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The water consumption and water use efficiency of the seedlings of Eucalyptus

grandis and other five tree species in Sichuan Province

HU Hongling' > ,ZHANG Jian'*** WAN Xueqin®, CHEN Hong”,YI Wanyang’ ,ZHOU Yongchun’

1 The Ecological Forestry Institute of Forestry College, Sichuan Agricultural University, Ya'an 625014, China

2 Sichuan Provincial Key Laboratory of Forestry Ecological Engineering in Upper Reaches of Yangtze River, Sichuan, Chengdu 610000, China

Abstract; Eucalyptus grandis, a fast-growing timber species with outstanding economic efficiency, has been extensively
planted as short-term industrial material in southern China. But what’s the difference of features in relation to water
consumption between E. grandis and common or native tree species of Sichuan Province, whether or not the amount of water
consumption of E. grandis would change the original water balance in its cultivation area remains to be answered. In this
paper, the net photosynthetic rate( P, ), the transpiration rate( T,) and the water use efficiency (WUE) of seedlings of E.
grandis and other five tree species under different light intensities, air temperatures and atmosphere humidities were
determined with the help of LI-6400 photosynthesis meter, the plant total leaf weight, biomass and the water consumption

were measured using weighing method, then the water consumption characteristics of these species were evaluated and
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compared based on the indicators mentioned above. The results were showed as follows; (1) Of all the tested species,
E. grandis possessed the highest T. and the lowest WUE under the same condition, in addition the maximum water
consumption per unit biomass, so the water consumption per plant of which was significantly larger than the others, its
largest total leaf area was probably one of the important reasons. Its P, was lower than that of P. X R270, but its biomass
accumulation was the largest. We drew a conclusion that E. grandis was a tree species with strong photosynthesis, high
transpiration, and low water use efficiency. (2) The P, and the T, of the broad-leaved tree species were obviously higher
than those of the coniferous tree species, while the WUE of the former was lower than that of the latter. (3) Environmental
factors ( the light intensity, the air temperature and the atmosphere humidity) influenced the P,, the T, and the WUE of
plants to a large extent. Particularly, the P, was mainly affected by the light intensity, the T, was most sensitive to the
atmosphere humidity, and generally the WUE rose with the increase of the atmosphere humidity. In the range of variation
temperature (24—32°C ) , which was set in the experiment, the photosynthesis of these tree species did not changed to a
large extent. The light intensity of 800 pmol + m~-s™" and the temperature of 28 °C in this study were observed most
conducive to plant photosynthesis. (4) Fast-growing tree species such as E. grandis, grew more rapidly and were more
potential to fix considerable carbon because of its comparatively stronger capability of photosynthesis, thus higher economic
benefit could be obtained. However, in terms of the higher transpiration and lower water use efficiency, replacing the
former vegetation( mainly composed by indigenous tree species) with large-scale plantations of E. grandis was more likely to
be adverse to the environment of introduction areas because of more water consumption. Therefore, the area for E. grandis
plantation should be in a good water condition, especially where abundant annual rainfall and uniform rainfall distribution

were seen. Moreover, adequate attention should be paid to the scientific and rational water management.

Key Words: Fucalyptus grandis; water use efficiency; water consumption characteristics; photosynthetic rate;

transpiration rate

FL¥% ( Eucalyptus grandis) k4 B Myrtaceae ) ¥ & ( Eucalyprus ) XU 55 WV J& S k2H WIFE &R & KFv
AT P AR KR PR AR T R, AR R R PR i EE A, R O R S A AR AR e S
A X AR 6—8a JF BT 3K T 20Miah , e el i, )32 I SAGEs R A8 e DX A N Tt R, St SR T ok
BRI R I — Rk B FRIE 20 22 60 ARARIFAR SR E 4,80 ARAR R ATF I T 5 A X 3kik 56, gt r 1740
AR TV M PRI RS TSI 2 3Rz L 2000 AR SR BEE AR LK, EARAE DU | 2 B 25 5 5]
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ARG & N TR 0 E A 5 A 5 > B 38 0 G, D o3 B A4 L AE JLFP ER
BiR ¥ Ol R EE IR ST K 73 A S5 IHARRR R, LLRE SR K 23 A AN & B UM A4 KO R B0 R FR
BRI, R IER PN EAR N TARAE S 20k s, itk ELAR N AR AT RREL & e IR AR T F 2% |
1 #B5FZE
11 sk

