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Abstract: The photosynthetic physiological characteristics of plants can reflect their response to environmental conditions.
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To understand the photosynthetic adaptability of the major tree species for afforestation in a hilly loess region, the light
response curves of Hippophae rhamnoides, Pinus tabuliformis, and Robinia pseudoacacia in pure and mixed plantations
under different water conditions were measured in Ansai National Ecological Experimental Station, and the data fitted to five
models. The results indicated that (1) the P, values of these three tree species during a wet period ( September) were
significantly higher than those during a dry period (July) (P<0.05), and there was photo-inhibition of photosynthesis in
the H. rhamnoides pure plantation, R. pseudoacacia pure plantation, and R. pseudoacacia mixed plantation in July; (2)
The sequence of fitting effect of the five light response models was, in descending order, as follows: modified rectangular
hyperbola, modified exponential, non-rectangular hyperbola, exponential, then rectangular hyperbola. (3) The light
response parameters (apparent quantum yield [ @], light compensation point [ LCP ], light saturation point [ LSP ], dark

) for the three tree species in pure and mixed

n max ]

respiration rate [ R, ], and maximum net photosynthetic rate [ P
plantations in July were lower than those in September, suggesting that the light-use capability was diminished, and
photosynthetic capacity was inhibited under dry conditions. (4) Compared with the pure forest, the photosynthetic
physiological parameters of H. rhamnoides in the mixed forest showed an increased (in general ), indicating that mixed
afforestation was helpful to improving its photosynthetic potential, light use capability, and the light ecological amplitude.
The photosynthetic physiological parameters in P. tabuliformis were reduced ( in general ), suggesting that mixed
afforestation might reduce its photosynthetic capacity. Meanwhile, there was no obvious trend in the photosynthetic

physiological parameters in R. pseudoacacia; the values of @ and P of the leaves decreased, while R increased, and the

light ecological amplitude was widest, indicating that mixed planting might enhance its adaptability to strong lighting

conditions, but it would reduce its ability to utilize the lower levels of light and photosynthetic potential.

Key Words: Hilly loess region; light response model; photosynthetic parameters; water conditions; Hippophae

rhamnoides ; Pinus tabuliformis; Robinia pseudoacacia
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Table 1 The basic characteristics of sample plots

T M ‘,
PR A T RR i 2K . -
o A - Mok e (RPExRL) ) BEER AR
B syl R W . Plot leaf area ) ]
. . DBH/DGH Crown diameter ) Area of sample ~ Stand density/
Type of sample plots Species tree height/m A index/ o )
/cm of (EWXSN) / ) plot/(mxm) (individual/hm?*)
(m*m™)
( me)
afipk i (2.40£0.12) x
.46+0.12 .96+0. 2.18+0.1 20%x2 17
Pure plantation (H. rhamnoides) 3460 5-960.33 (2.29+0.11) 820.15 020 33
itk GV (2.96£0.12) x
3.69+0.09 7.43+0.27 1.34+0.04 20%20 1200
Pure plantation (P. tabuliformis) * * (3.36+0.11) *
ik I (4.36+0.39) x
7.59+0.65 .40+1.50 3.11x0.2 20%20 500
Pure plantation (R. pseudoacacia) % 9-40+ (4.24+0.32) 0.29 X
- g (2.0120.09) ) x
RACH 1 3.08+0.14 5.43+0.33 1.94+0.07 20%20 2650
S ( H. rhamnoides) * * (2.04£0.11) *
LV (2.62+0.12) x
Mixed plantation 1 4.01£0.17 7.11£0.48
fxed plantation (P. tabuliformis) * * (2.60+0.14)
- T (1.79£0.10) x
RACH 2 2.69+0.10 4.63+0.32 2.15+0.21 20%20 1960
S ( H. rhamnoides) * * (1.80+0.09) *
palpil (3.36+0.35) x
Mixed plantation 2 5.92+0.52 7.80£1.02
fxed plantation (R. pseudoacacia) * * (3.25+0.34)

