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Variations in photosynthetic capacity and associated factors for Larix gmelinii
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Abstract; To understand responses and adaptation of tree photosynthesis to environmental changes, we conducted a
provenance experiment on Dahurian larch ( Larix gmelinii Rupr. ), the dominant boreal tree species in northeastern China.
Seeds, collected from six provenances with significantly different geographical and climatic conditions, were planted 26
years ago at a homogenous site in the southern boundary of the distribution range of this species. Qur objectives were to
examine variations in the photosynthetic capacity and related variables for the larch trees from the six provenances, and to
explore effects of provenances on changes in these variables with canopy positions and months. The light-saturated net

photosynthetic rate (P, ), apparent quantum yield (AQY), leaf mass per area (LMA) and area-based leaf nitrogen
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8 RBEA BV (Larix gmelinii) o6 B 1 RABRE T HFRER: 3799

concentration ( N,) were significantly different (p < 0. 05) among the provenances, varied from 6. 10 — 8. 78 pmol
COym s~ 0.0325 —0.0427 pwmol CO, wmol ~'photons, 85.1 —114.3 g-m >, and 1.72 —2.26 g-m >, respectively.
The light compensation point ( LCP) , light saturation point (LSP), dark respiration rate (R;) and area-based chlorophyll
concentration ( Chla) , however, did not differ significantly among the provenances, averaging 61.2 wmol photons - m >
-s~", 1093 pmol photons-m *s~", 2.34 wmol COym *s 'and 0.12 g-m >, respectively. The P, , Chla, N, and LMA
were significantly positively correlated to each other (p <0.001). The P__, LCP, N, and LMA tended to increase with
canopy positions from bottom to top, which was significantly influenced by the provenances. The provenances did not
significantly affect monthly changes in the photosynthetic capacity and related variables except AQY. The variables examined
mostly showed a bell-shaped pattern with their maxima occurring in August. The significant variations in the photosynthetic
capacity and some related factors from the six larch provenances suggest an evident ecophysiological adaptation of

photosynthesis to their original environmental conditions.

Key Words: Larix gmelinii; provenance; photosynthetic capacity; photosynthetic characteristics

WAL RESRMET RERE TSIV RIEIHI AR, RICERMWET N RERNEISR, BX
AR YRR AR BN BURISH 573035 B T B S IR , HREE B A PR 2R LT 2 B — 2 R . R — R
MERFERFIRERMGT , &l BREFEAE DL, RTETE A A BRS04 78 5, T B E B9 3 B
B, Bolta™ 3K, 3K F ¥ B IR I SRR IR B9 SR AN B AR v 00 B R B TR B KR SR AR R
Oleksyn" %t 3% E R FPGHR M IRR = AP T OSBRI LI R, Ok B RS IR I 30 K A PR IR0 A Bl ) AP 1 3
REMERAHEER, AHZ " MknE” WiRERAFMEDBRIEESRIGFEHBNER, HKE%
AT H ATE AR RN AN L BB ST R B, 3 IR IEL R PR IR R IR 4 1 R R B i 2
B, B FIE M AR DG A BB RHAR K T R RZ S T RE &L,

NEVE MR (Larin gmelinii Rupr. ) ™32 53045 T BRIE ARGiAb 75 ZRAK B B HB , AR P9 1A I FE i 22 /) X 22 06
R, AERREIS BRI, MR E AR E R 5 S E FARERN 30% ), RERBENESE
SCHIRDEAME, TR 2R X FMZREE BARFRE T, 5 iZm fhR BB AR (A2 0 4R AL TR 1. WA
HRBIREN SRR T AR A AR ERRAERER FEFEE— 2R BT AERRFERHE T
MR SR RAFERER EFEER ERETERLERNBURAFHEEAKFEE, XL[H L E
& X TFIRR AR R SARBE AL B e R A0S R ARFAE R B R X o

