Kﬂijt( 0. 87) various provenances under two habitats

YORF IR (0.50) , AL 5T P43 5/ (0.39) ;Wﬁfﬁ‘iﬁ R TR | T 52 3 % ( data=MeanSD,n=3) ; i —
AT AL R 0.15.,0.07 A1 0.06, [RIE, mE 77 FHUE A FORIIR S 5 B35 AR [ B 2% 5 3% 0.05 2 3 /K F- (LSD
(gg'ﬁ:ﬂ]i,%jjz) BHEZEILR S , ﬁﬁifﬁ%ﬁﬁﬂ:jtﬁj—(ﬂﬁ %) s F—FEAR/NG F R R PR A BE T 22 535 0.05 B EK
PRV & T3 R (22 70) A A L i Aexg T (TR

1 FEMIREEHRLGEE 2 FER THENEREER

Fig.1 Relative growth rate of Quercus variabilis seedlings with
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Table 1 Photosynthetic parameters of Quercus variabilis under various habitats

FJR Provenance $8FR Parameters M:atn/]:SD MfiufSD

SRET AQY/ (wmol CO,/wmol photons ) 0.07+0.04Aa 0.08+0.03Aa
P,/ (pmol CO, m™2s71) 13.99+4.87Aa 8.23+2.83 Ab
LSP(wmol m™2s7") 1542.13+185.68Ba 858.65+88.54 Ab
LCP/(wmol m2s7!) 20.66+5.61 Aa 17.09£10.04Aa
Rd/(umol CO, m™2 s7") 1.30+0.44Aa 1.14+0.52Aa
R? 0.99 0.99

[Sdi=y)A AQY/ ( pmol CO,/pumol photons) 0.05£0.01Aa 0.06+0.01Aa
P,../ (wmol CO, m™2s7!) 11.11£1.43Aa 9.87+10.70 Ab
LSP(pmol m™2 s71) 1826.19+114.4Aa 1077.61+110.7Ab
LCP/(pmol m™2 s71) 25.96+1.43 Aa 10.24+3.8Ab
Rd/(umol CO, m™2 s7") 1.26+1.43 Aa 0.83+0.28Aa
R? 0.99 0.99

B[ AQY/ (pmol CO,/pmol photons) 0.04+0.01 Aa 0.06+0.02Aa

P,/ (pmol CO, m™2s71)
LSP/(pmol m™2 s71)
LCP/(pmol m™2 1)
Rd/ ( pmol CO, m™2 s7")

11.31+2.80Aa
1794.79+67.63ABa

24.66+5.32 Aa

0.99+0.22Aa

7.05+1.22bAa
1214.45£151.63Ab
14.35+£12.83Ab
0.64+0.21Aa

R? 0.99 0.84
AQY : FWL T3 Apparent quantum yield; P, : 5 KIFEA M E Maximumnet photosynthetic rate; LSP ; Y640 fl & Light saturation point; LCP
JEAME R Light compensation point; Rd : B I HE#6 Dark respiration rate; R” : RAE R4 Decisive coefficients ; 504 4 F BIE £ b 2%, EH 6 1K; [H]
—ATEUE A ARG RN PIR AR B T 22 59K 0.05 EEKCOE(T K |, [Fl— 5 Al — 35 b 7 K5 T2 BE 3R W] — A 55 N R R 22 535 0.
05 &K (LSD #)

2.2 ARESF&MENEGSHILE

2 ARG 2 FhAEBE TS R B AR AR I H A9 G B, i 2 (A-PAR) , Fi BT RT DL, 76 0!G FEL i 8 Y1 1
(PAR<400 pmol m™s™") , AIRIAHE T AR He A G 500 B A 30 S 1 i 17 #0548 Ay B0, RIvole
A R B A R B BE n EGE R, A Bm EE A OB A B A 400pmmol m T2 sT! LUE, JE B
(650 M A (= ) IS IR SRR A IR R I B R 22 51 A K AR A (R AR I A B AR ) 1 fih £ 34
F TR, ook B =i TR, WO A R AR 1200mmol m s W E] 1k B4 A1, 22 ) Bl G OE A
TmTREAR , ZRI0 S BA S e B S (1 2) s AL PR FIIRE AR = p DUR R BBl B4 (& 2) | ik
P AR OG- MR DGR ( PAR>400 pmol m™2s™") M3 N2 90t AR X S-S ta i (181 2)

