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Effects of simulated N deposition on free amino acids and soluble protein of three
dominant understory species in a monsoon evergreen broad-leaved forest of

subtropical China
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Abstract: Elevated nitrogen (N) deposition has been show to have a variety of effects on to forest ecosystems, including nutrient
imbalance, growth disturbance, and foliar accumulation of free amine acids in individual plants. The purpose of this study is to
determine the effects of simulated N deposition on free amino acids and soluble protein of three dominant understory plants
( Randia canthioides, Cryptocarya concinna, and Cryptocarya chinensis) in a monsoon evergreen broad-leaved forest of subtropical

China. The experimental design was a randomized complete block with three replications (sets of plots) and four N treatments.
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The treatments consisted of Control (0 kg hm=2 a='), Low N (50 kg hm™* a™!), Medium N (100 kg hm™? a~') and High N
(150 kg hm~* a~') . Each plot covered an area of 10 x 20 m’ surrounded by a 10-m-wide buffer zone. From July 2003, NH,NO,
solution, with concentrations of about 0, 0.3, 0.6 and 0.9 mol N- L-! respectively for Control, Low N, Medium N and High N
treatments, was sprayed onto the forest floor of these plots once every month. Here, we reported the results after 21 months of
treatment . .

Results indicated that nitrogen addition at all levels affected the free amino acid concentrations and soluble protein
concentrations of the three tree species. The composition of the free amino acid pool and the dominant amino acids varied with
species. The dominant amino acids by species were: aspartic acid, serine, glutamic acid, arginine and ¥-aminobutyric acid (7-
GABA) for Randia canthioides; aspartic acid, serine and ¥-aminobutyric acid for Cryptocarya concinna; and aspartic acid,
serine, glutamic acid and ¥-aminobutyric acid for Cryptocarya chinensis . For Randia canthioides and Cryptocarya chinensis, the
responses of the total free amino acid concentratiods to simulated N deposition were similar, with the concentrations in trees of N-
treated plots higher than those of the Control. For Cryptocarya concinna, the total free amino acid concentrations showed a
decreasing trend with increasing N additions, but the differences between treatments were not significant. The soluble protein
contents of the three trees increased by N treatments, and the soluble protein contents were significantly higher in high and medium
N treatments than in control plots for Cryptocarya concinna and Cryptocarya chinensis (p < 0.05) . The study also revealed some
indicators for detecting the (impacts) of N deposition on forest trees. Good indications of enhanced N deposition were
concentrations of: serine, 7-aminobutyric acid, and especially arginine for Randia canthioides; 7Y-aminobutyric acid for
Cryptocarya concinna ; and serine and Y-aminobutyric acid for Cryptocarya chinensis . In addition, the possible effects of the 7-
aminobutyric acid contents on insect herbivores are discussed.

Key words: N deposition; free amino acid; soluble protein; 7-amincbutyric acid; monsoon evergreen broadleaf forest;

bioindicator; subtropics
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ZBESD BT R B LR, 06T FAR Y 8 A 8% 28 TR 0 B4 0 B 77 T OB STE R LIRS . 7R BE MR A
URIIEE RS, FMERERSE ARESREA L HFEAATRAMMA, T HEEEE Y4 KSR
TR RMAESRET RN —RIVER. HERNENESRL, MESEEEEAFNRED 3R
FRMARKTERSE, -SAEBEFANAVIREFAEENIERR, REEWE RN HRE F MK
FHRHAMEENE=REVIEEPR ", R MERELSLF IRINE - SRB, BRERETHE
EEBEFE"Y, FHRERERVIEX — LB ER T, B 505N UTFE % I % 5 O 8 BB
MR —FRNEERH A3 AT EAEEYBEEERANELSRENE W, FRTX I MEYPEEEE
By BRI RER, UR - BETRY BN Y e 7T 888 v, b 8 R BT ka4
B SR R YU, LA B 0] T X A0 TPk BT MR 38 0 SR i — F 3 R R 4R A S
2 #BE5HE
2.1 HHBR

