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Abstract; As main photosynthetic organs leaves are very sensitive to exterior environments. Water deficiency obviously
affects the biological characteristics of leaves, and leads to the changes in their photosynthetic characteristics and water use
efficiencies. Xylem pathways increase when trees grow, which results in the increase in water gravity as well as pathway
resistance. Accordingly the biological characteristics of leaves changes along tree height. In this research the photosynthetic
characteristics and carbon isotope rate (8 C) in the leaves of 4 tree species, Platanus hispanica, Robinia pseudoacacia,

Fraxinus chinensis, and Ginkgo biloba are measured. The results show that the leaf photosynthetic rate (Pn) , transpiration

ESWH: BRK 8 AREE GBI A (30070637 A1 10772100 ) ; LA RS RI B B B (D0605001040191 ) s AL BT MRl Ko4e 48 FRAL BEAR bR
B ERPEE R ALK E BB B B (JD100220535)

U545 B 34 :2008-01-20; 4&iT B #4:2008-04-02

EEE A MHEE(1983 ~), &, FHEEA, BLE, TEAEHAKDERESR. E-mail: hechunxia@ gmail. com

# B INAMEE Corresponding author. E-mail ; ljyymy@ vip. sina. com

Foundation item ; The project was financially supported by the National Natural Science Foundation of China ( No. 30070637 & 10772100 ) , Beijing
Multicipal Science & Technology Commission Project ( No. D0605001040191), and the Key Laboratory for Silvicuture and Conservation of Ministry of
Education Project (No. JD100220535)

Received date.2008-01-20; Accepted date.2008-04-02

Biography:HE Chun-Xia, Ph. D. candidate, mainly engaged in water ecophysiology in trees. E-mail; hechunxia@ gmail. com

http://www. ecologica. cn



7 MEE %4 BTN R AL R AR EER R 224l 3009

ratio (7r) , stomata conductance ( Cond) and internal CO, concentration ( Ci) reduce along tree heights, while the leaf 8"
C increases along tree height. The 8" C values at the tree tops of Platanus hispanica, Robinia pseudoacacia, Fraxinus
chinensis and Ginkgo biloba are respectively 1. 126%c, 2. 310%0, 2. 290%¢ and 2. 276%o larger than that at the lower
crowns. The One Way ANOVA and LSD tests show that the leaf photosynthetic characteristics and 8" C vary significantly at
different heights (P <0.05). The decrease in leaf photosynthetic capability and the increase in §" C along tree height

indicate that the leaves at the tree tops suffer from water stress. These results support the hydraulic limitation hypothesis.

Key Words: Pn;Tr;Cond;Ci;5"C value; water use efficiency; tree height
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1.2 SEIebf e Tk
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ORI A G 8 C i (8p) BAT T T ARIHHE H M A BB 2 R Z P (A) ™
A(%0) = (8a—-8p)/ (1 +68p)

1.3 $dEabsE

Fi SPSS 13. 0 RAXHHE#E1T I 224397 (One Way ANOVA) FIZH HE(1SD test) ,
2 #R
2.1 MR EDLA R
2.1.1 XEER

REAR = 3 0,4 WFpRE B P BEAR(E 1) o HA ARE R BB ARTIRIAE 2 31F 3 AR B &t R
[ 4.77(2m) \4.16(2m) \4.09(2m) pumol -m ~>s ' FI 4. 69 (4m) wmol - m "> s ' B & LI F AR 3. 47
(15m) .2.44 (15m) .1.04 (19m) 1 2. 85 (15m) pmol -m - s~ ($EE N H B EE, TR), 48BN T
27.31% \41.36% \74. 48% 1 39.20% , 3= 1 [ Z4 R EH 4 RApRE LTI A Pr H 2R EE
(¥ A P =0.002.0. 049.0.000.,0.019) , TREE = B3I, 4R A 7E Om HALBE A LA EA FF I TR, B8
RS TR, 7 13m S AR BIFE N H2 B TR, TROIBEL 4 ®fP &R, BB Pn TREMEE
BOHAD 3 WFEME . SR Pn BHAD 3 RIFFERIN,
2.1.2 EBEER

