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Abstract: Cunninghamia lanceolata and Pinus massoniana plantations cover a large area in Guangxi. In the present study,
dynamics of biomass and carbon storage in roots of the two types of plantations were investigated. The plantations were
selected according to five stand ages, i.e., young forest, middle-aged forest, near mature forest, mature forest and over

mature forest. Two methods, i.e., whole soil excavation and soil auger, were adopted for root sampling. Roots were divided
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according to trees, shrubs, or grass. The results showed that total root biomass in C. lanceolata and P. massoniana
plantations ranged from 9.06 to 31.40 and 7.91 to 53.40 Mg/hm”, respectively. Total root biomass increased with stand age.
The fine root biomass in C. lanceolata plantations decreased initially but then increased with stand age, but that in P.
massoniana plantations decreased with stand age. Root carbon content in different soil horizons changed in the order of tree
> shrub > herb roots. Carbon storage in roots of both types of plantations changed similarly to root biomass. The carbon
storage of roots in different soil horizons ranged from 7.56 to 21.97 and 8.86 to 29.95 Mg/hm’®, respectively, for C.
lanceolata and P. massoniana plantations. Overall, the carbon storage of roots was dominated by tree roots that increased

with forest age.

Key Words: carbon storage; roots; stand age; Cunninghamia lanceolata; Pinus massoniana

AR R SR R 7 oty A 37 I 0 AR R G T Y 224, AN E S MROR B 1 38734 A 1 5 R
SCHEEVE I 0 HLA R 5 3R A K S 3 R R R R T ARG B ) T R e AR DL B, TR AR AR A
BRGETYFAGA AR P s BEMA G TR R T, BAT AR S WA & i Rk,
WFFE T FEEARR S . AR 2e ip B IR BRARAR ZR AT 708 32 B DT, IR T AR AR AR AR 25 R GE DI RE AN
RO T AR L ITARR N Ah A ISR R A A MR R 5450 AR R AE R R A B R T A
MJRTE T —RAVFSE ST FEAR R A Y S B i T, AP ST A5 R R AR R A B R
10%—20% , /& W H B 5 T DL RRARES FRECE B0 A Al i) AR AR AR 25 3R G ik At 122 Al SR 7R B R I AN S 1k
HARALFEIRT 8 RAG V) AR FR DA S ISR A3 1 ik i, DRI AR AR 28 R G A ok i st AR RTPPAL O AT 5
kR

#2 K ( Cunninghamia lanceolate ) F1'Z5 B ( Pinus massoniana ) Y52 3% EI B J7 )12 FhAL A4 A | 76 3% 1] 2R AR
GEURAL B S HE K ), TE AR A S RGP i A A R ERILOR 2R T
FZARTN LG AN N TARA: Wy b ettt i AORIT ST, A0 HG AN R AR G3-3 BE AS [ [ B AN ) 2278 A8 B i | B — g o
SR A Y B RRIE A KO Bt e Y i T ARORAR R A S I , AT MR AR &R A
FOVEAART 1 B34y . HOR S ARMAE iR PEIF T FEE AT AR Z 0 3 6 T R ARJZ RS ARX 55 . A
FEIEBET VIR A | S JRn 77 X 5 AN [FIARES B B N TR BF 586 52, SR FH A iR A2 98 12 0l vk XA AR
AR A HERAR R AW AR ST AR AR ) 1 53 A T S RIS, 23 A T A2 RN B AN R A= K i Bt
b TR R AR ) R At B S AR, DASUI A 3R BRI A B8 SRR A 28 R G I AT e R (LR AR 3 O
TR RS BRAR 5 RO SR A