TRZCHR 1T FIRASHR 2 203 VDT = AN FI VB o IR SSAR s T RRAE R T A RN H AR (5—10 A7), Bt £ (Jf2/ sz |
W) TARKFR#AT (4 H)
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2017 47 AFN 9 A MRS A 9:00—11:30, NS brifEA rh s Bieh b 38 g BHI A, 2R A Li-
Cor 6400 HEAEAICAAE I E RS (Li-Cor, USA) #4700 N i Ze il 7 (R MRARHEAI 2 1 O i th2k) .
i LTS ETR , COLHE B B E IR EE CO, MR (29 400 pumol mol ™) | Y3 B4 B % %E i 15001200, 1000, 800
600,400,200 ,150 100,50 .20 .0 wmol m ™2 s™",
1.6 St i Ze s Al

ABF5E R RH7Y NRH'® EM' MRH'™ & MEM"" BEHI3LA & AR Fotm i 2k, A= .

P ] aIanBX R
n( ) - a] + anax ‘ ( 1)
a[ + anax - (al + Pl’lmﬂx ) : - 40alpnmax
P.(I) = Y, - R, (2)
1-pI

P(=a——(I-1 3

WD) = yl( o) (3)
—af

PH([) = anax X [1 - em] - R(I (4)
P.(I)=xe —ye® (5)

o Pnﬂﬂ{%ﬁ'ﬁé‘ﬁi( pmol m?2s™! )1 FEEREN PAR( wmol m™2 sfl) ,]P%jj“ﬁ%l"f'%}fj\ Ell LCP ( pmol m™? sfl) ;
PN RIEEE R (wmol m™ s7") 3 ROAIEIEIGE R (wmol m™ s7") s NG & F3CRE) & (mol mol ™) ;
6 Fih £, s A R A M AR ™ B(m” s wmol ™) Ay (m® s wmol ™) AT 1 R B,
1.7 BESFANTE
KA R BC(RY) FOF- 35 40 X 1% 22 46 %t (MAPE) AR 5 FRBEI A9 L4 1 8. MAPE 352 24
LU N
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n =

Yi _&i
Y
sy, SN 5, ABRITAGE; v, = 2 y, /nyn AFEREG p WSEEL

2.1 HiEAbIE

x 100 (6)

i Fi] SigmaPlot 10.0( Systat Software Inc., San Jose, CA, USA) 474, R SPSS 16.0( SPSS Inc.,
Chicago, IL, USA) AN MIABEHAG 1125458 50 2850 70 0T 't ) 17 H5 80 4 47 1E 285 43 A1 0 26 55 1 A 3 114 B il
1, R One-Way ANOVA Xf +3E 5 /K & #4777 229341, di ] Paried—Sample T Test X [a] — 4 FlAS [G] 7K 434544
T LA —IR o AN Rl MR T AR R P G 7 i 2 R AT 3 A 5, 1 — R AR Y ( General
Linear Model ) X§ ARl 7K 43 & MASE A6 0 26 Rt 17 th 4005 S 808 T W PR 50

http ; //www.ecologica.cn



21 4 FRIE A B B XVD IR TR RA ARG A A RS SRR 53 I 1 5

ARG S ELZ ) P O'CmA L 2R, IEAR A h 2 E e fbiit P, Ry JLCP F1 LSP A 25 W Rt Jr P S 17
FRIE A SEINAEL

3 ER59H

3.1 KM
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0.073 m’/m*.0.087 m*/m’ 0.058 m’/m’ 0.087 m’/m’ 1 0.088 m’/m’, 5 7 AL, 5 — WMt (9 A
17—19 H) £ 5K E 1 3 3 in ( P<0.05) 43914 :0.112 m*/m® [0.163 m’/m’ [0.139 m’/m’ [0.119
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Fig.1 Changes in rainfall and soil volumetric moisture content in the studied plots during the growing season
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Fig.2 Net photosynthetic rate( P, ) —light response curves of each tree species under different water conditions

NRH 1 EM BRIIE R P, KT SCME, LSP /N T SC{E , MEM #4514 R, A1 LCP 5 52 238 , MRH #&
0 P, . A LSP 5SE 0 AR A RO b (K1 3,4 3% 3) .