FHRAESWILARRPRET. BHUARRPRUT, RE P, KA 1120337 464 23°10° , B ¥
PEFRESE FEHEREN 1927om, K 75%FFE3IAB A, M 12 ABRE2 ALY 6%, 4F
WHEMBER 80%. FFHBMEN21.4C, HW AU A)MERA T A)WTEHRESH K 12.6CH
28.0C", tHHRELERERDE DHERFER, B L EABA RO AITE" . 1989 ~ 1990
SF B 71 1998 ~ 1999 4F BE A9 MK BUUTRE 43 51K 35.57 Al 38.4 kgrhm ™2 -2 ' 20

X H SR AR O 25 b S8 R A b T R AB A, S T 4R 300 ~ 360m &b, A 400 ARG S, TN A K
BRI, pH 3.76 ~3.81, 2B 30 ~ 90em™ , HYFREE, REHEW B, WRE 95% ~99% , Bk E
HEMTAATARFABRNAAN3~4B)Y KTHARMEXR, Wi AFR2EY, TEIARK
HBAEY ML BNKRAEEY. FTAKRKE XEF B E ( Castanopsis chinesis ) . 7 K ( Schima superba ) . JB 55 B
( Cryptocarya chinensis ) , # 5 J& 75 ¥ ( Cryprocarya concinna ) . *E 38 1 ( Machilus chinesis) 1 7 T 48 %€ ( Aporosa
yunnanensis) %, ¥ K2 £ EH M Hi K ( Blastus cochinchinensis) . JL 1 ( Psychotria rubra ) . Y6 ™ 1Ll % K ( Randia
canthioides ) ST ATME L, EEARHYE L , FER BN, KTEHEYETELWIZ(DBH) <2.5cm 1
AREHG® , EMUBREHRE( Cryptocarya concinna ) B ( Cryptocarya chinensis ) , Y& M- 111 # % ( Randia
canthioides ) FA$i &K ( Blastus cochinchinensis )% & %
2.2t

£ IBEM NITREX 3 H 7™ #1463 Harvard Forest™™ " % QIBF ST, HE AT HRIIRER, T
2002 4E 10 B 7EE X E S H AR VLK A @& iR E# 12 MEF (10m x 20m) , HF ZH B A 10m
EGWEHR, UB ILHE . 12 MR 4 A, 5 510 % BB (Control : Okg. hm ™ +a™") K& (Low
N: 50 kg*hm *+a™") . (Mediate N:100 kg-hm™*-a™") B % (High N:150 kg hm™*+a™") (R K E LM
'), BMEASRINIEE(ER—KIRR—AEEREVEE 3 M) ERA PRAANSRLEES R
FRmAMMA RS . B 2003 4E7 AP, BA AWM R I IR T HE R (NHNO,) , 2 F F M it. 7
ERBEBELEKE, B$EMEFT SRFAEEBE BN NH,NO, ¥ f#7E 20L K F (2F By K 2 M 2 T#
WFEK 1.2mm) J5 , LATS 08B 3570 ARt A 00K (9] 5 57 W , MRV 0 8 1. Sm Ao o X HRURE 7 U B R 4 2 F
Ko BRHERALFR AL, 45 46 b i o fth A0 3B 2 R 4% — B
2.3 HEMRE LESWE

AR UEREEAT AR T ZRBEY HFTIER . 2005 F 4 A T, ERHTARERAERE 3 MK
WA AR A48 9 9% o W % B2 ( Randia canthioides ) . # 5 JB 7% ¥ ( Cryptocarya concinna ) . J& 5% H: ( Cryptocarya

@ LiDJ. Responses of three dominant tree seedlings in low subtropical forest to simulated nitrogen depasition. A thesis submitted for the Degree of Master at the
Graduate School of Chinese Academy of Sciences. 2004, 61 ~ 70
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chinensis) M BN T 1, BENFMEYEMETEE 3~ 6 8, 258 | F4A BB HTRS. WA

EXRGAGHEETRED 74BN, '
WEEAERSEDNESRE Bamet” fMHEE %1 ERESENKATEINERARN—LEKRSY

%[32]%75%’&1%%@%%%#& 1g,le]A 5%7"(% Table 1 Indices of the tree structure of three dominant understory

. . . . species in the monsoon evergreen broad-leaved forest
BB, 15000/ min ¥ % L» 30min, K5 LR, B FHKE FHER WMAEE FHRg

