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Relationship between temperature and 6" C values of C3 herbaceous plants and

its implications of WUE in farming-pastoral zone in North China

LIU Xianzhao" ™, WANG Guoan®, LI Jiazhu’, WANG Wenwen', ZHAO Lili' ,LI Baojiang'
1 College of Geography and Planning, Ludong University, Yantai 264025, China
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100193, China

3 School of Chemical and Environmental Engineering, China University of Mining and Technology, Beijing 100083, China

Abstract: Plant carbon isotope composition (8”C) comprehensively reflects the information of C and H,0 exchange in the
process of plant photosynthesis, thus, in theory it could serve as a potential indicator of long-term water use efficiency
(WUE) of plants. In addition, it could also be used to reveal a series of climatic and environmental information related to
plant physiology and ecology. In this paper, through the systematical measurements of 8" C values of samples representing
28 families and 118 C, herb species along the isohyet of 400 mm in farming-pastoral zone in northern China, the responses
of 8" C values and WUE for C, plants to temperature gradients were analyzed. This study shows that, along the isohyet of
400 mm, the 8" C values of C, plant species in farming-pastoral zone range between —31.5 %o and —23.0 %o, with an

average value of —27.7%c. The distribution range of plant 8" C values in this study is consistent with that of C, plants
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grown in arid and semi-arid area on the Loess Plateau obtained by previous study. Statistical analyses for the whole C; plants
show that the 8" C values of C plants and the mean annual temperature were significantly and positively correlated with an
increase in 8" C of about 0. 14 %o per 1.0°C increase, and that the 8" C values of C, plants also significantly and positively
relate to the summer temperature, with a increasing rate of 0. 27%o per 1. 0°C increase. The results indicate that plant WUE
increases with rising air temperature. However, the phenomenon above is only a false appearance, the variations in 8" C
values of C, herbaceous plants with temperature are actually controlled by the water stress induced by the lower soil relative
humidity (or humidity index) which is closely related to temperature increment. The available water for plant species
growing in this belt transect is a controlling factor of plant carbon isotope fractionation. In addition, this study shows that the
8" C values of 5 C, eurytopic plants also increase with increasing temperature , but both the slope variations and the average
8" C values among species are significantly different, which suggests that different species have different strategies to adapt
to environmental changes. Also, this study shows that, for different life-span herbaceous plant, 8" C values and WUE
denoted by carbon isotope ratio present the following patterns: the 8" C of biennial herbs is smaller than that of perennial
herbs, and larger than that of annual herbs ( This could be associated with the root distribution and water absorption ability
of different life-span herbs) , and the finding is consistent with the results reported by Ehleringer in desert regimes, while
opposite to the results from humid climate zone. This indicates that the 8" C values and WUE of different life-span herbs are

likely related to local moisture condition.

Key Words: Northern ecotone; carbon isotope; water-use efficiency; temperature; herbaceous plant
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Fig.1 Distribution map of sampling sites in the study area
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R1 REARBRERAENBELETIE

Table 1 Information of sampling sites and the average values of plant 6> C of each site