BT 2010 4F 4 H 2 7 AR R A 20 R DR 47 g ARk iU T AR 32
X5 UL Bk ( Eucalyptus grandis ) . BR 3% R270 4% ( Populus X euramericana cv. R270) . #d K ( Alnus
cremastogyne) \JCEME( Betula luminifera) .25 B A ( Pinus massoniana ) FIFAA ( Cupressus funebris) 6 HFf, F
P FHIEPE 2R (74K 19 5) U851, S 100 d, X905 10 em, B DU 23 RR} B 2 e WEAROAC B R I M $241E ;4%
R R NiSE R270 W 04 P21 15 em s FEAR DG REHE DD RS AR R A S AR 8, P25 24 0 50 em, i iH
S /5B A e o SN 1103208
1.2 X877k
1.2.1 HAEH

RALZS AR A AR 35 em AR 25 em, 5 35 em BIRGREE A, RN b o WAYVDIE L 2 W RIH TR
)G E 2 d, SRIGEH(25 ke/4E) o 2009 4F 4 H 23 H KA FRTRL IR AL B4 1 R I
K BRE B A R AR AR R AR,

1.2.2 BBt Bl 44k

TERHARTRL P R A KA e, JE SRR FE AR — BRI, B Rl 5 0K (5 &) , 9547 2 S A iid
REPEAE RS (2009 4F 6 H 23 H)  JFIRBEATFE K I SE . [ A, £ 1 LI- 6400 £ 3% X% 4 4 HI{X (LI-COR,
USA) T 9:00—11:00 53 5 & 2 WA R JREE JRE T REOEEHAE P, ZEME A T, FK IR HIE
WUE, 2 5IBEE 2 (1) 658 4 200,800 1 1500 pmol - m™+s™", CO, #JE K 400 pmol CO,/mol , i 28
°CIBE 50% ; (2) I8 JE 24 28 F132 °C, Y6384 1000 wmol - m™2-s™", CO, ¥ JE A 400 wmol CO,/mol, I &
50% 5 (3) M EEH 70 .30 F1 1% —2% (383 8735 28 s A T4 ) , SB58 4 1000 pumol -m ™5™, CO, Wk R
400 pmol CO,/mol , JiJF 28 °C
1.2.3 e B KI5k

(1) $eh R P, B HR T, MK FHECE WUE. P, R T, 1 L1-6400 W05, 005 A 32 B0 A5 ok
o R, TIPS A {E R | e A AR AR —Osk PAR R T, B RH TFIE 5 NEE CRFEERK) , fifa
ERBANEEIZES MR, 218 Penuelas 2% 177 Bt R BERT K 20 F) R &3 /D WUE=P /T,

(2) ZEMEHEKE: 2000 4F 6 H 23 H—7 A 5 H ,#&# 1 BB #K e, MREEEKG , BRI
W25 P g 2 U s P B 3™, HIAERE 0.1 o, 7% 32 kg AYHL - RPARE, BT iSAE K i B0 R4S It
SR A AR RR S R EFE K B, MRS 0 H TR AR AR i, (A5 30 AN T BRURT B Jo I R i Z8 S FE K &

