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Changes in the response of leaf traits in Pinus koraiensis ( Korean pine) seedlings

of different ages to controlled temperatures and light conditions

DONG Yichen, LIU Yanhong "
The Key Laboratory for Forest Resources and Ecosystem Processes of Beijing , Beijing Forestry University, Betjing 100083, China

Abstract; In the present study, changes in leaf traits of Pinus koraiensis ( Korean pine) seedlings in response to seedling
age, temperature, and light conditions were investigated, as well as the correlation of these factors with Korean pine
seedling leaf traits. Korean pine seedlings were cultivated in artificial climate chambers with three levels of temperature
settings (10, 20, and 30 C) and four levels of effective light radiation applied to each temperature level (45.3, 90.5,
181.1, and 271.6 wmol m™s™") ; the observed seedlings in each group were aged between 1 and 4 years. The observed leaf

) , mass-based nitrogen concentration (N, ),

N,

mass traits were per area (LMA) , area-based photosynthetic capacity (A

area

and mass-based phosphorus concentration (P, ). Our results showed that (1) LMA, A,

mass area ?

e s and P of Korean pine
seedlings were affected by temperature, light, and seedling age. The differences in leaf traits among different controlled
groups were statistically significant (P<0.05). (2) Temperature, light, and seedling age in combination affected Korean
pine seedling leaf traits. The order of significance of effects was seedling age > temperature > temperature X light X seedling

age > light > light x seedling age > temperature X light > temperature X seedling age. (3) LMA was positively correlated
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with temperature and seedling age; A, , was positively correlated with seedling age but negatively correlated with
correlated with temperature and N but was negatively correlated with seedling age and LMA. Our results suggest the
following: (1) Korean pine seedling leaf traits responded to all three studied factors (temperature, light, and seedling age )
to differing degrees. The main factors that caused differences among traits were temperature and seedling age, while the
effect of light was influenced by these two factors. (2) The correlation between Korean pine seedling leaf traits reflected
their response to temperature, light, and seedling age. The close relationship between leaf traits is consistent with the
allocation strategies that the leaves use in response to environmental factors, which maintain the balance' between

assimilation and respiration to ensure stable growth in Korean pine seedlings.

Key Words: Korean pine seedlings; controlled experiments; leaf mass per area; photosynthetic capacity ; leaf nitrogen and

phosphorus concentrations; factor interaction
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R1 AMGBEEHE(LMA) ERRREMERFGETHEL

Table 1 LMA varieties of Pinus koraiensis seedling under different light and temperature intensities

- 7'@% &‘Kﬁﬁﬁi . FLM-H Leaf mass per area/ (g/m?)
Temperature/°C Effective hghtﬁ;a(ﬁiﬁallon/
(pmol m™2s71) la 2a 3a 4a

10 45.25 62.09+6.49 Aaby 84.70+2.86 Baby 86.80+6.19 Caby 136.34+16.42 Daby
90.53 62.35+0.44 Aby 76.06+6.60 Bby 118.04+1.44 Chy 137.94+20.99 Dby
181.07 68.03+3.59 Aay 57.69+11.70 Bay 86.53+8.54 Cay 114.38+6.14 Day
271.60 78.93+14.17 Acy 81.87+4.01 Bey 121.70+9.71 Cey 130.73+9.73 Dcy

20 45.25 59.32+1.57 Aabx 99.50+18.95 Babx 98.64+20.54 Cabx 112.96+27.72 Dabx
90.53 75.00+6.33 Abx 69.28+1.79 Bbx 75.92+7.53 Chx 125773+ 16.38 Dbx
181.07 70.63+6.11 Aax 82.03+6.09 Bax 96.68+4.62 Cax 101.68+0.82 Dax
271.60 67.15+9.60 Acx 73.65+9.16 Bex 87.18+3.67 Cex 130.96+10.36 Dex

30 45.25 62.34+1.81 Aabz 96.73+2.07 Babz 102.73+4.90 Cabz 110.83+9.19 Dabz
90.53 58.71+4.68 Abz 97.77+6.02 Bbz 115.56+5.54/Chz 142.81+10.22 Dbz
181.07 67.10+£3.31 Aaz 100.45+6.37 Baz 115.28+1.93 Caz 133.52+5.27 Daz
271.60 85.79+13.17 Acz 106.82+7.41 Bez 123:17+8.43 Cez 149.91+10.96 Decz

