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BT LA/ B R A SRS C NP RIS BRNERRNRZ — BHREMIEA —FE RN L3R/ B
e, ZEIEASMFRARBTZKE. URHRIDU AR E 5 FAB R TR 10 45 AN THOIBT TR, TFE T BHHE
MAFER RS C NP ER =BG RERMEITT . 4REMN: (1) SREMLL, BH S FHHATHRESRELSR C.N.P
B TR, R 10 A A THRESRESK CN.PEEFE, KPEYAEYEK CN.PERSESREOMER LHIEER
BHEMAE R HIEINZHTIE K (2) 5 5 SFER AT L BHHEAK 10 48R0 AR - AR RHRFIR & 280 C
N.P &3 B Z WM (P <0.05) ,ARFJLER (C.N.P) fEFRFERHF 5 1 10 FHHMA TSR B RSEARRHAR; (3) 5KHE
HH S B BHEM 5 A7 A AL C N P A R7EARF £)2 (0 ~ 10 cm 10 ~20 cm 20 ~40 cm 7140 ~60 cm) ¥R I T F#
Fa T 10 SFAEBM A T L C N P fERIERF LR R I INEE AR AESRERE CRE .S FHR AT 10 44
MATAR) L3 C N PR RTER LR R RAR . EREERFESFR, R ERRIDU AR FE B W A THRES 2
EUEAEZFRS CN P i E B

KR A/ BB AL B AHEA C, N, P Atk s 73 BUHS R s AR AR
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Effects of afforested poplar plantations on the stock and distribution of C, N, P
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Abstract; In recent decades converting agricultural land to plantation forestry has been one of the major land use/land cover
changes in many countries, and such land use/land cover change can affect ecosystem C, N and P cycling. In this paper we
investigated the effects of afforestation with poplar ( Populus simonii) on the stock and distribution pattern of C, N and P in
former agricultural lands. The sites selected were 5- and 10-year-old poplar plantations with adjacent agricultural lands as
control. The results showed that; (1) total ecosystem C, N and P stocks decreased in the initial stages of plantation
establishment but increased with the stand age and the proportion of biomass C, N and P in total ecosystem storage
increased; (2) C, N and P stocks in leaf, branch, stem, root and forest floor in the 10-year-old plantations were
significantly higher than in the 5-year-old plantations, and the distribution of C, N and P in different plant components were

different between the 5- and 10-year-old plantations; (3) compared with the agricultural land, C, N and P stocks in the
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mineral soil decreased in the 5-year-old plantation at the different soil depths (0 —10 ¢m .10 —20 ¢m.20 —40 cm and 40
—60 cm) but increased in thelQ year-old plantation. In addition, we found that soil C, N and P distribution patterns
among the three ecosystems were different. Our results indicated that agricultural lands afforestation with poplar affected the

stock and distribution pattern of C, N, P at Keerqin Sandy Lands.

Key Words: land-use/land-cover change ; agricultural land afforestation; C, N and P stocks; distribution patterns; poplar

plantations

AT 20a 3, - HuF i/ B B4 (LUCC) R Hoxd i b2 25 R G W BT 9L 2 B E b i iz 6 .
R4 A B E BF ST I E AW hn, 04, 35 ) NASA -+ i f) F/ 8 g 28 (b BFge 01 H L 38 B BUF S R 281 B
£ H o Al B AR A T30 E IGBP A A/ A A% 0 T DA K PR JSE F R G A 95 B
R/ BomAOL T B2 . A/ B LRk A S R S C N P IEH A A A M EE R R
22— ARl TS T A ARG R AR 8 0.7 ~ 1.6 Pg (1 Pg=10" g) ! k#) 20 Tg
(1 Tg =10" g) iy N FIHAL" , il 7 2Bk fE