YU EHRAEW, B LIH, LN R PY Mewn heigh Mean SBD Tre dersiy  Mesn e

ERMAVREEE T 0550 WEEMABAHR () Cow)  (wohnD) (0

BT, W RS KR BT 2.6mm o condhivides 1.32 1.05 2761 8

x 150mm; T IE R 5 No.2619(52051) ;MR 53°C;  AREHE o8 o7 2422 ,

W 0.225ml/min; K JE H 90kg/cm? ; e B IPH-1, ;”;’;‘"y“ concinna

2,3,4; 3878 72min; SEREE S0 x 1077 ml, Croptocdrya chinensis 110 1.43 893 8
BEERSBHRE: B Lanyne™ MK ERD » W E B K 2400m®  Survey areas were 2400 m? for the broad-

37 leaved stand

2.4 St

KRG T SPSS for windows 12.0 B H & 75 2 43 #7 (One way ANOVA) 1 Duncan % E ¥ %% ( Duncan’ s
multiple range test) ¥ % R [F]4b B A i) 2 R , 22 B 48 TR Microsoft Excelo
3 BRE5AW
3.1 WHREER

MR PEEEAERE B EMATIENMGEN N EERAR TR (R 2, RIME ). HEHEE
BEMSEWS, 00 E L MEFREX AR A, ALEES NS HESE TR, fEHA
RbHE R E R T X R (p < 0.05)0 XM INEKET S, MEA PRAMBALESH L REMT 2.97%.
40.87% 1 3.83% , BT HE AP BN T 29.27% .96.49.2.81% ., B EEFALB FHHAT FHRKEE B

N2 RHLUREPHERRERS MBI (pg g FW)
Table 2 The effect of simulated N deposition on the concentration of free amino acids of Randia canthioides
43 Treatment

R LR FAA Xt 88 Control &8 Low N & Middle N & High N
T4 88 Asp 60.82(7.61)a 65.16(6.64)a 69.42(8.81)a 63.59(4.32)a
HEB The 22.29(0.84)ab 20.23(1.02) ab 32.45(7.56)a 16.81(3.08)b
#E B Ser 45.11(9.95)a 44,02(8.59) a 109.91(43.36)a 49,17(11.55)a
HER G 71.51(9.93)a 68.38(4.83)a 71.47(11.53)a 70.00(2.89)a
B & B Pro 45.69(7.85)a 40.13(0.42)a 45.86(0.01)a 36.22(1.33)a
HE® Gly 6.03(0.78)a 5.59(0.32)a 7.08(0.15)a 6.72(0.43)a
HEM Ala 58.92(5.37)a 63.49(11.29)a 70.29(7.67)a 57.08(5.21)a
BE 4 BR Cys 14.27(3.16)a 10.96(0.59)a 5.02(0.02)b 2.06(0.03)b
HER Val 16.01(1,53)c 16.20(1.69)c 31.79(0.37)a 25.95(0.57)b
B Met 9.06(1.28)a 3.81(3.81)a 13,11(6.84)a 11.63(1.67)a
REAK le 7.55(0.58)b 9.63(1.40)b 16.32(0.84)a 14.74(1.47)a
HEEM Leu 13.35(0.61)d 17.93(0.67)c 29.43(1.52)a 21.98(1.03)b
B B Tyr BD BD BD BD

K EM Phe 27.18(3.28)b 30.52(2.01)b 37.27(1.30)a 28.05(0.76)b
A Lys 6.76(1.73)b 7.91(1.04)ab 14,00(3.19)a 7.03(1.67)b
HAH & His BD BD BD BD

WEM Arg 2.52(0.47)b 4.32(2.16)b 75.82(36.09)a 23.04(18.35)ab
7-BETH 7-GAba 91.54(2.82)b 103.63(3.71)a 63.46(8.68)c 73.41(5.74)be
5 %8 Om 4.72(0.75)a 6.37(2.2%)a 16.34(6.20)a 15.08(5.92)a
HEM LR Total amino 503,31(46.82)b 518,28(31.09)b 709.03(84.63)a 522.58(55.13)ab