R2 ARMEEXZFHTIRMELEER tRBER

Table 2 Results of t-test for net photosynthetic rate( P, ) of each tree species under different planting conditions

KAy 5

Water conditions

W Fh

Species

Sig. (XUil)
Sig. (2-tailed)

D

= o 2= g =2 g =

LRV > JRZEAK 1 VDR

Pure and mixed 1 plantation of H. rhamnoides
LRV > YRAEAK 2 VD

Pure and mixed 2 plantation of H. thamnoides
alipkimin x JRACHR 1 R

Pure and mixed plantation of P. tabuliformis
SEARRIRE x JRACHR 2 HIRL

Pure and mixed 2 plantation of R. pseudoacacia

-2.486 0.030
-2.221 0.048
-3.582 0.004
-3.805 0.003
-13.690 0.000
0.717 0.488
3.713 0.003
-6.367 0.000
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Table 3 Estimated and measured values of photosynthetic physiological indices for each tree species

Photosynthetically active radiation/(umol m2 s™")

® JfE-D
—— RH-D
NRH-D
MRH-D
—— EM-D
—— MEM-D

o JME-W
—— RH-W
NRH-W
MRH-W
—— EM-W
—— MEM-W

B3 7 [E) S A R AR Y Xt & A o St 8 R S W By £ O AR

Fig.3 Simulation of photosynthetic rate-light response curve of each tree species by five models under different soil water conditions

£3 BRMESERERHERGIHES TNE

Al Estimated value

Fh BRI Ko AF o RAL
Sample plot Model type  Water condition £ mmax/ Ra/ LCp/ LSp/ R?
(pmol m™s™") (pmol m™s™") (pmol m™ s™") (pmol m™s7")
L NU RH D 3.193 1.540 129.34 525.89 0.977
Pure plantation of W 18.748 1.813 46.68 685.37 0.997
H. rhamnoides NRH D 3.555 1.633 131.11 596.32 0.981
W 18.143 1.771 47.11 670.50 0.997
MRH D 1.654 1.246 177.96 601.53 0.853
W 16.931 1.832 46.69 1030.02 0.997
EM D 2.664 1.390 163.96 462.91 0.959
W 14.256 1.538 41.64 526.98 0.995
MEM D 2.53 1.318 140.21 324.22 0.971
w 16.96 1.568 52.79 502.35 0.998
SEE D ~ 1.8 1.268 145.82 600 -
W =13 1.579 53.19 1200 -
TRZEH 1 Vi RH D 5.724 1.341 159.21 785 0.989
Mixed plantation 1 of w 28.333 2.629 62.27 898.91 0.999
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- - o fliHE Estimated value Sp—
Sample plot Model type  Water condition ma/’ Ry LCP/ Lsp/ R?

(pmol m™2s™") (pmol m?s7") (pmol m™ s™") (pmol m™s™")

H. rhamnoides NRH D 10.238 1.588 143.34 1271.61 0.995
w 25.348 2.434 62.73 802.95 1.000
MRH D 4.30 1.42 157.52 614.28 0.906
w 18.721 1.890 60.96 1532.68 0.991
EM D 4.34 1.229 174.6 594.15 0.985
w 21.108 2.372 135.93 672.51 0.999
MEM D 4.57 1.294 155.89 529.38 0.988
W 20.52 2.306 66.08 581.84 1.000

SEE D ~ 3.0 1.343 144.44 800 -

W ~17.8 2.295 66.33 1500 -
TRATHK 2 Vi RH D 6.066 1.027 137.37 788.11 0.978
Mixed plantation 2 of W 26.869 2.139 38.73 707.51 0.996
H. rhamnoides NRH D 23.716 1.351 112.59 2724.67 0.995
W 22.834 1.811 40.63 602.57 0.997
MRH D 3.775 1.047 130.89 524.18 0.980
w 18.10 1.916 39.10 1715.34 0.997
EM D 4.611 0.902 141.38 594.22 0.972
W 20.339 1.842 110.57 537.35 0.997
MEM D 5.76 1.127 119.89 502.87 0.991
w 18.42 1.668 42.109 501.71 0.997

