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Characterization of the responses of photosynthetic and chlorophyll fluorescence
parameters to water stress in seedlings of six provenances of Chinese Pine ( Pinus

tabulaeformis Carr. )

WANG Yan, CHEN Jianwen, DI Xiaoyan "
Institute of the Loess Plateaw, Shanxi University, Taiyuan 030006, China

Abstract; Chinese Pine ( Pinus tabulaeformis Carr. ) is the most widely distributed conifer in North China. Due to its wide
adaptability to natural conditions and higher tolerance to environmental stresses such as drought and nutrient deficiency,
Chinese Pine has played the most important role in forestation and water and soil conservation in North China. Against a
wide range of natural water conditions across the entire distribution area, some of the provenances of Chinese Pine may have
evolved a higher degree of adaptability to water stress than others. In this study the possible differences in photosynthetic
and chlorophyll fluorescence characteristics among six provenances of this species were investigated. Seedlings of six
provenances of Chinese Pine, including provenances Luonan (LN) and Qiao Mountain (QO) from Shannxi, provenances
Lingkong Mountain (LK) and Luya Mountain (LY ) from Shanxi, provenance Qian Mountain ( QN) from Liaoning and
provenance Wuling Mountain ( WL) from Hebei, were transplanted in pots in a greenhouse and treated with progressive
water stress. The parameters of photosynthesis and chlorophyll fluorescence for them were measured under three soil water

treatments (T,, normal water condition; T,, mild stress; and T,, severe stress; with 70% —80% , 50% —60% and
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30% —40% of the field capacity, respectively). The difference in photosynthesis and water utilization characteristics, and
the relationships of photosynthetic and water use parameters with stomatal conductance and chlorophyll fluorescence
parameters among these provenances were analyzed. The results showed that there were significant differences (P<0.01) in
net photosynthetic rate ( Pn) , transpiration rate (7r) , stomatal conductance ( Gs) , water use efficiency (WUE) , potential

efficiency of primary conversion of light energy of PSII (F /F,) and potential activity of PSTl (F,/F,) among these

provenances under T,, T, and T,. Significant differences (P<0.05) in actual quantum yield of PS I electron transport
(@PSTl ) and apparent photosynthetic electron transport rate ( ETR) were detected under T, and T,. Provenances LK and
WL had the highest Pn under T,, and showed stronger adaptability to mild water stress. Under T,, provenance QN had
higher Pn and WUE than the rest except for the WUE of provenance LK, and provenance WL had lower Pn and WUE than
the others except for the Pn of provenance LK; provenance QN had the highest Pn, ®PS Il and ETR among all the
provenances; and provenances QO and LY had the second highest Pn; while provenances LK, WL and LN had lower Pn,
Gs, ®PSIl and ETR, and it indicated that the severe water stress had larger effect on the photosynthetic ability and
quantum yield of PSII in provenances LK, WL and LN. Provenance LN showed decreasing Fv/Fm with increasing F, under

T, compared with T,, and it suggested that its PSII reaction centre might be destroyed or temporarily inactivated. The Pr,

1
Gs, ®PS 1l and ETR in provenance LK were significant lower than in the rest under T,(P<0.05) , and provenance LK had
significant higher WUE than the rest under every treatment ( P<0.05). The WUE in all the provenances increased due to
the decrease of Tr under T,. The result of correlation analysis showed that the stomatal conductance was the main

influencing factor on Pn of Chinese Pine under T,; and that Pn and WUE were closely related with the stomatal

conductance, quantum yield of PSII and electron transport rate under T, and T,.

Key Words: Pinus tabulaeformis Carr; photosynthetic parameters; chlorophyll fluorescence parameters; water stress
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Table 1 Characteristics of sampling sites in six provenances of Chinese Pine ( Pinus tabulaeformis Carr. )

3 ﬂﬂ)ﬁ Site

R DT T T TR T TR Ve ST 73 YTt
LN QO LK QN WL LY

2% Longitude 110°20' 109°45' 112°13’ 123°4’ 117°25" 111°53’

£6 % Latitude 34°20' 35°48’ 36°37' 41°18’ 40°33’ 38°35'