» FGHEITHE BERAAGER  FMNARES R RAEE & p<0.05KF¥ LERBF Mean values are given, and S.E. in the

parenthesis; Means followed by different letters in the same row are significantly different (p < 0.05), n = 3; BD means below detectable; The same below
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23 KRMMEDHNE LRGSR TR (ug-g ' FW)
Table 3 The effect of simulated N deposition on the concentration of free amino acids of Cryptocarya concinna

W B A AL FAA 438 Treatment

3t F Control {3 Low N 8 Middle N # %, High N
[T4 88 Asp 297.65(8.56)a 270.68(11.17)a 276.72(15.54)a 297.30(36.27)a
TFEE Thr BD BD BD BD
#E M Ser 348.98(9.29)a 409.05(18.30)a 452.51(55.21)a 425.49(86.41)a
AHM Gl 51.20(1.86)a 39.21(10.46)a 48.63(12.16)a 47.06(10.04)a
P& B Pro 73.91(2.99)a 78.43(4.42)a 32.64(6.95)b 47.15(5.85)b
HE®R Gy 10.79(0.84)a 11.81(0.99)a 9.60(1.23)a 9.86(1.30)a
HEM Ala 81.79(3.48)a 73.41(2.99) ab ‘ 73.91(2.89) ab 66.04(3.31)b
bt & B Cys 21.22(0.30)a 10.75(0.09)¢ 5.12(0.22)d 14.10(1.80)b
HEM Val 67.06(7.78)ab 77.93(6.94)a 54.39(3.55)ab 52.26(9.88)b
HHE R Met 14.94(2.10)a 3.67(3.67)a 9.06(4.65)a 6.54(3.28)a
REAR L. 11.76(0.58)a 13.61(0.65)a 14.88(4.21)a 14.69(1.62)a
EER Leu 25.65(0.73)a 27.44(1.89)a 25.17(1.01)a 24.43(2.76)a
- EB Tyr 15.55(0.79)a 5.41(1.27)b 2.77(0.21)b 3.93(1.98)b
N A B Phe 56.70(1.41)a 58.30(1.01)a 39.39(2.22)b 43.68(1,56)b
&M Lys 27.80(1.40)a 25.62(3.81)a 24.94(2.20)a 23.72(2.89)a
H &M His 23.45(1.39)a 13.10(1.44)a 22.03(4.34)a 24.24(5.64)a
WEM Arg 16.94(0.71)a 15.10(1.56)a 14.68(4.20)a 17.18(5.76)a
7-BX TR 7-GAba 305.92(17.24)a 274.82(4.83)a 158.63(16.34)b 183.82(23.01)b
ZE# Om 4.06(0.12)a 5.56(0.80)a 2.87(0.26)b 3.26(0.61)b
HEH 5 & Total amino 1455.38(39.88)a 1413.90(25.79)a 1267.96(78.47)a 1304.75(167.82) a

Bd EXEDHNAERNO SR BRKTROWE (ug-g~' FW)
Table 4 The effect of simulated N deposition on the concentration of free amino acids of Cryptocarya chinensis
AbF Treatment

Hr ML FAA %1 B8 Control & Low N % Middle N W& High N
T4 EM Asp 169.29(12.72)a 174.28(12.44)a 233.87(46.71)a 151.13(9.97)a
HE M The BD BD BD BD