1 MAREWREHARFE

1.1 W IXHEA

WFFE XA T PEAL I VA X (104°26'—112°04E 20°54'—26°24'N) |, MR 23.67 J7 km” , Ab T = 54 i 5
ARG, I Feb VPGS, a0 mA RS A M DU 22 1L 5 5 R T v i S5 R R 22 S - i, b3 Ay
Ly Fr g M 7 b b 35, i 1 S A 23 LA X, 4 DX 4% R AR o e v AT R 33.7—42.5 C, AR i fe I AR R
-8.4—2.9 C , A F-HRIRAE 16.5—23.1 C Z 1], A HAERE/K 7 1070 mm Db, K& 44 X R 1500—2000
mm,4—9 F W2 HFEKE 5 S4ER K BN 70%—85% ., WF9E X B R R ZRE MM At £ 5, DL i
Ay 3 AR DX S8 3 R S ARG R S AR DS, P A XA R T B GA B 1252.50 0 hm®, BRARE 55 R
52.71% TGS AR B E RN 51142 m?  HIH R E B0 5 2 E 1 6.419% 1 3.42% , 4 X RS IR =2 dE
K225 WA MO K2 W58 T XSS RIS (A Te AR A2 T AR A LR AKX 11 A2 Hh 2R (5
FEARPIRNARIL 23501 o 7V DX A AR TR R Y 64.83% , B R 78.34% , TR, FRATT R 48 3 P A PR A g AT
AR 42
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1.2 BTt s

ZIR(IPCC I RABEAE B ) % 2R Ge BELAIAE A ZE LR PEAZ A T RS N TARAY 43 A0 FRAE , 25T P55 8
URRRARTE U5 A i AN U A RIS PRAL R 3R (3R 1) 1158 2 R N TTARG AR | Pk I ik | it
R AT BRR 5 ASARRIARIBTET Pa 2 8 (i) BT AR & AR SR G A, e A e KW B (7)) 2 5 A RIAR I A2
RSN N AR A, B ST R — AR | [R]— RS 3 B S el | 25 b Y S7 2% {1 A — B0 A0 L ER
25>100 m, FEHL A/ 1000 m?*(50 mx20 m) , AN A TAK 15 AFEHE, 23t 30 A EHE B B HRf hE— 203
432010 4~ 100m* (10 mx 10 m) FIRETT , XHEE T PIM4E ( DBH, diameter at breast height) =2 cm FRA Y g4 B
o SRR AR T R AR P A, AR EEAE DL 2,

£1 AHATHROHELS

Table 1 Division of stand age for the two plantations

MHE Stand ages

AR

Forest types IR TIRAR(B)  EMUARK(C)  MUAK(D) A (E)
Young forest Middle-aged forest Near mature forest Mature forest Over mature forest

FZARM Cunninghamia lanceolata plantations <10a 11—20 a 21—25 a 26—35 a =36 a

LR HAMK Pinus massoniana plantations <10a 11—20 a 21—30 a 31—50 a =51 a

R2 FWHATHRARREHEL RS 5 RAERL

Table 2 Sample plots distribution and general situation of the two plantations at different stand ages

A i FEA £y i [ #HMH PR AR
Forest types Stand age  Sample point  Longitude Latitude Area/ hm? Volume/m? MAT/C MAR/mm
TZAM A PN 107°3’ 25°11" 43880.4 3008792 20.0 1370
Cunninghamia lanceolata B Mt 107°29' 24°59' 59003.8 3395302 16.9 1498
plantations C fl7K 109°17’ 25°5' 170708.2 13583859 19.4 1824

D K 109°4 25°13' 170708.2 13583859 19.4 1824

E e 110°3’ 25°54' 37957.3 3597775 18.1 1544
LR A R 110°27’ 25°21" 28188.8 2340150 18.0 1915
Pinus massoniana B N 111°17' 23°26 54982.2 3903713 19.9 1535
plantations C L 111°18’ 23°27' 7632.2 345861 21.0 1503

D T 107°7 2201 103286.7 7607349 22.1 1200

E TH 107°8’ 2207’ 103286.7 7607349 22.1 1200

AL B TR C LIV D BB E L i 2K

1.3 ARRALYERI
1.3.1 k)2

TERE AT A Y FERE I T IR | BG TP R AR G 22 Wi G B8 /0 1 SR, 7 A e
ANFIARES AR IIAZ A 15 K AN 21 ARVEIAEAR AT AR i I o 00 L6428 WA AR v 119 s I
Fi& 2 m Sy BOBRWIRR G, 50 BIRRIUBL A 7 FIAE SR F 5 J5T bt s AR A9 2B 0 R T A 4205 PR SR IS AR &
HUEE 500 g #F I S280 278 105 CHEAH N AT 2 h, ZE 75 C P REE SRR R TEEF R 2 1, ks
AR RN TR, R R VIRR T RESHEARE (D) WREIE R (W=aD") 2552 (W=a+bD+
cD*Fl W=a+bD+cD*+dD* ) HHEECFE(W=ae"") , BEOLEERE , ARYEAFHL R AR AT 1 45 58 SRR 9 [R1)3 05 # 1
BRARZS MR R Y & I IR TR Z R R BB
1.3.2 #ER)ZE HAZ