FRBUESN GLM Multivariate J7 22K 5 BIE MR UEIR 2 ,n =5, F K IMER P<0.05, 58 R Dancan — B0 FA4EK 56, ABCD TR 4, abe 4
FERAA , xyz HIREH

R2 ANRPEBMERELEGREN (A,,.) EFRREMERFHTHEL

Table 2 A, varieties of Pinus koraiensis seedling under different light and temperature intensities
T .ﬁ'ﬁﬁ.ﬁfﬁﬁﬁi . AR FRIGAHES Photosynthetic capacity A,/ ( umolC m™2s™")
Temperature/°C Effective hghtﬁ;a(ﬁiﬁallon/
(pmol m™s™") la 2a 3a 4a
10 45.25 4.77+0.01 Aay 5.58+0.04 Bay 6.03+0.02 Cay 5.90+0.59 Day
90.53 4.90+0.05" Aby 5.14x+0.37 Bby 5.95+0.28 Chy 6.47+0.17 Dby
181.07 5.30£0.02 Acy 5.78+0.17 Bey 6.04+0.01 Cey 6.51+0.01 Dey
271.60 6:63+0.02 Ady 7.28+0.01 Bdy 7.57+0.02 Cdy 8.02+0.09 Ddy
20 45.25 7.16%0.11 Aax 7.36+0.05 Bax 7.74+0.04 Cax 9.69+0.56 Dax
90.53 6.74+0.18 Abx 8.25+0.47 Bbx 8.77+0.10 Cbx 9.18+0.09 Dbx
181.07 7.58+0.17 Acx 7.54+0.25 Bex 8.30+0.26 Cex 9.53+0.81 Dex
271.60 6.65+0.22 Adx 8.41+0.30 Bdx 8.68+0.10 Cdx 9.48+0.81 Ddx
30 45.25 2.21x0.01 Aaz 2.42+0.01 Baz 2.60+0.02 Caz 3.45+0.03 Daz
90.53 2.07+0.01 Abz 2.51+0.01 Bbz 3.09+0.03 Cbz 3.36+0.11 Dbz
181.07 2.17+0.04 Acz 3.27+0.01 Bez 3.28+0.02 Cez 3.53+0.03 Dez
271.60 2.06+0.05 Adz 2.94+0.02 Bdz 3.04+0.02 Cdz 3.15+0.02 Ddz
FHHUE S CLM Multivariate J7 22 S0 AR HEDR 22, n =5, F K20 HEA P<0.05, 78y Duncan — Bk 8445, ABCD STl 41, abe
SR L XYZ il BELH
(1) ZLA%I B TMA 1AL (R 1) AR SRAFR  LLRA T LMA B i i g i b7t

A MR AR 22 55 B3 (P<0.05) . TE[E

#(P<0.05),

(2)LIRANTG A, AR REH (3£ 2) AEANE AL IR AT R 4L, IR iy 10°C _EFH8) 20°C i A, S BERE 2 T
ST R 30°C I A, H BB R TR 4 ) 22 53 B 35 ( P<0.05)

AL T RE P2

b BE IR A, BB TR R A A 25 S 3K (P<0.05)

%ﬁ%@ﬁﬁ%mﬁﬁﬁﬂMAﬁﬁ%@ﬁ%ﬂmﬁz%iﬂ%
A, AR L 2H ) 25 5 35 (P<0.05) o FH[RIR BE R B W 4, ZERA SN B LMA 5208 S 5 B2 52 0l 1) 26 W) 22 5\

Al — e 4 LIRS AO6 IR W) 22 57 B2 (P<0.05)

(3)LIAN%IH N,

mass

A (R 3) AEAF MR RO,
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3 (P<0.05) . ZEAHI I TRLEE PN e 4 N, B YA 80 S 1 88 e T T i, 25 Ot IR A U] 22 57 19 35 (P<0.05)
N, ] — P 20 Bl B b el | 4% T R 40 1) 22 5 W 2 (P<0.05)