BERS S H3E I, 4 R R Tr B/ (B 2) . BAERA B ARFRIBREN & T 3 BF3 Tr 43308
5.80.2.25.0.91 F11.58 mmol-m s B TIRMH F Tr 4381K 2.72.0. 85.0.26 F1 0.65 mmol-m 5" 4
HW/NT 53.04% 62.02% \71.67% \58.77% , 31 W ESTEREZY, BREEARSL, HAth 3 WA HHE LT
TR A Tr #1225 83 (KA P =0.000,0.003.0.121.,0.033) . HA AR Tr BARK T HM 3 W, B3
BRT ERE HEBRE A FA ., SRARNZEBERERE/), AREP TEHMH 278K, WM & Tr i
TR T REBC R
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Fig. 1 Changes of leaf photosynthesis rate along tree height of the 4 Fig. 2 Changes of leaf transpiration rate along tree height of the 4 tree

tree species species

2.1.3 SALFEMHMRE CO,HE

WFBI B Ci A1 Cond FRERTREBEIMTFEAS(E 3, B 4) o FEE AT BRARTRIBA E T #E Cond
1 Ci SEXE 4514 0. 175.0. 06.,0. 041 0. 074 wmol -m > ™' 1 315. 21.,281.06.,283.25,269. 95 pl/L, i T M-
F 1) Cond F1 Ci SF-¥3{8 43 H % 0. 081.,0. 032,0. 011,0. 029pmol - m ~*s ™" 1 270. 19,239. 79.,235. 11,223 87
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—e— B Fraxinus chinensis —— W4 Ginkgo biloba —e— Bl Fraxinus chinensis —— 7 Ginkgo biloba
—a— BHK Platanus hispanica —s— RIME Robinia pseudoacacia —a— BB Platanus hispanica —s— FIML Robinia pseudoacacia
350 0.20
0.18
330
0.16
310 | = o4
o002
g 290 — s_E
2 é 0.10
S 270 |- £
= 0.08
250 S 006
0.04
B0 0.02
210 1 1 EN | 0 |
0 5 10 15 20 0 5 10 15 20
M Tree height (m) T Tree height (m)
B3 A RRE CO, ¥k E R Ak El4 48/ SILSERMEREL

Fig. 3  Changes of leaf intercellular CO, concentration along tree Fig. 4 Changes of stomata conductance along tree height of the 4 tree

species
height of the 4 tree species P

2.2 MR KSR R R RE R AR 4
2.2.1 BEEKSFARE

RER = 3 0,4 WFPR B WUE 3SR (B 5) , B 4RE LB AR FRIBR 7 B AR E T #8189 0. 84.2. 36,
2. 62p,m01°mm01_1ﬂ] 2. 98pm01°mm01_1§ljﬁﬁjj%ﬁﬂﬁ 1.80.3.85.4. OS}Lmol'mmol_lﬂEﬂ 4. 39}1,m01°mm01_1 A
FIHERT 54.02% 38.79% ,35.16% F1 32.18% , 4 WFpRHE_L T ERM 9 WUE M F 20 S REFHRE
BRI, HoAh 3 P2 R BE (MKKA P =0.005.0.007.0.329.0.060) , B 4 Wit B Pn F1 Tr B1FEH
BTN, B A E R BB/ NG IR, BTLL Pn/Tr HLEFEE RS BB KT, AR, 4 R
WUE, N RB/IMRIK IR B8R AR AT RS,
2.2.2 mREERMELILE

RERS T A3 0, 4 AR 5 B 87 C K (B 6) , Hirb i AR B AR DA BRI B9 6 _E 3 (IRWH
—27.048%0., —27.736%0. —28.571%cF1 —28. 155%0) AT T # Y 6°C BH (KK A —29. 338%0., —28. 697%o.,
~29.697%0F - 30. 464%0) 43 BN T 2.290%0.2. 276%0.1. 126%0H1 2. 310%0, F7 2 H7 45 R0 4 MR
&L TFEM AR 8°C M2 B BE (P =0.000.0.000.0.000.,0.000) , Hr4R75 M H i 8°C H7E 12m B4k
WA T FEJE ST IR, 4 FRFRAH, BEARFRIMEM A B 87 C ERAE, T A AR A K 8°C HERE/N,
BETREET&2AM H19 5°C .,
2.2.3 mRERERNMNESPR