4 B Ser 91.93(9.64)b , 222.69(31.38)b 520.03(165.98)a 101.65(16.34)b
L E# Gl 114.11(4.87)a 124.65(4.83)a 132.73(9.52)a 103.11(13.99)a
&8 Pro 38.72(1.62)a 29,29(0.50)b 42.30(3.80)a 32.89(0.67)b
HE® Gly 3.47(0.09) be 4.27(0.36)b 6.62(0.37)a 2.62(0.08)¢
HEM Ala 49.12(9.15)a 43.42(1.99)a 52.41(3.84)a 50.24(2.82)a
BE® Cys 11.56(0.68)b 10.16(0.16)¢ 5.06(0.12)d 14.81(0.06)a
HEM Val 11.11(0.70)¢ 20.62(0.37)b 27.87(1.60)a 18.07(1.76)b
B R Met 6.41(0.66)a 5.48(2.98)a 3.70(3.70)a 5.54(2.85)a
FEEM le 3.96(0.55)¢ 7.52(0.41)b 14,57(0.7M)a 7.59(1.35)b
REM Leu 3.52(0.16)b 4.93(0.41)b 9.79(1.93)a 5.28(0.17)b
BB Tyr 12.70(6.80)a 17.86(4.20)a 12.68(3.64)a 8.32(2.42)a
# 7 EHBR Phe 13.02(1.04)b 17.51(0.23)a 20.06(1.05)a 18,98(0.78)a
HIEM Lys 8.98(1.54)a 10.36(0.86)a 12.29(3.22)a 7.73(0.47)a
HE M His 3.53(2.12)ab 3.55(0.57)sb 9.28(2.95)a 0.98(0.98)b
WEM Arg 2.65(0.05)b 4.20(0.30)b 7.19(1.80)a 1.90(0.07)b
y-BETH 7-GAba 56.74(8.39)a ‘ 75.56(8.65)a 70.86(7.22)a 86.60(16.51)a
58 Om 1.58(0.17)b 2.39(0.06)a 2.32(0.28)a 1.87(0.23)ab
HEM BB Total amino 602.40(25.51)b 778.73(44.62) ab 1183.63(242.90)a 619.31(5.45)b

TENRALESPRLEEER BE(p<0.05), FRBFFEAEN EAL ARG R -5 L5 5B
KB REERAL A T, R RS M S R BT s BAE R ERREE, 7T, EEE . R
TEREEEMFPHRRNAUFEEEREACFN LA L EEHR, MERETENRAL —EMT

B&E%O
MR 2ATUBH, BB SRFENHREERTERRLER LR CEAR MER .
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REM BERUE 78X TR, XTHEERSETHAARIEERE., HFXLER . LZAR. WK
B EERSERERCHBEMMMEREAT EANEYE. HERNEALIEE KA. FEAREAL
43 B ot BRI T 71.30% ,2908.73% .814.29% , F A M AL HMR B E (p <0.05) . HEREN &M
TALG BER 0.5% ERAHERSERABEEATMBAN M EENEER, AP AN HIL 10.69%, XiR
B, A9 S T L4 S 4 A X ST R AR R O B — 9587 . W FIEB AR ER 7-8 5 TR MALE L R
BERMT 13.20% (p <0.05), AMFRMNBE S HIFEMT 30.68% M 19.80% , EFEASHRERBE
(p<0.05),

BREFTEMNBEEEREIEELRILER.LZER.UR r-EETR, X3 HEERSETHRT
SEERENE ), XITLERBER . FEAMEERLESH X BEEKT 9.06%.7.03%.0.12% ,[HER AR
BE¥, 28MARLETRALNBATEN ZRFFRREE, r-EETRAERALETSRILYRET
10.17% , TP BB E 2 BIEMET 48.15% M 39.91% , HE R BE(p <0.05),

BRENBEEEREFTEHX LA LER S8R, UK r-EETHRAR (ALK 4), 53THEM
B, RIMNLEMAMSERERANTFELETEERSBAEE2A TN EL AELEEKLSERK, A
BRABE, 28MA y-BETHIMNRAES W RA TN, Z2E8RER.FRME RS xR
WINT 142.24% 465.68%.10.57% , F AL B EH K 3 AEZRE E (p<0.05); - VHETRAIKMT
33.17% 24.88% .52.63% , R B i e 42 Iy g 3,

3.2 HHEE

ME1HFRAUES 3 HEMEEZN S EYREALE KT R MW TR, S5 8EHE, Xkl

ﬁﬁ'ﬁﬂﬁ%ﬁn&&*%%ﬂﬁ%&bﬂ?&ﬁ?ﬁ%ﬂﬁi%ﬂﬂz(p <0.05),

O %M Control B ¥ LowN [ % Middle N B AE N

25 ( r r
% 30| L L
2
?:E s - -
£ of R I
Ll s
0 N\ |
bl 2 ﬁ%ﬁﬁ& L%
Randia canthioide Cryptocarya concinna Cryptocarya chinensis

B 1 TR S MRS e L35 AR R PRAEO H h I I A & B (uge g™ FW)
Fig.1 Contents of free NHy in leaves of Randia canthioides , Cryptocarya concinna and Cryptocarya chinensis in the understory