F1 LWNER B ZHE

Table 1 Design for treatment and measurement time

5[] Time -l EL
[HE] Time/d ) ek i )
Date 7.00 19.00 Water consumption

0 06-23 — BeiEIK
1 06-24 FRE(W,) — —
2 06-25 — FRE (W, ), JE3RiEK W, -W,
3 06-26 FRAE(W;) -
4 06-27 — FRE(W,) 5B K W,-W,

n—1 07-04 FRE(W,_,) — —
n 07-05 — FREL(W, ), JABRiEK W, W, SFEKE (M)
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(3) FRRRI TR Kbl oA Wi . #EAK R E SE S A A AR AR T R TR AT R R 2
30 g, H LI-3100 {45 = BOE i AU (LI-COR, USA ) F4fli mF i AL( S, ) , SRS 7E 105 °C F A 30 min,80 CF
PETFRE(W,) , R BRI AR TE(W,) . Rk, S B L k=S, /W, , Bpk St fi e S =
k- (W, +W,) ; 540, B A HA L 3, i AE 105 € F A7 ,80 € FHEFREHE (W) , I8 Atk I
TR YR W=W AW, + W,
1.2.4 Sitotr

iz FH SPSS18. 0(SPSS Inc. , USA) Geit oM A4 % £ H i A 7 B R R 07 2253 BT ( One-way ANOVA) FIZ H L1
B (LSD ¥£) , Excel 2007 #il36, SCHHArR« @37 W B3E " /50ll3R P<0.05 fl P<0.01,
2 ZER551%
2.1 HWFAFEDEIR TR P, T, Fl WUE

1E 200—1500 wmol »m >s™" YEERILE PN ,6 MR P, T HIBESCHRBE N T+ = , 1 WUE 476565 4 800
pmol +m s~ B Fe i, 1500 pmol -m ™ s™" B FFFEAR (R 2) o 7T BRI M AEARGH2E FE (200—800 wmol - m™
s™') N, TR K R BOG A R IR IR KT 22 M R A G IR, TR R R OGS T (45231 1500 pmol +m ™+ s™! 1) I
EAFAHI

R2 BRMARELETHKSFRAMELE

Table 2 The comparison of water use efficiency under different light intensities within selected tree species

;‘ﬂi( P AR‘) - z%ﬁ‘téi%%(m) 73%‘1%?—( T,) 7J<§3‘$IJHJ§&%( WUE)
Light lntf_ensnzf Tree species Phntosynlhetl(z rate; Transplratlon_rate_ Water use efficiency
/(pmol-m™-s7") /(umol CO,+m™2+s7") /(mmol Hy0-m™2-s71) /((pmol CO,/mmol H,0)
200 Fike E. grandis 8.9420.54 ABab 4.66+0.20 Aa 1.92+0.05 Ee

WkZEH P. xR270 * 9.48+0.54 Aa 4.15+0.46 Bb 2.32+0.34 Dd
FEAK A. cremastogyne 8.68+0.61 Bb 3.11+0.39 Ce 2.81+0.20 Ce
SeEHE B, luminifera 7.47+0.28 Cc 2.57+0.09 Dd 2.90+0.13 Ce
LB P. massoniana 3.46+0.07 Dd 1.02+0.04 Ee 3.41=0.09 Bb
AR C. funebris 2.62+0.02 Ee 0.53+0.00 Ff 4.91x0.04 Aa
800 Fit¢ E. grandis 14.56+0.50 Aa 4.810.12 Aa 3.0320.15 Ee
Wk3E# P. xR270 15.49+0.37 Aa 4.39+0.22 Bb 3.5320.14 Dd
FAA A. cremastogyne 12.84+1.48 Bb 3.2920.46 Cc 3.9120.13 CDd
JERHE B, luminifera 9.87+1.08 Cc 2.69+0.22 Dd 3.67+0.17 Ce
LB P. massoniana 5.15+0.04 Dd 1.05+0.05 Ee 4.89+0.21 Bb
AR C. funebris 4.89+0.02 Dd 0.67+0.01 Ef 7.29+0.05 Aa
1500 Fite E. grandis 18.32+0.76 Aa 6.27+0.20 Aa 2.9320.21 Dd
Wk3EH P. xR270 17.98+0.93 Aa 5.50+0.65 Bb 3.29£0.26 CDc
FEAR A, cremastogyne 14.56+1.97 Bb 4.44+0.58 Ce 3.2820.19 CDc
SR HE B. luminifera 10.63+1.27 Ce 3.08+0.38 Dd 3.4620.19 Cc
Iy EHM P. massoniana 5.73+0.10 Dd 1.23+0.08 Ee 4.70+0.40 Bb
MIAK C. funebris 5.86+0.01 Dd 0.9420.01 Ee 6.23+0.07 Aa