4 RiF A A BERN R R INTTREAR (B 7) , BB AR A BB ARRURIARA S T ARA_ L& A A B3R
21.901%0.21.227%0.22. 279%0.23. 089%cH1 19. 496%0.20. 217%0.21. 094%0J% 20. 657%0, 43 /N T 2. 406%o.,
1.009%o0.1. 182%cH01 2. 432%0, T A E R BR 4 WAME L FTIHMHE K A HE 5K B2 (P =0.000,
0.000,0.000,0.000) , HAEAMHH A EE 12m HAKAE LG XIFHR TR,
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Fig. 6 Changes of leaf §"*C along tree height of the 4 tree species
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5%, A INVAS R B S BRI FE AR o Kooh ™™ 25 A\ et it 37 55 g 8 b SE 4TAZ OBt 78 4 B0 9 B R
HeB s FRBE I TR 9 3 R0/ , Woodruff' ' 85 A BT 15 HH B REAMHA ST S FL -5 B8 WEARF 5 18 K T AR
B, X BB ST R AR H B M B R EE ) VAL R S I AnRE A R 3 K T 0 383 B S B ARV R TR AR K
Ho A 2B AK S B BTN R B4 TIESE , HF ISR T Ryan'™ 28 A SR H /K ) RGBS, BRREE A
K, AREEREEIG K, K 2B B E ) E SR E R0, 78 M kBl R ALK LUEE R =T,
SALKPAGE Cond 71 Ci /D, PRI T HEAM i) CO. B, TEIR R CO e A ERBREIE T, X EuRE
FIEEA FPRIELD , IS RO B A Bt 5 B8 0 , AT FRA 3B B A4 IS, SEAHE WA R4k 4k
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£1 4 BRI AR AHER 3° C R (P « fREE)
Table 1 Changes of leaf photosynthetic characteristics and §'*C along tree height of the 4 tree species (mean = SD)
BRh méﬁﬁ? Pn Cond G Ir WUE: 53¢ A
Tree species height(m) (pmolm~%s~") (pmol:m~3%s7") (pl/L) (mmol-m ~%*s~!)  ( umol/mmol) (%) (%o0)
S]] 2 4.77+£0.39a  0.175+0.027a 315.21 £17.75a  5.80+1.17a 0.84 +£0.51a -29.338 +1.164a 21.901a
Frazinus 6 4.171£0.59b  0.140£0.008b 332.42x11.69b  2.99+0.12b 1.39+0.19b  -29.268 +0.001b 21.828b
chinensis 10 3.92£0.46bc  0.097 £+0.008¢ 313.89 +£9.99a 2.26 £0.14b 1.74 £0.23b  -28.415 +0.454¢ 20.930¢
15 3.47£0.12¢  0.081£0.022¢ 270.19 £11.05¢  2.72+0.60b 1.80£0.56b  —27.048 +0.654d 19.496d
Sig. 0.002 0.000 0.000 0.000 0.005 0.000 0.000
87 2 4.16+£0.79a  0.060 +£0.009a 281.06 £19.36a  2.25+0.29a 2.36 £0.54a  -28.697 £0.510a 21.227a
Ginkgo biloba 9 4.2710.89a  0.058 £0.013a 264.34 £12.69ab 1.42+0.30b 2.63£0.33a  -28.032 +0.400b 20.528b
12 3.41£0.32ab  0.059 £0.013a 249.05+13.31b  1.30+0.27b 3.01+0.15a  -28.167 £0.236¢ 20. 669¢
15 2.44£0.75b  0.032+£0.011b 239.79 £17.34b  0.85+0.32b 3.85+0.39b  -27.736 +0.525d 20.217d
Sig. 0.049 0.059 0.056 0.003 0.007 0.000 0.000
BBAR 2 4.09+£0.66a  0.041+0.014a 283.25+18.24a  0.91+0.30a 2.62+0.73a  -29.697 £0.171a 22.279a
Platanus 9 2.39+0.69b  0.047 £0.023a 258.99 £14.61a  1.03 +0.46a 3.10£0.92a  -29.159 +0. 000b 21.713b
hispanica 13 3.24+0.18b  0.053 £0.031a 234.72£20.97b  1.15x0.63a 3.57+1.10a  -28.830 £0.342¢ 21.367¢
19 1.04 £0.25¢  0.011£0.000b 235.11+13.84b  0.26 +0.01b 4.05+0.86a -28.571+0.772d 21.094d
Sig. 0.000 0.140 0.025 0.121 0.329 0.000 0.000
T 4 4.69 +0.37 0.074 £0.025  267.95+16.99 1.58 £0.47 2.98+0.72 -30.465 +0. 000 23.089
Robinia 15 2.85+0.75 0.029 £0.007  223.87 +£12.58 0.65+0.14 4.39 +0.60 -28.155 +0. 000 20.657
pseudoacacia Sig. 0.019 0.041 0.023 0.033 0. 060 0.000 0.000