[l — RS [F AP AR B PR 2 Rl B IR TR AU SR I S AR . BIIEKE ™ AT X 20X PiF
RO, BT [l — T B AR A AE 22 AN [F] B SR 50R I B35 5000 5 T FEA R FPEE B9 R B A B A R 303 T 6
WM BIRAERON " . ABTOR G R B NEHEIH BRI X PRI SRE T BE 1 6 NFHRIR
TS — SR T AR T 26a, §E5 T AEHETA R FTE BB, BH5EE 8 LB 26 44 X Z M
PAEH G A BE ) RHAE SR T BRI IR 2 5, X 2 HEFRSE RO P 23800, T e JR U A A 403 ek b R [B] o
BE P BCHAESC B B RO, LU N X 22V M MR AR 7= D A BRAIE A BT ST 4R (LB v ZE A AN S B4R
1 XBHPS5HE
1.1 Sl B RS

AELL BT AR T RETNEET 1 BRI X AET 6 NFRM, BA A R B A SR &, R
B(R D)o FIGKE M TR REIEILIL B AR RGBT (127° 30" ~34" E, 45°20" ~25" N),
1980 4FBkRFF, 1981 4E 1, 1983 4EH AR, HRATEE 4.5 m x2.5 mo AR+ 309 SR H—B",F
MR 300m, SR 10 ~15° B RE N A , TR R N KEEERIE, FF2ENX, RFR
BRI, X ZTIRER . F PR 600 ~800mm, 80% LH7E 7.8 Ay, FHZEKE 884mm, Vi
B 2.8°C,1 A7 R E¥B 27k -31CH 32°C,5C LI B4R 2897°C, JufEHH 120 ~140d(5 ~9 R
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Table 1 Original geographical and climatic conditions of the six provenances and current dimensions of the L. gmelinii trees*

- F1 7H =10C  AE%t 3 =914 E¥ F

A O LEE B am mA RE BE Bk mME P mE mE
Provenance (°N) (°E) (m) MAT MJT AT RH MAP SD (d) MH MDBH
() () (c) (%) (mm) (b) (m) (cm)

R GH 50.62 121.95 980 -5.00 16.80 1298 70 436 2678 81 11.48 14.77
5L HB 47.55 130.42 120 2.50 20.30 2456 74 575 1987 139 12.76 17.61
=34 SZ 49.62 126.80 160 -2.00 19.50 1650 70 1100 2655 90 12.15 16.34
B TH 52.19 124.22 357 -2.74 16.69 1671 68 488 2319 90 11.29 13.98
B{RiI¥ WYL 48.67 129.42 300 -0.96 19.06 1851 73 651 2235 104 13.07 18.12
eyl ZYZ 50.45 125.20 230 -2.20 17.70 1780 69 540 2500 100 12.18 15.45

* Mean annual temperature ( MAT) , mean July temperature (MJT) , accumulated temperature >10°C ( AT) , relative humidity (RH) , mean annual
precipitation (MAP) , annual solar radiation duration (SD), frost — free period (FFP), mean tree height (MH), mean tree diameter at breast height
(MDBH)

= %« GH, HB, SZ, TH, WYL, ZYZ represent Genhe, Hebei, Sanzhan, Tahe, Wuyiling, Zhongyangzhan provenances, respectively.

1.2 A RES B REF M E

FEFPIR SIS , BN R RIERR 3 BRARIER , #8 14m EA MG BEARR, THENE L P TR, ZRE&Z
] FH O G RR F0 R A T 1 4R AR B R 4T, F 2006 487 A 29 A MBILH AR, F 8:00 ~16:00 B H 40
B) , R A Li-6400 f#55X CO,/H,0 L4 (Li-Cor, NB, USA) J&# & £ S A 38 4t 72 LA B AH BEFR 36
BETF . W E R SR R 7E 25°C , KB 500 wmol-s ™', CO, ¥ 4 400 wmol COymol ™', ZEMFE N
ma 7 2k B, Y6 B T8 %5 (PPFD) #: 8 %7 :1500.,650.,400.,200,150.,100.,50 .0 wmol photons-m s ™",