No. SS LO/(°) LA/(°) EV/m MAT/°C MAP/mm ST vr HI 83 C/ %o SA/A
1 TR 122.52 52,97 433 -5.8 428 wE+ FERAFEAR 0.522 -29.120.3 15
2 IH 122.01 52,02 649 -5.5 440 Hifi + FEEAM AR 0.537 —28.7 +£0.3 12
3 R 121.31 50.46 718 -4.3 424 A FEHAE IR 0.480 2 —28.6+0.3 9
4 Fyif 120.44 49.16 676 -2.9 379 PR FEATEI AR 0.450 -28.2 0.2 16
5 B /K Ly 119.93  47.17 997 -2.7 392 KB+ IR RTR 0.430 -28.0+0.3 10
6 022 iy 122.03  46.05 287 4.1 416 i+ AR EE  0.385 -27.8+0.2 12
7 HErE 120.90 44.57 265 2.8 388 oEAS WA A 0.359  -28.8+0.2 11
8 T bR A e 119.40 43.98 486 5.3 39 SRSt AR 0.361  -27.5+0.2 12
9 EZi 116.47 42.18 1245 2.4 407 oEAS WA 0.377 -28.4+0.2 13
10 IEFE 115.12  42.24 1405 1.5 363 oS AR 0.430 -27.5+0.2 10
11 e 113.45 40.26 1195 4.7 413 Byt WA A 0.382 -27.9+0.2 10
12 TERS ZR I 110.26  39.03 1249 7.5 400 W+ AR 0.370 -26.6+0.3 9
13 SR ZH 110.47 39.35 1108 6.4 370 piEiih AR 0.342  -27.3+0.2 10
14 PEEWE 110,05 39.17 1276 6.2 365 pigiha IR 0,338 -27.2+0.3 9
15 R 109.98 39.03 1461 5.4 400 WA+ B R 0.370 -27.5+0.2 13
16 HE 112.27 40.00 1358 8.6 442 DA - AR 0.340 -27.4+0.2 8
17 T 111.15 39.38 875 8.8 426 WA+ BAFEAEE  0.310 -27.0+0.4 8
18 Pk 109.54 38.24 1226 8.9 393 Yt WM 0.290 -26.6+0.3 11
19 B 109.17 37.28 1019 8.5 398 WA+ IR R 0.320 -26.9£0.3 10
20 bl 108.50 37.36 1333 7.8 395 b+ MR 0.366 -27.3+0.3 10
21 [l 105.44 37.57 1931 5.3 400 CiEiRs BAFEAEE  0.370 -26.4+0.2 12
22 i 104.02  36.55 1896 6.6 403 Bes WM 0.362 -26.6+0.3 10

SS HUREHLAS ; LO . R LA i BE s EV IR s MAT AE YR MAP AR K ST, 33580, v M 9 28 R 5 HE 3BT 15 50 SA REAS s Bk IR v o 7
YIE + ARAETR A HE 2 4 B SR 28R E 7 R 45 (Magellan GPS Field PRO V™ | California) I % , 4 #4995 FI4E K K 5K H 1971—2008 4E
W G AT TR P E S SR B LS IR %5 M ( (hitp://cede. ema. gov. en/shishi/climate. jsp) LA K E RS LME AP OR LR S, L4 MWL
R3Sk [ 2007 AF v [ b R AR R R e - ) T 2001 AERA R R AR 12100 7 AR A L)

1.3 JRiEE 5
TR HE 20 ( Humidity index, HI) J& 3R 1F 5 —Hb X /K A0S 5 s i 25 A BB R B B 48 b, Hi ik
A H

R
=op (2)

X, R NFEREKE (mm) s PE ] BEZEHUE (mm)  Ho, PE R F 1 0 FH EURS 885 19 Holdridge 75
WU AT RO T REZE O A R TR (G PR B, R R
PE = 58.93 x ABT (3)
A ABT( Annual biology temperature ) J&4F A YREE (°C) o, AFA )R JE Hh BRAT 4 35 95 A B B N 1 °F-
PR, — MBI e 0—30°C Z ], H ¥RAKT 0°C Flm T 30°C HHERRAESL , T2 ABT B33 F .
ABT = 1/12Y, "T(M > 0) (4)
K, (M >0) Rt 0°C B H ¥ HE T 30°C 9 A ¥ 4% 30°C T3 IKF 0°C i34 4% 0°C it 45, 454
X(2)—(4) , TERREEFE BT A R,

HI = R/(SS. 93 x 11—2212T(M > 0)) (5)