IR Annual mean temperature/ °C 12 8.6 8 8.7 7.6 4

A% 7K Annual precipitation/mm 850 580 600 720 760 500

1.2 577k

1.2.1  +3Kasb e

2007 49 H 2 HIFMRALBRSCE , B0 AR 1 WHEFE 5K ARG FEE N AR K . R3S /K &R AR
FPEIATRER], B H 7.00—8 .00 I 5E AL 75 AT (AEA+ 1 + R HE4K) | A AR X K R (R AR X K
= K/ WK ) o 7E R EEARRT S KR 70% —80% 6,(T, , IE# K 43) 50% —60% 6,(T,, %%
JEWA ) F130% —40% 6, T, , "™ H 13 ) fR6 BT DU SE Il AA 4l i 1 2% Fp A= SRAE AL S8, IR 2 R S AL
S AE R EAT . RN ARRN U AR A B R AR AL Z AT
1.2.2 AEFASHE

K H Li-6400(LI-COR, U.S., %4 2emx3em) (HHE0OGAME RS0, BEAS R b BUfE 5 1) R 4
B S HR(SAER) , BHRETAR LFEE 5 AER R BERE I, E A S8 LA H0OR (Pr) R R
(Tr) VAL EE (Gs) LSRR IR EE IR 1, B R ME 10 Mesk, SHEFFREINED O K pi-mn
- R 1) T 7 f— B TR 3IE, A bR N CORE 8% 0. 02mm ) IR - Fr K 172 AR A 52K (o) FISZES (b) 18,
IEA r=(a®+4b%) /8b THRE B IRFAE r R G RH S= Lx[ 2rxarcsin(a/2r) +a ] (L=2cm) T35 B ) -1
S A AR R 0 B G BB TG, F2 % )6 BT (1000 +50 ) wmol photons - m72s™ Fl A
6400-40 ZG M 2 E AR DO S, BRI E I — & (12h) J&5 , NN E H /Y 8:00 FFERIURE R E#FAY 5 4
W MERIERDEE(F,) , B I—A~58 A Y6 (6000 wmol photons - m™-s™" | ik whs [a] 0. 7 ) I % Fe K5
(F,) SRIG7E A SR T 3E W 20min, 24 9% % 56 A F20 i 2 AR 2SI B 280 (F)) |, Z 05 FEm— A>3 I8 Ok
(6000mol photons+m s~ JK#EFE] 0. 7s) , ISk T ERHKIG(F,") , [FIBRKEE I 8t WS N 3s 51t
ZLAME,5s JRIE /NG (F,) o TE RIS i sk R GRS SCR F /F, bt + 77 i oPS 1T (HLF
i R ETR, B4 HHOKHEEE R AN FHRIE 5 AEE (45 1 AMEHE) o SR A5 L A R e
Sl (24£0.5) °C, 28 SAHRLEE (49+1) %
1.2.3 Hdmabs

K H SPSS 12. 0 B Fr i 85 £ 4T One-way ANOVA  Duncan Z 5 FL# Ml Person A1 HT
2 GBRE5SW
2.1 +HOKSIEESE R

T 3 AKABEEE R ,6 AFHEM) Pn Gs Tr fil WUE 22573594 i 3% (P<0.01) , & W 6 MFhIFEA R S ik
S FIRRE I 22 38K . AR 3K BT 6 AR ARG G /K S8 (B 1) /T, T RN T, T, FRE QN
1) Pn F Gs 5 E AR THEFIE (T, T LN 9 Pn BRSM) T, &, H Po [WHE 5 AR 20% —30% , Gs 1%
24%—51% ;T, N ,Pn H WL LK QO FILY A95r51K 37% ,33% ,23% F123% ,Gs HLHE 5 ARG 42% —
56% . T, F 6 DNAIE A EGE HERHFE N FE QN> LY> Q0> LN> WL> LK, QN 8 Pn o H Al #h I =
4.0%—80.0% ,5 LN WL 1 LK 25 83 (P<0.05) ,LK 1Y Pn @K T HABF I (P<0.05) . 3 DKM
T, AR LK 9 WUE Y8385 T HARF IR, T,F,6 NFHE WUE HEF 8 Fi LK> QO = QN > LN > LY >
WL, Hr LK /) WUE 5, E2 5L B A 5 73 G (Gs BEIR T 77.5% ) , 258 B FEBCOR IR R A AT

http ; //www. ecologica. cn



7034 A E = 314
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E1 TEASBET 6 NMmAFEALEKDSH
Fig. 1 Net photosynthetic rate, transpiration rate, stomatal conductance and water use efficiency of six provenances of Chinese Pine