(4) LIRS P, AT (3R 4) AR R FOC IR A P BE R A3 52 B0/ MR REAR , 451
U2 ) 25 57 B 3 (P<0.05) o FEAHIEI M SCRRA i 2 rb, P, BRI BE %) T s i 1 B0 sh 2 Ak, (7 S 30T R
R SR YR 25 5 W25 (P<0.05) o TR —MIREELLH P, WA RO S r 3858 Hh B [R] i A 4k, (EL7E ]
— T A 2 P B BRAR AL B SAOR B B, A6 B2 25 57 B 3 (P<0.05) .

R3 ARYPERLREMHASEN,,.) ERRREMEBREETHEN

Table 3 N, varieties of Pinus koraiensis seedling under different light and temperature intensities
L i 7'6451 éﬁ%ﬁj ‘ PN A B Leaf nitrogen per mass N,/ %
Temperature/C Effective hght_;"a(_liallon/
(pmol m™s™") la 2a 3a 4a

10 45.25 2.37+0.17 Ddx 2.28+0.18 Cdx 1.96£0.10 Bdx 1.87+0.04 Adx
90.53 2.27+0.07 Dex 1.64+0.09 Cex 1.77+0.11/Bex 1.48+0.04 Acx
181.07 1.73+0.10 Dbx 1.88+0.07 Cbx 1.66+0.07 Bbx 1.70£0.07 Abx
271.60 1.68+0.22 Dax 1.79+0.09 Cax 1:57+0.03 Bax 1.57+0.07 Aax
20 45.25 2.06+0.05 Ddx 1.86+0.05 Cdx 1.63+0.41 Bdx 1.59+0.05 Adx
90.53 2.04+0.06 Dex 1.87+0.06 Cex 1.55+0.05 Bex 1.45+0.03 Acx
181.07 1.78+0.01 Dbx 1.70+0.01 Chx 1:67+0.01 Bbx 1.44+0.03 Abx
271.60 1.98+0.01 Dax 1.71+0.04 Cax 1.51+£0.02 Bax 1.38+0.02 Aax
30 45.25 2.18+0.02 Ddy 1.72+0.04 Cdy 1.70+0.01 Bdy 1.51+0.04 Ady
90.53 2.48+0.02 Dcy 1.97+0.04 Ccy 1.69+0.01 Bey 1.43+0.01 Acy
181.07 1.56+0.04 Dby 1.77£0.03 Cby 1.81+0.10 Bby 1.74+0.03 Aby
271.60 1.62+0.11 Day 1:65+0.07 Cay 1.49+0.08 Bay 1.19+0.12 Aay

FPEUED GLM Multivariate 77 22 K S [HAFRHEDR 2, n =5, F F3HE% P<0.05, 555 Duncan — B F 2R3, ABCD i34 , abe
JCHRAL , xyz A

R4 ARYPERUREMBHESE(P,,.) EFRREMEREHTHEL

Table 4 P, varieties of Pinus koraiensis seedling under different light and temperature intensities

_— e Hofin kW9 A5 L Leaf phosphorus per mass P.,,../%
Temperature/C ‘ffective hght;a(}llallon/ ‘ ‘ ‘ ‘
(mol m~2s71) la 2a 3a 4a

