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Abstract: Characteristics of light energy use efficiency, carbon dioxide assimilation capacity and water use
efficiency in leaves of Liriodendron chinense Sarg. x L. tulipifera L. during leaf developing process and
influence of density on middle lower leaves were studied. The results are as follows: (1) During leaf
developing, net photosynthetic rate (Pn), stomatal conductance (Gs), transpiratory rate (E), stomatal
limitation (Is), mass photosynthetic rate (Pm), net photosynthesis ratio (Pn/Pm), maximal PS][ efficiency
at open centers in the absence of NPQ (Fv/Fm), actual PS[] efficiency ((pPS Il ), carboxylation efficiency
: (CE) and water use efficiency (WUE) increased significantly, while intercellular CO, concentration (Ci) and
ey respiratory rate (R) decreased significantly; (2) During leaf developing, the photosystem II got perfect much
: more quickly than darksystem; (3) During leaf developing, the chief factor, which led to significant increase
in Pn, lied in significant increase in CE, not in significant increase in Fv/Fm, ¢PSTl or Gs; (4) In high
density, such parameters in middle lower leaves as Pn, Gs, E, Ls,Pm, Fv/Fm, ¢PSIl, CE and WUE were
all much smaller than those in full expansion leaves at nodes above, while Ci was much larger than that in full
expansion leaves at nodes above. However, as for Pn/Pm, there was no significant difference in full expansion
leaves at nodes above and below; (5) In high density, the chief factor, which led to significant decrease in
Pn, lied in significant decrease in CE and not in decrease in Fv/Fm or Gs; (6) Higher density to excess
quickened remarkably the aging course of photosynthetic apparatus in leaves.

Key words: Liriodendron chinense Sarg. x L. tulipifera L.; different developing stages; density; light
energy use efficiency; carbon dioxide assimilation; water use efficiency
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Tablgl Chsanges in stomatal parameters in different leal developing stages of Liriodendron chinense Sarg. x L. tulipifera L.

P B ERE WP Leaf developing stage X + SD(n =5)>

Parametors’ A, A, A, Ay As
AR Po (pool/ (of -s) ) —0.2£0.4% 6.6+1.4% 10.9+1.3% 17.441.5™ 15.7+1.6™
KILBE Gs (umol/(u -5)) 86 + 154 257 + 208 354 + 20 422 3 28M™ 417 + 67
MW EIBE CO, M Ci (pg/e) 354 3 124 303 + 13® 281 + 9% 252 +11™ 264 + 9™
“ALPRAIME Ls (%) 2.9+3.1% 17.923.1% 23.3+2.3% 31.2£3.2M 28.3+2.6™
KB EAR E (mmol/(m’+s)) 1.98+0.32% 4.86+0.48% 6.29 £0.60% 6.49 £0.50% 6.9411.37%
KR E WUE (panol/mmol)  —0.091£0.245%  1.351+0.254% 1.753 £ 0.297%% 2.707 £ 0.429™ 2.308 +0.335™
PEIR S R [pmol/(n? +5) ] 9.1:0.9% 5.4x1.3% 3.9+0.4% 1.7+0.9™ 3.2+0.7%
BYEAHR Pm (pmol/(af+s)) 8.910.6* 12.0£0.5® 14.811.3% 19.1+1.5% 18.9+2.0™
S HE NPR (%) ~1.7+4.9™ 55.0 + 10.4% 73.5+2.8% 91.1+3.9™ 83.3+2.4%d

V' Pn: net photosynthetic rate, Gs: stomatal conductance, Gi: intercellular CO, concentration, Ls: stomatal limitation, E: transpiratory rate, WUE: water

use efficiency, R:

respiratory rate, Pm: mass photosynthetic rate, NPR: net photosynthesis ratio. 2 A, - A HZAZ AN K15 M RE B, 3t

H A A AT mﬁﬂﬂﬁiﬁﬂméﬁ%l}fﬁﬁﬁ’ 10% \24% \79% T 100% 85T 4 TR E B, T AR BB EBES TR LBIFH,

A; — As represent five different leaf developing stages, among which A; —

A, indicate respectively stages when leaves develop as large as 109% ,24% ,79%

and 100% of fully expanded leaf area and As represents middle lower leaf in lower density. $(IE/EMA/NEFRHIHIRE p<0.01 M p<0.05 K8
Z1££ R Capital and small letters represent respectively p < 0.01 and p <0.05 significance.
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532.9%.315.3%.229.4% 1 185.9%,