B BB (Grain for Green) , BI7E1B b Fie s sk A% FH AR AR, BL 2 M T S84 22 B R BT e BRSAR AR 1k
MEEREGEZ " . BRT, A LB RS RS C G AR BT B B AR , R R I K
F 2 v N bR b A A R G C AR BN ' o SRT, A B BB phout 138 C e il B 25 )
JRASAE BRI HLBE R 2 AR TCE AR B — B R ST 45 5o 914, Huntington 261"V BF 5% 35 B R g 04 K2 N
FRAR 70a 1], +-5E C AR REIRLE0.34 ~0.79 Mg-hm *a™' (1 Mg =10° g) , ¥ C FLRERN
1.47 Mg-hm >a~', Tfij Vesterdal 27 W5y 3 & HB#E7E Ak 29a J5 0 ~5 em 143 C &30 3.8 Mg-hm 2,
5~15 cm 115 ~25 em WEEFE 3 C BB TR 7.1 Mg-hm >f18.4 Mg-hm >, R S350 ~25 cm H R
TR CHERTMT 11.8 Mg-hm ™, BFFT#bX | 3B AR F IS i AR Fh 2 250 R R 2 B g R i iR A
EHEAES RS CHEEMATMKRRIALT P Wb, BB RN 4 N P &350 5B s [k Rk
WRBLZFAEZHEN . FHik, FRA R KEEMGE ES RS C NP GRS 61 R 28 (45 &
HEEMISMILE L.

1999 4EFRE R 30 T “ B AR A 0K R TR B , X 2% 3 E Aol A 7= A B 34T 9 X — R E K
WP , B TRREE AR ALK 3.2 x 107hm” , H o H AR T AR A E 1. 46 x 107hm 8 2007 4EEL 458
AR EEARTE AR 9. 26 x 10°hm* '), EI L2 R T & | AKX 2 AR L F AT R T AES RS
C.N.P BBk, i, RaEE%E" " IFR T /5513 X Ak A4 IL 7% i #A ( Laric principis-rupprechtii) A
TS RGP+ C RIS ; £/AFIE IFR T # + b K/ AR Ak + 3 C fI N &
BHIAME IBFSE ; BG4 TFR T S0P F M X AR A KSR 13 C S LBToE . SRT, 4T BBk
BTN AES RS C NP HREHHFIFE LSS 2 W, BRI FEREHEMAXTES RS C %
& 7S S R AL BESE , B 58 NP G &R 73 FeAs R 2B AU BIF R DL ARGE .

BHRI YD s 23R E A6 SRR O A X, 58 v B A X 2 B A 3 O R o i 2 7= S o, R TR E R
AT SRR b Tl ST B A S IRBE ORI . TR 7S E eS8 P AR IR O A& BRI A, i UL 4Rk,
A X A M TV AL ARSI AR E , N ] 2B A X B RS R R RAE TR K 3R R, T R E AR
I A SRR S AR R BRI E KIE ., B, 10a 38, ZHb K IF R T R BB A bk A 250K
ik, R, A ERURID Y HEREHEMG 44 R C N P AEEFIZs [0 4 FoAs B A5 (L B 78 A AR5 . R I,
A SCLARHRID U sttt [X A H B A Sa Fil 10a #9544 ( Populus simonii) N THK BT X4, /& T IBAHE MG
HEASRYE C NP R AIZS R EHE TS , 576 W IR MEFN A B PR B AR AR A 2SR BERUR
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1 RIeHEIR SMRAE
1.1 5 Ao

R HLAL TR RIDVD AR B SR T 10 VD A 25 5L 00 5 X (42°45 ~42°48'N,122°13" ~122°15'E) , J@ ¢ T
B o SR, AR K & 450 mm, SEHZE K & 1300 ~ 1800 mm, 4E¥SR 6. 4C , & & A PSR
23.8 C, BARH PRI - 12.5 C o FI3EEB B/ TIEBPBUH M+ ( Ustipsamment) , T3EA PR NP &
AR, BURLAL B AR RN 32, 7 80% DAL