M AR SRS ERE ", BUREr 1 7E 80C TR EIEE , FRE O 0.0001) , FF3H5 it
H(IMA) = WHTFE/MER(gm™), HEERARMR-ZE(1:1) BAENE, 5ok 0. 1g M T 10ml
Al - ZERR ST HDOERR | BRGER R 25ml; R )5 73 A17E 645nm A1 663nm 3@ 41600 B I & M
FERaMHFED TR, MEANEIHFZELSE, HH2RERA FOSS 2300 FLEKE AN (FOSS Tecator
AB Sweden) W&, Bk kst E"

1.3 B
JE 137 14k SR A Bassman'' 230 BHEATIIA
[)n — Pm( 1 _ Coe —AQY - PPFD/me) ( 1 )

K, P ABRKEEEEE(AIARES) ,AQY ARMNETFHE, CCAERFAT P AETENE
¥ro 3 PPFD 5 0 RHRA TR TSRS FFIGEZR(R,) o BHHBRUESHR R, T T EUEA R (LSP) f
JerME R (LCP)

LSP = P_ In(100C,) / AQY (2)
LCP = P, _In(C,) / AQY (3)

RS 3 AN BRI BE TR RME, SRR EAR B E AR IR EXE, B IR A ¥ER
T B IR AN VLB N B B K, 2 SAS 8.2 St MR B TR e T R 224047, 3R
Ducan (#4172 E K
2 RS
2.1 MRS EMHEXEFHZESR

M7 ~9 BB TFHHEE , B AR R R KL A HE(P,,,) ZREE (p <0.05) , ZE4LTEE 4N 6. 10 ~
8.78 pmol COym s (& 1), Hrb =35I EER, ookl HR, ISR, B fH HB/ME B H 4 40% .
FWNE TR (AQY) MR ER B (p <0.05) , 4L IFE 4 0. 0325 ~0. 0427 pmol CO,- pumol ~* photons ,
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8 RBEA BV (Larix gmelinii) o6 B 1 RABRE T HFRER: 3801

RIS GHEFHIR AQY Ak, BEMET AQY B B3 THFHIR (0. 0427 pmol CO,r pumol ~' photons ) , {B 5 H B FF
BERABE, JEMER(LCP) JBIM & (LSP) MIBEFPR R Z (R,) KRR Z R A BE (KR 2) , FHES
A4 61.2 pmol photons+m ~%s ™' 1093 pumol photons -m ~%s 7' 1 2. 34 pmol COym™2%s7",

H B (LMA) AN AR A B (N,) LR 518 85.1 ~114.3 gom /M 1.72 ~2.26 g-m ™, Fj
EXWRERBENFIRESR, B0, R ERME(E 1) . FRHEAAEANSE 52 (Chla) 257
ABE,FHERO0.12 g-m™,

T vz71 #dt B IRk
[ = AN ==
12 0.06
a —_ b
2
P 10 a % 0.05 a
‘v') abc = ab ab % ab
D L C T 004 F
e 8 - T 5 b } b £
S g ol
© 4L = 003 | |-
= O |
£ o I
S 4t S 002 —
J - =
2 b 5, 001 F
<
0 0
Pma‘< AQY
30 - _
. 150 - 4
25 - a 4 125 b a
ab
b b
be [P T
20+ T = ot il %D
£ B = B
@ 1sr § — & 15 b 1
= — 3
10 F \ — 3 sl o
R 1 R
05 F § —] 25 + .: —
0 R ] 0 B
N, LMA

B1 6 AFHENEHENR(a) Poy(b) AQY.(c) N,FI(d) LMA HIELER

Fig. 1 Comparison of (a)P,, , (b) AQY, (¢) N, and (d) LMA among the L. gmelinii tress from the 6 provenances
P...: BRENEHEZR light-saturated net photosynthetic rate; AQY: FILE T3 apparent quantum yield; N, ; B R & & area-based
leaf nitrogen concentration; LMA: LLIHE leaf mass per area; BHRIRZEFTAIRMER ;/NE FRRR Ducan B BEHERH (2=0.05) In

the figures, the error bars represent standard errors, and the letters represent significantly different groups from Ducan’s tests (o =0.05)

