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Abstract: Close-to-nature transformation is considered one of the most promising options for creating new forest carbon
sinks, but the mechanism by which it influences the biomass by changing the forest structure and thereby influencing the
ability ‘and potential of the forest for carbon sequestration remains unclear. Therefore, there is an urgent need to understand
these key effects of close-to-nature transformation on the biomass for carbon management in plantation ecosystems. Based on

a close-to-nature forest of Pinus massoniana plantation (P (CN)) and an unimproved pure stand of P. massoniana
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(P(CK)), and a close-to-nature stand of Cunninghamia lanceolata ( C(CN)) and an unimproved pure stand of C.
lanceolata (C(CK) ) as the research objects, the biomass and allocation difference of the four forest types were studied
using the method of quadrat sampling combined with biomass measurement , aiming to revedl the influence of close-to-nature
transformation on forest biomass and its allocation patterns in P. massoniana and C. lanceolata plantation. The results
indicated that the biomass and productivity of P. massoniana and C. lanceolata plantations can be significantly increased by
close-to-nature transformation, and the biomass of P. massoniana and C. lanceolata forest stands can be increased. by
46.71% and 37.24% , respectively, after 8 years. The biomass of the arborous layer dominates the total biomass (95.48%—
98.82% ) , which plays a vital role in the overall change in forest stand ecosystem biomass. The increase in biomass and
productivity in the forest is mainly due to the change in the forest stand community structure, which increases the
productivity of the arborous layer. Taken together, the results indicate that reasonable management measures can not only
improve stand structure and productivity, but also create favorable conditions that enhance vegetation ‘earbon fixation

capacity and potential.

Key Words: close-to-nature transformation; Pinus massoniana and Cunninghamia ‘lanceolaia plantations; biomass;

productivity ; allocation
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T AR TS RGN IS DIRE M B Z A b —" B, s 5 N TR i 54
7207 RN TR R R E AR S RGeS B B A AN,

M7, N TR Z R E SN2 56 E AN Se4F 138 1A 58 0 ( Pinus radiata) %9 58
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L) (22°10'N, 106°50'E) , A2 E ZMOll Jay & 55 R MAE BB 5T i 2 — o I HBIX & W 3T 2 R IX
BN R TE RS R M R A, IR BEPDOCIR R 24F H B4R 1200—1600h ; K 78, 41
BIREIK 1200—1500mm , T2 & A FERRAE 4—9 H 4F78 & 5 1200—1400mm ; FHXT R 80%—84% ; - V-3 il
20.5°C—21.7°C , FEHSR LMK I FobE o 3 BIELARE LML 3 ko et + il Rk R 8
P Iemb i BRRIK 7 AL B A A K %, T2 BETE 80cm DAL, B W T i 4 ) I AR sy DX by PR 5

rb MR B bR F O 20 A AS R ZE R N ARG 2 07 hm?, & IR D 284 T BAS IR K | & L R -4 b
FEA KM R ( Quercus griffithii ) A& K L0 HE K & HE . V8 B ME ( Betula alnosensis ) Fl % 7 35 #8 ( Dalbergia
lanceolata)) , AN KA Fift - ZATARER A A ( Tectona grandis) , Frf M AR A BOARLA [T 0 if T KA e
A RE AR BT B R AR TR R T o FHAS AR iR e it 5 R A FIAZ AR bk, B3 & 0 AL M K A%
RETAMITTE, AT LIS & R R R SRR, a8 30E FAREE R E Y,
1.2 AL

TRIMRIE R 1993 AEFEAZ AR AR 1 1785 38 19 H FE AN FIRZ AR 4l bk, B4R % B2 R 2500 PR/hm?® , 15 bR % 42
BRI 3 4RI 6 IR T AREOGARIE T 56 11 A — IR E AR, T B %5 1200 #E/hm?, 2007 4FFF1R 52t
T ARAR IO | o B A 3 G A SR TS 0 ] P, X L R WA Al bR A T 5 A (AR % g 600 AR/hm?) |
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Table 1 Basic information and management history of the four stands