( Pinus tabulaeformis Carr. ) under different soil water gradients

AR FREFRIRTE R — K 73 A T R 5] 25 55 9.3 (P<0. 05 ) IR T B8 22 5 AN .3 (P>0..05)

2.2 HHOKIXM SR IOCS AU

WILGHEIE(F, ) S PS IO H A T8 P 9t it . IASIRIK 386 EE T 6 AN lbARh i 1) & ¥ 7
1 IO RUEA (B 2) W] UL AN [ B A A B ) AN [ERP R R F 25 58 i (P>0.05) ,6 DFRRRIY F,
1E27.32—49. 82 ZJi] , W% SR Ak, iX 5 BB H A SR IR F TS R —8, T, F QN 19 F, 1L
R T, 65% ,T, T4 T, 1 102% ;LN 28L& S5 H AR T, T8 F, 0 T, 1 150% ,T, F 3 T, 1 127% ; T, F LY
QO Y F,4 T, 116% F1 120% ; LK 1 WL #4513 2 ih AR/ 284k

MR EDIBEF /F, M F/ F % AR R PS IEVIDEREF SRR A PS 1T FMELEE T, AR T 5
i AL BEEI ) F/F, R F,/ F 285 AR (P>0.05) ,6 NSRRI F./F, M F,/ FSACHEREAR —E 18] 2 {L
B F/F, B, 3 ANKEEE TR, 6 NFIER F/F, M F/ F 223 B % (P<0.01), HEE N
0.798—0. 839 F13.966—>5.207 , H:i" QN 9 F /F, F1 F,/ F, 5 &K T HALFIE (P<0.05) ,yE 4 0. 798—
0. 808 F13.97—4. 24 iZFhiE PS I JEHI S REHE ALRLF AN B 7 O v A 16 M LL A, X T 2 Wi AU, 6 4>
WMAAFPIEE F /F, FUF,/ F 76 T, N i, T 5038 A B AR, (H IR R, R e T R &k PS T
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030 120 -
= a
= L a2 A ab
= 0.25 ab a2 100 | &b al
s abd] a a £ abc a a
= 020 | |pe = M a = £ 80 | |bc [ a.a &
5 1 sl & £ 7 1 2t & h
i cl T X © cl W 3
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005 o RS R a: 20 + i i i
. : : 5 i : Q
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Soil water gradient
Ti: 23EEKE R T0%—80% 6f To: 13EEKE A 50%—60% Of Ty: 13EEKEHR30%—40% 6f
B2 TEASHET 6 MMFENEF~ERTASHTN
Fig. 2 F,, F,/F,, ®PS I and ETR of six provenances of Chinese Pine ( ( Pinus tabulaeformis Carr.)) under different soil

water gradients

AN BRI TE [R]— 7K 7B BE T R 5] 2 57 1938 (P<0. 05 ) IR T BER/R 22 5 AN .3 (P>0..05)

FE S A ORI SN FR O W FE I 1 52 7K 43 TBiE B 52 LN

SRt (OPS 1) R PS IR H OB 3 SC TS 0 T B 52 BRoGREH AR A3, RWDL G i 15 ik
M (ETR) F B i th oAb 2 IO S [ e i — b B b 0 i %3 15 00, ISR 3N PS T A9 SEPr i F it 6 1
PR A S B AR —5, AN TR a4 2] oPS 1T fil ETR 22 534k % (P<0.01) , K T, 5
T, M T, FRZR B (P<0.05), 6 MFEAY OPST M ETR 76 T, Ml T, F 25 B ¥ (P<0.05), T, F, LY i
oPS Il #1 ETR .3 T QO F LK(P<0.05) ;T, T, Fili QN iy @PSII Fl ETR 2% = T QO F1 LK(P<0.05)
HIRB R, BUET PS T B FAG 3 16, X Rl N Rk, A i TR I PS I & T/~ K, 5 Pn A8
fe A —%, A LN QO WL 1 LY Ay ®PS 1L F1 ETR Bf/K 43 s/ 1 12 i P AR, 156 WA B 2 337K 43 Jilk i
B nEE A AT PS TS HhC B TR L BT R, S AR IO (4 D6 B8 JH T Ak 2 e 4 1 L Al 2D, S L 115 38
REJTREAR, Horf LN A1 WL BRI 22, HOG R 40 11 X150 iU, LK B9 oPS 11 Al ETR BE/K 43 FEAK 2 e Tt
JE kR H BRI HOGA AR RCR DA AL s R AR,
2.3 MRS