JEMR R, RS EPL A S50 (2 1) R, AL R A KRR A IR 4, e Kot A (P, ) ADGIR A
SL(LSP) ¥ B & = TR E M A H (P<0.05) ;B8 T 2 B T FIEAN, A K AEIL B B AR 4l i oMz
FU(LCP) 1o 35 5 TR Sl i 5 T2 Wi T80 (AQY) TEAN A A5 AN [RIF it (8] UG 2 3 25 5% (P>0.05) , (HAEKAE
T A 1 4% L 2R U 3505 (0.06—0.08 ) 1 25 T-AL A 1 41 (0.04—0.07)

2.3 ST & R ERE B BRAT CO, MR S5 i

K 3 AANTA] AR BE T AR AR 6 3R X CO, M B LA MLk (A-Ci) o H PEIAT DL 45 il e Bz
BRE A R CO, e B R3EIm FH i . ma AL BS54 AR A 2 AR R B 22 5% ZEdL A (b
70 KB =8 AR R IE X CO, AR 07 R 2 TR A

AN A B BRATET Pr-Ci INRIE SRR (3R 2)  FEALFUE R & R, HORILRCR (CE) TG
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Fig.2 Light response curve of photosynthesis in Quercus variabilis leaves under different habitats
B A AR TR, B B S e A, C LR AR A IR
MR (Rp) W3 = TTER SV E KB (P<0.05) , Hob LRV TRl IR e, 2315 % 0.14 mol m™ 7' Fl1 6.39
pmol m™ s™' , FHN ANEAEE F&FR CO,#MES (CCP) 22 F AR B3 (P>0.05) ,
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Table 2 Photosynthetic parameters from A-Ci curves of Quercus variabilis leaves under different habitats

A Provenance $8F5 Parameters M:ahn/i.\SD MfEﬁ:fSD

nEET CE (mol m™2s7") 0.140.06Aa 0.09+0.02 Ab
A/ (pmol m™2 s71) 23.73+1.52Aa 22.08+7.98Aa
CCP/ (umol mol™") 54.55+1.17 Ba 43.92+14.19Aa
Rp/ (pmol m™2 s71) 6.39+2.25Aa 3.87+1.84Ab
R? 0.99 0.96

BV # CE (mol m2s7") 0.09+0.02ABa 0.04£0.01Bb
A/ (pmol m™2 571 23.28+2.04Aa 18.78+7.62Aa
CCP/ (umol mol™") 68.53+4.62 Aa 65.59+8.45Aa
Rp/ (umol m™2 s7") 5.36+0.63Aa 2.53+0.31ABb
R? 0.97 0.97

b= e CE (mol m™2s7") 0.06+0.02Ba 0.03+0.00Bb
A/ (pmol m™2 s71) 31.43+7.31 Aa 6.98+0.84Ab
CCP/ (umol mol™") 66.25+5.72 Aa 52.16+11.17 Aa
Rp/(pmol m™ s71) 3.49+1.05Ba 1.39+0.34Bb
R? 0.99 0.73

CE . FRALMUR Carboxylation efficiency;A,, : I KIRILH # Maximumnet photosynthetic rate; CCP ; CO, #MZ i CO, compensation point ; Rp : YT
3K Photo respiration rate ; R? ; RAE R EX Decisive coefficients ; 805 N FHME AR M2, BRE 6 K Rl — T 8UE WA ARR/NE FRERR AT
S5 0.05 BFAKFE(TKE) |, [F—F5 [ — 48 bR A R RS TR 2R Al — A58 T AR BRI 5 3% 0.05 7KK (LSD i%)

P
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Fig.3 Pn-Ci curves in Quercus variabilis leaves under different habitats
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2.4 A[FAEE T AR IRI-20 25 1 M SRR VOSSR HUEL