HI

1.4 St
K SPSS GE it/ W4 (SPSS12. 10 for Windows , Chicago , USA ) X R4 #8474 3¢ 401 . 181 U143 7 Al One-

http : //www. ecologica. cn



1 XIBER AF P E TR BOSH T C3 REARY) 8" C 5 IR 190G R B XK 43 R IR R4 7R 127

Way ANOVA J5 2007 , AL Iy 2540 Bi 45 0 0 3 | UL FiT /I B0 M 2% 1k (LSD) MEAG 2 8 HAR.,
2 %R
2.1 UHABEHE C3 B 5°C (AT

R PERAE T 239 4~ C3 SR RER: o

SUCTHMEATEM 2557 (R 1) SRR IAEIG R
T E VT (=26, 4%0) , e /IME & AT 2 10 F
FAR BB ( -29. 1%0) . 0
2.2 JUPRECSHEE C3 RUAHY) 67 C SIRIERICR © TR
TR R ALY 8 C AN EE N2 —, /8T 20
5 X A C3 FAFEYIME A (n =239) B[Rl 2 4 %
Bl A (K 3) , ALY 67 C SR E Z B 2
FLIEIEM KK R (P <0.0001) , Ffi4E 1 f E & 0 | |
AL TR T £ 26 849 B2 O 19 5, 2 R Caton oo ot
TR 1.0 °C 8" CAHAMAETE 0. 14%0F1 0. 27%o., P Jb 77 B 4 K R DR F 5 B ] 2 M e 4 STk
FrA R 87 C 54 R R° 2508 0. 3516
(Kl 3a) , SEFFHEER R ZECN0.4276 (K 3b),
FLEAAS C3 FRAAHY RN T, BT 48K 22 Bk i b
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Fig. 2 Distribution of carbon isotopes of C; herbaceous plants
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Fig. 3 Relationships between the 6> C of C3 herbaceous plants with average annual temperature and summer average temperature in the

study area
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Fig.4 Relationships between leaf 6'>C of five general C3 herb species and the average annual temperature
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Table 2 The mean 6 C value of each general herbaceous plant

8 C/ %o , 8 C/ %o .
lik7/E A e BEAAS || W4 o een A/ A
SPIGME + prifERR FIIME + bR
Plant name Sample Plant name Sample
Mean + SE Mean + SE

SEZEHT Plantago depressa -27.9 £0.3ab 15 38 Artemisia lavandulaefolia -28.1+0.4b 14
WKERFE Chenopodium glaucum -27.3 £0.2ab 15 B T Artemisia capillaries -27.0+0.4a 13
BEm3E Polygonum persicaria -30.2 £0.6¢ 7

XF 5 FfC3 )IE PEAE MR R 2 BB T 22 H AR (LSD 5, P <0.05) , [al—4 s R R R 22 53 3 (P <0.05)

FRYE TR AR 118 Flt C3 HEHIIY 239 ANHE i, 42 R ECASRE M) 0 A 15 JRL D, 0 S0 1 AR AR B 2 AR AR BOAR
FZAF A RAAE Y 67 C SARPHRE AT T 00, S vIE A AR R A R 198" ClEYY
B AT -S40 A 3 I 2 IR Ry R S I 78 A R (L 2 1 i A% e B AN IR, 3R 3 R AN AR
TG JE R A AR ) =2 1] s TR A LA AR I 22 5% (P <0.05) , H: 87 C (EHRBH AN FIT . 1 44 5
A <QAPATAR < ZAFAERIAR, B -1—4 CHM A EREVERN , ZE4RARRN 8V C H P EMET 1 4F4£
FA, FEIRIE -6—9 CIEM, 244 RAN 8V C H B T 2 A A e He e IR BV, P =22 18] A e
[ A 25 A2 AFAERARR) 8P CE A T ME . 78 - 6— — 1°CH 4—9C IR BEYEH 2 4F A REARI
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y=0.1315x - 28.03 =30 |- ¥ =0.0932x - 28.506 9 L §
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Fig.5 Relationships between the ' C in C3 herbaceous plants with different life cycle and the annual average temperature
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Table 3 Composition of '3 C in herbaceous plants with different life cycle