S E D ~ 3.4 1.104 120 800 -

W ~ 18.2 1.766 43.07 1350 -
EIIEANTIEN RH D 5.115 3.358 668.74 629.47 0.991
Pure plantation of w 21.248 4.327 81.39 745.64 0.999
P. tabuliformis NRH D 5.624 3.339 98.28 657.60 0.988
W 21.016 4.503 81.93 729.19 0.999
MRH D 0.806 3.366 77.91 548.73 0.984
W 17.886 4207 81.02 1587.20 0.999
EM D 4.340 3.031 160.27 548.48 0.979
W 16.193 4.150 82.88 570.72 0.997
MEM D 4.09 3.038 251.03 314.4 0.977
W 12.56 3.916 90.96 495.09 1.000

SEAE D ~ 0.8 3.036 92.98 700 -

W ~ 14 3.905 92.0 1350 -
TRATHR 1 Tl RH D 6.444 2.911 151.7 581.69 0.995
Mixed plantation 1 of W 16.827 3.474 63.45 563.92 0.998
P. tabuliformis NRH D 7.251 3.000 158.35 625.06 0.998
W 14.486 3.076 73.04 490.56 0.999
MRH D 3.533 1.509 301.74 969.59 0.846
W 10.38 3.237 68.88 1252.14 0.999
EM D 5.294 2.7 219.4 484.21 0.988
W 13.6 3.167 113.72 164.55 0.999
MEM D 5.11 2.608 156.18 341.81 0.998
W 12.25 2.853 79.47 369.17 1.000

S {E D ~ 3.1 2.583 157.5 900 -
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21 4 S A B B DXV TR RO 1 A RS R RS0 I 1 9

N I AbITHE Estimated value .
B B kS : ik R
Sample plot Model type  Water condition ma/’ Ry LCP/ Lsp/ R?

(pmol m2s™!) (pmol m™2 s7!) (pmol m?s™") (umol m™s™")
W ~ 10.45 2.856 79.77 1200 -
Zf BRI RH D 3.172 1.564 29.95 296 0.712
Pure plantation of W 19.743 1.085 16.17 520.7 0.993
R. pseudoacacia NRH D 2.710 0.694 56.59 250.32 0.791
W 16.917 1.245 14.63 438.08 0.998
MRH D 2.118 0.842 44.27 419.33 0.974
W 14.851 1.463 15.01 1314.12 0.997
EM D 2.983 0.770 78.1 281.91 0.785
W 15.745 1.501 21.6 406.90 0.997
MEM D 2.05 0.462 64.44 214.44 0.992
W 9.45 1.031 11.85 396.46 0.997
S D ~ 2.3 0.546 67.73 400 -
W =15 1.016 13.65 1100 -
TRAHR 2 HHE RH D 6.920 1.918 34.91 368.25 0.989
Mixed plantation 2 of W 15.390 1.475 39.79 648.654 0.992
R. pseudoacacia NRH D 6.276 1.458 43.98 336.14 0.992
W 15.259 1.657 40.10 633.22 0.994
MRH D 4.456 1.361 39.00 867.99 0.993
W 10.778 1.794 40.03 1939.07 0.997
EM D 6.030 1.193 87.32 324.44 0.992
W 11.931 1.687 61.27 492.60 0.996
MEM D 4.44 1.082 52.86 240.09 0.992
W 10.82 1.242 43.26 471.26 0.996
LA D ~ 4.7 1.140 52.63 800 -
W = 10.6 1.242 43.18 1350 -
6r 6 -
a sk b
‘g sl s RH-D . s RH-W
i O E== NRH-D i === NRH-W
; % == MRH-D 3+ 3 MRH-W
gj\ % 4+ == EM-D 5L mm EM-W
W8 === MEM-D L = MEM-W
KA 3¢ !
e
=
52 o
H-§ |
0 0
B B E=3 = = = = E= =3 =3 = B ES ES
€ 2 ® ¥ ¥y ¥ ¥ o ow ¥ oy ¥R
= = = = = = = =

AEMH1 Sample plot

B4 5MREXAREKSFMT ERFENNE B LIS NIRE RS

Fig.4 Stability analysis of the five models for the light responses curve of each tree species under different water conditions