P il FRIERE ML B 3 A 2 mx2 m B/NEE T A T HEAR RN BRNER R AR B RS TR
A2 mx2 m /METT A ECT A 1 mx 1 m B /ERAE AR BEARRI S MR P38 R R &k
WSCRRAFEAE P TG HEACHR AR, D et o HET40 50 B T i, S s T B AR R AR
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1.3.3 R ERE<2 mm RR)
FKH L (NFESS em) ZEFEHL 10 S/ NMETT 0 2R 4R 0—20 em,20—40 em A9 1088 10 4>, 432 TR A 3
A8 KRS T S KIR M BEE O PR AR T R FREEE, SRJE M R SRR
1.4 HELCHFEIME
BF AN R AERE YRR BE S 2 M st 0 5 FAE S 4 C IS A 4 C SR BB R P A fb—oM ik
1.5 ik
T B s I 22 T A AT L Il A RE AR AR 3 ST 447 Excel 2010 F1 SPSS 18.0 HrafEf 7 AbEE

2 HREHS

2.1 FEARMRERAY & AR EE Ny

K FRMBEE A W T 98 B TR RS A8 B B A Wy i 5 D AR PR 7 ) 353 A7 A D R, XA 56
A BRI TG . W LA A i [ A = K38 A R AR (D) A8 (H ) S S50 e i)
FFUDH) Jy AL 1 R BT A 22 T X R LA AR B RO A S AR v R A I (B R 22 4K, B e R AR
MR (D) B IENERE R E AR SR R AR Y W R, RIS, 3 A A A PR R . ARBIF S
AR T AR R AR A AL 50 W = 0.01D™* F W, =0.023D™*" | 2401 # 4656 — 3 1ok & 250
B2k 0.904 F1 0.984 , F BRI A RO AR H 4, BENS A FH B X AN L TARIUAR 2 A4 P EA 1Ak

®3 REEYEDFTRE (kg)

Table 3 Regression model of root biomass

MAY Forest types FEARIZE PN Model type I Model
AR ORI Quadratic W, =-10.487+1.478D+0.005D*( R* =0.658)
Cunninghamia lanceolata =Y Cubic W, = 18.949-5.077D+0.406D>-0.007D*( R*> =0.706)
plantations FEPRAL Power function Wg= 0.01e2'4690( R%*=0.904 ** )

FE4X Exponential function W, =0.61D%13*(R?=0.790)
=YY /NN TRI Quadratic Wy =-1.222-0.12D+0.059D*( R*=0.863)
Pinus massoniana plantations ZIRIT Cubic W, =5.462-3.116D+0.29D*~0.05D*(R*>=0.894)

T PREL Power function W, =0.023¢>*'?(R?=0.984"* )

F84X Exponential function W, =0.207D"*"*(R?=0.863)

2.2 AYEsrid
221 MO BB R AW R

2% 4 WA AR N TAARTR AR R AEWRAE 6.71—30.30 Mg/hm? Z [] | A 12 Bk B AR 4 184 K 1 4 fin
PR R i M 28 I BRI B A Wi A T I B L 25 S Wl 2 A LA A AR 1B) 25 S 1 iR B . KO-, SR
AN TARTE AN R AEYIREAE 0.14—51.16 Mg/hm® Z[] | BEARHS G TS, B 3 0P AL AObR (8] 25 501 2%
A, HA A RIS B B 243k 3 8 KO BRAE BN o KB BEAZ AR 2 2B W I F S AN A, HoAth Ak i
B B AR T A

R4 TRARBHEBERERRRZLEYE (Mg/hm?)