AESAIEEE VI Bl Average annual temperature range

AR R T Life cycle

-6—-1<C -1—4 < 4—9 C -6—9 C
1 4FA4= BA Annual herb -29.3 £0.25b -28.3+0.25a -28.2+0.29b -28.6+0.23h
2 4/ LA Biennial herb -28.2 £0.16a -28.2+0.2la -27.5 0. 16ab -28.1+0.23b
ZAEH B Perennial herbs -28.0+0.23a -28.0+0.24a -26.9 £0.13a -27.9 +£0.20a

[f]—3 AR 78k a FI b TR 2EF B E (P <0.05)

3 itig
3.1 AR S KA M 67 C (H

RIEDEAERSE A Y A AR 6°C [H0 4, Deines ' 8 X 4 BkA A= C3 MM 87 C (HikFT
G, SRR, 4Bk O3 R 67 C E A TE - 22. 0%0c— — 34. 0%o, “F-HIME K - 27. 0%o, Hid 90% 72 454
YI 8% C 43 AR TE —24. 0%— —29. 0%, RWIR , AW IX C3 HAKEY) 8" C HM /AR (E 2a) B0 T4
BR C3 MY 8V C YU Z N, B /A X (Rl IR 5 4Bk 8 C AR 1 B BEAR — 8, A (- 27. T%0) 2 EK
T 0.7 %o, —A> P HERY R LR A YR AL FE SRR N SAS ) , 5 A5 1) 22 S AR AAE P FEE AR AR, T AS
AR TR B 87 C —RINTEAR > HEA > RS9 ki, Sk EAC 8 KA KK C3 mA
PIAR LG, AR X AT 21 C3 REAAEY 8" C 43 3 B 22 L ke | 3R ) 8 4 o e i 0B 0 XY 149 4> €3 3
AAHY) 8" CAH AR KB ( —24. 4%0— —28. 5%0) B FefF 2 (K 2b) , FEYHEMIE 0. 3%, (-5 TR [E & 4 /= VG &6
LR AR 218 4~ C3 FEAKEYIR 87 C AR ( -21. 7%0— - 30. 0%0) FA—F(F 2¢) , CFMEE
ZARGU1. 0%0, HBIXFh 22 5 10 5K 0] BE5 45T X SR /K o S AP AE 22 S 06, 8 E R 224 i dkaE ) | ok
BT # £ XY 149 A~ C3 FAKEY) FERE FREPNE N AT 22 ZE DL S H 7R PG 0545 Ml 3 26 b AR ¥ F K
HANBAE 480—600 mm , JEFHLAY A IR SAEIX, 53 AN 281 SRR R H 2T R R0 8 4 5 R P
TG DX LA K AHAR ] A AE R S5 M X, AR R /K B 15/ TF 400 mm , HIASHIFST X A 239 MRS 364 IR b
MO 400 mm SFREK A TR, HRE KA T2 X 5 2T R X Z 6], 1 C3 A4 6 C —BUE A
IR BN AR R 20 DR L R A A ) X3, MR (R B D e, P R P LAAOR 8 Bk 3 AN X, Al )
7K R AAAE B B 22 5 AU T 88+ X2 T R R AU AR A 7K o3 R AR fess , LU A 4k
ST KR RCR B AR A 2L 7 8 1 X 218 X
3.2 SMEHEFXHEY 8V C K WUE Y5200

ERPCAER SR i 67 C BR T 32 WA B st N R 2 i o, 38 32 R KRB OGBS
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KA COMRESFRRM , TEARRIAEE AT, XL 520 R AT A4 87 C AL 38 SCNAS TR, ARAfF 5
HRAEPI RS YR A DGR A MBS TR R RS, H R G BGE R T 50 wmol/ (m™s) |, X EHERR T FR5EGE
ASEXHY) 87 C RIS, BEAN , AR A A FE S K A0 1 I 1 Moty | 328 125 Tolk 35 % A v e 4l 21 €O, 1Y
FHRILF- 5 RS CO MBI An E RS CO,HY 6" C E e 56 i i) A8 AL B AR /Ny, e 62 ¢ (HBETE K 46
JE AL — R EAE — 8% i A7 TR, CO, R JEE Ko H: 87 C X 4R A5 AE Y 67 C IS ] AR T %5 &