3.4 IKOR SN MR A S R
WA 5 PRI 6B S BOR S B X & BRI F- R FI LCP 43Hr % F MEM #5581 %) P, H1 LSP J3H7 %
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10 JAE = 39 %

FH MRH #5571 ( 55 3) , HLIH MRH BRGSO Scdd , BO8 HTHZASERIR A (1) & B y (E#EF T H UL & T RORFRE
FOCHURT JEMEIIRG 0T (R 5) o RARFIZK S BB & T SACESEOr Z R (£ 6) .,

7 H&WFIE R R 3495 9 AR, B — /K040 T, U AR B R RS FIMAA (2 3) . BLAh, ¥
S AR MR R, Z K 5 i MR S — 3 52 HAE R (P<0.01) , SHRIBLRAS G , 2K 4325 1F I
TE R HARE R (P<0.05) 5 K43 A AR vE AR AN R A B RZ A (P<0.05) 5 IR Z S HAEH
M (P<0.05) (£6), 7 HEMFIT R LSP #18#KF 9 H (P<0.05) 1 LCP &+ 9 H (£3) , it LSP
ZIR A R ZH A HAE M (P<0.01) 5 V0 RN AR A7 35 MR 2 7K 43 45 F Je — & 2 BAE 2 (P <
0.01) . WA LCP EEZIK A A5 (P<0.01) s VRS b RIAR R 32 I 35 52 1 RS 20 RIK 43 5% 14 1 5% i
(P<0.01) ; FIRRAZ 35 A K53 55 e — 8 28 HAE R (P<0.01) (£ 6) . 7 A&WFtF P, 355 E 4K
F 9 F(P<0.05) , Him#s R P, S8 bRARC 7K o 55t B — % 38 BAE HSE M (P<0.01) 5 Y-S AR IR 38
J& , Z M HK 73 S 520 (P<0.01) | T S RIBRIR 28 5, A2 K o3 4515200 ( P<0.01) (% 3,6) .

9 H&WFI R @ ¥m+ 7 A, BR—KSEET  BARIEEN 5 @ SRR T (£ 5) . ImiaFmys
W @ AN3Z K AT F5 A RE A (P<0.01 ) 5 FIREAZ 135 MBS FIZK 23 254 52 R (P<0.05) (R 6) o A, 9 A %%
BRI g F1 oy EY/NT 7 A H 7 AV BRURIRR M B Ay (B 2 KT IlA (P<0.05) o TS JHIEE B 1Y
Z KT FAFREM (P<0.05) 5 VDR B 323 M= KA 55k Tt —F A8 HAE RIS (P<0.01) 5 VR y 327K 53 %A
SN (P<0.01) , FIRLAZ 7K 53 55 1 Je — 35 28 BAE A2 (P<0.05) (£ 5,6) o

F5 MRH R & EF LI &M A R NETFHE () SLMHIT(B) MAEMT(y)

Table 5 Estimation parameters ( apparent quantum efficiency, the item of photo-inhibition () and light saturation (y) ) of the light response

curve of each tree species by the MRH model

HA 3L Photosynthetic parameter

B KRGy %A
Sample plot Water condition @ B/ v/
(mol mol™") (m?s mol™") (m? s mol™")

I NU D 1.01x1072 2.35x107* 7.22x107?
Pure plantation of H. rhamnoides w 4.61x1072 1.74x107* 1.17x1073
TRAEH 1 Vi D 1.43x1072 8.64x107* 6.17x1073
Mixed plantation 1 of H. rhamnoides w 5.33x1072 2.29%107* 2.52x1073
TRAEM 2 Yk D 1.75%x1072 8.37x107* 5.16x107
Mixed plantation 2 of H. rhamnoides w 5.54x1072 2.54x107* 1.45x1073
AR D 4.19x1073 4.18x107° 3.66x107°
Pure plantation of P. tabuliformis W 4.33x1072 1.90x107° 2.21x107?
TRZEH 1 A D 6.14x107 3.54x107° 3.84x107?
Mixed plantation 1 of P. tabuliformis W 3.49x1072 2.19x1073 2.75%1073
Al AR D 4.23x1072 3.40x107* 6.58x107?
Pure plantation of R. pseudoacacia W 5.75%1072 1.53x10™* 1.84x1073
RSk 2 HlRE D 3.63%x1072 4.67x107* 8.55x107?
Mixed plantation 2 of R. pseudoacacia w 5.62x1072 2.60x107* 1.55%1073