2.2 MIREDGA RS KA RE TR R

M IARIGA BET) BT E & DU R B F R B AR B W R E R (p <0.001) (KR 2), BHEXR,
BEREMN P BRI, Po o LCP\LSP R, Chla N, #ll LMA B2 B ¥ & Wt (& 2) ; HAELTE E o 58
6. 01 ~8.34 pmol C02°'m_2°s_1\42. 2 ~80.0 wmol phOtOHS‘m_Z‘S_1\723 ~1357 pmol phOtOHS‘m_2°S_1\2. 01 ~
2.81 pmol CO;ym ™ *s7'.0.1062 ~0.1328 g-m™>.1.55 ~2.49 g-m>f 74.7 ~120.4 g-m ™, L EH T ES 5
B 38.9% .89.7% 87.6% .39.4% 25.0% 60.7% 1 62.2% ,

SR, 6B BE ) R — ek R B T B R R AL R Z B R IR BN . FHRS R E WA B AR B
(p <0.05) & P, .LCP.LMA I N, (3K 2) . AEFPIRE N A LMA a5 R B R —3, R 2B ERE
A—(E 2a f12b), HZ,LCP # P, FERE 2 H AR A iR B IR R R 2 57 (B 2¢ f12d),
BAL A= sl MR R R IR B LOP B, FE R S RIS FH IR R Th R M) LCP BAR (B 2¢) o SR IEA
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Fig. 2 Vertical changes in N, , LMA, LCP and P, in the canopy for the L. gmelinii needles from the 6 provenances
N, . B{yHTHEFE & B area-based leaf nitrogen concentration; LMA: EbIH-E leaf mass per area; LCP; Y64M¥ X light compensation point; P, :
BRE G light-saturated net photosynthetic rate; & FHIREALHIRAHEIR  In the figures, the error bars represent standard errors

2.3 FREDGA RS B RE T A B2

BT AQY Z45h, Bt Bt B XS 8 B 2R 4Lk
R AZRIRE BE W (p>0.05) (322) . =W RINHY
AQY IBE BB R (7 AH) , T HER IR AQY I&{H X H
BTE 8 A1 (& 3),

M6 NFHIRIFIERE,BR T R LSP 7£7.8.9 A 3
NRABEKZEFARES, HESPAHHENERYRI BE
IKF(p<0.05) (K2 FE 4) . RALSP 3 4~ A K- FI3{E 55
A 2.33 pmol CO,- m s~ F 89. 67 pmol photons « m s,
LCP KB ARME BAE 8 B, MR P, Chla LMA F1 N A1 H 3
WE(E (1 4) , B RAH b B /IME 50 5l % tH 29 18. 0% ,48. 6%
99.7% ,26.3% F1 36.0% ,

2.4 P__.Chla.LMA N ,Z IR E

TRV, Pow 5 Chla N, T LMA )35 2 4% 8 3 1EHH
K(p<0.001), Ko, N, 5 P, WHXREANER, LMARZ
(#%3), [F8},Chla N, 5 LMA =% 2 [HdR I HK BE K IE
HRKR,

AQY (umol COy-umol ! photons)

——3 7H Jul 8H Aug. mmmmmm 9H Sept.

0.06
I

M A3k =dh R SRS sy

B3 6 MHEXNEFETRRIDERTHB(AIWA
FIME

Fig. 3 Monthly means of apparent quantum yield (AQY)
for the L. gmelinii tress from the 6 provenances

B P HIRZALNFRAEIR  The error bars represent standard

errors
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Fig.4 Temporal changes in P, ,LCP, N,, LMA and Chla from July to September for the L. gmelinii tress

P BRESOEEER light-saturated net photosynthetic rate; LCP: YotMz R light compensation point; Chla. B IH-TEFRIH 4% & & area-
based chlorophyll concentration N, ; B T#H4 & & area-based leaf nitrogen concentration; LMA; HiM- B leaf mass per area; [ FPIRIRZAT S
AnMEIR  The error bars represent standard errors