[F]— sl T EA P EUE T K /NG FRR R S5 R R 225235 0.01 F10. 05 &K+ BRIEMHL T 44 Populusxeuramericana cv. R270 I

=5
i

E R T 7E4O8 T ¥ i, H P, 76 200 F1800 pmol -m 2 s™ Yo R AR TRk, 1500 wmol -m ™"
S T W& K, WUE WIZE4 6 T BB AL T LA A, IR RBDRE | 246 IBRE T, B A BR
Fbg KEAR SCRMESE R P, T, W 3 5 T b A A A BT B Fh X A FIAA AR , 1 WUE DB (2 211
TLRRFMIAR, KU R R B IR E BURER, (B 28 16 BUOR AR, BT LUK 43 R AR & T A
Bl
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ANEDEISREE T | B AR K2 R SR AR K 1.92,3.03,2. 93, 2 /K 43 F) FH SR 5 i3 AR 18 409% £
o M EAZ AR, RS R, IR SR A m 2R KR HRCR IR
2.2 SWFAERETW P, T, F1 WUE

H e 3 Al UL B R T BREAL R P, AW TR R A, Hofth 5 SRR SR B ST R R R IR i ERG B
Fe BRSEAG R MERIFEARRY T, BERLE T i Se AR s, WUE S22 B 9 Se 7 s R IR 34, i 25 R A
AR T, WHFEE T, ST WUE S FE AR RAE T2k 0 A, 28 CREFEHEL & RS
Ak Oz, PRI HEAE 28 °C i HLAT fe i 1) WUE, T 25 ERAR FIAA AR UGS 5 78 24 CAEK . PUORIREE M Ak T
I AR KPR AN 22, T SE M A ) B 22 s VR [k i o IR (%) P v 0 0 3 o 228 A P >R AT
T, A I — e PR 2 B0 S ALOC T, 15 R I B3 ) R

24 CH128 CHE, E#ZM P, AU ZEIRTIRER, SHEARN P, 25800, I 20 T HAR 3 MR, 2y
S ERAAFRIR Y 3 4%, TiAE 32 CHY,H Pl TR, R AR IR W3O IRl B R 0 2 e T A 4 AW
Tl EAREY T, 764 IR N Y0 38 0 T HARAM (28 °C F 5Bk EM 2 F AR B EKRIN) sl WUE K F , sk
A AT EAKN, 5 2 Bt 22 5 ab i e K 05 55 46 3 FhiE i 22 RO AS B B (B IR BT,
L RAAFIFAM WUE BIPLS#AGB M REL, 3 32 CIRE TR E 2R,

BB ST T B AR KA FIURCEAY 90 2,51 4. 14 F12. 71, 7EHER A 6 AR A%, Btk 7548 [
BT BRI TEDEE w78 KRR AR

#3 EWMARIEE THKSFIRAELE
Table 3 The comparison of water use efficiency under different air temperatures within selected tree species

HOLRHER(P,) MR (T,) K FI AL (WUE)

Photosynthetic rate Transpiration rate Water use efficiency

2T, )

Air temperature

b

Tree species

/C /(pmol CO,-m™2-s7") /(mmol H,0-m™2-s7") / ((pumol CO,/mmol H,0)

24 Fike E. grandis 11.38+0.76 Bb 4.56+0.31 Aa 2.51%0.30 Ce
Kk P. xR270 13.98+1.35 Aa 4.38+0.13 Aa 3.19+0.29 Ce
FAA A, cremasiogyne 11.58+0.43 Bb 3.74+0.25 Bb 3.10%0. 14 Cc
SeEHE B, luminifera 8.33+0.55 Cc 2.97+0.17 Ce 2.80+0.13 Ce
LM P. massoniana 4.31+0.11 Dd 0.21+0.01 Dd 20.1120.67 Aa
HIAK C. funebris 4.20+0.03 Dd 0.23+0.02 Dd 18.62+1.48 Bb