Rk 7K 2 S M AE ik [ o7 28 AR — AN BB 38, UK 43 5 S ] A ) 67 C B4R BE a5 . — 2ot
A, K s 2 (R ak [R) 67 2728 58, B /K s/ 2 R ke () (o7 AR J 2 FEAR I SE b, Bk
EASIES ARSI 8" C A7 B 22 5 ) B T, X A 40 RE A #0502 M rd ) 6 KT 400
mm JEFIZCR AR 1Y, A B A AR 3 R K A ZE AN R e KM S /MBS 22 79 mm , A 5 [R]AE B3R K AN
FAAEBEZR (R ) B IEFE T, v LA R AR S R EOR K A AL RE K FREE i, R K B X 45 R a5 A
PN C BRI IR S AR R,

T AR P [ 57 25 1) 43R AT B ) (HRLRE S 80 C Z MM X R I E 24, B M sE s
TR 87 C Z IAIFFAE R O 6 R 072000 i 53 — B RIS A — 3 [ A7 A8 TE A 96 6 R 22 iR
W5 AR EERHEY) 6" C RIS, 13X AT AE A PN A [ AR 4 B AN ] 064 o adl T T R R0
ARG o R SRR T F R 8" C (B S 35 IEAHSGHE (R 3) , IR X b R S 5 7 400 mm
FEKER A 8 C AL NA — R A, (B AN DA A I 8 25 ) AR AR AL ik TR 7 28 40088 i 42 okl PR 7, TRl vp 7
PR Sk R R B R REIUN R — DR, 2NN, FEZRE TN S, 1) R
Pearman %"/ Fl Tans 25 5° A AW 6 C 45108 S EAH G (H AT A 3 E AL 5 2E T 5 B S X
(1 367 4~ C3 BEAKEHY B 17 2 41 B 15 4F 2738 18 22 1) T8 Je B (R ) 3 2 B 33 Wk A ) 0 A7 A T AR D6 6
2B WIRIFIE T, AR S B AR A K B TR 400 mm BRI B, BEANREE IE AL T T B SR R
i D2 [ 1T LR A4 6 CAnH o s rh  BEPG A AR (33 B L, 7 LA P ) 540 AR (ISP 4T
2 RS WA A —E, R AR Y C3 A 6" C S5 IRE Z IR e A R, XA
SR EEXTAE Y 8 C BN B A B R G AR A R v ) R A U A 1 LA B R R R
LSRR Ci i, N5 AR R 284048 0 A A T — 7 T 334 5 17 /K 20 ARG T 1 | 2 e A 4 4 7K
43 B IR KRN R AL J ZEAR AR N iz e BELLE TR 25000, 38 R T /KA B 5 o — i, ARG IR ] AR 4 4 9 Y
it 7% ik 53 A Rz 1) A QISR T, R M A KT e 1) TR ALz 3 ALK, T S 80U 4 X B, €/ C (B
fi%,8" CAERE ) ) 2) Korner 25N TR A M) A= K 114 R 1) DR~ 308 -t 2 45 1 HL 40 ¢ ) 407 35 4348 A X A [
T TEAKE b, B ERE (AR IEEE ) BRSO KA 13, 5C ok, HARME S I7E 15.0—22.4 CZ a4
AT, C3 FEAHIYY T EOE T A KA IR AR A BB (AR AT RS X ), HO A R Rl TR R
15.0—25.0 C, X 5AKEA B 22 PR B Aa AR —2, R, EARE LIRS RS2 C3 FAMEY