MI3FEH Forest types
A Wi H AT IR AN B AR FZANT BEAR AR
Years lt;:m Control forést.of Close-to-nature forest Control forest of Close-to-natur forest of
P. massoruana plantation  of P. massoniana C. lanceolata plantation  C. lanceolata plantation
P(CK) plantation P(CN) C(CK) C(CN)
1993 4F Rk FIHDE FE 2500 Bk WD HE W FE 2500 BR/ O BDHE B FE 2500 BR/ O RIREEREE 2500 Bk/hm?,
hm® 24 AE 25 4R T hm? 2 4R A 25 B hm? 2 4R AR 25 T 2 AR
1993—1995 4E PrEmE LFHE 6 1K LHHE 6 X LEE 6 1K LAHE 6 1K
2000 4F: BE9 84 Btk #Eiefk ek Btk
o . A RAR IR B AR AR IR AR AR R B AR Ak IR B
2004 4 £ 1200 #/hm? 1200 #/hm? 1200 #/hm? 1200 #/hm*
i g AR, B SR, PR B A%, AR B SRR, O
Vil AR 1200 #/hm* 600 #/hm? 1200 #/hm* 600 /hm’
- ) BISRME R AR AR . 5 ME KRR A% A
2008 4 WEAME A P A ot
2009 4F BUEMIEE AIHE THE 2| AEE WH 2K

1.3 Rt

ARG R S R K RO BEAL I A B3, i 4 NI4T, B 4 D EESE A XA E 4 Fhbkor 2k

AR E AN H AR GE AR (P (CN) ) SR AR 2K (P (CK) ) AZAGE BARMGE AR (C(CN) ) FIFZAR K
HOELEAR(C(CN) ) o 4 DSR4 A~ BRI 16 AKX, BRI/ X ALY 0.5hm* /N X 22 8] 4[]
FE7E 100m DAY,
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Table 2 Biomass allometric equation of Quercus griffithii in Compartment 1 of Fubo Forest Farm

- H5E B R?

» I B R HERE e

##H Organ . . 3 . Coefficient of F o
Regression equation Sample size "9 Significance

determination

T} Stem W=0.027(D*H)-0.125 9 0:981 379.405 0.000

A Branch W=0.013(D*H)-0.354 9 0.911 72.487 0.000

B Leaf W=0.004(D*H)+0.169 9 0.979 332.336 0.000

L Root W=0.009( D*H)-0.357 9 0.863 44.145 0.000

2k Whole tree W=0.054(D*H) -0.666 9 0.969 225.052 0.000

W 445 B ¥ Dry weight in different organs; D: 472 Diameter at breast-height; H.#}= Height of tree

2.2 MRS AE B AR Wi S Y BRA T )

P AL R FE R BB FEHL AT I 5 2mx 2m (/INEETT I8 SRS /INRE T N AR Bl 44, 43 b1 35
SR  ER A3, SR WOAR 30 I HC i i [ o ) ) R [ 8 B BB B o, U 5 40 4 A 2 ) | B
RAFEMIET R H S5 TR S i T8
2.3 v ERINE

TERMEHIBENLAR 6.4 TmxIm JTE YIRS, B A RIS — 78 90,1 45 1 A, 3Rl aE 12
o B WA RV PIRE ST A B (VR I TR AL 9% B2 TR ANZRY) ) J i) DN i L, BT 06 9 P PR AR R X 0
FEDE fif 8 SRS HER R RN B BORERE T IS TR YR ) T S A AR VR )

2.4 Gitor#r

FHEAIZR J7 2293 BT (one Way-ANOVA ) A Jo A [RI AR 73 AR 4173 2 0] AR ) o ) 22 Sk . FH—Je Il )3 53
BT (Simple. regression ) ALK #4248 B A= ¥ it W H 77 #2 . H SPSS 19.0( SPSS, Inc, Chicago, IL) 58 48 14
M. VEEIFIA OringinPro 9.0 Al SigmaPlot 10.0 # {45 AL,

3 GRES

31 AR ALK E

3 BT 2016 4, B A SRALERGE 8 AR5 4 FivbR o (& B B AAAZ TR MELARS ot (1) ~F- X5 4 v R0 P28 B A2 15
Bl 12 3 A B, E A RIS AT Y M A28 il 25 i T 0T UMK, 18Cies I 1 5 R A FIAZ AP S A2 4 i) v T
X REARIY 45.09% F1 30.4% , AT UL, 35 AR Ak ehoats e 2 82 w8 1 S AR RS R (9 7 A 4 o (HL R 2 s 8 A
J& , S RAS TS Mt 5 AL AT S B AR 1 44.4% , T VU FlobR 53 S5 RS FIAZ A 19 - B4 1 35 6 B 35 25 5 (P<
0.05) , BLAk, 13 3 IATAE T LIE H , Toig /& R MR, 248 A, 76 T BN RS AR e Aoy | S35 g 42 R0 7240
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P RITC I 25 5 (P<0.05) R W] AMELR b 14 A= R I R 52 BIUAMOE 2 A A [R] 5200

x3 2016 £ 4 AN FHREMEHRF LR
Table 3 Diameter at breast height (DBH) and tree height of the four stands in 2016