10 45.25 0.26+0.04 Dbx 0.26+0.03 Cbx 0.20+0.01 Bbx 0.18+0.02 Abx

90.53 0.25+0.01 Dbx 0.24+0.01 Cbx 0.22+0.02 Bbx 0.21£0.04 Abx

181.07 0.29+0.01 Dbx 0.25+0.01 Cbx 0.18+0.01 Bbx 0.20+0.01 Abx

271.60 0.22+0.01 Dax 0.26+0.01 Cax 0.22+0.01 Bax 0.19£0.01 Aax

20 45.25 0.29+0.01 Dbz 0.32+0.01 Cbz 0.28+0.01 Bbz 0.22+0.02 Abz

90.53 0.25+0.01 Dbz 0.34+0.03 Cbz 0.25+0.02 Bbz 0.25+0.00 Abz

181.07 0.38+0.02 Dbz 0.30+0.02 Cbz 0.22+0.01 Bbz 0.22+0.01 Abz

271.60 0.27+0.02 Daz 0.30+0.03 Caz 0.28+0.02 Baz 0.18+0.01 Aaz

30 45.25 0.30+0.03 Dby 0.25+0.02 Chy 0.24+0.03 Bby 0.24+0.03 Aby

90.53 0.32+0.02 Dby 0.21+0.01 Cby 0.26+0.01 Bby 0.24+0.02 Aby

181.07 0.28+0.01 Dby 0.29+0.01 Cby 0.26+0.01 Bby 0.22+0.01 Aby

271.60 0.25+0.01 Day 0.25+0.02 Cay 0.23+0.01 Bay 0.20+0.01 Aay

KPEAEHN GLM Multivariate 77 2 KB S EFFRAEIR 22, n =5, F B IRAEH P<0.05, 78K Duncan —BVE T, ABCD Ky i 4, abe
FEHRAL  xyz AR B4

2.2 IR OERERIET R LIAR A i PR R W (4 58 EA R IS B

ZLANA PRI BE DG BRI e 3 DR 3R A me A8 AR AN TR 38 e 52 A P A 0 DA ARG 38 X =
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HSE AR B O — b, 3R S A I BRI DGRBRNE Y 3 S R LOAR L PR A 5 ELVE F R Rk
A0, 3 AT (R JERR HTIR) FOR RS EAE RN B RN, 3 A G IR B OB TR xS G B
W4 ) F B T TP PR 28 A — B 5 ELARRUNE , 1 A = 2 300 (LI > B S ) T 287 1 02 3 I3 1 9 38 U
Wilks' Lambda {8 > 3 21 ] o 2 70 1) SR AR 1 40 00 3R 0, RBGER B0 T 0 WU 6 Rl R Dol A3 22 5, K 00 Mk
K P<0.05 FHZ R0 2 5 0 5

7 A0 ) v L R P U 1 2R R /)N (0003 ,0.035) I T IR Y 220 (0.163 ), 1o BH I8 B2 R ¥ 1% A 2l 7
VERRZCR m TOUIR, k28 B IO 51 il B Ot B R B/ (0.115) |, HRJE G BT (0.136) |, 13X %
FHUR R (0.223) , U B E < BERIY BE P i B4 38 TE A 03 oo T B e 0, A B 2 D0 305 88 AR % 3 4k
SAEHIBCR R T A S AR, G IR B O B 8 09 58 BLATE AR & T ORIl ST AR e, = 4Es 50
T FE O RE X i 22850 0.087 ) 1o T HAW T A Z4E 000, BEHTRLEDOG IR X % =35 28 B AR FRCR & TARE W P
HAEH, a2 HAE R AT DR ot R b 37 A PR A2 S 8 AR 9 114 ) 240 () S e R R
B8 HAE ARG T REA

N A R f# BE ( Partial Eta-Squared ) 25 H ) R i BEAE R »° (H18 HIRE DCHERI Ty 3 [ ZE XL 4
PR T R S 5 D 2R 45 DR B A LA FHDGE IR %) it B 3 4300 Sy Il X LMEA (1) 32 3550 1 i T ARE 6 e
(0.861) . TREEXT A B TR0 R R A 5 (0.990) , HLYR A S (0.885)  TRLEE < OB I (0.703) LR
(0.629) , ULHALT AL Y6 A RE SR PREE N 2K B R A B2 LA B 2, JCRRRN AT I X NV, B 23000 M B R A iy
(0.630,0.794) , HURJEOGHRXTE U4 (0.604 ) , 1 B 35 10 52 ELASUN X 2T 4 v ek tR 1) 5 e B A5 et S 4 A
AHEARHENE . FIXT P, 0 R0 B3 55 (0.792) , HUCH IR EE (0.645 ) FIR G IR E % (0.613) , &L
453 5 TISURBERMRIR M < VI8 > TR E > TR BE )OI FE T 4 >0l R > G IR x P 7% > TRLEE > R S TR B X P RS

®5 BHMERHBUEWMF RN Z EIERRRE

Table 5 Multivariate tests between the factors and the leaf traits

P T S . Kago o % Partial Fia-Squared (n?)