4 itig

4.1 e SRS FHYE A

DGR R BT T AR R R R i B AR W S ) 2 N TGS A B R h R
AR T2 TR I TSI A S AR | DA 228 S ASE A S L BT AL | DA AT AR ) A e R 1R ]
BRILE BRI P AR AR ROR 22 5, ARFFE R B AR R K 23 2506 T RH AT NRH B8 RLBL5 B 24 1 i e
P JIRTOME (K 3) X S AR T A BRARAETS BRAEIRAE ™ LI 2 24 AR R A1 T E
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12 JAE = 39 %

K (Zea mays L.) A 258 ( Koelreuteria paniculata’) S A4z BRI 57 45 B2 AL, 3X 7] BE 22 B2 R A 31X A~ 7Y
M X T 2 oA Il , 75 2R AR Zet die /N SR ik Xt P HEAT AR SE A SRS e 1o il 2k 740 RO SR 2 f5
TR GBI TSME . tk4h, RH NRH EM F1 MEM £ [RUAS G L #6K % LSP |, Al 45 558 4 /N T
S, AHIFFE X 4 AERIXERRIK 0 45 0F T 25 AR A LA RORBAIESE T 3% — 4518 (£ 3) . MRH B pR 4K
RIAFAERAE, e ELRR MR P, 1 LSP, I BEEE I M 0L A5 i il B BE A0 S [ 2 8, MOz i iy Fi 2 AR 9%
W FE I T 00 MRH G SR VD RIAR LA S TR Ak 2 BRI R (8 Y630 i B G S0 B S8R et

UEAh, 5 PRI AN [ K o3 2544 T ARt | P e iy fh 2 i3 AR ¥ B (RP> 0.71) , Hh o A R?
BI7E 0.99 DAL, BEBTXHRE B LA RO SRR BT . SR A R AR/ INAT IR S 340 7 't i 1o A€ 751 ) i 224
b, HURBEVLIA T B & S USSR B A 52 0 I, 5 RPHEE G, AHF ST R FH - 4R X 5 25 46 X
B (MAPE) [ 5 MBS ROCR  800E AR [FIZK 3 560 B 25 iRt 5 P A LSP AL e £ MRH A8 R,
A LCP fEAC1EsE MEM AR H 5 MR E BRI S )T : MRH R4 3O e dd: , ok & MEM  NRH Al
EM, i RH RS ROR R 22 (£ 3 - 4) X 5#)1# ( Populus szechuanica) "' F A FATEHAS 12 5t AN [] 45554
T N PERFFE 45 R — 2,

4.2 KA S EMBE A SEOCR

A R 29 AR 72 g d5 B S0 (0 A B S WA 400 & VR FH B BRBE IR 2 84 /K 4y . €O,
MRS Ao R IR , T RE B TR SRR SlARAE 1 S A Al b 1) 22 57 3 bR 43 P R A 25
L HIASTR], DT T RE B0 AT 45 240 B RO & A B E G 22 52 Y