Table 4 Root biomass of different stages of forest age at all levels

NS TR Tree root HEARAM Shrubs root AR Herb root /Nt Total
Stand ages I I I I I I I I
A 6.71Dd 0.14Cd 0.913Aa 2.53a 1.44Aa 5.24Aa 9.06 7.91
B 20.14BCc 11.90Bc 0.11Bb 0.44a 0.46Aa 4.79Aa 20.71 17.13
C 16.30Cc 19.62Bb 0.07Bb 0.40a 5.76Aa 4.66Aa 22.13 24.68
D 23.40Bb 20.83Bb 0.38ABb 0.53a 1.96Aa 1.97Aa 25.74 23.33
E 30.30Aa 51.16Aa 0.37ABb 0.33a 0.73Aa 1.91Aa 31.40 53.40

I :#2K Cunninghamia lanceolata plantations; I : B Pinus massoniana plantations. Similarly here in after
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ANTRIARAUAS [R) AR A2 A ) B ) K/ NS TR] i TN 28 TR B FE A A TR AR K b T4 i
AR SR AZ AR 5 AN N TARBYME AR A Wy i TH e RIS . o AR N TARBYRE AR A= i /MR
LI R > LR > 3t BAObR > i bR > 3 R | B A SR 4l M > BLAMRS Hi MR > I B> S BBR . BRAZ R i Ak
HEAM R AV EN D E S TR BB, 2K R b AR B B 22 5 B R 3R B) KK, [\
— RIS AN [RI AR I HE A JZ2 A W R/INAS ] Bk il SRR ) R A E AR AR 3 AR W i /N TAZ ARMRA L | LA AR 1% i B e
AIRREY RN SRR TREA,

TEARMEA JZ R 2 A Wtk B AR 385 0 28 AR AN B S | S0 2R Y B A 0 e i, 36 81 5.76 Mg/hm?® |
FEFAFLA JZ R Z2 A5 0 5 DOJ B PR 18 A 2 S i/ I P A 32 (EL T N MR A PR o B 2 S B4 AR 3k 1) i K-, A2
KB AR [R] BRI bR By R AN ROAS R AR R AE D IR TAZ AN, HR B Bedb s T2 AR

A DM T AR 2R B A2 IHE 9.06—31.40 F17.91—53.40 Mg/hm’ Z [] , £ ARIA B BeMS 2 42k
Py S I S 3B PRR 1 T 2 o A A A R R MR B BE (23.33 Mig/hm® ) BEAIR T3 MR B Bt A ) o
(24.68 Mg/hm*) , AZAM R AWy i AE gl AR FFObRiS FIRS AR B BE 55 T B0 R A, 76 30 SR AL ik bR i B )
KT SRR,

222 HRAEYESEC

T XA ASRAN ] J2 TR B AR A= P i (W I 5 & 3, A RIS 2 AR AR 0—20 em ,20—40 em 1 0—40 cm
T JE VR BEAR P AR A Py s 08 /IR S AR b Sy sk BOPR > 1l SBAObR > 3 bR > I 8 bR > i bR, 2 B S e S 1
HREHE (£ 5), 0—40 cm IR A M AE 1.04—9.64 Mg/hm® Z [f] | 5 R Ak 0—20 cm + )2 40H A= My WK T
20—40 cm )24 HARMIE B 0—20 em T2 E ST 20—40 em )2, SR N THORFEIME % 1
JZ 2R A Wy Y i PR 1) 458 i 2 B B T N B A, 0—40 em AR A Y B AE 1.44—12.32 Mg/hm® Z [H],
FEHE(0—20 cm) I AED KT F)ZE (20—40 om) 4R AEY) &=
2.3 WERmREE