Controlled condition Wilks” Lambda P K2 Factor * LMA Aprea N s P
IR Temperature 0.003 816.88 0.000 0.945 0.342 0.990 0.294 0.645
JEHR Light 0.163 41.06 0.000 0.454 0.216 0.629 0.630 0.257
T Seedling age 0.035 105.61 0.000 0.672 0.861 0.885 0.794 0.792
N x\ /l]‘ﬁ

1Ok . 0.115 23.64 0.000 0.418 0.244 0.703 0.469 0.065
Temperature X Light

VELFEF s T A

I B o 0.223 14.78 0.000 0.313 0.255 0.470 0.100 0.434
Temperature X Seedling age

M l]‘ﬁx—H‘ A

jﬁ.s‘ iR . 0.136 13.85 0.000 0.393 0.230 0.252 0.604 0.483
Light X Seedling age

TR O IR X

Temperature X Light x 0.087 8.92 0.000 0.457 0.332 0.463 0.469 0.613
Seedling

Wilks’ Lambda {5 A4¢ H 35 22 LR, FRZISHER P<0.05 B0 22 5 3 BUNAN T m (3R 4 R R DIBURREEL 5 = R 2O B, i
WA O AR, TRLEE X ET S, G | R BE O I x TS

A AT HEB LA Iy B A MR S R O R e A 52 AR P R DA 3R, e A IR 3R 1) 4 22800
A O AN = YRS BV HEREL 2 (P<0.05) , B HRR A s i RO 2 0% . BRI B O ORI 1
3 PR LLAR A T PR A4 S0 i R AN TR DR 3R ] 4 ok S P A AR P 52 i e v o T 20 2K 9 22 A i ™
A 2E 5 IRHAE A IR PR 0 22 S A8k b AR eSS , SR T It I 2 WL RS2 it (AR B, ) P DR1 3% A B ok 40 #
HRRE G HERIT  XoF £ A 4y v DR AR E | ] LG5 2R ST i
2.3 ZUARgE MR R SR OEIR R B R AE I R A OGS AR

5 RE WL ' IR 8 X 2L R Iy 7 P P PR i e B A7 22 31 A 6l b 3 5 AR S 20 A 6 4% iR 5
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PRI Z [l 25 VAR L, A R PRtR 6] A AR B ORI T 4307 . 38 6 LRSI PRk SRS DBRE s i AH ¢
KZR, VSR Z B R SR Pearson AHICHEKE IR FIRUR B &1 -Ke 55, #2534 P<0.01 . P<0.05
FoR B EM, Hrh LMA 50 BRI AETE 0 3 IE A OGO R A, 5 IR D 3 IE A COC R, 5B A 3

sS

-5 B M LMA DU 52 0 35 A GG &R

Ro AmghEtMk5iRE SLREMEXME

Table 6 Bivariate relationships between the leaf traits and the factors

Ziﬁiﬁj: condition lostMA - oghy, logN logPy Etfg:m logLMA — logd,.,  logV,.. logPys
IR Temperature 0.163*  -0.664"" -0.170"" 0.266*" || logLMA -0.001  -0.5917%" . -0.538""
JEHE Light 0.110 0.098 -0.397** -0.119 logA ,en -0.148** -0.088

il Age 0.806°F  0.245°° -0.613°" -0.604"* | logh,,... 0.349**

B PR X BUE K F Pearson Correlation AHIEPEAGLR (2-tailed) | * = F/n P <0.01 B3, = FmR P <0.05 B3