VPR X N EFALB AR H B #E Sa F1 10a MR N MRS R, & 2 [BIAHBE A S 500 m, 573
FMF—3 . ARH FEELIFE KR F MR FE AR BN B EE 2 357 kg-hm *a™', 5 A4
B TARSE 2002 SRR, Bt Iy SR X R 55 AR A TP 4.5 m, fi]#2 5.6 em, B2y 1300
B -hm ™ (BRATHER 1.5 m x 6 m) ;5 AN AR ARARH , PR EVEAR VB (Rl SR H—30) , Btk
MRHEEA AV AR R AR P AEAFAE . 10 SRR N TTARR: 1997 SRk, Bt 7 =R FHICR 10 4EAA M AL
MO 9.7 m, JigfE 10.5 em, 5 BEL 1600 #k -hm > (BRATHESZ 1 m x 6 m) ;10 4FA:A7 N TARSEAAR A , bk
TRIEELRIEY MR TERR 1 EZ 2 ~3 em JEERFEY KT HEHEERG, BRE/NT 5% .

1.2 BFRFAE

2007 4E 5 AR, 43 A 2 Bt N TARFEHEIESE 4 4~ 15 m x 15 m B 05, M AR 5 BT A AR R A vy
(m) 4% (em) FIZERE (B hm ™) o SRIEEMED 94 BIEER 2 SRR, AT IRER DS . FE
KW IR R BE (1.3 m) BEEUW T FIEBGBTER BT 1/3 A0 BY BURECRIR I 5 BEAR SR P2 S8 s I 5E
W 2 BROF BRI AT R R I R AR S5 & 3R A AR R A SR B8 1 MEIRE . 5 SEAE B TR
ARt B T IRIFARAED , KT LT8R FIE WA AE , IR AR S 7 P01 25 5 10 4R A B N Dpobhoth 3
RAKBVEAFEYAAAE , I EAR T ARG, B 5T &Y — IR . MR & Pl R FIARRE .
W ZEBAMEIT A 50 em x50 em BIARMEREHLICEE 5 MEES L IRE A | MREWIFEG . TEBMET N, BE
HLEEE S NERE A, A 45 (B3 =2.5 em) BLO0 ~ 10 ¢m 10 ~20 em 20 ~40 cm F1 40 ~60 ecm AJE 12
B AR ARG AR E R NRE R | AR . R APRIENE S 12 TR E, REFBAR
SL4 4515 m x 60 m R ARG TE R SRR N BEDLIEHE 5 DNEURE AL, A LB (R =2.5 em) RO ~ 10
em, 10 ~20 cm 20 ~40 cm F1 40 ~60 cm JZR K ITHE M, SR)G 2051R-E 0 1A LI o TR FER 03
EHTETIRAE, REFZEN 1 EAREY, AWEPEREE C NP RREBLAESRGE, FIUARRAS
g HAEY Y& C NP R IHZE,

WA B SRR R o T (BT SE R % . AEPIAE R TE 60°C 254 T LT 48h AR R AEHE TR FITE K Mt
AMERR B R BT 1o BETHRT R R AR IR 75 W) S i D U B , (R A7 T TR AR 9, BB T
IHTe IIEFEMTEZER (20°C) /AT IRT, HFRE RBREY R, BB 0.25 mm i, AHLERS ERA
R TRTEIE ; AN S B R F U3 HE 5T 3 {0 % ( AutoAnalyzer 11T, Bran + Luebbe, Germany) ,

1.3 B

R B AT FIRIAR C NP AERITHE I EAT

WIEC MBI K B R Y S S E AR, RETRLIIER C N P & B FHBAS %
B, BN5 2R /K P &4 B /Y CN I P &,

F%EYH CN.PEEIHTETENT:

A% CN FI P& = B TIRE x MAEWC.NPEFE

13 C.N.PEREWTF:

SOC, = C:B:D; (1-G,)