ol gE|

FRAPFZETY Forest types

Tree species Item A AR o AR K HEA T HEAK AU R
P(CK) P(CN) C(CK) C(CN)
Iy EH P. massoniana FEINIAR/ em 22.2+1.3b 32.2+1.6a
FH R R /m 16.7+0.5a 17.3+0.7a
2K C. lanceolata 4/ em 17.1£2.1b 22.3+0.8a
S R /m 17.1£0.4a 17.2+0.4a
KMAR Q. griffithii S 4/ em 13.4x1.7a 14.241.2a
SRR /m 14.8+1.4a 14.4+1.5a
¥ K E. fordii A/ em 5.1%1.1a 5.3+0.8a
SR /m 6.1+0.4a 6.5+0.6a

Bl Do I AR TR 22 5 [A]— A A B (A R PR R 22 57 B35 (P < 0.05)

3.2 OR[EIBRGTAE i A B RRAE
321 FeRZAEY R BRI FURAE

K1 R T3 AR EGE J5 5 8 4 (2016 4F) A
FMD AR Z RSB EAEY RGN, P(CK) . P
(CN) .C(CK) ,C(CN) Fr A2 Yyt S o3 ) ok 257.
1.380.1.,97.4 135.5t/hm*, TLig T B B SRAZ A, Bk
TEMT AR 2 A 4 v OO R 3 AR AL s
8 4P 5 , Ty R AR A2 AN TARTT A2 A= W 4y i 3 v
47.8%F139.1% , BRBEZ4N , & AR P(CN) FT C(EN) (1)
R BRI B FAR AR A= ) o 1) 0 2 v SRR AR 43
P(CK)Fl C(CK), LMt 5%, SR AR A
it P(CK) Al P(CN) ¥ 25 F C(CK)F C(CN) .

I 2 AT LAE BT R Rk e i AR
gy FETRAE Y o e Wi K, o TR R AR )
M) 55.4%—59.9% , RSB AR Z | FRUR R A AR Bz, it
F AP 53 e a1 AN [RIBR G AR AS AR Bz 1) 43 TC L 151
A2 5 (A AREBCRIR e A= Wy i 43 TC LG 7 22 S 38O ik
F(P>0.05), 4FbkorIe RJE& 4 H Y & 1Y 53 BT
WA 225 oMK P(CN) A1 C(CN) K4 fimt B A=)
Y IREC 55 = T IR P (CK) #l C(CK) |, H S bR
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Fig.1 Biomass of different organs of tree layer in the four stands
AN /ING FREFOR AR AR R 20 43 ) 22 5 1.3 (P<0.05)
P(CK) : B FAXT B Control forest of P. massoniana plantation; P
(CN): Iy 2 #14 B i Ak Close-to-nature forest of P. massoniana
plantation; C ( CK) ; 2 KXt M Ak Control forest of C. lanceolata
plantation; C ( CN): #2 A 2 i #& Close-to-nature forest of C.

lanceolata plantation

P (CN) Fl C(CN) B F Bz 18 = Wi 43 EU SIS %0 BE AR P (CK) A1 C(CK) , R BHIT A SR 4k Biead T LA g 4
PR R RS0 A E T80 T R S AE MR A= 0 B 0 Bie . T AEAS R A Rl 2 8], Tig ekl 55, SR
FARK P(CN) A1 P(CK) M A 143 EAR FAZAMR C(CN) F1 C(CK) |, 1B Bz (43 Be e il v T A2 AR MR, 2 B il

ANTE) AR5 B A i AEAROR P A B LU LA A 25 5

322 MUY RS IR

e JE 5 8 4, P(CK) \P(CN) .C(CK) .C(CN)4 FhAR/ A ZE A Y i B 7E 0.287—0.3291/hm”> 2
], B C(CK) Fl C(CN) Z [AJ 47 1E i 2 22 540, Hfth oy EARZ A Wi BE ) L & 2 5 (P>0.05) , AR
o R BARAFAE W 22 5 (E IO R b A A W B AE 4 R R Y e R (| 3) . #WE
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ZE TR EZER (P > 0.05) HRDHITEW ST four stands
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Fig.3 Biomass of underground layer in the four stands

3.2.3 Mo NS

4 BIRT 2016 4F 4 F N TR RGEMA A 0B AT, h 3% 4 T LUE W 3T H AR
SR 8 AR, BE MR P(CN) Ml C(CN) A2 RGP i Bt LU BEAR P (CK) A C(CK) 439l 5 i 46.71% Fl
37.24% , Hrp USRI A ZE A W X B AR i Y 47.849% F 39.08% , T TEA)ZE | HEAS 2 A b L 7%
YIERAF A 0 8 AR IR AL R AN ], sl sk , sk e ARk, R 3T H ARk T B IR A A Z A
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TR R R A, G 55, SR P(CK) il P(CN) Mook A9t it 2 m TAZ AR C
(CK)FI C(CN),