M 5 FrR , AFFRBIAS FEAREE 2 2R R F AR, AZARN TAHRTE AR AR A 0—20 cm
+ 240 20—40 cm +)Z40H AR S & BILE 583.730—514.770 481.31—544.73 . 586.81—386.34 ,575.50—
352.80.569.18—377.51 g/kg Z [A], HV-34 5 & 43l )2 548.09 ,503.73 ,440.35 456.20 ,434.84 g/kg , RIM M T AR
HRSTEARIRS0—20 cm + 2R > AR >20—40 em +240R, RSN TARTTAMR FEAMR  HAMR 0—20
em 2 M 20—40 em t 2 4HAR (4 Bk 5 5 B #E 552.82—526.99 , 528. 14—489.61 ,476.92—441. 12
479.86—384.01 ,468.28—425.94 g/kg , F-XJ & 143914 539.33 .501.25 .459.66 .433.34 443.29 o/kg, KB N T+
AR STEARM S FEAKE>20—40 em HJZ40HE>0—20 em +)Z40R . AR N TGRS 2 00k & B 3505 T H
TR B, H i FEACHR Bk 75 i e s (586.81 g/kg) o

R5 AR HRMAIREWE(Mg/hm?)

Table 5 The fine root biomass at different stages of forest ages

Bt 0—20 cm 20—40 cm 0—40 cm

Stand ages I I I 1 I I
A 3.20 7.02 0.80 5.30 4.00 12.32
B 0.47 5.42 0.57 4.63 1.04 10.06
c 4.59 3.36 3.83 2.99 8.42 6.35
D 5.04 1.43 432 0.4 9.36 1.87
E 5.02 1.22 4.62 0.22 9.64 1.44

2.4 AR
2.4.1  MRATES)ZURBRAG AT
H 6 WAL A D RAARAS 2 R R B AR 2R kG i AR A fa A 5 AR B AL SR TR, A2
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AT AZAR ROk 2 HIAE 3.92—17.27 Mg/hm” F1 0.07—28.28 Mg/hm” 2 [a] , 7 AR R bk fif 76 0.03—
0.50 Mg/hm*F10.17—1.34 Mg/hm* Z [H] | REAHL R B fifi i 7F 0.28—2.34 Mg/hm’ 1 0.87—2.32 Mg/hm*Z [i] , #}
Z B AR 5.26—17.74 Mg/hm*Fll 3.37—29.34 Mg/hm’ Z [,

F6 TRNKBMRERRREBRSE(g/kg)

Table 6 The carbon content of root at different levels of different ages

AR AR FAM A N
e Tree root Shrubs root Herb root Fine root 0—20 em  Fine root 20—40 cm
Stand ages
I I I I I I I I I I}
A 583.73 526.99 544.73 528.14 586.81 442.03 575.50 384.01 569.18 425.94
B 514.77 538.50 510.74 489.61 386.79 471.38 488.78 479.86 426.13 468.28
C 540.37 528.84 481.31 490.77 406.98 476.92 404.57 455.49 384.68 447.68
D 531.50 549.49 488.72 496.21 434.83 441.12 352.80 427.51 377.51 442.24
E 570.10 552.82 493.16 501.51 386.34 466.83 459.34 419.82 416.71 432.33
R7 FEWRBHEREERIRRBAIEE(Mg/hm®)
Table 7 The carbon storage of root at different levels of different forest ages
il TR ARAMR Tree oot HEARAR Shrub root FAAR Herb root /NI Total
Stand ages I I I I I I I I
A 3.92 0.07 0.50 1.34 0.85 2.32 5.26 3.73
B 10.37 6.41 0.06 0.22 0.18 2.26 10.60 8.88
C 8.81 10.38 0.03 0.20 2.34 2.22 11.19 12.79
D 12.43 11.45 0.19 0.26 0.85 0.87 13.47 12.58
E 17.27 28.28 0.18 0.17 0.28 0.89 17.74 29.34

2.4.2  HMRERA RSB

H & 8 WAL AR | R N MR 2 U B AR i fif 1t B AR 1 A8 1L 5 4 i R Ak AL, 2R
N TAHK 0—40 em 1 JZ4IH SR TE 0.47—4.23 Mg/hm* Z ] ,0—20 em Fl 20—40 cm +JZ R B AR B fid B
398 0.23—2.31 1 0.24—1.93 Mg/hm?® | [ H K 0—20 em + )2 0GR AEHIGAK T 20—40 cm + /240, K
ARSI Beiie i F 29 0—20 em HE KT 20—40 em + /2, AR DRI A THK 0—40 em 12 40K 5
WAt AE 0.61—4.95 Mg/hm® Z [i], H 0—20 ecm 125 20—40 cm + 2 4R it 5 53 51~ 0.51—2.69 Fi
0.09—2.26 Mg/hm® , ¥J KM A 0—20 em +JZKF 20—40 em +)2,

*®8 AEHI M R MIREAEE (Mg/hm?)