Different letters above the columes indicate significant differences among different plots (Duncan’s multiple range test; p < 0.05) ,the same below

3.3 TIBHEAR

B2 TR, RAE e ILREM AP EORSRNEMARE RESBMELLBANE
BRSERATEN. EALEEEHERETHRESENESETH FEARN SR, EREAHEN A
BHEOR S BEE R KT I, 65 . B A Z AL 4 B L X BRI N T 84.60% .98.04% .
157.78% , AR RALHE S X RER BE (p <0.05); EFTHEM A A R & & M AL H KT 2 5 4 5 8m
BT R B, KA. FEME AL F X RN T 16.86%.36.85% .8.29% , F EABENBELEREE
(p<0.05), AT, RALE T SR EFAE A R AR R A0 20 LA AT 8 14 2 1 R AR R A0 bo 48 EE S e 0 6 i L 25
3y 8
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Randia canthioide Cryptocarya concinna Cryptocarya chinensis
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Fig.2 Contents of soluble protein in leaves of Randia canthivides, Cryptocarya concinna and Cryptocarya chinensis in the understory

4 Wi .
4.1 WFHEEER. TEEEQRMEEEREL

DIERF R R, YR TR AV EEERAREEANAUBRBEREAKTES MY RA ST
HFROER,EHAPEFUEAR BEEEBRNTNR(ESANBESE)SEEAE, FEEENH
R MWEXFTERNEABENTHAETERFEHYARAN AL T HEHEERE RGO WA, Throop
Lerdau* 3§ K 8 49 i BUA R B 5T %00, MULHEBES 0t A P AR EE MR A B MR I0E KA/, R A
RIIERER AERSHFHEERNEEM, WA, B INRAT 685 &M P BE G R, H BT
FHATEARKARER Y, SEEC AEMUATIEST EETSATEYERBHOZ K HT PR
A EAVEEETHET R PHREERER . THAEEQNEM,

AAHEASEEYYT A PUEEEORNEMERRRFEATH-SWIEE, XHLEE BRERHE
MEREN A IBEEEOSRECEALETHREA T MBS, ERERENFFREANADTEREOR
RENLAREREMATLEENK, ERRETEMERTEEMANEE WERETETHEEEOR
Wl EFT 84.60% ~157.78% ,BFRELAT 8.29% ~36.85%, HFERBERENEEEORKELLS
O P — B

R, AHRN 3 HEYH A PREEERSEXN AL E WA FL S LERARERERAR. it
WEEMERET A EEEERSBEMELEEMENRMBE MERERENHK EEERYARE
(p<0.05), XE5FMECHHEALRBINNERA—B. ERUNHED AAEBSERM T HAHNERE
FEENMEH A SBREEREE(p<0.05), HEEANRBIAMNELSARMRNAELRTREXHEESR
GRWHRAX, WERNRNBEERES.

3 FRAE Y R R RS B A0 A b i I R A i LA A (R e e R P 0 A AR B ) B RS [ T SR
(F2.Fk3ME4), EFRNIANEERT  BREXENERERREHER, BAREEERENER
R MARTAR, BABNE, ISAATHRMIL FTEEER, DRLER 28R - 28T
B, ERE PELETERENFFRENAUFREEREACFNLABETILEREOKR, MTERE
FREMNERY —EH T &S,

@ LiD]J. Responses of three dominant tree seedings in low subtropical forest to simulated nitrogen deposition. A thesis submitted for the Degree of Master at the
Graduate School of the Chinese Academy of Sciences. 2004, 61 ~ 70
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ARET, BEENSTREELBATHEMT TR, XS5UEMTR -, XTEEENELEL
P, 8 K M B T A A Sk R B PR T I A O, (B P % 4 3 B A AT T A X ey TR MR B 2
R LRBRIA EFEERANHR
4.2 FLUTRENR R A8 1 )

SHEFHRAMAREA AYEANESENRELEEER(TEEFER) SET RN ERBTIREE
W, AT RAET (RHETEAH) 2ERAEXHMLEENERETEHEE, ERATHERE
EMARRMATRALET, - EETRYEBEARERFRTEMEHILERTPOEASE, B, SHBER
RS B AT LUE Dy M E TR AR L B 18 R )