4 PR e S R G R s B P B B EL B, I LT AR 2 ok, V& Y2 TR, HEA 2 RN B AR 2
B/ ATEARJZ A YR SRR R W ) 95.48%—98.82% | T & IZ A7 B JEARE MBI A R =k
Yy SR A MR AR i B Y 1.18%—4.52% , BT LUE 4 o BB R G EW R IR TTAR =
S A2 Y AR M A S R G A Y B AR bR B T TR

R4 TRARSEEASENERESE

Table 4 Biomass and allocation of different components in the four stands

JZIK Layer P(CK) P(CN) C(CK) C(CN)
FFARJZ Tree layer 257.13%32.67(98.06) 380.14+33.30(98.82) 97.45+33.63(95.48) 135.53+5.31(96.76)
#EAKJZ Shrub layer 0.33+0.04(0.13) 0.37+0.10(0.10) 0.49+0.07(0.40) 0.29+0.03(0.21)
H75Z Herb layer 0.29+0.03(0.11) 0.13+0.02(0.03) 0.65+0.15(0.64) 0.48+0.06(0.33)
% YZE Litter layer 4.47+1.28(1.70) 4.05+0.53(1.05) 3.47+0.42(3.40) 3.78+0.15(2.70)
HE AR YL Ecosystem 262.21£24.70(100.00) 384.69+23.62(100.00) 102.06+14.76( 100.00) 140.07+3.45(100.00)

B NP B E AR R 22 155 IR A 2 U AE Wi bR A3 AR e B T 43 L

UEAN A RV 2H 50 A i 1) o B AE AN TRI PR A3 TRI A BT 25 5, 45 41 0 Ay s 4 Bl 1 25 53 N (S0 A s AT
Xof BEAR Z 0], [R] At s BAE 2 BE A FIAZ AR B AR b 22 [, 3 19 SR A e 3 T AR 2 A i 4 A B, TR A T
bl 2 (AFREAR R R RIS E ) A P 04 C, B R AMBRTR R 2 A 0 1) 43 B i T AZ ARR T b
EAEYE AR T AN,

3.3 AR TR ZFGE )

5 WoR T 4 FhARSY 2007 4F 2 2016 4EAIFR A2 BY4E E2E 7 07, e AR A2 77 1R 2007 4FE 2 2016 4F3E 9
SRR A Y R R SRR TS B INFSRIT R, AR S W LA M 4 MR TR E A AR R
225 BGEMR P(CN) Fl C(CN) & FXF BERARAE A= F1 11 56.3% F1 26.8% , AN T A 24 - 359 14 Wy s v b i ik 4
s T BRARIY 92.1% F11 64.9% ., FULT] UL, 8l 3 A AR Ao, o Ie R AR 72 0 KiE 4+, H S B AT
MR, A ARG XA 77 7 AR R AR IR &, G e, TR P R T R HGE AT A 1.9 £%,

F5 REHSE LR H(2007—2016 4F)
Table 5. Annual net productivity in different stands from 2007 to 2016

24} Component/ (t/hm2) P(CK) P(CN) C(CK) C(CN)

F* AR )2 Tree layer 15.2+1.4b 29.2+2.6a 5.7+2.3d 9.4x0.1c
¥ Litter fall 10.2+2.2a 10.5+1.8a 9.2+0.7a 9.5¢1.1a
4t Productivity 25.4+3.1b 39.7+3.9a 14.922.4d 18.9+1.0c

Bl A T E R R 22 [ — DMEARAL 1 R 7 5B R 22 57 .3 (P<0.05)

HIZRS AT ), SRS AN MG A SRRk I e, AR 2 7 1 i 5 v 2 2 I T AR A7 T HY
Kigdedt . PROA MO AF IR 0 038 22 5, 10 HAR O HARZE 23 T AN Z FREAR 2 | DA Y AE ARy
JIr SR EE AR /N WA A 7 0 0 JC B R TR, T AR AR Wy B DR R A SR AR A T B TR LA