3 e

3.1 ZUARG T HMOIR S AREE OGR4 M SC R

A A SR AE IR AT r] T ZERA S VPRI L G RERI e e e i 2 S Ak 5 R R O RER e R A kST
VEIRA S EAE T, HLRoma i f S 2% , 6 B M PR Al B 0 A 0 (X VTl PR B Ry, £ 4 iy PR
T EE O BRI AR SCAE SR By < ELEE RO I8 X 4 Fh PR A AR S DG RBR S N, IS5 TH A
ERINCEERTE 2 PSS E TN EAR VN RER NV B 2SS LEIVRI -1 1 g DR N D)VE SN U R TR € P S a3
—JT X A, RIS 3 P W IEASG, BV B AN A AR AR 55— D7 I 5 LMA |
P IR EANSENE UL LI RA I DA DA I E A8 B hnsie 1 P A A VR T, LMA. B TR M 7 il s 1K
SISO AR A AR U 2 A T LMA R 4 1 8 R S S B LA G 2 KRR
PR THR A0 RE I LB T 5 . Bl 3 A A A AN O R o M T 5 RNA SRAER (1553 R REVE TF 5T
R T AE SRR R R RS O A A Bl R AR ST AR 1 2D o WA s A A A S T AL
PRI HA B AR AE R P B WA 2 SRR O AU, B LMA #0212y v %) il B2 T v

FIR W) 7 T+ i R A T AU 0 B P, T B K W O R N, Xk AR AR R AN R R IR T
P, 5 00 AR O BV IR B AR T s A 1 T 2L 4y o R 0 2R B 1) 7 - B 4 % el 1 T AR, 3

RERE 0] 1583 K ) SRR &, AR FH TR 28 4 90 S5 T AR A X el A, P DA GkE G 21 A K i PR A 85+
LT A5

LIRS AE K TG I SE E N B ARARGE 10 85 R BT AR T RN &l A K 3 R S )
I, X LA T W BT B T e 2 7 ARSI B R 45 SR BB . 1 Se AR B T B x O IR O R
X RS xR I8 22 B FH AR EE O A 2 2 LR £ gl v it iR B B v, SO R I
THIORAN , IMA A, P, 5 YCHRIS T 3 AR S | T I R Xt 21 A7 0 1 1940 A K 0 7 5% i S B &8 i s 5 TR
FTETIS LR, AMEAR SEIG HP XHLTAN N T A, WD R = I R A TR DGR i TR EDOE R B
AL 2T AR 32 20 200 R BR ), 78 B A B9 0F 5 ih AR B 3 — 45 5 7% R AN, A S v
A EAROCHRST 45.3,90.5,181.1,271.6 (wmol m™s™" )4 P 5 F 4l 25 5 10 35 H A IR T AMA(E T [F)
AR T T IR 35 B BV 7 3 o Y BTG 10 25 12 T 2R S ¥ R R ] LAEAT A VE T . FE T AR 9 v i
CLRAKI A S 7 T 2 DRI LA AR ST R ) RGN 20 #1900 ANEE W23 2000 pumol m s B
R 2T R 41 A D3 By 31 LA 5 0%

ZE L RTR TR A RE X AN [ B 4 O LT MLl IR R i 22 S 2 R R B IR ' HE AT % A il
SEAE I ANSE EAE RIS RI ) () 285 5 I8 4 5 e D R0 3 O R R L RN T i R I s e LR L
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AVEM .
RV AR /N R R NI e S

3 S A DG A3 BT A LA 4 7 PR (B A7 J 25 R S 156 B A i) [0 BRI R 265 mid s PR 2 () A7 2
YIBER . 8 7 LA MR logLMA (logA,,, logN,,. Fl logP,, H— oMl A 45K, Hd loglMA 5
logh .. JogP, R TR RIASE R REAER A R 35% A1 30% , BDZLAAZHTE LMA 5 N A1 P, RS A I
CURA I Lt B 7RI G IR e T Bl s b b i e A R TR B AR 8 X U LA Ay
FELERS A IR B P IHFE R JC RIS 22 | Wi U 70 2 WU BE 7 PR R R R IR 2R I 5 I T AR oV,
Fl logP,.. Y IE SR UL =3 B 28 fb e SRS RURY (FRREMESE 12% ) | I DX AT B AE e iy A 5 TP, 2140
21 e B R A R O AR K S BRI LA logN, S logd . Z AR BEMLM LR AEZSHNT
BT LIRS O & e T BRI, Ui WA BE IO &4 F7E A S s B IR s 00 T U se 4, Tl Bk dog . 5
logA,., Z A5 R IR AE T BA A B0 LA OC (IR BEIER 2%) , I8 5 &S 56 A 1E R ML HLHTEL SR FH 2L
AL ARG RACATERAM A FAHE SCH O i R R RO A e 5k, B R 4
B0 B RGN A A IR AL B 5 B R B T A AR R BRI LT IMA LT KA FOC &R HUK
TR RZMR , ZIAS S 1 B 35 R & B8 ) 7 TR G BR A2 i T % Rl 5 2 AR I 4 B0 o ke ) 2 L
Hebr P (B - (A 25 5