2 ARBEHRAEAEAREXEAFHHTESHT
Table 2 Analysis of variance of photosynthetic capacity and associated factors for the L. gmelinii trees
S BHE JiEyHT ANOVA
Variable * Factor DF F P
P./R,  #E Provenance (5,113) / (5,111) 3.02/ 1.24 0.013 / 0.296
B 4 Month (2,113) / (2,111) 13.15 / 2.48 <0.001 / 0.088
52 Canopy position (2,113) / (2,111) 11.45 / 7.89 <0.001 / <0.001
9B x A 4 Provenance x Month (10,113) / (10,111) 1.73/ 0.63 0.083 / 0.789
FIR x 7 JZ Provenance x Canopy (10,113) 7/ (10,111) 1.97 7 0.61 0.043 / 0.807
J# x 5E5 Month x Canopy (4,113) / (4,111) 2.36 / 1.75 0.058 / 0.144
ISP/ ICP  ##JR Provenance (5,110) / (5,110) 1.58 / 1.71 0.171 7 0.137
H {4 Month (2,110) / (2,110) 0.45 /3.12 0.636 / 0.048
52 Canopy position (2,110) / (2,110) 28.19 / 21.56 <0.001 / <0.001
9B x A 4 Provenance x Month (10,110) / (10,110) 1.12/1.75 0.357 / 0.079
FIR x 7 JZ Provenance x Canopy (10,110) 7 (10,110) 1.90 / 2.32 0.053 / 0.016
B x 52 Month x Canopy (4,110) / (4,110) 0.20 / 2.41 0.936 / 0.053
AQY / LMA  F#IE Provenance (5,112) / (5,120) 2.31/8.39 0.049/ <0.001
H {4 Month (2,112) / (2,120) 9.09/ 24.05 <0.001 / <0.001
52 Canopy position (2,112) / (2,120) 10.03 / 86.91 <0.001 / <0.001
438 x A 43 Provenance x Month (10,112) / (10,120) 2.60/ 0.79 0.007/ 0. 636
FIR x 7 JZ Provenance x Canopy (10,112) / (10,120) 0.53 /2.45 0.865 / 0.011
J# x 5E5 Month x Canopy (4,112) / (4,120) 0.66 / 1.48 0.624 / 0.213
Chla/N, 5 Provenance (5,109) / (5,116) 2.16 / 5.40 0.0637 / < 0.001
J# Month (2,109) / (2,116) 52.23 / 33.80 <0.001 / < 0.001
/2 Canopy position (2,109) / (2,116) 13.12 / 61.66 < 0.001 / < 0.001
438 x A 43 Provenance x Month (10,109) / (10,116) 1.26/ 1.03 0.263 / 0.421
FIR x 7 JZ Provenance x Canopy (10,109) 7 (10,116) 0.94 /2.02 0.499 / 0.037
J# x 5E5 Month x Canopy (4,109) / (4,116) 0.60 / 0.41 0.660 / 0.800

= BEEZFRES5E 1.2.3 #i[A] The variable names are the same as those in Figure 1, 2, 3

hitp : //www. ecologica. cn
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R3 UREMBS S I RAAXE FH Pearson fHX R IR

Table 3 Pearson’s correlation coefficients matrix for photosynthetic capacity and associated factors of L. gmelinii needles

ES - ZHBH Pra N, Chla LMA
Variables * Statistics (pmolCO, m 25 ~1) (g'm™2) (g'm™?) (g'm™2)
P, R 1.000 0.496 0.415 0.447
P <0.0001 <0.0001 <0.0001
n 147 143 135 146
N, R 1.000 0.738 0.895
P <0.0001 <0.0001
n 150 141 150
Chla R 1.000 0.519
P <0.0001
n 143 143