D SWAIITE 56 TR R SRR D CRERRE D B RS BAE K AR Y @ 7E 0.03—0.05
ZIECS ) AW R0 AT R @ BT 7 A RUREIE R, 3 AR 556 R H BE SR (£ 5) .
TEIBIE 5 F R, & W Ah @ 1E 0.035—0.058 Z 8], 5 F 2% 5 27 X R M ( Periploca sepium) BIF 5% 45 5 M iT
(0.042—0.066) , i T— At Y @ JEH, MK (Aralia elata) @ 7F 0.004—0.029 Z 8], LA & 7 0.015—
0.083 2 [A]"*) W] WAHFY 3 RS FLK 20 24 T R G RE 1 iR T — B AR sl /e A, R/
J¥ 2R VR ASHR 1A (0.035) <ZEARIHFA (0.043) <ZEARID R (0.046 ) <TE AR 1 V)3 (0.053) <IRZEHK 2 V)i
(0.055) <IRACHK 2 HIHR (0.056) <LEMIARL(0.0575) (F 5) , SAUMIMAS LA L, IR ISAR 1 AR FITRASHK 2
FRRI R @ 4351 F B 19.409%F1 20.87% , 1 5 SR VDA L TR ASHR 1 Y BORITR S Ak 2 Yoo 5134 mn 15.62%
H120.17% , 6 B TR 3 38 PRCA Bl 10 R 1 60 5555 6 00 R FH 803 5 SRR R VD R @ S AR T T, 3% I RIS v
A CRERE AL R e R A RE T 3R TR, B R iR @ T RN i 5 AR g 45 SR A S 0L AEAE ) A
K HE BRI %2 42 K ( Cunninghamia lanceolata ) W) @ /INTF 2 B2 8% ( Quercus variabilis ) FH B ( Liquidambar
Jformosana) [39,40] ,ﬁ_j,/J\ﬂ:ﬁé;F\*ffxl( Tilia japonica) (4] o XATRE FEAAE Y A B A Y e N HE N IS Y BE
2K

LSP il LCP Ji BAB 406 6 BB A 75 2R, 2 J AR 438 17 5 D656k B 77 RNt 19 1k 56 55 A B4R AR, —JBIA
HBAYERE ) LCP KT 20 wmol m™> s™' | LSP I 500 mwmol m™> s™"; 1M BHA:AE Y LCP £E 50 pmol m > 7' L) |,
LSP 7 800 wmol m™ s~ A" * | FEAHSE T R B MFP LCP 7 52.86—251.03 pmol m™ s™' Z JH],
LSP 7F 419.33—969.59 wmol m™ s~ 2Z [A] ; Y i B 1 45 40 Fff LCP 7 11.85—90.96 pmol m™ s™' Z [A], LSP 7F
1030.02—1939.07 pwmol m™> s~ Z[i] ; AT DL BEIK 43 FREE AR Ak, A A0 i) St i 3 @ B0 HE — 2 P 1oy P AT T S 42
BIFESE FK A3 450 T 550 558 6 i R FH 8 D0 A4 e, BRI EA 35 S e G R A A8 T 7 e A Dl i
BAEAATRE TR AR, HASWEIEAENT A IR 2 FIFE(1895.81 wmol m™ s ) >TRAZHK 2 VDl
(1673.23 wmol m™ ") SAEFRIHAL (1496.24 pmol m™> s™") STRACHK 1 V01 (1466.6 pwmol m™ s™") >4l A H #f
(1302.27 pmol m™ s7") STRAZHAR 1 WIAA (1172.67 wmol m™ s™") SRR (977.23 umol m™ s™") , 5 % 7 4l Ak
AHEE , RS VD BIR A IS, BRI A 2S5 ARG N 45.58% , VD8 N 71.22% ; Y-SR IR SR , st A A= 2
i TR 21.62% , VP BE N 50.08% , Uk BH /K 7338 B A& A4 T, TR A 1 AR 1) A5 R0 v i o HC X ' 5 199 335 17
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21 4 FRIE A B B XVD IR TR RA ARG A A RS SRR 53 I 1 13

IEAh , MRH BRI ZEO 50 (B) FIOGHL A (y) AR 8 SO R SE T R AR 77O R T ik
S A TR A ar IR, B A y K, BRI 5 2 2L R RO A AREFE R, 5 7
HHE,9 A& RIBI B B Fly By, IR A T MRS h BOCHI R FD GRS (B 3 % 5) .
7 HUPBCRHIRE B AN y 350 3 R FIMAS (P<0.05) , & BT S AT , Y0 oR A% o] B 5 5 H B
HF GRS (] 2) 3% 5 LoD XTI i g Ay BT 50 AR LA 8 45 RS, m] RE 5 2 A gt
FE AR AR S5 A RRE AT O, ARSI AR P RT RE A O e % R AR A AR SRR L T T Y
HERITIR BN, BB JE 600—1200 pwm , (USRI 1%—5% B AT WL, 1 200—600 wm J5 i) 4 44
M52 5%—20% 1 A] WG, FeAT K 4—5 £ )