Refr, SOC, 5 J2HHEC N P R5E, CWH i J2-£ 5 NP 4L, B, DRI G A1 H AT .+ R

EMRASE.
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a2 Excel BHG , FI ] SPSS 13. 0 FAFEHEAT 439 (B AR E2E 1 5[] R 7 22 (one-way ANOVA) 7347,
BEWERKIKF N «<0.05,
2 HZR55H
2.1 BHHEMNAEZRGEH C NP ERFTECHE R

BHEMHEESRELK C NP EERET BEZM(RLD) . SREML,S FEGMATHESRSE
B CNPREBDFHITRET 13% 32% 1 8% , HH LB RGE N HEZRBBNBEKF(P<0.05), 5K
HIAHEL, 10 SRR N TAHRAES RGE AR C NP R HIEIN T 176% 47% 1 42% , 2 5383 B FKF
(P<0.05) ;55 A NTAHMEL, 10 FABMATHAESRGE B C NP EEDHEINT 217% \116% F
55% , 225 INAIR B BE K- (P <0.05) o KW, REEMTHASRSE LR CNP FHERIE THEES,
FEE BAREAAER OGN, A SRR B K CN P RS ZHIKE, R 2 BE R TRIRIRHEESRS C.
N.P &,

F1 BHERAIRNESRGEM C.NP EEHERN
Table 1 Characteristics of ecosystem total C, N and P stocks following agricultural land afforestation with the poplar plantations

figE C stock R N stock HefiEE P stock
FEH Stands 2 2 2
(Mg+hm*) (Mg+hm*) (Mg+hm*)
4 M Agricultural land 18.24(2.67)b 1.29(0.16)b 0.48(0.06)b
5 4E4: A THK S year-old poplar plantation 15.86(0.39)b 0.88(0.01)¢ 0.44(0.02)b
10 4E4: A\ T4k 10 year-old poplar plantation 50.30(2.42)a 1.90(0.08)a 0.68(0.01)a

FRPBFE N EEME (n =4) FbsdEIR 2 SD(FESNET) ; FFAFRIFHFRREFREZE Mean (n=4) and standard deviation (in parentheses)

were given; The different letter in the same column indicate significant difference at P <0.05 level

WY AR C NP R SASRE MR ELGINE la1b 1c, 3 C ERT & LG4 514 :
A H 100% .5 SEAEBI N TAHR 77% Fi1 10 44N THAR 50% 5 +-38 N S8BT 5 Ll 43 50 8 - A H 100% ,5 4F-4
s N Ak 96% 1 10 -4 N TAK 91% ; 138 P & BT 5 Eudl 435118 : A H 100% ,5 4E A= A Ak 96% Fi
10 - NTAK 86% o iXZ5 K, BEE IR PR 1938 i 1458 C N P g BAEBNED RGP b 1 Ll
BN, A A& C N P AR N ERREHS P & L EZEEE . e, MYAEYE CEE S5 4E
BREGE CEEM LB, ko P, &5 R N,
2.2 BHHMATHARRZREEYE C NP AEENZS FE R EHE

BHHEME R FAF SN THAES REHEY AR E LAY R C NP EE A2 /]2 FoAs B AR E L% 2,
55 48 N TR R, 10 4R A A N TARBE I AR 3 T AR R 5 0 9 C NP fig B3 3 (P <
0.05), 5 A ATHARGEAEYE CHEEKR/MRE T BT > WA > BE > B > N R RAMKIR
PR > A > WAL > BT 5 P AR KAMRIR O AR > W T > WL > Wi, 10 EAEBR A THRRIZS EAEY
& C R/ MR R BT > WA > W > JAEY) > W N A& R R/IMKYC 7Y > BHR > R > #T >
WL P B R /AMR YO AR > T > Y > B> R, FiRBFFRES SRR, & BB HE A A AR
J& , BEE N ARG B3 YA FAS B A Y& C N P g E B Es n; RRIEBR AN TSR EEY
& C.N.P &K= B A RFHMEAR], I EARICE (CN.P) R 1E 5 R4 10 FABR A THREHRE
Sy FCAE JRARHE INEAEZE S
2.3 BHREMNS 13 C NP fif B R B A B R R R