8" C Ay iR R s AR, Fh UL EE T S SRR AR A T R R A 0K 43 (B SEAR R B ) 1 AR AT T e i 52
WA 8" C 4318 Y B B ERBE BRI K 7, Pl T e A YRR 5% v o6 BT R S 5E T 1 Ok 38K 43, Heah T g
AHARFNE, I, X B R AR5 — M XK WS 5 I T 25 A S e T 18 R B 9 4 bR —I T 4R 5L
(Humidity index, HI) #E 78X, B 6a o, FYIM 1 87 C S5IRIEHE BUR T A (P <0.0001) ,R* &R
BN 0.4575 2600 C3 AWK )57 2 X BRI A i v 8 B A HLBURR 31X 55 Winter %6°%) | Stuiver #11 Braziunas'™
W I L R 6 C AR (SR EE ) WO AR FR A 45 R — B, RS RAE R R R 400 mm ZEREK
LRAEATIY , (EAERE A REHT ERE A TR AAFE BT 22 R (R 1) o AREE Morecroft 25 B9 FHE  JEE X4 67 C
E AR S 28R 77 Bl (VPD) A5 06, B I R AR EEFE AR ARG VPD BT R L 325 2% A W 26 s hnsik, 1h
KR K AR N AN S - S PR T R K o3 0 st 0l KA EE S BRI, M R T 0 K oy 2K I s fil
SALER AP, NI S EEAED T CO, MR IE TR, fOCAIEH =i 8 C 16T . it ot 2 ir LA 211K 3
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Fig. 6 Relationships between the 5'>C values of C3 herbaceous plants, average annual temperature and humidity index
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R ARACIEAT T 08T (18 4b—F) , 55K, AN 6 C -t ELA Bl A 24 I B 48 Jon v 48 2 (s 34 (DR 38038
FERTHEERE X RARE P >0.05) (AR Y FA A AR i H R BRE ) i F- 146" C
EWAFE 522 5 (R 2) , RV NTRHR B fBURAE AR, X BT REA P TR 1) AFE R A S
Xof ARG R0 1Y) AR PR A 2 22 S (AN AN ) 4 A 1 AL 28 R R B 05 iR 1Y B R A [] A S b A
butilon theophrasti Bl BE T+ = M PEIG TN, A LEYIF U0 Quercus rubra Bl IR B 3G N T P /N 55 2 B AE £ vk
JNE) |, TAE i () 5 2% 14 53-8 4 HH BV 52 A 40 A A U0 TR PR 858 SR O 19 5 i A 52 26 W) 2 st A R Pk s A /K
SR O AR A R PR AR TG T RERICAE L B 1 2E BURR R RAS B I R R (g O A R
85 ) AT EAR P [F) 07 3R A3 TR 22 5752 ) S HEYIRE 2T 400 mm S5 R K R HEAT R AR 1 (HZK 43 7T #1
P BB PR I 1 (AR ZR 5 oK | LS AR ) S AR AR A, B HLK 23 W] R PR AEAS W) 4 b ) S AN —
FER, A R AR TR 2 A 22 57