Y R BRI P OB, ARDFE 7 A &Rt R EX/NT 9 A R T RT3 4
BT i 3 3 9 55 T IR A FH AR/ X S 7 W I R, LA ] T R A T R R R, KNI
A AEARIHAS (3.038 wmol m™? s7') SIRATHR 1 A (2.608 wmol m™ s™") SALARIP I (1.318 wmol m™ s7') >IR3
AT VP 1.294 pmol m™ s7") SIRASHR 2 VP(1.127 pwmol m™ s™") >IRASHK 2 HIFE (1.082 wmol m™> s7™") >4k
IR (0.462 pmol m™ 87", 5 XTI AMAH EL , TAA S VP BIR SIS  TAAIT B R, N FE 14.15% , Vi TR 1.82%
IR S5V BIR S 5, IR B R BN 134.2% , V0 B 14.49% , Ui BH7E T 2 i dn AN iR =8 A #l ok
BT TR R R ST W FD R 7E 0.46—3.92 pmol m™ s™' Z ] (£ 3) , 544K R,(0.24—0.86 pumol
m s A R,(0.67—1.92 pumol m™ s7") PYAAEL, AT A R AR, 3K 0T RE 32 BRI R AE A R K 4 4
PEF X 55 R BE 6 A AR BEE b 25 AT T

P, SEBRAE I B E TR BRI R R T R R OB A RE Y AR R, 9
HA&WFER P, 0 WS (P<0.05) , U BRI B B2 B Rl R G G s, LR/ TR A 1
YPIR(18.721 wmol m™ s7") SIRASHK 2 ¥R (18.1 pmol m™> s7") >ZAKIHHFA (17.886 wmol m™> s7") >4l bR yb ik
(16.931 pmol m™> s™") >AEAAFE (14.851 pwmol m™> ™) STRATHK 2 HIFE (10.778 pmol m™> s™") STRASHK 1 ylAL
(10.38 pmol m™ s7") , 55 XF N A AR 1L, & BRIAA S5 VD BRIRAC IS A P, . N I% 41.97% , VP 8 0 10.57%
M5 VP BRI P, T RE 27.43% , YDA 6.46% , UL A LEIE BK 70 554 | IR AC T KA B 10 it
EHOEAE T IRASHR 1 IR e AT 1 e, 3 T BE B B RUR R R - HESN S5 004 06, AFo R  4f
WA 2 L HES S B0 A BB R RE BRI ET SR AR . W — S A2 R A R T RO H
AN B A R — 2 22 A5

w4 b XE T2 TR 2 R 0 WF AN R R T 5 2 M A e R K o 450 T B
AR 2E 5 W] O XA [ RO B A B AR A BRI b . A0 5 T AT T A K SR A A
A% B Tl i 7 3 A R AL R ik R T A A Z A T SR AR A AR P A Bt A T a0, TR SR
O3 BT T T 5 22 /K 3 (A ORI B8 3 45 B K S50, A B TR A B A AN [ A o ) X388 7K o B 58 A5 A 1) i 7
i,

5 it

(1) SARFR ARSI RS FIRBRAERR I I M R P 3 3 & T I (P<0.05)

(2) 5 FlvASEAL X 7 o ST Sl MR SR A R A Dl 1o 5 R AR5 BORBAF (R > 0.99) , AN [R5 AL
UG RER IO LT g : MRH AT X2 AR 1 56 i i R BAR AU S HOR B, UG MEM NRH il EM £
BT RH A RS ROR e 2

(3) 5T S EL R I i S0 2 A R A3 B SR DG A LR BES B, R WS BK o 25 F
T PR A LR G RE B R FH RE D A05i

(4) SEiAH L RSB0 & A BB RUE R A L T F SRR S A B T4 m HOL & 18 1 0

—

Sots
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JCRERI A HIRE 1 BOL IR AR 2SR 0 B2 5 i A BE PR 52 1 a3, R TR A At nl BE WA HOL S I BE Ty s AR AZ
RTEH L R @ P, BT R R BN O R A 2 5 B, 28 IR A PR 7T 8 23 10 i X i S 3 17
P (B AR X S e M HTRE 1 SO A i 1
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