28 it E. grandis 13.220. 84 Bb 3.1920.06 Aa 4.14%0.21 Dd
Rk3EH# P. xR270 14.65+1.18 Aa 2.87+0.17 Bb 5.12+0.49 Cec
FEK A. cremastogyne 12.97+0.31 Bb 2.92+0.12 Bb 4.43+0.08 CDd
JeHHE B, luminifera 9.06+0.54 Cc 2.20+0.18 Ce 4.13+0.19 Dd
LB P. massoniana 5.59+0.03 Dd 0.43+0.03 Dd 13.0420.99 Aa
HIA C. funebris 5.40+0.03 Dd 0.66+0.04 Dd 8.26+0.46 Bb

32 Eiti¢ E. grandis 14.1240.63 Aa 5.23+0.25 Aa 2.7120.22 Ced
Rk3EH# P. xR270 14.02£0.97 Aa 4.55+0.47 Bb 3.0920. 13 BChed
FAAR A. cremastogyne 11.18+1.83 Bb 3.52+0.37 Ce 3.17£0.29 BCbhe
S HE B, luminifera 8.04+0.71 Cc 3.01+0.20 Cd 2.69+0.34 Cd
LB P. massoniana 4.62+0.97 Dd 0.97+0.32 De 4.95+0.70 Aa
WA C. funebris 4.13+0.08 Dd 1.22+0.07 De 3.40+0.24 Bb

2.3 HWFAFRLE TR P, T, WUE

MR 4 AT, 23 SR BE AR A R R Y P, s AR X BN, R 28 SR EE N 70% B2 1% —2% , P,
IR AR AN TS 5 T 2 SR BERRAIS , £ FP Y 7, B TH i, T RE R 25 SR BE 19 T R A i N K VR 25 4
K, ZEBEAE FHIGR ;35 A1 | A Tl 25 LATREE R 709% if WUE i, 25 S B/, WUE il R B, 40 R e 10
30% I 70% AR FERE B 1% 60% VAL, 7] W2 SR FEXT WUE RS2 MR 5 I 8
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BT P, BRI X8 - BREEA > Bk ~ R RS G Bpte > Th R AN ~ MK, T, W LA M de i, 2 BT
WEY T, LR HN, HEEE RN, 22 5 MW ., H S RAMMFARR WUE WIAR 2255 T 4 FhiE R 255

Bt 2 TR BE R M S /N
FEAAZ SRS BB T i 25 RS SR MUK 20 R AR B RFAE
£4 BERFRRKXSRETHAS R AMELE

Table 4 The comparison of water use efficiency under different atmosphere relative humidities within selected tree species

RAAHXHEE (RH) - ?%)'t{%ii?ﬁ( P,) iﬂéﬁ?( T.) 7J<§j\ﬂﬁﬁfi‘k$_( WUE)
Almosp}fere relative Tree species Photosynthetlc; Zraui 1 Transplratlonirzateil Water use efficiency
humidity/ % /(pmol CO, -m~2-s7!) /(mmol H,0-m™2-s71) /(pmol CO,/mmol H,0)

70 Ei#% E. grandis 13.00£1.05 Bb 3.1820.07 Aa 4.08+0.28 Dd
WkZER P. xR270 15.1920.98 Aa 2.66+0.41 Bb 5.80+0.76 Cc
FAAK A, cremastogyne 12.97+0.69 Bb 2.93+0.13 ABa 4.4320.13 Dd
JEEZHE B, luminifera 9.06+0. 67 Cc 2.20+0.20 Ce 4.1420.28 Dd
A P. massoniana 5.59+0.03 Dd 0.43+0.03 De 13.04+1.00 Aa
AR C. funebris 5.34+0.05 Dd 0.70+0.07 Dd 7.74+0.87 Bb