LA NS SR 2T R B R
Pm 1 Po/Pm B 3F EF, HBIM b 58 £ BRI B} (CK)
HEBAEKX, BEHIHPZEAZRREE

(p<0.01), FTIELEBIFHH (A CKIEHET
FBERBE(p<0.05)0 AAAF AKX 4R
H BB A B9 Pm 4 B 8 CK#46 .6 % . 62.6 %
77.6% M198.7% ,Pn/Pm4 HIHCKEI - 1.9% .
60.4% .80.7%F191.4% (F 1),
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TR BB (L) (p < 0.01), T ffd ] CO, ¥ BE (Ci)
BEETF LEE(p <0.01), HEHEM Y Pn.Gs.
E.Ls Fl Gi 2510 LB 29.1%.45.3% 69.1%
59.5%%1 116.2%
222 RHFESEILLART FTRAAFLS
kW Yot BRI N 2 SRR F B BRI
EE(R) A HE(Pm) AL A HLE(NPR) A
HBEEW, HEAEN Pn fl REHRBEMRT LI

#(p <0.01) /8 HEARM L#EEZ K Po/Pm A
BEER(p <0.05),XPHH Pm fl R KT HEEEM
(F£2)

2.2.3 BAMEXLBATHRTA LFLES
FRAAHRG YR AR2WUEN, RETE
%t 2% 3 Ty ¥ AR B R PS T #9990 06 BB 8% AL B0 %
(Fv / Fm). PST I F =R (ePST ) RILBE
(CE) Fi/K 4 F| Fi%& (WUE) B ik 8.3 (p <
0.001), H BE&fY Fv/Fm, ¢PSII . CE {1 WUE 2
Sk LBEHAR 93.2% .79.8%21.8% 71 40.9% .
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3.1 #LEDHAHFEZETIBEFRERNARED
TURBRER '
SILE COFEAM FRATBALAEE, FXY
AN A MDBI KA TSRS, SALFE(G)H
WEEFEATHEAEE(P)RMIEKEE. A,
AR A, 3B R Gs A BABIR 2RI H R
B 19.5% .64% F1 83.7% , i Pn 3N 2B H
Fi -0.9%.37.9% 1 62.1%., #RT0,Gs HIPRE I
IR BAR S FLBRBE (Ls) Wil Ci 30, R f# Ci
BEMRMKT s BEAH, %R Farquhar Al Sharkey
R EZAE DA B BB, W
AN KT SRR CoMRREIHRR.
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A = ASNFE DRI 5 A REIEL R A Ay AT A BIRFSABISE £ RIF I H TR 10% .24%.79% 1 100% KIHG 4 MR A BB,
i AS RBEHERAF FTEHTLERIFH . A - As represent five different leaf developing stages, among which A; — A, indicate respectively stages when
leaves develop as large as 10% ,24% ,79% and 100% of fully expanded leaf area and As represents middle lower leaf in lower density . KN FBHRR
BB AR p<0.01F p<0.05 The capital and small letters represent respectively p <0.01 and p <0.05 significance levels. Fv/Fm: ST Fw e aes:
{43 # maximal PSII efficiency at open centers in the absence of NPQ, ¢PSII : PSTI Y6 B F 7% actual PSI efficiency, CE: #4L3F carboxylation

efficiency.

M1 #EDEAHEBATERHRETESBMRALMRNELER
Fig. 1 wmwmmmmmeﬁdmyof
Liriodendron chinense Sarg. x L. tulipifera L. leaves during the course of leaves expansion
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Table 2 Influences of the density on stomatal and chlorophyll parsmeters in leaves of Liriodendron chinense Sarg. x L. wlipifern 1.

T %0

BHO AR : BAEEE  FE P>F BEED
Parameters!) f;ﬂ‘gg‘z‘gig %,"‘t' gg‘s(“,{:?) ‘H/Lx 100(%) F value Probability Significance?)
ISR Pol pmol/ (nf +s) ) 15.7+1.8 4.6x1.1 29.0 138.26 0.000 1 S
S FE ol mmol/(nf +5)) 457 +91 207 + 28 45.3 27.37  0.0001 S
HNARIEIBR CO ¥R Gi (pa/g) 26419 306+ 8 116.2 65.61 0.000 1 S
SALIBRHHE Ls (%) 28.3:2.6 16.8+2.1 59.5 57.46  0.000 1 S
B ER E (mmol/(n+s)) 6.94+1.37 4.80+0.51 69.1 10.71 0.000 1 S
K53 Fl 38 # WUE(pumol/mol) 2.308+0.335 0.944 +0.158 40.9 68.02  0.0001 S
P B R( pmol/ (nf +5) ) 3.20.7 0.7+0.3 20.9 56.72 0.000 1 S
BIEAEE Pul pmol/ (nf +s) ) 18.9+2.2 5.2+0.7 27.7 - 167.46  0.0001 S
%A HE NPR (%) 0.833+0.026 0.864 +0.090 103.7 0.53 0.4859 Ns
PST A6 BE#4L3 % Fv/Fm 0.8258+0.0062 0.7728+0.008 6 93.6 125.51  0.000 1 S
PSIT AR T3 oSl 0.5020+0.007 6 0.400 4 £0.010 8 79.8 238.34  0.0001 S
FRALIBOE CE 0.109 4+ 0.005 2 0.0250+0.002 6 2.8 640.42  0.000 1 S