Farquhar 55/ 1A, C3 A1 6 C 5 H WUE BATRSRAYIEAR G 75— R Bl fE KA WUE
A TR E F8 b5 o H TS R 0k ) 06 3R 19 S IR FAR 22, HLAS R KL XHAE ) 67 C RS2 A2 BEAN ] TR,
A TE R — A sAR R 2540 N A K A A BERIH 87 C LW e Z B WUE, 1E QnFT i frik | 784
FEH FEYIRE L AR BAHABLRY B AR IR b 2R AR BRI RE | 3R BEAE R 22 S, K DG IR €O, ik
JE AT X EHRRR T OGHR REAKFI IR CO, YR B S X AR M B [ 07 2R T 7 A 1 22 S i ek 2 5 | S ) 45
SN TR R HE B AR AR 52 Y C3 A [ 6 2R 43188 1) B R B B R - (181 6a) o R TARIM 87 C W]
DA S I 7K A R RCR AR SR A Y 9 8% C B 5988 48 50 OC R n] LR /R A W EASHE A |
(7K S R FPIR DL , RIVBERE SR 48 U B A, A4 WUE 390, JRRUZAE 400 mm S5 K L I 7 A Kl
P T RE SR EE T i 5 | R 28 A R SR IG AN , 337K 43 38 7] R0 A R 8 7 i AR A, ) SRy s 2D AR P K 4 Bk
AT RS S AL, BTN CO, 50 FRREAIR, €./ C 80/, NI A 7= 0 87 C L fEHS K, WUE 425 , X 3]
AR RAEAN ) I 2 R HOAE ) 2 330K 43 T R I (S 500 REATK DA K e R - A 2 I T LU ok 35 3 B
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[l o4 RS RBE,S Bl C3 )T IEMERE T R 87 C E IR Tt AR R (S e AR (1 4) LS
AFEYIFP 87 C S HHERI B BRE > 32 > V40T > 308 > Bkt (3R 2) |, ULBR[RAE 9 0 7K 43 AR 0
Xof Tk B BE AR AL R I SRR BE AN ] X IR TEAR B A 400 mm AFFEKEZR B 5 B id 1 C3 MY B A AN
O35 0 A AR A S 25 WUE (87 C) BB T 538 1o il 0 it , B 8 32 )™ 3 T 52 i AW e A —
FEIDGA R T WUE BARAYAE PR 7K 53 55 A8 AR U AR T 35 0 5 32 T 5 il AT e AT 7K 43
MRS Re I 28 7, AR 22 5 iR AR 2 (H 802 5 Serg P Fh K o0 A 8 2580 AR R
AF R AR A 225 A A B AR AL L RS TR] (8 A ) 2 38 AR R A 56 . Farquhar 5585 AR R 7K 43 RIS
HRIE W AR TRGE 1 6 TSR] AR U, 3 SE L A T4 WUE BN [R) G R B TiAE ) 04 7K 43 1
ROR 5 Y IR ECR 56, B Y AR B3 K R IACRA i — S m a3 il AR A
X B AE )R (4 2 S A SR SRR A T AN B IR S, R, FRATT SRR AR L HE BT B B 45 UL E 1) 3 T i
SR A5 B BRI, AN [R) R P 0 RE A AN [v) 52 2 b i ol BT 9 AL 3 BE S R AR R i R /K 0 R T AR LA
IVEZ: it f
3.3 AlZFr €3 FAMY) 6°C 5 WUE B4k

BT o3 Hr i C3 A 5 F) T IE PEAR A 81 C (E BEIREE I AR AL RFE ST AT X AN R iy (ANTR] A= 1 A
1) 1 C3 REAREYIHET T O, A5 R R WA [A) A 1% AL i B A Ry i 748 6 C (BB I IR B8 v T 28 B A
WENBE G (K 5a—Sc) , HIE AR b A28 5 00 22 R AR 3% FE AN /] 22 S 40K, SR WIAS [) 5 AL 1)
e A P FRATAE A WA [, M8 22 5 . Ehleringer F1 Cooper™* 5 Schuster 45 A AYHF 5T & BR, 76 4[] i
g A A R A TR AR LA KA 87 C . Smedley 25 5% Xt 58 [ P b8 5 X R RIS
42 FREYI R 68 CAEHEATI XS oY, R 1 AR RUAREYIRY 87 C (A W F AR T ZAEA MY . ABFoTSs
W R WA 6] A I B A AE ) 8" C B AE A5 TR BE V0 BBl N R B AR IR ) B 38 1 AR AR FOAS <2 4R AR FOA < Z24F
AR (K 3) , RN (HAE SO A R LS [6) A i B AR AR ) 8 C AT T I 21 5 22 58
SARR RS 1 B IR AR [RIZ5 18 14 5 R AT RS B S AR DL B X S R 8 2 S KA K, Smedley 251 (1
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