30 Ef E. grandis 13.47£0.41 Bb 8.85+0.17 Aa 1.52+0.06 Cd
WR3EH PopulusxR270 15.11%1.47 Aa 8.77+0.45 Aa 1.73+0. 18 Cc
FEAR A. cremastogyne 12.28+0.90 Be 7.43+0.35 Bb 1.65+0.05 Ced
Stz ME B, luminifera 9.84+0.61 Cd 6.49+0.36 Cc 1.52+0.08 Cd
SLIEKA P. massoniana 3.42+0.76 Ef 1.00+0.33 Ee 3.50+0.31 Aa
FAAR C. funebris 4.96+0.03 De 1.98+0.00 Dd 2.51+0.02 Bb

1—2 Bt E. grandis 12.15+0.69 Bb 12.81+0. 13 Aa 0.95+0.05 Cc
Wk 3EH PopulusxR270 14.51£1.09 Aa 11.8520.24 Bb 1.2320.11 Bb
FAAK A cremastogyne 11.36+1.67 Bb 10.65+0.99 Cc 1.06+0.06 Cc
S HE B, luminifera 8.62+0.59 Cc 8.91+0.49 Dd 0.97+0.09 Cc
LR P. massoniana 3.51+0.95 Dd 1.61+0.32 Ee 2.16+0. 14 Aa
I C. funebris 3.89+0.01 Dd 1.75+0.02 Ee 2.22+0.02 Aa

2.5 AWBREE-E YRR R SRR

5 SR Rl — A KA A AR AR 0 SR B . ELRCAY SRR TR 8064. 72 em? | A
WIFE 2 5 LA 1, S5 G BIRANFIPREE S0 T E AR SR i TR R 1 R 1 T LA AR o | AT A K- T B
7 B[] A P 28 IS AR 7K et T S 2, JERE K BT S 13— i o I 3R Y I A A 7K a2 1 T A AR o )
FEAK B, AN, AH RIS TRT P B e A P i AR R R 240 Ay At e 1 2 7% 2 oy, AT b HG A7 B 2 7K 93T
FE 5 H AR Fh 22 52 B s 1N RAEARIRIR B T WK EARRAE Y RN SRR A 2 £, A7 5 & 1Y 78
EFEK N B RN 3 4% HARERFE K 2 B R 6 %,

3 iFig
3.1 AR[EIBFRFEK M SZOK R AR 22 5

TP CAAE S ZE M AR T R AR W 2 R i RO 3R Rl e A A B s R AR TR iR R
AT ARTER i R AR SR A T DO A R AREE 25 AF S, HOG G 2RISR AR TR, K 20 R IR R B0 Hh i K 22
SRR RN IREE A ], R A 4 A 1 R 8l A R R 2 R A v TR AR Y 2
FRET AR 7K S0 A SR A, PR, sl A R A, Rl e B o | 28 s FVEOK 73 R R 2
RUAED) , 10 S AN A AR W EA OGS K75 Bk FHRCE AR AN BRI 7K oI AE S Y 5™
BATERARDCHE , NFR 5 AT UL, F A% Y SRR 7K B 328 DR T A AR Aol | JH Y Jod A O 1 s P i R PT B T B R 2
— o ANidh R R ) P A Py e R R SR e, R SR BT e R K i 5 LA A (AR A 3 AR ) 25 8E
BB AR/ 75 B BASFIAR FPRE /K F it B 32 PR I8 R 752 i) 1) 25 57, 76 S % 3 ARAR R s, 7 7853 1 fiff 24 s 7K
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i EL T BCHE ST X, O 28 5 e JRe 5 B ) 3 2 e 5 M A5 K 0 A SR AR 8 T A g e LR A8 25 14 0B 9% 3 A
HuIF AT PR RIIC S MOR DR BRK T AR A R BOK M FE IS 225 0 Y K SR AL P15 ks, 78
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Table 5 The comparison of leaf amount, biomass accumulation and transpiration consumption within selected tree species

o BT E MhTE TR 5 TR L A EMTER SR K L i 2R R K
L Dry weight of Dry weight Ratio of leaf area Total Total water Transpiration consumption
Tree species above-ground of leaf to leaf weight leaf area consumption per unit mass