XA AL T 3 A8 B R IR B i R Ok
BSE AT M K B, PSIT JE 4] )6 BE 55 2 300K ( Fos
Fm) . PSIL ¥ 75 3% 1 ( Fo/Fo) B Gk 22 18 K & 8
(NPQ) S ZHAE RS T B #2225 (P>0.05) , 1M
ARAEAL Y 3 8 B AR R IR L i B A e K R 4K
(PQ) & THEM A A KN4 (P<0.05) ; Hik, fEdb &
A B N ARG B LA 22 B2 RS 3 e R 2 E
B Bepa s e AR Fo/Fm B3 S TAC S8 M = 5
G R AR IR NPQ S, Fo/Fo 5eAiX, 4%
TR PQ T % 25 5%, SRR AXS 7 & (SPAD fH) 5
T, ZEIL R B e AR S TR A (P<0.05) , 1% T A4
FEIC I 2257 (P>0.05) (£ 3)

2.5 SR FIR KRR BAE DR AR A AR B S
A5 Ml

4 AHEEE FIR R AR AR X R AR iy 2
¥, CO, M i ZEURNI 5 2R 5 S B0 A I UR 2 25
SIRTEE R, PRV, AR B AR XA MRS B P
A, I LCP $E0i 2 (P<0.05) , LA K XF LSP .CE Rp Fil
PQ SZM IR BB .25 /K- (P<0.01) 3 & R TE] CCP |
Rp .Fv/Fm NPQ %5 5% (P<0.05) ,CE . 1SP Fl Fv/Fo

K3 TRERTEREGHMEHEHRESERTHRSH

Table 3 Chlorophyll content and

chlorophyll

fluorescence

parameters of Quercus variabilis leaves under different habitats

Flis SR dest L]
Provenance Parameters Mean+SD Mean+SD
ZHET SPAD {H 40.52+4.94Aa 40.50+3.85Ba

Fv/Fm 0.80 +0.02Aa 0.81 +0.02Aa
Fv/Fo 3.99 +0.54Aa 4.21 +0.53Aa
NPQ 0.86 +0.22Aa 0.80 +0.11Ba
PQ 0.13 +0.02Aa 0.03 +0.02Ab
B 7Y % e SPAD {4 39.93+5.87Ab 48.36+4.92Aa
Fv/Fm 0.78 +0.03Aa 0.78 +0.03ABa
Fv/Fo 3.67 +0.69Aa 3.62 +0.68ABa
NPQ 1.02 £0.27Aa 0.85 +0.14Ba
PQ 0.12 +0.03Aa 0.06 +0.03Ab
B SPAD 1 38.29+5.06Aa 39.04+3.06Ba
Fv/Fm 0.78 +0.03Aa 0.72 +0.08Ba
Fuv/Fo 3.63 +0.51Aa 2.79 +0.92Ba
NPQ 1.08 +0.18Aa 1.13 +0.21Aa
PQ 0.12 +0.02Aa 0.09 +0.06Ab

SPAD fif : A3 W4 3 & ik 5 Fo/Fm; PSIL JF A6 RE R B 300R
primary conversion of light energy of photosystem 11; Fv/Fo PSII {&7E
%1 potential activation of photosystem 11; NPQ . 35 4k 2% 4 K 2 %L
the non-photochemical quenching coefficient; PQ: J 1t 2% # K Z
photochemical quenching coefficient ; ¥4 4 V- Y (H £ bR i i 25, R
6 U Al — AT HUBEAT A A R /NG FREROR MRl AR 358 R 25 573K 0.05
K (T Kl ) | 7] — 8 i) — 8 bR AN i) KB 7 B 3R [ — A 858

TR 2E 3% 0.05 B F K (LSD )
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8 S % 36 &

I 22 5 (P<0.01) 5 [RI, AR S5 A8 A R AP IR A0 A2 AR X A R LSP 43 51 72 A Tt 25 b 2 R 5
M AQY \Rd A3z AN AR L H S5 FR Y22 H 52 (P>0.05)

x4 4B HERESHEAMBRERXEMEZSE . CO,MESHMHFERRASHEMANEZFENNER
Table 4 Summary of two-way ANOVA with habitat, Provenance and their interaction on photosynthetic parameters, and chlorophyll