A HIBHHHM AN TG 1458 C N FI PR R AN (R3) . SREML,S FAEBRATHAO ~10 cm,
10 ~20 cm .20 ~40 cm H140 ~60 em +3E C fEE S B FIET 9% 37% 54% F122% ,HH 10 ~20 em 120 ~
40 cm +3E C i EZEF RPN B EMEKFE(P<0.05) ;10 4 A TH 0 ~10 em 10 ~20 cm,20 ~40 cm Al
40 ~60 cm -3 C RSN T 66% 52% 2% F155% ,HA 0 ~10 cm .10 ~20 cm F140 ~60 cm 13 C fi%
BEEFHRFBEHKFE(P<0.05), SREML,S FE4ZM A THO ~10 em 10 ~20 cm 20 ~40 cm 140
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~60 cm TIENBEESHTET 11% .31% .56% F
20% ,F:A41 10 ~20 cm F120 ~40 cm 1 N EEZE R X
B BEHEKF (P <0.05) ;10 FEAEZH AT O ~ 10
cm 10 ~20 ¢m 20 ~40 cm F140 ~60 cm 11 N fEE4
BB T 76% 45% 1% F1 45% , 251 0 ~ 10 em .10 ~
20 cm 140 ~60 cm 13 N i &2 R ¥ 8 B E MK
F(P<0.05), HARHEMEL,S FEEBHRATHO ~10
em. 10 ~20 cm 20 ~40 cm TIE P EBR DRI TFET 7% -
10% F1129% , 1 40 ~60 ecm +3E P EEHINT 5% ,H
H{L 20 ~40 cm 3% P fif & 22 RIA BN B EHIKF-(P <
0.05) ;10 &AW A TH 0 ~10 cm 10 ~20 cm .20 ~
40 cm 140 ~60 cm TIE P EE SR T 34% .
26% 7% F129% ,HF1 0 ~10 cm F1 10 ~20 cm 1 3E P
it B EF BB BEMKF(P<0.05), HWBAFBRH
FERBHW A THAR L Z CN P iEE, IR 10
ERHM A THAFZIK L8 C N PHEHNEEST
B S FRBHRATAR(P <0.05) . WFREREZH, K
H S RYTHAAN R PR BE - 4% C NP i & B R AR B
TR, SR, BEE W N ARG 3 i, 138 C N
P i B WK B HAKF 2 2 B & TREAKF

A HIB#H A G 148 C N P RS R LZ 157
BAsRRIRE R AE MR (R 3) . REAES ARG L3 C 4
BTE20 ~40 em +)ZF7 & Holil B R, S RN 10 R4
A TAHRLE 40 ~ 60 em + 2 B i HL e , Rk k0 ~
10 em, AR HFI 10 4450 N TAR 3% N F1 P iR AE
20 ~40 em R BB, AT S AEAE BN TR
14 N 1 P 5B TE 40 ~60 em + 2P 5 Hu il s o
3 WHig54ie

A H B B 7 AR 2L 28 R (O R UUE 5 ) HEZE R 9
2% CO, HEML i — T B B A A% H5 ™ o Richter 4
FERY, EER R PRI 100 Z4EH) L HIKE
Fh40a FASRGE CHEVIBRA, A E CHA
14060 g-m_z( 1957 ~1990 &) , A% )Z C FLE 3780 ¢
m~*(1957 ~ 1997 4E) , " E - C A 145 g-m™’

+3% Soil O 44k Biomass

100
90 |
80 |
70 |-
60 |
50 |
40 |-
30 |
20 |
10 |-

LeA5] Ratio (%)

4H SEEEANTH 1044 AT

Field 5 years 10 years
100
90
80 |-
70
60
50
40 -
30
20 +
10 -

e #il Ratio (%)

SEEBEANTHR 105EA A TAK

5 years 10 years

100 -

5] Ratio (%)