RT ARGEHIEREEEE S0

Table 7 Liner regression results for the leaf traits

A% Q
X #HE Slope I Intercept
o T T
Y-variable X-variable R? HfH EAEXE EEXE HfH EFXME EFIXE
Value 95% 1.CL 95% UCL Value 95% 1.CL 95% UCL
logN, .. logLMA 0.349 ~0.319 -0.374 ~0.263 1.864 1.754 1.973
logP e logLMA 0.298 -0.333 -0.400 -0.266 1.744 1.613 1.875
logP,.. loghV e 0.122 0:400 0.263 0.537 0.595 0.425 0.765
loghV,,us logA e 0.022 -0.047 -0.088 -0.007 1.319 1.249 1.389

R PR AR O ZR 1) S8 35 MR A T M [l A 40T , 3R rP & 08000 B F 350 /N 36 125 (least-squares regression ) 45 5%

CUANAESF A R I P08 1) i e LMA 0 A T8 0 8 35 2 PR AR S I (0 38 2 5 00 B i % J 35 A
K AFAENRHERTR . LMA Fl Ay R WA T W AR S A K OGRS U2 B CO, WL |
IR FBE AL AR BRAE - LIRA I LMA (978 RS I T S 2 1, ik /K A7 e TR T #C
Joa) , S B0 TR BRACHE T S5 e b T T P R g A R AR e K R B SR B X R T, S BOL A RE
IR A AR BRI I LR X Rh T AR BT BE AR A B, B USAE LMA 5 A, Z B FEAE R
A, ELT A [ 52 0 PR 28 P A8 S )i S5 S 2 P A JOK 3 T A , B LLAN R IR AR K B A, AT — 2 A
ER- 208

SR LRI v PR ] B8 2 5 2R Xt B Y R e W 7 Py 4 2R, I PR i) 35 44 1k 2R S O )
JE LT A T 7 B35 PR 285 0 i SR B ) 00 i 2 RC SRS ) A8 A o 7 A i 7 o [l — PR 306 £ R 4 52 w0 O
SRR SEAR A 22531 , [ — PR i 1oz 9 R R AN AR ], AR SE ER A R A TR A A S AL VR TGP A, BRI
BELLAAZN R E R K

4 #ig

M b IR S AT LABTAG LA )y RO JRLE ' ORI B B o I A SR HAE ARS8 08 T 4 B B A K
IR B . RS 3 R R I B AR , DAL PR 22 1] 4728 T 5 28 S A 3 3 ] A A S A PP 1887 e
SRIBURRH LSRG - RIS 2 i 7 A A A A 2R T RIS i 451808

(1) ZLRAN [ % 2 ey DR L 88 0 51 RS T g i by 22 S 8 3, I bR 22 S R AR E Ol R v e 11
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Dhy U 7 BAI5E [R] 2R 50 o SR BB 90 I BE SR 972 A, JFG L AR 2R AR A A D9 ) AR S A A4 P )P A DR B £ A
Wt EERK,

BRICLISN , IS AN (5] 1 Z0AR 4 v PR A B8 e R B SR IR I R IV E TR 2R G 1 g Xf
SUGRIAEE PR ZR 0 A 30 3 R R DR AR R — A A T AT A 4 ) S 6 T R AN ] 2 i PR R
FriZ—Yik , SHMER A RETT L AR D ORI R R E R AT B XL,
TP 8 ( SO ) B MR B BRSE RT3, SR LASR 7R SEAM PRI VR A AR 3R R IR AR IR ZL AN A AR FN AR 20 A
SRR . X ILA R A sr S AR FSCR o St HEARE , il DA A vy e 5 R PR AR B IR,
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