Table 8 Different age stages of root carbon storage

it 0—20 c¢m 20—40 c¢m 0—40 c¢m
Stand ages 1 I 1 I 1 I
A 1.84 2.69 0.45 2.26 2.30 4.95
B 0.23 2.60 0.24 2.17 0.47 4.77
C 1.86 1.53 1.48 1.34 3.33 2.87
D 1.78 0.61 1.63 0.20 3.41 0.81
E 2.31 0.51 1.93 0.09 4.23 0.61

2.4.3 R FRBRA S L

FH 2 6 FIZ 8 I I, A2 A [F] RIS B B 45 2 R AR 38 i 48 240 AR S e A o 43501 o 7.56 ,11.07 (1452
16.88F1121.97 Mg/hm® , BRI 1S OS2 M G I (i R 5, o SR s 45 PR B B Ml R AR R e it 2t 4391 47 8.68
13.65.,15.66 ,13.39 F129.95 Mg/hm” , [ BRI B LT MR B Be A BT I BEA1, AR b 52 30525 B i i 4
Th A BRI B b T R R i it /N T AZ AR, AR 45 B B R FAZ AL T B it i
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HIPE 1R A2 AR N AR TR AR ZR i fid 2 o 3 T

Tt 2 IO ZE XL, HLL 1k 51.829%—78.63% , H4i 1 100 | ?ME ﬁm - Em R

S0% , BRI 7 Ll 93.64% 4, ik 4 B B 3 A 90— N //\\ g

B T30 AR 5 L% 0.23% —6.58%, < é% ~

SOAAR R 7 L8 1.28%—16.15% AT S 1B £ o \%

4.25%—30.43% ; £ BRI B Be i 2 YT o LU 11343 0 h ;; %/ N

TARAI AR AR, BORIMATHIES & ) §

WARTRAR R 5 LU 0.85%4b , SEAubr Befra6.94%— | % clo| |rfu] frfu| |

94.43% 2 ) BEARIR HOBIACTINEK Rl FARR BRI w0 || [

O LB L VAR A LA AR T 5 L 115351 T ———

H 0.55%—15. 40% . 2. 98%—26. 70% I 2. 04%—57. %% %é %{% %E 5%{%

05% , 21K 145 J2 VIR ot Lo 9] 26 B0 Ay W 399 T 8 5§

WUIMERER TR AR Y B 4% J2 U Bt it 5 L T3 : T 3

I B AR > B A AR > HE A > R AR, o bR 6 =7 °

PR e AR > AR > AR > HE AR, A ARIE B B o 7 1 RERBHE &R RBE RS E L6 (%)

A S YIRS BLARAR SRR | Fig.1 Distribution ratio of carbon storage at various levels in
different stages of forest age

3 ifig A;Zﬁﬁ@%;Bg:Wﬁé‘?ﬁi;c;J‘&g%&%;D;EE%ﬂ%;E;ﬁ%M/F

FRARAE W A AR T sl Ao B S R P R g 4% . Al
F SRR AR A 5 5 e i e i i 2 vk A L H R A AR A AR R AR
WAME(D) W& (H) BEEE(S) 5 UL TR A 55 DA A Ay AR i (ARS8 RS 1 Ay 728 o ) A 75
AR IS R B oS B AR LT R R K 2 R A AR AR R 22, TR AR AR A W
P TREIN rf LA Sy BAAR i AR R Iz as . AR SRS HE DI AR DA LA B ) e R B R AT B RS B B8
XAZA I RAS PRI N T AR 2 A4 i A 5 A T

MY R S5VF 2R 2E I Z FEHEA W R 2R % DIAR G, A X IR K SR | I 5 D) R R R 2 7 |
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