* BEREMREE 4 HF;RP Mo BYBRHERLRE MEBFFESRS  The variable names are the same as those in Figure 4; R, P and n

represent correlation coefficient, P value and sample size, respectively

3 g
3.1 MEEMGEEES R IRAIZ 5

RARBEA BB Z HA G B MR, Rt i 32 2135 H F 0 R, AT R R 06 A 3 3R K AR
ETEFMABER X ARZ A EERRRZ R, XA G A X 058 28 4k i e o7 2 8 T 2 B4k
( Phenotypic acclimation ) 3 f&18 1£ 53% W ( Genotypic adaptation ) ¥t TR , 1B X2 BRAS LI ST FIERAE DL BEAR
R EREE"" , MAREKPERERRFERLET R 6 N XREH IR T, BHAESE
M EEMTL—BSLHT 26 48, XHT LU A FE R B YIL AR A B E N X 2R, IRERE
AN, BT P LA R — S CIs iR B B b IR Rl 257 (B 1 5k 2) . XA 2R BREE TG
DARBLH R E BB A ASR, EER TR A A R R MR AR BN . BAAEST JOER D IR
=P DR S — TR R T RRM L.,

WA P, BZFEEA LGER M A ER BT LGES M EREREURRE. BANEER
RIRIEIR KB IRI A WK 5 THRIBHY—KHLS", MRS BN EEERCA BN S EE
P, #— R CO, M FELEZR, HEYHC AR SHA S BEMHERX, IRGR X —IBR (3R
3), 3 5UANBEMESRAM ", HERIELAERPESRERKMELIEM, B Chla BHY
FHERFRE Pt ™™ B — BB PIE Z MR B M XM, AR, B4R Chla
5P, MXBE(K3) [EMIENE Chla EFABE(FR2), BILHEN,Chla BRS P, BIH X, B ER
BRI P 2R EERER, IMA B—MEERAYEAEH Y MR ER WEES K, &6
KB P 5 LMA Z [ FEBERIEMARR(F3), SUEN—BHRER—FT> , FIRE LMA 257
BE R LMA BT P, R IRIA 2 58 BRI, LMA F] BB FpIRHIA S 7 B T =4 T i {4 3
o T Oleksyn" &%tk B 8 N S A FIGIRE B HY 54 MFHEIRB Z A BB P L 10 & B, LMA BEYEIRAYAE
ALTT R R —FpaR B4k ; Rl B 38 KPR 45 R W BB R sk Z B R IR AR M BB AFHERW
A

BIARM R P B SEFEHT T 2R 7= 1 BT B B X SARZE AL e B B PR BN B, eR Ry
HORE BEK . H BEZMIEEFREAIEM B LR FEAFAEMREA LRI, AEhBRTEE
HEREZ(ER L) BERER TN ESFHER T, DRMERZRWEHEN FEERNE5EEZRE
WG EHEZ BA &R R B LA TR R 6A 68 NE B B RE 26 BE T = T 3 i a2,
%15 Oleksyn 2 B 2R M. =WFIRRIETHMOKE (£ 1) EHTHEMNR, AP P, LB, %
B 353 ) PR K T BE 2 S BOZ AR P ISR R 2 — . Boltz™™! XHR T ¥ R 1B 18 S AR R e SR AP IR
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B KIER AR BIF B, Ko B R BRI EERERN— N ERZE R, RAFFEHNARE Po,
LMA 1 N, A4 SRR, HA IR SR = R VT AL, AR PR K B SR, TR IRAE (R
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3.2 FRRIEDEABE S KHARE T HEREE L

RPN AR T E AR A ST HTAC I B K AR RZE R o AT i b A B h K3t
HXRETEMENNAE BENEERM(ER2) , LRE LSRR SRR EE(E 2) , X 55 AR
FER—B ", XFEZ LA A T BRI 896 A ik B K™, W8 A bR 3 [ e
2, DRMFRRIRANHASRERA BENEESL, MU AGERERNHASENEAZRHRE
#($2),3%5 Ellsworth ™ S pO B ST 45 RAAF; FI B, N, 5 LMA B HRSRAG EM etk (% 3), X 5HT
ARPYH Waloroft ™! % A\ ROBIFT R —B, BN NAARENMEE S E TRl LMA KT BB R
DB B EER BB R A A B A 22 BRI R 7 0 R LR h B — N E A E R E R,
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3.3 FRRIEDESBE S KHAERE TR A Gk
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