FFEIR B ARG FRIRERFL SRS C M A ERRIFER LSD BHLBLRE P<0.05 kP EERBE;Sis. BREH
PHE IR EARRE LN LR B EMIE  In the multiple comparison of photosynthesis characteristics, §>C and A of leaves at different heights of
each tree species, values within lists with different letters differ significantly (P <0.05) according to LSD’ s tests; Sig. denotes significant difference tests

of the same parameter at different height of each tree species

WEE W RGN, SRAT Pn 557 9m REARME A 38 K5 SO0 T B, T84 AR P Tr 1 Cond WIFER 5 H1 38
W5 G S T R HAEAMROE M B9 P A0 Tr A HA 3 AFPER/IN; B BEH) Pn T RRROEEEBOHA 3 3
g, K Ci ZERGE PRI T 3R A TR, Tr ZER TR A 3G N 20T/ TS T IR AR g &R, AR v BT
#8 Tr Ci{ELAN Cond BJRTF HAth 3 Wi, 4 RFE SRR Z RPN RM TR, AT A Bz
AR BB SILAERR M E7EK A R EERLES — MR RN AL ERMEBER, MERARE
REAG Cond RASFBUREDEA BEH AR , X ™ BB RBRAM I mARMEXER, BHE A BB ER
TRTHAL 3 W, ATAbE T HERH b A MZRRE R, R BRRR 4R B OB BB RLRE ), X REEE <AL
P BRH Cond RIEMRBHIM F RIBRKE , HI B S B TR M A Tr,Cond UK WUE £ W2
FABE, WEMBEAM A B Pn ZER R HER A 3 KT RER i T 453058 B 7 U0 658 5 9 28 o A
B TR PR ST RO AR AL, SRS DR B3 A B 658 R TR T SR b, e — R B9 858 T
P REE R R I B G B RS A TR F ORI R, X AT RE R BT SR B AREF#M i Pn FERT
TER, TZEAR TR R AR X B 7K 2 BB X i YEA B R MR SE R, B P AR AP R BRI 1 B 08/, X4 )
RERE R A EEE G ERDE P I E R TR T B EREH, SERG, AP F B 4 MRS RE D FER =
KR PRSI, 35 Koch!® \Woodruff' ™ 25 A\ 45—, T Kenzo' ! %53 AR i T 3 T AR 1YY
JURIBINE R AR BB ST G AR 4538 , B 08 B 4 R I 7E 1 s J2 T R B S T3 5 . BRI,
T BB RIS ] LA R Rl — R E AR AR B BER AL B AR VI PR ERR . RAERNELH
B BT ISR

b, REE R BRI, M S b R T R B A R AR A TR KA . Koch 2 N 3k
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LA HIBESE \England ) ST EIBEST . Burgess' ™!  Marshall "% 2 \ B BF5E L J 28 3 3ot B P9 85 o0 W s 28 ot
HOBFSE S ERAS I HL R (LMA ) REA 25 B3 T3 , P T AR AR 186 TR /1 5 EL MR T 28 TREARY TR - 52
B BRI, SIS R 5 i R0 HES) B, LMA 3K UL KM B 4% B R/ i
FHSILEES—EBRE LRSS ILEE, BREK RSN CO, B3k H 40 i, i BRHI B M i B9 6 A 3R ZE
PR, Oguchi ZE N Wil g A BEESHAKEASERERBE, 4 AR LI A B9 Cond T G BT
ERE/NR B AR R B i PO SUHER A R R, B i1 A E BEL ) L P BEL ) B FT RBECKR, X SRR S
FRALK BT B E FF O T RBLL T AR B/ o TR BRFE 1 3 A ER )/ A 8 BB A X 7K 43T 3 1
PR A TR A eI A TR M DL R A B M | R e B i R B R B, X 6 5 Ryan™! 4 AR BOH %
W AR FR B 7K ) BR B UL B AR BRI R A — B9, BLAN, SRR R4, A YR IR B L S KM SR B L &
CO, Y B % WE 2 W 1o B B8 T BB I o B 5 A AN AR R — SE Y TR, X BBAM RL R R S R AR B K AR L 22
&) ¥ AZ AR R AR #E— 2358

3.2 KSR R R RE R AR 4

M B 7K 2 AR RO T AR B 7K 43 R 3% 3R ( WUER ) A BA/K 433003 (HEL R AL BB B K BT A
MTEYE) RFR. BiEBREHEY F BREd 09 RIS HAR , BIAY Pn 70 Tr B LLEDRBE R, 15 M2
M BRET K AR RR L. THRBIK R R IEHY R AN EERKTRR=EN TAEYE, BERRR
U 3P C SR K FI AR R 2 IEAR 3, BRI BUE I /K 2RI FDIRGL , M ik e & BB AL ik
SR FIRCERE— MR AR . B E RN R AR (A) BEEM A S 8°C HABHKY
— R EIA N A 5 8P C BRMX, WAL A B SHMHK S FIRBERR AR %,

(T YA T 28 SHASFRRERZ A ER, DARLZIERD ™ &0, Mg EnHE T
BEHaBR T, FEERYZ B K50 R R K, HAK R AR &K, MkEE T 508 85—
B I K RV AR R TS TR, WUE: J 8 C BER B3 KT A BER B v /N2 85X 4 Wb A B 7K 437
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