A H SAEAEATRR 104E4 ATAK
Field 5 years 10 years

1 REREAE YA Y8R 58 C(a) N(b) \P(c) fifi & b
PSS

Fig. 1  The ratios of C (a), N (b) and P (c¢) stocks between
vegetation biomass and soil following agricultural land afforestation with

the poplar plantations

(1962 ~1990 4E) , Hooker & Compton'® FF47 3% [ % 3 22 B Bhif bk /G AR S R %% C I N AR, ZBUK
FK A g BR bk A 1150 1] 4 28 RGO 3 44E C LR 2.1 Mg-hm 2, Hrp 73% 1) C TR W B, 2%
FRHLBE 5 17% 5 R 3 6% ;KT , AR RE N HERA BES L, REEE™ WEREANMLBX
AL AR T ESRG C AL, FRE R BIAR Bk 2 A4 25 RSy 13,18 4RA 1 25 4F A 75 1
IATHGES RS CHREERMN, ZEAZ HIRIIIA R EBHERES RS C RAFRES , Bk
PLESHEMREA U IS RS C 1R . BHHEMG SRS C NP AERKHIMEER b THEY YR
R, I HRaE BB ] 593 hn 22 9 8 C N P B (5 3 A 25 R G B 1 10 LU 1 i o o R
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xSV gT B [ PG U AN AR FE Frdt o A0 S i el Je A i 2 B A 3 C IR AFRE T, S5 R R B A M B 45 C
HI#EH 9.4 Mg-hm > a ' 10.2 Mg-hm *a™", i +3EFEFF C A R{LN 0. 61 Mg-hm >a ' F10. 72
Mg-hm *a™', 5 EiRBFF 45 AR —30, ABF 98 2 BB 10a AW A THAES RS E C NP iEREIE ¥ 7E
40% DA L ;1R #F 5a MR N TARAE Y B8R FAG B in, (E2 B T 148 C N P R R BK,S FEBHA
THABRGESMEIMETRAESRGE . I, ABFREAE BRI S FEBR A TN FE R R AIE
YAy C N P =500, ATATRBARAL TR B 5 EAEBR A THESRG AR C.NP &, AW, A
W R BAES R GuH E t AEYE C 585310 0. 83 Mg-hm “*F10.49 Mg-hm ™ K HMEY ALY & C
R BT ATHESRE™

x2 BHEMAIKEWLRERE C.N.PEENSERS
Table 2 Characteristics of C, N and P stocks and distribution patterns in different plant components under the poplar plantations
5 4EH: A THK 5 year-old poplar plantation

Tj
o WL C stocks MBI G Nstocks  HGBl  WERHE P stocks o
(Mg+hm~2) Ratio( % ) (kg+hm~2) Ratio( % ) (kg+hm~2) Ratio( % )
i Leaf 0.24(0.00) 6.70 8.12(0.46) 25.60 2.61(0.27) 14.61
AL Branch 0.87(0.06) 24.30 6.81(1.27) 21.47 3.48(0.82) 19.48
#T Stem 1.47(0.05) 41.06 4.07(0.75) 12.83 5.09(2.61) 28.50
AR Root 1.00(0.03) 27.93 12.72(1.50) 40.10 6.68(0.82) 37.40
Y Litter - - - - - -
23} Total 3.58 100 31.72 100 17.86 100
SH 10 4E4 A THK 10 year-old poplar plantation
Ttems Tt ik C stocks e A N stocks L Bt it P e
(Mg+hm~2) Ratio( % ) (kg+hm~2) Ratio( % ) stocks (kg+hm~2) Ratio( % )
W Leaf 1.17(0.06) * 4.68 32.09(1.99) * 18.83 9.47(2.39) * 9.56
#H¢ Branch 4.13(0.41) * 16.53 20.06(5.50) * 11.77 13.07(4.40) * 13.20
BT Stem 11.46(0.21) * 45.86 20.33(10.72) * 11.93 24.91(12.02) * 25.15
HH Root 5.74(0.22) * 22.97 47.87(1.27)* 28.09 33.91(9.53) * 34.24
FITEY) Litter 2.49(0.24) * 9.96 50.07(6.55) * 29.38 17.69(4.88) * 17.86
£3F Total 24.99 100 170.42 100 99.05 100