/g /g /% /em? /g /(g H,0/g T H)

Fitg E. grandis 46.20+3.27 Aa 23.50+1.79 Aa 343.50+36.63 Aa 8064.72+829.55 Aa 6407.55+572.46Aa 138.56+2.60 Aa
[REH P. xR270 23.12+1.39 Be 11.46+0.48 Bh 285.14+14.56 Ab 3266.32+187.21 Bb 2845.62+334.19Bb 122.83+8.61 Bb
FEA A cremastogyne 21.60+3.98 Bc 10.38+1.69 Bb ~ 277.00+56.57 Ab 2895.88+753.01 Bb 1726.70+297.77Cd 86.11+8.87 Cd
JEEHE B. luminifera 22.15+1.20 Be 9.95+0.21 Bb 275.60+25.88 Ab  2744.97+315.97 Bb 2319.43+180.09BCc 105.09+17.20 BCe
LM P. massoniana 21.45+1.21 Be 11.88+0.87 Bb — — 881.90+98. 38De 41.33+6.20 De
TAA C. funebris 29.46+8.02 Bh 22.42+8.14 Aa — — 583.1=105.98 De 19.24+4.69 Ef

HUAJE K /NGRR3R 225735 0. 01 F10.05 BE KT

3.2 OR[AIEREE KX B R AEZK M 1 52 e

Bk A BARREAN  YDE A ZEBEREZ 3] TR A, Hod DO TR R 3 NIRRT R
M g R 202000 4% DR =2 i) AR A P AR AR 4 (40 56 5V B SR S AR IR I AR A B i A 2%

JEHRIEAE YOG A A RER , [R) I e 25 4B 4 556 B WLAG B LT e ™ i i ol A0 A4 D63 8 2 1 il
FeGVER . ARG WP P, 5B ERIE K (200—1500 pmol -m™s™ SR ) i T , AT AEIE A5 it
FLE T WUE 78 1500 wmol -m ™ s™ T4 A, 35 UE T /i A F53E 952k v st A i) S it 0 2 B AR AT 4 7K 43
FIBCR S 458, BEFAE 200 800 pmol-m™s™ YEIR T, P, & TEREMH TG T4 2 A, T 24658 1500
pmol +m ™ s™" B = TER AT , & 75 WG 7 FL X IR T SR B e

TR B REDCABEEYE , MR 596 A 5 27638 B A TR Y R P A 7, ok ve ol 1 %) 9L B
SXHEYE DT ARSI 6 AR AU E RSO A R (P, ) BEIRE THE (24—32 CYERIWN) 1M
R HAB AP Y P 34HE 28 CHTIeR, J34h, BAETE 24 F128 CF P, B W AR TERSEA , £ 2 7E 24 CHEA
FHREA IAE 32 CCF P, ey, X U6 I AR T RE AT 0 I B30 07 3 [T, BV 38 300 4 v 114 30 8 o T A 0
PEARNSBRIK, ALTE 32 C T AMF WUE 35945 FIrRRAK, P MM K 0 R HRCR % 18,32 CIEARN R R B E
) B 3 RS

WEEOLR KA B 5 25 W R /K i 52 SR O, 102 PR R Bl 25 SO B Y R I A e AR KRR
FEREI, M ZE BB ORI, I MK ST B St i R T R K SRR RS KPR R 258N, S AL
T, ZE I T RGBHTRRAR S AT S BT A X —FEE , RIS 70% BHEYI K e RV . FEAIR
55,28 °C 800 pmol-m™s™" 70% F3 5l 2 3Z 1A P K 43 803 e e B AL E (IR BR A1 ) s AR R
3.3 EFESHIAR RN B TR ZE S RE K 0 H A R R b o 5 ] B s 1 A 5 )
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EFEK AL SFE K AL, AV ERBIOR TEM, BEfr)SFKERA, HPA a7z B K Edm K,
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