M2 /W, T, F,Pn 5 Gs B B EIEAHK(P<0.01) ; T, F1 T, F,Pn 5 Gs . ®PS Il Il ETR .2 (P<0.05)
o B (P<0.01) IEAHX ,Pn 55 F /F, F /F Fl F FRHEABE(P>0.05) . FFEEKSE, AT
T2y Pn () FLRE ; TRMHA T, Pn 0 TR SSALFEE ST R f %35 ORI IR DA G

3AIKIBEIET 6 DAPIEIMFAR WUE 215 G6s . oPS I Fl ETR #% i 2 [IFAH & (P<0.01) i 5 F/F, F./
F R F AHCHEAR 2 (P>0.05) , RIS 97K 53 1 02 AL PS T O Hoes ek 22 e 4 iR F i+
338 S R 27 B IR GS
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Xt BHF, F/F, F./F, ®PSI Fl ETR WA /Wi, F /F M F /F (AR C 250 r>0.908 " |
OPS Il il ETR FEAEL AR (r=1.000 ") , FRBHEATAH B2 M R 2, 7EH8 s AR 6 A 4Rtk A — Bk
£2 ERAEE(Pn) kST EHE(WUE) SSFLSE (C) MAEHSBMEARL S

Table 2 Correlation analysis of net photosynthetic rate ( Pn) and water use efficiency ( WUE) with stomatal conductance ( Gs) and chlorophyll

fluorescence parameters

KB HESH ST JFAeheRE e PSTMIBTERRTE  WIIR2EL ST HL T 1
Water gradient Parameter Gs WRF/F, F,/F, F, e oPS I ETR
T, Pn 0.522 " 0.276 0.225 -0.093 -0.050 -0.051
T, Pn 0.521 " 0.140 0.004 0.217 0.462* 0.463 "
T, Pn 0.577 " -0.171 -0.187 —-0.049 0.448 " 0.449 "
T, WUE 0.865*" 0. 147 0.089 -0. 060 0.629 ** 0.630 "
T, WUE 0.855 " 0.196 0.190 0.054 0.659 ** 0.660 **
T, WUE 0.971 " -0.057 -0.131 0.118 0.751** 0.751 "

# P<0.05; * % P<0.01; N=30

3 itig

TS ER AR T RE , PR ESR , o0 MU N AR KRR B K 2RI I PRBEIE AN [ SR R
T B TIEAS AR B AE A SRS R R IR A NP BRI R I R S MR IE S A B
PR O IR AZ IR KA 3 1a) AR RN 28 20 13 A5 R BT R T3 ) R 1) 2 32 22 26 J3 XU EE s M),
PHAR S ILREZ 2 B B TH R T S ek , 2285 P VG R ) ZR G2 s i s v I DA A R 1 RUK 43 Ak
RN N 2