4 HigGitig

R Wi M A 7= T I R R R B, UM B KRR | BRI TR AT 2 X AR AR 7 T A R
Mg 34350 Rk AR AR il P | i PRS2 R 225 5 A BTG 3l 1 2 3 I PR 43 1 A A R A 7 e
TR 1 SRA S | 3080 56 ) AR A ME PR SC B It 18 bR 20 B RV 454 , o BR X E  i 7™ HE 5
ABFFELE R B IE HAREBGE 8 4F)5 , SRR AL AR N MM LW BN T 46.719% M1 37.24% , -1 1E 7
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I 56.3% 1 26.8% , HIME AR 3T F IR B R AR 23 A 18 102 BERCRAR A B8, 73 A A 1 3 L
TR T ARG LR A= T AR A I PR A T B R AMEES 5t S R R RS AR oS R
HEBUIE BRI IR BE LR AR ) SRR AR e A B — 7 TR o AR ROAR A i A W i ) RO
5 —J7 T et AME A R ) DO I, B BRI R R TR AZ MR A= i ) PO I, AT AR ST A, T
WHIE ST, BRI TARTE AR AW AR i TAZ AR, 2D 2 R PR i DO AZ AR A1 B 10 5™ X, 20
AR MR R L 22ad 1 it B AR TG TR TR, T S AN i X (Y & A o8 S A Y A=
FEIX B EERATE AR 3 X EAT i B AR A R, 23 A AR 1 T R A MR LE A K e A BT S it 5
0, SREIMMEI T AR AR & TAZ AR

MRS i (14 53 BE R MR A3 A W it R 1Y) 95.48%—98.82% HI 7 A2 BTk, R W], I AR A Wyt Rl AE
7 AR R AR AR R IR T AR T B AR W AR A R E RS (R TR )
T o 1 LG E AN KRR S A e A A BT T 2R AT X 5 e I SR s e O — 80 X —
SER RIS e T N TTARBR T SEAE Hh— KT AR D, T AR B e BEARPAT, BR A 1 AR AR e 2R R 7 i
F AR BOE U s T AR T AR IS U, RIEHR T T 70 A2 9 A= Wit (EAR T A2 A e ) STk
AR,

ABEFEH 4 TR TEARJZAE Y B 0 FEU A > SR > Bigk > BEECS TR, X —45 R B RS E N
LRI RI N T ARG ZE SRARL 22024200 SR, A R 22 A8 i b 4 0, R ST (30 A TR] 25 6 AR 3 14 4 i
FefAy 2 25 5 AR WF SR 4 3R R I AR Ak ies mT LS 35 02 kI VB SR B R 8, T/ A 1 AR B FEAROR
AR MIC . X R ITIT A AR LU JC R R BE AR R AME Y T3, AR S5 R 1 LA BROR
AMASRAFELF 0 A R R A R S (B PR AR AR ZS RGO A A7 1 LAl AR M A R oK
ARARA A 1 384 TS 2 A A ) e (et v AR AN LK B e & A= 1 H i

0 AR RN T ARA st R AR 7 g 1 52 0 DR BRI e A T bR A 5 i S A OGB4
PREE A AR A3 A k1) B T LS W) SR 0B e 4 LA 1 3 B ARG A ik BE AR B K 3 35
AR SR SRR AR A 25 R GTHE 1 0 H Z AR B AR S R G W A Wi s AR AR OIS, X b Bk B A JEE
N TARAT R 2 B T B LR AR5 R 2 2016 45X bR 4345 20 43 26 ) B VR A (g 25 5L, B A
SRALBOE 8 4F 5 AR > A= e, DAL A+ A Ak e 2 2R [ BEPE A, TGk ARFRAE A AR AL B0 X bk o A i )
MR . SRIIT B AREE XM A M1 B LR AT B4, S50, SRR HEARZ R AS 2 AR W i 1
TR LA R R S, 1T IR ARSI A B2 2 52 W bR T AL 22 R P 1 S B e B0 g L, 3 11 4R
AHGERT , T EACFNEME VL AR A5l , 7] BE - BOR ARAE W L TS 3 T e AT T A
(] PR AL AE e SO ARIE N, 2 AMEAR Bl e AR Z | AR AL, AR AR 48 vl fE S 2 R I, IR, AR
HHEY R T RE R L —E R h Pk, PRI HERAIIE A AR SOE XA T AR AR A B2, 7 ZER MR 1
EEAENLI , AR B AR AR . PR N AR A B A 7 S O IE 5 R 22 Jas BRAEAS [R) N AR S A 4y
A7 07 B R P A 1A IR I ) 7 20 58 A A R A= 7 0 B sl AR AIE , i = X N bR AR i A 7
3 R AT AR 5522441424440 BRI, o 11 75 40 A TA VU 1 AR 08 e b A 0 e L 52 o LA
i e T R T LI F 5, LA E i A e s S A MU IR A T il 1 R A 8 o A i R A 7 T Y
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