RPFRHFHME(n=4) Mis M2 SD(FESHET) s « RRHEY ARG E YR CNPFE2EREE Mean (n=4) and standard

deviation (in parentheses) were given. The asterisk indicate significant difference at P <0.05 level between C, N, P stock in different plant components

*3 BHEMAIHLIE CNP REEMZESESES
Table 3  Characteristics of mineral soil C, N and P stocks and distribution patterns at different soil depth following agricultural land
afforestation with poplar plantations

R H 5 A N TR 10 4E4 ATk
+ 5 Agricultural land 5 year-old poplar plantation 10 year-old poplar plantation
Soil (¢m) i Stocks L4 Ratio i Stocks I Ratio i Stocks L Ratio

(Mg+hm %) (%) (Mg-hm %) (%) (Mg-hm?) (%)

C 0~10 3.94(0.39)b 22 3.56(0.83)b 29 6.52(0.56)a 26
10 ~20 3.20(0.67)b 18 2.01(0.43)¢ 16 4.85(0.98)a 19

20 ~40 6.22(1.36)a 34 2.88(0.34)b 23 6.37(0.66)a 25

40 ~60 4.88(0.60)b 27 3.82(1.28)b 31 7.56(2.24)a 30

N 0~10 0.25(0.02)b 20 0.23(0.04)b 27 0.45(0.02)a 26
10 ~20 0.25(0.03)b 19 0.17(0.02)¢ 20 0.36(0.06)a 21

20 ~40 0.50(0.06)a 38 0.22(0.02)b 26 0.50(0.04)a 29

40 ~60 0.29(0.08)b 23 0.23(0.06)b 28 0.42(0.10)a 24

P 0~10 0.10(0.01)b 21 0.10(0.01)b 23 0.14(0.01)a 23
10 ~20 0.08(0.01)b 16 0.07(0.00)b 16 0.10(0.01)a 17

20 ~40 0.17(0.02)a 36 0.12(0.01)b 29 0.19(0.01)a 32

40 ~60 0.13(0.03)a 26 0.13(0.01)a 32 0.16(0.03)a 28

FHHFEREEME (n =4) FitntiRZE SD(FEESREF) ; MGARFZEHERRZREFE Mean (n=4) and standard deviation (in parentheses)

were given. The different letter in the same line indicate significant difference at P <0.05 level
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BRI, BHE 10a WA LAk HCBHE Sa AN TAEYE C NP AR T 5.98.4.37 fl
4.55 %, X5 ABFITLERAR— 3, B B A AR 8] 3 I i A 0 B C NP fE R T it
AR F BB A THAEY & C NP EENZ RSB RAE. 5 4F4H 10 F4 M AN THEDE C
it B E BT (4351 41.06% F145.86% ) , FU AR (42514 27.93% #122.97% ) . 5 4EEBHAT
MAEYE N & FEAAERIR (40. 10% ) FIRt (25.60% ) . #RT0,10 FAEBR A TH N i & EZFERE
#1(29.38% ) FIMHR(28.09% ) . 5 4EH 10 4ELEAZM N THRAE Y& P AEE IR LIRR P 2 (4051 37. 40%
34.42%) . XEEHFFREERGMARN—. REES PR REREH A THEYEDE CHES
Tk, WA BAEYE C B TELTW T T MR, #FE5 B9 R 25 44 #2 K ( Cunninghamia
lanceolata ) N THR K FTIFENTARLA R AZ AR K J1 IR M 3 MAFAS REHEEYE C HEHEWN T &
B HYON AR N 58 R EAAEM T, HR o A AR . Hooker 251 [RIRE & B, 7 [RIAB A 4R I8 B UK A bk A
Y& C N RS F A RFERR, ARASHEYESEEYE C SEZMAR, HHEY&SE C i
BOTRREERETEREEYE SBEMM SRR EYROLE™ . RRAMMEY EYE C EEE
BN T . R, EYEHE NP SEENARYMARFERKRESR . FHIL, AFRMFHEDEYE N
I P BRI, Z B A 2T YR FT 5 G LR &S5 B AR N AP S BN,