fluorescence parameters of Quercus variabilis seedlings

5 ZH A il st He g
Type Parameter Habitat Provenance HabitatxProvenance
St S 4L AQY 0.69 3.78 0.48
Light response paramelers P 8.14* 1.14 1.66
LSP 35.04** 11.56** 7.13%*
LCP 4.89" 0.35 0.73
Rd 1.65 1.66 0.04
CO, MR S 44 CE 11.52%* 9.05** 0.40
CO, response parameters A 774" 0.36 416"
ccp 3.51 440" 0.46
Rp 15.67 5.78* 0.19
M4 R IOESEL Fv/Fm 1.92 5.29* 0.89
Chlorophyll fluorescence parameters Fv/Fo 1.13 6.19** 0.69
NPQ 1.33 5.03* 0.73
PQ 26.79 ** 1.16 1.01
AXT A K 4% Relative growth rate RGR 186.94** 12.86** 4.68"

ww o JPRHIFOR2EHK 0.05 F10.01 BEKFE; BdEh T

3 Wit

Y EAE TR — A S 2R 0 A B R FE R IR oL B R B0 1 5 A B A4 BLsH L MR G A
HABUINER D ARBI I, A TAC R0 3 A0 SRR IR G i 1 P, 35w TR A, FLLL RS AR I3
(%) T, AT DA B B AR R AP R =2 b O R LEL A B 3 (9 e A VB B . 3 0 e 2 ) R [T 26 A
PERR RN F 0 SEHUF IR 4 2R — 2, B AR (2 7°) BA Hm M P, o JU07 G4 B ) il % B A
e H BRI A, ELRS 4R A K2R (6-9 1) Jba ok i m i R T2y 60mm , 3% A R T H B BA B LG REN
FA DT R (A SO P2 P A e AR AT B 2 0 G W BAE P SRR X AU A R R A R
CREXT A AR B 3 BT 45 R AW &

AR IUAN [ A 358 45 Fh A K AR 4 1 LR 1 OR AE 0.04—0.08 pmol CO,/ pwmol photons Z 1], 5
— AR A FL A AR R VL0 (0.03—0.05 ) FaA— B A i i ™ . Fo/Fm 48 PS TERDE
BEFEAOR TEEH A T AL T 0. 75—0. 85 Z[A™ o ABFSEH, ARASE T 24 R IRE Fuo/Fm T oL T
Y , 456 R T RCRME, 7T LA & RISl AR A i e m AL RS TP E R AR, A, TR AR
Bt AR, 7R A AR K B4l i HOGH AL (LSP ) FDGHME S (LCP ) AR ey, 33X AT BEJE i e s X A K
S T R X I, — M IR T EAME SRR A S 8 T

WNVEK (5 e K PQ FEEGAL 2V K NPQ) AT LIME R A3 i e AR AE AR TR A 55F PS TR HL
& G P FEBOLRE R A BEFE i . Hod, PQ RAE PS TT R A Z W EREH T b AL 3 1 87, PQ (H A
K, 2= PS T AL FAL TR PE AL 1T VPQ RAF PS TT R A4 Z MR REAR BB F 6 & i 1% 38 11 LAY
TR FERBE G RENR A3 , BE M FERG RDGCRER: IRE S BRIk, AR SO e 45 SR R A A K7 dL 5 3 A4
Fe B BRAR IR L B A 2R RE(PQ) & THER AR 4 (P<0.05) , RIS R Zh B fE LDy A 455 T B
AR PS I ML FAZB G TE, BVE AR K BDEA T, X5 P, WE R —20 1M NPQ T 2% 22 7, U WIFE /M
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24 EANIE R AHE R AT £ A ARG T 9

AR A58 T AR R R )y v B AFE B OG- 3P RE A

ARWEFEH P, LCP A CE Rp . PQ Z A S5 & 520, U 134 A B R 0 RSSO i T

EAEMSH, AQY CCP Rd Fl Fv/Fm Fv/Fo [ NPQ WIAEARIESE T I % 225, AQY Ml Rd A2 A5%
AR B FL S R S TR, X ] RES R KR F B AR RR A G . AR SCRIn R AR, m] LAA9) 25 HE Wi g 7 7ol
AT LU b3t 5 15 AC 7 Aok (e S 2 1 Rl 75 A E AL T5 REMUM) i 4 ELROR G- 5 A= AL 3 ) 5 i AL 75 b
Xt R T RGEE N RE TS AL F BRI AL S ECRARAT ALAR ST S , ISR A i A 3, H AT
K B MRS T REAE AR U 51 T i R /N RS DRI, AT P A B i 75 b 0 i) U 545 5 A2 T
RS R MR AL , PRATO R B DR A 2 — o
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