ERELABETHAMLERTMEERHEFEAER - RKAANETERTER, Kb, hESE X RE & 30
o XULHESAMAENEHLERBEERSBEWEATUEF RS RIATERENR D, BN
ETIFTLUA T IX— K. I, Nordin ' MR ERN B EPYHEERFENTATURES BHHMSE4T
R B, Calanni %' %13 E 8 ¥ ( Picea engelmannii ) B 37 & 00, 7E BUAE R PR E RS S8R T MEN XA
TIFE AR . Baver E B30 2 B, BAAL I F (150 kg-hm 2+a™"'), £T ¥ ( Pinus resinosa Ait. )4t EEE
BWHRELEAT 65% ~80% , A MBI WHEERTHE AT LMMER, EXNREmT BWEEERENE
BILFHMEUAER .y BETRARERIE. AWM, ESELBMGH R, LERANEERE A i
LB MA RIS HEMRH R E M. Durzan M Steward ' IR KXW, WEEER S EBERNAER. T
HBRBRTIEHETUERBECERE, AR EERME ARG REES; N BT UENZREY NI
B HBRREANEE N —IEERR. RTHERN TAALBHEERURER . SAER. KL,
BEBBSHL T RMETREEREEY, HTHERSEER MERFTENLRAFRRNEY, T
BEEMRE——ITEHE4NMRRTHEER. XIHE R, BERTUBANRHHKRPEEFERSHER
Ao ETABEFHERBEAEMERE, Al ERSBRK, 255 BER1.07% ~1.32%.0.44% ~
0.61% , R EESIENBHFEREOIERANT R,

4.3 FUTFEXT MY A K AT BB R i

KRS E YRR ATIREEN GRS EAAREYES R, IR TEEE S F Y
el B SR AMEMEEEN TRANERD Y, BREYRAREIRE, EYLUNEEERNIER, &
FIRWER, HEERME Y, R, WEEAER  BIEHEAROARAR, EEL/EYNERY
RAFHES . EARRP RAEARBEENELET 3AEYH A PHEEERAG)TAHEES R
B3N, X AR AL X AR Y B AR O SR AT AR, B R 5 R A AR 7 A R B R R RS S B
B REMES

WA BRESFEHEYNERY FAEEERARERAMPEN T, 4B WBHYH L T
Ho BRIV EE BT S PSRBT D R4 R, X — R SR O aE Y
BRMLE, HYHAAREHEL, WFSEWAR B ROMBNEE YRR, FHEBEY R
HHEBS . AR, y- 82 T B (7-aminobutyric acid, GABA)E 3 R4 R #1E N — A L E AU B 2
BMMAE, EEYHOEARBTSEEEMHL, BT - BEETRN—SBEREARAER, AP &
ROZE D B LA 7-%%]‘@@%3‘3’3’24&’%%“@@“@@"&@&E‘J?ﬁﬁ'g'IE'“[”] o ABFR P, RRBEMN M
HRERLBAKFRMM, 7 EETREREATROEY IHLESMMEIKIVHRER, AR, 55
o y-BETHREEEAHTRESNMBE, BFSEERRAHTHERSIYHERE, e LEEHER
Ab SR R R NI S B S R RE AR U BT

MEAN 3 MATERAREYHFEEERATELZEARS WL, WME AN ERBE HY
SHEEWYRIMBEXRNEH#—FHHR.
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5 &

B LA, BB ETH AR RS ERR, BETH AP EEEERA/ETAEEA S EY
W, #—HeiE T DRSS, AMKGTBRE T AFEY S X BIFERN ERNIE R XTIl
BEMS, 28R EERM y-BAETR, 5 REER, 7T AR RMy T BTN AHE R r- 21 TR
B RAEh 3R B S X B TR R TR R R 2 B AN -85 T BRRT LA O JBE 5 A ok 280 U I g 7 B 5 7 71
v-EETRERNAELBFSEWIESEDIYNREEY ., SERBSEXEEYEAR HEEAERYE
MBS SEL, HESHYZERR EYEBSHE, UARTENFRE=IHNEWR, A ESRENERS
ERARREVENEIEERM,
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