3 C N PR HBFEBOR T LIRS C NP LXMW A MG s S EaE R, L
B B A BRI, A B VYRS i E iR R, A TE MR 3 R DA SGE T R S R A
BHL-H Y E AN+ A PUR BB PR 23 A A T L4 C N P AR A i o SR, 90 R k5
REBE I AEYXT N AP B FRICER FRMOR] DA K& AT A ML C NP FITEHLE NP s S R RE
SR C N PAER TS, Vesterdal 457 2511 5% P} 2 4 FB#F v pkxt 13 C B0, R BLBH
WG 135 (0 ~25 cm) C HHE B M. Hooker & Compton"™ BF5 & 3, & YK & BLARbK 100 L4EJG R IEH"
JE 3% (0 ~20 cm) C R AL, N R TR, 8T, BWZ 13 (20 ~70 em) C i EF I, N EEEAE
Asfk, EREMEPFRARBHHEREH AN TAALEANL C Rk, RBHHEMNG TIEEHL C 8
BT R IRBHEK 122 TEH IS AN TR LAV C AEETAR, KA TIET 13.5% ;b5 13 C if BB iy
i, IBEHEA 33a J5 A HUERGE R AR BRI IN 21% , 2/ 10L& BEo 30 E 1)1 44 4k H B #E AR
(Betula L. ) AT Akt C B ARk, RIRE & BB HF R ARG 13 (0 ~ 60cm) C 58 F %% 6 Mg-hm >, Paul
U R T SRR K AT HA B C BER I RO BT TE S5 R, R DU FH B Y AR 7E B 19 Sa 9
], T IFRRAEE TR 3. 64% ,BlJG B WG N ,30a J5 +3 C iR @ R TRVIMAKH LI C 2, KEEKE
JFMIG L3P CONP i & BLAS R AR AL 32 1 AR F IR B IR KBS (] . LI E RE M E RN
Mt BSR4 H B BEA AT 10 ~20 om H120 ~40 cm +3E C NP & B2 F %, W62 HE hk
U FHb_ b 30T AR RERDN, @t V&Y AR R S5 IHE 2 3 A LY AR XS 850 5 [RIBT, i T8 AR Hb A
RHEFTFE I T FBORTE T4 H 9 LA VU SHEF NP FR 400K e, AT 512 £3€ 10 ~20 cm F120 ~
40 em C N P EBEH T . R, SREM,S EEBHWATHO ~10 em 2+ C N PHEERFE
=, 5 FHBWAN TR BEEREY , B TRAIEDHEA VL THUIEE 3 U SSRIE FRIEV RE Y IR A, 7E
—ERRE R AR HEE IR R DA PR TR . BEE B AE R B3 B, SR IR T A bk
AT BB AL T AR R A B B B0 A R TR s>, AT AR 10 4R A i N THRR IR )2
C.N.P#E¥BER FREM S F4HR AT,

LABIR G R A & 7R R E AU RHR IV HbSE R $FE A 7T BB AN — AN EE B Bt BRI, L
EHEGEAEYE C NP EEMEERIFR N MEERS. 3% C.N.PiEEERTERIHEMOIIE TR,
SR FEE BRI B3, +3% C N P B RS ZWHIKE , EEEF S TRHELHE C NP #FE, B>
TEMEE LTI R T A AN TS B R A A FRAE NG 85 RS C NP RN, SR,
VP SCRARGE R AUE N TARAT RESBO T KM TR, R HAETRETEMRKY , Wi, S 5H BB Hk—
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