D Pn: net photosynthetic rate, Gs: stomatal conductance, Ci: intercellular CO, concentration, Ls: stomatal limitation, E: transpiratory rate, WUE: water
use efficiency, R: respiratory rate, Pm: mass photosynthetic rate, Pn/Pm: net photosynthesis ratio, Fv/Fm: maximal PSI efficiency at open centers in the
ahsence of NPQ, @PSI : actual PSII efficiency, CE: carboxylation efficiency; 2 S: represents the significance level of p <0.001; Ns: represents the

significance level of p <0.05

Fv/Fm 1 oPS [ 435137 PSII MR #D L RBSE 1L
HMBERLE T3, WERRB T PSILREF A
E, ALAH A 3 ABTBEM BB Fv/Fm 433155 B 52
LTRFFHH B9 90.9% .94.9% 1 98.3% , oPS I 251
KBIELEBEIH H K 72%.78.7% M 91.3%, Ht
AL, EH WK R BT LR, b
PR W A, HRHBEIFAR, WHAKT
R PST HSEZ R A, B A, By BYH A B9 Fv/Fn
F1 oPST AR5 H13E B CK MFH 1 90.9% F1 2%, F
BURSELBIFH A Fv/Fm Fl oPS T K T 522 B FF
i) 3 5 A T RGFE BN IR I (B R 3 )

BALBCRR B LT RuBP 3210 BS 09 B R TE ¥
K /N, Seemann %5 A 7E X 8 3 ( Spinacia oleracea
LOMBFRBHIEL T CE # RuBP BILRE R > F 14
EHIEHN , A BRRVIH A HRET IR P co,
1 5€ RE 1 I 42 15 B BE# Rubisco THHERIIR Y,
#ZDHEAN NN RHEELES, A AF
A 3BT B R I CEU R SE 2RI K (A )W
1.9%.31.6%F1 58.4%, B, R LHEAMN K
AREML R R BT g TRERIRN L
R, BARRERMSESERNKNERHE
o RAE—ERE LBWRBLTH X Co,
A%, :

H6A 2R (Po/Pm) I AR AL T DA BB BB A
YRS EER. EEATDHAN RS, H

IR A& (R) 01 R R 3 H 38 (R/Pm) PRI T B, T
Po/Pm MR b F, X RALHEERT LHKEE
EYAERTHBEK, 2RI WM N E
B HAIREA T YA R TE AR,
3.2 BEEEMNAZTIHAHKEHERBREN
2002

FEEMYEETFLBRPH— TR EY , Zd B
MBERAZ RSB NIH TR H ARk
A TRENEFERREH SR ATk 6k
THES, g AN RS S B T MHERJ2 Rubisco 7%
HETREY, AT B2 CO, Bt A B MBRILMET
B, AR, EEYEE SRS, A %4
JRFPEEA R A BB A, 15 8 B,
SR, VEE R IAERAR I 1 2238 Db R Bk (L) W,
R EBM K (AL) B9 Po,Fv/Fm,oPS I #1 WUE % b %
M HEEE FRERSE, BT £ KSR
R R T RBUBAL

REHREH, BASSIEHAHEETRE.
Chl a/b. S FL- B B . Rubisco 75t B RRANE
BEHZ ML HANHEER T 3
Z PR 32 A L B AR B A e, B R K BRGR
BELHWLA P ARG B Al K
B TR A EEE S H H IR LR,
AT R, B B B (H) AR 3 B4 (L)
s RIFH H B Pn 1 WUE BtA BEER (B



14 HYRFESHFHER

L BIE

AT, HPTHM A (Ag) K Pn F WUE 8 LK
M H (AL RIE F &, PnfIWUEU AL B )
29.1%H40.9% . B4R, BB EEA K T #HA
hRERH AR EEER, EALBEEHAE
( Solanum  tuberosum L)™' F1 48 & ( Ginkgo biloba
LU A B S

D REA R R R R T M A Po KR

TR FERRATIESILEER, B A E G

BEET AMA ,SILBHEEAKRET A
B B R P T I A (Ay) B Fv/Fm X BEE

BB MR AL F (AL) 19 93.2% , T CE {4 A,

M 21.8% . HEAYER I, R DEARM H Y

“WRG" R EGRIL TREREE, “BR

GFRRHRBAO B, XFE-PRATHEE

S Pn A WUE KiEi FRE ESEEETRRALR

%, AT COMR AL AL,

R AR A TR RAERK
YEIRA AR AR, T R B AR R RS R
BEEE HEEIX 1200 ~ 1 300 pmol/(m’ °s)E}4Ji’f;
wAE" B HE T HPRE, KEXXDEK
HWARREEENSER(BIERTD MR, HXSH
AHAET HEEEERUARREA N,
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