BN e T NG BGIE U R WAL O S Eed =1V a1 5 6 S N1 5 e it STER & S 0K T P N i /R
PARBL AR A W RLARAE . FRBEWNA (50% —60% 6,) 43 B T4 LK Al WL AR 64 47 91, i
ON TE/H 38 T Pn F1 WUE 4 Fe48 %, i WL B9 Pn Rl WUE ¥ B, BEE K 70 i 1558 R ON 1 Pn
SEWTH AT (30% —40% 6,) T 5 2 BRI 22 5 35 (P<0.05) , RBLM T IHL TAE S, % 55
T b 57 4 B, 367 ST b A% PR S R RO B 3 (At 5 SR L b AR skl 1), R AL & i
KSR EEBIBAR, IR (29 600m , Hofi @ 4R 708. 3m) A 5%, ik 5 A FLIFEE PS TN i iy
e TP DG A B AL 3 R B 7K S Wt A I i i3, e AL R PR RERE ) LB AR fb AN KA o6, Hofth 5
AT IR B 7K A3 o2 (8 IR, P 58 25 RRAIG , FL T R mT B2 7™ 1 1 S a4 ) 1 k24 vs 4k il PS T A R )
FEREREALAR e A VE IR TEER PS T SE PR G REHE AL BCR Z B, Horp P 28 LR I 76 ™ 5 52 T R AIK
R EE RN BRI AR RS R e G, X 5 A F B BRIl by, & T2k T R A AR 2R AR R R A A R R AR
(4°CF1 500mm ) ,4F34) H BB = T AR IR (2944 h) A 56 (H B T H 28 1 3 A8 TR0 7K 3 R R0 i LT
LK, BRI 708 8 T2 T R AR R A 2 A AL AR RE I i 24 587 mm, 5™ H A T Pn
AF LY LN Z [ g R —2, 25 R IR IR A7 30 KU, B I 2 7840 (AR R 5 760mm ) | {H 28 2 1 K HL
BURETEAR (29 1000 m) 1%, 4608 BTG, X AT AR 2 FPIEAE ™ M0 T Pn FI WUE S IR R X 52 A
KT AR BRI IE 45 R — 50 R (LAl R A7 21 BRI, AR IR R (8°C) AR ¥ R I B e /b
(600mm ) , i3t b Yk 182 0 T 9 A5 fefT LA LE 5 7K A RN B i ORe T3 B vl A R S A N WUE
3 T HABFP R (P<0.05) o I8 R RMIE LA, T 2204 7R Be p b, J8 T W Ry S a0 A0k, 41 25 TR RIAT 1 8¢ T 2 38
HoAt AR R (12°C F1 850mm ) , 4810 B8 vy, (AR FEK AR PR AR  1E B b Fit R vh L P FI WUE
Bisb F K

W AR R R G G B LR, AR R VO R ST RIAAFER 3 FISRINAE, TR Mha— 5w
ATRES IS VE I 518 DCA AL 5 72 | I v RE B4 5 | R R R A5 M i ), F 7kl
DUHERT PS T S HC RPIRBE  F /F R RETRINHEERE F R, 261 PS IT RGO I, 45 Rl i H 80 ) By o
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FrR PSR o0 M BESR B T3 26 % VO ARBFSE T QN ZE T, B F R F,/F, 45 BT REAR , 26 AR B i
THRFERGY I, — B LR T A E BN T, T F/F, BRAKFEIRE R T, T K, R
EIE T, B AR 02 TR EHE R AR, BB EHT T R8T, T, F LN F/F, BEK, F 3
T, e PS TR Hf s 37 Bl — e R B B IR sl mT 396 2 3% |, 06 1 ) B I o A A2 30 o, e i = e A A
FAL IR,

F/F, WAE O R e T RO R B & RK F /F, AR a &4, F/F,
efasE , — e 0.75—0. 85 (At A B R, B E T DRI LE AL TR0 T AR,
ZRARRET ) AR AR F L F, R RE AN L 0. 80—0. 84, i 43 Fh U 78 M HE
TR T P HIGE, RS F /F, X200 AU R GeVE T S8 i85, CA MR RN,
F/F, 565 EREE = RIEAHSE" AR RBIEH K2 T S AMEIFIE F /F, 5HAKE RN
MG, AL FRA F/F, ART R FIR, X SR F /F, 5 Po FEIEH K5 FAIEADE, JLFFIR QN
W F/F, BARBIEEARL,, UEIER /KD TEE F /F, W Re S A A 5= 1 HA —E A M,

M FEAE ZAR LI, B IR 7K iR T, 200 12% , o5 HRIRE KG9 32% |, S50 i R Rl o3 2 i %) P R
TR, A IE AR REAR PR S A K T, 5 R T T S KA B — B FE LRI TR 596350, JUli QN Al
FAR B A B AR AT LR, A I L — 25 N Z R AR A3 B A R ST
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